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ERGONOMICS PROCESSES:

IMPLEMENTATION GUIDE AND TOOLS
FOR THE MINING INDUSTRY

By Janet Torma-Krajewski, Ph.D.,' Lisa J. Steiner,” and Robin Burgess-Limerick, Ph.D.’

Abstract

Research has shown that an ergonomics process that identifies risk factors,
devises solutions to reduce musculoskeletal disorders (MSDs), and evaluates the
effectiveness of the solutions can lower worker exposure to risk factors and MSDs and
improve productivity. A review of the Mine Safety and Health Administration (MSHA)
injury/illness database indicated that 46% of illnesses in 2004 were associated with
repetitive trauma and 35% of nonfatal lost days involved material handling during 2001—
2004. Even though these statistics show that MSDs significantly contribute to
occupational illnesses and injuries in the U.S. mining industry, few mining companies
have implemented an ergonomics process. Despite the many unique challenges in the
mining environment, three mining companies partnered with the MSD Prevention Team
at the National Institute for Occupational Safety and Health’s Pittsburgh Research
Laboratory to demonstrate that an ergonomics process could be systematically
implemented and effectively integrated with existing safety and health programs.
Because these three mining companies were very different in organization, culture, and
size, the ergonomics processes had to be modified to meet the needs of each company.
A description of how these three companies applied ergonomics and the tools and
training used to implement their processes is given. Prior to discussing the case studies,
general information on the elements of an ergonomics process is provided.
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Section I

Introduction: Ergonomics and Risk Management

Ergonomics is the scientific discipline concerned with the understanding of interactions
among people and other elements of a system to optimize their well-being and overall system
performance [IEA 2008]. This is generally accomplished by applying ergonomic principles to
the design and evaluation of manual tasks,' jobs, products, environments, and systems, ensuring
that they meet the needs, capabilities, and limitations of people. When integrated with safety and
health programs, ergonomics can be viewed as a third leg of a three-pronged risk management
approach to reduce musculoskeletal disorder (MSD) rates. Safety focuses on hazards that may
result in traumatic injuries, industrial hygiene concentrates on hazards that may cause
occupational disease, and ergonomics addresses risk factors that may result in MSDs and other
conditions, such as vibration-related illnesses. By applying ergonomic principles to the
workplace with a systematic process, risk factor exposures are reduced or eliminated. Employees
can then work within their abilities and are more efficient at performing and completing tasks.
The benefits of applying ergonomic principles are not only reduced MSD rates, but also
improved productivity and quality of life for workers.

The purpose of this document is to provide information on implementing a successful
ergonomics process that is part of the organizational culture. Section I describes the basic
elements of the process and then discusses the importance of employee participation in the
implementation of the process. Also included in this section is information on the evolution of
risk management as it applies to an ergonomics process. A model developed for safety and health
risk management defines five stages, ranging from a pathological stage to a generative stage—
from a stage that attributes safety problems to employees to one that involves all employees in
risk management at multiple levels with the goal of promoting the well-being of employees.
Section II describes how three mining companies implemented ergonomics processes, including
lessons learned. Interventions implemented by the mining companies are presented in Section III,
along with information on changes to discomfort levels at one of the companies. Section IV

describes various tools used when implementing the processes, while Section V focuses on

'Manual tasks are tasks that involve lifting, pushing, pulling, carrying, moving, manipulating, holding, pounding,
or restraining a person, animal, or item.



training, including a presentation for management that promotes the value of ergonomics
processes. The tools presented in Section IV and the management presentation contained in

Section V are provided as electronic files on the CD included with this document.

Basic Elements of Ergonomics Risk Management Processes

Successful ergonomics risk management processes have several elements in common.
The process starts with establishing an understanding of the task and interactions that occur
between the worker and equipment, tools, work station used to complete the task, and work
area/environment in which the task is conducted. Managing risks associated with manual tasks
requires identifying risk factor exposures. If the exposures cannot be eliminated, the degree and
source of risk requires assessment. Potential controls or interventions are then identified,

evaluated, and implemented to reduce the risk as far as reasonably practical.

The ultimate aim of an ergonomics risk management process is
to ensure that all tasks performed in workplaces can be
performed with dynamic and varied movements of all body

regions with low to moderate levels of force, comfortable and
varied postures, no exposure to whole-body or hand-arm
vibration, and breaks taken at appropriate intervals to allow
adequate recovery.

