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Abstract

The mingads and energy sector can rightly be classfied as comprisng an
extremdy hazardous working environment in which numerous Stuaions exis for
accidents and incidents involving personne and equipment to occur.

Accidents are often explained by what are referred to as ‘human factor’. The often
used explanation, ‘technica-falure, gives the impresson tha technology lives a
life of its own without human intervention. However, technica falure often
occurs because of human errors in condruction, inddlation, maintenance or
operation. It is the person who triggers the risks who is made mordly (and
sometime legdly) responsble. When an operator makes a midake (an active
eror) he or she is persondly blamed. When a designer or constructor makes a
migtake, or when chegp or inferior equipment is bought, or when maintenance is
faulty, the responghility is depersondised and it becomes a ‘technology’ fault
(Sunderstrom-Frisk, 1998).

This research examines ways of usng expert information using computer graphics
and visudisation to produce visud applicatiions that demondrate and explain, but
adso have the added ability to teach the user or viewer, with the intent to assess

thelr competency.
Today’s technology provides educators, students, professiona bodies and the

generd public access to lage amounts of information in a visud form. We
repackage technicd literature and data as movies and videos for audiences to
view, indead of reading the information. Understanding may be achieved rapidly
indead of taking days, weeks or months. From a visud presentation the viewers
absorb information, which is easy to retain.

The recongructions discussed in this research concern the minerads and energy
sector of Western Audtrdia. They not only show what went wrong but can dso be
cusomised to demondrate how to prevent an accident/incident. The benefits of
this to indudry is primaily: the &bility to reuse the reconstruction ingtead of
closng down a production line that cost the company and industry many
thousands of dallars, and no lives are exposed to hazardous environments while

examining the recongtruction for investigation or training purposes.
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1 INTRODUCTION

Background

The mingds and energy sector can rightly be classfied as comprisng an
extremey hazardous working environment in which numerous Stuations exist for
accidents and incidents involving personne and equipment to occur. When an
accident or incident does occur, as in any other industry, there are invarigbly
serious ramifications. It is, therefore, important to obtain a clear understanding of
the causes and factors involved in oder to satisfy legd and investigdive
requirements, and to prevent Ssmilar incidents from occurring in the future.

It is not possible for a detailed investigation to be conducted into every accident or
incident, which occurs. A Depatment of Industry and Resources (DolR)
ingoector may have to rely on company investigations and/or sysem reports to
provide detalls of minor accidents and some types of serious accidents and
reportable incidents. Having said this, these reports are carefully scrutinised and
any unusud crcumgances will be noted for further investigation and/or
subsequent action on the next scheduled Dol R Ste inspection.

Cetan types of occurrences require immediate detalled investigation and inquiry
by a DolR Inspector such as.

?7? Any fatd accident.
?? Any accident or incident involving detonation of explosive.

?7? Any fire necesstaing the evacuation of personnd or involving smoke
inhdation by personnd.

While the information gathered during such an accident investigation serves the
specific purpose of trying to ascertain the reevant facts it invariably tekes the
form of text and abdracts (scientific and industry related), and two-dimensond
(2D) plans and sections. This information and data cannot eesily be interpreted
nor understood by dl interested parties. This shortcoming can be addressed by
depicting the data in a more intuitive and meaningful manner using computer
graphics and visudisation (CG&V). Through a range of processes this can lead to



the devdopment of applications from accident recondructions to training
goplications.

Lage organisaions ae continudly looking for ways to improve ther
peformance, paticulaly safety peformance dnce this may hdp to reduce ther
accident datigtics and insurance premiums. CG&V provides a very red way in
which complex ideas and information can be transmitted to a work force. The
cgpacity of human beings to remember information from a three-dimensond (3D)
based computer world is far greater than their ability to trandate information from
a printed page into a red 3D environment. This understanding enhancement has
been extensively discussed by a number of authors (cf. Rheingold, 1991 and
Krueger, 1991).

The ability of a computer to create synthetic copies of the red world, whether in
computer animations or virtua redity, provides a number of opportunities to
enhance current training methods. Allowing users to learn within  computer-
generated environments provides the opportunity for them to make migtakes and

suffer the consequences without necessarily putting themsaves a risk.

The computer based nature of the smulations often provide much needed novelty
vaue to the training process, resulting in users paying more atention and learning
more efficiently. However greet care has to be taken to ensure that both the visud
nature and sSmulation dynamics accurady reflect the red world to prevent the
smulation losing credibility to cynical trainees (Schofield et d, 20004).

Accident Reconstruction

Accident recongtruction, recregtion or re-enactment is a technique incressingly
being applied to facilitate better underdanding and interpretation of the factors
and sequence of events leading to incidents and accidents in a variety of
indugiries. The objective of an accident recongruction is to smulate the sequence
of events and actions leading up to and involved in a paticular incident or
accident.

In modern society, animations form a pat of everyday presentations for saes,
news entetanment and traning. The gened public is used to viewing

descriptions of incidents via animations from the news media. It would seem a



natura progresson to incorporate such a flexible medium into the courtroom
environment (Doyle, 1999).

CG&V can be usd in a vaiety of circumstances for accident scene
recondruction, eyewitness testimony verification, data visudisation and traning a
workforce after an accident or incident. The ability to visudise complex and
dynamic dtudions involving people, machinery and an environment, is a potentid
advantage of the gpplication of thistechnology (Schofield et a, 2000b).

CG&V asa Reconstruction Tool

In the UK, a series of experiments were conducted at the Crash Invetigation and
Training Unit (CITU), West Midlands Police Service. Three separate groups were
aked to memorise a series of accident information. One group were shown
textual descriptions, a second group were shown images and a third group were
shown both the text and the images. As was expected the group who saw only text
peformed the worg with a number of errors. The group who saw the images
made very few mistakes and the group shown both text and images performed the
best (Doyle 1999).

PC Doyle goes on to explain the advantage of using computer-generated evidence
succinctly in this particular quote from CAD User Magazine (1997):

In many ways [CG animation] is a more powerful tool than the video footage
we have access to on the all-too-rare occasions when it exists. Once we have a
reasonabl e sequence of events we can play around with the camera positions to
our heart’s content. We can even place the camera where an eyewitness says
he was ganding — complete with darkness and fog effects — and judge whether
his story fits with our reconstruction. At the end of the day a jury will be more
comfortable with an animated sequence than it will be with a whole load of

facts and figures from someone like me.

A dudy entitted ‘The WessMcGrah Report’ found that after 72 hours,
participants retained 10 percent of verbaly presented information, while those
who received the information visudly retained 20 percent. But those who both
heard and saw (visud and verba presentation) retained 65 percent of the
information (Berkoff, 1994).



In another study conducted in a research courtroom caled Limited Courtroom 21,
researchers found that jurors, regardless of age, prefer visudly presented materid.
Limited Courtroom 21 is a research project courtroom that is an internationa
demondration and experimentd centre utilisng commercidly avalable date of
the art technology located a William and Mary School of Law (Kuehn, 1999).

The mingrds and energy sector can dso bendfit greatly from the implementation
of computer graphics and visudisaion (CG&V) as a forendc reconsruction and
an invedtigative tool. It is unlikdy for example, that a physca recongruction of
an underground rockfal can be physicaly reconstructed due to, costs, safety and
avalability of a gmilar geologicd doman. However physica recondructions of
motor vehicle accidents amilar to the one shown in figure 1-1 where a vehicle
was ddiberately crashed in a controlled environmert alows results to be taken for

future use.

Figure1-1: Deliberately crashed vehicleready for examination
If dl the forendc and invedigative information is available then the recongtruction
can be developed and presented © an inquiry. If not then ‘what if’ scenarios could
be devel oped to address multiple possible scenarios.

CG&V asa Training Tool

The proper training of employees to make them more productive should be a
mgor ingredient in the drategy of any minerds company aspiring to edablish

and/or maintain its position as aworld-class competitor.



Of particular note is the need to ensure that, not only are the safe working
dandards of the operation communicated during the induction process, but aso
that some positive check is carried out to ensure that the message presented has
actually been understood by the employees recelving it (Torlach, 1998). Over the
past few years, companies and governments have sarted to accept Computer
Based Traning (CBT) as a vidble and vduadle tool. Multi-media traning
provides dynamic graphics, sound and an interactive capability. Studies show that
multi-media training often result in much gregter retention rates than is the case
with other media delivery systems, because students tend to become much more
involved with content than with manuas or other text-based training (Casanova,
1998).

More often than not, the greatest barrier to offering rdiable training opportunities
to minerds employees are time and digance. Mining companies can't afford to
have key employees tied-up in classooms for days at a time. If programs such as
these remove logidics bariers, employees will move on to greater learning
opportunities with greater speed, and employers will regp the resdud benefits. In
today's world of information technology, one needs to take advantage of every
training advantage available (Schofield et d, 2000).

As Virtud Redity (VR) gpplications have grown in other indudtries there have
been a number of sudies of the cost effectiveness of these gpplications. Although
there is litle hard evidence within the mining indudry there is sufficient
indication that smilar gains are possble in this sector. In the UK the Department
of Trade and Industry (DTI) produced a report in 1998 summarisng the UK
experience of VR across a broad range of indudtries. The report summarised the
results of a survey of 131 companies who were usng VR and provided clear
evidence of the benefits that can be achieved (Holland et d, 2000).

Key advantages included:
?? Improved communications (61 percent).
?? Better decison making (58 percent).

?? Fewer mistakes (54 percent ).



?? Improved quality (52 percent).
?? Gregter efficiency (48 percent).
?? Greater competitiveness (46 percent).

Increasingly the use of CG&V as a traning tool is providing the most effective
traning especidly where hazardous environments are involved or where
expendve equipment is being used. The traditiond chak and talk methods are not
being replaced but enhanced, as there is 4ill a requirement for human interaction
even if it is as ample as informing the user of their mistakes or perhaps answering

questions from the user who knows of another way of doing the task at hand.

Statement of Research Problem

It is important to identify the research question(s) you are addressing and to
thereafter develop your ‘hypothesis or ‘hypotheses in an attempt to answer
the question or questions (Jones, 2001).

It is hypothessed that computer visudisation is a useful investigaive and
educationa tool for industry personnd and the legd fraternity in examining the
events leading up to serious incidents and/or accidents.  This powerful mechanism
in the recondruction and andyss of events whereby animations are viewed and

virtud worldsinteractively navigated can be extremely vauablein:

?? Demondrating to investigators the most likely sequence of events leading to
the incident/accident in question. The use of such animated 3D models could
lead to an increase in, and faster, out-of-court settlements as well as reducing
court-time due to the lega representatives having a much clearer and redidtic
understanding of the issues involved.

?? Educating the legd fraternity of the dtuation prevaling a the work-face and/or
surrounding the incident/accident in question. This can be particularly useful
when the work stuation(s) and practice(s) in the minerds and energy industry
are difficult to explain to such persons as Judges, Coroners, and lega officers

such as Barrigers and Solicitors.

?? Devdoping training maerid for a company or industry groups with  the
intention of demongrating inappropriate work practices and/or unexpected

hazards which can lead to sarious incidents/accidents



The research questions that are addressed in thisthesis are:

7?What are the merits and level of acceptance associated with the use of
computer visudisation techniques for the recongtruction of incidents/accidents?

?7?What are the merits and level of acceptance associated with the use of
computer visudisation techniques for training gpplications developed from the
recongtruction of incidents/accidents?

Research Aims

The main research ams are to;

?7? identify what aspects of computer visudisation technologies are suitable for
accident recongtruction and training gpplications;

?7? identify suitable incidents/accidents to be used as case sudies and gather
relevant data;

?? devedlop visudisations of accident recondruction case dudies usng relevant

aspects of computer graphics technology;

?? devdlop appropriste computer visualisations for traning usng reconsructed

case sudies; and

?? identify festures of computer visudisation from the recondruction and training
goplications that ae of reevance to the Wesern Audrdian minerds and
energy sectors.

Scope of Work

The research work is limited to a study of these aspects of computer visudisation
appropriate to accident recongruction and traning within the minerals and energy
sector of Wedtern Audrdia with emphass being placed on making the
information gathered during accdent/incident  investigations more  reedily

accessible to dl interested parties.

Resear ch M ethodology

A literature study was conducted with a view to providing an overview of the

development, definition and application of accident recondgruction. The literature



dudy dso serves to identify rdevant CG&V technologies appropricte to
developing accident recongtruction based applications for the minerds and energy
sector. Moreover, the literature study helped to define the boundaries of the

research problem.

A number of cae dudies were sdected to represent the variety of
incident/accident  occurrences  in the mingrds and  energy indudry.
Recondructions of these events were visudised using appropriate technology

components and utilised in a manner gppropriate to the individual case.

The success of these endeavours was assessed and is discussed on a case by case
bass with regad to improving underdanding and training potentid, as
appropriate. Success is aso judged by feedback from the relevant industry groups,
public appraisads and from the outcome of any associated lega proceedings and
actions These are seen as a ‘red’ measures of effectiveness as the information
collected has come from prospective user groups. It is hoped tha this will
represent a red benefit to those who will eventudly use computer grgphics and
visudistion in ther working environment (traning) or be exposed to it as a
necessity (Judicia /Coronid Inquiry).

Thesis Overview

The contents of this thesis contains two halves. The first haf (Chapters 1-5) is the
literary study where the thess presents historicad and current information related
to computer graphics and visudisation with references to the mineras and energy
sector and Western Audtralia The second hdf (Chapters 6-11) presents the @se
dudies that were used to determine the outcome of the research which is dso

presented in this section.

Chapter 1 — Introduction

This chapter presents and defines the scope of the project, the research problem
and how it will be addressed.

Chapter 2 — Minerd and Energy Review

This chapter references some influencing events, disasters, recording practices and
subsequent inquiries within the minerds and energy sector. It adso provides a brief
higoricd overview of the minegras and energy sector in Audrdia This chapter



dso reviews the Wedern Audrdian minerds and energy sector incduding its
higory, the Acts and Regulations and training.

Chapter 3 — Computer Graphics and Visudisation

This chapter presents a literature review of the role and application of computer
grgphics and visudisation from its early beginning to current day usage It
identifies the various forms of dmulation and virtud environments and defines
appropriate aspects of CG&V technology.

Chapter 4 — Computer Graphics and Visudisation for Courtrooms

This chapter presents a review of the role of computer grgphics and visudisation
in courtrooms as evidence for assdting in explaining events and for the purpose of
memory retention. This section also presents cases where CG&V has been used in

Western Audtrdia, other Australian states and oversesas court rooms,

Chapter 5 — Technology in the Minerds and Enerqy Sector

This chapter presents a review of current technology and the application of
computer grgphics and visudisation used by the minerds and energy sector. This
section aso looks a how technology is used in the mineras and energy sectors for

invegtigation, planning, training and research.

Chapter 6 - Case Study 1 - Underground Fire Disaster

This is a hypotheticd accident reconstruction based on actual accident events.
The accident scenario was developed by the Western Audrdian Department of
Minerds and Petroleum Resources Mining Operaions Divison adong with the
Western Audraian Chamber of Minerals and Energy.

A vehide caches fire underground with miners ill working on  underground
levels beneath the fire. Due to the mine design and development, other incidents
follow. This CG&V recongruction and training application was a mgor focd
event at the Minesafe 2000 International Conference in Perth Western Audiralia

Chapter 7 - Case Study 2 - Surface Mine Accident

This is dso a hypothetical accident based on a number of actud events. The
accident scenario was developed by the Western Audrdian Department  of



Minerds and Petroleum Resources Mining Operations Divison (MOD). They use
the accident scenario (text based) information as pat of ther training to educate
and demondrate to MOD Ingpectors how to collect and record information at a
minesite that hasjust reported an accident.

The incident involves a haul truck faling over the edge of a Stockpile while
dumping its load. The scenario dso examines other influencing events leading up
to the accident. Parts of this CG&V recondruction and training application were
dso shown a the Minesafe 2000 International Conference in Perth Western
Audrdia

Chapter 8 - Case Study 3 - Exploraion Drilling

This study is based on an actua incident. The reconstruction was used to assist an
expert witness to describe to the Judges of the Western Audtrdian Supreme Court
of Apped, how an exploraion drill works. This case study is not a reconstruction
that involves injury or damage but demondrates to laypersons (in this case
Judges) practices, principles and procedures in a working environment without
having to leave the court room, costly shutdowns or using red equipment (which

is often unavailable).

Chapter 9 - Case Study 4 — Offshore Oil Spillage

This chapter presents an actud incident but due to out of court settlement
conditions, names and identifying items have been changed.

This case involves a recondruction of a subsea oil spillage and visudises what the
DolR’s, Petroleum Divison (PD) inspectors believe happened.

The recongtruction was not used in court nor shown to the defence due to the rapid
sttlement. The reconstruction was used to demondrate to DolR’'s PD ingpectors
and the Western Audrdian Depatment of Public Prosecutions (DPP) Crown
Prosecutor that the scenario they were presenting was possible. The recongtruction
was used an invedtigative tool to examine a range possible scenarios and see what

scenarios could have lead to the incident.

Chapter 10 — Feedback and Assessment of Case Studies




This chepter reviews some of the literature on dudies from researchers and
industry personnel  conducted on various uses of computer grgphics and
visudisation. This chapter dso discusses the results of an evduation of the work

presented in this thess based on a presentation of the case sudies.

Chapter 11 — Conclusons and Recommendations

This chepter provides conclusons and recommendations aising from this work
and presents them for further congderation of researchers in the field of computer
graphics and visudisation who are interested in its goplication to accident and
incident investigation and training in the minerals and energy sector.

Terms and Definitions

A number of terms and definitions are used in this thess which are commonly
used in ther respective fidds but may not be familiar to dl readers. Therefore, the

definitions of these terms are provided below:
Definitions

Computer Graphics Grgphics  (images) implemented through the use of

computers.

[mmersion The sensdtion of being part of an environment be it red or
virtud (Vince, 1995).

NURBS A mahematica representation that can accurady define
any shgpe from a single ling, circle, arc, or box to the most

complex 3D free form organic surface or solid

(Rhinoceros, 2000).

Polygon A shape bounded by draight edges, such as a hexagon
(Vince, 1995).

Rendering The process of converting a graphics object for on screen

display (Psotka and Davison, 1996).

Texture Mapping The process of subgtituting detall stored within a texture
(image) map onto an arbitrary surface (Vince, 1995).

Virtual Environment A 3D data set describing an environment based upon red-
world or abstract objects and data (Vince, 1995).



Virtual World

Walk-Through

Wire Frame

A 3D modd of an environment comprised of a st of
objects or entities, which can be experienced as a virtua
redity (Pulkka, 1997).

The activity of moving through a virtud environment
(Vince, 1995).

A view of a 3D object where dl the edges are drawn,
producing a‘see through’ wire like image (Vince, 1995).



2 MINERALSAND ENERGY REVIEW

I ntroduction

This chapter references some influencing events, disasters, recording practices and
subsequent inquiries within the minerds and energy sector. It dso provides a brief
higoricd overview of the minerds and energy sector in Audrdia This chapter
adso reviews the Wedern Audrdian mingds and energy sector incduding its
history, the Acts and Regulations and training.

Current trends in globd compstition, continuing regulation of both the
environmenta and hedth and safety aspects of mining, the restructuring of dl
sectors of the industry, and the drive for incrementd improvements of Al
performance aspects of operations have caused cultura changes in the way that
mining is done. The culturd change is manifeted in management, labour,
government agencies (on federd and state levels), and academia (Grayson, 1998).

Reports and Inquiriesthat Influenced the Minerals and Ener gy
Industry

Dead miners have always been the most powerful influence in securing
passage of mining legislation. US Senator Jacob Javits of New York
(Green, 1998).

This section identifies some dgnificant events that have influenced the minerds
and energy sectors to improve their current postion in respect to hedth and
safety.

On the 3 December 1969 the revolutionary law cdled The Federd Cod Mine
Hedth and Safety Act of 1969 came into being in the USA. This came about after
78 men died in a methane exploson a Consolidated Coal Company’s No. 9 mine
in Farmington West Virginia Their bodies were never recovered. The mine was
sedled severd days dfter the exploson. This was not the only impetus for the new
law. Public awareness dso focussed on the ravages of coad workers
pneumoconiosis which had affected over 100,000 Americans (Green, 1998).



In 1972, the Robens Committee inquiry into safety and hedth a work in the UK,
led to the Hedth and Safety Act 1974 (HSWA). This was the biggest revolution
in indudrid legidation in British history. It crested a framework for god-setting
regulations supported by Approved Codes of Practice (ACOPS) which enshrined
the concept of saf-regulation (Langdon, 1998).

The Cullen Report into the Piper Alpha dissster was released in 1989 by the
Honourable Lord Cullen. The inquiry into this incident initisted the move away
from prescriptive legidation, to a co-regulatory objective based approach to safety
management in the upstream petroleum industry. This report had an internationd
affect. The report was accepted in the UK and The Safety Case legidative regime
was adopted in Audrdia, and became effective from 1 July 1992 for new
production facilities, and from 1 July 1996 for exising production facilities and
Mobile Offshore Drilling Units (MODUS).

The formation of the Leon Commission of Inquiry in 1994, into Safety and Hedth
in the mining indudry under the charmanship of Judge Ramon Leon, identified a
number of shortcomings in the South African Mineras Act, 1991-Act No.5 1991.
This came about as a result of a number of horrific mine accidents involving
multiple injuries and fatdities. As a result of the Inquiry these shortcomings were
addressed by embarking upon a new tripartite process to draft the Mine Hedth
and Safety Act which resulted in the promulgation of the Mine Hedth and Safety
Act, 1996-Act No. 29 (Langdon, 1998).

It is gpparent from the above that many countries are addressing outdated and in
some cases non-exisent legidation to ensure that workers are not exposed to
unnecessry risk and unsafe practices. Many countries are adopting like
recommendations, practices and procedures. For example, the Cullen Report has
had a widespread impact on the petroleum industry worldwide.

In Western Audraia due to the unprecedented number of mining sector fatalities,
an inquiry was established by the Mines Occupationa Safety and Hedth Advisory
Boad (MOSHAB) in September 1997 to investigate the issue. The taskforce
presented its finding in the Report on Fatalities in the Western Australian Mining
Industry and identified twenty-three recommendations, eght to be implemented
by July 1998 and the remainder by December 1998.



Another report produced by MOSHAB entitled Risk Taking Behaviour in the
Western Australian Underground Mining Sector was published in November

1998. The report found that the reasons given by employees and their supervisors
for risk taking included production pressure, lack of <killss method of

remuneration, saving time and effort and lack of awareness.

The various inquiries tha hgopen aound the world have implicaions to dl
indudiries not only to minerds and energy. One item that is continudly mentioned
in these reports is the lack of understanding of and training in safety procedures.
Proper assessment needs to be continua to ensure workers are up to date with new

techniques or procedures that a company or industry hasingaled.

The former West Audrdian State Mining Engineer Mr Jm Torlach (2001) sums
this up in the following two sentences where he explains why we should listen to

various reports.

It is essential to continue to learn from experience of the past if serious

mishaps are to be avoided.

It is all the better if the lessons are learned from the unfortunate previous

experience of others, rather than repeating the process.

Mining Sector Disasters

During Victorian times there was gregt public interest in mining disasters and the
[llustrated London News and The Graphic, were among other popular magazines
of the time that dispatched artists to capture the scene a the sricken mine. The
sketch was rushed back to the office and a skilled wood engraver would make the
plate to produce the magazine illudration such as the one shown in figure 2-1
(Winstanley, 2001).
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Figure 2-1: Pit Bottom, 1835— The Penny Magazine No.125

The following is an extract of the reported fatd accidet a the New Hartley
Coalliery in Northumberland, England where 204 men and boys logt ther lives
(Gardiner, 1983).

At 10:30am on the 16™ January 1862 the back shift at the New Hartley
Colliery were in the process of relieving the shift which had started &
2.30am. Aswas the practice at that the time one shift relieved the preceding
one at the coalface. Thefirst set of eight miners had started to ascend to the
surface but of these men only three were to eventually see the light of day.
As the cage was lising between the High Main and the Yard seams it
suddenly came to a violent halt. Without any warning the beam of the giant
pumping engine at the pit top suddenly fractured and twenty-one tons of
cast iron hurtled down the shaft taking with it shaft supports, pipes and
ventilation partition. The debris crashed on top of the cage severing two of
its four support chains and flinging a number of minersto their deaths while
the remainder miraculously clung to the damaged cage. A blockage 30
yards deep then formed at a vital part of the shaft allowing no means of
escape for the trapped miners below.

Figure 22 shows a sketch of the Hartley Colliery with people gathering to hear of
news of the rescue. A detalled transcript and a sketch of the section of the mine
that the accident occurred is available in Appendix 1.
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Figure 2-2: Sketch showing crowdswaiting for news, Hartley Colliery 1862

Forty years on and drawings were ill the best way to provide detaled
information and explain the details of the disaster.

The following extract is from the transcript of the Coroners inquest of The
Maypole Colliery Disaster of 1908. Part of the transcript is available in Appendix
2, (Maypole, 1998).

Just after five in the evening on Tuesday, 18th August 1908, a deep rumble
was heard within a radius of about a mile of the Maypole Colliery in Abram
near Wigan. The thing dreaded by miners and their families had
happened.....an explosion somewhere deep underground in the tunnels and
roads of the pit.

A little over an hour before the explosion, at 4pm, the Maypole's day shift
had returned to the surface, leaving the maintenance men, the firemen, the

men who manned the pumps and the shot firers who would bring down the
next day's coal in the miles of tunnels.

There were 78 men left underground, three working in the Seven Feet mine
and seventy-five in the Wigan Four Feet. All the workers in the Wigan Four
Feet lost their lives.



Agan a diagram was developed to demonstrate what happened in this incident,
but this time it was more detailed. The drawing (Figure 23) shows the location of
the mine in relation to other collieries It dso shows the layout of the colliery’s
buildings and the section of where the fire took place and the depths. The diagram
aso shows how they tried to fight thefire.
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Figure 2-3: The Burning Maypole Colliery - 29/8/1908, (Winstanley, 2001)



It is not known if the drawing was used a the Coroners inquest or produced after
al the evidence was collected. What is known is that it was congtructed to explain
the accident, asthetitle indicates— ‘ The Accident Explained’.

With the introduction of modern printing, computers and animation software, the
recondruction of accidents and incidents can be relatively fast and effective,
providing that the informaion is avalable This is shown in a more recent
example where illustrations were used as a way to explain how a mining accident
happened.

On Wednesday 28 June 2000, The West Audrdian newspaper ran the following
front-page artticle (Figure 2-4) to not only inform readers of the accident but to
show by way of diagrams and photos, the magnitude of the accident.
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Figure 2-4: WA Newspaper 28 June 2000

At about 5.00pm on Monday 26 June 2000, a fill barricade ruptured and



allowed a considerable volume of mine fill, consisting of tailings in a lurry
form, to enter the 12 and 13 levels of the mine and to flow to the bottom of
the decline, which is the deepest part of the mine. Three employees died in
the accident (EXIS 2001).

The only difference between dl of the above examples is how the information was
captured. Current technology uses photographs and computers to draw or generate
the diagrams whereas in the early days the pictures were hand drawn and
transferred to the print press and in some cases carved onto wood for printing.
These processes had one thing in common; the information was to be used for
public information whether it was for newspaper aticles, teaching aids such as
books and journds or later for litigation.

The use of grgphics is prevdent in the examples presented, the images often
dominate the story appearing on the front page of newspapers, as in the current
case. The pictures dlow the readers (and presenters) to provide information that is
not reedily available or easy to describe, for example the length of a tunnd or the
depth of a mine. These concepts can be difficult to explain in words, but with
visuds it is eader to show the magnitude of the problem. This therefore supports
the use of computer graphics and visudisaion as a tool to provide accident

information to the public.

Energy Sector Disasters

Bearing in mind the cost of edablishing and maintaning these large and complex
indudgtrial  dites, if a dgnificant accident does occur, then company representetives
and invedtigators will use every tool avaladble to asss with the investigation.
They will then use those tools to explain to the company, government, community
and judicid sector what went wrong so that it will not happen again.

Accidents and incidents are aso evident within the energy sector and sometimes
the magnitude of the event is greater than that which occurs in the minerds
sectors. The following examples demondrate the vdidity of this Satement.



?7? Petroleum

l Mexico

On June 3, 1979, the IXTOC-I exploratory well blew out in the Bay of Campeche
off Ciudad dd Camen, Mexico (Figure 2-5). After three months of uncontrolled
oillage, the ail had traveled 600 miles from the hole drilled. By the time the wel
was brought under control in late March 1980, an estimated 140 million galons
(3.5 million bards) of ol had spilled into the bay. The IXTOC | is currently the
second largest oil spill of dl-time, eclipsed only by the deiberate release of ail,
from many different sources, during the 1991 Gulf War (Taylor, 1999).

Figure 2-5: IXTOC ail spill

2 United Kingdom,

The Piper Alpha oil platform disaster, which occurred on the evening of 6 July
1988, was located in an ailfiedd in the North Sea about 110 miles northreast of
Aberdeen. The platform was destroyed in an explosve conflagration (Figure 26).
167 persons logt ther lives as a result of the accident ether through being on
board the platform or through being involved in rescue operations.




Figure 2-6: Piper-Alphaplatform (BBC-NOS, 1998)

The dissser began with a routine maintenance procedure. A backup propane
condensate pump in the processing area needed to have its pressure safety vave
checked every 18 months. The vave was removed, leaving a hole in the pump.
Because the workers could not get dl the equipment they needed by 6:00 PM,
they received permission to leave the rest of the work until the next day.

During the next work shift, a little before 10:00 PM, the primary condensate pump
faled. The people in the control room, who were in charge of operating the
platform, decided to sart the backup pump, not knowing that it was under
maintenance. Gas products escaped from the hole left by the vave with great
force. At about 10:00, it ignited and exploded (Conway et a, 1999) (Figure 2-7).

Figure 2-7: Piper-Alphafirst rescue craft (TU Delft, 1999)

A Public Inquiry began a on 19 January 1989 into the PFiper Alpha disaster
supervised by the Honourable Lord Cullen. The inquiry lasted for 125 days with a
vast amount of information being presented. The information came in a variety of
formats, including text, photographs and the use of CG&V in the shape of
diagrams and computer generated models. These modds were developed using
such techniques as Computationa Huid Dynamics (CFD) and Finite Element
Andyss (FEA) results.



?7? Gas

The Liquefied Natural Gas (LNG) industry also has experienced mgjor incidents.

3 Sydney, Australia 1998

On Friday 25 September 1998, at about 12:26 in the afternoon, a vessel fractured,
releasing hydrocarbon vapours and liquids. The fracture of the heat exchanger
which began the ®ries of explosons at the plant was preceded by a failure of the
norma flow of hot oil through the equipment, which together with the continuing
flow of very cold ol and condensate into the exchanger tank caused the
temperature of the tank to fal well below freezing point (Mac, 1999).

Two employees were killed and eight others injured. Supplies of natura gas to
domegtic and indudtrial users were hdted. The fire a the Longford plant raged for
two days, and the supply of gas throughout Victoria did not resume until October
14, 1998 atotal of 17days.

When employees findly restored the flow of hot ail into the tank, the extremes of
temperature variation within the tank caused it to fracture, leading to an explosion
of volatile gases, which subsequently ignited as shown in figures 2-8 and 2-9.
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Figure 7.2 The first major release, at [3:00:40

Figure 2-8: First major release, Longford R.C.



Flgwwe 7 F Thy serond mgpar rekwse, ol L2247 Figave TA Thy sl anglor rofvan, ar f1035°

Figure 2-9: Second and Third major release, Longford R.C.

The explodons and fire a the Longford plant condituted one of the worst
accidents in the history of Audrdian LNG industry, and a Royd Commisson was
established 20 October 1998 (Appendix 3) to report upon the causes of the
explosion and fire which occurred &t the gas production facility (Mac, 1999).

During the inquiry many people presented evidence, some of this evidence was
presented in the form of 3D modes and smulaions. The following diagram
(Figure 210) taken from the Longford find report, is a graphic showing the Finite
Element (FE) mode for the component GP905 (which was the heat exchanger
that faled) depicting the area of fallure when subjected to the thermd dress
cdculation.

Thermal Stress on the
Tubesheet to Channel
Wield

Figure 2-10: FE model of GP905



The find report made many recommendations one was that the operators at the
time had no adequate training in procedures, or understanding. They did not know
what should happen when a vave is cdosed off or when new plant is inddled.
Training was inadequate and this needs to be addressed in the future.

From the above examples the issue of training and/or understanding of procedures
is repeatedly mentioned. The use of graphics and computer ssimulations were used
to explan and provide information as to wha caused such disssters. This
demondrates that computer graphics and visudisation (in any form) can be a
useful tool, especidly for performing recondructions and presenting information
to people who have little understanding of the relevant industry, but have to make
recommendations to ensure that these incidents do not happen agan (eg. an
inquiry).

?? Nuclear

Petroleum and LNG is commonly associated with the energy sectors but this
thess will briefly discuss nuclear energy as this industry has dso had some mgor
accidents and incidents

4 United States of America

Three Mile Idand - March 28, 1979 - The worst commerciad nuclear accident in
the U.S. occurred as equipment failures and human mistakes led to a loss of
coolant and partiad core mdtdown at the Three Mile Idand reactor (Figure 211)
in Middletown (Taylor, 1999a).

Figure2-11: ThreeMileldand reactor



The operators were unable to diagnose or respond properly to the unplanned
automatic shutdown of the reactor. Deficient control room instrumentation and
inadequate emergency response training proved to be root causes of the accident
(UIC, 2002).

5 Russia

April 26 1986, saw the worst accident n the history of nuclear power. Fires and
explosons resulting from an unauthorized experiment a the Chernobyl nuclear
power plant near Kiev, USSR (now in the Ukraine) caused the spread of
ggnificant quantities of radioactive materid over much of Europe. CG&V (Figure
2-12) was used to define the magnitude of this event, which again demondrates its
utility as auseful tool for providing information (Taylor, 1999a).

Figure 2-12: Cloud disper sement diagram

At least 31 people were left dead in the immediate aftermath of the disaster and an
estimated 135,000 people were evacuated from areas around Chernobyl, some of
which were uninhabitable for many years (Taylor, 1999a).

6 United Kingdom

Windscde Nuclear Power Plant, Seascde, Lake Didrict, England, was the firgt
ful-scde nuclear power dation in the world. On  October 7 1957, a fire in the
Windscde plutonium production reactor (opened in 1956) saw the spread of



radioactive materid throughout the countryside. In 1983, the British government
said that 39 people probably died of cancer asaresult (Taylor, 1999).

Australian Minerals and Energy Industry History

For more than 40,000 years before the arivad of the Firsg Fleet in Sydney
Harbour, Audrdian Aborigines had been mining the land for ochre and stone.
Aborigines depended on their stone implements to gather and process their food
and ochre was a vitd ingredient in at (Figure 2-13) and rdigious practices,
consequently quarries and ‘processng’ Stes were developed to cater for the
demand for these products; and transport routes were established to adlow for their
trade (Minefact, 2000).

Figure 2-13: Aboriginal art work (Minefact, 2000).

While ochre and stone of one sort or another can be found dmost anywhere in
Augtralia, the ochre and stone deposits that were exploited by Aborigines were of
paticulaly high qudity. The higher the qudity the larger the mining operation
and the greater the distance over which the product was traded. Ochre from north
western South Audrdia and from esstern Western Audraia and stone axes from
Mount IsaCloncurry were traded far outsde these didricts At times many
different clans would gather near a quarry gte to trade for the stone or ochre and
to hold ceremonies, initiations and other important culturd events (Minefact,
2000).

Mines were generaly open cut, dthough some mines did extend underground. At
Koondda Cave in South Audrdia there is evidence tha flint mining extended
about 75 metres below the surface and up to 300 metres from the entrance of the



cave. The quaried flint nodules from the cave were taken esewhere to be made
into tools. Operations a most mgor Aborigind mines gppear to have ceased no
later than 50 years ago, athough deposits of ochre are Hill being exploited for use
in art and ceremonies (Minfact, 2000).

The fdlowing information from the DME (2001a) demondrates the Sgnificant
events of 'Modern’ Audrdian mining following the arivd of European sHtlers
on the eastern seaboard in 1788. A detailed listing of discoveries are given in
Appendix 4.

??1In 1788, quarying of sandstone for early buildings a Sydney Cove was
undertaken at Hawkesbury.

?? The firg discovery of cod was made by escaped convicts in the Newcastle area
in 1791.

?? The cod indusry began in 1798 when ship owners gathered surface cod at
Newcastle and brought it to Sydney for sde. Export of Newcastle cod began in
1799 with a shipment to India

?? Traces of metdlic minerds, paticulaly gold, were found in the early pat of
the 19th century, mainly by shepherds and convicts. However, there was no
concerted effort towards mining because English law demanded that dl gold

and slver remained the property of the Crown.

?? The fire metd mined in Audrdia was lead from the Glen Osmond hills on the
outskirts of Addlaide in 1841. This was followed by copper mining a Kapunda

in the same generd areain 1842.

When many Audrdian colonid resdents migrated to the United States in 1849
following reports of rich gold discoveries in Cdifornia, the New South Waes
Government redised that the wave of migration needed to be reversed, so rewards
were offered for the discovery of "payable gold.

In April 1851, the first reported discovery of payable gold was made by J Lister
and W Tom & the junction of Lewis Ponds and Summer Hill Creeks, Ophir.

Over the past 100 years, 438 mine employees have logt ther lives in 28 mine
disssters in Audrdia and many more have been injured. A table liding the



disssters in which two or more persons logt ther lives in the Audrdian mining
indudtry isshown in Appendix 5. (Pitzer, 1999).

