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ABSTRACT

Diversification has characterised the mining
industry in this country and globally in recent
decades, and in Western Australia in particular.

One of the most obvious aspects of diversification
is technological change which continues at a rapid
and sometimes bewildering pace.

A function of technological advances is the
increased capacity to further diversify the range of
minerals which can be identified in economic
concentrations and profitably extracted. This
broadening of the total base of the industry has a
synergistic effect on its further development by
extending its geographical spread and increasing
scope for decentralised infrastructure.

Another aspect of diversification is the corporate
thrust towards establishing overseas mining bases
for a variety of reasons. Offshore (sea bed) mining
is a further manifestation of increasing diversity,
although very much in its infancy.

Woven through these few examples of the more
obvious aspects of diversification, are threads which
form a tapestry of implications for safety in the
industry, each component of which may not seem to
have great significance, but in aggregate they are
matters of great importance.

Safety performance generally has not kept abreast
of technological development, in terms of effective
control or elimination of the risks associated with
readily identifiable hazards.

This paper seeks to follow through some of the
threads in the tapestry of implications referred to
earlier, to examine the forces behind the details, and
to propose strategies to cope more effectively with
diversification and change.

1. State Mining Engineer, Director Mining Operations Division,
Department of Minerals and Energy, Mineral House, 100 Plain Street,
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INTRODUCTION

Until the mid-sixties the mining industry in Western
Australia was essentially limited to gold mining,
save for coal mining in the Collie Basin, several
minor base metal operations of limited duration,
and small scale iron ore mining at Yampi Sound on
the Kimberley coast, together with crocidolite
mining at Wittenoom.

Following the gold mining boom of the late 19th
and early 20th centuries, and a brief resurgence in
the thirties, activity in this sector was reduced to
limited underground mining on the Golden Mile,
and at Norseman, Big Bell and Hill 50.

However, the sleeping giant began to waken in the
sixties, and the growth and diversification of the
industry over the succeeding 30 years has been by
any measure, phenomenal.

The major industry sectors represented in this
growth are readily identified:

. alumina in the south west;

D iron ore in the Pilbara;

. nickel in the eastern goldfields;

. mineral sands on the southem
coastal belt;

. salt harvesting on the central western
coast;

. diamonds in the Kimberley;

D base metal mining in the Murchison
and Kimberley,

. petroleum and natural gas;

. extractive industry (quarrying)
supporting metropolitan and regional
development.

Exploration prospectives include:

. identification of major uranium
resources;

rare earth deposits;

phosphate deposits;

platinum prospects;

lateritic nickel and cobalt;
offshore diamonds. '
vanadium.
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BACKGROUND

The implications for safety resulting from
diversification of the industry extend beyond the
large scale expansion and the range of minerals
mined and natural gas and petroleum products
extracted, which have been outlined above.

Mining operations are very widely distributed
across the State. This factor alone impacts
substantially on the industry. Western Australia has
the least uniformly distributed population of any
State in Australia, with the great bulk of people
concentrated in the south west, mainly in Perth.

The only substantial population centres inland and
on the northern coastal region are supported by
mining operations.

A consequence of this is the widespread and
increasing use of Long Distance Commute (LDC)
systems operating from Perth to staff and support
mining operations at remote inland centres.

The size, population and climate of the State has
resulted in a concentration of downstream
processing in the southern coastal industrial belt to
the present time. (The iron ore sector is moving to
change this pattern.)

This concentration is driven by:

. power supply costs;

. water supply;

. ready availability of a skilled
workforce;

. access to shipping;

. access to support industry and
services.

The following discussion is developed on the
Western Australian experience.

THE IMPACTS OF DIVERSIFICATION ON
SAFETY PERFORMANCE

Preliminary

As noted earlier, the process of diversification
involves change.

The scope of that change is very broad, embracing
technological change, great geographical spread of
operations, increasing complexity of process, vastly
expanded scale of activity, and changes in the
composition of the workforce and impacts on the
community largely related to the sourcing of that
workforce.