Element 1: Identifying Risk Factor Exposures During Manual Tasks

Identification of risk factor exposures should include consultation with employees,
observation of manual tasks, and/or review of workplace records. Employees should be asked
what they think is the most physical part of their job or what task is the hardest to do. Conditions

that could potentially indicate risk factor exposures include the following:



An MSD was associated with performance of the task.

Any employee is physically incapable of performing the task.

The task can only be done for a short time before stopping.

The mass of any object being handled exceeds 35 pounds.

The postures adopted to perform the task involve substantial deviations from neutral,
such as reaching above shoulders, to the side, or over barriers; stooping; kneeling; or
looking over shoulder.

The task involves static postures held for longer than 30 seconds and is performed for
more than 30 minutes without a break or for more than 2 hours per shift.

The task involves repetitive movements of any body part and is performed for more
than 30 minutes without a break or for more than 2 hours per shift.

The task is performed for more than 60 minutes at a time without a break.

The task is performed for longer than 4 hours per shift.

Any employee reports discomfort associated with the manual task.

An employee is observed having difficulty performing the manual task.

Employees have improvised controls for the task (e.g., phone books for footstools,
use of furniture other than that provided for the task).

The task has a high error rate.

Workers doing this task have a higher turnover, or rate of sick leave, than elsewhere
in the organization.

Exposure to whole-body vibration (vehicles) or arm-hand vibration (power tools)

exceeds 2 hours per shift.

NOTE: The conditions listed above were compiled by the authors based on their professional
knowledge and from various sources, such as the Washington State Hazard and Caution Zone
Checklists [Washington State Department of Labor and Industries 2008a,b] and limits used for medical
restrictions and other guidelines. These conditions alone do not necessarily indicate a risk factor
exposure, nor do they indicate a boundary between safe and unsafe conditions. Rather, they must be
evaluated in terms of the worker and all aspects of the task: methods or work practices, equipment,

tools, work station, environment, duration, and {requency.



If after adequate consultation, observation, and review of records, none of the above
conditions is met for any manual tasks in a workplace, then it is reasonable to conclude that the
manual tasks are likely to constitute a low MSD risk. For each manual task that has been
identified as requiring assessment (one or more of the above conditions is identified), it is
sensible to ask whether the task can be easily eliminated. If the manual task can be eliminated,
and this is done, then there is no need for an analysis. Reassessment should be conducted
whenever there is a change in equipment or work processes. Any new MSD or report of
discomfort that is associated with any manual task should trigger either elimination of the task or

a risk assessment.

Element 2: Assessing MSD Risks for Manual Tasks

If risk factor exposures exist that cannot be eliminated, the next step is to assess the risks.
The aim of the risk assessment is to assist the risk control process by providing information
about the root causes and severity of the risk. The assessment should be undertaken with the
involvement of the workers who perform the tasks. The assessment of exposures is complicated
by the number of exposures that contribute to determining the MSD risk and by the interactions
among the different risk factors. The risk assessment process is also complicated by the number
of body parts that can be affected and by the variety of possible ways in which an MSD may
occur. MSDs occur when the forces on a body tissue (muscle, tendon, ligament, and bone) are
greater than the tissue can withstand. MSDs do not occur suddenly as a consequence of a single
exposure to a force. They arise gradually as a consequence of repeated or long-duration exposure
to lower levels of force. Even low levels of force can cause small amounts of damage to body
tissues. This damage is normally repaired before an MSD occurs. However, if the rate of damage
is greater than the rate at which repair can occur, an MSD may result. MSDs may also result
from a combination of these mechanisms, e.g., a tissue that has been weakened by cumulative
damage may be vulnerable to sudden injury at lower forces. Also, if a tissue has suffered a
sudden injury, it may be more prone to an MSD-type injury during its recovery process. Manual
task risk assessment needs to consider these possible mechanisms. MSDs associated with manual
tasks can occur to a range of different parts of the body, and the injury risks associated with a

task will vary for different body regions. Consequently, the degree of exposure to different risk



factors must be assessed independently for different body regions. In addition to the forces
involved, the risk of an MSD to a body part depends on the movements and postures involved,
the duration of the exposure, and whether there is exposure to vibration. The risk assessment
must address each of these risk factors and the interactions between them.