WA's Mineralsand Energy Industry History

Perth was discovered in 1697 by the Dutch navigator, de Vlamingh, who named
the Swan River after the black swans he saw (Stannage, 1979). To European
scholars of the 16" Century, the existence of a large undiscovered landmass in
southern latitude was incontrovertible. It was held with equa conviction and as
little foundation in empiricd science that, when explored, Terra Australis
Nondum Cognita would yidd immense minerd riches. In 1576 an English pundit,
John Dee wrote confidently that it ‘Doth abound with gold and other things to

men’s great commodity very serviceable” (Spillman, 1993).

In March 1827, Captain James Stirling on one of his sojourns dong the Swan
River drew up a lig of minerds which he damed had been “discovered in our
hasty inspection”. Approva for settlement was given late in 1828 with Capt
Stirling being appointed Lieutenant Governor. Not withdanding a lack of interest
from England in mineds, two important contemporary works of geologicd
science were sent to Stirling.  The firgt of these, popularly known as ‘Conybeare's
Geology’, was the Rev. W.D. Conybeare and W Phillips Outlines of the geology
of England and Wales, published by Phillips in 1822. The second was by Prof.
Robert Jameson entitled * A system of mineralogy, in which minerals are arranged
according to the natural history’, published in 1820 (Spillman, 1993).

The Western Audrdia mining industry began soon dfter the arivd of the firg
Htlers a the Swan River settlement in 1829 with the quarrying of limestone and
digging of cay for bricks for condruction of houses and roads. The following
dgnificant events indicate how the WA mingds and energy industry developed
(DME 2001b):

?? In 1846, cod was found in the Murray River, south of Perth, and in the bed of
the Irwin River, near Dongara. Further discoveries of minerdls were aso noted

south of Perth, notably copper and lead deposits near Mundijong.

?? The Collie codfidd was discovered in 1883. Collie grew to become an
important source of cod for the State which was used mainly for power



production in railways, shipping and generation of eectricity. Today it is 4ill
the only coa producing areawithin WA producing electricity.

?7? Gold was found near the Ord River in 1883, then a Hall's Creek and elsewhere
in the Kimberley in 1886, and in 1888 rich reefs were discovered a Southern
Cross. Arthur Bayley and William Ford moved eastward from Southern Cross
and in September 1892, discovered the Coolgardie goldfield (Figure 2-14).

Figure 2-14: Searching for gold (anon, 1892).

?? In June, 1893, Patrick Hannan, aong with Thomas Fanagan and Danid Shea
discovered gold a Kagoorlie. The rush to Kagoorlie that followed was the
second of the three greast goldrushes in Audrdia. The Kagoorlie fidd remans
the most Sgnificant gold-producing region in Austrdia

?? The Fimison Open PFit (dso known as the Super-pit) is the largest open pit
gold mine in Audrdia When completed the pit (Figure 2-15) will be 4
kilometres long, 1.5 kilometres wide and 650 metres deep (Kagold, 2001).
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Figure 2-15: Fimiston alias the Superpit

The Western Australia oil and gas resources were aso being discovered as shown
in the following:

??In 1953 oil was discovered a Rough Range. Though the discovery was not
commercid, it demondrated that oil did exis and the tempo of exploration rose
dramétically throughout Audrdia

?? The mid 1960's saw the discovery and development of large iron-ore deposits
in the Pilbara and rich depodits of bauxite, nicke and petroleum esewhere in
the State.

?? The discovery of a large quantity of petroleum a Barrow Idand in 1964 saw
the development of the State's firs commercid ailfield.

?? During the 1970s the discovery of natural gas on the North West Shelf, gold at
Tdfer, and diamonds at Ellendale and Argyle occurred.

All of this ensured that mining became the mainday of WA's economy. The
folowing mgp of WA (Fgure 2-16) shows the magnitude of resources in the
state.
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Figure 2-16: Map of WA Minerals& Energy Areas(Courtesy Dol R)

WA’s Mining Acts and Regulations

The Mining Operdtions Divison (MOD) of the Depatment of Industry and
Resources (DolR) monitors the Western Audrdian minerds industry. The MOD
use Acts and Regulations to ensure that minerd sector fulfils its legd obligations

towards the State of WA and its workforce.

The following statement defines the difference between an Act and a Regulation
as defined by the State Law Publisher (SLP, 2001):

ACT ORREGULATION and WHAT ISTHE DIFFERENCE?

Acts and Regulations are quite different, but it can be confusing knowing which

isrequired as they often have similar titles and deal with smilar material.

An Act is legidlation passed by the Parliament. Acts, not including schedules to

Acts, can only be amended by another Act of Parliament. Acts set out the broad



legal policy principles.

Regulations, Rules, Codes etc. are commonly known as ‘subsidiary
legidation’. These are the guidelines that dictate how the provisions of the Act
are applied. They also have pro forma official forms that are required under
the Act.

Generally, if itsthe Legal statement of Law that you want then it is the Act that
isrequired. If it isimplementation detail then you need the regulation.

The Mine Safety and Inspection Act (MSIA) 1994, places emphasis on workplace
consultation between employers and employees, and recommends that safety and
hedth representatives be dected. The generd requirement for employers to
consult and cooperate with safety and hedth representatives and other employees
is a pat of the employer's generad duty under the Act. Smilaly, employees are
required to cooperate with employers in safety and hedth matters so that
employers are able to meet their respongbilities (DME, 1999).

?? Achieving the objectives of the legislation

The MOD adminigers the MSIA 1994 that sets objectives to promote and
improve occupational safety and hedth sandards. Generd duties are laid down in
the Act, and are supported by other requirements in the Act and Regulations. The
Act describes behaviour required of people who affect safety and hedth at work.
It imposes a requirement to a generd duty of care to protect persons a work from

hazards and maintain safe and hedthy workplaces.

The Mines Safety and Ingpection Regulations (MSIR)1995, made under the Act,
decribe some of the requirements, which apply to specific work gtuations.
Reference is dso made in the legidation to codes of practice and guiddines and to
sandards produced by Standards Austraia and the National Occupationa Hedth
and Safety Commission.

The Act provides a framework where consultation, cooperation, regulations, codes
of practice, workplace standards and procedures to resolve issues support the
generd duty of care. The generd duty of care is the guiding principle for al other
parts of the Act.



The legidative framework shown beow (Table 2-1) was edtablished to achieve
the objectives of the MSIA 1994. (DME, 1999).

Mines Safety and Magor Provisons of the Act
?? The Generd Duties
Inspection Act | 27 Resplution of Issues
1994 ?? Safety & Hedth Representatives
?? Safety and Hedth Committees
?? Enforcement of Act and Regulations

The Regulations st minimum reguirements for dealing
with specific hazards and for work practices, including
reference to:

Mines Safety and

I nspection

Regulations 1995 | ?7? National and State Standards developed by the
Nationd Occupationa Hedth and Safety Commission
and the WorkSafe Western Australia Commisson;
and

?? Audrdian Standards developed by Standards
Audrdia

Guidance ?? Codes of practice approved or adopted for Western
Audtrdiain accordance with Section 92 of the Act;

?? Guidelines as endorsed by the Mines Occupetiona
Safety and Hedth Advisory Board;

?? National and State codes of practice and standards
developed by the National Occupationa Safety and
Hedth Commission and the WorkSafe Western
Augrdia Commisson; and

?? Audrdian Standards developed by Standards
Audrdia

Material

not in Regulations

Table 2-1: Mines Safety and I nspection Act 1994 FrameworKk.

?? Reporting accidents

Under the MSIA specific accidents and injuries must be reported. This is defined
in Part 7 of the Act - Specific Duties Relating to Occupationd Safety and Hedth,
in sections 75 to 79. Extracts of the sections can be viewed in Appendix 6.

WA'’s Petroleum Acts and Regulations

The petroleum indudsry is regulated by various pieces of legidation and
regulations (refer Appendix 7). The Wedern Audrdia DolR adminigers the
Commonwedth offshore adjacent area (Figure 2-17) under a Joint Authority
arrangement as the designated authority (Petweb, 2001).
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Figure2-17: Commonwealth & State Petroleum Actsboundaries

?? Achieving the objectives of the legislation

Operators are required to report to the DolR al aspects of their operations as a
condition for carrying out petroleum activities. Reporting is required for:

?? Routine compliance auditing and reporting.

?? Disposal of Produced Formation Water (PFW).

?? Hydrocarbon spills.

?? Other reportable incidents.

?? Reporting accidents

Accidents and incidents at petroleum sites must be reported to the DolR. Near
misses must aso be reported. The information is entered into a database and it is
used to identify safety trends and to focus investigations. The trends and other
data are digributed to industry and the genera public through magazines and
conferences (Petweb, 2001).



?? Reporting spillages

The reporting of incidents resulting in the spillage or escape of hydrocarbons or
other contaminants from onshore operations is regulated under Clause 290 of the
Petroleum Act 1967 Schedule of Onshore Petroleum Exploration and Production
Requirements 1991. Under Clause 290 (1), a report to the DolR must be made in
the event of:

?7? A dgnificant spillage of hydrocarbons which in areas of inland waters is in

excess of 80 litres and in other areas in excess of 500 litres.

?? A sgnificant quantity of petroleum in agaseous form isin excess of 500 nT.

For offshore operations under State jurisdiction, Clause 285 (1) in the Offshore
Schedule stipulates reporting requirements in the event of:

?7? An excgpe or discharge into the sea of a mixture of petroleum and water in
which the petroleum concentration is grester than 50 mgl™.

?? An escagpe or discharge into the sea of more than 80 litres of petroleum.

All incidents are required to be reported to the DolR's Manager for Safety and
Environment and the DolR's Manager for Exploration and Production under
Clause 285 (2) of the Offshore Schedule as outlined above (Petweb, 2001).

Training in the Minerals and Energy Sector

Traning in the minerds and energy sectors does require a person to have
completed an induction training course before they start work.

To obtain certain pogitions requires specific training for example:

?? To be employed as mine supervisor you must hold a mine managers certificate,
to obtain this you need to have completed a degree in mining (or equivaent).

?? To be a drilling rig offsder you must have (or in the process of obtaining ) a
basic competency leve eg. Level 1 Competency Certificate.

The one consgent factor in training for the mineras and energy sector in WA is
a that al people employed must undergo an induction course. Each dte is
different so if a person works & many stes they will be required to undergo each

of the dte specific induction course. These courses usudly lagt 2-4 hours. The



question that must be asked is once a person has been employed in these
hazardous environments and undergone the induction course for tha dte, then

what other training is available.

The following will demondrate some of the methods used to provide training.

?? Traditional methods

Each industry has there own manner of providing training to their employees. The
following are the more traditional methods that are currently used.

?? Induction courses — these ae usudly hdf day sessons to new employees
explaning to them the company’s safety and hedth policy as wdl as specific
information relevant to that company or mineste eg. if the evacuaion darm is

activated the ‘mugtering’ and assembly points must be known.

?? Toolbox or Safety meetings — these are usudly 5 — 15 minute taks to amdl
groups of workers. They take place on ste and just before the employees Start
work or in remote areas during a ‘practicad stopping/resting’ time. They are
conducted by the safety officer or a representative to inform workers of a
gpecific problem that is of concern or as a reminder of some safety practices
such as ‘remember to apply sun block at regular intervals and drink lots of

water”.

?7? Safety publications — these are generdly text based and presented as safety
bulleting, safety derts or monthly magazines. They are produced primarily by a
government agency or industry associations for the indusry and are usudly
located in the ‘common’ room of the workplace or a public area for reading.

The following are good examples.

MINESAFE - a magazine produced by the DolR (Appendix 8) that contains
locd and intenationd hedth and safety information, articles on current
incidents that are of concern to the DolR and MOD, as well as information
relating mining legidation.

SAFETY Notices — these are aso DolR publications produced by the relevant

divison highlighting safety issues or as informdion on problems or
accidentsincidents that have recently occurred in the industry. Figure 2-18



presents two safety notice one for the petroleum industry and the other for
mining. These are released under the authority of the Director of each division
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?? Safety Videos — these can be broadly based or produced on specific themes and
are currently used in dl areas of the minerds and energy sectors to disseminate

information. Fgure 2-19 demondrates examples of videos avalable the

Bristow helicopter video is used to ingtruct passengers on the emergency safety

procedures where as the Bord video explains the 3-point contact principle
when ascending and descending and the implications of a potentia injury.
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Figure 2-19: Safety videos

?? Computer Based Training
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computers are not dways available on remote minesites, however some oil and
gas offshore plaforms have the rdevant fadlities This form of traning is
usudly avalable to be underteken a work or a home Figure 2-20

demongtrates examples of

applications. The ‘scraper’ application provides

information on how to operate a scraper and its uses. The cod industry
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TRAINING PACKAGE

The Nationd Inditute for Occupationa Safety and Hedth (NIOSH) Spokane
Research Laboratory (USA) are currently undertaking the following tasks:

?? To create training tools relevant to meta/nonmeta mines (using video).



?? To introduce multimedia presentetion as a tool to provide training to the new

generation of miners.

There has been a large demand for the video, requests are received continudly by
NIOSH pointing to a much greater need than had been anticipated. The
multimedia and prototype VR applications have aso been well received. Beta
tests have shown these forms of traning are very popular with younger miners
(Cullen, 2000).

?? Training as required by the WA mining regulations

The Wesern Audrdian Mines Safety and Ingpection Regulation 1995 requires
that each employeeis.

?? Given adequate indruction and training in safety procedures and systems of
work and in the tasks required of the employee.

?? Assessed before commencing work at the mine to  ensure that the employee is
competent to perform the tasks he or she will be assgned and to operate any
plant and equipment the employee will be required to operate.

?? Retrained and reassessed whenever systems of work or plant and equipment

are changed, or new systems or work or plant and equipment are introduced.

It is important to note that these provisons include a requirement for assessment
to ensure competency, and require resssessment when operationa systems or
tasks change. Recording of training, retraining and reassessment is adso required
(Torlach, 2000).

The following statement from DolR's, MOD, Safety Bulletin No. 40, 27/05/1998
summarises the judtification of pursuing such works.

The jury found that death arose by way of accident, but evidence led at the
inquest prompted the Coroner to issue the following riders, which were

recommended by the jury:

(1) An induction process should include a mechanism to evaluate the
inductee's understanding of the material covered. The process should
include provision for regular re-assessment of employees knowledge of

induction material.



(2) Operator competence should be assessed on a regular basis, especially

where tasks or procedures change.

It appears from this recommendation that the jury were mindful of the
influence, which induction training and competency assessment processes
may have had with respect to the occurrence of this particular accident.
Their concern in this regard (which is shared by the inspectorate) has
prompted them to draw the attention of the mining industry to this potential

hazard with a view to preventing further deaths in similar circumstances.

The above datement demondrates that training is not only a requirement by
legidation but accepted by the generd public and industry as a way of keeping
employees informed.

Conclusion

There has been sgnificant occupationd hedth and safety (OH&S) changes made
in the minerd and energy sectors primarily due to some large scde disasters. The
inquiries that have followed and the recommendations that they made, have
mostly been incorporated into the OH& S practices of today’s minerds and energy

Sectors.

This chepter briefly looked a the Audrdian and the Western Audrdian minerads
and energy sector from its beginning through to legidation and training.

The disssters of the industry have been documented in many ways using the
technology or skill of the day, from hand drawn pictures through to current day
digita photographs and video captures. The use of visudisation methods to
document and assg in explaining the events is well documented and is conddered
to be the “norm” for any current disaster or event. The following chapter looks at
the start and current use of computer graphics and visudisation.



3 COMPUTER GRAPHICSAND VISUALISATION

I ntroduction

This chapter reviews the currently available literature for computer gragphics and
visudisation (CG&V). Given that the subject areas are very broad, atention is
pad to rdevant issues within the scope of the work covered, the role and
application of computer gragphics and visudisation from its early beginning to
current day usage. It identifies the various forms of smulaion and virtud
environments and defines gppropriate aspects of CG& V technology

History of Visualisation

Language exided long before written text, emerging probably smultaneoudy
with abdract thought and the Genus Homo. In Ryan's (1997) opinion, the
sgnature event that separated the emergence of palaeohumans from their
anthropoid  progenitors was not tool-meking but a rudimentary ord
communication that replaced the hoots and gestures ill used by lower primates.
The trander of more complex information, idess and concepts from one
individuad to another, or to a group, was the dngle most advantageous
evolutionary adaptation to another for species preservation. As long ago as
25,000-30,000 years BC, humans were painting pictures on cave walls. Whether
these were tdling a ‘sory’ or representing some type of ‘spiritud house or ritud

exercise is not known (Ryan, 1997).

When we tak about visudisation, in our present society, we predominantly think
of computers. Visudisation actudly goes back through the centuries to these early
visud makings made on wadls followed much laer by prining and then

televison.
?7? Art
Art comesin many forms and Michael Wood described it thisway;

A survey of Western art (as compared to African or Indian) could begin in
one of many places - the caves of Lascaux or Altamira, Stonehenge,

Mycenae, even ancient Egypt (Wood, 1989).



We se images everywhere in our daly lives we absorb them unthinkingly,
indeed, they have helped to shape the way we see (Hooker, 1989).

The atig is not smply a blank eye registering and recording optica impresson
but a person involved in shgping and organising intdligence whose choices tell us
a great ded about the society in which they are working and their own attitude to
that society.

We assume that the at of the past is a kind of culturd symbolism, a form of
shorthand which helps us to understand those times - but how does modern art
connect with al that past? And in a society dominated by teevison, film, video
and the eectronic media, does art nowadays have anything sgnificant to say? Art
then is, above dl a product of its own time, of beliefs the socid order and the
means of production of that time (Hooker, 1989).

In Audrdia ‘The Dreaming’ is a term used by Aborigines to describe the
relationship and baance between the spiritud, naturd and mora eements of the
world. Many artworks are visud representations of the symbols associated with
the atis's dreaming. Figure 3-1 is named Daughter of the original female
rainbow serpent, by Bardya Nadjamerrek. The painting of The Rainbow Serpent
first gppeared in Arnhem Land rock art more than 6000 years ago (Tacon et d,
1996).

Figure 3-1: Therainbow serpent

The Dreaming relates to a period from the origin of the universe to a time before
living memory or experience - a time of creator ancestors and supernatural keings.
‘Dreaming' is often used to refer to an individud's or a group's sat of beliefs or
goiritudity. For indance, an Aborigind Audrdian might say tha they have



Kangaroo Dreaming or Honey Ant Dreaming, or any combinaion of Dreaming
pertinent to their 'country’ (Tacon et d, 1996).

The use of at as a mechanism for ddivering information required patience and
time. In the case of cave paintings people travelled to the Ste to view the image
(informetion). If the painting was on canvas then portability was avalable but il
redrictive as there was only one origind. In both cases interpretation of the
painting was ether left to the individua or provided by a dtoryteler or interrupter,
both subject to distortion, exaggeration and misnformation.

?? Writing

The advent of a writing system, seems to coincide with the trangtion from hunter-
gatherer societies to more permanent agrarian encampments when it became
necessary to count ones property, whether it be parcds of land, animas or
measures of gran or to transfer that property to another individua or another
Settlement.

Around 4100-3800 BC, tokens began to be symbols that could be impressed or
incribed in clay to represent a record of land, grain or catle and a written
language was beginning to develop. The pictures began as representing what they
were i.e. pictographs, and eventudly certain pictures represented an idea or
concept i.e. ideographs, and findly to represent sounds (Ryan, 1997).

Written language was the product of an agrarian society, These societies were
centered around the cultivation of grain. A naturd result of the cultivation and
dorage of grain is the production of beer. It is not surprisng, therefore, that some
of the very oldest written inscriptions concern the celebration of beer (Figure 32)
and the daily ration dlotted to each citizen (Ryan, 1997).



Figure 3-2: Early cylinder seal depicting beer production

While cuneform was gpreading throughout Mesopotamia, a different writing
system was being developed in nearby Egypt. From about 3000 BC the Egyptians
used a form of beautifully sylised picture writing cdled hieroglyphics (Writing of
the Gods). There were sgns for objects, ideas and sounds, including a basic
aphabet of 24 sgns that stood for separate letters. More than 5000 years ago
Egyptian scribes were aready using paper (papyrus) pen and ink and we see thelr
writing (Figure 3-3) today in tombs and temples dong the banks of the river Nile
(Parker, n.d.).

Figure 3-3: A pictureand writing

The Phoenician aphabet was adopted by the early Greeks who earned their place
in dphabetic history by symbolisng the voweds. Therefore the Hebrew, Aramaic
and Greek scripts dl came from the Phoenician. The Greek aphabet led to Latin
and Cyrillic. Aramaic led to Arabic and most of the scripts used in India The
entire Western World became inheritors of those beer drinkers in Mesopotamia
and the torquoise minersin Sinal (Ryan, 1997).



Writing is now much eeser than it used to be. We no longer have to cut our own
pens from lengths of bamboo or feather quills, or make our own paper from reeds
or anima skins (Parker, n.d.).

?? Printing

The Chinese development of paper making aso led them in the ninth century to
develop moveable type. They did this by setting characters in wood blocks. While
the Chinese language's reliance on up to 40,000 characters made moveable type
impractical, Wedern inventors later began modifying this centuries-old printing
process using movesble type.

In 1450, a German atisan from a smdl town cdled Mainz, Johannes Guittenberg
originted a movesble type method that printers used until the 20th century.
Guttenberg punched 264 characters into the ends of sted punches, which were
inserted into copper blanks. His next innovation was transforming a wine press
into a machine auitable for printing, and usng, heated oil, resn and soap,
Guttenberg dso made ink which introduced printing as a new form of mass
communication (Inventing Printing, 1999).

Gutenberg's bible (Figure 3-4) conssted of 641 sheets with most of its pages
containing forty-two lines in two columns. All in dl there were 1,282 pages
bound in two volumes. In 1474 an account was written that described Gutenberg
as printing three hundred sheets a day using Sx presses. About three hundred
copies were printed with the binding done elsewhere with some copies being sold
as separate sheets (Figure 34). The bible was printed in ten sections, which means
that Gutenberg had to have enough type to set up about 130 pages a atime. This
trandated into nearly four hundred thousand pieces of type needed, a huge
investment of time and metd (Panagakis et d, 1997).
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Figure 3-4: A pagefrom the Guttenburg bible

Gutenberg's bible was a large project by any day's standards, but particularly by
those in the mid 1400's. Setting each letter by hand, placing each sheet in the press
and then taking it out to dry only to insart it again to be printed on the reverse
side, was a mammoth undertaking (Inventing Printing, 1999).

With dl this ‘new’ technology being avalable and with education and literacy
skills on the increase, when an event or incident occurred, the print was able to

disseminate the information using text and pictures.

An example of the widespread use of printing occurs in England early in the 20"
Century, The Penny Magazine, (Figure 3-5) was published every Saturday, and
was aimed at the working class (Corrie, 1995).
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Society for the Diffusion of Useful Enowledgze.
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Figure 3-5: Cover of Penny Magazine Feb 28, 1835

It was pat of the Society for the Diffuson of Useful Knowledges program for
liberal reform. For its reader, however, it was a source of information on subjects
of generd interest: everyday things like tea and coffee, wdl-known places in
England, and included a series on animals and birds of Britain, and descriptions of
present-day manufacturing (Corrie, 1995).

Printing therefore, provided a mechanism for quick dissemination of information
to alarge number of people.

?? Photography

Sr John Herschel, firg used the name Photography in 1839, the year the
photographic process became public. The word is derived from the Greek words
for light and writing. William Tabot produced a paper negative in August 1835, it
was of poor quality and measured 1 inch square. However, Tabot subsequently
made some dSgnificant improvements, and by 1844 was &ble to bring out a
photographicdly illustrated book entitled ‘ The Pencil of Nature' (Legget, 2000).



Cdluloid was invented in the early eighteen-sixties, and John Carbutt persuaded a
manufacturer to produce very thin cdluloid as a backing for sendtive materid.
George Eagtman is paticularly remembered for introducing flexible film in 1884.
Four years later he introduced the box camera, and photography could now reach
amuch grester number of people (Leggat, 2000).

Of gspecific rdlevance to the technology described in this thess is the use of
photography to depict three-dimensionda depth.

Anaglyphs
Figure 3-6 demondrates an anaglyph and how you view the find imagein
3D.

Original Left-hand image Original Right-hand image

£ T PR L5 S LN o T ; 2 g e
All blue and gre
removed

Red removed

The two colour-modifi imas
are superimposed to form the anaglyph

The anaglyph must
bhe viewed through
a red-blue viewer

Figure 3-6: Anaglyph process

In 1835 W. Rallman firg illustrated the principle of the anaglyph usng blue
and red lines on ablack field with red and blue glasses to perceive the
effect, but thiswas for line drawings only. In 1858 Joseph D'Almeida began
projecting three-dimensond magic lantern dide shows using red and green
filterswith the audience wearing red and green goggles (Leggat, 2000).

Louis Ducas du Hauron produced the first printed anaglyphsin 1891. This

process conssted of printing the two negatives, which form a stereoscopic



photograph on to the same paper, one in blue or green and the other in red.

To look at the pictures you would look through a viewer made up of
coloured glasses, with red (for the left eye) and blue or green (right eye).
The left eye would see the blue image that would appear black, whilst it
would not see the red; smilarly the right eye would see the red image, this
registering as black. Therefore producing athree dimensona image
(Leggat, 2000).

Stereoscopy

In 1613 the Jesuit Francois dAguillion (1567-1617), coined the word
‘stéréoscopique’ The idea of stereoscopy actualy preceded photography.
Binocular drawings were made by Giovanni Battista della Porta (1538-
1615), about the same period Jacopo Chimenti da Empoli (1554-1640)
produced drawings side by sde which clearly indicated his understanding of
binocular vision. Stereoscopic or 3D photography works becauseit is able
to recregte the illuson of depth.

Mot associate Sir David Brewster with the invention, but it was Sir Charles
Wheatstone who, in June 1838, gave an address to the Royd Scottish
Society of Arts on the phenomena of binocular vision. The conventiona
method of viewing stereoscopic photographsin the last century wasto use a
viewer which held a pair of images, and which enabled each eye to see only
one; by fusing these together a 3D effect was recreated (L egget, 2000).

?? Television

As ealy as 1875 George Carey of Boston suggested sending a picture over
multiple circuits, but others like W.E. Sawyer proposed transmisson of images

over asinglewire or chamne by rapidly scanning picture eements in succession.

John Logie Bard was born on August 13th, 1888, in Hedensburgh,
Dunbartonshire, Scotland and died on June 14, 1946 and is remembered as being
an inventor of a mechanicd tdevison sysgem. In the 1920's, Bard and the
American Clarence W. Hansdll patented the idea of usng arays of transparent
rods to transmit images for tdevison and facamiles respectively. Bard's 30 line

images were the fird demondrations of televison by reflected light rather than



back-lit slhouettes. Baird based his technology on Paul Nipkow's scanning disc
(Figure 3-7) ideaand later developments in eectronics (Bellis, n.d.).

Figure 3-7: Nipkow's scanning disk.

This televison pioneer created the fird televised pictures of objects in mation in
1924, the firg tdevised human face in 1925 (Figure 3-8) and a year later he
televised the firg moving object image & the Royd Inditution in London (Belis,

n.d).

Baird's Mechanical Television System
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Figure 3-8: Baird’smechanical television diagram

His 1928 trans-alantic transmisson of the image of a human face was a
broadcasting milestone. Colour televison, sereoscopic televison and infrared
light were al demondrated by Bard before 1930. He successfully lobbied for
broadcast time with the British Broadcasting Company (BBC) and the BBC
darted broadcasting televison on the Bard 30-line sysem in 1929. The firg
sSmultaneous sound and vison telecast was broadcast in 1930. In July 1930, the
fird British Televison Play was trangmitted, ‘The Man with the Flower in his
Mouth' (Bdlis, n.d.).



Vladimir Zworykin, (a Russatborn American) was working with Pittsburgh's
Wedtinghouse Electric Corporation, where he invented the iconoscope in 1923, a
tube for televison transmisson. The iconoscope was later replaced but lad the
foundations for early teevison cameras. The iconoscope alowed pictures to be
electronicaly broken down into hundreds of thousands of elements. In 1929,
Zworykin demondgtrated how tdevison would work with his kinescope, or
cathode-ray tube. Zworykin's modd for televison (Figure 39) was quite different
from the tdevison wached today with the display screen being only one square
inch (Mills, 1999).

Figure 3-9: Zworkin demonstrating TV in 1929

In 1930, Philo Taylor Farnsworth was the fird to transmit a tdevison image
comprised of 60 horizontd lines. The image tranamitted was a dollar sgn, quite
gopropriate consdering the amount of revenues tha televison would bring in the

decades to come.

In 1932, Zworykin's iconoscope (Figure 3-10) was able to imitate the way that the
human eye viewed images for tdevison broadcest. After joining the Radio
Corporation of America, Zworykin developed desgns for colour televison, but in
his lifeés lae yeas tdevidon's trividisation of everyday life disurbed the
inventor, who favoured usng teevison as a culturd enrichment and learning tool
(Mills, 1999).
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Figure 3-10: | conoscope diagram

In the 1950's Hollywood wanted to give the public a reason to buy a cinema ticket
indead of staying a home and watch their ssts. They tried a lot of ideas, some
good and some bad, but one idea that gill works today is the widescreen format.
Wider screens, such as Cinerama, Cinemascope, and VistaVision, give the theatre
audience a more visudly engulfing experience. Because our two eyes give us a

wider view, awider movie makes more sense.

Like the widescreen movie formats, the High Definition Teevison (HDTV)
screen is formatted much closer to the way we see. Our fidld of vison is more
rectangular than square. So, when we view movies in widescreen format, the
imege fills more of our fidd of vison and has a dronger visud impact. After a
few decades of experimenting with rétios, the most common thestre screen aspect
ratio is 16:9 (Figure 311). HDTV is going to use the same aspect ratio. However,
that's only part of HDTV. Beddes a wider screen, the picture is going to have
more detail and crigoer images. With the bigger pictures comes a finer resolution
(Bdlis, n.d.).

HDTV is 1/3 wider than NTSC

extra picture area

Figure 3-11: High definition and standard TV ratios



The &ove informaion has demondrated the advancements in how picture
information has been presented from ealy cave pantings through to high
definition wide screen digitd TV. Engineers, scientists and other professons
have dso cepitdised on the vaue of pictures and other visudisation methods by
expressng the results of their ideas, desgn work and caculations in the form of
engineering drawings, charts and graphs (Deme, 1984).

To folow on from this and demongrate how technology has helped progress
visudisation we must see where Computer Graphics (CG) started and how.

History of Computer Graphics

When people talk about the history of CG you would normaly start with the age
of Sutherland in this case we will look very briefly at the pre-history of computer
graphics.

The foundations of computer grgphics as mentioned in The Short Higtory of
Computer Graphics (Florida Tech, 2001) can be traced to atigic and
mathematicd ‘inventions for example;

?? Eudlid Icirca (300 — 250 BC) who's formulation of geometry provides a kesis
for graphics concepts

?? Flippo Brundleschi (1377 — 1446) architect, goldsmith and sculptor who is
noted for his use of perspective.

?7? Rene Descates (1596 — 1650) who developed anayticd geometry, in
particular coordinate systems which provide a foundation for describing the
location and shape of objectsin space.

?? Gottfried Wilhedm Lebniz (1646 —1716) and Isaac Newton (1642 — 1727) who
co-invented caculus that alows the description of dynamica systems.

?? James Joseph Sylvester (1814 — 1897) who invented the matrix notation.

The term computer graphics was first used in 1960 by William Fetter to describe
new design methods he was pursuing a Boeing.

In 1966 William Fetter defined computer graphics thisway;

Perhaps the best way to define computer graphicsisto find out what it is

not. Itisnot a machine. It isnot a computer, nor a group of computer



programs. It is not the know-how of a graphic-designer, a programmer, a

writer, a motion picture specialist, or a reproduction specialist.

Computer graphicsisall these - consciously managed and documented
technology directed towards communicating information accurately and

descriptively.

During this same period, Ivan Sutherland's work was establishing him as a leading
researcher in the computer science feld. In 1960, he produced Sketchpad: A Man
Machine Graphicd Communication System, for his doctord dissertation (Figure
3-12). The dissertation has been described as a mgor contribution to computer
graphics knowledge because, up to that time, computer graphics had dedt
exclusvely with 2D pictures of objects. lvan's dissartation dedt with the objects
themselves and used a data Sructure that was based on the topology of a 3D
object and described the relationships between the parts of the object (Evans and
Sutherland, 2001).

=

Figure 3-12: Sutherland at the console - Sketchpad project MIT 1963

Sketchpad pioneered the concepts of graphicd computing, incduding memory
structures to store objects, rubber-banding of lines, the ability to zoom in and out
on the display, and the ability to make perfect lines, corners, and joints. This was



the firda GUI (Grephicd User Interface) long before the term was coined (Sun
Microsystems, 1994).

A god of visudisgion (computer graphics) is to capture the dynamic quadities of
sysdems or processes by using representative moving images. In the 1980s,
borrowing as wel as usng many of the specid effects techniques of Hollywood,
sdientific visudisation moved into animation. In 1990, the Nationd Centre for
Space Aeronautics award-winning animation of smog descending upon Los
Angdes influenced ar pollution legidation in the dae This animation was a
compdling testament of the vaue of this kind of imagery, however the animation
had severe limitations. Firdly, it was costly. After months of eaborate computer
gmulations, the smog animation itsdf took sx months to produce from the
resulting data; individua frames took from severd minutes to an hour. Secondly,
it did not dlow for interactivity, that is, for changes in the data or conditions
governing an experiment that could produce immediate responses in the imagery.
Once completed, the animation could not be dtered (University of Illonois, 1995).

Computer Graphicsand Visualisation

CG&V ae used in many modern gpplications for example, movies, busness,
demongtrations, presentations, cartoons, videos, brochures and papers, but they al
have one thing in common, the graphics generated are used for visud effects.

Accurate 3D geometry can be produced using conventiona Computer Aided
Design (CAD) software. A range of texture maps are then applied to the solid 3D
CAD objects.  Lighting conditions are then defined and objects are viewed from a
range of different camera postions (Denby et d, 1998).

Viaudisation, and more specificaly computer-generated visudisation is used to a
great extent in dmost dl aess of human endeavour with often immessurable
gans. One example is the fidd of sdettific and daa orientated visudisation
which makes extensve use of computer generated images to view complex data

sets and visudise phenomena which are otherwise invisible (Y oung, 1996).

The term Visudisation as used in this thess, can be defined as a set of hardware
and software tools that allows the user to:

?? View datic computer graphics



?? Use various techniques and equipment to congruct, develop and present data
and information.

?7? Redidicdly dmulate interaction with virtud objects which ae computer
models of real objects.

?? Entertainment

The debut of computer grgphics (CG) in film came in the 1976 film Future World,
featuring Peter Fonda In this film, only Fonda's computer generated hand and
head showed in the background. At that time the film industry would not invest
any money in these technologies because they could not benefit the plot of their
film (Images United, 1997).

It was not until 1982 that CG entered mainstream cinema, when Star Trek 1l - The
Wrath of Kahn was rdeased. That movie contained sixty seconds of full-colour
CG. In the sequence, cdled the ‘Genesis Effect’, a lifdess planet was hit by a
missle which caused incineration and flames across its entire surface of the
sphere as the camera zoomed in tight. Compared with today's movies, this one-
minute piece may seem a smal accomplishment. However, this remarkable scene,
created by Lucasfilm’'s Computer Divison represents many firgs. It required the
development of severa new CG toadls incuding one for cregting convincing
computer fire and another to produce complex and redistic mountains as well as
shordlines from surface equations (Images United, 1997).

In 1982, Disney Productions released TRON (Figure 3-13) as a feature film
production. There were 15 minutes of computer generated footage and 68 minutes
of effectsin TRON (Patterson, 1982).
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Figure 3-13: TRON themoviereleased

The magnitude of the work on TRON resulted in 53 minutes of edited live action
black-and-white footage to be composited with backgrounds and effects via
backlit animation. This required 76,320 frames (24 frames per second) of which
each had to be enlarged and two copies made to alow the adding of the eements
required for effects animation and additional characters. When completed there
was over 400,000 elements for the animation stand (Patterson, 1982).

A popular question in the movie industry a the moment is whether digitd actors
will totaly replace red ones in the movies someday. This might not hgppen in the
near future, but it could come a redity with the continud advancement of high
performance computers, software and the development of new techniques. For
example, the idea of a virtud pop star was first conceived at HoriPro in 1995,
when the company was looking into developing new multimedia software, and
decided on a virtud ‘aidoru keshu' (idol-singer). The modd was made up of
40,000 polygons, and employed as many as 10 programmers just to work on her
face done. When photographs of her were firsg sent to magazine publishers, she
was even mistaken for another popular singer. Kyoko Date (Figure 314), named
DK-96, for 'Digital Kids, 1996', was given a stage name, a biography, a birth date,
ablood type, hobbies, and afamily in Fussa, Japan (Y oshi, 1998).



Figure 3-14: Kyoko Datefront cover of magazine

With the developments of higher performance computers, better graphic cards and
software, the creation of feature movies where dl the characters are computer

generated was only a matter of time.

The movie Final Fantasy from Columbia Pictures/'Square Pictures was released in
2001, the whole movie was computer animated (Figure 3-15) usng Maya and
Renderman software (Square, 2000).

Figure 3-15: Final Fantasy scene



This was not an animation as in the Wat Disney animated dyle such as Beauty
and the Beast. The Final Fantasy characters (Figure 3-16) were very life like and
atracted acting taent, such as Alec Badwin, Ming Na, Dondd Sutherland for the
voice overs (Square, 2000).

Character AKI Character Nell

Figure 3-16: Final Fantasy characters

?? Industry

Interactivity would have remained wishful thinking if not for the development of
high-performance computers in the mid-1980s. These machines provided the
speed and memory for programmers and scientits to develop advanced
visudisation software programs. By the end of the 1980s, low-cod, high
resolution graphic workstations were linked to high-speed computers, which made
visualisation technology more accessible.