Of critical importance in all aspects of the
expansion and change associated with
diversification, is the impact on the available pool
of technically qualified persons available for
operations, and the will and capacity of the industry
to provide the training and development needed for
key personnel.

Expansion and Technological Change

Iron Ore Mining

The development of large scale open pit mining of
iron ore in the Pilbara was marked in its early years
by a very poor safety performance, and an incidence
rate of fatal injuries comparable to that in the
underground mining sector in earlier decades.

There were 49 deaths in the decade of the
seventies, and 8 in the decade of the eighties.

The trend is seen to be even more pronounced in the
incidence rates charted in Figure 1.

Many of these fatalities were associated with
construction work, but the industry took some time
to come to terms with the hazards of operating large
scale earth moving equipment and its interaction
with light vehicles.
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Figure 1
The Nickel Boom

A similar effect was evidenced following the nickel
boom of the late sixties and early seventies, which
involved mainly underground mining. The limited
pool of experienced underground miners, the bulk
of whom were airleg operators, was rapidly diluted,
and the transition from narrow vein mining to larger
scale mechanised mining incurred a penalty in
safety performance.

A particular problem which arose, (and which to a
lesser degree is still with us today), was the
tendency to allow the size, shape and orientation of
development openings in particular, to be dictated
by considerations of operating convenience, rather
than sound geotechnical design.

Minimal recourse was had to geotechnical design
for stope design and sequencing. This in part
reflected the fact that this discipline was little
developed in Australian metalliferous mining at that
time, except at Broken Hill and Mount Isa.

Ground support methods, particularly rock bolting,
were not well developed and cable dowel support
was, in general terms, new to mining operators in
Western Australia.

The experience of the nickel boom is illustrated in

Figure 2, in respect of the trend in serious accidents
in underground mining.

The Gold Boom of the Eighties

The familiar pattern of dilution of experience was
repeated in the gold boom which developed in the
eighties.

Not only were competent and experienced miners
scarce, but there was a dearth of experienced
managers and supervisors.

The pool of experienced mining personnel
employed by the State's major underground mining
operator (Western Mining Corporation), and on the
Golden Mile, had been earlier depleted, and this
second wave resulted in further dilution and more
widespread dissemination of the skilled persons
available.

The problem was compounded by a diversity of
ground conditions encountered in the new mines.

Miners and supervisors, used to maintaining
development operations in the competent dolerite
which characterised the Kambalda nickel dome,
experienced difficulty in large scale mining in
ground of moderate to poor competence.

Ground support problems were compounded by an
almost universal adoption of rock bolts of the
friction stabiliser design, irrespective of the ground
type, geometry of mine openings, corrosion
conditions and working life required of the ground
support. These bolts were adopted on the basis of
operating convenience.
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Scaling practices were poor and often degenerated
to a perfunctory "rattling of the backs" using the
drifters of the drill jumbo. There was little close
quarter inspection, and scaling and sounding of the
ground. Reliance for protection against loose was
placed on the protective canopies on equipment.

The consequences of these developments are
illustrated in Figure 3, with the rising incidence rate
of injury in underground mines in the late eighties.

During 1989, 18 lives were lost, (including 6 in a
single event), and a single and double fatality
followed in the first two months of 1990.

The safety performance in the underground gold
sector in particular had deteriorated to the point
where an Inquiry was conducted across this sector,
in the first half of 1990.

The Inquiry Report identified an extensive range
of deficiencies in operating and safety practices, and
underlined the dilution of experience and lack of
safety management systems and training.

The adverse trend evident in the eighties has been
reversed in the first five years of the present decade,
as may also be seen in Figure 3. However a plateau
effect is now evident. with an adverse trend in some
sectors.

The Rate of Change and its Impact on Training
and Development

Prior to the rapid diversification and expansion of
the industry in the past two decades turnover of
staff was slower, and technical and professional
staff had a longer period to acquire practical
experience and training in front line supervision and
in operating management. The training may not
have been well structured in many cases, but it was
acquired and the staff were reasonably well
equipped to accept responsibility for senior mine
supervisory and management positions. The larger
operations maintained a structured gradation of
professional and technical staff in the various stages
of development.

