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INTRODUCTION

The workplace in mining operations of the future will, by definition, always have at
least one major characteristic in common with past and present workplaces, which is
that people will be involved. There will inevitably be some human presence and
application of human effort, however great the degree of technological development
and however sophisticated control technologies may become.

Moreover, experience has shown that it is not in the nature of man to refrain from
getting involved personally or physically, even where the equipment and work system
provided may not require it.

Examination of the record of safety performance in the mining industry over recent
decades and up to the present time demonstrates sustained improvement, but a candid
and critical appraisal must lead to the conclusion that there is no room for
complacency, but rather scope for very significant further improvement. The greatest
scope for improvement involves the human factor, through behavioural study and
changes in attitudes, coupled with a more comprehensive professional approach to
safety management. Brief consideration of the developments in the industry during
this century, and in particular, the recent decades, in fact gives us cause for concern.
The current century has seen extraordinarily rapid technological development and
mechanisation in an industry which has been characterised for several millennia by
hard physical graft under the most difficult and hazardous conditions.

It is therefore a reflection on the perversity of human nature that we have still today
not come to terms with the challenges of effectively managing the risks attached to
the hazards which are inherent in the exacting environments of this industry.

The following discussion focusses on the major issues which confront the industry
now, and proposes strategies for the way ahead, in the light of perceived
technological, economic and social trends.

MANAGING THE EFFECTS OF TECHNOLOGICAL
DEVELOPMENT ON THE WORKFORCE

Preliminary

There can be no doubt that one of the most profound influences on the present day
mining workplace is the degree of mechanisation and the introduction of high levels
of technology into almost all aspects of mining from exploration, through
development, production, ore treatment, extraction and refining.
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It is driven by the necessity for improved economics and efficiency, increased safety
(with some qualifications which are considered later), and the disinclination of
successive new generations to undertake hard physical graft under unpleasant
conditions.

ERGONOMICS ~ (HUMAN-FACTORS ENGINEERING)
Consideration of the Principles

In entering into any discussion on this subject, it is necessary first to clarify our
comprehension of the scope of the term. A limited perception is that it deals simply
with the physical interaction of the operator and some piece of equipment. In this
discussion it is used in its widest sense, generally understood to be

“a collection of data and principles about human characteristics,
capabilities and limitations in relation to machines, jobs and
environments™. (1)

Ergonomics is a child of our times, deriving from our inexorable thrust towards mechanisation.

Our concern in this field is to evaluate carefully human performance, behaviour and
training in man-machine systems. At the basic level, man is seen as an element to be
accounted for in the man-machine model.

In a one-on-one system model, the operator (man) senses external factors, senses the
displays of the machine, interprets these; (perhaps performs a computation), reaches
decisions, and reacts or operates accordingly. The operator, having human
intelligence, rather than built-in “artificial intelligence™ available to a machine, may
use his recollection of past experiences in reaching appropriate decisions or apply
intuitive reasoning.

However, the man-machine system does not exist in isolation and consideration is
given to environmental factors, temperature, humidity, noise, illumination,
acceleration, vibration, noxious gases, and personal factors inherent in the human
aperator.

Tailoring operating procedures to the requirements of the system and the people in it,
contributes greatly to safe, orderly and efficient operation. The most difficult variable
to account for is the human personal factor, the state of mind and psychomotor
condition of the operator. This factor can have, and indeed does have, a profound
effect on safe operating performance.

It is therefore critically important to identify as far as possible all man/machine
mismatches and to find workable solutions, generally using methods developed in the
behavioural sciences, as well as the obvious physiological aspects.

Historically the approach taken to design in this area has largely been a matter of trial
and error. Human-Factor Engineering attempts to replace guesswork with a more
scientific method, but results still tend to be derived empirically, rather than
theoretically.
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There are some evident downside factors related to automation in particular,
principally loss of personal identification with the tasks (reduced job satisfaction), and
therefore better structuring of the work is essential; multi-skilling, and job-rotation
and diversification are some elements of this. A further drawback to increasing
mechanisation is the de-skilling of many tasks and activities, and a tendency to
replace skilled miners or craftsmen with machine and plant operators.

Impact of Mechanisation and Automation on Safety Performance

A common misapprehension is that mechanisation, and concomitant automation,
provides a panacea for the elimination of accidents and injury to personnel, but the
reality is at variance with this perception.