The predominant discusson within the following section on indudrid computer
visudisation concerns minerals and energy related gpplications. The development
of technology within this section issmilar to that in most other indudtries

7 Computer Aided Design (CAD)

CAD <oftware is commonly used for drafting architecturd and engineering
drawings and for making technicd illugrations of any kind. CAD enables you to
prepare fast and accurate drawings. It provides flexibility to change drawings with
minima  effort. In recent years many professonds have switched from the
manua process of drawing and designing to CAD to enjoy the benefits of this



precise and credtive tool. As a result, CAD has become very important to dl
professonds involved in the field of design and drafting.

8 Geographic Information System (GIS)

Itami and Raulings (1993) provide the following definition of aGIS:

A Geographic Information System (GIS) is a computer program for storing,

retrieving, analysing, and displaying cartographic data.

Figure 3-17 demondrates how different information is layered over the same
geography.  The information in these GIS examples shows ‘Driving Alone to
Work’ and ‘Management and Professond Occupations in Hawaii (Hawai Gov,
2002).

Criving Alore to Wk
(percent of commubers within o census fract
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Croupations

Figure3-17: GlSislayering information

On the walls of caves near Lascaux, France, Cromagnon hunters drew pictures of
the animas they hunted 35,000 years ago. Associated with the animd drawings



are track lines and tdlies thought to depict migration routes. These early records
followed the two-dement dructure of modern GIS: a graphic file linked to an
attribute database.

The following ligt provides additiona examples where GIS has been used:
?? Postioning legidative didtrict boundaries.

?7? Deciding which pockets of endangered environment should be protected.
?? Predicting the impact of waste facilities on loca hedlth patterns.

?? Planning restocking of native species.

?? Preparing to savice the locd and surrounding population in the event of
various possible disasters?

The following two examples briefly describe how GIS has been used in rdation to

mining activities

??Udng a GIS and a vaiety of digitd maps, the United Sates Geologica
Services (USGS) and the Forest Service created perspective views of an area to
depict the terrain before and after mining. GIS was used to combine map types
and disolay them in redidic 3D perspective views that conveyed information
more effectivdly and to a wider audience than traditiond 2D maps (USGS,
1997).

?? At the Univerdty of Nottingham, GIS has been used to ad in the resettlement
of villagers in Ghana who live on the dte of a new surface mine development.
The representation of the resettlement areas alowed assessment by the Ghana
Environmenta Protection Agency before the project began (Mensa, 1999).

9 Simulation

The formd definition of discrete sysem smulaion is a sysem where, a any
indant in time, a countable number of changes can take place. Trucks being
loaded, traveling to a dump, dumping, being refudled, returning to the mine, etc

are classic examples of such systems (Sturgul, 1998).

Sturgul (1998) believes that the most important advance in recent years has been
the introduction of animation (visudisaion) into smulation software. This shows



the results of dmulaion in a 2D ‘catoon’ fashion. Sturgul judifies this Statement
with the following two reasons.

?? Often Idmulation programs can contain inddious errors that do not show up
when the program is being run and can be detected best when viewing the
animation.

?? Prior to animation, the results of the smulaion study were often presented as a
st of numbers.

Two such gpplications relevant to the work in this research, which have benefited

from the use of visudlisation are described bel ow:

?? Finite Element Andyss (FEA) condsts of a computer modd of a materid or
desgn tha is dressed and andysed for specific results (Figure 3-18). For
exampleitisused in new product desgn, and existing product refinement

Figure3-18: Stress Analysis M odel

Finite Element Andyss (FEA) was first developed in 1943 by R. Courant, who
utilised the Ritz method of numericd andyds and minimistion of variationd
cdculus to obtain agpproximae solutions to vibration sysems. By the ealy
70's, FEA was limited to expensve mainframe computers generdly owned by
the aeronautics, automotive, defence, and nuclear industries. Since the rapid
decline in the cost of computers and the phenomenda increase in computing
power, FEA has been developed to an incredible precison. Present day
computers are now able to produce accurate results for all kinds of parameters
(Monaghan, 2000).

FEA has become a solution to the task of predicting fallure due to unknown

dresses by showing problem aress in a materid and dlowing designers to see



dl of the theoreticd dresses within. This method of product design and testing
is far superior to the manufacturing cogts which would accrue if each sample
was actudly built and tested (M onaghan, 2000).

?? Computationd Huid Dynamics (CFD) rests on the foundation of the scientific
laws that ded with mass, momentum, and energy. However, the rigorous
caculations needed to work out the implications of dl these laws overdretch
modern computationa power, even that of parald processors. Shortcuts
(usudly cdled modds) must be used. CFD therefore dso rests on the less
secure foundation of models of turbulence, radiation, and chemica reaction.
The turbulence modds now in use derive manly from research projects
performed a Imperial College in London in the 1970s. Additions with respect
to combugion have come from the Universty of Trondheim, Norway
(Freeman et d, 1997).

In the process and petroleum industries, CFD can reduce development time
scdes and cods by replacing lengthy and expensive laboratory investigation
with numerica predictions. For example, a quantitative description of the
pressure digribution on a sub-sea ail platform (Figure 3-19) as a function of

timeis useful for optimisng design for maximum load and fatigue life.

Heave Plates -

Figure 3-19: Heave plates

Figure 3-20 shows a contour plot of the pressures around a submerged heave
plae a an ingant in time Visudistion of the flow gives improved
understanding of the effects of platform design on performance (ARA, 2001).



Figure 3-20: Calculated pressure contoursaround a submerged heave plate

The use of CG&V is dependert on hardware, software and the imagination of the
users. The military, industry, and entertanment sectors ae currently using
interactivity within their mulation systems.

Most people associate Smulation gpplication or Smulators with arcraft training.
One such company Evans and Sutherland develops and manufactures hardware
and software to produce highly redisic 3D synthetic worlds. It produces high-
qudity visud sysgems for dmulation and training in defence and commercid
goplications as wel as high-performance systems for digitd theatres and other
gpplications throughout the world. Evans and Sutherland sl flight  training
amulators which replicate in-flight conditions that are crucid to effective pilot
traning. These smulators represent redigic smulation scenarios including  fog,
ran, and snow. Pilots are able to virtudly experience redity, before they ever
leave the ground. An image from a commerca flight traning gpplication is
shown in figure 3-21 (Nasios, 2001).

Figure 3-21: Image from a commercial flight training application



The cost of technology is decreasing and the power of the computers is increasing.
The demand for interactivity is pushing computer visudisdion to the limits This
technology advancement leads to a discussion of virtud environments.

Virtual Environments

Youngblut a €, (1996) reviewed Virtud Environment (VE) interface technology
from the perspective of the user, that is, the devices and requirements that are
imposed on the user in order to interact with a VE. In Youngblut's report the term
VE is used synonymoudy with virtud redlity and synthetic environment.

Whilgt there is no widely accepted definition of the term VE, the approach chosen
is to describe a VE system as a computer-generated world with which the user can
interact with the purpose of dtering the state of the user (Figure 322) or of the
computer (Durlach et a, 1995).

Figure 3-22: Virtual fantasy (Summerville, 1993)

Kolasnski in his report defined a VE as a 3D, interactive, redidic, red-time
computer generated smulation providing direct input to the senses via a Head
Mounted Display (HMD), Binocular Omni-Oriented Monitor (BOOM),
DataGlove and smilar devices. From the standpoint of a user, there are three
mgor components of a VE system. Firdt, the user must have some way of seeing
in the virtud environment. This is sometimes accomplished with a HMD. Second,
the user must have some way of moving through the VE. Joydicks, spacebdls,
and wired clothing devices are some of the current devices used to control



movement in the VE. Findly, there must be some way to identify the user's
direction of view in the VE. This is accomplished by means of a tracking device,
often attached to the HMD (Kolasinski et a, 1995).

There are two types of VE's.

?? Immersive VE sysems, where the user is essentidly surrounded by the virtua
world to the excluson of the red world. An advanced interface is where the
usr views the virtud world through a HMD. The HMD presents an image
directly in front of eech eye and magnifies it o that it fills a wide fidd of view,
creating the impresson of actudly being in a world, rather than looking & a
screen. However, HMD technology is fairly crude, and rather expensive, and
has a number of disadvantages including encumbrance, isolaing experience
and occasiond amulator-sickness (Schofield, et a, 2000).

?? Non-immersive where the user views the virtua world indirectly through a
computer monitor or some other display and, typicaly, interacts with the VE
usng more traditiond keyboard, mouse, and trackbal interfaces. A third
dterndtive is augmented redity sysems where the virtud world is
superimposed over the red world. Here the intent is to supplement the red
world with useful informetion, for example, guidance in performing a red
world task (Youngblut et d, 1996).

The two types of VE systems are scala, for example, the ‘tru€ non-immersive as
Youngblut (1996) informs us, uses a computer monitor with traditiond
peripherds (keyboard and mouse). However as technology improves peripherds
become more daborate, oecific and sengtive, dlowing motion and force
feedback to the user. Although the user is not immersed visudly as they are dill
using a computer monitor to view, they do get a sense of fed. This dso goplies to
immersive, as technology improves the use of HMD’s as well a sensor bodysuites
will provide the user with ‘full’ visua and sensory immersion.

?? Immersive virtual environments

There is currently condderable focus on VE systems because the potentid of
these systems is enormous. They offer a more intuitive metgphor for human
computer interaction. The user can exploit ther exiding cognitive and motor

ills for interacting with the world in a range of sensory moddities and, in many



indances, the experience they gan in the VE is directly transferable to the red
world (Youngblut et a, 1996).

Examples of VE based training exist in a number of other sectors. Anyone that has
flown in a large passenger arcraft has trusted their lives to someone that has been
trained with the asssance of a VR sysem. The techniques that have been
developed over a number of decades in this area are how available on the desktop
and have been adapted into a whole range of other training applications. These
types of system offer mgor potentid advantages due to increased retention caused
by the visud nature of the medium and the role-playing nature of the interactivity
(Hollands et d, 1999).

Researchers a Brown Universty in America are developing applications for
visudisng tensor-vadued diffusonrate volume data (of the brain) acquired with
magnetic resonance imaging (DT-MRI) (Figure 3-23). They are making use of
CAVE immerson for surgery rehearsa, podt-surgery treatment and tracking.
(Brown University, 2001).

Figure 3-23: Researchersviewing 3D brain

?? Non-immersive virtual environments

The following example is cassed by this author as non-immersive as the user is
dill viewing the object on a standard computer monitor as a 2D modd. They are
usng a periphed specificdly desgned to mimic the tool required for this



traning. The intent is to provide the user with a meaningful environment within
which they can interact in a naturd, multi-moda manner. In medicd traning, a
surgeon could practice a particular surgical procedures on a virtua patient, for
example, practice badc skills or accuratdly Imulate a criticd phase in the

frequently performed laparoscopic cholecystectomy procedure (Figure 3-24), the
dissection of cdot’s triangle. Misdentification of bile ducts and blood vesss is a
condant risk and smulation ams at reducing the risk by improving the surgeon’'s
skillsin asafe, amulated environment (Lapsim, 2002).

Figure 3-24: Non immer sive lapar oscopic training

In addition to visud images the surgeon’'s mgor form of interaction with the
sysem is by means of specidly-modified versons of his customary insruments
that provide redligic haptic feedback sensations as the surgeon manipulates virtua
body tissues (Hunter et a, 1993).

Conclusion

A picture is said to be worth a thousands words and CG&V technology has the
capability to express this satement in a modern way. CG&V is commonly
understood to mean the creetion, storage and manipulation of models and images.
Such models come from a diverse and expanding st of fidds including physicd,
mathematical, artigtic, biologicad, and even conceptud (abgract) structures.
(Nasios, 2001).



The rapid developments in PC technology in recent years and the huge potentia
market for desktop VE in a wide range of sectors means that this is the area where
some of the fastest developments are occurring. Whilst much of the development
is for the lesure industry there are red indudtrid opportunities that can be
exploited. The home computer games market has driven the development of
software tools for the credtion of 3D modds together with the specidist 3D
graphics accelerator boards and peripherds for PC games systems (Schofidd et d,
2000).

The development of computer generated accident recondructions culminating in
traning gpplications usng smple presentations through to full scde smulations
usng virtud redity provides an ided platform for educators, occupationd hedth

and safety trainers and competency assessors.

Computer generated forensc CG&V will form important admissble evidence in
the courtrooms of the future. Acceptance by the public and courts is an important

issue, and implementation drategies must be congdered carefully.

The following chapter looks at the current use of CG&V in courtrooms both
locdly and internationaly.



4 COMPUTER GRAPHICSAND VISUALISATION

FOR COURTROOMS

I ntroduction

Individuds from enginering and scientific disciplines are frequently required to
testify in court on a broad range of topics, such as persona injury, product
ligvility and peaent infringement. The isues in question can be extremdy
complicated and difficult to explain to the court without some form of graphic
representation. A survey by the American Bar Association (ABA) found that
jurors are often confused, bored, frustrated and/or overwhelmed by technica
issues or complex fact patterns. Further research indicates that the attention span
of the average juror is seven minutes. This illustrates the need to reduce lengthy
explanations with charts and diagrams aone (Goodwin, 2000).

Computer animation is one particular method that helps to communicate complex
technical matter to a non-technica audience. Where only détic images such as
diagrams and chats have previoudy been used to explain the testimony of an
expert witness, computer animations are now aso utilised for illugtrating the time
dimenson. This extra dimenson is extremely ussfful when explaning a critica
accident sequence, complex vehicle motion, or a complicated engineering
principle or theory. Computer animation is adso used when taking advantage of its
lack of physicd redrictions, which dlows the viewer to go where it is physcdly
impossible to go with a normad camera (such as insgde an engine or a human
body), or to show witness views of acrime or crash (Joneset d, 1991).

Computer Graphicsand Visualisation for Under standing

Schofield and Noond (1999) believe that the experience of the US courts has
demongrated the overwhdming advantage of usng computer-generated evidence
to ad understanding among dl involved in an accident inquiry. Using forensc
animations for invedigation evidence can be advantageous for a number of

reasons including:

?? an accurate and effective method of showing how an event occurred or could



OcCcur,

?? ae believable as the animations are often close to a red life portrayd of the

event,

?? investigators and trainees often remember CG images long &fter other forms of

media,

?7? computer systems dlow investigetors to recregte the accident environments,
this is useful dnce the dte of an accident may have changed since the time of
the event, and

??a jury can visudise ‘hidden’ data, eg. the display of vehicular or projectile
trgjectories.

The following sudies in the USA have shown that the odds of winning a court

case dramaticaly improve when aforensc animation is used:

?? One American study showed that the average person retains 87 percent of
information presented visudly, but only 10 percent of information presented
oraly (Sdtzer 1990).

?? Another study showed that the average person has 65 percent retention of
visud information and only 15 percent for ord information (Cobo, 1990).

?7?0One American survey showed that juror memory retention increases 100
percent when using a visua presentation over an ora presentation (Krieger,
1992).

?? Another survey reveded tha there is a 650 percent increase in jury member
memory retention with computer animation presentations (Thomas, 1997).

A series of experiments were conducted a the West Midlands Police Service
(UK) Crash Invedigation and Training Unit (CITU). Three separate groups were
aked to memorise a series of accident information. One group were shown
textual descriptions, a second group were shown images and a third group were
shown both the text and the images. As was expected the group who saw only text
peformed the wors with a number of errors. The group who saw the images
made very few mistakes and the group shown both text and images performed the
best (Doyle, 1999).



In a recent sudy by Elizabeth Loftus (2001) participants firs watched a two
minute video dip of a drunk-driving incident on a computer screen. In the video
three police officers begin their Saturday night shift at the ferry dock. One of them
IS seen waning severd men not to drive, as they may be drunk. After much
discusson about whether to take the train or drive, the men get into the car. The

one occupying the front passenger sedt is seen looking drunk or asleep.

For haf the paricipants, the scene shifts to another policeman who is standing in
the path of the car trying to stop it. After some yelling on the part of the passenger
and the police, the car hits the policeman, and he ends up hanging on to the roof of
the car. Much chaos ensues, and the video ends with an arrest of the people in the

car and attemptsto care for the injured policeman.

Participants were then asked to imagine a variety of scenes from the video. The
‘imagination’ participants were asked to imagine a scene that was not actudly
presented. Findly after a short four minute filler task, participants were tested on
their memory of the video.

In teems of free recal 2 percent of the ‘controls mentioned the fase criticd
detail, compared to 15 percent of the ‘imagination’ group. A critica recognition
question was also asked about the scene that was not presented, 15 percent of the
‘controlsS recognised this scene as a critical aspect of the event, compared to 41
percent of the ‘imagination’ group (Loftus, 2001).

The results of this experiment helps demondrate the power of the visudisation to
assig in presenting information and evidence in the following ways.

?? As a precursor for gimulating the imagination. Only 2 percent of the ‘control’
group mentioned the fase critica detaill, where as the ‘imagination’ group that
were asked to image a scene that was not there, 15 percent mentioned it as a
citicd scene. This reault, dthough supporting the view that presenting visud
information, people will retan and recdl the facts However, a trid lawyer
could use the same presented CG&V to asss ther case by playing the same
visud but presenting what they believe (their clients view) what happened and
to dimulate the imagination of a jury or amilar just by adding their own voice
over and explanations or in the case of the Loft experiment just image an

dternative.



?? Retention of information by showing a visud and providing additiond
information in the way of gpeech was proven to be very beneficid. Only 15
percent of the ‘control’ group recognised a scene as criticd where as the
‘imagination’ group that had this extra information, 41 percent identified it as a
critical aspect.

These results obtaned by Loftus dthough not definitive, provides evidence
relevant to the research question, What are the merits and level of acceptance
associated with the use of computer visualisation techniques for the
reconstruction of incidents/accidents? It also demonstrates that although a CG&V
assigs in presenting the facts and people do recdl, there is a posshility that in
presenting a certain view of CG&V information it may lead to people beng
indructed to view the CG&V in another way which would possibly negate the
initid use of the CG&V by the party who first presented it.

All of the above examples demongrate that the use of CG&V provides a greater
understanding of what is being shown as wdl as assging in memory retention of
what has been shown. This judifies the use of CG&V for the recongruction of

industrid accidents and for training in awide range of environments.

Legal Usesof CG&V and Relevant |ssues

There is nothing novel or radicd about usng visud technology for courtroom use.
A photograph was fird admitted as evidence in the USA in Church v City of
Milwaukee, (1872)'. This case specified tha a photograph of the plaintiff's
premises could properly be admitted as evidence. New types of visud evidence
have repeatedly been introduced. The chalenge is to adapt familiar evidentiary
precepts to evolving technologies - in other words, to unfamiliar facts (Joseph,
1996).

The defining characterigtic of virtud redity evidence, its interactivity, raises
unique relevance and prgudice issues, in addition to the fundamentd questions
typicaly presented by computer sSmulation evidence. As technology becomes

1 31 Wis. 512, 519-520,



more advanced, and the evidence more familiar, judicid receptivity is likey to
increase asis the potential ussfulness of the evidence (Joseph, 1996).

?? Definitions

The introduction of computer generated forendc animations into American courts
was controversd. People arguing againg them sad that the animations were
based on atidic interpretation rather than factud evidence. People arguing for
forendc animations say that they offer the ability to visudise the ‘red’ data and
witness the accident from more than just a bystander's perspective (Cybulski and
Vaentine, 1998).

There is a concern that many people have an inability, when viewing smulations,
to diginguish between fact and fiction, tha is, between a computer-based
‘recondruction from firgt principles based on physcs and engineering laws and a
photo-redistic computer-rendered animation based on subjective data (Borsook,
1998).

Ambearmind (1999) an Audrdian company who use CG for showing information
to courts inform us that there are essentiadly two forms of computerised legd

animation for use by thelegd profession for courtroom usage:

?? Representation : this type of animation is a ‘draméatisation’ of the event. The

animation is a guide without focusing on precise detalls.

?? Reconstruction : this type of animation contains extremely precise detals, and

replicates the exact event as per the existing evidence.

Barbara Mills (1991) in her paper a the Audrdian Nationd Crimes Authority
digtinguishes between three types of uses of presentation graphics, irrespective of
the technology used to prepare them:

?? Fact Graphics: illugrate the most important agreed facts in the case. Examples
include time lines indicating the order in which events occurred, or diagrams to
explain the structure of acompany or an interlocking group of companies.

?? Concept Graphics: illugrate concepts with which a judge or jury may not be
familiar, without any particular reference to the facts of the case being tried.
For example, concepts such as reinsurance, the operation of the futures market,
how unit trusts work, 'DNA fingerprinting or projectile movements could be



the subject of concept graphics. Concept graphics will often require support by
expert evidence, and may become contentious if there is expert disagreement

concerning the concept.

?? Case Graphics: show the bass of the dlegation, or of the defence, and are

therefore different from fact grgphics in that they include disputed facts, and
inferences which ether sde may deduce from the facts that they dlege. Such
graphics will often be contentious. Possble objections may include clams that
inferences are being unfarly presented as facts or that the graphics are
presented in such as way as to have emotive connotations.

Irwin (1995) agues that computer generated animation is an extraordinarily
powerful tool which combines facts and hypotheses, in the re-enactment of events.
Irwin presents the following definitions of presentations to court.

?? lllustrative purposes: An accident recondructionist expert may testify about

the manner in which a collison occurred. Given the experts tetimony is
admissble, a Computer Graphics and Visud Graphics (CG&VG) presentation
would dso be admissible to illustrate the expert's opinion, so long as the expert
tedtified that the CG& VG farly and accurately depicted that which is sought to
portray. Thistype of exhibit supports or summarises testimony or opinion.

?? Substantive evidence: is probative in nature, i.e, its presence supports the

probability or nonprobability of an occurrence. Therefore, substantive
evidence requires a more exhaudstive foundation for admisson. The CG&VG,
used as substantive evidence, must accurately represent the accident scene,
vehicle motion and the expert's opinion. This evidence is used to educate the

court.

Goodwin (2003) before discussng the use of ‘computer animations as evidence
in court and its subsequent admisshility provides the following to daify the

terms used to describe such technology.

?? An animation is a generd term describing - any presentation which conssts of

a series of graphicd images being sequentidly displayed, representing objects
in different pogtions from ore image to the next, which implies motion
(Grimes, 1994). This term may be used to describe a technicd, scientific based
presentetion or a presentation conssting of artist renditions, sometimes referred



to asa ' cartoon animation’.

?? The phrase scientific animation is used to describe a more technically based
presentation, and is defined as - a computer animation that is based on the laws
of physics and appropriate equations of motion (Grimes, 1994). Technicdly, a
scentific animation, used in an accident recondtruction, demonstrates motion
with accelerations condstent with Newton's Second Law. Veocities and
podtions are time integrals of the acceeration data Objects and environment
in ascientific animation are properly and consstently scaed.

?? A simulation is a modd which predicts an outcome. The modd may be a
physcd or a mathematicd modd, but the dgnificant propety is tha a
gmulation predicts a future result (Grimes, 1994). In the accident
recongruction community, a smulation is based on the laws of physcs and

contains specific equations of motion.

From these definitions there are Smilarities, but when deding with lega issues
there is a need to develop definitions that will be gpplicable to dl areas of CG&V

reconstructions.
?? Admissibility

The collection of data can be extremely varied and it takes condderable skill to
collate that data into a naratlve for evidence presentation. The usud type of
presentation is by the question and answer of witnesses by advocates. It is
important to relate certan points to an enquiry paned cdearly and succinctly,
hoping that they understand all the technica detail that may be described.

As technology advances, analysis of accident data becomes more daborate and
there is a need to provide graphica representations of the incident, scene and
events. Forensgc animations provide drong visud explanations, but there are
many problems with this type of evidence It could be argued that forensc
animaions are not computer records, however the animations grgphicdly show
detals directly related to documentary evidence (cdculated vaues or witness
gatements for example). The fact that the evidence is often available in another
form is a crucid point, forendgc animaions must be conddered as corroboraive

and supportive, rather than as stand-alone evidence (Fisher, 1999).



The method of presentation of digita data to an enquiry is a mater of some
concern. Presentations are often in the form of a multimedia presentation, where
different parts can be acessed and used as required. This presentation will usualy
contain origind document scans, text, rendered images and forensc animations

(shown on a computer monitor, projection screen or using videotape).

It is important to ensure tha, while working on producing digitd evidence, data
files are secure. All modds, images and animations must be protected from
externd (i.e. network) dteration (Schofidd et ad, 2000). To ensure that eectronic
evidence is not dtered audit trails are kept and digitd evidence are watermarked
to ensure that the ‘origind’ digitd evidence is submitted without dteration. If
there is objection to the digita evidence the court will request tha the origind
item be presented.

?? Admissibility in Western Australia courts

One of the first cases to use CG&V in Western Audraia was the following case
listed a the Perth Didtrict Court, The Queen v Marotta, Bull and King (1995) and
used by the defense council.

Three men faced Judge Mary-Anne Yates in the Peth Didrict Court on 17 June
1997 for dlegedly raping a young woman on 18 November 1995. Part of the
defense case was a recongtruction of the event using video and CG&V. The video
was used to document how the recongtructionist obtained the messurements of
the scene. People with smilar physcd characteridtics to the accused and the
victim were used to demonstrate the victims testimony (Annear, 2001).

The CG&V presentation (Figure 4-1) were used to further demonstrate, that the
victims gatement of the incident was impossible to re-enact without changing the
cime scene parameters. These parameters included increesing the dze of the
shower recess to enable two people to occupy it. As shown in the figure 41 for
the incident to happen as described by the victim the accused is required to be
placed through the shower recesswall (Annear, 2001).



Figure4-1: Scenefrom Marotta case (Courtesy M Annear)

The trid returned mixed verdicts of guilty on some charges and not guilty on
others. On appedl to the High Court of Austraiathe convictions were set aside.

In the Supreme Court of Western Audrdia, Brambles Australia Ltd v Others
(1994) (Appendix 9) saw the introduction of computer smulation (WASC, 1998).

Two road trains collided and the issue of negligence was being sought that
included which road train crossed over to the wrong sde of the road. The
Brambles road train conssted of a Volvo prime-mover with double axle steering
towing a sngle tri-axle tipping semi-trailer. This in turn was towing a bogie axle
converter dolly, supporting a further sngle tri-axle tipping semi-trailer. The other
road tran condsted of a Volvo prime-mover with Sngle axle deering towing a
belly dumper tri-axle trailer. This was towing a converter dolly which formed the
front wheds of a further belly dumper tri-axle traller. The gross weight of each
road tran was agpproximatdy 83 tonnes. Each was gpproximately 30 metres in
length having a maximum overal width of aout 2.5 metres (SCWA, 1998).

A computer modd was condructed to Smulate the collison but it was dso
acknowledged, that this gpproach is subject to the limitations of the computer
program and the assumptions, on which the smulation was based. These included
a perfectly smooth road of infinite width.

The above examples demondrate that usefulness of CG&V to the WA legd
professon in explaining technica issuesto lay people.



?? Admissibility in other Australian courts

The following examples demondrate that CG&V has been used throughout
Audrdia ether as a computer generated Smulaion/animation or visud usng
digitd photographs and using computer software to join the photos together to

creste a Sngle computer generated environment (* crime-scene’).
Victoria

In October 1994 a CG&V was used to demondrate flood plans to the
Adminigrative Appeds Tribund of Victoria, Planning Section. (Appendix 10).

A computer modd was developed to demondrate the behaviour of the floodplain
in flood conditions. It is adso worth noting the following extract from the

transcripts;

It is true that computer models are inherently uncertain but it is also true
that in this case the assessment is conservative because it makes no
allowance for the permeability of the under structure of the building, the
removal of buildings from the floodplain in association with the
development, and the relocation of other buildings into the lee of existing
buildings. The Tribunal is satisfied that the impact of the proposed building
on floodplains in this location is sufficiently marginal to be disregarded
(VICAAT, 1994).

CG&V was ds0 used in a murder tridl The Queen v Michael Joseph Challoner.
Challoner, was convicted by a jury in the Supreme Court a Mebourne on 23
May, 1996 on one count of murder. The judge sentenced Challoner, on 31 July,
1996, to be imprisoned for 19 years. A non-parole period of 15 years was fixed.

An apped was granted and lodged - Supreme Court of Victoria, The Queen v
Michael Joseph Challoner (1996)° (Appendix 11), and it was from this
documentation that the use of computer grgphics used in the origind trid is
mentioned.

A CG&V presentation was prepared with the intention of producing a
recongruction of the scene, rather than smply a plan. This was in an atempt to

2 CV/ No-176/1996



acertan the likdy path of the bullet, which struck the deceased. It was
interesting to note that a video used to view the CG&V (Tendered as Exhibit G)
faled to play due to technica reasons. The find outcome was the application for
leave to gpped againgt conviction was granted. The conviction was quashed and
the sentence imposed set aside and a new trial was held.

In the Supreme Court of Victoria Toomey v Scolaro and Others, (1997)
(Appendix 12) an anatomist, Mr Donadd Mekle, and bio-mechanist, Mr Nod
Lythgo, produced a video computer animation and aso video tgped a number of
demondrations, in a controlled environment, of Stuations where a subject was
subjected to varying forces againgt bars a 1000 mm and 933.5mm. They aso took
anthropometric measurements both of the plaintiff and of the clamed scene of the
accident (VICSC, 1997).

In 1997 a gas exploson a the Esso Longford Gas Plant resulted in two fatdities
and a number of people injured as well as cutting gas supply for two weeks to a
mgority of Victoria As a result of this catastrophe the Longford Royal
Commission (1998) (Appendix 13) was edablished. The commisson was
presented with videos of the actua explosons, digitad photography, animations
and smulations using FEA.

New South Wales

Ambermind an Audrdian company successfully introduced CG&V into the
Adminigrative Appeds Tribund (AAT) court room as a legd animdion in an
architecturd disputein Pietrzak & Zayler v. City of Sonnington (1997)3.

An animation was used to show to the court, the building as it woud look with the
modifications in place, demondrating that the building proposd would not
adversdy dffect the character of the surrounding streetscgpe and would not be
inconsgtent with the existing character and gppearance of the Urban Conservetion

Area.

The judgement, on June 25 1997, was hdd in favour of the client, and the
architectural modifications were adlowed. The company that produced the CG&V

3 AAT Appeal 1997/021664



asked for comments from the Tribuna as to its effectiveness, and received the
following reply;
The Tribunal is greatly assisted by illustrative material which depicts the
outcome of a development proposal....... The advantage of using computer
driven techniques is to enhance the accuracy of the material admitted in
evidence Mr W Bar, Registrar AAT (Ambermind, 1999).

Queendand

An Interactive Crime Scene Recording System (ICSRS) has been developed by
the Queendand police (Figure 4-2).

Figure4-2: Layout of the |ICSRS scene showing hotspots and evidence found

The ICSRS uses digita photographs teken a the crime scene and the software
package QuickTime VR to join (‘ditch’) the photographs cregting a panoramic
view of the scene. The photographs are usudly teken with a digitd camera
mounted on a tripod with each photograph having 30 percent coverage of the
adjoining photo to ensure seamless joins. Once created the user moves around the
scene by placing the mouse on the photo and holding the left mouse button down
and moving left or right. This will give the user the sense hat they are rotating in
a crcular motion (left or right). To advance forward through the crime scene
recognised ‘hot spots are placed in the photograph so that by double clicking the
user moves to a new panoramic view. There is a zoom festure to alow the user to
zoom in on aess within the photo dbeit the qudity of the photographs will
determine the qudity of the zoomed in picture. In the case of ICSRS, accuracy of
the image (Figure 4-2) while important, is not legaly paramount.



The idea is not to represent the images as evidence to the court, but rather
to give the parties involved an idea of what the scene looks like. Senior
Sergeant Adrian Freeman (Nicholls, 1998).

The Queenlsand police have 0 far recorded eighteen crime scenes usng the
virtud redlity sysem, two of which have been used in the courtrooms. The first
was used in 1998 in the Queendand Supreme Court trid of a man accused of
murdering a Japanese backpacker in Cairns (Nicholls, 1998).

?? Admissibility overseas

Forensc animation has been used extensvely as a tool in the U.S. and Canada. In
fact, various judges (eg. Judge Wiener U.S) have publicly stated their gpprova
of animations provided that they are rdevant and accurate. Key examples where
animations have been used inthe USA are;

?? Robinson v. Missouri Pacific RR. Co.,(1994)*. Affirming the admission of a
computer-generated animation videotape depicting the collison of a ca and

tran.

?? Rockwell Graphic Systems v. DEV Indus., Inc., (1992)°. Admitting computer-
generated animation comparing two printing presses

?? Champeau v. Fruehauf Corp, (1987)°. Affirming the admission of a videotape
demondtrating the distance and speed estimates of a collison of a tractor-
trailer. In Champeau, the videotaped experiment was not a recregtion of the
accident; rather it was used to demondgtrate generd principles of physics and to
refute a witness's testimony. The videotaped experiment was performed at the

scene of the accident.

?? People v. McHugh, (1984)". The court notes noted that whether a diagram is
hand dravn or mechanicdly dravn by means of a computer is of no
importance. In McHugh, the crimind defendant sought to introduce as

evidence a computer re-enactment of afatal car crash.

4 16 F.3d 1083, 1087-88 (10" Cir. 1994) U.S

% No.84 C 6746, 1992 U.S. Dist. LEXIS17661 (N.D.III. Nov 10 1992)
®814 F.2d 1271, 1278 (8" Circ. 1987) U.S

7124 Misc.2d 559, 560, 476 N.Y.S.2d 721, 722(Supp. 1984) U.S



The use of forendc animation in the UK is ill in its infancy. Computer-generated
evidence litigation in the United Kingdom is based upon admisshbility and
authenticity laws. The Civil Evidence Act 1995 and the Civil Procedure Rules
govern admisshility in the UK. Authenticity is a different metter; the laws of
evidence and procedurd rules 4ill require the development of comprehensible and
comprehensve rules deding with problems of authenticity. This need is enhanced
by a lack of computer technology literacy and the overwheming effect it has on
the compuiter illiterate (Schofield, 1999).

US courtrooms have repeatedly illustrated the beneficid effects of usng CG
evidence. Although this evidence has only just darted appearing in UK courts,
relevant case law from the US and other jurisdictions may be referenced for
admisshility requirements. This is particularly true for forensc animations, which
by American standards are substantive evidence and thus more complex to admit
to tria (Goodwin, 2002).

The following are some examples where CG has been used in the UK

??1In the case of R v Ore, a Birminghan Crown Court in November 1998,
introduced the firg forendc animation to a UK crimind trid. PC Miched
Doyle of the Crash Invedigation and Traning Unit (CITU) of the West
Midlands Police Service produced the animation. The case involved a collison
between two vehicles & a junction; one of the drivers was killed as he pulled
out in front of an oncoming vehice The view of both drivers was partidly
obscured by large hedges and walls around the junction (Doyle 1999).

The forensc animation produced showed the view from the perspective of each
of the drivers, and dso incuded high angle views overlooking the scene. The
movement of the vehicles was accurately modeled based on the cdculations
peformed by PC Doyle. Although the animation provided strong evidence
towards the culpability of the surviving driver, he was acquitted of the
dangerous driving charge, based on other, uncontested, evidence put forward
by the defence (Goodwin, 2002).

?? Another important case concerns an accident that occurred in the West
Midlands in 1999. Forensc animations, created by AIMS Research based on
police survey data, were used extensvely in a Wasdl Coroners inquest in



helping to establish the events that lead up to the death of two motorcyclids.
The animated recongructions visudised how the two motorcyclists were killed,
when both collided with a vehicle tha pulled across their path (Goodwin,
2002).

In Spain computer graphics is dso being used where for example in the case of

Ciudad de Salamanca v Solt Avenir two ships collided. The judge reected the
three expert witness's testimony that the Stolt Avenir was to blame. An apped
was lodged and a computer graphic presentation was produced to explain the
manoeuvres of the ships. The three gpped judges overturned the origind verdict
(de Ros, 1999).

?? When to use

A defence lawyer in a paticular trid in the USA argued againg dlowing CG&V
to be used in the trid because it would lead the jurors to believe that this was a
movie of what actualy happened. The judge dated that the jurors were not likely
to be overly influenced by the ‘redism’ of it as it was quite obvious that it was
samply a modd and that the smple shagpes and lack of detail where detail was not
required madeit very clear what it was (Applied Kinematics, 1998).

The ultimate question that must be answered is whether the computer generated
evidence helps people to understand what happened more clearly than can be
achieved by other means. If o, is it SO persuasve and redlistic as to creste a
potentid for undue prgudice or confusion that is not present with photographs or
sound recordings, and does this potentid outweigh the probative vaue of the

computer generated evidence?

CG&V is one paticular method that heps to communicate complex technicd
matters to a non-technica audience. Where only datic images such as diagrams
and chats have previoudy been used to explan the testimony of an expert
witness, computer animations ae now daso utilised for illudrating the time
dimendon. This extra dimendon is extremdy ussful when explaning a criticd
accident sequence, complex vehicle motion, or a complicated engineering
principle or theory. Computer animation is dso used when taking advantage of its
lack of physica redrictions, which alows the viewer to go where it is physcdly



impossible to go with a normd camera (such as insgde an engine or a human
body), or to show witness views of acrime or crash (Jones et a, 1991).

Goodwin (2000) dates that there are three main perceived benefits to usng
CG&V displaysin the courtroom.

?? Firdly, they aid the undergtanding of both jury and judge, as they provide an
effective means of conveying evidence. As the complexity of the issues
presented to a jury increases, the amount of interest, comprehenson, and

retention will decrease

?? The second perceived benefit is that CG&V displays can be tools of jury
persuasion. According to research, people are twice as likely to be persuaded if
the arguments are supported by visual aids (Lederer and Solomon, 1997).

?? The third benefit is that CG&V displays provide the presenter with a better
illudration of ther aguments. Evidence can be rerieved indantaneoudy
during a presentation, and the display can be manipulated for better vantage
points (for example, an animation can be zoomed or possbly seen from

another view).