This situation began to change in the seventies,
and by the eighties it had ended. Staff were
recruited from established mines by new operations
and were not replaced to a commensurate degree.

Little long term staff planning and development
was evident, and the process of staff replacement
was effected by raising the bidding and "pirating"
staff from others.

The scarcity of mining graduates for the
metalliferous sector in Australia was exacerbated by
a heavy drain on the limited pool of graduates by an
expanding export coal sector in Queensland and
New South Wales, prepared to pay high prices for
large drafts of graduating engineers.

The problem was further compounded by the
"boom/bust" cycle which has characterised the
industry, and by a narrow "bean counter” view on
staffing levels imposed by tighter economic times.
This has proved to be short sighted.

A consequence of this in the industry has been
high staff turnover with its concomitant problems,
which include:

. adoption of short term expediency
measures;
. a failure by technical staff and

managers to see extended projects
through to completion and a loss of
quality and continuity on hand-over;

. a loss of opportunity for
technical/professional to acquire
graded in-depth experience,
(replaced by acquisition of one or
two year's experience repeated
several times);
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There has been a general deficiency of structured
graduate training and development, probably
resulting less from the lack of desire to implement it
and more from perceived lack of capacity or
opportunity to do so.

The impact has been detrimental to the industry.
Salary packages have been raised to unrealistic
levels to attract staff with even a basic level of
experience and competence.

The above and other factors have been detrimental
to industry safety
performance and this has manifested itself in the
marked decline now apparent, following the
improvement in performance which was evidenced
between 1990 and 1993.

The problem is compounded by loss of trained and
experienced staff to operations interstate and
overseas.

Operations overseas are often attractive from a
_corporate viewpoint but the process leads to a
further attrition of the available pool of trained
professionals within Australia.

The major difficulty is that even when the
situation is recognised and acknowledged, and
remedial action is taken, the lag time involves
several years. The inevitable option is to pursue
recruitment from overseas.

A final critical factor in the loss of staff through
turnover and attrition is the loss of corporate
memory, not only in general experience but in
knowledge of the potential for critical events.

The consequences of this have been thoroughly
traversed by Kletz, with his theme in "Lessons from
Disaster: How Organisations have no Memory
and Accidents Recur".

In this context he said

"4 common feature has been failure to learn
Jrom the experience of the past. Sometimes
the knowledge was forgotten, and sometimes
it was not passed on to those who needed to

know. Sometimes the whole company or
Jactory failed to learn, sometimes individual
managers. The people involved in an
accident do not forget but after a while they
leave and others take their place.
Organisations have no memory. Only
people have memories and they leave".

This continues to be a deficiency in our industry
today.

Other Aspects of Technological Change

The impact of change is evident in a number of
other aspects of the industry. Two brief examples
are instanced.

Increasing process complexity introduces a more
extensive range of chemicals and reagents, many of
which are in the category of hazardous substances.

There have been and there continue to be problems
with the storage, handling and use of hazardous
substances in the industry, which result basically
from inadequate processes for hazard identification
and risk management in this field. Greater
emphasis is needed on effective management of
hazardous substances, and in particular their
elimination or substitution of less harmful products.

There are still relatively few qualified and
experienced occupational hygienists employed in
the industry and substantial reliance is placed on
monitoring by the inspectorate, especially in the
case of smaller operations. This is a matter which
requires attention. The duty of care on employers is
all the more onerous in the case of insidious dangers
presented by many hazardous substances.

Process technology becomes more complex and
larger in scale, with higher energy inputs and
increased potential for catastrophic consequences,
in the event of system failures. This problem
generally increases with higher levels of
downstream processing.

A further example of technological change is the
introduction of remote control technology for
underground mobile equipment, which was aimed
at reduction of human exposure. This has resulted
in a new learning curve of experience in which
many lives have been lost.
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Much more effort is required in forward hazard
analysis with the introduction of any new
technology, or new application of existing
technology. Too much is taken for granted.

Changing Work Cycles and Shift Rosters

The advent of Long Distance Commute work
systems (LDC) has substantially impacted on work
scheduling and on the lifestyles of the workforce.