With increasing mechanisation, the scale of equipment and the concentration of
energy involved raises the potential for catastrophic consequences from mishaps.

Moreover, the mis-match of man to machinery referred to earlier can result in the
development of detrimental chronic physical conditions in operators.

Consideration of particular aspects of mechanisation in mining provides a sharper
focus on these issues.

Underground Metalliferous Mining

Whereas the last century has seen a steady increase in mechanisation, a quantum jump
in technology has taken place in the last generation with the widespread development
of trackless mining using diesel powered equipment, in conjunction with increasing
use of electrically powered trackless units on a larger scale. Prior to this, haulages
underground were generally rail track operations.

A comparison of the advantages and disadvantages of these developments in terms of
the effect on safety and health in operations is of great interest.

Advantages

- Reduced physical stress on the miner (operator), coupled with high unit
output.

- Reduced exposure of the miner at the face with mechanised drill jumbos, and
of operators of load haul dump units; (robust units with substantial overhead
protection).

- Fewer operators are required underground, and hence the aggregate exposure
of personnel is reduced.

Disadvantages

- Larger equipment requires a great increase in the dimensions of development
openings, which compounds ground stability and support problems.

4



[image: image5.png]- The risk of vehicle accidents increases with size and speed, particularly in
trackless operations. Operations are now possible in three dimensions as
trackless equipment readily negotiates steep grades. By comparison rail
mounted equipment is essentially confined to one horizon, and more readily
controlled.

- Injury potential to personnel on foot in trackless areas is much increased, with
the operation of large equipment at higher speeds in confined spaces.
Peripheral, lateral and rear vision for operators of large equipment is very
restricted.

- The introduction of large diesel powered rubber tyred equipment imports a
much higher level of fire risk into metalliferous mining with diesel fuel,
combustible lubricants and the vehicle tyres. Tyre fires and explosions
underground can be devastating.

- The size and speed of underground units, coupled with rougher road
conditions, tends to affect operators adversely, as a result of jolting and
jarring.

- The operation of diesel engines generates atmospheric contaminants which are
a greater problem underground with the essentially confined environment.

There is a growing trend to electrically driven trackless equipment in underground
metalliferous mining, with the trailing cable technology long used in coal mines, and
increasingly, overhead trolley wire systems, which have been used for many decades
in rail track haulage, together with battery powered units. However, battery power is
inadequate where long hauls on steep gradients are needed, and the trailing cable
system lacks the flexibility offered by diesel units.

The risk presented by electricity is much less than the use of diesel fuel and other
combustibles underground, and is more easily managed, with engineered protection.

The atmospheric contaminants are removed, and noise and vibration are much
reduced.

The obvious, and superficially attractive solution to these problems of mechanisation
underground, is to remove man from the environment, and increasingly this is being
done. Remote control operation (R.C.) of equipment is commonplace and automation
is increasing rapidly.

Introduction of remote control, however, brings in its wake a further train of hazards
and the risks attaching to these have to be managed. Its early development has been
accompanied by a suite of accidents deriving from both system design and operational
deficiencies, and less than adequate job or task design.

Some difficulties include:

- Inadvertent start up (particularly during maintenance/repair).

Cross-activation of units (spurious or stray signals).

- Ambiguous or unexpected directional responses.
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- Operator drives machine onto himself, or uses the remote control from an
unsafe position.

- Integrity of changeover of control function (remote to manual).

- Consequences of control failure — the need for the unit to revert to a non-
hazardous condition in the event of a systems failure.

There remains a general preference among metal mine operators to retain a primary
on-board operating position as well as a remote control function. The facility for a
fall-back manual over-ride is considered essential, even where normal operation does
not require regular alternation between manual and remote control function. In
particular, this obviates the need to use the remote control in close proximity to the
machine on maintenance and servicing,

In some cases ergonomic design may be compromised with less than optimal location
of control functions to improve operator access in the control cabin.

Some ten fatalities involving R.C. machines have been reported from the USA
underground coal mining sector in a little over a year.

For effective risk management, it is axiomatic that in solving one set of problems in
operator exposure, we do not translate the problem elsewhere and create new and
more insidious hazards.

Development of Australian and ISO standards for design of R.C. systems will go
some distance towards the management of these risks, but the task of appropriate job
design and accounting for the human factor will always require close attention.