Despite the apparent benefits, Goodwin (2000) aso indicates that CG&V displays
may be misused in court, and the consequences of this cannot be underestimated.
The persuasive power of CG&V displays is dso ther grestest disadvantage; they
leave a strong impresson on jurors, they tend to mesmerise, and they rdax an
individuals naturd critica neture.

Conclusion

Audrdian CG&V evidence litigation is not as clearly lad out as that for the US,
or even the UK. On researching State and Federa evidence Acts, it was
discovered that most laws were passed nearly thirty years ago, and some even a
hundred years ago. A uniform Evidence Act was enacted five years ago b remove
the current obstacles for admitting electronic evidence. Not dl Audrdian
juridictions have adopted this Act yet, but it is important that they do.
Neverthdess, the same admisshility issues of hearsay, relevance, authenticity,
and opinion evidence ill apply, as they do in America and the UK, dthough
most laws relate to stored digital data rather than to computer-generated displays.



One promisng sep teken by dl Audrdian jurisdictions is the modification of
hearsay rules to enhance admisshility of computer evidencee However,
gpproaches taken to determine the admissbility of computer-generated evidence
in Augtrdia are not uniform (Goodwin, 2003).

Inevitebly the future will be digitd technology: digitd cameras and videos,
electronic document dorage, network commerce, internet business, inteligent
search agents, computer animations and virtua sSmulators are dready in use.
Computer technology in everyday society hes dtered the fundamentd way that
certan pats of day-to-day tasks are peformed. As computers become more
powerful, users redefine ther problems to maximise the capabilities of the
technology. In any accident invedigaion inquiry the outcome from the
invedtigation team is often a complex afar. There is frequently a problem in
trandferring this complex information to both the experts and members of the
public. CG&V dlows information to be presented in trids indusrid hearings,
public inquiries and settlement cdams evduation in an accessble and eesly
understood visua manner (Schofield, 2000b).

Computer generated forendc animations will form important admissble evidence
in the courtrooms of the future. Acceptance by the public and courts is an

important issue, and implementation strategies must be considered carefully.

This chapter has demonstrated that the courts are starting to accept CG&V in
many forms to asss in explaning evidence presented, however there is dill
limited use of computer generated evidence to assist in mining accidents and
incidents. The following chepter looks a the use of CG&V technology in the
minerds and energy sectors demondrating tha there is a naturd progresson in
usng CG&V to assg in deveoping accident and incident recongtructions leading
to training gpplication for educationa outcomes.



5 TECHNOLOGY INTHE MINERALSAND ENERGY

SECTORS

I ntroduction

The use of specidised software to assst the minerds and energy sector is not new
and the following demongrates some of the most commonly used technology and
the purpose it is being used for. The one thing that dl of this technology have in
common — is visudisation. These can be ether drawings or photographs as well as
2D/3D, animetion or smulation.

?? For investigation

Animation and Smulation can be ussful in finding out why an incident happened
not specificdly to locate ‘blame but to discover why structures or systems fall
fal. The following example demondrates the use of CAD and smulaion
software. In this example, dmulaion software was used to reconstruct the
fallowing incident;
An operator was killed on 24 July 1996, when the main forestays, which
support the boom of a bucketwheel reclaimer (Figure 5-1) crushed the

operator’s cabin, following a buckling overstress in the main mast (DME,
1998).

FAILED
MAST

Figure5-1: Reclaimer after the collapse (DME, 1996)



The man jib of a 820 tonnes bucket whed reclamer collgpsed resulting in a
fadity and serious mechanicd damage. The bucket whed reclamer in question
was capable of moving approximately 6000 tonnes per hour (SYDAC, 2001).

Geometric and mass didtribution data was provided to SYDAC in a sandard CAD
exchange format. This data was imported into ADAMS? smulaion software to
creste the basc geometry to which joint and congraint conditions were added
(Figure 5-2).

Figure5-2: Model initsinitial state

Comparing independent results from a finite dement andyss of the Structure with
the results of the initid datic andyss vdidated the modd. The comparisons of
the dmulated and find collgpsed dates (Figure 5-3) provided evidence that
identified the correct failure mode (SY DAC, 2001).

Figure5-3: Modd in the collapsed state

The smulation of the collgpse proved to be a vauable tool in understanding the
falure of this complex piece of equipment. The ability to look a many dternative



load and dructural conditions produced a detailed understanding of the system
dynamics of interest, safely and cost effectively (SYDAC, 2001).

It is not known whether the SYDAC recongtruction was used in the courts or used
only for interna company usage, however the invedtigation by the Department of
Industry and Resources, Mining Operations Divison lead to the following action:

The Department prosecuted Hamersley Iron Pty Ltd, over the death of the
plant operator at the Tom Price (WA) iron ore minesite. Hamersley Iron was
found guilty under Section 9.1 (a) of the Mines Safety and Inspection Act 1994
for failing to provide a safe plant. In the Perth Court of Petty Sessions on 26
Feburary 1998, the Magistrate (Richard Bromfield) returned a guilty verdict
after a four day trial and fined the company $40,000 plus $10,000 cost (DME,
1998).

?? For planning

A range of mining software is used to asss mining and exploration companies
with dedgning, running and mantaning ther environments. Mine planning
software began in the large mining companies who developed in-house software
during the 1960's and 1970's to hep with the planning of large open-pit mining
projects. In thel980's most of the present mining related CAD companies were
formed which include such companies as KRJA/Maptek, Daamine, Mincom,
Minemap and Surpac (Figure 5-4).
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Figure 5-4: Mine planning (Surpac, 2001)

The devdopment of mining software can be viewed as a successon of
technologicd advances. Initidly, orebody modeling and ultimae pit desgn were
the only objectives. The avalability of grgphics workstations in the early 1980's
meant that varidble dzed block modeds and interactive graphica pit design
applications became available (Denby and Schofield, 1999).

Origindly avalable for large Unix workgaions, most mining software is now
being desgned to run on ‘off the shelf’ windows based , persona computers.
Modern mining <software suites provide advanced 3D spatid  information,
moddling, visudisgtion and andyds sydems for the mining industry covering:
exploration, geologicd modeling, mine desgn and planning, mine production,
scheduling  and  surveying, resource  extrection, geodatidics, groundwater
modelling and rehabilitation (Denby, 1999).

Western Audtralian companies such as Surpac and Fractd Graphics (Figure 5-5)
are developing advanced andyss software for geophysica potentid field data
which provides information usng multimedia and other grgphicd visudisation
tools and methods.
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Figure5-5: Minedesign (Fractal Graphics, 2001)

Another application spedificdly for the underground mining is the use of
ventilation software.  This software can be usgful for not only planning purposes

but aso provide ‘what if’ scenarios.

The extraction of gases (Figure 5-6) and provison of fresh ar to miners is very
important and if not done correctly can have devastating results.

RS-

Figure 5-6: Diesel fumes upcasting a ventilation shaft



To enaure that ar is circulated through the ventilation system requires large fans
(Figure 57) that either push ar in or extract ar from the underground mine. Some

fans are reversible so that they can work in ‘elither” mode.

Figure5-7: A main minefan

The following is a brief description of one of many ventilation packages avalable.
VnetPC (Figure 5-8) is a Windows based program desgned to assist in the
planning of underground ventilation layouts (MV'S, 2001).
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Figure 5-8: VnetPC2000 screen capture of a mine ventilation system

The software can dmulate exiding ventilation networks such that fan operating
points, arflow quantities, and frictiond pressure drops agpproximate those of the



actud sysem. This is accomplished usng data from ventilation surveys together
with information determined from known arway dimemrsons and ther
characteristics. Proposed subsurface facilities may aso be designed (Figure 5-9)
(MVS, 2001).
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Figure5-9: VnetPC 2000 screen capture of airflow quantitiesand direction

?? For training

There ae many examples of CG&V traning applications tha have been
developed specificaly for the minerds and energy sectors. Most of these are
videos and CBT packages that have a mixture of text, graphics, videos and some
have interactivity.

One benefit of computer graphics is that it provides information that is less likey

to be misunderstood due to inappropriate words or text being presented and/or the
inability to provide indructions due to safety and expense issues.

The following examples typify the use of videos and CG&V packages in the
training of personnd in the Western Audtrdian mineras and energy sector.

Video

Recently Centrd TAFE's Computer Grgphics and Visudisation Centre was asked
to develop an application that would assst BORAL Indudtry to train its employees
in ‘stepping down’ or ‘cdimbing up' ladders, equipment and vehicles (Figure 5-
10). This is a very common injury throughout the indusry and they wanted



something different, as training videos explaining ascending and descending (3-
Point-Contact) methods aready exis.

The video produced was different to others as it used CG&V (Figure 5-10) to
demongtrate how ankles and knees can be damaged by not adhering to the 3 point
contact rules when mounting and dismounting vehicles, and how surgery is
performed to correct injuries, but Hill with the posshbility of leaving the person
with future debilitating problems.

\..

Figure5-10: 3-Point contact (courtesy A Bruzand M Annear)

A video was identified as the best option by the users as the information was to be
used as pat of the company’'s induction course. It should be mentioned that it is
not common to have PC's a remote minesites and with workers doing 10-12 hour
difts on a fly-infly-out bads traning sessons of length ae not usudly
conducted. The video delivers its message quickly and addresses the problem and
provides training in this specific area.

10 Computer Based Training

Computer Based Training (CBT) can be ddivered on CD-ROM or be distributed
over the Internet or on an intranet. Mogt CBT traning has the following
characterigtics:

?7? Interactive. Students  interact  with the training application and can recelve
immediate feedback.

?? Multimedia Multiple forms of media are used: text, sound, graphics, and video
help keep the student's attention.

?? Sdf-paced: Each student proceeds at their own pace. Proficient learners do not



have to wait for others, they progress through the topic/course and some
goplication provide salf assessment (tests) throughout of the lesson or course
and will not dlow the student to progress to the next section until a satisfactory
result has been achieved..

CBT can reduce the traning time of traditiond Ingructor-Led Training (ILT)
from 20 percent to 80 percent, with most reductions averaging between 40 percent
and 60 percent. In one example, Intel replaced an 8 to 12 hour classroom training
with embedded training built into a performance support system gpplication that
took 1 to 2 hours (over a 5 times reduction). The students ability to use the
software accurately improved from 78 percent to 98 percent. Though this example
seems extreme, it does show the potentid for reducing training time (Horizon
Interactive, 2001).

Immersive/Simulator

A Wedern Audrdian company Immersive Technologies has developed a Haul
Truck smulator. In principle it is dmilar to the smulators that arline pilots use
for traning. The haul truck smulator has dl the characterigics of a ‘red’ truck.
From figure 511 it can be seen that the drivers seat, control pand and mechanism
are red and the environment (mineste) is projected to al aress that the driver
would be aile to see from their pogtion indde the haul trucks cabin. This
provides the trainee with the opportunity to drive a haul truck in a Smulated

environment before operating ared one.

Figure5-11: Insdethehaul truck simulator cabin



This amulator uses exising CAD daa and imports the information to configure
the mineste environment and haul roads (Figure 5-12). The various interior truck
components can be atered to recregte the type of haul truck the minesiteis using.
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Figure5-12: Screen capture of simulated haul road system

From the moment the smulator starts, the traineg's performance and the machine's
vita truck operaing information are monitored with the results avallable in report
form for andyss. The supervisor can then ‘playback’ the smulatiion and discuss

the traineg's actions (Immersive Technologies, n.d.)
The smulator has been designed to:
?? Create an environment as close as possible to the red minesite.

?? Teach an operator the correct control procedures from safety, production and
machine wear and tear perspectives.

?7? Expose the operator to various Smulated events. Many of these would be ether

too dangerous or difficult to test for redl.

?? Record the operator’s reactions together with the machines vitd operating
informetion.

?7? Provide print outs of atrainees performance.

With the cogt of this sysem dating from $350k, a number of locd and
internationd mining companies have purchased a Ste specific Smulator to asSst
with their training of haul truck drivers. The cogt of putting a trainee driver into a



smulaor than usng a production vehicle that costs over $1million is seen to be
cost effective.

The AIMS Research Unit a the University of Nottingham (UK) has over ten years
experience of cregting a variety of VR traning ads, and it has become apparent
that a lage number of VR traning applications shae a common set of

requirements.
?7? Generate a 3D representation of aworking environment.

?? Place representations of hazardous objects or dtuations within the virtud

world.
?? Allow the user to find, identify and categorise any hazards present.

?? Smulate the operation and dynamics of vehicles, equipment and objects within
the virtud world.

?? Allow the user to carry out actions within the virtua world.
?? Tag or report any actions that result in a hazardous Stuation.

In order to be able to develop such applications without the programming skills
normaly required, AIMS Research, has developed SAFE-VR, which is a
Graphica User Interface (GUI) gpplications development tool.

One of the primary groups that can benefit from VR based training are those who
may have problems with exising traning programs due to limitations of language
or literacy. Since it is highly unlikdy tha these users would be dggnificantly
computer-literate, any user interface has to be kept smple, so that its operation
does not prove to be barrier to learning from the training package (Schofidd et d,
1997).

Navigation around the virtua world can be by a number of different input devices.
Three-dimensond controllers, such as forcebdls, provide the most control over
movement but need dgnificant practice to use successfully. For users new to
virtua worlds, traditiond controllers such as 2-axis joydicks, can be reatively
easy to use (Squelch, 1998). For actudly sdecting objects within the virtud scene,
a mouse and cursor may be used. However, learning to use a mouse can be
difficult for those persons new to computers. A touch-screen is more user friendly
and dlows the user to select an object Smply by pointing at it.



Each object or hazard in the virtud world can have a number of information files
associated with it. These can be any externa files recognised by the computer, and
are typicdly multimedia training materid such as, text files video and even web-
based resources. For any hazard present within a sesson, the user can view its
asociated information files from within the sesson report (Figure 5-13). Where
exiding traning materid exists within an organisation, this can be incorporated
into a SAFE-VR traning package, and acts as a vauable context-senstive
revison ad.
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Figure5-13: SAFE-VR - Videofile activated

In addition to smple hazard spotting, SAFE-VR dso has a method for credting
samulations of dynamics, procedurd operations and fault tree diagnoss. The
fundamentad gpproach teken is that of ladder logic, commonly used in
Programmable-Logic-Controllers  (PLCs). Any object can have a number of
possble actions associated with it and these actions can initiate events within the
SAFE-VR smulaion. A combination of these various dement states can be used
for fault-tree based hazard modelling, and because of its basis in indudrid
controllers it dso provides an ided approach to moddling equipment operation
(Schofidd et d, 1997).

For example, drivers of large off-road haulage vehides must understand the
importance of pre-shift ingpections. These ingpections are a pure hazard spotting



gpplication, ided for SAFE-VR traning, which dlow drivers to increase their
safety through the dimination of potentidly dangerous activities. The virtud
world crested in SAFE-VR dlows the drivers to discover a changing variety of
hazards, not only the ones identified in this particular accident scenario. The
sysdem dso explains the consequences, which can occur due to ignoring any
paticular hazard udng the multi-mediafforensc animation sysem (Figure 5-14).
In this manner the trandfer of complex information to the driver is optimised, and
their undergtanding increased.
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Figure5-14: SAFE-VR, multimedia selection

The Nationd Inditute of Occupationa Hedth and Safety (NIOSH), a United
Sates of America Government Agency is adso invedigating and developing
goplications of VR and other interactive ingructiond technologies for providing
traning materid in a form that can be more readily measured. The Virtud Redity
Mine Safety Trainer (VRMST) is one such gpplication (Figure 5-15).
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Figure5-15: VRM ST — VR mineplan

The software developed a the NIOSH Spokane Research Laboratory (SRL)
samulaes training environments to increese worker safety by dlowing workers to
practice basc job sills in many hazardous conditions, such as low vighility,
unstable ground, or working near mobile equipment. In addition, the results of bad
choices and incorrect decisons can be illugtrated graphicdly without actualy
exposing trainees to danger (Figure 5-16 & 17).
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Figure5-16: VRM ST — before going under ground



Figure5-17: VRM ST — underground environment

The VRMST software dso provides network capabilities, which alow trainees
located a different computers to work as a team in hazard recognition and
evacuation exercises. The software can be inddled on a mid-range persona
computer. The inherent flexibility of this type of amulator dlows easy and rapid
updating and modification of the traning materid. The software could be
digributed via the Internet, which will dlow end-users to receive frequent
software updates, share user-crested scenarios, and participate in on-ling, multi-
user training (Orr and Varley 2000).

?? For research

The Commonwedth Scientific Industry Research Organisation (CSIRO) is
ressarching the use of 3D visudisgion. This involves the development of
techniques to integrate complex disparate 3D and time-based data sets by using
religble off-the-shelf software to reduce project development time and use of
Internet technologies for the ddivery and secuity of information. They have
developed a Virtuad Mine (Figure 5-18) modd that incorporates an interactive
Web based visudisation sysem udng Java and VRML (Virtud Redity Modelling
Language) (LeBlanc-Smith, 2000).



Figure5-18: Virtual Mine

LeBlanc-Smith, (2000) identified the following the benefits of such a sysem to
industry has been:

?? 1t provides visud integration of disparate 3D data using Internet technologies
makes it possble for a mining organisation to better interpret exploration,
mining and operationd data

?? It adds vaue to exigting data.

?? 1t provides an interactive environment that connects visua data sets to other
information contained in external databases.

7?1t dlows the use of an organisaion's internd Internet based communication
system to provide access to 3D data for various mining operations, particularly
remote Sites.

?? The integrated 3D modds can be developed and updated from a centrd gte

and then securdly didtributed or served to other Sitesviathe Internet.

7?1t dlows the use of low cost and familiar Windows PC/MWeb browser

environment.

The advancements in ‘bandwidth’ to send data and the ability of low cost PC's to
receive large amounts of data and process that information to present a complete
visud scene is getting closer. Some companies are able to do such things but a a
cod and the information is usudly sent interndly. As CSIRO continues to



advance ther product so will the information cariers and PC manufacturers

develop lower cost products.
Conclusion

CG&V software and other forms of visudisaion are used daly by the minerds
and energy sectors They ae primaily used for predicting, plahning and
demondrating, Stuations related to geologica interpretation and for mining and

processing operations.

The following chapters continues to focus on the use of CG&V by presenting
recongructions of accidentsincidents to get information out to the community and
the workplaces, to show what happened and how not to repeat mistakes.

The deveopment of computer generated accident recongructions culminating in
traning gpplications usng smple PowerPoint presentations through to full scale
amulaions usng virtud redity provides an ided platform for educators, OH&S
and traning assessors with additional tools to get ther message and information

aCross.



6 CASE STUDY 1-UNDERGROUND FIRE

DISASTER

I ntroduction

The dgnificant number of underground fires primarily reding to vehides is a
concern to the DolR. A fire in an underground mine can present a mgor hazard
and threatens the lives of dl persons beow ground; yet the number of such
incidents occurring below ground in WA continues to rise as shown in figure 61
(DME, 2000).
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Figure 6-1: U/G mobile equipment fires

In the DolR publication Minessfe (DME, 2000) an andyss of the four hundred
and fifteen underground mobile equipment fires reported in the years 1995-1999
indicate the following categories of respongbility:

?? 47 percent originate in the vehicle engine compartments, and are largely caused
by fud or oil lesks soraying onto hot parts such as turbo-chargers and exhaust
manifolds.

7?27 percent ae caused by dectricd defects due to wiring short circuits and
overload conditions. Batteries, starter motors and the unprotected heavy duty

cabling are other mgjor contributors.

?? 13 percent of fires are due to braking systems and primarily involve parking



brakes not fully released. Front brakes cause more fires than rear.
?7? 3 percent of fires are caused by the retarder.
?? 10 percent of fires could not be categorised due to inadequate information.

Although no fatdities or mgor incidences have occurred due to mine fires in WA,

other disasters have occurred, with significant loss of lives e sewhere:

??In 1912 an underground fire in Mount Lydl Mine in Tasmania, Audrdia
clamed 42 lives

?? In May 1972 a fire in the underground Sunshine Mine a Kellog, Idaho in the
USA killed 91 men. The fire was not completdy extinguished and the mine
reopened in December 1972.

?? 1n 1986, 177 miners perished in afire a South African Kinross gold mine.

The DolR wishes to get a message across to industry that underground fires are a
cause of concern. In 1999, the WA State Mining Engineer, Mr J Torlach wrote the

following:

.. throughout the nineties the DME has issued a series of alerts on fire hazards
together with summaries of reported incidents. A recent review of reported
incidents over a 6 to 7 month period showed that some 300 surface fires and
over 80 underground fires had occurred. Whereas fires on the surface
regularly result in substantial property loss and damage to plant, particularly
mobile plant as shown in figure 6-2, where the potential for a large loss of life

is normally much less than for underground fires (Torlach, 1999).



Figure6-2: An underground truck fire

Underground Fire Reports and I nformation

To ensure that the industry is aware of hazardous Stuations, accidents and
relevant OH&S information, the DolR releases various magazines (Appendix 7),
reports and data-shegts from its Mining Operations Divison. The information
presented by the DolR in such publications rdlate soldy to the incident, without
induding identifying information.

The following reports are smilar (without the departmenta header and logos) to
those sent to al the minedtes in WA and are avalable from the DolR webste
(EXIS, 2001) relating to some of the underground fires that have been reported. It

demongtrates that the problem exists and fires can sart very eedly.

?? Significant Incident Reports (SIRs)
Significant Incident Report No: 23, June 1991
Subject: UNDERGROUND FIRES

In the space of two weeks underground fires occurred at two separate
mines. In incident number 1, a 1.5m3 load haul dump (LHD) unit rolled
onto its side while dumping heavy ore into a stockpile from a one in nine
gradient. The stockpile was near full and the unit was partially articulated
across the grade of the decline. Two miners were trapped by the fire and

were rescued by a Mine Rescue Team. In incident number 2, an LHD unit



(of the same type) rolled onto its side whilst attempting to dislodge oxidised

orein a stope.
Significant Incident Report No: 98, September 1998
Subject: JUMBO DRILLING RIG - UNDERGROUND FIRE

A twin-boom devel opment jumbo drilling rig caught fire in an underground
metalliferous mine and was extensively damaged. The fire required the

evacuation of all personnel from the underground workings.

?? Incidents Reports (Irs)

Incident Number: 391, February 2000
Type of Accident: Outbreak of Underground Fire (with injury)

The driver of a Toro 35D truck suffered smoke inhalation when a fire
occurred on the starter motor underground. He also inhaled some of the dry

chemical from the extinguisher he used to douse the blaze
Incident Number: 497, March 2001
Type of Accident: Outbreak of Underground Fire (no injury)

The operator of a Toro LHD noticed a fire in the engine compartment as he
was tramming up the decline. He reversed the vehicle into a level and
unsuccessfully attempted to extinguish the fire using the portable
extinguishers. Eventually he extinguished the flame by detaching the
exhaust lagging and submerging it in a pool of water. The lagging had been
soaked with diesel from a leaking fitting.

?? Safety bulletin
Safety Bulletin No: 10, July 1994
Subject: Fireson 4 x 4 Light Vehicles

Details. Within a two-month period two underground fires on Toyota 4 x 4
Land Cruisers were reported. In each case the fire was caused by the engine
being driven backwards, as the vehicle rolled back after stalling on an
incline, while still in forward gear. This caused the airfilter to ignite due to

the combustion cycle being reversed.



From the information presented to date, it is gpparent that the WA mining industry
is very fortunate that a mgor underground fire has not yet occurred. From the
andysis of the fire reports from 1995-1999 a mgority of these were not due to
human errors, but the indications where that there ae problems with the
mechinery. The industry needs to be continudly made aware of the potentiad
hazard of underground fires and the need for dl mining equipment to be inspected
prior to its use and any problems reported.

One initigtive taken by the mining indugtry is to hold fire rescue competitions.
Competitions are run a individua minestes, as well as locd, regiond and a& date
level. This is not only to smulate red scenarios (Figure 63) but it is a method of
keeping fire crews prepared and mining personnd mindful and aware of such
emergencies

Courtesy Kalgoorfie Miner

Fire Fighting — Kanowna Belle sivle.
1997 WA Underground Mine Rescue Championships.

Figure 6-3: Fighting an underground fire

Underground Fire Case Study

Due to the number of incident reports relating to underground fires that have been
submitted into the DolR, the MOD and the Western Audrdian Chamber of
Minerds and Energy decided to dedicate a sesson a the Minesafe 2000



International Conference to discuss a hypothetical underground fire incident with
information taken from actual casesthat have been reported.

The recongruction of the hypothetical incident was to be animated to provide a
visudistion of the scenaio s0 tha the people involved in the conference
recondruction had a sense of an actud underground incident. The visudisation
was dso for the benefit of the audience (gpproximately 500 delegates) so that they
could gain an understanding of the magnitude of the incident.

To demondrate the potentid hazard from a truck fire in a confined space the
author was shown a photo of a haul truck on fire, but in an open area. Its tyres
well dight and with thick black, toxic smoke visble. Then the author was asked
to imagine such a fire being located underground and in a confined space. Figure
6-4 was the photo shown to demonsgtrate that this type of accident is of magor

concern.

Figure 6-4: Truck on fire (courtesy Dol R)

The MOD deveoped the scenario and it was the author’s respongbility to develop
the visudisation that would best suit the incident and the way that te hypothetica
recongruction was to be shown, and where additiona information or explanaion
of events were required the Subject Matter Expert (SME) Mr Martin Knee from
DolR, provided the answers. The following section describes the incident as
developed by MOD.



?? Incident description

At 11:30 pm, the registered manager of the mine (who is also the underground
manager) receives a telephone message in his room in the camp from the leading
hand in the processing plant. The leading hand is the night shift coordinator for

calls to the mine emergency number.

The leading hand tells the underground manager that he has received an
emergency call from the underground shift-boss on N/S to say that a full haul
truck is on fire in the decline, some 450 linear metres down the decline from the

portal. Thereisno sign of the driver of the truck.

The truck is well alight and the shift-boss reports that it had been fully refuelled
immediately before the start of the shift and that it was returning loaded to

surface onitsfirst trip of the night. The tyres on the truck are burning.

Through the flames and thick smoke that is being drawn down decline, the shift-
boss can see that the main power cables in the decline are on fire. The poly lines
carrying the air and water services and the rising main pump line have burnt
through and the shift-boss has isolated both lines using valves in the decline

above thefire.

The telephone communications line also runs though the decline and appears to
have been cut below the fire, as the shift-boss cannot make contact with the crib

room some 150 metres below thefire.

Three men were working on a sub-level at the same horizon as the crib room,
charging stope rings for blasting on the following shift. The shift-boss has no

idea where they currently are or what their condition may be.

Sx other men in the loading and trucking and service crews are also working in
the mine below the fire. The shift-boss has no idea where they are or what

condition they arein.

The leading hand in the mill reports that he has received a call on the emergency
telephone from the refuge chamber at the bottom of the mine and that all six
members of the loading and trucking and service crews are currently safe inside
the refuge. Conditions are getting unpleasantly warm, but they have compressed

air and potable water and report no immediate discomfort.



The men in the refuge chamber report thick smoke in the decline outside and they

can hear a major flow of water from source unknown to them running down the

decline, but they are unable to investigate further due to the smoke.

Each man in the refuge chamber has a self-contained self-rescuer rated at a

maximum duration of one hour at rest or thirty minutes under moderate physical

load.

The above extract provides the scenario. The next step was to develop a script
(Figure 6-5) that would be used by the presenter and dso identify which
animations were needed, where they would be placed and their timing. Each of the

animations would run for amaximum of thirty seconds.

TIME AUDIO VISUAL
00:00 MODERATOR
Destription of the mine  The decline runs| Hy over of surface of
from near the bottom of the pit to a depth of | mine
around 300 metres below surface. A number
of sub-levels run off the decline into soping | Isometric view of
areas. Ore and waste haulage is carried via the | underground  workings in
decline using 30 tonne capacity haul trucks. relaion to surface
features.
03:05 RESCUE TEAM CAPTAIN
Answers in own words. MODERATOR to | Underground
bring out the point that vighility is practicdly | development (decline)
nil and that the amaosphereisirrepirable. with fire showing smoke
and lack of vighility.
04:30 MODERATOR

The return ar rase sysem dso forms the
ecgpe route from the mine and is equipped
with ladderways and platforms. Is that a good
idea,?

Zoom on return ar rase
from bottom of mine to

urface.




Refuge chamber showing
savices  access from
decline with escepe rase

in background.

EMERGENCY RESPONSE CO-

14:45
ORDINATOR
Answvers in own words. MODERATOR to | Surface showing  office
bring out whether the response centre and its | complex of transportable
savice arangements are adequate for this | buildings
type of mine and what € se might be required.
26:50 MODERATOR
Through the flames and thick smoke tha is| Close-up of burning truck
being drawvn down decling the shift-boss can | blocking decline.
see that the main power cables in the decline | Service lines are seen to
are on fire. The poly lines carrying the air and | be burnt through.
water services and the risng main pump line
have burnt through and the <hift-boss has
isolated dl of the sarvice lines usng vaves in
the decline above thefire.
41:10 VENTILATION OFFICER
If the fan is reversed, the fumes from the fire | Changes to show
will be blown up the decling, putting a risk | ventilation reversed and
anyone in the area above the fire. The return | smoke blowing UP the
ar rase will be full of smoke and fumes It | decline from the gte of
will take some time (cdculable from the cubic | the fire and exiting via the
capacity of the raise divided by the reverse air | decline porta to the open
flow quantity from the fan) to clear the raise | pit.
and alow personsto use it to escape.
93.00 MODERATOR
END Ladies and gentlemen, it seems that we have | Isometic view (with fire
AT only a partial success here, despite the best | smoke exits via portd).

P o O W e | R 1 ) VP PP ON [ w RO £




95:15 | efforts of dl those involved. The sx men from
the Refuge Chamber and the truck driver are
dl safe on the surface, if a little shocked.
However, it looks bad for the three men who

are dill unaccounted for.

Figure 6-5: Sections of the script

The above script was dso used as the storyboard to ensure that the graphics for
example, smoke direction, fire, and camera movements (usualy zooming into an
area) matched the audio information from the script.

Reconstruction of Events

All of the moddling and rendering for the recongtruct of this hypothetical scenario
was undertaken using 3D Studio Max? verson 3 and the software After Effects

was a0 used to create the smoke and fire effects.
?? Mine details

An actud underground mine was sdected by the DolR from a lis of disused
workings. The mine information - detaling ventilation, declines, minor works and
survey information was provided as paper based plans. A CAD modd was
produced as shown in figure 6-6, but this was not avalable. Therefore dl
information had to be extracted manually from the paper-based plans.




Figure 6-6: 3D representation of themine

The recondruction of the underground mine was undertaken in the following
stages

Stage-1

The dedines, ventilation and rdevant information were messured from the
supplied survey plangFigure 6-7). The Eadting, Northing and Rddive Leve
(RL9) for points were obtained from the plans by manud process, usng a scde
ruer and padld ruler. In most modern mines, the mine plans and information
would be avallable eectronically.



Figure6-7: Measuring XYZ from 2D plan
Stage-2

Each point used was an actud survey reference point and dl information was
placed into a spreadsheet (Figure 68). This dso served as a check to ensure that
the measurements taken were correct. Some of the factors, which were examined,
included the gradient of the decline and survey point locaions, ensuring the
decline was going downhill and the points were in the area indicted.




PEG No
1
5
10
13
14

BRBR

104
175

235
267
39kf

216

Stage-3

Each X, Y and Z co-ordinate i.e. northing, easting and depth was entered
(manudly) into 3D Studio Max using the ‘Create Point’ function. This was a time

consuming process as each point had to be entered for each corresponding point

RL
359.797
354.361
344.805
341.805
340.734
336.335

332

330.99

329

329.878
330

265
264.429
266.072

263

Difference

5.436
9.556
3
1.071
4.399
4.335
101
1.99

29.919
-0.122

94.797
0.571
-1.643

96.797

z
Depth

5436
14.992
17.992
19.063
23.462
27.797
28.807
30.797

29.919
29.797

94.797
95.368
93.725

96.797

X
Easting
12262.85
12262.85
12264.28
12264.28

12250
12223.56
12183.57
12176.43
12167.86

12260.71
12293.56

12266.43
12304.28
12369.99

12240.71

Y
Northing Notes
10715.72 Start of decline (PORTAL)
10766.43
10847.86
10869.29
10886.43 First Turn (Left)
10889.29
10895.72
10892.15
10887.86

10712.15 MINOR
10637.85 WORKIN
GS Not

10787.15 MINOR
10720.72 WORKIN
10559.29 GS Not

1085143 MINOR

Figure 6-8: Spreadsheet of pegsand measured co-ordinates

on the spreadsheet

Stage-4

At the completion of entering the points, the next step was to join each point sO
that the points relaing to the decline were connected and the points relaing to
other paths, such as ventilation ducts were connected properly. This was

accomplished by sdlecting the points required and using the 3D Snap option.

Stage-5

To create a ‘tunnd’ look, the lofting function within the 3D sudio max software
was used. Lofting changes the characteristic of ‘the lineé © a required form and

colour. As demongrated in figure 6-9 the line will be lofted by a circle character

producing a cylinder.



The shape of the tunnel to be applied

The textures/colours to be applied to the
internal and external sides of the tunnel

** The dotted line indicates the original line.

The shape and colours after the lofting is applied.

Figure 6-9: Lofting

Fgure 6-10 represents a 3D view of the underground workings of the mine. The
green objects represents the decline, the red object represents a ventilation shaft
and the blue represents the vertica ventilation shaft that tekes the ar to the

surface.

Ventilation

Shafts

Figure 6-10: Screen capture showing declinesand ventilation shafts



The ‘skeleton’ (Figure 6-10) model of the mineste and decline had now been
created. The modd was further developed with the assstance of Mike Annear to
edablish the terrain and produce a completed mode and animaion from the
supplied script.

The terrain was taken from a previous modd and placed on top of the skeleton
modd. The texture map that was overlad on the terrain was taken from an aerid
photograph of a smilar area in regiond Western Audrdia To demondrate the
underground workings it was decided to show the top of the minesite with a truck
entering the decline then removing part of the terrain to expose the decline so that
a view of the terrain, mineste and the decline and ventilation shafts coud be seen,
ensuring that a good perspective of the mine was presented. Figure 6-11
demondtrates the find model and the cut away section

Figure 6-11: Rendered sectional mine model
?? Vehicle details

The SME (Mr M Knee) defined the type of haul truck to be used as a 30 ton type
machine. It was agreed to make a generic type of haul truck, as this was a
hypothetical incident the brand type was not a factor. The truck was built from
supplied dimensond plans (Figure 6-12) and using a base modd supplied by the
Universty of Nottingham’'s AIMS Research unit.



! dimensions sposainale

¥, ruch
Wt

Figure 6-12: Haul truck 2D drawing with measurements

The supplied modd was modified to suit, usng the plans, and by photographs and
digitd images of actua trucks avalable from various vidts to actud minestes by
the developers. A wire frame was produced (Figure 613) and using ordinary and
digita photographs the externa covering (or texture) was added (or mapped).

Figure 6-13: Wireframe of haul truck
Continuum Resources an industry partner with Centrd TAFE dso assgted in the

modelling, usng the After Affects software to produce the smoke and fire and



render dl of the animations on their render farm. Figure 6-14 shows a find render
of the truck in the decline on fire.

Figure6-14: Haul truck on firein decline
?? Assembling the events

As with mog recondructions an overview of the exiding environment was
devel oped to establish the scene, the following graphics were devel oped:

?7? Overview of the mine with a sectiond cut away (Figure 6-15) to show
workings and ventilation system indicating direction of airflow.

Figure 6-15: Overview of mineand sectional cut away

?? Location of firgt ad building and mine rescue equipment within the minesite.

?? Additiond information on the submersble pump being used to keep the risng
water &t a safe leve.

??View of the dectricd and communication cabling and podtion of a refuge



chamber and location of water pump to extract risng water (Figure 6-16).

Figure 6-16: Cabling and Refuge chamber

?? Figure 6-17 provides an overview of the evacuation route from the refuge

chamber (down the mine) to the surface viathe extraction fan.

I

Figure 6-17: Evacuation route

?? The next dage of the recondruction was to develop each of the sequentia
events that occurred. The graphics were developed to provide visud
information for the panel of experts and to provide advice and feedback as to
what they would and should do and what needs to be done as a result of the
events. The following graphics depict each of the events on which the pane
had to comment as well astheir role playing duties and responghilities.

?? The location of the incident within the sectiond cutaway indicates how far
down the decline the truck was. The view aso showed the truck on fire and the
type of fire (tyre) and the direction of the smoke (Figure 6-18).



Figure 6-18: L ocation of incident

?? The recondruction showed the fire damaging the eectric and communication
cabling as wdl as demondrating how the ventilation sysem is moving the
smoke and fumes throughout the mine (Figure 6-19).

Figure 6-19: L oss of communicationsand smoke direction

?? The men ae hed up in a refuge chamber and their escape route was not
available due to the smoke and toxic fumes (Figure 6-20).

Figure 6-20: Men safein refuge chamber



?? A sngle solution (of reversng the fan) was presented as a possible solution but

there was an intent to generate additiond solutions (Figure 6-21).

Figure6-21: Reversing fan direction
?? Showing the completed reconstruction

The recongtruction was scheduled to be shown a the Minesafe 2000 International
Conferencein Perth WA, entitled, Mine Disaster Hypotheticd (Figure 6-22).

Tuesday 5 September 2000
Understanding, Achieving and Maintaining Competence in the Workplace
Health and Safety Training Innovations
Risk Management and Safety Management Systems
Mine Disaster Hypothetical

This on-stage exercise will be conducted utilising operational staff in a simulated underground
potential disaster situation. A realistic time scale will be in place to test the adequacy of
emergency response and rescue resources at a mine site.

Figure 6-22: Extract from Minesafe2000 brochure

In front of over 500 delegates a pand of industry experts was formed. This panel
viewed the hypothetical scenario under the direction and control of a facilitator
and the presenter. Neither the pand nor the delegates had seen or discussed the
scenario prior to the presentation.