Inevitably these LDC systems have required
compressed work schedules, with typically two
weeks of 12 hour shifts alternating with one or two
weeks rostered off.

The industry has demonstrated that these new
systems can be managed without any evident
detriment to safe working practice, but the change is
not achieved without extensive input and
commitment by both management and the
workforce to establish effective arrangements.
Where this is not done the risk of mishap is high.

A seminar on the subject organised by the
Chamber of Mines and Energy resulted in the
production and distribution of a publication
providing practical guidelines to managing and
working with different work schedules and
extended shifts and their rostering.

There remains a good deal to be learned about the
effects of these systems on people and on process,
and establishment of optimal outcomes.

Increasing Involvement of Contractors in
Mining Operations

Contractors have always played a major role in
mining operations, although historically that role
was weighted more to construction and preliminary
development, including shaft sinking.

In the current rapid expansion and diversification
of the industry the contractor's role is much
expanded, not only in open cut and underground
development and production, but also in provision

of maintenance services. In some cases operations
are contracted out completely.

In this discussion we are concerned with
considering the implications for safety performance,
rather than analysing the reasons for contracting out
more of the mining functions.

On the basis of conventional wisdom, introduction
of contractors into operations across the board
might seem to be cause for concern, in respect of
safety performance.

‘Whatever the perception, the reality is that
contractor safety performance, (certainly in the
larger organisations), is at least equal to the industry
norm, and in some cases it is much better. Overall
this is borne out by the fact that contractor's
employees constitute between one quarter and one
third of the total directly employed in mining in
Western Australia, and are an integral part of the
substantial across-the-board improvement in
industry safety performance in recent years.

Given the mobility of contractors, and the transient
nature of the work coupled with the earlier noted
problems of industry turnover, this may seem to be
anomalous, at first sight.

A closer look at the situation brings out some
interesting factors.

The most obvious of these is that to remain in
business, the contractor must perform. There is
competition in the market place and, unlike the
owner of a rich and readily mined orebody, the
contractor can not depend on the merits of the
resource to ensure success.

A good standard of safety performance is an
integral component of effective overall
management, and is therefore a matter of
enlightened self-interest. The cost reduction
resulting from good safety performance is
overwhelmingly more than just a matter of reduced
workers' compensation premiums. The
consequential costs of accidents in terms of impact
on the business may range from a factor of 2 or 3, to
an order of magnitude greater than the immediate
cost.
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Contractors typically operate with lean staffing
levels and the impact of loss of production
operators, and their temporary or permanent
replacement, is substantial.

A further factor is that the present legislation holds
the principal employer, (normally the mine owner),
responsible for the safety of all employees,
including those of contractors. Consequently a
demonstrated commitment to and a track record of
achievement of good safety performance is
generally a component in the tendering process.

A natural consequence of the process is that
contractors are able to attract and hold competent
staff by paying premium rates, for both technical
and professional staff, and skilled miners.

Contractors are also moving overseas, which add
to the drain on qualified and experienced
professionals in Australia.

A consequence of the above trend is that there is
less opportunity for staff of operating mining
companies to acquire the range and depth of
operating experience which is essential for efficient
and safe management of operations.

The contracting element of diversification is
evidently impacting on safety performance in a
generally favourable manner, but there are
identifiable consequential difficulties which arise
for general mining corporations, some of which
have been indicated.

Summary

The examination of impacts on safety performance
outlined here is far from exhaustive in scope, but it
is sufficient to indicate that the consequences of
diversification and concomitant expansion on safety
of operations must be understood and
accommodated.

It was earlier remarked that in general terms,
safety performance has not kept abreast of
technological development.

Increasing mechanisation of mining operations in
particular is the most marked development in the
last 20 to 30 years of this century.

Whereas it might be expected that this should
reduce physical injury, the contrary has been the
experience. Some reasons for this are readily
identified:

. inadequate attention to ergonomics
in design and operating practice;

. larger concentrations of energy and
greater forces have more drastic
effects in the event of mishaps;

. inappropriate interaction of light and
heavy mobile equipment;

. increasing size and speed of trackless
units in the confined environment in
underground mines;

. inadequate design provisions for

maintenance and servicing of heavy
earthmoving equipment, and even
operator access to that equipment.