One final consideration on the application of automation, remote control and robotics
warrants discussion.

The introduction of highly mechanised productive systems and associated high
technology is accompanied by very high capital costs and concentration of the
production function into a small number of major units. In some cases a single
line/unit system may exist. As the protection function built into automated units is
simply to close down when a control or operating system defect occurs, even a
moderate loss of availability can be very costly.

The presence of a human operator, capable of applying intelligent diagnosis and
reasoning, and drawing on past experience not available to “artificial intelligence
systems” will generally be found to be a cost effective “redundancy” or insurance
factor in systems designed to be self-sufficient. The price for this is the continved
exposure of the operator, and the potential for occasional human failings he brings
with him.

The above discussion constitutes but one illustrative aspect of a very wide spectrum
of ergonomic considerations, but the field is clearly one of increasing importance in
the future.
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Accommodating the Impact of Changing Work Systems

Reference has already been made to the importance of the human behaviour factor in
respect of safety performance, and (given adequate training and experience in the
tasks), this factor is a function of both the physical and mental state of the individual.

The structure of the working shift and the shift roster cycle impact on both of these
aspects for the worker. They affect his performance directly while at work and also
the scope of his domestic, social and recreational activities; in brief his total living
environment. Any sustained detriment to the physical and mental well-being
inevitably becomes reflected in work performance and may react adversely on safety
performance.

Whereas many social and domestic factors which are not in any way work related will
affect work performance, prudent and responsible management requires that careful
consideration is given to the impact of personal factors, however they may be
invoked.

Physicians, and more recently behavioural scientists, have long recognised bio-
thythms in the human makeup, and in particular the circadian rhythm which has been
natural to the human condition down the millennia to the present time.

Shift work is not new to mankind. From the earliest recorded times, tasks such as
night watches for security and found the clock steersmen and navigators for sea
voyages have required “shift work” and displaced the natural order for those involved.

The increasing demands of the post industrial revolution society for services and
facilities has grown rapidly, with the parallel development of technology (in particular
lighting) to facilitate their provision.

The community now has a very wide range of industry and service sectors which
impose, of necessity, shift work on its workforce. These include:

Police, hospital and nursing services, power and water supply utilities,
transport, shipping and rail services, public transport, processing plants
depending for their viability on continuous operation, communications,
entertainment, etc.

The mining industry has become increasingly geared to continuous operation as a
result of two imperatives:

- The drive for economic efficiency requires economies of scale and a massive
investment in high capital cost plant and equipment which must be utilised to
the maximum.

- The requirement of many treatment and extraction plants for continuous
operation to ensure viability as a consequence of both the process demand and
the above economic considerations.

Evolution of Shift Work Systems
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There is a marked trend toward extended shifts, (10 or 12 hours’ duration), frequently
coupled with compressed work schedules, structured so that the total hours worked in
any month may not greatly exceed those of more conventional schedules, but longer
periods are rostered off.

These are more commonly found in the offshore petroleum production sector and in
long distance commute operations adopted by mines in remote areas, where
economics and demographic factors prevent establishment of residential communities.

Experience to date at many of these operations has been that there has not been any
detrimental effect on safety performance.

The workers involved value the increased leisure periods which are interspersed with
more concentrated (compressed) work cycles in the schedule.

The social impacts on the families of workers employed in such systems vary. Some
families appear to adapt readily to the lifestyle and others do not. Much depends on
the support available to the families who remain in the communities (towns and cities)
from which the workforce commutes.

Credible studies reporting on the relationship between accident incidence and shift
rosters are few in number. Laundry and Lees (2) reported on a long term study of a
change from 8 to 12 hours shifts. The abstract is reproduced here:

The accident reports of a company were analysed for 10 years before and

after change from 8- to 12-hour shifis. Age-sex standardised ratios were
calculated for each year for on-and off-the-job accidents by severity. Times of
occurrence of on-the-job accidents were also examined. Overall accident
rates were reduced on the 12-hour shift schedule, but statistical significance
was reached only for lower accident categories. Off-the-job injuries

increased on the 12-hour shift. There were significant gender differences in
accident rates on 8-hour but not 12-hour shifis. A distinct circadian pattern of
accident freguency was observed. We concluded that the introduction of a 12-
hour system did not result in increased accidents.

The capacity to tolerate shift work varies considerably and there is obviously a range
of factors which will affect the individual.