The expert pane was there to address the events that were to unfold as the
facilitator presented them. The pand members had to address what they would do
in carrying out their specified roles The involved included:

?? Mr Les Buchbinder - Lawyer and Facilitator
?? The pand was made up of the following

?? Mr Martin Knee - acting State Mining Engineer



?? Mr Lee Randford - Director Generd Department of Minerds and Energy
?? Mr Stevenson - Secretary to the Premier of WA
?? Mr Smon Thompson - Digtrict Inspector, Mining Operation Divison

?? Other industry personnd form the mine Mine Rescue captain, Ventilation
officer, Mine manager, Trades and Labour Council.

?? Televison presenter and Newspaper reporter.

The animations were presented in a PowerPoint format and when the facilitator
reached an event that had been animated, the presenter activated the appropriate
animation. The animations were adso developed to keep the audience involved and
interested in the presentation.

?? Outcome of reconstruction

There was no officia response or forma assessment of how the recongtruction
was received by the 500 delegates. The best indication of its success was that the
Mine Dissster Hypothetical presentation was scheduled for one hour, the pand
took one hour and forty-five minutes to discuss the various options and relevant
problems. From comments received not many (if any) of the delegates waked out
of the conference hal during this extended session..

After the presentation two unsolicited comments were recelved regarding the use

of the animations.

| cannot wait for this technology to appear in the courts — however it may
make my task a little more difficult as | may not be able to talk aslong as|
do now. Mr LesBuchbinder — Lawyer and Facilitator of the hypotheticd.

| was very impressed and could see this type of presentation being used in
Coroners Courts to help with information clarification within some mining

accidents. Mr JTorlach - WA State Mining Enginesr.

Ancther indication that the recondruction was successful was the levd of
enquiries a the Centrd TAFE and Universty of Nottingham combined exhibition
dand, demongrating the use of CG&V. After the presentation Professor Denby,
Dr Schofidd and Ms Goodwin (from Nottingham) noticed sgnificant increase in
the number of people enquiring about the use of CG&V for the mining indudtry.



Training Application

The training application conssted of a modification of the origina recongtruction
to include a script al presented in a PowerPoint presentation. The presenter uses a
sript to ensure that as certain key points are being raised, the revant animations
are displayed.

Also included in the training gpplication CD was a presentation developed by the
Mining Opeaions Dividon gpedificdly for highlighting the problems and
detigtics relating to underground fires

?? The design and setup

The animations were imported into Microsoft's PowerPoint software. The reason
being that the graphics and the script could be used either manudly or dternately
st to time-lines The application had to fit onto a sngle CD and had to be
accessed using a low cogt persond computer and the software had to be easly
avalable ether via a supplied viewer or software that was dready ingtaled on the

computer.

The following demondrates what the training versdon looks like It is amilar to

the origind presentation except that additional text has been added providing
indructions.

?? The fird dides mentioned the scenario and the list of players required (Figure
6-23).

THE TASK

Unider the guldance of the moderstor, the

players will atiempl Lo ta
since easfial rescne Al recovery operation
in “real time™,

Undom Cirgandser

Figure6-23: The playersand task

?? An overview of the mineste is aso provided (Figure 6-24).



Figure 6-24: Overview tothe mine

?? A destription of the ventilation system of the minesite (Figure 6-25).

Figure 6-25: Ventilation system described

?? Additiond information was dso provided on the refuge chamber and
circumstance surrounding the incident was presented (Figure 6-26).

The Ingidlent

due i

Figure 6-26: Additional information



The remaining dides continue to dternate between the script that describes the
upcoming dide and the animaions. The animaed dides ae the same
recondruction animations shown in the Minessfe 2000, Mine Disadter
Hypothetica session .

The find dides (Fgure 6-27) contaned the following questions and
acknowledgments:

?? Is this is the only solution and could a Smilar event happen a your minesite to
ensure that the participants sart to relate what they have participated in to ther
environment. Findly acknowledgements.

ACKNOWLEDGEMENTS

SCENARMY DESIGMN
Tt Chanbeer of Misscrals and Encrgy WA
Dept of Minerals & Energy - MOD (WA)

MODELING & ANIMATHON
el emieal - Computer Graphics & Vissalisation Centre
Unbversity of Nottinglsm - AIMS Rescarch (UR)
Continmam Resourees (WA}

Figure6-27: Final training dides

?? Outcome of application

No forma assessment has been compiled as to the success of this traning
goplication. Only anecdotd evidence is avalable indicaing tha the application
has merit and is worth pursuing.

The use of CBT materid on minestes is very limited. The minestes visted over
the years only showed that computers were used by the adminigration staff and in
pecidised areas (eg. mine planning and scheduling).

The use of this type of gpplication is ussful when a company is in a pogtion to
stand down production people for a few hours or when staff are rostered off and
ale to atend traning sessions a the mining companies dedgnated training
establishment. Further gpplications of this training package are being investigated.



Conclusion

Underground fires in Western Audrdia have been a mgor concern to the
Depatment of Industry and Resources, Mining Operaions Divison, for a number

of years.

The opportunity to present a hypotheticd scenario (based on actud incidents) at
an internationd forum using computer generated animations to provide additiona
information and a visud recondructions of the event, was seen as an ided
opportunity to raise the concerns of the regulators regarding the increasing hazard
of underground fires within the mining industry.

The ggnificant advantages of this ‘virtud’ training environment over a red one is
its enormous flexibility. The virtud environment can be used as a bass for
training in a wide range of different scenarios so that trainees can learn to cope
with many different Stuations, some of which are impossble to prepare for in the
rea world.

The second advantage is that trainees learn by their active participation i.e. (role
playing). This has a ggnificant effect on ther ability to retan what they learn, as

compared with the use of other techniques such as videos or books.

The use of recondruction animaions of hazardous incidents adlows SMEs to
continualy review the incdent and provide additiond comments and
explanaions, whether it isfor legd or internd investigation.

The next step is to use the recongtructed incident as a training tool. In this case
sudy the use of text information to describe the scenario and provide additiona
information to enhance the understanding of participants was a useful addition to
the origind presentation. The finished product can be controlled by the individud
and used as atool-box training gpplication or a class room role playing tutorid.



7 CASE STUDY 2-SURFACE MINE ACCIDENT

I ntroduction

Truck accidents and incident are a mgor problem both underground and on the
auface. Due to ther sze many forget that they like any other vehicle ae
susceptible to accidents. The following pictures (Figure 71) were presented in the
DolR Minesafe magazine (DME, 2001c) to demondtrate that trucks are a poblem
and people need to be made aware of the increased hazard of such a large mobile

plant on amineste such as
?? Lack of viewing areas from the cabin of the truck.
?? Increased stopping distances of these vehicles.

?? Weight of vehicle (with or without load).

Big does pot necessarily wean
safe - ax demonstrated by these
phatographs from mining
regions antside WA,

Figure 7-1: Bigtruck present big problems
As the following grgph (Figure 7-2) demondtrates, from 1994 up to December
2001, mobile plant incidents were the second most frequently reported accident
with 1,944 being reported. Fires recorded 3,787 and other incidents 1,279 (DME,
2001d).

Also on the graph, a breskdown of the actual mobile plant incidents reported are
presented, aswell as the number of fatdities.
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Figure 7-2: Incidentsreported and number of mobile plant incidents
Apart from injuries to personnd every accident means a reduction in and possibly
loss of production and loss of equipment and if a fatdity occurs, loss of a life
This case study will look a a hypothetica incident that is based upon actud
events and presents information leading up to and including a truck fdling over
the edge of a stockpile.

Over the Edge

As previoudy mentioned in Case Study 1, the DolR release various magazines,
reports and data-sheets to ensure that the industry is aware of hazardous Situations,
which could lead to accidents and generd OH& S information,.

Trucks faling over an edge or rolling over have been written about snce 1990, in
the firg year of the magazine MINESAFE produced by the DolR's Mining
Operdtions Divison. The November edition showed a vehicle precarioudy
balanced on its rear on the edge of a stockpile and the title of the article was cdled
DUMP PRECAUTIONS and again in the December 1991 edition of the magazine
the front cover showed a vehicle that had gone over an edge (Figure 7-3) dthough
this was a serious incident it could have been much worse if the truck had been
carrying its load of explosives, which could have led to avery large incident.




Figure 7-3: Explosivestruck over the edge (DME, 1991)
The effectiveness of showing trucks that had somehow gone over the edge of a
stockpile or windrow was aso demondrated in a cartoon like manner as a poster
(Figure 7-4). These posters were sent to al minesites and placed in aress where
drivers and mineste personnd would see them and thereby reinforcing the
message that trucks can easly go over an edge of adump.

ol
CHECK THE TIPFING AREA OFTEN DURING THE SHIFT!

i 1 BORAL
CONTRACTING

Figure 7-4: Nugget poster

Ancther issue of the Minessfe magazine dated December 1994 (Figure 7-5)
depicts six photographs of trucks that had either gone over an edge or rolled over,
the caption this time was ‘When will it Stop?
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Figure 7-5: Minesafe magazine Dec 1994

The most common incident occurs where a haul truck is reverang to ‘dump’ its
contents. The following photographs (Figure 7-6) show haul trucks in various
stages of reversing and fdling over an edge.



Figure 7-6: Montage of overturned trucks (courtesy Dol R)

In addition to the visuds the DolR provides reports within their hardcopy
publications such as MINESAFE (smilar to those in Case Study 1). The reports
ae ds avalade from the DolR webste (EXIS, 2001) reating to some of the
more serious or potentidly serious incidents that have been reported. It
demondtrates that the problem exists and these accident and incidents can happen
eedly.
?? Significant Incident Reports (SIRs)
Significant Incident Report No: 26, October 1991

Subject: TRUCK TOPPLED OVER EDGE OF STOCKPILE

Incident: A Caterpillar 769 haul truck was reversed to the edge of a 6



metre high stockpile which collapsed causing the truck to topple over the
edge and come to rest upside down at its base. A front end loader was
digging at the base of the stockpile to feed a crusher whilst dumping
operations were being carried out above. The truck driver suffered serious

injuriesincluding fractured ribs, shoulder and several vertebrae.

Cause: There was no effective backstop or spotter on the stockpile at the
time the truck was being tipped. The edge of the stockpile had been undercut
by the loader immediately below the point at which the truck was being
tipped.

Sionificant Incident Report No: 74, May 1997

Subject: DRIVERKILLED IN TRACTOR ROLLOVER

Incident: A self employed fencing contractor was fatally injured in April
1997 whilst constructing a fence down a dam wall in the south west. He was
driving a Massey Ferguson tractor across the slope of the dam wall to drill
a post hole when the tractor rolled sideways pinning him beneath the rear
whesel.

Cause: The tractor was being driven across the steep embankment. The
tractor was not fitted with a Roll Over Protective Structure (ROPS) nor any

operator restraining devices.

?? Incidents Reports (IRs)
Incident Number: 503, May 2001
Type of Accident: Truck /Maobile Equip. Over Edge (Fatality)

The operator of a dozer was killed when his vehicle breached the edge on
the bench on which he was working and fell approximately 100 metres. The
deceased operator was found 40 metres up the rill of broken material from

the final position of the dozer.
Incident Number: 518, December 2001
Type of Accident: Truck /Mobile Equip. Over Edge (injury)

The operator of a dozer sustained a fractured shoulder when the vehicle

toppled over the edge of an old quarry, while clearing vegetation from a



disused stockpile. The dozer fell approximately 5 metres before landing on
its roof.

?? Safety bulletin

Safety Bulletin No: 20, June 1996

Subject: SEAT BELTS AND RESTRAINING HARNESS IN HEAVY EARTH
MOVING EQUIPMENT

Details: The fitment and wearing of seat belts (as a minimum standard) is
now required under Regulation 4.16 of the Mines Safety and Inspection Act
Regulations (1995).

The Mining Inspectorate has formed the view that the wearing of seat belts
across the industry is now a general practice (although not universal). This
view is derived from both direct observation and from an examination of
accidents and incidents in which persons in vehicles have been found on
investigation to have worn belts or restraint harnesses and have generally

escaped seriousinjury.

However, there is an increasing experience of injury due to:
seat belts or harnesses being inadequately attached or maintained,

resulting in defective performance.

Failure of the attachment of the seat to the vehicle or of a movement
restraint component of the seat attachment, can result in injury to the
person. Such failures have been varioudly attributed to poor design,
inadequate maintenance, deterioration due to wear and tear and
corrosion, and failure to ensure the integrity of restraint components

following damage or detachment in service.

Injury has also resulted from inadequacy of the restraint itself; for example,

the use of lap seat belts instead of a more comprehensive harness.
Action Required

Review the integrity of design and quality of manufacture and fitment of the
system as supplied, to determine if it is adequate and fit for the
application; (for example sufficiently robust and durable in service,

whether a lap and sash or full harness is appropriate).



Maintain vigilance on the condition of the components in service, and in

particular on the maintenance of the seat and restraint.

Ensure that the integrity of these components is not affected by other

mai ntenance work on the equipment.

Ensure that all persons are instructed in the use, adjustment and

maintenance of restraints and that operators wear them.

From the information presented to date, and from the available dtatidtics it appears
there are recurring problems with mobile equipment. The root cause of mobile
equipment rolling over or going over the edge could be; brake falure, loose

ground, wet ground, action of other vehicles and/or operator errors.

This report is not investigating causation but demondrating that mobile equipment
is the second highest reportable accidents and that when an accident occurs it is

not necessarily due to asingle vehicle fault.

Over the Edge Case Study

The author sought the DoIR’'s permisson and assistance to sdect an appropriate
case sudy relating to trucks going over an edge. The DoIR was a little reluctant to
nominate past or current incidents that have been investigated. The reason being
that the recongtruction may be seen by the industry as areinvestigation.

The case study selected focuses on many reportable offences that a new inspector
needs to identify and was partly based on the incident demongtrated in figure 7-7.
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ealbells are one item ot satety

equipment, that you never

want ta put 1o the test, For
mosl people belting up is a reflax
action, For those who still haven't
adopted this safe practice, it may
become the last lessan wou never
learn.

Short drop — ne seatbelt.  FATALITY

n mines, ROPS cabs are designed to stap the opetatoer
being crushed in a vehicle when it rolls over, If wou aren'l
wearing the seathelt, you won't damage the inside of the cab
as you are thrown against it — it will damage you

tdore importantly the seatbelt may save your life when it
stops you from being thrown out of 2 vehicle during a
ral loyer or callision.

Soal belt maintenance is eritical, Belts need to do their [ob
i e withaut any risk of failure. They are designed to hald you in
Long drop with seatbell - ALIVE! & position thal minimises. the chances of injury.

BE KinD To YOURSELF
[1]

Figure 7-7: Minesafe magazine Dec 1997

Data for the case study was purely text based and had been developed from a
number of damilar accidents and incidents. The information was presented as a
typical brief that is to be presented to a legd team for consderation for
prosecution. The traning manud is known as the Prosecutions and Legd
Proceedings Course (Figure 7-8).

Department of Mineralsand Energy




of Western Australia
M ining Operations Divison
Prosecutions and Lega Proceedings Course

Presented in Association with the Crown Solicitor’ s Office

EXAMPLE OF BRIEF FOR PROSECUTION

Figure 7-8: Prosecutionsand L egal Proceeding Course

The manua was st out as if it was a red accident and the document was written
to be used as a brief for possble prosecution. The manud contains the following
informeation:
?? Summary of Facts
?? Suggested Charges
?? Section 9 of the Mines Safety and Inspection Act 1994
?7? Report of the Didrict Ingpector of Mines
?? Report of Specia Inspector of Mines (Machinery)
?7? Ligt of Witnesses
?? Invedtigators Statements
?7? Witness Statements
?7? Records of Interview
?7? Plans
?? Photographs

This hypothetical case study was designed and developed using red data that was
readily available from fatalities and accidents reports of the DolR.

The hypothetical accident involves the training of a haul truck driver. During the
training, the truck was driven onto a stockpile carrying a load of ore. As the truck
tipped the ore, the ground beneath the trucks rear whedls collapsed and the truck
dipped over the edge and overturned. The reconstruction shows the factors that
led to this accident and also how the accident could have been avoided.



?? Accident scenario

On the morning of 24 May, Mr John David Spicer was undergoing training
as a haul truck driver a the mine. He had been assigned to the truck
operated by Ms Angela Maria Zanetti who was to conduct the training. Mr
Spoicer was seated in the passenger seat in the truck cab while Ms Zanetti
occupied the operator's seat. The seat belt on the operator's seat wasin a
properly maintained condition and was worn by Ms Zanetti. The seat belt on
the passenger seat was unusable as one half of the belt had been removed
for maintenance two days previously and had not been replaced. Mr Spicer
reported this to the supervisor (as he was instructed during his induction)
but was told by the supervisor “if you want the job get in the truck”,

consequently, Mr Spicer was unable to use the belt and did not do so.

At approximately 06.15 hours, Ms Zanetti drove the truck onto the stockpile,
carrying a load of ore. The Proton truck controller instructed her to tip the
load over the edge of the stockpile. This was the first load which she had
tipped that morning. On the previous shift, ore had been removed from the
base of the stockpile to feed the crusher. The edge of the stockpile was

standing near-vertically and was in an unstable condition.

As Ms Zanetti reversed the truck to the edge of the stockpile to tip the load,
the material collapsed under the rear wheels and the truck slipped over the
edge and came to rest in upside down with the tray and cab resting on the

ground some six metres below.

Ms Zanetti, who was wearing her seat belt, suffered shock and minor
injuries; however, Mr Spicer, who was unable to wear his belt, sustained a
fractured skull, three fractured ribs and a compound fracture of the radius

and ulna of hisright arm.

The above provides the scenario. The Inspectors fina report of the incident was

used as the script to develop what animations were needed.

Reconstruction of Events

All of the moddling and rendering for the recongtruct of this hypothetical scenario
was undertaken using 3D Studio Max? verson 3 and the software After Effects.



The animated recondruction and the desgn of the training component was
undertaken a the Univerdty of Nottingham (UoN). While this work was being
underteken at the UoN, Dr D Schofidd was the SME for issues rating to mining
and Mr J Noond was the SME for the training component.

The recondruction and the training agpplication were developed a the same time
s0 as to dlow both components to be presented a the MINESAFE 2000
International  Conference as a joint paper involving the Universty of Nottingham
(UoN), AIMS Solutions and Centrad TAFE. A full copy of the Rolling Rocks
brochure can be seen as Appendix 14.

It is not intended to describe how the modes for the recondruction were
condructed since the bass for the moddling is Smilar to tha undertaken in case
sudy 1 where the models were aso congructed usng 3D Studio Max from wire
frames to solid models. The wire frames were then animated to illustrate each
event. It is advantageous to do this prior to rendering, as rendering requires large
amounts of processng time. Once the animated sequence is gpproved and the
textures gpplied to each modd the rendering process is undertaken. The following
describes how some of the details were obtained and how the reconstruction was

presented.
?? Mine details

A scaded hand drawn plan (Figure 79) detalling survey points, and RL’s (Relative
Levels) was provided to indicate heights and postion of rdevant information. All
this information was pat of the normd briefing documentation in the training

manud.
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Figure 7-9: Site plane of where accident occurred

?? Vehicle details

The vehide (Figure 7-10) used in this recongruction is the truck used in case

sudy 1, moddled usng 3D Studio Max verson 3 and initidly developed and
congtructed by AIMS Research, UoN for their Safe-VR gpplication.

Figure7-10: 3D truck modd (AlM S Research)




?? The reconstruction

The recondruction darts with the night shift (Figure #11) before the accident and

shows the operation of the front-end loader on the stockpile. The remova of ore
from bel ow the stockpile caused the stope to be unstable.

Figure 7-11: Night work

The animation then moves to the next day, when the pre-shift truck inspection
(Figure 7-12) is caried out. All vehicles must be ingpected prior to use and any
problems or issues must be reported to the supervisor on duty. This is when the
missing seatbelt on the passenger seat was noticed and reported. The supervisor
advised that if Mr Spicer wanted the job then he should carry on and get in to the
truck.

Figure 7-12: Pre-ingpection of vehicle and missing seatbelt

The animation (Fgure 7-13) then shows the truck (with missng seetbelt)
approaching the stockpile, climbing onto the stockpil€'s upper tipping pad and
reverang to pogtion the truck in preparation to dump its contents. There was no
notification to indicate that ore had been removed from this dope on the previous



shift. The dump truck should have been told to go to a safe dump area so that a
dozer could push the materia into the area that needs to be re-enforced.

Figure 7-13: Truck heading to stopeand reversing ready to dump
The animation continues (Figure 7-14) showing the truck reversing to the edge of
the upper tipping pad and gtarting to raise the tray to dump its contents. It is from
there that the ground displaces from the trucks rear whedls causing the truck to
fal over the edge.

Figure 7-14: Truck falling over edge
The view presented is the front view demondrating the truck tipping over. The
revers was not portrayed as it was unknown what part of the ground gave way

and how the truck descended. It is important to remember that reconstructions are
based on SME information and facts. If this information is not provided then it is
not possible to recongtruct and accident accurately.

A photograph (Figure 7-15) of the find regsing place is shown as this
demondtrates how the truck actualy ended up after faling 8 metres.



Figure 7-15: Final resting place of vehicle
Training Application

The multi-media system developed for this particular scenario dlows the user to
investigate the accident by reading details of the mine (Figure 7-16) and witness
datements and watching animated invedigation on the equipment and

surrounding aress.

Figure 7-16: Location and aerial view of mine

An example streen from the multi-media sysem is shown in figure 7-17. The
sysem runs in a standard web browser and is easy to navigate. The user can
access information about the minesite, mine vehicles and witness Statements as
well as animations and images showing what happened during the accident.
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Figure 7-17: Screen captures of web-based application

The gpplication could aso be used to asss invedtigator training by providing the
‘persond touch’. That is, the witness statements athough teken, are presented
usng photographs (Figure 7-18) of the witness. This gave a more redigsic

emphasis on the statements presented by these ‘ characters'.
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Figure 7-18: Personal information screen

Navigation through and around the gpplication is done in a Smilar manner to
other web-based applications usng the ‘mouse to provide interaction. By
positioning the mouse cursor over a ‘hotspot’ and clicking the mouse button (left
one in this case) dlowed the participant to move to the next screen or area that
was chosen. As in figure 7-19 the hotspots were Home, Next, Back and the
coloured bars with text.
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Figure 7-19: Navigation hotspotswithin the application
The presentation concludes with the Inspector's Findings (Figure 7-20), which

explans documents what the user of this gpplication should have found or
noticed, for example:

The passenger side seatbelt on the truck was not functional, as one half of it

had been removed for maintenance two days prior to the accident.
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Figure 7-20: I nspector findings



This provides the novice ingpector with correct identification of one of the causes
of this incident, it dso demongrates how the information that is found should be
noted and recorded.

The findings dso suggest what areas of the Mines and Safety Act and Regulations
have been breached and the Inspectors recommendation, which usudly involves a
prosecution or aformd letter from the DolR.

Outcome of Reconstruction and Training Application

The traning application was demondrated a the Minesafe 2000 Internationd
Conference held in Perth, Western Audtrdia, 38 September 2000. There was no
official response or forma assessment as to how the reconstruction was received
by the 500 delegates. The best indication to its success was the reaction of
conference participants when vigting the Centrd TAFE and the UoN combined
exhibition stland demongrating the use of CG&V at the conference.

The daff of the DolR were very hgppy with the outcome. However until
communicetion line speeds are improved and PC's are readily avalable at
minestes such programs will have limited gpplication. This does not stop the use
internally by industry or for the safety people to conduct onsite or ‘tool box’

viewing.
7.1 Conclusion

This case study demondrated once again the vaue of CG&V in accident
recondruction. The visuad ‘sory’ demongrated al the factors that contributed to
the findl accident of the truck tipping over the edge.

The use of web based technology aso provides a mechanism for interacting with
the case study & wedl as providing the ability of the gpplication to placed ether on
to ainternet Ste or used locally viaan intranet service.

The author wishes to acknowledge the assstance of Mr Martin Knee (State
Mining Engineer) of DolR for dlowing the use of the case study as wel other
members of the MOD for additiond information.



8 CASE STUDY 3- EXPLORATIONDRILLING

I ntroduction

In July 1990, the Audrdian exploration world was taking of a new find near Mt
Gibson Western Audrdia (north of Kagoorlie). Karpa Spring was discovered by
three prospectors - Clark Easterday and Len and Dean Irdland. Reverse circulation
drilling scored some high-grade intersections, including 38m grading 34 grams
per tonne. The depost was said to have a drike length of 1,500m, open in dl
directions. Eight drill holes were shown as ending in minerdisation.

Tedts on the samples reveded extremely high gold minerdisation and boosted the
vaue of the Kapa Springs depost which Perilya Mines N.L. bought with its
Canadian based partner Noranda Inc for $6 million in 1990. However, the check
holes showed “a complete absence of gold”, in the words of Perilya Mines NL
and Noranda Exploration Pty Ltd, which promptly sued the origind three
progpectors for its $6million and obtained court orders freezing the assets of the
prospectors. On 28 February 1991 the prospectors were charged with fraud, the
prosecution dleging that they had ‘spiked” drill samples which had been sent to
the assay laboratory. The trid started 31 May 1993 and ended 30 July 1993. They
were convicted of the fraud and each served 13 months of a 3'2 year jal terms

(Kappelle, 2002).

To date the three prospectors gill maintain their innocence and are gppeding in
the Western Audrdian Supreme Court on the grounds that the crown withhdd
scientific and share trading information & ther trid, and that they have fresh
evidence which would could have led to an acquittd (Kappdle, 2002).This
scenario has been sdlected as a case sudy for a number of reasons:

?? 1t is a current issug, in that the recongtruction is to be used as part of an apped
process within the Supreme Court of Western Audtrdia

??1t is an mining incident that did not injure people or the environment nor
require DolR investigation, but it did fall in the area of a prosecution.

2?1t will hep demondrate that recongructions are a ided tool for demongrating
procedures and practices in association with subject matter experts.



The most sgnificant reason is demondrated in the following statement by Mr Ken
Sted, which is pat of a letter (Appendix 15) explaning his involvement in the

case and the reason why he thinks that a reconstruction would be useful.

By the time | was called to give evidence at the trial, the case had been in
session for several days and the jury had been provided with a mass of
technical information to consider. In order to provide sufficient background
information for the jury to support my evidence it was necessary to add to
this and explain in detail the drilling process and its various complexities
before | could hope to have them understand the core issues which my field
trials had identified. The only method available to me was through a series

of photo- copied diagrams and my verbal explanations.

As a personal observation | felt | was failing to get through to the jury being
just one more in a long line of technical experts providing complex opinions
information which would be totally alien to the average juror.

Cross examination demonstrated to me that my findings were not lost on the
prosecution and they exploited the juror’s probable failure to grasp the
essentials of my findings as would be expected where the evidence was

contradictory to their case.

This caseinvolves.
?? the use and understanding of ‘Down The Hole (DTH) hammer-drills

?? underdanding geologicd dructures such as ‘zones of logt influence  and
‘ contamination zones .

The recongruction will be used in the Supreme Court of Western Audrdia -
Court of Criminal Appeal — Appeal No 111-113 of 1999, as a tool to demonstrate
a number of procedures relating to exploraion drilling and the geologica
formations that the drill passes through. The completed recondruction will be
used in association with the SMEs (Mr M. McGowan and Mr K. Stede) who will
as0 be using appropriate text and voice for further and more detailed information.

The MOD monitors the Western Ausdrdian exploration drilling industry under the
Mines Safety and Ingpection Act 1994. This case did not involve the DolR as

there was no accident or incident however, the prospectors were charged with



Fraud and Conspiracy to Defraud by the police on the advice from the Department
of Public Prosecution.

The Case study

A request was made to Centrd TAFE's CGVC by Mr Ken Stede a drilling
industry consultant on the practicdities of asssing him and another (Mr Mike
McGowan) in presenting ther technicd information usng some form of computer
graphics to ensure that the people associated with the gpped could get a better
understanding of what the technical issues involved.

Following a number of meetings and demongrations between Mr Stede and Mr
McGowan, the SME's for this project and CGVC, it was agreed that computer
grgphics in the form of animations would assgt greatly in the presentation of ther
evidence to the Appeals Court.

?? Case Scenario

Mr Stede provided the information to indicate what the case was about, and his
role in this gpped. The full detalls can be seen in Appendix 15, the following is a
further extract from the letter.

Drillmark Consultants was engaged by the defense and asked to examine all
of the evidence and identify any possible explanations for the discrepancies,

which had been accomplished in the exploration drilling process.........

The down hole hammer is essentially a high speed reciprocating piston
running inside a cylinder and striking the drill or cutting tool several

hundred times a minute.

Because of the close tolerances the down hole hammer system requires a
specially formulated oil to be introduced into the air stream to lubricate the
piston/inner cylinder surface. It was my preliminary opinion that this could

have provided the means of introducing the salted gold.

| could find no evidence of this having been previously demonstrated but
outlined the mechanisms and processes by which | felt this could be

achieved.

The industry has three separate methods of introducing oil into the air



stream two of which employ a reservoir of oil to be mechanically collected
through the air stream supply and the third being manually pouring oil into
the system at each interval that the drill was stopped to extend the depth by
adding another length of drill pipe.

Reconstruction of Events

All of the moddling and rendering associated with the recondruction was done
usng 3D Studio Max? (rendering), Rhinoceros 2.0 (modelling) and After Effects
(specid effects) software.

The SME's were required to explain how various parts of an exploration drill rig
and its drilling and collecting equipment worked. They were dso responsble for
deciding what information was required to be presented, as it was their evidence
that was being reconstructed.

?? What is to be presented

The SME's wanted to get across to the judges at the Court of Apped the
fallowing:

?? Whét is Down The Hole Hammer (DTH) drilling ?
?? What isreverse drculation drilling ?

?? How does a cyclone work ?

?7? What are zones of logt circulation ?

?? What are contamination zones ?

?? Down The-Hole hammer

2D plans and brochures were obtained from various manufactures of DTH's s0
that a model of a DTH could be constructed. A schematic of a Secoroc DTH
(Figure 81) was found on a webste (Secoroc, n.d.). The schematic is animated on
the webgte to show the DTH working.

Figure8-1: SECOROC DTH Schematic



A 3D modd of a DTH was condructed using the moddling software. It was
initidly built as a wire frane modd (Fgure 8-2) with dl pats that require
movement developed separady. Low polygon moddling techniques were again
used to ensure that the completed modd was not too complicated for rendering
and modifications.
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Figure 8-2: Wireframe 3D model

The author worked from various manufacturers brochures (Figure 8-3) and with
the SME' s to understand how a DTH worked.
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Figure8-3: Typesof drill bits(Halco, n.d.)

With dl of this information the drill bit was developed (Figure 8-4) and this time
rendered to dlow the SME's to provide advice as to how they perceived the 3D
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Figure8-4: Rendered drill bit

Figure 8-5 demondrates the drill bit and the DTH gplit, so that the internd
moving parts could be viewed in motion as wdl as demondrating how the ar



creulates within the system. It was interesing to note that many industry
representatives were impressed with the animated visuals, and some suggested

minor changes to ensure better accuracy.

Figure 8-5: Split view of rendered DTH

Mr Greg Finch (2001) a senior industry expert after seeing the drill bit and DTH
modd, sad the following:

I have changed drill bits and fixed some parts but in my 30 years in the
industry have never seen one that allows people to see all moving parts and
air flows.

?? Reverse circulation drilling

The recongtruction had to demonstrate how the air, which is pumped into the DTH
flows, from the surface, through the DTH and drill bit and eventudly ends up
back a he surface and at the cyclone. This is demondrated using traditional 2D
diagramsin figure 8-6 and 8-7.
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Fig. 10.6: Conventional air and sample flow.

Figure 8-6: DTH Bit air and sampleflow (Chugh at e, 1996)
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Figure 8-7: Airflow schematics (Chugh et al, 1996)

It is important that court personnel understand the process of the DTH and reverse
circulaion drilling. The folowing extract is from Mr Sted€s requirements

(Appendix 15).
Central to my opinion was the specific type of drilling which had been
employed and the equipment used in the process. This involved the use of a
down hole hammer with a cross over sub using a drilling technique termed




RAB or rotary air blast drilling.

In this system the down hole hammer and the drill bit are powered by
compressed air and used in tandem with dual wall drill pipe. To penetrate
the subsurface geological formations and deliver samples of the ground
being penetrated through the inner drill pipe back to the surface for

collection and sampling....
?? Geological influences

The recondruction was required to demondrae how differing geologicd
sructures could affect sampling and how the ar pressure could contaminae

(Figure 8-8) the surroundings.
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Figure 8-8: Geological influences (Chugh et al, 1996)

As the drill passes through the various geologicad formations in a hammering and
rotating function the rock bresks and cracks. In addition the very high ar pressure
that is dso passed down the hole via the drill tube aso affects the surrounding



rock and the resulting eroson can contaminate the samples being passed back up
to the surface. All of this information needs to be incorporated into the animation

so that non-technical persons can understand the process.

From the above diagram and advice from the SME's a 3D model was generated
(Figure 8-9) to demondrate how the system operates and the factors that

influences its performance.
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Figure 8-9: Wireframe model of geological influences

?? Separation cyclone

A cyclone was modelled from information provided by the Mr McGowan and aso
from models demonstrated on the internet. The cyclones presented in figure 8-10
was from Kerb Engineering (2002) .



Figure 8-10: Cyclone

The rotation action ingde a cyclone was dso required to be demongrated as this
was one of the crucid dements within the evidence. Figure 8-11 from an aticle
by Arterburn (n.d.) shows a sectiona drawing of what is ingde a cyclone as well
as the rotationd action of the fluid leading to the separation of the fine particles

(overflow) and the remainder (underflow).
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Figure8-11: Modd of cyclone



A cyclone was modelled (Figure 8-12) from dl of the above information showing
drilled dirt entering, separating and findly faling into a collection/sample bag.

Figure 8-12: 3D mode of cyclone
?? Vehicle details

The type of exploraion drill rig was not an important issue for the court
recondruction so a generd drilling rig was sdected i.e. a UDR Markll 650
(Appendix 16). A 3D modd was congructed with limited detall so as to not
digract the viewing audience (Figure 8-13)from the essentid dements of the
presentation.
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Figure8-13: Exploration drill - Courtesy UDR



?? Assembling the events

The recondruction was completed with a number of computer generated
animations showing various rdevant information. These animations could be run
asasngle animated file or each animated event could be run independently.

The find decison was to have a sngle animaed file with a voice over of what
was being shown. The voice over was that of the SME.

A voice over script was prepared to maich the animation, however the animations
had to be re-rendered to ensure that the timing of the anmation matched that of

the voice over.

The following is an extract of the script, which was used for the voice over. The
whole script is not avalable for publication in this thess as it contains evidence
that il resides with the court .

NORMAL SEQUENCE

In the normal sequence of events, a hole is drilled with a reverse cycle

‘Down the hole’ hammer drill.

Compressed air is pumped down from the surface inside the outer section of

the drill tube, a double walled pipe with a thread on each end.
As the hole gets deeper, more sections of tube are added.

It continues through the tube until it reaches a unit called a crossover sub,
whereit is redirected into the centre section of the pipe. The air then travels
through the hammer section of the drill, where it drives a reciprocating

piston.

This piston in turn impacts against the actual drill bit, where the rock
cutting process takes place. After the air has been through the piston

chamber, it exits the hammer section through the centre of the drill bit....

This mixture of air and finely crushed rock is then redirected back through
the crossover sub, and transported back to the surface through the inside of
the drill tube... On reaching the surface, the mixture passes through a

device called a cyclone air separator.

The airflow containing the mixture is forced to spin inside the cyclone. The



lighter dust is blown out the upper section of the cyclone and the heaver
pieces of rock where any gold is usually found, fall out the bottom and are

put into sample bags.
LOST CIRCULATION

Lost circulation occurs when the the drill bit encounters an area of rock that

is either relatively porous, or has a fault or fissure through it.

As the bit passes through the Zone of lost circulation, the airflow, and
suspended rock sample particles, spread out into the fissure, and some of

the sample material islost into the fissure.

The loss of containment also causes a drop in output air pressure and

reduced sample material being transported back to the surface.......

The following screen captures are presented to demondtrate that the animation was
findised, but due to the animation Hill being used and redricted to court viewing
only a few of the screen captures have been included and not dl are from the

actua rendered modds.

The animation opened with an overview of the exploration dte to portray the
environment (Figure 8-14) in which the incident occurred .
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Figure 8-14: Overview of environment



A view from the top of the drill rig (Header) was demongtrated with the camera
following the drill rod down. The camera then panned back to reved a cross

section of the ground s0 as to follow the DTH through the geologicd structures
(Figure 8-15).

Figure 8-15: Drill rig and sectional view of ground

The camera followed the drill rod and DTH through the layers of geology and
demongrated the SVIE’ s evidence of ‘logt circulation’ and ‘zones of influence’.

The next dage of the recondtruction was to demondrate how the DTH actudly
drills through the rock formations and how the drilled particles are carried up to
the surface. This was done by ‘ splitting’ the DTH (Figure 8- 16).

Figure8-16: Split DTH in ground



The sectionalised DTH (Figure 817) was further animated to demondrate the air
flow that not only provides the air to the DTH hammer to make it work (like a
piston) but also how the air trangports the drilled rock particles through the DTH.

Figure8-17: Sectionalised DTH

The find animation showed how the ar with the rock particles made their way to
the surface and into the cyclone, and how the cyclone circulated the rock particles
and separated the light dust upwards to the overflow and the heavy particle
downward to the underflow (Figure 8-18). The downward particles are collected
in sample bags and some of these bags are taken for content analyss.