The first step in assessing the risk of an MSD associated with a particular manual task is
to determine the body regions of interest. This may be self-evident if the task has already been
identified as causing MSDs or discomfort to a particular body part or parts. Alternatively, the
risk assessment should consider the risk of an MSD to each of the following regions
independently: lower limbs, back, neck/shoulder, and elbow/wrist/hand. MSDs are most likely to
occur when significant exposure to multiple risk factors occurs. Primary risk factors include
forceful exertions, awkward postures, static posture, repetition, and vibration. Combining these
risk factors greatly increases the risk for developing an MSD. Each of these risk factors is

described briefly below.

Forceful Exertions

An important factor in determining the likelihood of
an MSD to a specific body part is how much force is
involved. Historically, the mass of objects being handled
has been the focus. However, the risk associated with a task
depends on a number of other factors as well. For example,
in lifting and lowering tasks, the force required by the back
muscles can depend on the distance of the load from the
body as well as the mass of the load. Similarly, if the task
involves pushing or pulling a load, the force involved will
depend on the frictional properties of the load and the
surface, along with the mass of the load.

Other manual tasks may not involve the

manipulation of any load, but high forces can still be
required. If the force exerted by a body part is close to its maximum, the worker is exposed to a
high risk of a sudden MSD, and urgent action is indicated. Even if the forces involved are not
close to maximum, the task may pose a high risk of an MSD if the body part is also exposed to

other risk factors.



High-speed movements (hammering or throwing) are an indication of elevated risk,
mostly because high speed implies high acceleration, which in turn implies high force, especially
if the speed is achieved or stopped in a short time. Such “jerky” movements are an indication of
initial high exertion of the body parts involved. This also includes rapid changes in the direction
of movement. Another high-force situation occurs when impact force is applied by the hand to
strike an object or surface. In this case, there is a high force applied to the hand by the object or
surface being struck.

The magnitude of the force relative to the capabilities of the body part is what is
important in assessing MSD risks. For example, the small muscles of the hand and forearm may
be injured by relatively small forces, especially if the task is executed at extremes of the range of
movement at a joint. This also implies that the capability of the individual performing the work
must be taken into consideration when assessing the MSD risk. Overexertion depends on the

magnitude of the force relative to the capabilities of the structures.

Awkward Postures

The body postures used during a task
influence the likelihood of an MSD in a number of
ways. If joints are exposed to postures that involve
range of movement near the extreme positions, the
tissues around the joint are stretched and the risk of

an MSD is increased. Ligaments, in particular, are

stretched in extreme postures. If the exposure to
extreme postures is prolonged, the ligaments do not immediately return to their resting length
afterwards. Tissue compression may also occur with extreme postures. For example, extreme
postures of the wrist increases the pressure within the carpal tunnel, resulting in compression of
the median nerve as it passes through the carpal tunnel.

The following list provides examples of awkward postures that may involve range of
movement near extreme positions [Washington State Department of Labor and Industries
2008a,b; OSHA 1995]:

e Neck flexion (bending neck forward greater than 30°)

e Raising the elbow above the shoulder

e  Wrist flexion greater than 30°

e Back flexion greater than 45°

e Squatting



Other joint postures are known to be associated with increased risk of discomfort and
MSDs. These include:

e Trunk rotation (twisting)

e Trunk lateral flexion (bending to either side)

e Trunk extension (leaning backward)

e Neck rotation (turning head to either side)

e Neck lateral flexion (bending neck to either side)

e Neck extension (bending neck backwards)

e Wrist extension (with palm facing downward bending the wrist upward)

e  Wrist ulnar deviation (with palm facing downward bending the wrist outward)
e Forearm rotation (rotating the forearm or resisting rotation from a tool)

e Kneeling

There are other awkward postures that
increase the risk of an MSD because of the
orientation of the body with respect to gravity
and do not necessarily involve extreme ranges
of movement. These postures usually require
the worker to support the weight of a body part.

An example would be lying under a vehicle to

complete a repair. When assessing postures, it is
important to note that workers of different sizes may adopt very different postures to perform the
same task.