Human (or personal) factors

- digestive disorders

- sleep disorders

- psychiatric or neurotic disorders

- substance abuse (drugs, alcohol)

- reduced tolerance with increasing age

Work cycle and structure in combination with socio/environmental factors

- length and sequence of shifts
- length of breaks, at shift changes and between cycles
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- shift durations in relation to work involving mentally demanding or
heavy physical tasks

- domestic commitments

- lack of opportunity for social interaction with family and wider
community

- commuting requirements

- “moonlighting” (second job in leisure time)

In general, the major impacts on the individual are

- sleep disturbance
- digestion disturbance
- disruption to family and social life

Remedial strategies for the employer include careful consideration of such factors as

- physical and mental capacity of the individual

- design of shift schedules, in particular breaks and rotations

- structure and scheduling of tasks

- employee appraisal and aptitude testing

- attitude and performance review and counselling

- employee assistance programs

- comprehensive training coupled with skills enhancement and rotation
programs

The Problem of Substance Abuse (Drugs and Alcohol)

Increasing attention is being paid to the issue of substance abuse on work
performance, as this factor has been evidenced as an increasingly common
characteristic of the late 20™ Century lifestyle, particularly for the younger
generations. The topic provides ample scope for a seminar in its own right and only a
brief commentary can be made here. There can be no question that substance abuse
leads to detriment in work performance and may impact very adversely on safety
performance.

There is widespread use of substances socially in the community and there is no doubt
that there must inevitably be some carry-over of effects to the work situation.
Assessments have been made on the detriment to performance, but impact on safety is
less readily determined. Substances are normally fairly easily identified at post
mortem, but as industrial fatalities are fortunately relatively few in number compared
to the incidence of serious and minor injuries, little can be discerned about the total
picture in this way.

Employers are becoming increasingly concerned to develop appropriate identification
and control strategies, and the incorporation of the common law duty of care into
enacted health and safety legislation appears to have given impetus to this.

There has been an evident acceleration in the introduction of compulsory random
testing to the workplace; (even systematic testing for operators of key functions or
facilities). The process is fraught with technical and legal difficulties and employers
are enjoined to exercise caution, rather than join what may develop into a gaderene
rush, to the satisfaction of enterprises purveying services in this field, and the legal
fraternity.
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the problem, if one is found to exist, and to maximise efforts in the first instance
towards education and training and seeking to modify the climate of opinion of the
workforce to the view that such behaviour is unacceptable. For any identification and
control strategies to be effective, they will have to have the full support of all those in
the enterprise, and be applied in a constructive, equitable and non-threatening manner.

Alcohol remains by far the most widely used substance and the carry over of its effect
into the workplace after social use (or abuse) is therefore likely to be the major
problem. It is fairly readily detected and tested for, and social or community
standards exist for acceptable levels in the system.

The same cannot be said for drugs, both prescription and illicit.

Information available in Australia to date indicates that illicit drugs do not represent a
major component of the problem. It is a very difficult and costly exercise to maintain
a valid and effective regime of testing for even the broad suite of the more commonly
used prescription and illicit drugs.

Broader preventative or remedial strategies are deemed to be generally more cost
effective and less intrusive and less detrimental to employee relations.

The problem of substance abuse appears to be a manifestation of the stresses
(perceived or real), associated with our present lifestyle. Moreover, employees bring
other personal problems to work which may lead to preoccupation or inattention,
which are equally detrimental to performance.

The establishment of Employee Assistance Programs (E.A.P.) is becoming more
widespread, and their adoption as a matter of policy generally reflects enlightened
self-interest on the part of the employer. An increasingly wide range of specialist
services is available in the community, and these have simply developed kin response
to a need.

WORK PLACE HAZARDS AND THEIR CONTROL

The challenges of managing risk in a hazardous industry have not lessened to any
great extent with increased mechanisation and the application of higher technology. It
was remarked earlier that these factors relieve some hazards but introduce others,
often with high associated risks.

Much of the foregoing and following discussion is directed at metalliferous mining,
although reference is made to coal mining. Underground coal mining has hazards
with potentially very high levels of risk which are unique, and derive from the need to
conduct all operations in a combustible and potentially explosive material in a
confined environment. It is again, material for a seminar in its own right.