Figure 8-18: Airflow to cyclone

?? Showing the completed reconstruction

The Apped was scheduled at the Supreme Court of Western Audtrdia in late 2001
but deferments obtained by the prosecution kept the Appeal from being heard. The
Apped was findly heard stating on Monday 9™ December 2002. The Supreme



Court of Western Austrdia — Court of Crimind Apped — Easterday?, Irdand® and
Irdand'®, was held before Hon Justice Scott, Hon Justice Steytler and Hon Justice

Robert-Smith. The Appedl was et to finish on 20 December 2002.

The recongtruction had been completed with a number of computer-generated
animations presenting specific  information  requested by the SMEs. The
animations were set out to be presented in association with the SMIE's testimony.
Additiondly, the SME's insarted video footage of specific actions that did not

reguire animating as the evidence was demongtrating work practice and methods.

The fina product presented to the court was an eeven minute video. The video
contained the animation with the voice over of the SMEs as wel as actud video
footage of an exploration drill rig demondrating what the SME's had tedtified to

was possible.

The following is a satement from Michaed McGowan (2003) who was one one of
the SME' s using the video

The video presentation was the first part of my evidence presented to the court.

The video was played as | wasin the box.....

...after being sworn in and verifying that | was the author of the affidavits and
one of the joint authors of the video and the video was part of my expert

evidence, the video was presented to the court.

The judges immediately understood what my evidence was about, and were
able to, and did ask intelligent pointed questions about aspects of the expert
evidence. That gave me the opportunity to explain aspects of the evidence that

otherwise would have been difficult to articul ate.

Hence it is apparent that the video was dso used in conjunction with the SME's
testimony to demondtrate in agragphica manner what they were talking about.

Michael McGowan (2003) continued:

8 CCA/111/99 — Easterday
% CCA/112/99 — Ireland

10 ccA/113/99 - Ireland



Our counsdl said that those 11 minutes were the most powerful and most easily
understood part of all of the expert evidence. It helped make all of the rest of
our expert evidence understandable also. | think the judges completely
accepted our proposition as to how the salting took place. We will need to wait
for their decision to be sure of that. The animation was important, as was the

video of the rig operation. The voiceover worked a treat.

During the summing up from the defence lavyer Mr T Peacy QC, it was
mentioned that during the examination of a SME (Mr M McGowan) that the video
that accompanied his testimony was very beneficid in informing on what is ‘logt
creulation’. He dso informed the judges during his summation that a no time
was the information presented on the video challenged by the prosecuting team.

?? Outcome of reconstruction

In a paper by Patricia Kuehn, (1999) titled ‘Maximizing Your Persuasiveness:
Effective Computer Generated Exhibits’ she makes the following statement

A two-minute video, if well made, will make a greater impression on the minds
and emotions of jurors than the world’ s best expert. Once jurors see the video,
the images will graven on their mind... The familiar power of television will
shoulder everything else aside. The very value of using the videotape —its
ability to impress and explain — is thus the source of the most persuasive

arguments against its use.

The outcome is not only the acceptance of the recongtruction by the courts but the
acceptance by the indudtry to use animation as a tool to explan technica

jprocesses.

This recongtruction was requested by two industry experts to help them present
their technica information, and from the comments by Mr Stede (Appendix 15),

recongtructions are ussful.

The use of computer graphics which animate the drilling process and enable
the inter related and interactive aspects of the drilling process and sample
delivery to be visually demonstrated will greatly enhance the ability of the
judiciary to grasp the complexities involved and follow the logic on which

my part of the evidence is based.



In this format the drilling equipment, the system and the interference with
the formation can be illustrated and interrogated to ensure total
comprehension and conformity with the original findings presented at the
initial trial.

My involvement with the development of this animation has heightened my
awareness of the potential power of this technology in the wider field of

training in general.

On Friday 28 March 2003 a 9:15am the WA Supreme Court of Appeas
presented ther findings on the Karpa Springs case. The three judges were
unanimous that the 3 men were innocent on dl charges and tha ther decison
was find with no further apped.

It is unclear a this time if the CG&V is mentioned in the judges decison reports
as they were not released. The reports contained information that was said ‘in-
camerd and pending possible further legd action, the report will not be released

S0 asto not prejudice other potential outcomes.

Training Application

A traning verson of this scenario is to be used by Centrd TAFE and industry,
showing how a Centrd and Extend DTH Hammer works both ther interna
workings and arflow circulation. It is dso possble that the animations could be
added to exiging training applications such as AIMS research’'s application
SAFE-VR Dirill Rig or eventudly as an individud web based application for on
line training and possible maintenance gpplication.

For the purpose of this project the gpplication has been setup as a straight AVI file
that the user sdlects (usng the mouse button) and the animation will run and the
user will be presented with the sdlected animation plus a voice over describing the
animation. This is amed as a Tool-Box presentation or for more generd drilling

industry use.
?? Development of the application

This was achieved by taking the origind recondtruction and putting in placing a

new voice over to explain, in some part, the more technical items as this was to be



used by the drilling industry who dl ready have some knowledge of the
components.

?? Outcome of application

Until the court has released the evidence the application cannot be released
for general viewing or comments. The benefits can only be assessed by Mr
Seele and Mr McGowan who commissioned this reconstruction with a view

of allowing a training component to be extracted from the reconstruction.

The following gatement from Mr Stede's letter (Appendix 15) demondrates that
this gpplication and oneslikeit are very useful.

In its current form apart from its use in the court room, the functionality of
the animation lends itself to explaining to trainees and indeed current
practitioners of precisely what happens down the hole whilst conducting
exploration drilling activities and how the various pieces of equipment such
as down hole hammers, cross over subs, dual wall drill pipes and cyclones

operate and interact to performtheir individual functions.

From the industries perspective it is far better to have drill crews trained
with more universal skill sets and the use of the computer graphics lends
itself to this.

The concept of using this animation and others like it linked into a drilling
rig control panel could present a training aid with substantial application in
the field of training and one which industry would embrace with enthusiasm

were it to be commercially available.

Conclusion

This case dudy of a ‘red lifé incident demondrated that there are many more
factors to take into consderation than the hypothetical studies. This case study
was to be used to assst in obtaining freedom for people. This case study athough
developed and ready to be presented was postponed which provided the team to
do some modifications and this occurred a number of times.

The outcome achieved by the development and presentation of the graphics to a
Supreme Court in Western Audtralia and the very positive comments from the Mr

McGowan and Stedle before and after the video was presented as ‘evidence



continues to demondrate that the use of CG&V as a recondruction and training

toal is very much accepted by experts and required by industry.



9 CASE STUDY 4-OFFSHORE OIL SPILLAGE

I ntroduction

The basis for the modern hedth and safety legidation has its roots in Lord
Robens 1972 report on Safety and Hedlth a Work in the UK. The findings of the
Robens report were embraced in the UK Hedth and Safety at Work Act of 1974.
However it was not until some 14 years later as a result of the Piper Alpha disaster
in the UK North Sea in July of 1988 and the subsequent Cullen public inquiry,
that the objective setting legidation (espoused by Lord Robens) was serioudy
conddered in the offshore petroleum industry (Ihdayhid, 2000). In Western
Audrdia the Robens philosophy resulted in the development of the Occupationa
Hedth Safety and Wefare Act 1984, now known as the Occupationa Safety and
Health Act 1984 (Ihdayhid, 2000).

It has been over 10 years since the Piper Alpha Disaster in the UK North Sea. The
inquiry into this incident initiated the move away from prescriptive legidation, to
a co-regulatory objective based gpproach to safety management in the upstream
petroleum industry. The ‘safety case legidative regime (Appendix 17) was
adopted in Audrdia, and became effective from 1 July 1992 for new production
fadlities, and from 1 July 1996 for exising production facilities and MODUs
(Mobile Offshore Drilling Units). Mgor devdopments in legidation have been
occurring over the past years to dtreamline the regulatory system and to meake it

congstent with a co-regulatory objective based approach.

The term ‘safety case is used to describe a sophisticated, comprehensive and
integrated risk management system. A safety case regime is characterised by an
acceptance that the direct respongbility for the ongoing management of safety is
the respongbility of the operators and not the regulator, whose key function is to
provide guidance as to how the safety objectives to be achieved. The operators
can achieve those objectives by developing systems and procedures that best suit
thar needs with the co-operation and agreement of the regulator. This ‘safety
ca® then defines the rules by which the operation of the facility is governed
(DOITR, 2003).



The DolR adminigters the Commonwedth offshore adjacent area under a Joint
Authority arangement as the Dedgnated Aduthority. The DolR  collects
information relating to safety performance in Western Audrdia, but sends it to the
Audrdian Petroleum Production & Exploration Association (APPEA). The
APPEA is the national organisation representing the oil and gas exploration and
production industry in Audrdia The Association seeks to promote a competitive
bass for the development of Audrdias ol and gas resources while mantaning
the highest sandards of environmenta management and safety. Members of the
Association account for more than 95 percent of oil and gas producers in Ausraia
(APPEA, 2000).

The following diagrams (Figure 9-1 and 9-2) from the APPEA Report (2000)
demondrate that there are not as many reportable injuries in the oil and gas
sectors as is the case in minerds sector due mainly to the difference in the sze of
the workforces. It is dso dgnificant that there has been a steady decline in the ail

and gas sectors (as in the mineras sector) injury frequency rates over the years.
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Figure 9-1: Total reportableinjuriesby jurisdiction in 2000



H, ot injuries @ milllon hedrs worked

There were zero fatdities in the Audrdian oil and gas exploration and production
industry in 1999 and 2000, compared to 3 in 1998, 6 in 1997 and 1 in 1996.
Consequently, the fatdity frequency rate (or fatd accident rate) was aso zero in
2000 and 1999, compared with 0.1 fatdities per million hours worked in 1998, 0.2
in 1997 and 0.04 in 1996 (APPEA, 2000). Definitions of how these rates are
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Figure 9-2: Medical treatment and alternative duties injury frequency

rates 1996-2000

caculated are shown in Appendix 18.

The fdlowing chat (Figure 9-3) demondrates the petroleum fatdity frequency

ratesin relation to other indudtries.
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The la WA oil and gas sector fatality was recorded in March 1996 and this
occurred within the onshore industry. The WA offshore industry recorded its last
fatdity in July 1994.

As with the mingds sector the Peroleum Divison within the DolR collects
information and didtributes that information to ensure that the petroleum and gas

sectors are aware of variousincidents and relevant safety information.

As demondrated in Chapter 2, section 9.1. a number of training and educationa
methods are used to enforce current trends and present pertinent information to
the industry. The industry and the DolR teke dl accidents and incident very
serioudy no metter what their sze, as shown in the following case study where a

smdll spillage occurred but was still deemed to be a prosecutable offence.

Spillage Case Study

Agang the backdrop of these accident figures, the following case study is an
actud incident that occurred in the waters off the coast of Western Audtrdian. The
company involved was prosecuted but settled out of court.

The usage of this incident as a case sudy for this research was agreed providing
the company and those involved were not identified. The case dudy involves an
underwater incident were a subsea hose, that transfers crude oil stored on land, to
ship oil tankers, is damaged during the process of transferring and releases
(spillage) ail into the sea.

Spillages are a reportable offence as demondrated in the following extract of the
Petroleum Act (Petweb, 2000).

The reporting of incidents resulting in the spillage or escape of hydrocarbons
or other contaminants from onshore operations is regulated under Clause 290
of the Petroleum Act 1967 Schedule of Onshore Petroleum Exploration and
Production Requirements 1991 (the Onshore Schedule; Table 1). Under Clause
290 (1), areport to the DME [ DolR] must be made in the event of:

?? a ggnificant illage of hydrocarbons which in areas of inland waters is in

excess of 80 litres and in other areas in excess of 500 litres

?? adgnificant quantity of petroleum in agaseous form isin excess of 500 M3



Clause 290 (2) of the Onshore Schedule states the requirements of a written
report to the Director of the DME [DolR] at the same standard as those of
Clause 285 (2) of the Offshore Schedule (stated above).

For offshore operations under State jurisdiction, Clause 285 (1) in the

Offshore Schedule stipulates reporting requirements in the event of:

?? an escape or discharge into the sea of a mixture of petroleum and water in

which the petroleum concentration was greater than 50 mgL-1;
?? an ecape or discharge into the sea of more than 80 L of petroleum.

?? Incident Description

The incident occurred a Idand Marine Termind, in State waters. The termind is

100km off the coast from Dampier, Western Audtrdia (Figure 9-4).

LOCATION MAP

Figure 9-4: Location map

At the terminad unprocessed oil that has been extracted by nearby oil-wdls. The
capacity of the termind requires that an oil tanker collects a shipment every 10-15
days to ensure that the termind can keep recaiving fresh oil from the oil-wdls.
The crew of tanker M/VV SHIP-1 was on atrip to collect the oil and to do this they
were required to connect to the terminad using the subsea loading hose.

As the tanker was in the process of recelving the subsea hose from the tender
vess, an object (later found to be a 4 inch subsea purge valve) was accidentally
pulled to the surface. The purge vave was entangled in the ‘hang-off-chain’ that



is connected at the front of the subsea hose. The hang-off-chain as shown in figure
9-5 is 10-12 metres in length and is connected to an onboard crane to lift the
subsea hose onto the tankers deck so that the crew can connect the hose (via its
flange) to the recelving tanks on the ship so that the stored oil from the termind

can dart flowing.
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Figure 9-5: Hang-off-chain

The purge valve was located 73 metres back from the flexible hose end close to
the 16 inch Fipeine End Manifold (PLEM) vave (Figure 96). The PLEM is the
interface between the fixed location pipe and the flexible subsea hose pipdine.
The ‘traumatic’ shearing off of the purge vave resulted in aloss of gpproximately
30 m? of crude oil causng adick some 4 nautical milesin length.
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Figure 9-6: Purgevalveplan

The invedtigation identified that the immediate cause of the incident was believed
to be the ‘hang-off-chain’ which had become snagged around the purge vave. It is
further believed that the tanker's safety officer failed to gppreciate during the hose
retrieval operations that parts of the chain had become snagged.



The DolR's PD fdlowing ther initid invedigations invited Centrd TAFE's
CG&V Centre to a3t in determining what could have occurred by the use of
‘what-if’ scenarios and the animation of a number of witness Satements. The
recongtructions had to be accurate as they were to used in lega presentations to
demongtrate what the DolR investigators believed happened and aso to

demongtrate the sequence of the events as described by the witnesses.
Reconstruction of Events

All of the modeling and rendering for the recondruction was done usng 3D
Studio Max? verson 3. Witness reports were used and advice was sought from
the SMEs.

?? Valve and hose details

A 2D plan (Figure 9-7) was provided detailing subsea hose measurements, layout
and fittings. This was used to certify the accuracy of maximum distance between
the PLEM Buoy and Marker Buoy, and the number of subsea hoses between these
two Buoys.

PLEM Buoy
l —~ Marker Bugy ——— * EeE Buoy

e

o s =k

"~ Figure 9-7: Subsea hose diagram/plan

Ancther 2D plan was provided (Appendix 19) which demongrated where the
purge vave was postioned. The reason for the hand drawn notes on the plan was
that the purge valve had been added later and the plans had not been updated.



The use of photographs of the recovered, damaged items (Figure 9-8) was dso
beneficial in establishing what was to be produced, adtough there was no scaing
item (e.g. a ruler) placed next to the items to enable a scaed measurement to be
obtained.

Figure9-8: Damaged valves

?? Tanker details

The actua details of the tanker and attending vessdl (Figure 9-9) were deemed not
to be dgnificant so gpproximations of the tanker and attending vessel were used.
The attending vessdl retrieved the PLEM Buoy, which is connected to the hose

connector, and hooks it to the tanker for its crane to hoist up the subsea hose.

Figure 9-9: Tender vessel and tanker

?? Storyboarding the events

A storyboard was constructed to demonstrate what models were to be developed
and to ensure that the animation would represent what had happened. A 3D mode
of the environment was condructed and the accuracy of measurement was not
deemed to be an issue as the mode was to be used only for demondration
purposss, identifying items of reevance and for producing a fina soryboard



(Figure 9-10) to illudtrate each event as mentioned by the witnesses, SMEs and
DolR Invedtigators. Documented information was placed under the reevant
graphics to explain what was being portrayed.
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?? Assembling the events

There were three areas that needed to be addressed in the reconstruction of this
incident:
?? What happened before the tender boat picked up the PLEM Buoy? This

included prior events such as weather conditions and procedures for releasing
the hose after use.

?? What procedures were followed while collecting the hose and who saw what?

?7? What technicd and non-technicd items need to be used and mentioned
throughout the recongtruction? For example, where are the PLEM and Marker
Buoys? This is demondrated as a wireframe in figure 9-11, however in the
find presentation the environment would be rendered.

Marker
Buoy e

iTender
EVesseI

Pipeline from Subsea flexible hose
Island storage 75 meters in length

Figure9-11: Screen capture (during development)

It is unknown what really happened, and how the chain wrapped itsdlf around the
vave. The weather conditions over the previous weeks saw very rough sea
conditions with heavy swels and srong winds and this may have been a
determining factor. The hose must be lad draight when it has been disconnected
as shown in figure 9-11, if this had not been done properly then this could adso
could have contributed to the accident.



The seabed recongtruction demonstrated how the hose line should be lad out
ensuring that the Marker and PLEM Buoys are far gpart. One thing that is known
is that the chain severed the valve. To demondrate this, graphics were congtructed
showing the chain around the vave (Figure 9-12).

Figure9-12: Screen shotsof hose & chain entanglement

The graphics for the surface view was condructed to replicate what the SMEs
believed could have happened based on the currently avalable information.
Figures 9-13 and 9-14 demondrates some of this information with the tender
vesd collecting the PLEM Buoy from a close proximity to the Marker Buoy and
delivering it to the tanker for the crane to winch the hose aboard.

Figure9-13: Screen shots- tender boat approaching tanker



Figure9-14: Screen shots- tanker cranelifting hose

The graphics then present what the safety officer and the people connecting the
hose to the winch should have seen, which was the angle of the crane rope coming
aboard. The line of the rope should be dmos verticd when coming from the
seebed and not at an angle as stated by a number of witness testimonies.

The graphics dso depicted the find outcome would have been visble to dl, that
IS, the hose bresking the surface of the water dong with the hang-off-chain with
the valve snared in the chain. The lagt visud is of the spillage being evident on the
surface of the water. There is no evidence that the spillage was noticesble before

the hose and valve came to the surface.

With varying tesimonies and with no absolute certainty except for the length of
the chain between the PLEM Buoy and the end of the subsea hose, a zone of
probability exised regarding where the PLEM Buoy was in relation to the Marker
Buoy. This zone was crested as a red circle as shown in figure 9-15.



Figure9-15: Screen shotsof the zone of praobability

This zone of probability would provide the invedigators with tangible results
given that the water depths were not available and that the distance between the
PLEM Buoy and the Marker Buoy at pick up time was not known. The workforce
knew that the firg section of chain was caught around the valve and given that the
length of the chain from the PLEM Buoy to the end of the subsea hose was
known, then a cone can be traced with the tip (centre point) being positioned over
the submerged vave.

?? Calculating the zone of probability

Usng conventiond mathematics and caculations for a right angle triangle usng
Pythagorus Theorem, which is (2 = & + b, the zone of probability can be
caculated.

From the information provided we know that the PLEM Buoy chain length was 3
X 1lmetre sections of 22mm links. From navigationd charts and local knowledge
we were able to obtain an estimated depth of water.



From a further conversation with a loca expert, the invedtigation team estimated
that the water depth was around 20 metres. Therefore with a chain length of 33
metres and a water depth of 20 metres, the radiuswould be: c2=a& + 2 =[3F =
202 + b4 = [332 - 202 = b4 = [1089 - 400 = b? =[689 = b?] = [b= 26.25].

Therefore the radius = 26.25metres

It is interesting to note at this point that the above caculations were derived using

both accurate figures and loca knowledge. From these vaues, the radius of the
zone of probability (Figure 9-16) was cadculated to be 26.25 metres.

Figure 9-16: Zone of probability calculated

This means that the PLEM Buoy is calculated to be no more than 26.25 metres
from the Marker Buoy in any direction. An interesting aspect of this is that some
of the witness dtatements indicated that the PLEM Buoy was about 20 to 25
meters away from the Marker Buoy when the PLEM Buoy was collected, while
others said that the PLEM Buoy was at least 50 to 60 metres away.

?? Outcome of the reconstruction

The witness daements were not condgtent, with some saying the PLEM Buoy
and Marker Buoy were a good distance apart, some provided more acceptable
distance figures, while other statements thought they may be close but not that
close and some did not notice anything.



The recongruction had to be based on the mog rdiable information (which was
that the vave was tangled on the hang-off-chain). This information and the known
distances dlowed the postion of the PLEM and Marker Buoy to be defined

within azone of probability.

The DolR invedtigators and the Crown Solicitors Office representative were very
impressed with the CG&V presentation. During this meeting it was agreed that
some animations of the witness statements would dso be beneficid to present to
the Defence. It was adso agreed that the current information (graphics and
storyboard) would be used at the first meeting between the two legd teams.

The cdculation of a more accurate zone of probability usng measurements that
could be better subgtantiated was aso thought to be ussful consdering the varying
reports on distance between the PLEM Buoy and the Marker Buoy.

In the process of developing the animaions an e-mal was received advisng to
dop further work as the Defence had sought further information on what the
Prosecutor was submitting (part of the disclosure) and dso to stop any further
costs being incurred, indicating that alikely guilty pleawas evident.

A sdtlement was achieved and pat of the terms of the settlement included non
disclosure of certain information. This limited the amount of detail which could be
included in thisthesis.

Training Application

A traning application based on this reconstruction was not developed due to the
sengtivity of the information. However the following describes what the intent of
the training gpplication would have been and what format would have been used.

?? The design and setup

The training application would have been a video based training package. The
reason for this is that a video player is dways available, but a computer may not
be standard, however the creation of a DV D was not out of the question.

A tanker vidts many ports and may only vigt a paticular port once a year.
Consequently there could be changes as to the docking procedures and collection
of the subsea hose between such vists.



The video could refresh the viewers on the type of port and termind they are
approaching and how best to dock, pick up the supply subsea hose, approach the
collection points and any other peculiarities. There could dso be an overview of
the faciliies and an animation of how best to anchor the tanker and how to
retrieve the PLEM Buoy and connecting hose. The video, usng CG&V, could
adso point out that if a hose is surfacing a a particular angle then there could be
problems. The CG&V would aso demonstrate how to put the hose back in to the

water for the next tanker.

The proposed video would have been about 5-10 minutesin length.
Conclusion

The Robens (1972) report on ‘Safety and Hedth at Work’ in the UK and the Piper
Alpha Dissgter Inquiry findings in 1988 dramaticaly changed the way that Safety
and Health was seen and the way the petroleum industry accepted and adopted the
safety case regime.

The case study used storyboard techniques for the development of the 3D mode
usng 3D Sudio Max. ‘Wha-if' scenarios in ‘red time€ were conducted with
indructions from the SMEs The 3D modds were not rendered (left as
wireframes) thereby alowing greater interactivity and flexibility.

The ability to overlay additiond information in the form of a zone of probability
from caculations, demondrated the flexibility of usng CG&V.

The DoIR investigators and Crown Solicitors were impressed that the information
demongrated using CG&V would not have been posshble to show usng other
conventional methods as it took place in deep water (over 22 metres) and in an
environment that could not be easly contained. The ability of the CG&V to ‘teke
people to the incident area without actudly vidting the scene helps reduce the cost

of travel, but ultimately safety, as no one has to go underwater to view the scene.

The fact that the information was not used in a court room but was used in some
way by the Prosecution in preparing for the case demondrates that it has a role to
play in providing evidentid information.

One of the objectives of using recondruction is to present the factua information
so that al parties agree and tha the information cannot be disputed. This then



either shortens the court time or enables a settlement. In this case sudy the CG&V
asssted aragpid settlement to be achieved.



10 FEEDBACK AND ASSESSMENT OF CASE

STUDIES

I ntroduction

This chepter reviews a set of completed evauation forms which assess the impact
of this research as well as briefly looking a some sudies that researchers and

industry personnel have conducted on various uses of CG&V.

Many sudies have shown that sudents learn best when a variety of tesching
methods are used, and that different students respond to different methods. To this
end, computers are being increasingly used as teaching tools. These approaches
often include multimedia presentations, computerised  question-and-answer
sessons, and redigic amulations of dStuaions too complex, costly or hazardous
to bring into the classroom (Bell and Fogler, 1995).

In any accident invedtigation inquiry the outcome from the invedigaion team is
often a complex affair. There is frequently a problem in trandferring this complex
information to both experts and to members of the public. CG&V technology
dlows information to be presented in trids indudrid hearings public enquiries
and settlement cdams evaluations in an accessble and easly understood visua
manner. The experience of the US courts has demondrated the overwheming
advantage of using computer-generated evidence to aid understanding among dl
people involved in a range of courtroom scenarios. There are three main perceived

benefits to using computer-generated displays in the courtroom.

Firdly, they ad in jury and judge underdanding the complexity of the issues
presented to a jury increases, the amount of interest, comprehension, and retertion
will decresse (O'Haherty, 1996). According to the American Bar Association,
jurors are 650 percent more likely to retain information when ora arguments are
combined with visua presentations during atria (Marriott, 1996).

The second bendfit is that computer-generated displays are a tool of jury
persuasion; from a litigator's point of view the persuasive vaue of these displays

is undenigble and an invauable wegpon in their arsend. Research studies have



found that people are twice as likdy to be persuaded if the arguments are
supported by visua ads (Lederer and Solomon, n.d.).

The third benefit is that computer-generated displays provides presenters with a
better illugtration of ther arguments. Reevant documents and exhibits are esser
to find, evidence can be retrieved ingantaneoudy, and the display can be
manipulated for better vantage points (Lopez, 1996).

There is no doubt that computer-generated displays ae a powerful tool of
persuason in the amoury of any technologicaly adept litigator who is prepared
to use them. Nevertheless, some have expressed consderable unease about the use
of such technology in the courtroom. The consequences of misuse of computer-
generated displays cannot be underestimated particularly in the context of a
crimind trid. Critics argue tha the persuasve power of computer-generated
digplays is adso thar grestest disadvantage. Computer-generated displays
invariably leave a strong impresson on jurors. Indeed, they tend to mesmerise fact
seekers and relax their naturd critical natures (Jenkins 1976, p 600). The tendency
on the part of the jury is to think “I saw it on TV, therefore it must be true” . Such
a concluson may of course be far from the truth and essentidly removes from the
jury their fact-finding function: (O’ Haherty, 1996).

The fear is that the highly communicative nature of computer graphics and
the myth of the infallible computer will take the decision out of the jury's
hands. The old adage 'seeing is believing’ may gain extra force in this
setting (Borelli, 1996).

Another area of concern is the scope for tampering with the evidence in computer-
generated displays. This posshility was recognised in the dissenting judgement of
Jusice Van Gragfelland in the US case of Perma Research & Development v
Snger (1974)'1). The leaned judge stated that dthough a computer has
tremendous potentid for generating more meaningful evidence, "it presents a real
danger of being the vehicle for introducing erroneous, misleading or unreliable
evidence." While computer-generated displays offer apparent advantages in jury
presentation such as varying perspectives, dow-motion and stop-action, such

11542 F 2d 111 (2d Cir) cert denied, 429 US 987



facilities can ds0 be used to manipulate the events being shown. (O Haherty,
1996). As Marcotte (1989) explains.

Just as a writer uses punctuation, the selective use of a zoom, close-up and
fadeout can accent different points. A constantly moving object can appear
to change speed or direction by merely changing the point where it is
viewed. While the animation may be technically correct, it can be

misleading. The medium shapes the message.

10.1 Previous Work

A number of recent sudies evauating the use of CG&V in computer based
traning (CBT), virtud environments (VE) and smulaion have been completed.
The following are some of the conclusons to be dravn from a sdection of these

studies.
?? Example 1 - effectiveness of low cost VE systems

A virtud environment training application for landfill gte inspection (Figure 10-
1) was developed by the AIMS Research Unit using the SAFE-VR software. The
application runs on a low cost PC with graphics cards. There are no additional
immersgve 3D visud ads or haptic devices The users use a mouse, joystick or
smilar to manoeuvre around a virtud landfill Ste spotting and identifying a range
of safety hazards within the Ste.

ﬂ“ﬁr‘;_ﬁ,ra&fﬁ‘ G
Figure 10-1: Screen shoot of landfill application
Twenty-seven undergraduates in  their second or third year magoring in
environmental engineering origindly took pat in a saries of evdudion trids of
this virtud redity training sysem. In the fird pat of the experiment the trainees



watched a video, which was produced by accompanying an expert navigating the
virtud landfill dte, gspotting and identifying hazards. In the second part of
experiment each of the subjects used the virtua redity traning sysem and for
twenty minutes they tried to spot dl the hazards that were present in the virtud
landfill gte. The results of this experiment showed that the virtud redity traning
was more effective than the video training. Subjects mentioned that the virtua
redity training system had made hazard spotting easy and it had helped them learn
and undergand issues rdaed to environmentd safety in a landfill Ste (Nasios,
2001).

To further support the vaue of CG&V as an educationd tool, the UK’s
Environment Agency adopted the agpplication (Appendix 20) and with a further
development to suit their requirement, are usng it to train ther Inspectors. It
enables users to navigate around a landfill dte and randomly encounter a typicd

range of scenarios, hazards and events.

The Environment Agency Project Manager, Howard Thorp made the following
comments on the application.

Whilst the simulation does not seek to replace real life experience, it does
offer some real benefits. Users can get quick and easy access to training
without waiting for training courses, training budgets or experienced

trainers to become available.

The programme is cost and time effective, and early feedback from users
indicates the retention of key information is enhanced because the approach
to training is memorable and stimulating. Many staff are amazed by how

much they remember when they come for their second training session.

?? Example 2 - effectiveness of training simulations

Driving gmulaiors (Figure 10-2) ae beng employed by severd police
departments in the United States to help them cope with the expanding demand to
improve ther drivers safety and proficiency.



Figure 10-2: I-Sm PatrolSm™ driving Smulator

These smulators are being used in a variety of applications eg. Basc Driver
Decison Making, Tacticad Driver Manoeuvring, Hazard and Threat Awareness,
Intersection Andyss, Improving Driver Multi-tasking  Skills, Patrolling, Pursuit,
Practice of Policies and Procedures, and Emergency Code 3 Response. The
lessons learned by these police departments, i.e, Raeigh, NC, San Antonio, TX,
West Coving, CA and severa others, can provide an introductory look a the
benefits, challenges, and techniques that work in a smulator-based, tactica
training environment (Welles et a, 2000).

The data collected on smulator drivers spans 9x contiguous months, it involved
the training of 875 officers and was compared to the same six month period the
year prior, when no smulator training was used. This data reflects accidents that
were recorded on officid police accident reports from January to June in both
years of 1999 and 2000. The firgt three months of the smulator’'s use (October to
December 1999) was focused on developing indructor familiaity and
indructiona techniques.

?? Number of reported accidents: No smulator: June 1999 = 90 versus smulator
used: June 2000 = 68

?? Intersection accidentss No smulator: June 1999 = 58 versus Smulator used —
June 2000 = 15

In this 9x month time frame, the San Antonio Police Department had adso used
the dmulator to tran daff on intersection anadyss and Studiond awareness.
Their result indicated a remarkable reduction of 74 percent in intersection
accidents and an overdl reduction of 24 percent in department-wide accidents. In



1999, intersection accidents represented 64 percent of al accidents and usudly
resulted in those with the most severe consequences (Welles et a, 2000).

?? Example 3 - effectiveness of CBT and simulations

The technologica chdlenge for Sand (1999) included producing redidic military
force employment actions, in an unclassfied environment, which replicated the
ful range of diplomatic, informaiond, militay and economic interactions,
producing learning stimuli for students focused a the operationd level of war and
fully integrating Globad Command and Control System (GCCYS) functiondity.

Many (military) training courses today are soldy based on smulaion. Operators
are asked to, teach the ‘how’ and the ‘why’ of the new system and smulation to
practice. Therefore both smulation and tutorials are needed for effective
indruction. Tutorids without any form of sSmulaion deny the learner the
opportunity to practice what they are being taught. Without ‘doing’, there is no
red learning. Smulations without tutorias do not give the learner the background
understanding of why or how to properly execute their tasks (Sand et a, 1999).

What | hear, | forget; what | see, | remember; what | do, | understand. -
Confucius 451 BC

Sand's (1999) conclusons reveded the tangible vaue of interactive decison
meking in the curricullum. For mid-grade officers engaged in  humanitarian
assSdance exercises, theater balistic missile defense operaions or a smdler-scae
contingency scenarios the capability to observe the effects of their decisons on
the progress of operations was invalusble. The use of redistic documents and
GCCS tools reinforced the relevance of the ingruction and increased retention.
All of this directly affects the preparedness of these officer students to execute
respongbilities in joint commands worldwide. Providing gppropriate stimuli  and
then permitting the students to learn and retain the sdient lessons required by the
curriculum is findly possble due to the interactive nature of the learning

environment.

?? Example 4 - effectiveness of simulations

William and Harris (2001) from the Navd Air Warfare Center, Traning Sysems
Divison, Air 49T in Odando Horida, USA, inform us in ther paper tha the
impetus to use smulaion in some cgpacity is getting stronger with the passage of



time. The bendfits of dmulation ae wdl known. The safey benefits of
conducting emergency procedures traning in the gmulators ae obvious.
Wegpons system training in amulators clearly codts less in the wear and tear of
equipment and the reduction in the use of expendables.

The use of smulation dlows tactics to be developed in secure environments and
cetanly the environmentad impact is reduced if wegpons are not deployed and
resulting cleen up efforts are avoided. Smulation should incresse the efficiency
and effectiveness, as wel as reduce the risks, associated with training on the
operational equipment.

Furthermore, the trends in smulaion equipment lend themsdves to providing
lower cogt solutions to the training challenges. The cost of computer hardware is
becoming lower, and increasingly more capable so that ever more sophisticated
smulations can be created for less funding. It is far to say that Imulations could
be gpplied to solving some of the training chalenges if the user community had
confidence that the smulations do what they are supposed to do, i.e. provide the
training the users need to do their job.

As find examples of Measures of Effectiveness (MOE)s that can be measured and
used to determine the effectiveness of training sysems or dements of training
systems, congder the following data taken from the results of studies conducted at
the Surface Warfare Officer School (William and Harris, 2001);

?? These MOEs have to do with human peformance attributes that were

measured.

?? The Stuation Assessment improved because the use of externd sources of
information increased by 41 percent,

?? Improper phraseology was reduced by 44 percent indicating improvement in

communications.
?? Team initiative and leadership improvement was indicated because:
?? The trainees provided 62 percent more Situation report updates

?? There was a 46 percent improvement in the darity and appropriateness of

the priorities that were Stated.



?? BEvdudtion of the traning effectiveness in team leader training showed
improvement in supporting behaviour that was indicated by the trainees
passing 66 percent more of relevant information, without having to be asked.

?7? Trainees passed 43 percent more performance feedback to their teams.

?7? In addition, the training improvement was noted when the teams.

?7? ldentified 59 percent more of the critical deviations and potentid problems.
?? Correctly evauated 34 percent more of the criticd tracks.

?? Analysis of examples

The examples presented have been low cost PC based VE through to high-end
smulation that incorporates additiona training componentsin the form of CBT.

In dl of the examples the users have benefited in learning and undergtanding and
being ale to utilise this traning in ther working environments. Also worth
noting is that a syssem does not have to be expensve to achieve an outcome, as
long as the information presented is understandable to the audience it is desgned
for. In the case of the landfill gpplication it was to spot the hazard by ‘waking

around the gte. The driving Smulator required the user to gt behind the whed and
drive aound a VE and the militay smulaior and CBT agpplication tested a
number of activities that the officers could encounter in peforming a certain duty.

All examples presented the dudents with interactivity and CG&V applications
that they could interact with.

It should be noted that the author did not exclude negative comments on CG&V
goplications. These are very limited but should be mentioned, for example, the
conclusions reached by Thomas e a (2001) from their traning experiments was

asfollows

?? On the evidence of this experiment, immersve VR technology is not yet
aufficiently mature to be consdered as a viable replacement for conventiona
CBT. Better or equa training effectiveness was not achieved with VR.

?? Current immersve VR sysems may represent a barier to effective training
due to discomfort and difficulties related to the Style of interaction. Remedying
these shortcomings should be one priority for further research.



?? Subjective reaction to the immersve VR equipment - despite its problems -
indicated a surprisngly favourable impresson (dthough this could be due
to anovelty factor that might wear off).

?? Despite the problems revedled in this experiment, advantages over CBT in
goatid learning were indicated for immersve VR training, dthough this did
not lead to improved transfer of training as this factor was outweighed by

others.

Although Thomas highlighted a number of problems, he did not totdly discount
the use of VR asatraining gpplication.

In concluson, the use of CG&V applications as an effective training, educationa
and information tool has been presented generaly accepted, even with some
limited negative comments.

The following further evauates the use of CG&V as an gppropriate tool to present
information using the cases studies that the author has presented in chapters 6 - 9
of thisthess

10.2 M ethod of Evaluation

In order to assess the relevance and acceptability of CG&V as a recondruction
and training tool within the minerals and energy sectors a presentation was given
to an audience. The audience was of random people who responded to an open
invitation to the generd public. During this seminar two of the case studies (i.e.
case study 1 and 2) were presented. At the end of the presentation a questionnaire

was handed to the attendees to compl ete.

?? The questionnaire

A questionnaire (Appendix 21) was developed to collect information from people
who made themsdves avalable to paticipate in the seminar, it was to be
completed directly after the presentation in a quick and efficient manner where the
participants indicated their ‘opinion’ by placing a tick in the appropriate box. The
guestionnaire was designed to gather data on participants.

?? Demographics.

?? Recognition and comprehension of the visud materid.



?7? Generd views of the visud materid.

?7? Perception of the visud materid.

7? Attitude towards the use of the visuas materid.
?? Undergtanding presented visud materid.