The force exertion of muscles is also influenced by the posture of the joints over which
they cross. Muscles are generally weaker when they are shortened or lengthened. This effect will
be greatest when the joints approach the extremes of the range of movement. Consequently, the
optimal design of work aims to provide tasks that can be performed while maintaining neutral
postures. The following are descriptions of neutral postures for different body parts [OSHA 2008;
Warren and Morse 2008]:



Head and neck Level or bent slightly forward, forward-

facing, balanced and in line with torso S

Hands, wrists, and forearms All are straight and in line
Elbows Close to the body and bent 90° to 120° _
()
Shoulders Relaxed and upper arms hang normally at =
the side of the body
Thighs and hips Parallel to the floor when sitting;

perpendicular to the floor when standing

Knees Same height as the hips with feet slightly
forward when sitting; aligned with hips

and ankles when standing

Back Vertical or leaning back slightly with
lumbar support when sitting; vertical with

an S-curve when standing

Static Posture

The optimal design of work results in tasks that
involve slow to moderately paced movements and varied
patterns of movement. Little or no movement at a body
part elevates the risk of discomfort and MSDs because
the flow of blood through muscles to provide energy and

remove waste depends on movement. Tasks that involve

static postures quickly lead to discomfort, especially if

combined with exposure to other risk factors.



Repetition

If the task involves repetitively performing similar patterns of movement, and especially
if the cycle time of the repeated movement is short, then
the same tissues are being loaded in the same way with
little opportunity for recovery. Such repetitive tasks are
likely to pose a high risk of cumulative injury, especially
if combined with moderate to high forces (or speeds),

awkward postures, and/or long durations.

Vibration

Exposure to vibration in manual tasks
comprises two distinct types: hand-arm vibration
(typically associated with power tools) and
whole-body vibration (typically associated
with vehicles). In both cases, the vibration

exposure impacts MSD risk both directly and

indirectly.

Exposure of the upper limbs, and particularly the hands, to high-frequency vibration
associated with power tools is a direct cause of damage to nerves and blood vessels. Short-term
effects are temporary loss of sensation and control, and blanching of the fingers (vibration
white finger syndrome). These effects may become irreversible with long-term exposure and lead
to gangrene and loss of the affected fingers [NIOSH 1989]. Use of vibrating power tools is also
an indirect cause of MSD risk to the upper limbs because the vibration increases the force
required by the upper limbs to perform the task. The degree of risk increases with higher-
amplitude vibration tools (hammer drills or jackhammers).

Similarly, long-term exposure to whole-body vibration (typically from vehicles) is
associated with back pain [Bovenzi and Hulshof 1999; Lings and Leboeuf-Yde 2000; ACGIH
2007a]. As well as a direct effect on the back, exposure to whole-body vibration also has an
indirect influence on MSD risk by causing fatigue of the back muscles. Again, the risk is greater

when the amplitude of vibration is high (heavy vehicles and/or rough terrain).



Another important consideration is the duration of the exposure. If a task is performed
continuously, without a break and for a long time, the tissues involved do not have opportunity
for recovery, and the risk for a cumulative injury increases. Performing several tasks during a
shift can provide recovery if the tasks involve different body parts and movement patterns.

In general, a root cause is defined as a source of a problem. In terms of MSD risk factor
exposures, it is important to determine why the exposure is occurring or to identify the root cause
of the exposure. Root causes modify the degree of risk in two ways. Some root causes are
characteristics of the work that commonly lead to increased exposure to the risk factors discussed
previously. Modification of these root causes will likely reduce the MSD risk. Other root causes
have an indirect influence on manual task MSD risk. Understanding the root causes of risk factor
exposures can help determine the most effective means for reducing or eliminating the

exposures. Examples of root causes include the following:

Workplace or Work Station Layout

e Working in confined spaces is likely to result in the necessity to adopt awkward
postures to perform tasks.

o Work stations with restricted visibility typically result in awkward and static
postures, especially of the neck.

o Work stations with inappropriate location of visual displays (usually too high or
located to one side) cause awkward postures, especially of the neck.

e Standing work leads to fatigue if undertaken for long durations.

e Kneeling work causes high force on the knees.

e Working below the height of the feet inevitably leads to extreme trunk postures.

e Working overhead requires awkward and static postures of the shoulders.

e Work stations that require reaching to handle objects create awkward postures.

e Work surfaces that are too high or too low lead to awkward postures.

e Locating objects to be handled below knee height results in trunk flexion.

e Locating objects to be handled above shoulder height leads to working with the
elbows above the shoulders.

e Carrying loads for long distances results in fatigue.

10



Objects, Equipment, and Tools

Any unpredictability, such as handling an object with uneven or shifting
distribution of its mass, may lead to overexertion of muscles.

Handling heavy loads, even if they are not lifted, may require high force because
of the inertia of the load.

Handling large loads, even if they are not heavy, may require high forces because
of the distance of the center of the load from the body.