A very high level of duty of care attaches to management of any hazardous enterprise,
the more so when there are insidious dangers whereby persons may be adversely
affected without even being conscious of their exposure. Atmospheric contaminants,
solvents, and process chemicals frequently fall in this category. There are, to be sure,
factors which militate for improved safety with advances in technology, amongst
which are included:
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- progressive development of mining methods which break the tyranny of the
drill, blast, muck cycle.

- advances in the science and application of geo-mechanics providing for
improved prediction of open pit slope stability and its monitoring, and
excavation design and ground support systems in underground mines,

- marked advances in communication technology which is vital to emergency
control in underground mines,

- much improved protective equipment and instrumentation for detection and
analysis of noxious gases and other harmful atmospheric contaminants.

- superior process control and security monitoring systems.

Constant attention and vigilance is required to develop and maintain predictive
(preventative) models for risk management, which are demanded by new processes
and equipment.

Activities involving large scale concentrations of energy and hazardous materials call
for the scrupulous application of quantitative risk assessment techniques and the use
of predictive models.

Major hazard management involves Hazard And Operability Studies (HAZOP),
Hazard Analysis (HAZAN), systems employing event tree and fault tree applications,
and powerful predictive and investigative techniques such as the Management
Oversight and Risk Tree (MORT).

It must be recognised that whereas these are valuable and powerful techniques when
based on valid data and properly used, they are essentially in the province of key
technical and management staff to implement. The involvement of the entire
workforce of the enterprise is required for the broader task of successful integration of
a safety management program with the production function, at the necessary and
appropriate level of detail.

It is the task of more senior operating management with the aid of safety professionals
and risk management specialists (in-house or consultants) to utilise the more
comprehensive and sophisticated approaches to:

. design or review safe operating systems for integration of the whole operating
complex and its component parts;

. build appropriate margins of safety into work systems;

. perform “fail safe” analysis on complex and potentially hazardous
components; (eg integrated shaft and hoisting complexes).

. establish (in close coordination with operators involved) emergency
preparedness and response systems.
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[image: image12.png]Present day management has a wide spectrum of philosophies, information and
services to draw upon in adopting approaches to hazard analysis and risk assessment,
as the starting point for framing an effective safety management (or loss control)
program.

Care is required, as there are false prophets to be found among the body of practising
professionals, consultants and gurus who collectively represent the conventional
wisdom in the safety field. Many postulations are only partly correct, based on a
narrow specialist perspective, or developed with specious or tendentious arguments,
in pursuit of particular agendas.

Whereas the value of accident and incident investigation is widely recognised as both
a diagnostic and a predictive tool, some contend that past accident experience is a
poor predictor of the presence of hazards associated with a high amount of energy and
therefore more likely to result in high severity injuries. This appears to be at variance
with the general experience. Repetition of accidents and incidents of common and
familiar experience is all too prevalent.

Retrospective critical incident analysis (or “incident recall”) has proved to be a useful
tool in accident prevention. A wider spectrum of experience is invoked. There are
many more “near misses”, (which generally go unreported unless an effective safety
program is in place), than there are serious and fatal injuries.

A commonly held precept is that “passive” countermeasures are preferred to “active”
measures. The term “passive protection” is used to describe measures that do not require
cooperation or positive action by the (exposed or involved) individual to be effective. In
effect, it relates to erecting a barrier between the target (individual) and the energy
source; (the hazard-barrier-target concept described by Conger and Elsea). (3)

This precept is a component of the principle of engineering safety into the system
advocated fifty years ago by Dr Neil George, the pioneer of the Quebec Safety System.

@

There always exists, however, a range of circumstances where reliance can not be placed
on passive systems, however well conceived they may be.

In mid 1991-92 a retrospective study into fatal accidents in the mining industry was
carried out in Western Australia. The time span was a twelve year period during which
104 deaths were recorded. Three of the accidents resulted in multiple fatalities, with two,
six and two deaths respectively.
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CAUSAL PERCENTAGE
FACTORS OF
FATALITIES
FUNDAMENTAL Unsafe Place of Work 50
FACTORS Unsafe System of Work 46
Unsafe Work Practice 83
PERSONAL Inadequate Experience 12
FACTORS Inadequate Training 13
Improper Motivation 29
Physical or Mental Problem 7
JOB FACTORS Inadequate Work Standards 68
Inadequate Equipment Design 16
Inadequate Equipment 16
Defective Equipment 18
Normal Wear and Tear 2
Abnormal Usage 3
Inadequate Communication 22

The overwhelming factor in the fundamental causes was unsafe work practice, and in the
job factor category inadequate work standards predominated, with inadequate
comrunication also standing out. This report has been widely circulated and studies
throughout Western Australia and elsewhere in Australia.