The participants were asked to complete the questionnaire after the seminar. They
had to tick a rating that they thought appropriate to the question being asked. The

rating were asfollows:

0-Strongly Disagree, 1-Totdly Disagree, 2-Disagree, 3-Agree, 4-Totdly Agree
and 5-Strongly Agree.

?? The presentation

The presentation was conducted a Centrd TAFE's Computer Graphics and
Viaudisation Centre Perth WA. Figure 10-3 shows the author explaining to the
audience how the 3D modes are developed. The presentation then demongtrated

case studies 1 and 2 and aso presented modified versons of case studies 3 and 4

(following the redtrictions specified by the lawyers).

Figure 10-3: Presentation taking place

The participants attended the presentation on 7" May 2002 as part of the Federd
Government's Innovative program for informing Audrdians of programs in the
vaious scienttific and innovative areas that are being pursued in Audrdia The
event was the Audrdian Innovation Festivd (Appendix 22). The presentation was
listed as ‘Forendc Recongruction usng Computer Graphics and was a open



invitation to the genera public. The presentation lasted ninety minutes and thirty-
five questionnaires were returned as aresult of this presentation

?? Design type

The collection of data for andys's can often be categorised in two ways.
?? Experimenta — carried out in a controlled or manipulated environment
?7? Non-Experimental — carried out in a‘natural’ environment.

The NonExperimenta method has been used because the naturad setting has the
advantage of being a red-life Stuation where information was judged as if it was
being used as atraining gpplication or presented as information of an event.

10.3 Reaults

?? Demographics of attendees

Employment Aress

As shown in figure 10-4, the ‘government’ sector had the largest representation at
the seminar, followed by the ’private sector and ‘students with ‘others being in
the minority.

Other
9%

Student
20% Govt

45%

Private
26%

Figure 10-4: Employment area

This presentation was open to the generd public and the only two categories that

did not regiger an entry on the questiomare was the ‘domestic and

‘unemployed’ category.

Current working environment

The employment background (Figure 10-5) of those attending was considered to
be important in assessing the relevance of their responses to the questionnaire.



Although the people employed in ‘education’ were in the mgority, the remainder
were evenly spread. The ‘legd’ and ‘medicad’ sectors were not represented,
however a number reported they were ‘retired’. They were included on the graph
but they could have been pat of ‘others group which would have made the
‘others tota to 17 percent, thereby cresting an even spread.

35% —

30% —

25% -

20% —

15% -

10%

5%

0% —

Information Engineering Education Office Other Retired
Technology

Figure 10-5: Working environment

Education

Figure 10-6 demondrates the qudification of the participants and shows that 81
percent of the people had achieved High School certification or higher. Non
educated persons were not included in this survey.

45% 43%
40%
35%
30% 26%
25%
20%
15%
10% 9% 6% 9% 9%
5%‘/
0% -1
PhD/Masters Bachelor Diploma Certificate High School Other

Figure 10-6: Quailifications achieved by attendees

Access to Personal Computer




The percentage of participants that have their own persond computer was very
high (Fgure 10-7) regigering 71 percent. It was interesting to note that dl
participants had access to a computer.

Have No Access Do Not Want

0% Access
0%

Have Occassional
Access
Have Continual 6%
Access
23%

Other

Have Own
71%

Figure 10-7: Computer access

All the participants were therefore computer literate and usng PC's regularly or
had an interest in usng PC's This knowledge will have some influence as to how
the participants assess the presentation.

Age of participants

Figure 10-8 demongtrates the good spread of participants ages.

26%

23% 23%

11% 11%

10%+
6%

5%

0964
<18 18-25 26-40 41-55 56-65 66 +

Figure10-8: Age

The fact that the participants came to the seminar via an advertisement and were
not sdected by the author ensured that the people who completed the
guestionnaire were representative of arandom sample.



?? Recognition and comprehension of visual material - Q1-3

Quedtions 1-3 wanted to edablish if the CG&V presented information that was
coherent, understandable and recognisable. All responses raed wdl as
demongrated in figures 10-9,10-10 and 10-11 where most were in the 4-5
category of ‘Totaly Agree and ‘Strongly Agree. All the respondents agreed that
the graphics did depict what was being described in the talk.

Q1 — Did the graphics depict what was being described?
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30%
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% of votes 0.00% [ 0.00% [ 0.00% [ 0.00% [ 4571% | 54.29%

Figure 10-9: Question 1—what was being described

02 — Did the graphics demondrate additiona information that was not spoken
off?
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35%]
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0 1 2 3 4 5
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Figure 10-10: Question 2— additional information

03 — Did the graphics give you a preconceived idea of what was going on ?
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Figure 10-11: Question 3 - percieved ideas
?? General views of visual material - Q4-5
This section, (questions 4 and 5) focussed on the amount of understanding
conveyed by the materia being presented. The results (Figure 10-12 and 10-13)
with a mgority in the 4-5 category of ‘Totaly Agree and ‘Strongly Agree,
indicates that the CG&V helped the group achieve a better understanding and

provided assistance where technical issues where raised.

Quedtion 4 — Did the graphics provide information for a better understanding ?

60%7

50%

40%7

30%

20%1

10%
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0 1 2 3 4 5
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Figure 10-12: Question 4 - better under standing

05 — Would graphics hdp you understand technicd discusson?
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?? Perception of the visual material - Q6-7

For questions 6 and 7, the group were required to indicate the level of reaism

portrayed in the presentation and the qudity of the animations.

Figure 10-14 shows the resuts for question 6 the group recorded a mgjority rating
of 3-4 caegory of ‘Agree and ‘Totdly Agree which infes the CG&V
demondrated medium to high levels of rediam.
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06 — Did the graphics depict redity?

Figure 10-13: Question 5— under standing technical discussions
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Figure 10-15 shows the results for question 7 and the group recorded in every rate
from ‘No sensg’ of redlity to ‘Yes it did provide a sense of redity. However 84

percent of the group recorded vaues of 2, 3 and 4, with 40 percent recording a

Figure 10-14: Question 6— depict reality




vadue of 3, indicating tha they ‘Agree and the graphics demongtraied medium
levels of rediam

Q7 — Did the graphics provide a sense of redity?
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Figure 10-15: Question 7— a sense of reality

?? Attitude towards the use of the visuals material - Q8-9

Questions 8 and 9 required the group to record their attitude to the usefulness of
CG in the presentation. The results (Figure 10-16 and 10-17) obtained from the
group recorded a mgority in the 4-5 category of ‘Totdly Agree and ‘Strongly
Agreg, indicating that the participants were very supportive and podtive about
the use of CG&V as a means of assging in providing explanaions and as a tool

for demondrating ideasin avisud manner.

08 — Are graphics a ussful tool for explaining things
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Figure 10-16: Question 8—tool for explaining things

09 — Isgraphics auseful tool for demondgtrating things?
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Figure 10-17: Question 9—tool for demonstrating things
?? Understanding presented visual material - Q10-11

Quedtions 10 and 11 invited participants to indicate their understanding of what
was presented. Figures 10-18 and 10-19 both received high rating of 4 and 5
indicating that the CG&V presentation did what it was intended to do, and that is
help with the underganding and provide additiond information. These results
suggest that the CG&V presentation proved to be most useful. The responses to
Quedtion 11 dso implies an improved understanding of what was presented which
would be important in both courtroom and training environments.

010 — Did you undersand what the graphics were showing?
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Figure 10-18: Question 10— under stand what was showing

011 — Did the graphics provide information that you did not know before?
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Figure 10-19: Question 11— provi de additional information

The following table (Figure 10-20) represents the response to al eeven questions
and the average scores that they achieved.
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Figure 10-20: Resultsof all 11 questions (Averaged out)

10.4 Conclusion

On the basis of these results it gppears that the general public will accept the use
of CG&V technology as a means of recondructing accidents and incidents and
presenting genera information and complex issues.

The number of inditutions and companies conducting research into the effects and
usage of CG&V as a training tool and the number of companies usng CBT and
VR for training purposes dso clearly demondrates the acceptance and utility of
these technologies.

The amplicity of this project's evauation exercise was judtified, since it involved
a reasonable cross-section of populace and the assessment of four CG&V

presentations.
The research questions addressed in thisthess are:

?7?What are the merits and level of acceptance associated with the use of
computer visudisation techniques for the reconstruction of incidents/accidents?

?7?What are the merits and level of acceptance associated with the use of



computer visudisation techniques for training applications developed from the
reconstruction of incidents/accidents?

The smdl test sample results obtained from the 35 returned questionnaires and the
additiond presentations contained in this theds (1999-2003), the responses have
clearly demondrated the merit and level of acceptance in usng CG&V technology
for information dissemination and training purposes.

There has been little if any negative comments on the use of this technology. The
only negative comments received relaed to the cost of developing training
applications and producing a reconstruction and a comment said partly in jest that:

If | am going to present evidence using graphics in court to explain things —
then what will | talk about ? (Heenan, 2001).

The evauation has confirmed the indication that CG&V wused in accident
recongructions and leading to training applications has relevance and potentid in
the fidld of mine accident and incident recondructions as wdl as assging in
traning. None of the subjects used in the sample evauation had negdive
comments, the comments received throughout the research have adways been

positive.



11 CONCLUSIONSAND RECOMMENDATIONS

I ntroduction

The purpose of this work was to identify and investigate the potentia of using
computer grgphics and visudisation as a tool for developing recongtructions of
accidents and incidents within the Western Audrdian minerds and energy sector.
This work was extended to include turning the developed recondructions into
traning tools. In this chapter a brief overview of the work is given followed by

the presentation of conclusons and recommendations.

11.1 Overview of Thesis

Ever snce man has been able to communicate usng words and drawings, there
has been a rapid advancement in society. The transfer of information and the
formaiting of that information so that it could be understood by peer reviewers,
has been a chdlenge. The greatest chalenge of dl has been that of taking complex
information and making it understandable to al who are interested.

From the use of drawings of mine disasters as shown in the Penny Magazine in
the early 1800's to current complex 3D graphics of geologica dtructures, visuds
have hedped provide minerds and energy information for people The use of
computers has provided the means of taking complex (and not so complex)
information further by providing new mechaniams for viewing information. New
software and procedures for providing ways to present the information are
constantly under development.

This study set out to assess the use of CG&V to recreate, usng animations, 2D
and 3D modes and other digitd images, accidents and incidents that occur within
the Western Audtrdian mineras and energy sector.

Four case studies were developed. Two hypothetical cases were based on past
accidents and incidents and two cases on current accidents using information that
investigators and SMEs had collected for usein legal proceedings.



The hypotheticd cases used were not problematic since dl the information was
previoudy avalable and if information was missng a SME provided the

information on request.

The red case dudies provided chalenges snce information was not avalable,
often because it was not thought to be of any use. Also it was imposshble to
present some of the informaion to the public to obtan ther assessment and
feedback, as it was sub-judice and redtricted to the legd teams and courts. The
red case sudies were dso influenced by externd parties (for example other legd
teams, judges and the invedigative team) who were predominantly unfamiliar
with this technology

Each hypothetical case study produced a recongtruction and a training gpplication
within the project timescde. The red cases, only one provided a reconstruction
and some training materid, but it took longer due to ddays in court appearance
and the many changes required in the recongtruction. Delays were dso caused by
the additiond requirements asked for when the team saw the many ‘find’ draft
presentations. The other red case study only produced a reconstruction in draft
format due to the case being settled out of court. This was seen as a success as this
is one of the bendfits of CG&V, to assis in the undersganding of issues that may

save court time.

The evauation of the case study reconstructions comprised a single presentation
to a group of people who responded to an advertisement. The seminar was based
on the use of CG&V as a recondruction and training tool. The evaduation of the
information received from the presentation produced encouraging feedback
indicating the suitability and acceptance of the computer graphics technology and
concepts in producing accident recongructions and training gpplications in the

mineras and energy sector.

Summary of Finding
This section presents the conclusions drawn from the research undertaken.

?? Current CG&V technology

This research has provided many examples of the use of CG&V as used by the
minerds and energy sectors. It has demondrated that the industry is not against



the use of this technology as long as the industry sees a benefit to its use.
Currently most of the CG&V gpplications such as Ventilaion Planning, Mine
Pamning and Truck Driving Smulators assg the indudtry in minimisng cods of
production, these are seen as direct (tangible) benefits. Where as reconstructions
and mogt training applications are seen as intangible that is, they may make a
difference, industry seems reluctant to invest.

?? Hypothetical case studies

The use of hypotheticd case studies proved to be extremely useful. The cases
were delivered into complete packages, whereby the information to be trandated

was clearly defined as well as the desired outcome.

In case sudy one (the underground fire) some information had dready been
presented to the mining industry (not usng CG&V) to demondrate the problems
that currently exig in the indudiry that can eadily result in fatdities.

Case sudy two (the truck rollover), had been used by the Department of Mineras
and Petroleum Resources (as a text based traning course) to tran ther new
ingpectorsin the procedures of recording and investigating accidents.

The hypothetical cases were easier to develop due to the flexibility avaladle in the
devdopment of the models and environment. Although there was an effort to
provide accurate recondructions, the users requirement was a reconstruction
useful to the industry. From these recondructions, the development of a training
gpplication was seen to be more beneficid than the recondructions. This was
probably due to the fact that the reconstructions were not being used in a legd
context, only to provide graphics for the training applications.

The hypothetical recongructions are accurate and based on the information
provided. The man am of these from the DolR's perspective was to provide
information so that people could understand what was happening, which is more
of a training outcome, than providing accurate and factua informeation that may be
chdlenged in alegd sense.

?? Real case studies

The use of actud incidents which were in the process of beng invedigated, and
required for courtroom presentation, provided an indgght into the expectations of



the end-users. One of the additiond concerns that these studies brought with them
was the information required to ensure that the recondtructions and training
gpplications were accurate and that what was being presented to the SMEs, lega
teams and potentidly the courtrooms could be backed up by dther witness
datements, pecifications or other items that could subgtantiate the graphicdl

evidence presented.

In case sudy three (the exploration drilling) the information had been available
for a number of years as the case was due for goped. The main issue was how to
recondruct the incident ensuring that the three Supreme Court Apped judges
undersood dl the technicd information referred to by the SME who was to
present this information in the trid. One other issue that affected the case study
was the many changes that occurred because the witness and legd team kept
making changes as to how they were going to present their testimony.

In case study four (the offshore spillage) the incident happened underwater in a
remote location. The information avalable was dther a few days old
(photographs) or only avalable from witness statements, plans and diagrams. The
actual scene could not be presrved and the invedtigation team only took
information that they thought was of vaue dnce the use of CG&V was initidly
not an option. One other issue was that the SMEs had an idea of what may have
happened and this was analysed using the accurate 3D modd that was developed.
Therefore they were able to visudise a number of ‘what if’ scenarios and dart to

develop the sequence of events which probably lead to the accident.

In both of these case studies, time was a factor. In case study three the Supreme
Court set a date and the team had to prepare and be ready. The prosecution team
was able to move the date three times and these delays added a further 18 months
to the time the Apped was findly conducted. This presented the SMEs with
additiond time to review and revise ther information. The outcome of the tral
was that the Apped was successful on al three counts. The decision of the court
has yet to be released as it contans sengtive information that may be used in
further legd action, so it is not known how effective the judges thought the

graphics were in providing information.

In case study four, again the date was set for a court appearance and the CG&V
had to be avalable for disclosure to the oppostion. As the CG&V was bang



developed the prosecution team was meeting with the ‘offenders and before the
CG&V was completed, the two parties had agreed to an outcome — they settled
out of court. The CG&V dthough used by the prosecution was not ‘officidly’
presented to the defense team in the act of disclosure.

For both of these studies the training applications dthough seen as useful were not
deemed (from a legd perspective) to be as important as the accuracy of the
recongtruction for court usage.

?? Developing the reconstructions

During the course of the research work, the PC platform technology increased the
dorage, processng and rendering power. Also during the work, two magor
software upgrades for 3D Studio Max were released. The research started with 3D
Studio Max versgon 3, this then went to verson 4 which had many problems, then
3D Studio Max verson 5 was released to correct the problems. Rhinoceros was
adso launched the year the research started, it dso released a Rhino version 2 in
2001 during the research project. Although these technology and software changes
provided some chalenges it dso brought about the ability to develop faster and

present images, animations and scenarios in amore flexible and redistic manner.

?? Developing the training applications

The only case sudies that reached this phase were the hypotheticals due to there
being no legd redrictions imposed on the data used. The hypotheticd case studies
were presented as traning gpplications usng PowerPoint and HTML as the
mechanisms for accessing the training packages.

At the dat of this research it was mentioned that the industry that was being
addressed was mainly located in remote areas and access to computer technology
was limited. The training media that the gpplications could run on had to be low
cosd and avalable to public. The research achieved this by producing the
applications of a generic nature that could be placed on media such as CD, Video
or broad cast over the internet, dl of which are avalable to the public and run on
low cost equipment.



?? Evaluation and assessment

The evauation and assessment produced encouraging feedback regarding the
auitability and effectiveness of CG&V technology and concepts. The evauation
has confirmed that CG&V has an increesngly important place in asssing with
accident invedtigations and these can be further developed into training
goplications.

The participants that provided the evaluation and assessments of the case studies
presented were seen as a true cross section of the genera public and potentid jury
members. Therefore the results presented can be viewed as support and
acceptance that the use of CG&V is acceptable to the general public and supports

the research questions.

Throughout the research work demongrations have been conducted showing the
case dudies in there various forms of development to a wide variety of people and
industry groups. During the presentations there has been little if any negdive
comments on the use of this technology. The only negative of comments received
rlated to the cost of developing traning applications and producing a
recongtruction. The final versons of the case dudies that were presented to the
evauation group did not receive any negative comments or questions of codts, the
evauation group just recorded very postive acceptance of the use of CG&V as
indicated in their score shedts.

The evduation confirmed ealier indications that CG&V used in  accident
recondructions and training applications has relevance and grest potentia in
recongtructing and investigating mine accidents and in the training of personnd.

Recommendations

The following are the recommendations which arise from this research work:

?? CG&V should be introduced more widely to the accident investigation teams
in the minerds and energy sector to assgt with ther investigations. For
example, virtud environments could be used to provide ‘what-if’ scenarios of
current accident scenes and demondgrate how potentid incidents could occur
and be avoided.

?? The devdopment of CG&V based on accident information for educationd



purposes should be encouraged. CG&V learning systems can assist students to
think criticdly, deveop an underdanding of the subject and hep them in
developing their capabilities, skills and competencies.

?? CG&V should be used more widely in courtrooms and as a tool to assst
lawvyers and subject matters experts to present their statements (which are often
technica in nature) in a meaning full way to an audience including judges,
lavyers and jury who more often than not have very limited knowledge of the
scientific and technical issues involved in industrid accidents.

?? CG&V should be introduced to the minerds and energy sectors as part of their
tool box presentations, thereby presenting information that is not ambiguous

and is congstent across the industry.

?? There is need for more forma and rigorous evduation of the type of CG&V
used on a particular accident and the choice of training methods used to convey
the information to provide a more conclusve assessment on the usability of the

CG& YV for accident recongtructions and training applications.

11.2 Further Work

The author had difficulty in locating research papers that present actud
measurements of the performance of CG&V a a means of training personnd.
Thurman (1999) dso indicated that he attempted a literature search to locate
sudies where smulator-based training was the topic of discussion. He focused his
search on the four domains where public perception has it that smulators are used
extenavdy in traning (nucleer power, medicine, commercia avidion, and
NASA). His search lead to 103 published articles documenting the benefits of
amulator-based training. Yet, a closer examination reveded that the mgority
were meant to be descriptions of a new or improved simulators. Of the 103
aticles, only four actualy supplied any assessment data (and they were limited to
smple reactions and opinions of trainees and/or trainers).

This research project was intended as a preliminary investigation and assessment
of the potentid use of CG&V within the minerdls and energy sector of Western

Audrdia in the aea of accdent and incident recondruction and training



gpplications. The results to date clearly indicate that this technology has grest
potentid, however further investigation is required in the following arees.

?? Thetypeof training application that would suit aworking mine,

Each mine is diffeeent and the use of CG&V ranges from PC virtud
environments such as Safe-VR, CBT on CD-ROM and the conventiond Video.
A sudy of the most appropriate CG&V for use in various Stuations is essentid
to find out the following:

?? Will the workers prefer to study at home using the training gpplication

?? The type of interaction the worker will best learn from, whether it be a
Sae-VR wak around spotting hazards or a CD-ROM that presents
information then requires the user to answer questions before moving onto

the next area
?? Thetype of CG&V tha would suit an industry operating in remote Sites

?? The type of CG&V application that users want. Teking into consderation
that a new ‘generation’ of workers are joining the workforce who have

grown up with new technology being used as tools for training.
?? Memory retention of mine workers operating in a fly-infly-out arrangement.

Due to the remoteness of many minesites a large proportion of the workers are
trangported to the location for set periods then transported back ‘home’ for time
off. This is commonly cdled fly-infly-out where you stay at the minedite for 2
3 weeks at a time doing 12 hour shifts for the whole period. The worker is then
reurned ‘home  (fly-out) for his recreation time for maybe one week before
returning to the minesite. Some of the questions to be addressed are:

?? Will the workers prefer to study at home using the training application
?? Will the worker be better instructed before or after his 12 hour shift.

?? The most appropriate CG&V application for minestes eg. ‘tool box’

indruction a the minesite or full seminar away from minesite.

The above work if undertaken needs to address the issues raised by Thurman
(1999) in that results should be measurements and performance of the application
and the user and not designed for marketing and sales.



11.3 Concluding Remarks

This research project set out to investigate the use of computer graphics and
visudisation as a recondruct and traning tool and, in paticular, to examine its
potentid in the Western Audtralian minerds and energy sectors. The study looked
a two hypothetica case studies based on actud events and two red cases, one
that went to court and the other which was settled out of court.

The study focused on the development and recondruction of the accidents and
incidents to ensure the people viewing the accident/incident would get a grester
understanding of the events leading up and to the accident/incident. The
information was then progressed towards developing a training gpplication with
the view to improving safety standards and reducing accidents and incidents.

It is cler from the literature review, the research conducted and the evauation

performed, that the use of computer grgphics and visudisation as a recondruction

and traning tool is wdl-established and offers the Western Audrdian minerds

and energy sector the means by which its employees can enhance ther ability to

undersand the causes of accidents and incidents thereby improving the safety

training of personndl.

The research questions raised in thisthesis have led to the conclusion that:

?? That there is merit and a high levdl of acceptance associated with the use of
computer visudisation techniques for the recondruction of incidentsaccidents

a wdl a traning gpplications developed from the recondruction of
incidents/accidents?
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APPENDIX No.1

Appendix No. 1:- New Hartley Disaster 16" January 1862

At 10:30am on the 16™ January 1862 the back shift at the New Hartley Colliery
were in the process of relieving the shift which had started at 2.30am. As was the
practice a that time one shift relieved the preceding one a the codface. The firg
st of eight miners had started to ascend to the surface but of these men only three
were to eventudly see the light of day. As the cage was risng between the High
Main and the Yard seams it suddenly came to a violent hat. Without any warning
the beam of the giant pumping engine a the pit top suddenly fractured and
twenty-one tons of cast iron hurtled down the shaft taking with it shaft supports,
pipes and ventilation partition. The debris crashed on top of the cage severing two
of its four support chains and flinging a number of miners to their deaths while the
remainder miraculousy clung to the damaged cage. A blockage 30 yards deep
then formed a a vitd part of the shaft alowing no means of escape for the trapped
miners below.

Intidly Mr John Short, the colliery Enginewright rased the darm on the pit top.
He then went on to take charge of the initial rescue attempts.

By the end of the firg day the damaged cage had been removed and planking
placed across the shaft to enable rescuers to be lowered and raised. By Friday the
enormity of the disaster was redised, and it was decided to seek the services of
localy renowned mining engineer William Coulson who reedily volunteered

On Saturday work was progressing steadily but was hampered by faling water
and insecure shaft supports.  Ther efforts were concentrated on reaching a now
buried emergency trgp door which had been used for pump mantenance and
which provided a direct link to the Yard seam in which the miners where trapped.
By the Monday of the rescue attempt Coulson's men had cleared the trap door but
unfortunately they were driven back by the escape of a large volume of gas. The
rescue attempt had to be abandoned until an adequate supply of fresh air could be
brought to the point of rescue. Thistook afurther two days.

By about midday on Wednesday a small entrance was forced through the trap
door, but again Coulson's men were forced back by gas. Eventudly this cleared
and the rescuers moved cautioudy into the maintenance tunnel below the trapdoor
where they found pools which suggested that the trapped men had tried to bresk
out from below the blockage.

On the following Saturday the recovery of the bodies began. Due to the
regtrictions gill present in the shaft it took seventeen hours to bring them al to the
surface. (Gardiner, 1983).

See next page for explanation of accident
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A. Point whero large beam broke, 16ft. 6in. from the spears.

E. Lower beam for top set of pumpe in small shaft to 7 fathoms below High
Main Beam, making the high sct of pumps up to surface 45 fathome.

E. Top of pit, or Main Shaft, 12ft. diameter, and 1056 fathoms to the bottom
of the sump (M), where the thind set of pumps rest,

E to F. 38 fathoms to High Main Seam.

F to L and M, as shown by blank line, are two sets of pumps, of aboul 50
fathoms each.

G. Battmnﬂmof staple for high set of pumps, showing the sump, 7 fathoms below
High Main.

H H. High Main Coal Beam, not working.

II. Yard Coal S8eam, not working,

K. Top of staple, up which the men ascended by a wire rope ladder from the
top of the slope drift, 10 fathoms,

M to O, Blopas drift.

P. P. Low Main, where the principal workings were in progress.

BECTION OF THE WORKINGS,

Fatd accident at New Hartley Colliery — 2/1/1862 (Winstanley 2001)

APPENDIX No.2



Appendix No. 2:- The Maypole Colliery Disaster 1908

Just dter five in the evening on Tuesday, 18th August 1908, a deep rumble was heard
within a radius of about a mile of the Maypole Colliery in Abram near Wigan. The thing
dreaded by miners and their families had happened.....an exploson somewhere deep
underground in the tunnels and roads of the pit.

A thick column of soot and smoke rose out of the No 1 shaft towering severa hundred
feet above the colliery yard. Within minutes wives, mothers and children rushed to the pit
yard. Park Lane itself, now a neat, modern housing estate, was a quite narrow road at the
time.

On a norma working day the miners would hide their tobacco tins and matches in the
thick clumps of grass beneath the wooden fencing, knowing that it would till be there,
untouched, when their shift ended. Even in relatively gas-free mines, which the Maypole
was not, no flames were allowed and these rules were strictly adhered to.

One of the first people on the scene was the manager of the Maypole, Arthur Rushton,
who was just returning from a holiday. His eye witness account was published at the
coroner's inquest.

"1 had been away on holiday for twelve or thirteen days, and | was driving home when,
nearing thecolliery, | heard alow rumbling noise and saw a cloud of dust. | got out of my
cab and went straight to the colliery.

When wal king between the lamp room and the fan-house, | saw that some of the masonry
of the fan-house had been blown away. It was only then that | realised what had
occurred. | walked to the general office and wrote a telegramto Mr Hall, HisMajesty's
Inspector of Mines, and afterwards | went to the pit. The headgear for No 1 pit was
partially demolished and the rope was hanging in the headgear. The cageitself had gone
below. "

"Knowing that after-damp was coming out of the pit, | went to No2 with Mr Picton, the
under manager of No 1 pit, and instructed himto get a rescue party together, go to the
Wigan Junction Pit, descend the shaft and get into the seven feet minethat way. | then got
the engineman to knock down the No 2 pit and, in about five minutes, they got a signal
fromthe seven feet. | took it, therefore that there was nothing wrong in the seven feet.

| then told Mr Nelson who had been in my place while | was away, and the Under
Manager, to get the cage fromthe Seven feet, and if all wasright in the Seven feet, they
must lengthen the rope and go down into the Wigan mine.

| then went to the Wigan Junction and found the rescue party had already entered the
mine. Alittleway in, they came acrossa fall which blocked thewholeroad. | ordered the
roadway to be cleared, and in the meantime | returned to the Maypole, wherel found Mr
Hall in my office. We went down the No 2 at about 9 o'clock and joined up with Mr
Picton and his party who had made their way from the Junction."

The Maypol€e's two shafts offered access to a labyrinth of roads and tunnels travelling
severd thousand feet below ground and linking with several other adjacent collieries,
Wigan Junction and Bickershaw at severa different levels.

A little over an hour before the explosion, at 4pm, the Maypol€'s day shift had returned to
the surface, leaving the maintenance men, the firemen, the men who manned the pumps
and the shot firers who would bring down the next day's coa in the miles of tunnéls.

There were 78 men left underground, three working in the Seven Feet mine and seventy-
five in the Wigan Four Feet. All the workers in the Wigan Four Feet lost their lives.



The pityard was crowded with families within a few minutes of the exploson. Many of
those who waited for news of their husbands, sons and fathers kept a silent vigil at the pit
head for severa days until the full extent of the loss was known.

At about 9 o'clock in the evening Rushton and the mines inspector Henry Hall went back
down the No 2 shaft with a rescue party from Garswood and started once more to work
their way aong the tunnels. Just before midnight they found the first body, charred and
horribly mutilated and arranged for it to be brought to the surface. Hours later a second
badly burned body was found, and then, as the night progressed five more. Some were
found with hands covering their faces in a futile attempt to protect themselves from the
advancing firebal. One man in his fifties was found on his knees in prayer, the last few
seconds of hislife spent preparing himself for the inevitable.

The inquiry was opened on August 20th 1908 in the Congregationl Mission Church at
Abram. The coroner, Sam Brighouse, (third from right on front row) had aready taken
the jurymen to view the bodies of the seven recovered victims at the Abram Smallpox
Hospital, and when the representatives of the interested parties took their seats it was
clear that the mineowners would be strenuoudy denying any suggestions of negligence in
the operation of the mine. The manager and under-manager would be stressing that they
were in no way at fault and the Miner's Federation would be pressing the interests of the
dead men, their families and the pitmen everywhere in the country.

The initiad stages of the inquiry were taken up with identification of the recovered bodies
and with determining the safety level of the gas in the Maypole. In a tense and electric
amosphere Rushton denied that there were dangerous pockets of gas. When questioned
about shot firing he stressed that only those explosives designated as safe by the Home
Office had been used and that the firemen's reports had shown no dangerous collections
of gas.

The Miner's Federation were concerned to show that the Maypole had been inadequately
ventilated, that shot firing had taken place a improper times, and when gas was present,
and that there had been a genera lack of proper supervision by the management. Their
witnesses gave evidence that it was sometimes so hot that men had to be fanned while
working. Rushton strenuoudly denied this.

As far as the shot firing was concerned the Federation witnesses were adamant that shot
holes were sometimes drilled when there was gas present, and one witness actually stated
that he had been present on one occasion when the fireman William Henry Monks, had
fired a shot, not only when there was gas present but when the day shift men were still
down the mine.

Tom Ellis, on behdf of the mine owners strenuoudy fought to refute this evidence, but
damaging evidence came out during the examination of the night under-manager |saac
James.

The coroner opened out the questioning when a lega argument developed whether
firemen's reports, or duplicates, were necessary under the legidation. Brighouse grew
impatient and cut through the argument, addressing James.

"When we know how dangerous gasisin a mine, and howimportant it isthat it should be
dispersed, it is curious isn't it, that two firemen should report gas on the Saturday
morning and you should take no notice of it in your report?"

The night under-manager replied that it was his report....that is a report of what he did
himsalf. This evasion pushed him deeper into a hole of his own making.

Counsdl for the Federation stepped in, - " Your explanation is that it was an oversight?"
"Yes." - "In each of the five cases?" coroner Brighouse asked in wonderment. - " Yes."



Flustered and trapped the unfortunate under-manager cried out, "I have done no deed
wilfully.”

The admission nevertheless had been made. The reports filed above the mine were not
origina or accurate: they stated there was no gas present in the mine when the firemen
had reported there was.

As the inquiry dragged on through April, May and June of 1909 the parade of conflicting
evidence seemed endless.

Tom Ellis acting for the mine owners found himself facing adversaries not prepared to
give an inch. One such was Isaiah Houghton, a dogged independent man who had worked
in the mines for 46 years. He indisted that a fireman had been shot firing in the Maypole
while the day shift was down, and he would not be shaken in his story.

"He was working in the daytime, at the time | amtelling you. You needn't try to change
me | amtoo old a dog to be changed."”

Though Ellis pressed the old man hard he would not be moved. - "I amtelling the truth. |
have not come here to tell alie. | have been very near pumped for to do."

And asthe laughter spread around the courtroom he added, - "1 have been tidy persuaded
onit."

Although the management were found to be largely at fault for the unfortunate accident
no prosecutions arose from the inquiry.

(See sketch of disaster on the next page)
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APPENDIX No.3

Appendix No. 3:- Longford Royal Commission — L etter to
establish.

ELIZABETH THE SECOND BY THE GRACE OF GOD

QUEEN OF AUSTRALIA AND HER OTHER REALMS AND TERRITORIES

QUEEN, HEAD OF THE COMMONWEALTH

To The Honourable Sir Daryl Michael Dawson, AC, KBE, CB.
Brian John Brooks BE, FIEAust, FAIP, FAIE, FIE

GREETINGS:

WHEREAS:

A, Gas extracted by Esso Australia Resources Ltd (“Esso™) and BHP Petroleum (Bass Strait)
Pty Ltd (“BHP") is processed at gas production and processing facilities at Longford,
Victoria (“the Longford facilities™) operated by Esso.

B.  OmnFriday 25 September 1998 an explosion and fire occurred at the Longford facilities.

C.  Asaresult of that explosion and fire two persons were killed, a number of persons were
injured and all gas supply from the Longford facilities ceased.

D. It appeared to the Govemnor in Council that the available supply of gas was or was likely
to become less than was sufficient for the reasonable requirements of the community and
accordingly the Governor in Council, acting under 5.62F of the Gas lndustry Acr 1994
(“the Act™) by proclamation declared that Part 64 of the Act was to apply.

E.  Following that proclamation, directions were given under Part 6A of the Act to effect the
cessation of all but essential gas usage in those parts of Victoria which rely upon the
supply of gas from the Longford facilities.

F.  The Govemnor of the State of Victoria, in the Commonwealth of Australia by and with the

advice of the Exccutive Council has deemed it to be expedient that a Commission should
issue to you in the terms set out below.

MOW THEREFORE the Governor of the State of Victoria, in the Commonwealth of Australia,
by and with the advice of the Exccutive Council and acting pursueant to section 88B of the
Constitution Act 1975, appoints and constitutes you

The Honourable Sir Daryl Michael Dawson AC, KBE, CB
Brian John Brooks BE, FIEAust, FIAP FAIE, FIE

to be Our Commissioners
AND HEREBY APPOINTS The Honourable Sir Daryl Michael Dawson, AC, KBE, CB to
be Chairman of the Royal Commission,



APPENDIX No.4

Appendix No. 4:- Timeline of Australian Mineral and Energy

Discoveries.

1848 -Discovery of lead in the bed of the Murchison River, WA.

1851 - Discovery of gold a Clunes, Castlemane and Bdlaa, Victorian gold
rushes started.

1852 - Payable gold discovered a the Nook, near Fingd, and a Nine Mile
Springs (Tasmania). Gold aso discovered a Gulgong (NSW).

1853 - Riots on Bdlarat goldfilds (Vic). Storming of the Eureka Stockadeon 3¢
December.

1857 - Brown cod discovered a Ld La (Vic).

1858 - Gold discovered at Canoona (Qld).

1859 - Copper recognised in the Cobar area (NSW).
1860 - Copper discoveries at Wdlaroo and Moonta (SA).
1862 - Copper-rich lode found at Clermornt (QIld).

1864 - Coa discovered in GretalCessnock/Maitland fidd (NSW); principa
Audrdian source of gas cod. Blar Athol cod fidd (QId) found;, seam is 90ft
thick.

1869 - Record gold nugget "Welcome Stranger” (22840z) found near Dunolly
(Vic).

1870 - Gold discovered at Birdwood (SA).

1871 - Discovery of tin a Mt Bischoff (Tas) and Inverdl (NSW).

1872 - Payable gold discovered in Pine Creek area (NT).

1874 - Brown cod deposits found in the Latrobe Valey (Vic).

1882 - Lead, zinc, copper orebody at Captain's Flaa (NSW) firs worked. Gold
nugget found between Roebourne and Cossack (WA).

1883 - Lead, dlver, zinc discovered a Broken Hill (NSW). Collie codfied found
in WA (commercid mining began in 1898).

1885 - Opening of Broken Hill Proprigtary Slver mines. Gold found a Hal's
Creek in the Kimberley district of WA. Slver/lead discovered at Mt Zeehan (Tas).

1888 - Tin found at Greenbushes (WA). Black coa found a Leigh Creek (SA).
1889 - Firg mining of brown cod in Victoria

1892 - Gold discovered a Coolgardie (WA), dso in areas now known as the
Dundas and Mt Margaret goldfidds. First bore sunk in Coorong area (SA) in
search for ail.

1893 - Gold discovered a Kalgoorlie.
1893-94 - Copper, lead and zinc discovered at Roseberry (Tas).



1900 - Iron ore from Middleback Ranges (SA) mined by BHP to provide flux for
lead smelting at Port Pirie. Natural gas encountered in water bore at Roma (QId).

1904 - Schedlite deposit found on King Idand (Tas).

1906 - Naturd ges reticulated in Roma (Qld). Uranium discovered a Radium Hill
(SA).

1915 - Opening of BHP's steelworks at Newcastle.
1923 - Lead/zinc orebody discovered at Mt 1sa (Qld).

1924 - Qil and gas produced from well at Lake Bunga in eastern Gippdand, near
lakes Entrance (Vic).

1926 - Aberfoyletin and wolfram deposits located in Tasmania

1934 - Frg commercid development of minera sands depodts a Byron Bay
(NSW).