Objects that are hot, cold, or otherwise noxious may lead to the load being held
away from the body, which increases stress on the lower back and shoulders.
Objects with handles may result in contact stress or decreased control of the
object.

Poorly maintained tools (i.e., dull bits or blades) may increase the force required.
Using tools not appropriate to the task (too powerful or not powerful enough, too
heavy, incorrect handle orientation, etc.) may lead to awkward postures and
forceful exertions.

Handling loads with one hand results in only one side of the body supporting the
load, which could lead to overexertion.

Triggers that require sustained force or are operated with a single finger may lead
to fatigue and overexertion.

Gloves generally increase the force requirements of a task.

Environmental Conditions

Low lighting levels or glare may cause awkward postures or prolonged squinting
of the eyes.

Exposure to hot environments increases fatigue, especially for heavy work.
Exposure to cold, in addition to other risk factors, is implicated in the
development of vibration white finger syndrome or hand-arm vibration syndrome,
and carpal tunnel syndrome from increased hand forces generated as a result of

wearing gloves and cold hands.

11



e Uneven or poorly maintained surfaces can increase forces required to push/pull

carts, the amplitude of whole-body vibration, or the likelihood of slips and falls.

Work Organization and Systems

Certain factors of work organization and systems may lead to fatigue and

overexertion of muscle groups. In some cases, recovery times do not permit the worker to

return to baseline values prior to returning to work. Examples of such factors include:

High work rates

Lack of task variety

Uneven temporal distribution of work causing high peak loads
Understaffing

Irregular or long shifts

Pay schemes that encourage working faster or longer

Studies have shown that even when controlling for higher workloads, elevated

rates of discomfort and/or MSDs still occurred because of the presence of other work

organization and system factors not typically associated with discomfort or MSDs

[Bernard 1997]. The physiological mechanism for this effect is not well understood.

Addressing these factors in addition to implementing controls that reduce risk from

higher workloads may increase success at reducing rates of discomfort or MSDs.

These factors may include:

Job dissatisfaction

Perception of intensified workload

Lack of job control

Uncertainty about job expectations

Lack of opportunity for communication and personal contact

Cognitive overload, monotonous work, frequent deadlines, interpersonal

conflict

12



Element 3: Controlling MSD Risks During Manual Tasks

There are several ways to reduce MSD risks that occur during the performance of manual
tasks. From an ergonomics perspective, the emphasis is first on eliminating or reducing risk
through design controls; secondly on administrative controls, such as job rotation or
enlargement; and then on personal protective equipment (PPE). When risks cannot be eliminated
with design controls, administrative controls and PPE may also be required to manage the
residual risks. Regardless of which controls are chosen, training is an important aspect of the
implementation to ensure that workers are aware of the appropriate way of performing work and

using equipment.

Elimination

Having determined that manual tasks with risk factor exposures are performed in
a workplace, the next step is to determine whether any or all of the manual tasks can be
eliminated. If this is possible, it is the most effective way of reducing MSDs. Some
manual tasks can be eliminated by examining the flow of materials and reducing double
handling. Others may be eliminated by changing to bulk-handling systems. Outsourcing
manual tasks may also be considered as a way of eliminating exposures to your workers
if the organization undertaking the task has specialized equipment that reduces the risk
for its workers to acceptable levels. It would not be appropriate to outsource manual tasks
if the risk was not reduced. Some tasks, such as cleaning up waste, are nonproductive and

may be eliminated or reduced by examining the source of the waste.

Design Controls

If, after the possibilities have been examined, it is determined that some
hazardous manual tasks cannot practicably be eliminated, and the risks associated with
these tasks have been assessed, the next step is to devise design controls that will reduce
the MSD risks. This step is most effectively undertaken in consultation with all workers
who will be affected by the change, including maintenance as well as operational staff.
Apart from the fact that workers are the ones who know most about the tasks, the

probability of success of the design changes is enhanced if the workers concerned have a

13



sense of ownership of the changes. Before implementing the design controls, it is also
important to consider whether new hazards will be introduced as a consequence of the
control.

Considering the following aspects of the work area and task is a useful way of

thinking about possible design controls:

Work Areas: Work Height, Space, Reach Distances, Work Flow,
Adjustability

The design of work areas has a large impact on MSD risks. For example,
limited space, limited clearances, and restricted access to work are common
causes of awkward postures. Work should be located at an appropriate height and
close to the body. Providing adjustability of work stations may be an option to
accommodate workers of different sizes. Workplaces should be designed to

increase postural variability during work.