With the reduced incidence rates of fatal and serious injury compared with earlier
decades, the circumstances of accidents and injury are often outside the range of
experience of personnel now working at and managing mines. It is therefore of great
importance to gather information and data from as wide a range as possible. The mining
inspectorates around Australasia are in a position to coordinate and disseminate
information of this type and do so on a regular basis.

Forward hazard analysis must remain the task of primary importance to the management
of risk in this inherently hazardous industry.

Some aspects of this are revisited in the following section.

PRACTICAL AND EFFECTIVE APPROACHES TO HEALTH AND
SAFETY MANAGEMENT

Preliminary

Safety can be managed effectively only in complete integration with the production
function and it is vital to develop the necessary and appropriate mindset in the enterprise.

Real progress can be made only when full commitment is achieved throughout the
organisation to the precept that ALL ACCIDENTS ARE PREVENTABLE. It is nota
matter of luck. Accidents result from a combination of circumstances and forces together
with actions or lack of actions on the part of persons involved. The only chance element
is (in some cases) whether persons are injured or killed. Chance usually plays less of a
part here than is commonly perceived.
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complete support throughout the organisation.

COMMITMENT, TRAINING AND ORGANISATION

The commitment of the workforce in general will be achieved only if the commitment
from the Chief Executive down is unequivocal, and management demonstrably work hard
at it.

At the general employee level few things are more convincing of management
commitment than visible top level involvement and the expenditure of hard cash on
safety equipment, facilities and systems, and prompt response to genuine safety
problems.

Action rather than rhetoric and propaganda makes believers of even the sceptics.

Having established the climate for change and improvement by demonstrated
commitment and by involving the people who work with the hazards, it is necessary to
have clear cut goals and a structured logical plan for implementation of any program.

Organisation must be maintained on normal functional operational and production lines.
Earlier systems where the “Safety Department” existed as a separate entity lacked
credibility; safety was seen as a “bolt-on component”, which could be detached if
production priorities became too pressing.

That is not to say that there is not room for safety professionals in the organisation, quite
the contrary. However, the safety professional provides a consulting and advisory service
to the operators and line managers, as do other specialists in the system.

A key role for the safety professional is the development of training and induction
programs, and in facilitating the conduct of job safety analysis, the framing of standard
work procedures, hazard analysis, and accident investigation and accident prevention
programs. Training for the general employee should incorporate not only task
performance but hazard identification and practical accident prevention at the operating
floor level, or at the face.

Learning is an iterative process and too often the length of the learning curve in
underground mining in particular is underestimated, even by experienced supervisors and
managers.

Regular review, re-appraisal and reiteration is essential, in particular when there is any
change in systems or operations.

The most critical issue, and one that is most often neglected, is the training and
development of supervisors, not only in the operating function, for which they are already
equipped by prior development and experience, but in effective leadership and
management to fully integrate safe performance into the total system. Motivation and
leadership are paramount.

A crucial skill which must also be developed is the ability to appraise the risk spectrum

and to ensure that resources available for the mitigation of those risks are commensurate
with their levels and probability of occurrence.

14



[image: image15.png]AUDITS AND WORK PRACTICE CONTROLS

Enterprises which have in place effective safety management programs do not rely solely
on external audits of the type provided by the statutorily appointed mining inspectorates.

The conduct of regular audits, from the basic workplace level to full scale reviews of the
organisation, are not only valuable but essential if they are properly constituted and

conducted, and the findings acted upon.

Work place controls must focus on the quality control function to ensure that well-
defined and thoroughly understood work standards are maintained. The scope of this
area is wide, but includes the use of standard work procedures, thorough maintenance
checks, strict adherence to essential safety practices such as equipment isolation, and
effective supervision.

The function of supervision is difficult to exercise in underground mines, and the miner
has a large measure of discretion in how he carried out the tasks.

ENGINEERING, ATTITUDES AND MOTIVATION

‘While much can be done and has been done to “engineer” safe systems and to design and
build equipment with adequate factors of safety and barriers against injury, the “passive”
system, as mentioned earlier, can not be relied upon totally.