1937 - Frg large-scde mining of black coad by open-cut methods in Audrdia at
Blair Athol (QId).

1943 - Lage-scde production of zrcon/rutile concentrate from Queendand.
Large-scale production of asbestos a Wittenoom Gorge (WA).

1944 - Extensive open-cut mining at Leigh Creek (SA) cod darted.
1948 Wundowie (WA) charcoa iron and stedl industry began production.
1949 Uranium discovered a Rum Jdungle (NT).

1950 Bauxite discovered at Gove (NT).

1951- Firg shipment of iron ore from Yampi Sound (WA) to Port Kembla
stealworksin NSW.

1953 - How of oil discovered in WAPET's Rough Range No. 1 well a Exmouth
Gulf (WA) provided stimulus for continuing search in ensuing years.

1954 - Rum Jungle (NT) uranium plant opened.
1956 - Full-scde minerd sand mining began at Capel (WA).

1961 - How of ail in Moonie No. 1 aout 80km from Tara (Qld). Audrdids first
commercid ailfidd by Union/Kern/AOG group on afield around thiswell.

1962 - Iron ore depodit identified at Mt Tom Price (WA). Manganese discovered
on Groote Eylandt (NT).

1963 -Mining of Darling Range (WA) bauxite began.
1964-65 - Discovery of gasand ail in the Bass Strait (Vic).
1965 - Discovery of Mitchell Plateau (WA) bauxite deposits.

1966 - Discovery of nickd a Kambalda (WA) and phosphate at Duchess (QId).
Iron ore mining began a Mt Tom Price and Mt Goldsworthy (WA), firgt iron ore
exports from WA.

1967 - Discovery of Mt Weld (WA) carbondite containing rare earths and
phosphate. Discovery of Woodcutters (NT) lead/zinc prospect. Start of mining of
Savage River (Tas) iron ore deposit.



1969 - Discovery of nickd a Mt Windarra (WA) and dart of Poseidon boom.
Discovery of Woodlawn (NSW) base meta deposit.

1970 - Discovery of Eneabba (WA) mineral sand deposits.
1970-73 - Ranger, Nabarlek and Jabiluka (NT) uranium deposits found.

1971 - Discovery of Agnew (WA) nickd deposit, Tefer (WA) gold deposit, sart
of iron ore production & Robe River (WA) and the discovery of Yedirrie (WA)
uranium deposit.

1971-72 - Discovery of North West Shelf (WA) natura gasfidds.

1979 - Naturd gas discovered a Port Campbdl (Vic). Discovery of diamonds in
Kimberley region of WA. Discovery of Granny Smith (WA) gold deposit.

1983 - Hellyer (Tas) base metd deposit discovered.

1985 - Discovery of Kintyre (WA) uranium depodst. Discovery of Kunwarara
(Qld) magnesite deposit.

1985-1989 - Many old gold minesin WA revived as opertcut operations.

1987 - Firg production from Cadjebut (WA) lead/zinc deposit.
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Appendix No. 5:- Timelineof Australian Mine Deaths (1882-1991)

MINE STATE YEAR TYPE OF INCIDENT &
No. of Deaths ()

Creswick Gold Mine VIC 1882 Mine flooded (22)
Bulli Cdlliery NSW 1887 Explosion (81)
Mount Kembla NSW 1902 Explosion (94)
Mount Mulligan QLD 1921 Coal dust explosion (76)
Bdlbird Calliery NSW 1923 Fire & explosion (21)
Metropolitan Colliery NSW 1925 Outburst of CO2 (2)
Redhead Colliery NSW 1926 Gas explosion (5)
Hart's Aberdare QLD 1936 Gasexploson (4)
Wonthaggi Mine VIC 1937 Exploson (13)
EbbeVaeNo 3 QLD 1945 Gas exploson (4)
Aberdare Extended QLD 1954 Gas explosion (2)
Metropolitan Colliery NSW 1954 Outburst of CO2 (2)
Collinsville Mine QLD 1954 Outburst of CO2 (7)
Bulli Calliery NSW 1965 Underground fire (4)
Wyee State Colliery NSW 1966 Fdl of roof (5)
Blockman's Flat NSW 1972 Fdl of roof (3)




Box Flat Ipswich QLD 1972 Gas & dust explosion (17)
KiangaMine QLD 1975 Gas & dust explosion (13)
Agnew Mine WA 1977 Fdl down shaft (5)
Leichhardt QLD 1978 Gas outburst (2)

Appin Calliery NSW 1979 Exploson (14)

Laeham No 1 Colliery QLD 1982 Fdl of roof (3)
MouraNo 4 Mine QLD 1986 Exploson (12)

Emu WA 1989 Mine flooded (6)

Western Main NSW 1991 Roof fall (3)

South Bulli Mine NSW 1991 Gasexploson (3)
MouraNo 2 Mine QLD 1994 Exploson (11)

Gretley Colliery NSW 1996 Shaft flood (4)

Mine dissstersin Australia, 1882—1996.

Compiled from Dept of Minerd Resources in various states




APPENDIX No.6

Appendix No. 6:- Extractsof MSI 1994 — Part 7 Sect 75-79

75. Health surveillance of mine employees

(1) The principal employer and every employer at a mine must establish and
maintain a system for the surveillance of the health of their employees in
accordance with the regulations

(2) The principal employer and every employer at a mine must provide
information to the State mining engineer on the surveillance of the health of their
employees in accordance with the regulations.

76. Notice of accident to be given

(1) Where a person suffersinjury in an accident at a mine and is disabled by that
accident from following his or her ordinary occupation, the manager must cause
notice of the accident to be given ?

(a) in accordance with the regulations, to the district inspector for the region in
which the mine is situated; and

(b) if the injured person so requests, to the secretary or local representative of a
trade union of which that person isa member.

(2) The notice required to be given under subsection (1) must ?

(a) if the injury appears to be serious, be given by the fastest practicable method
of communication as soon as it is reasonably practicable to do so, and must
subsequently be confirmed in writing; and

(b) if the injury appears not to be serious, be given in writing at the end of the
month.

(3) A manager who ?
(a) omits to give a notice required to be given by subsection (1); or

(b) fails without reasonable excuse to give a notice required to be given by
subsection (1) in accordance with subsection (2), commits an offence, unless the
required notice was given by the principal employer at the mine.

(4) Aninjuryisaseriousinjury for the purposes of this section if the injury ?

(@) results in the injured person being disabled from following his or her ordinary
occupation for a period of 2 weeks or more; or

(b) involves unconsciousness arising from inhalation of fumes or poisonous gases
or asphyxiation due to lack of oxygen or displacement of oxygen by an inert gas,
or

(c) results from an accident, including fuming, arising out of the use of explosives
or blasting agents.

77. Recording of accidents in accident log book




(1) The manager must cause to be kept at the mine a book of a type approved by
the State mining engineer and called the accident log book, and must after the
occurrence of any accident cause a record of the accident to be entered without
delay inthe book. Penalty: $5 000.

(2) The manager must ensure that the accident log book is kept open at all
reasonable times to the examination of an inspector, an assistant inspector, a
safety and health representative for the mine, a representative of a trade union
any member of which is employed at the mine, and of any other person authorized
by the Sate mining engineer. Penalty: $5 000.

78. Recording of occurrencesin the record book

(1) The manager must immediately give notice to the district inspector for the
region in which the mine is situated of an occurrence © which this section
applies, whether or not any bodily injury to any person or damage to property
hase resulted from the occurrence and must give to the district inspectorsuch
particulars in respect to the occurrence as the inspector may require.  Penalty:
$5 000.

(Refer to the Act for further details)

79. Manager to report potentially serious occurrences

(1) The manager inform the district inspector for the region in which the mine is
situated of any occurrence at the mine which in the manager's opinion has the
potential to cause serious injury or harm to health (other than an occurrence
referred to in section 78) although no injury or harmin fact happened. Penalty:
$5 000.

(Refer to the Act for further details)

Courtesy State Law Publishers— (SLP, 2001)
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Appendix No. 4-- WA and Australian Petroleum Act and
Regulations
COMMONWEALTH ADJACENT AREA

Schedule of Specific Requirements as to Offshore Commonwedth — Petroleum
Submerged Lands (SL) Act 1967

Schedule 7 — Occupationd Hedth & Safety (pat Petroleum Exploration &
Production 1995 (with amendments 1SL./1996-7 and 2SL/1996-7 )

Petroleum Submerged Lands (Management of Safety On Offshore Facilities)
Regulations 1996.

WESTERN AUSTRALIA COASTAL WATERS
Western Audtrdia- Petroleum (Submerged Lands) Act 1982

Schedule of General Requirements for Occupational Hedth & Safety 1993 ( the
"green book™)

Schedule of Specific Requirements as to Offshore Petroleum Exploration &
Production 1995 (with Amendments 1T/96-7 and 2T/96-7)

WESTERN AUSTRALIA ONSHORE
Western Australia— Petroleum Act 1967

Schedule of General Requirements for Occupationd Hedth & Safety — 1993 (the
"green book™)

Schedule of Onshore Petroleum Exploration & Production Regquirements 1991
For Submerged Lands

WESTERN AUSTRALIA PIPELINES
Petroleum Pipelines Act 1969 (including Regulations1970
Schedule of Generd Requirements for Occupationd Hedlth & Safety — 1993.

Schedule of Onshore Petroleum Exploration & Production Requirements 1991
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Appendix No. 8- MINESAFE —MOD MAGAZINE

.4 MINESAEE

ISSUED BY THE MINING OPERATIONS DIVISION OF THE DEPARTMENT OF MINERALS AND ENERGY(WA)

A 40 tonne articulated haul truck caught fire when the right hand rear wheel brake locked
coming up the decline. The brake system overheated, and caught fire. The blaze spread
to the front of the truck via the hydraulic oil lines, burning out the engine compartment,
cabin and the hydraulic system. No one was hurt, but the potential danger was extreme,
particularly for those people working downwind of the blaze.



APPENDIX No.9

Appendix No. 9:-- Brambles vs Others, Supreme Court of W.A.,
1994,

SUPREME COURT OF WESTERN AUSTRALIA, FILE NO/S: CIV 1961 of 1994
BETWEEN : BRAMBLESAUSTRALIALTD Hantiff AND

AM & JP KEUNE PTY LTD Firg Defendant, IAN ROBERT JONES Second
Defendant

HEARD: 9-12 FEBRUARY 1998, DELIVERED: 26 FEBRUARY 1998
Extract from Transcript

Mr Jones evidence was tested theoretically by Mr David Axup, also a well
qualified motor vehicle accident consultant with considerable experience. Mr
Axup, in conjunction with an organisation known as ARRB Transport Research
Ltd ("ARRB") used a [ computer model] to simulate the collision as described by

Mr Jones......

As Mr Axup acknowledged, this approach is subject to the limitations of the
computer program and the assumptions, which it makes. These included a
perfectly smooth road of infinite width. Further, it was assumed for the purpose of
the simulation that the Brambles prime-mover had a single steer axle. It will be
recalled that it actually had a double steer axle.

The computer simulation demonstrated that it would have been possible for the
two road trains to have executed the movements as described by Mr Jonesin the
time available. However, it is apparent from the ARRB report that the road trains
would have been at the limit of their stability. (WASC, 1998)
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Appendix No. 10— Administrative Appeals (Planning), Victoria,
1994

ADMINISTRATIVE APPEALS TRIBUNAL OF VICTORIA, PLANNING
DIVISION

APPEAL NO: 1994/31912, APPLICATION NO: 8161

HEARD AT MELBOURNE ON 11TH OCTOBER 1994, AND

AT BENALLA ON MONDAY 14, 15 AND 16 NOVEMBER 1994
TRIBUNAL: Anthony Liston, Presiding Member Gerard Sharkey, Member
PARTIES: Appdlant/Objectors Peter Hal and Others

Responsible Authority Shire of Delatite (formerly City of Bendla)
Respondent/Applicant Shire of Delétite

NATURE OF APPEAL - Apped under Section 82 of the Planning and
Environment Act 1987 (the Act) against adecision to grant a permit.

Extract from Transcript
PROPOSAL

Devdopment of a multi-purpose Sport & Recreation Centre incorporating: indoor
hested swimming pool, exercise rooms, change rooms, clubrooms, incl. licensed

club fadilities and in excess of 20 gaming machines & gaming facilities
Remova of native vegetation to facilitate the devel opment.

Relocate sheep pens and horse stall.

Structures within the floodplain obstruct the flow of water and can incresse the
flooding impact of particular flows in that locdity. Dr. Phillips is a consultant
engineer who has been working with the City of Bendla to deveop a better
floodplain management plan in response to the effects of the 1993 floods. Willing
and Patners have developed a [computer moded] of the behaviour of the



floodplain in flood conditions. The Responsble Authority requested Dr. Phillips
to assess the impact of the proposed development using this model, set out below

isthe conclusion from Dr. Phillips evidence resulting from this assessment

It was concluded that if the Sport and Recreation Centre had been already
constructed at the time of the 1993 flood then it would have lead to a small
increase of up to 0.04m immediately upstream of the Centre. The potential
increase in flood levels in the vicinity of residential properties in Arundel Street
and elsewhere would be further reduced by the distance of residential buildings
from the Centre which it is proposed to construct adjacent to the Showgrounds on
the left bank of the Broken River It was further concluded that the estimated
increase in peak flood levels during an October 1993 flood, which was a severe

flood, of less than 0.Im during major floods is acceptable in hydraulic terms.”

It is true that [computer modes] are inherently uncertain but it is dso true thet in
this case the assessment is consarvative because it makes no alowance for the
permeshility of the under Structure of the building, the removd of buildings from
the floodplain in association with the development, and the relocation of other
buildings into the lee of exiging buildings The Tribund is stidfied that the
impact of the proposed building on floodplains in this location is sufficiently
margina to be disregarded. (VICAAT 1994)
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Appendix No. 11— Queen vs Challoner, Supreme Court of
Victoria, 1996

SUPREME COURT OF VICTORIA, COURT OF APPEAL, No. 176 of 1996
THE QUEEN v. MICHAEL JOSEPH CHALLONER

JUDGES PHILLIPS C.J., CALLAWAY and KENNY, JJ.A.

WHERE HELD: Melbourne

DATES OF HEARING: 30-31 March, 7, 8 and 20 April 1998

DATE OF JUDGMENT: 28 July 1998

The witness continued that on the basis of the above information, and no more, he
prepared a computer modd with the intention of producing a recongtruction of the
scene usng three dimensond [computer graphics], rather than smply a plan.
All this was in an attempt to ascertain the likely path of the bullet which sruck the
deceased.

At this point, and without objection, a "video [animation]”, Exhibit "G" was
tendered. An attempt to play the video faled for technical reasons but it is clear
the jury had dready viewed it during the opening address of counsd for the
prosecution. Mr Ogleby continued his evidence. In answer to the prosecutor, and
gpparently referring to the video, he said he had produced a "cone of probability”
which he described as, "my expression”.

Thefind outcome was the following

The application for leave to apped agang conviction is granted, the gpped
treated as indituted, heard inganter and dlowed. The conviction sustained by the

applicant in the court below is quashed and the sentence imposed thereon is st
asde. The Court directs that anew tria of the gpplicant be had
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Appendix No. 12— Toomey vs Scolar o, Supreme Court of
Victoria, 1997
SUPREME COURT OF VICTORIA,

Toomey v Scolaro Concrete Constructions and Others (No.2) - No. 4130 of 1997
JUDGE: EamesJ

Dates of Hearings: 12 - 16; 19 - 23; 26 - 28 February 2001; 1, 2,5 - 9, 13 - 16,
19 - 23, 26 - 30 March 2001; 2 - 4, 18, 23, 24, 26, 27, 30 April 2001; 1-4,7, 8,
16 - 18, 21 - 25 May 2001 Date of Judgement: 17 August 2001 - Medium
Neutral Citation [2000] VSC 279

NEGLIGENCE - Damages - plantiff fdls over baudrade within garwel in
block of flas - whether height of baudsrade in breach of cause D2.16 Building
Code of Audraia 1990 - whether low baustrade nonetheless served "to redtrict”
fdls- .....- whether delegable and/or non-delegable duty of care owed

causation - whether fdl soldy due to skylarking of colleagues of plantiff on
sairway - plaintiff severdly intoxicated - volenti non fit injuria-

...... - quantum of damages - plantiff quadriplegic - 25year old, world-class
ahlete a time of injury - loss of earning capacity - whether benefits adlowed to
family busness on account of plantiff's ldbour were eanings of plantiff -
relevance of pension repayable to Commonweslth.

Anatomist, Mr Dondld Mekle, and bio-mechanist, Mr Nod Lythgo, &fter visting
the dte of the accident, produced a video [computer animation] and aso video
tgped a number of demondrations, in a controlled environment, of Stuations
where a subject was subjected to varying forces againg bars a 1000 mm and
933.5mm. They aso took anthropometric measurements both of the plantiff and
of the clamed scene of the accident. Mr Mekle stressed the dgnificance of the
reduced height of the bar when set againg the body of the plaintiff. (VICSC,
1997)
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Appendix No. 13— Longford Royal Commission, Victoria, 1998
The Esso Longford Gas Plant Accident

Report of the Longford Roya Commission
The Honourable Sir Daryl Michad Dawson, AC KBE CB — chairman
Mr Brian John Brooks, BE FIEAust FAIP FAIE FIE — Commissoner

No 61 — Session 1998-99, Parliament of Victoria

stresses. A temperature difference of the order of 20°C would have been sufficient 1o result
in the failure on 25 September 1998,

6.26 The modelling method used was finite element analysis. The model caleulated the stress in
the tubesheet to channel weld due to the stresses induced by the internal pressure and a
temperature differential between the channel and the shell. The residual stresses were
ignored, as they were small in comparison. The model accepted the shell side being
unifermly warmer than the channel of the reboiler, as shown in Figure 6.185. The
temperature difference would cause the shell side to expand to a larger diameter than the

channel, resulting in stress in the wbesheet to channel weld.

Thermal Stress on the
Tubeshest to Channel
Weld

Figure 6.18 Finite element model for GP205 h I siress calculaty

627 The model calculated the axial stresses for the internal pressure and the 1°C temperature
difference in the tubesheet to channel weld. The initial model was enhanced to a 3D model
that evaluated the effects of the nozzles on the stress, The nozzles were found to have little

effect on the siresses in the besheet 1o channel weld.

6.23 Having determined the stress to temperature relationship. the next step taken was 10 assess

the temperature difference required for an initiating flaw to result in the Failure of the vessel.

629 The cases modelled were based on the possible flaws identified by the investigation of the
failure surface at the 8 o'clock position. The set of cases developed for the modelling of

SLress were:

Use of Finite Element Analysis



3D Modelling Cases

A flaw the size of the fat region found at the & o"clock position {ignoring the weld root
cavity). This was modelled as a semi-elliptical flaw 18 mm long by 7 mm deep, using a
3D model.

A combination of a flaw the size of the flat region and the weld root cavity. This was
modelled as a semi-elliptical flaw 120 mm long by 7 mm deep. The weld cavity was
230 mum long, so this flaw was conservative in length.

A combination of a flaw the size of the flat region and the weld root cavity. This was
modelled as a semi-elliptical flaw 180 mm long by 7 mm deep. The weld cavity was
230 mm long so this flaw was a better, but still conservalive, estimate of the length.

A small flaw at the weld root cavity, This was modelled as a semi-elliptical flaw 70 mm
long by 3 mm and by 4 mm deep (2 cases). The weld cavity was 230 mm long. so this

flaw was a better, but still conservative, estimate of the length.

Flak Arca (Paddible Bilaling Flawlse=—1

Figure 6.19 Flaw caxes for 30 modelling

2D Modelling Cases

Long rectangular flaws of depths 2 mm, 4 mm, 6 mm, 7 mm and 8 mm. The depths
were chosen to represent the range of depths of potential flaw from that to the weld root

cavity to the flat arca.

For each of these cases, the stress intensity factor was calculated and was compared to the
fracture toughness values obtained from the tests. This comparison enabled cases that could
result in failure to be identified.

The results of the failure analysis found the following:

109

Use of 3D Modelling
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Appendix No. 14— Rolling Rocks Brochure

Friday 24th May...

...Buzzard Open PBit MWipe, John David
Bpicer suffers gerlous injuries in an
incident inmvolving & haul truck.”

"The me4t belt on the passenset seac had been
ramoved for maintananse two days previously.'

"as the truck reversed to the e=dge of the stockpile it
collapeed under the rear wheels and the truck glipped
ower che edge and came to rest on Che ground some six
metrea balow,”

*Mc Spicer sustained s fractured shkull, thres fractured
ribs and 2 compound fracture of the right arm.®

The "Rolling Rocks” training package, curmently under develapment
T AIMS Solution (in association with Central TAFE, WA) is based

on information from the Department of Minarals and Energy

{\Western Australia),

This new concept in training from AIMS Solutions mixeés ferensic
animation, accident case studies, responsibility assessment, mult-meda

safaty training and intaractive hazard spatting.

The package integrates computer generated animation, ve action video
and wirtual reality simultion with easy to use, browser based
interactivity, This providas a leamning experience which will stimulate
wour work force and make their training an interesting and enjoyable

SXpRIiance.

A prototype of this product will be premisrad at Minesafe
international 2000 in Perth, Western Australia.

AIMS Solutions would welcome vour comments and feedback

Contact us at the address

shown below.

aims-solutions.co.uk

AIMS Sohetions Ltd PO Bux 6345 Nettngham UK. NGFZXH  Tel 01159514321 Fax 0116 BI66352 T T
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Appendix No. 15— Letter from Mr Ken Steele

Training for ihe Brilling Indmsirsy

Drillmark Consultants & Assocs
143 Lesmurdie Rd, Lesmurdie, WA 6076

3/7/02
Karpa Springs Animation

Dear Ken

The Karpa Springs gold fraud case had a high profile in WA when it was being
prosecuted through the courts. The case involved three prospectors whom, it was alleged,
had salted a prospect to the extent that it was identified as having the potential to become
Audgtrdia's richest mine. The prospectors sold out their interest in the prospect to a
mining company for a substantial sum of money. The tenement was subsequently found
to be barren with no gold in place beyond minute background levels normally associated
with such geologica formations.

Drillmark Consultants was engaged by the defense and asked to examine al of the
evidence and identify any possible explanations for the discrepancies, which had been
accomplished in the exploration drilling process.

From my initial examination of the evidence | took the view that the prospect was indeed
barren, a view not shared by the accused.

My preliminary report drew attention to certain aspects of the evidence, which | believed
could indicate the drill and the drilling process as having potential involvement in the
sating process. This conflicted with a good deal of the sworn statements provided by the
prosecution in support of their case againgt the three accused in which it was inferred that
the prospectors had more likely introduced the salted gold into the samples subsequent to
the drilling process.

It was my preliminary opinion that there were aspects of the evidence which, when
considered in relation to each other, could demonstrate this not necessarily to be the case.
| felt that the drill and the drilling process could potentialy be used to achieve the same
apparent effect as that illustrated in the sample values and random distribution of gold
provided through subsequent laboratory fire assay analysis of the drill samples.

Centra to my opinion was the specific type of drilling which had been employed and the
equipment used in the process. This involved the use of a down hole hammer with a cross
over sub using adrilling technique termed RAB or rotary air blast drilling.

In this system the down hole hammer and the drill bit are powered by compressed air and
used in tandem with dua wal drill pipe. To penetrate the subsurface geologica
formations and ddliver samples of the ground being penetrated through the inner drill pipe
back to the surface for collection and sampling.

The down hole hammer is essentially a high speed reciprocating piston running inside a
cylinder and striking the drill or cutting tool several hundred times a minute.



Because of the close tolerances the down hole hammer system requires a specialy
formulated oil to be introduced into the air stream to lubricate the piston/inner cylinder
surface. It was my preiminary opinion that this could have provided the means of
introducing the salted gold.

| could find no evidence of this having been previoudy demonstrated but outlined the
mechanisms and processes by which | felt this could be achieved.

The industry has three separate methods of introducing oil into the air stream two of
which employ a reservoir of oil to be mechanicaly collected through the air stream
supply and the third being manudly pouring oil into the system at each interva that the
drill was stopped to extend the depth by adding another length of drill pipe.

It could not be determined through the available evidence which specific system had been
employed by the drilling contractor at the time the exploration took place.

In my preiminary opinion | postulated that had such amechanism been employed this
could aso link in with other aspects of evidence such as “random flyers’ or isolated gold
particles found during the subsequent drilling activities which were undertaken by the
police at the request of the prosecution and which subsequently the prospect as being
otherwise barren.

From my reading of the evidence, the focus of the prosecution’s alegations was that the
samples had been tampered with after recovery through drilling process but my brief was
not required to examine this aspect and indeed would have been outside the area of my
expertise.

My opinion whils not excluding the accused from involvement, if it could be
demonstrated to work in practice, would indicate the potentia for parties other than the
three accused to have been involved and that this could have been accomplished without
their knowledge or involvement.

Specificaly | was asked to identify possible avenues by which the fraud could have
perpetrated and to carry out field based experiments under controlled conditions which
would test the practicality of the theoretical explanations | had advanced.

On the basis of my opinion, | was engaged to carry out field trids to investigate if my
theories would work in practice.

To achieve this | engaged the services of two different drilling contractors using the three
different oil distribution mechanism previoudy identified to drill sample holes in three
non gold bearing formations.

In each case the drill samples were collected in the conventiona manner to be taken
through the same laboratory anaytical process as the origina samples to determine the
content or absence of gold.

In order to preserve the forensic nature of the investigation it was necessary to employ
subterfuge to ensure that al third party involvement was excluded from the actual drilling
activity.

The two owners of the drilling rigs were the only persons with knowledge of the
objectives of my research trials and they were each required to sign alega non disclosure
agreement document prior to leasing their rigs to me and were not to be present when the
trials were conducted.

The drilling crews were told that | was conducting trials of a new oil formulation for use
with a down hole hammer system and that the oil had a vegetable dye additive to trace its
content in the samples being obtained. The purpose of the trial being to test the oil content
and possible contamination in surrounding formations should it be used in water well
drilling applications. This provided further explanation to the crew ¢ why the drill oil

mechanisms were to be sanitized after the drilling had been completed.

| was the sole person in charge of the oil supplied to the drilling crew prior to the
commencement of drilling and to which | had added a small supply of gold and large
quantity of avegetable die.



The drilling crew used the oil in the conventional manner and gathered the drill return
samples in exactly the same way as would be the case on an exploration site, splitting the
samples, providing 25 percent of the return to myself bagged as they would be for
trangport to the laboratory for anaysis.

| transported the samples direct to the laboratory for them to analyse in the same manner
asthe originals, with the results to be sent directly to the lega team of the accused.

The three trials each produced a result, which demonstrated the viability of the system as
ameans of introducing gold into a sample through the drilling process.

It was held to be significant that the most successful of the three trials and the one which
replicated the origina data in the manner in which the spurious gold was randomly
dispersed both in content and depth, was achieved by using arig of identical manufacture
to that used on the Karpa Springs prospect. Whilst not conclusive this rig would have
possibly the identical mechanical oil distribution system supplied by the manufacturer as
apart of the origina equipment.

By the time | was called to give evidence a the tria, the case had been in session for
several days and the jury had been provided with a mass of technical information to
consider. In order to provide sufficient background information for the jury to support
my evidence it was necessary to add to this and explain in detail the drilling process and
its various complexities before | could hope to have them understand the core issues
which my field trias had identified. The only method available to me was through a
series of photo- copied diagrams and my verba explanations.

As a personal observation | felt | was failing to get trough to the jury being just one
more in a long line of technical experts providing complex opinions information which
would be totaly aien to the average juror.

Cross examination demonstrated to me that my findings were not lost on the prosecution
and they exploited the juror’'s probable failure to grasp the essentials of my findings as
would be expected where the evidence was contradictory to their case.

The accused were found guilty, have by now served their sentence and are till suffering
the consequences of what | believe to be an unsafe conviction if there were no other
contrary evidence other than results of my field trias.

The three parties have been given leave to appea their conviction and as a part of new
evidence my findings will come before the courts again for re examination.

The use of computer graphics which animate the drilling process and enable the inter
related and interactive aspects of the drilling process and sample delivery to be visually
demonstrated will greatly enhance the ability of the judiciary to grasp the complexities
involved and follow the logic on which my part of the evidence is based.

In this format the drilling equipment, the system and the interference with the formation
can be illustrated and interrogated to ensure total comprehension and conformity with the
origina findings presented at the initid tridl.

The technology employed to produce this animation was not available at the time and in
my opinion should prove invaluable in demongirating complex technical issues to non
technical personnel.

My involvement with the development of this animation has heightened my awareness of
the potential power of this technology in the wider field of training in generd.

In its current form apart from its use in the court room, the functionaity of the animation
lends itself to explaining to trainees and indeed current practitioners of precisdly what
happens down the hole whilst conducting exploration drilling activities and how the
various pieces of equipment such as down hole hammers, cross over subs, dua wall drill
pipes and cyclones operate and interact to perform their individua functions.

This is not aways truly understood with any exactitude even by experienced operators
since they are trained to react to surface information feedback through either gauges or
noise. Learning by rote in this manner leads a great dedl to be desired. Whilst it develops



practica skills, the under pinning knowledge and theories behind the technology remain a
mystery to many.

This gap in their training means that drill crews are, in many instances unable to operate
a maximum productivity potentia, when confronted with conditions they have not
previously encountered and the learning curve can be quite extensive.

By definition, exploration infers encountering and entering the unknown. Drilling into
geologica formations associated with gold is subgtantidly different to drilling into
formations associated with other base metals. Although the equipment performs the
various functions in the same way, until the drill crew recognise and react to the
differences in which the ground conditions react, both productivity and in some case the
accuracy of the drill sampling can suffer. From the industries perspective it is far better to
have drill crews trained with more universal skill sets and the use of the computer
graphics lends itsdlf to this.

The concept of using this animation and others like it linked into a drilling rig control
panel could present a training aid with substantia application in the field of training and
one which industry would embrace with enthusiasm were it to be commercialy available.

| thank you for the work you have undertaken on this project and which | hope will
continue to advance the use of this technology into industry applications.

Sincerdly

Ken Steele
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Appendix No. 16— UDR Drill rig information




Universal Mkll 650 Dril

Description — Specifications

Type
Drill Mast
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UNIVERSAL DRILL RIGS

A THADE MAME OF UNIVERSAL DRILLING & EMS [ALIS

T.} PTY, LIMITED

{INCORPORATED IN THE STATE OF QUEENSLA!
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Appendix No. 17— Introduction to the Safety Case Concept

Introduction to the Safety Case Concept

The term "safety case" is used to describe a sophisticated, comprehensve and
integrated risk management sysem. A safety case regime is characterised by an
acceptance that the direct respongbility for the ongoing management of safety is
the respongbility of the operators and not the regulator, whose key function is to
provide guidance as to the safety objectives to be achieved. The operators can
achieve those objectives by developing systems and procedures that best suit their
needs and agreeing these with the regulator. This "safety case' then form the
rules by which the operation of the facility is governed.

The sofety case includes details of safety management arangements and risk
assessment studies, which, once submitted to and accepted by the regulator, form
a co-regulatory guidance document that sets both the standards to be achieved and
the mechaniam for achieving them.

The safety case dso forms the bass for ongoing audits of the facility and its
operation throughout its life. Key aspects of ingpection/auditing by the regulator
will be to monitor the effectiveness with which the commitments in the safety
cae ae being implemented, monitor the effectiveness of both the safety
management system (SMS) and the operators audits of them, and to criticaly
examine the efforts made by management to actively involve the workforce in the
safety case process.

The concept was developed in the United Kingdom to minimise mgor indudrid
hazards, mainly in the nuclear and chemica indudries, and is now used to manage
rsk in a wide variety of gpplications. These include the control of risk in British
nava operations, the safe operaion of the privatised British ralway sysem and
the design of computer software programs. The safety case regime is normdly
based on a ‘co-regulatory structur€, with an ‘operator' preparing and operating the
facility for which the safety case is developed and a ‘regulator’ assessing,
accepting and auditing the adequacy of the safety case.

A safety case serves two main purposes.



to give the ‘regulator’ (assessor) confidence that the ‘operator' has the ability,
commitment and resources to properly assess and effectively control risks to the
hedth and safety of staff and the generd public; and

to provide a comprehensve working document againg which the ‘operator' and
the ‘regulator’ can check that the accepted risk control measures and safety
management systems have been properly put into place and continue to operate in
the way in which they are intended.

It is intended to be a ‘living document which describes the safety of an operation
for the duration of the whole project—from initidl concept desgn to termination
of the operation and abandonment of any faciliies and drives the continuous
improvement of the risk management arrangements.

http:/Mmww.industry.gov.au/index.cfm
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Appendix No. 18— APPEA Reporting Definitions

APPEA Reporting Definitions
Reportable I ncident

Under the APPEA Safety Incident Database Guidelines, an incident is reportable
when the operating company has the “prevaling safety influence’ over the
activity that caused the incident. "Prevaling safety influence' occurs when the
operator has control over the activity under consderation and is therefore in a
pogtion to pogtively influence (from a safety perspective) the way in which the
activity is undertaken.

Number of HoursWorked

In accordance with the definition of "Reportable Incident”, the totd number of
hours worked by employees and contractors is reported where the operator has the
"prevailing safety influence'.

Logt Timelnjury - LTI

Is defined as an injury or occupationd illness that results in a permanent
disbility; or time log of one complete shift, day or longer, as defined on the
current medica certificate.

Alternate DutiesInjury - ADI
Is defined as an injury or occupationd illness that resultsin the injured person:
being assigned to another job; or
working at their permanently assigned job with some redtrictions on duties; or

working a their permanently assgned job with some redtrictions on their working
time for periods of a complete shift or day or more as defined on the current
medica certificate.

Medical Treatment Injury - MTI



Is defined as any work-related loss of consciousness, injury or disease requiring
more than minor Frs Aid treatment by a medicd practitioner or registered
medica personnd but not resulting in lost time or aternate / restricted duties.

Total Reportable Injuries- TRI

Incdudes the following injury dassficaiions log time injuries; medica trestment
injuries,

dterndive dutiesinjuries; and fatdities.

Frequency Rate- FR

Is defined as the number of injuries per one million hours worked. The frequency

rateis caculated as follows:

(Number of injuriesin the period x 1,000,000) + Number of hoursworked in the

period
AveragelLost Time

The average of the time logt for each logt time injury. This is a measure of severity

of theinjuriesand is cdculated asfollows.

Number of working days lost + Number of LTIsin the period
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Appendix No. 19— 2D Valve plan layout
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Appendix No. 20— AIM S Solutions L andfill Inspection brochure

I". .
Environmental (’
VNS
Landfill inspection Training
The Environment Agency is using a virtual realityl] e
system to train landfill site inspectors,

The Environment Agency has introduced, a virtual reality based
training system deweloped by AIMS Sclutions. The system is
used nationwide and farms part of the Agency's course far
waste site inspectors and aims to enhance the training

experienca and provide graater site inspaction cansistency'.

The computer-based simulation enables users to navigate
around a landfill site and randomly encounter a typical range of

scenarios. hazards and events,

"Whilst thae simulation does nat seak to replace mal life experisnca, it does
offer some real benefits. Users can get quick and easy access to training
without warting for training courses, training budgets or expetienced tramers to

becoma available. "

“The programme is cost and tme effective, and early feedback from users
indicates the retention of key nformation s enhanced because the approach to
traindng is rmermotable &nd stimulating. Mary staff are amazed by how much they
remember when they come for thelr second training sessian, *

Erwiranment Agency Project Manager Howard Thop

The key benefit emerging from the training is the development of a
maore consistent application of the Operator Performance Risk

Assessment (OPRA) and the Agency's 5Site Inspection
Methododogy.

The site consists of a large landfill site and waste transfer
station but has been designed to evolve, with liguid
treatment facilities and new waste cells being potential
additions. The system will shortly be available to the wider
industry as Environment Agency ONSITE, a commercially

available version of the software is in development.

solutions ENVIRONMENT

aims-solutions.co.uk
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Appendix No. 21:- Questionnaire

Please tick the box that best suites you in relation to the question area

' What area best covers you?
| Government- ] Private- [Domestic- | Unemployed- | Student - | Other - 1

What is your current working environment?

Legal - Medical - Information | Engineering - School/TAFE | Office - Other -
Technology - /Uni -
What is your highest educational qualification achieved?
l PhD/Masters - | Bachelor - l Diploma - l Certificate - [ High School - | Other -
What access to a personal computer do you have?
Have own - Have continual | Have occasional Have no Do not want Other -
] access - access - access- access -

 What is your current age?
| Less than 18- [18t1025- |261t040- [41t055- [56t065- | 66 orOlder- |

Onascale of 0 to 5 with 0 being the least and 5 being the best please select (only one) for your answer.

'Did the graphics depict what was being described?
- [1- fa- 13- [4- [5- ]

'Did the graphics demonstrate additional information that was not spoken of?
[o-  [1- [2- [3- [4- [5- ]

' Did the graphics give you a preconceived idea of what was going on?
lo- [1- [2- [3- [4- [5- |

' Did the graphics provide information for a better understanding?
[o- [1- [2- [3- [4- [5- |

Would graphics help you understand technical discussion?
lo-  [1- [2- [3- [4- [5- ]

'Did the graphics depict reality?
lo- [1- [2- [3-  [4- [5- |

'Did the graphics provide a sense of reality?
lo- [1- [2- |3- [4- [5- |

" Are graphics a useful tool for explaining things?
[o- [1-  [2- [3- [4- [5- ]

Are graphics a useful tool for demonstrating things?
[o-  [1- [2- [3- [4- [5- |

'Did you understand what the graphics were showing?
[o- [1- [2- [3- 14- [5- |

'Did the graphics provide information that you did not know before?
- [1- [2- [3- [4- [5- |

Thankyou for filling this questionnaire out
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Appendix No. 22— Innovation festival brochure

© www.innovationfestival.com.au

Swish Group
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