It must be acknowledged that in part the failure to
keep safety performance improvement abreast of
technological change may be attributed to an
empbhasis on process and systems, rather than
focusing more attention on the human factor.

However there remains a great deal that can be
achieved in the field of engineering design and
more effective application of available technology.

In the final analysis it is the behaviour of people in
the workplace and in management which is the
determinant of safe performance. It is therefore
necessary to deal effectively with both process and
systems, and with people.

INTEGRATION OF SAFE PERFORMANCE
WITH DIVERSIFICATION AND CHANGE

From elements of the foregoing discussion and from
wider consideration and experience, some basic
strategies for accommodating diversification safely
can be framed.

Staff Training and Development
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Structured career development for technical and
professional staff has always been essential but is
seldom effectively done. The pressures of
diversification, expansion and technological change
impose increasing demands on technicians and
managers alike.

At the operator level multi-skilling is now
commonplace and the individual may carry out a
diversity of tasks. It is vital that such operators are
provided with adequate training and depth of
experience. Nothing should be taken for granted.

A study of mining fatalities carried out in Canada
in the late eighties found one common factor. All
of those killed were at the time engaged on a task
which was new to them or in which they had
limited experience.

With the increasing use of decline access to
underground orebodies many mining professionals
and supervisors may lack the opportunity to acquire
experience in shaft operations. Account should be
taken of this in placing persons in positions of
operating responsibility.

Technological Change and Mechanisation

Accommodation of technological change in
maintaining safe operation is a multifaceted
exercise.

The need to ensure adequate training and
development of the essential depth and variety of
experience has already been traversed.

In complex process systems in particular, but also
in underground mining systems, it is essential that
adequate forward hazard analysis is done with a
commensurate process of risk management.

Development and application of these skills is an
essential function.

Full account must be taken of the potential for
harm to personnel from hazardous substances, both

immediate and latent long term or chronic health
effects.

More involvement of competent occupational
hygienists is essential.

Caution is required in introducing new technology,
in that new hazards beyond the experience of the
operators may be introduced. The experience with
remote controlled equipment introduced
underground to reduce operator exposure has
already been exampled.

Whereas current legislation places an onus of duty
of care on manufacturers, suppliers and importers of
plant and equipment to ensure that its design and
operating characteristics are, (so far as is
practicable), free from hazards, the employer still
carries a primary responsibility.

Plant and equipment should be specified and
installed and operated in a manner fit for purpose.

Much remains to be done, particularly in the use of
heavy earth moving equipment (surface and
underground), in the field of ergonomic design. An
egregious example is the lack of facility afforded to
operators to access such equipment and for
maintenance personnel to service it.

Insufficient attention has been paid to engineering
solutions to noise attenuation on plant and
equipment. Too much reliance is still placed on
personal protective equipment.

Safety Management Principles

It remains to note briefly some key aspects or
principles which warrant emphasis:

. Design of appropriate work cycles
and rosters, and recruiting and
training of staff to accommodate to
these systems;

. Effective use of contractors in terms
of selection and evaluation, and
systems of operating and
management control.

. Ensuring that multi-skilling of
operators is applied effectively and
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Maintenance of data bases to ensure
that all staff are kept abreast of
information on the widest possible
spectrum of hazards and associated
risks.

In particular, measures are required
to guard against the consequences of
the loss of "corporate memory";

Structuring of safety management in
complete integration of the
production process.

Too much reliance is generally
placed on process and systems, and
insufficient emphasis is placed on
influencing the behaviour of staff.
The approach taken by DuPont,
which is built on demonstrated
commitment and leadership and
continuous involvement of the
individual on a daily basis, is
demonstrably successful.

CONCLUSION

The limited scope of a paper of this type does not
allow an exhaustive treatment of even a few of the

issues touched

on, but the purpose is rather to draw

attention to some critical aspects of the effects of

diversification,
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with all that it involves.
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