The application of “failsafing” (based on the “what if?” analysis of the system) is a useful
tool which has been extensively promoted and adopted in Ontario, Canada. However, it
must be kept in mind that there is no infallible “failsafe” system.

A very important concept in devising systems of work is to build in a margin of safety, so
that operators do not strain or cut corners to achieve targets.

Closely coupled to the concept of application of equipment systems designed and
engineered for safe operation, is the development and maintenance of the correct attitude
and motivation. Attitude assessment to determine what the workforce really think and
believe, and also the level of commitment and motivation, are essential. The path to
success is through regular, open and effective (two way) communication.

EMERGENCY PREPAREDNESS AND RESPONSE

Mine managers have a legal and moral responsibility for safety and loss control
management, which includes effective emergency preparedness and response planning.

Emergencies range from the relatively minor to the infrequent, low probability but
potentially catastrophic events which may lead to a major disaster if control measures are

not in place.

Mining operations range from large well resourced enterprises located near major
population centres, where additional external facilities and assistance are close at hand, to
small remote operations, which are totally dependent for immediate action on their own
resources.

Prevention, preparedness, response and recovery are essential components in framing
emergency plans, and failure of any link in the chain may have serious or even
catastrophic consequences.
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[image: image16.png]It is self-evident that such planning must be undertaken at the design and commissioning
stages of any operation, and the process exercised regularly during its subsequent life.

A forward looking probabilistic approach to safety analysis is an essential aspect, so that
accidents or emergencies can be anticipated, rather than having to analyse them in
retrospect and at great cost.

It is essential that management plans and implements systems, in such a way that any
emergency can be properly managed, rather than depend upon the technical capacity of
the persons in the enterprise to rise to the occasion should a crisis arise.

HIGH POTENTIAL ACCIDENT/INCIDENT FOCUS

‘While analysis of accidents and injuries are important, too often resources are wasted in
giving consideration to the full range of injuries, whether medical referral or lost time.

For future prevention of serious and fatal injuries there should be a concentration on
accidents and incidents having a high severity potential, including those “near misses” (or
“near hits”) where no injury to personnel was involved. Included in this process, is the
“incident recall” or critical incident analysis approach referred to earlier. It was earlier
remarked that the data available on serious and fatal injuries is much more limited than
that which may be derived from this much larger field of study.

The widespread distribution of Significant Incident Reports and Safety Bulletins by the
Mining Inspectorates in Australasia facilitates this approach.

QUANTITATIVE RISK ASSESSMENT
Rapid development has taken place over the past decade or two in the field of
quantitative risk assessment (QRA), and the professional safety literature is filled with

discussions of many analytical tools now available.

Some familiar terms:

Hazard and Operability Studies HAZOPS
Hazard Analysis HAZAN
Fault Tree Analysis FTA
Management Oversight and Risk Tree MORT
Event Tree Analysis ETA

These systems have generally been derived from the need to be able to cope with a
complex interaction of factors, and are regularly and necessarily applied in process
systems, (chemical factories, petroleum refineries and such complexes), to guard against
low probability but potentially catastrophic events.

Whereas the full scope of these techniques may not be necessary in carrying out a
(forward) hazard analysis of simple processes or tasks, or indeed of accident
investigations and the development of accident prevention plans, the logic and discipline
of the method will assist the safety professional, and technical and engineering staff. All
key technical and management staff should have an appreciation of the nature of these
systems and their potential applicability.
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[image: image17.png]Elements of systems such as MORT can be applied effectively at the sub-component
level in forward hazard analysis and accident investigation and prevention.

INDUSTRIAL HYGIENE

The field of occupational health or industrial hygiene generates increasingly higher
demands for expertise and application of effort as each decade passes.

This is due in part to an increased array of chemicals, reagents, solvents and hazardous
and toxic substances which are demanded by expansions in scale and technology, but also
by the indentification of greater scope for these elements (both real and perceived) to
impact adversely on people.

Coupled to this are even more difficult issues such as allergies, asthma deriving from
industrial exposure and psychosomatic disorders relating to stress or anxiety states.

Permissible levels of exposure are progressively being reduced to levels at or below the
threshold of reliable measurement, and monitoring and sampling programs are becoming
very costly.

Bioassay programs increasingly provide a more cost effective means of monitoring dose
assessments and any adverse medical effects (health surveillance).

This is a field which requires careful management and the exercise of vigilance to ensure
that valid and cost effective regimes are put in place.

SELF-REGULATION FOR HEALTH AND SAFETY STANDARDS
VERSUS PRESCRIPTION AND ENFORCEMENT
Preliminary

The term self-regulation appears to have had its genesis, (at least in its present widely
used context), in the Report of the Robens Committee, Safety and Health at Work. (6)

This report, completed in June 1972, following a two year review of the situation in the
United Kingdom, became something of a landmark document, although it falls short of a
definitive treatise on the subject, by acknowledgement of its authors.

Whereas perceptions on the Robens philosophies held by individuals or groups are
regularly bandied about, few in Australia have read the report and fewer still have studied
it.

Its essential precepts are therefore widely misunderstood, and it is regularly misquoted, or
worse, selectively quoted.

In total it is an excellent report and should be studies.

The following extracts are of significance in this present context:

. “The most important single reason for accidents at work is apathy™

. “Safety is mainly a matter of the day-to-day attitudes and reactions of the

individual, and whatever the total picture, the fact is that serious accidents at work
are rare events in the experience of individuals”
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[image: image18.png]. “Perhaps the most important is that if individual experience is not in the normal
course conducive to safety awareness, then safety awareness must be deliberately
fostered by as many specific methods as can be devised.”

The Essence of the Robens Philosophy

The use of the term “self-regulation” has led to the erroneous concept that Robens
proposed that enacted law and a detailed framework of legislation be dispensed with and
that occupational health and safety be left to the enterprise.

What Robens did say is that the apathy problem would not be overcome so long as people
are encouraged to think that safety and health at work can be ensured by an ever-
expanding body of legal regulations enforced by an ever increasing army of inspectors.

The fundamental premise is

“The primary responsibility for doing something about the present levels of
occupational accidents and disease lies with those who create the risks and those
who work with them.”

There is no possible way that a body of enacted law and periodic inspections and audits
can in themselves make any operations safe, by arbitrarily imposing external controls on
an intermittent basis. Safe operations at an enterprise are determined by the way in which
the enterprise is managed and how effectively the workforce participates in the shared
responsibilities inherent in the process, on a day by day basis.

Robens called for commitment from management and consultation with and involvement
of the workforce in clear and rational terms. He recognised the role of the safety
specialist/adviser/consultant to assist line management in the integration of the safety
function into production.

‘What Robens did not do was to “throw the baby out with the bathwater.”

The requirement for appropriate and effective legislation was recognised, as well as the
maintenance of a competent inspectorate. The task of the latter is to ensure compliance
with minimum standards and to promote achievement of the highest possible standards
by education and advice.

Regulations can never be framed to be exhaustive and exclusive, and great emphasis is
given to the use of codes of practice and guidelines which are of more direct relevance in
exercising the general duty of care owed by an employer to employees.

The Experience of Self-Regulation in the United Kingdom

The move toward self-regulation has not been an unqualified success, as reported by
Dawson (et all) in their review of the limits of self-regulation. (7) Improvements
evidenced in the late seventies were apparently not carried into the eighties. Managers
and Safety Practitioners should study this volume, in the light of present trends in
occupational health and safety legislation in Australia.

The reality is that the fundamental philosophies expounded in the Robens Report have
not failed, but there has been a shortfall in their adoption and effective implementation,
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[image: image19.png]which can be attributed, at least in part, to the existence of adversarial industrial
overtones in the tripartite process.

In the report on self-regulation, three elements were identified as crucial:
- knowledge

- capacity
motivation

The Way Forward

The issue is not Self-Regulation versus Prescription and Enforcement. The latter process
has long been recognised as an ineffective approach.

The formula for success is the recognition by each enterprise of its total obligation for
effective integration of safety management in every aspect of its operations, for in so
doing it becomes “self-regulating”.

All that is then required is for the cooperative development of a framework of regularly
updated legislation prescribing minimum standards and providing for implementation of
the best practicable guidelines and codes of practice to foster excellence in safety
performance.

The role of the Inspectorate is to audit, and to educate, encourage and cross-communicate

information and safety data, and to apply competent professional skills and experience in
the pursuit of accident prevention and health protection as fundamental objectives.
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