Loads: Size, Shape, Weight, Stability, Location, Height

The nature of loads that are delivered to a workplace, handled within a
workplace, or produced by a workplace are a common source of risk factor
exposures when performing manual tasks. Increasing the size and mass of loads
and implementing mechanized bulk-handling systems are effective design
controls. Reducing the size and weight of loads is another option, but may require
training and ongoing supervision to ensure that multiple loads are not handled
simultaneously to increase speed. Ensuring loads are easily gripped by providing
or incorporating handles is important. Hot or cold loads should be insulated, or
proper protective clothing should be provided to allow the loads to be comfortably
held close to the body. Where loads are manually handled, they should be stored

at waist height rather than on the floor or above shoulder height.
Tools: Size, Weight, Handles, Grips, Trigger, Vibration

Poorly designed handtools are a common source of awkward postures,

high exertion (particularly of the small muscles of the hand and arm), and hand-

14



arm vibration. Handtools should be designed such that joint postures remain close
to neutral during use and should be as light as possible. Heavy tools may be
supported by a counterbalance to reduce exertion. While power tools reduce
exertion, the vibration associated with power tools introduces a new risk, and
tools and consumables should be chosen to minimize the amplitude of the
vibration as far as possible. Tools also need to be maintained (e.g., keep blades

and bits sharp) to minimize vibration levels.

Mechanical Aids: Hoists, Overhead Cranes, Vacuum Lifters, Trolleys,
Conveyers, Turntables, Monorails, Adjustable Height Pallets, Forklifts,
Pallet Movers

A large number of different mechanical aids are available to reduce risk
factor exposures, and these can be effective controls. However, care is required to
ensure that the use of the aid does not significantly increase work performance
time. If it does, the likelihood that the control will be effective is reduced because
administrative controls and ongoing supervision will be required to ensure use.
Introducing mechanical equipment, such as forklifts, also introduces new risks
that require control. For example, using forklifts requires that traffic patterns be
established and visual obstructions be eliminated.

The design of mechanical aids requires careful consideration. For
example, cart wheels should be as large as possible to reduce resistance (getting
stuck in cracks), and vertical handles should be provided that allow the cart to be
gripped at different heights by different sized workers. Where mechanical aids are
introduced to control manual tasks risks, it is important to ensure that they are
maintained in working order and are available when and where required.

Further information on mechanical aids can be found in Ergonomic
Guidelines for Manual Material Handling [NIOSH et al. 2007].

15



Administrative Controls

For situations where there are no effective design controls or the design controls
that are implemented do not fully address the exposures, it may also be necessary to
consider additional administrative controls. Administrative controls rely on human
behavior and supervision and, on their own, are not an effective way of controlling

manual task MSD risk. Administrative controls include the following:

Maintenance

Maintenance of tools, equipment, and mechanical aids is crucial, but
requires a schedule to be developed and supervision to ensure that it occurs.
Following a regular schedule of preventive maintenance not only impacts
productivity, but can also reduce exposures to risk factors. For example,
preventive maintenance for mobile equipment can avoid major repair tasks that
usually involve exposures to several risk factors, such as excessive force,
awkward postures, and vibration. Another aspect of maintenance is good

housekeeping.

Workload

MSD risk associated with manual tasks may be reduced by reducing shift
duration or the pace of work. It may be possible to change the distribution of work
across the workday or week to avoid high peak workloads. Ensuring that
appropriate staffing levels are maintained is important. Provision of adequate rest

breaks can reduce MSD risks.

Job Rotation and Task Variety

It may be possible to reduce MSD risks by rotating staff between different
tasks to increase task variety. This requires that the tasks are sufficiently different
to ensure that different body parts are loaded in different ways. Alternatively,

multiple tasks might be combined to increase task variety.
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Team Lifting

Team lifting may be effective in reducing injury risk where the load is
bulky, but relatively light. However, if the load is not “heavy enough,” an
employee may try to handle the load individually, especially if there are not many
other employees in the area. If team lifting is used as a control, training and
supervision are required to ensure that the task is only done when appropriate

staff are available to perform the task.

Personal Protective Equipment

Some forms of PPE may be effective in reducing risk factor exposures. However,
PPE only serves as a barrier, and the protection provided depends on the effectiveness of
the barrier. Consequently, PPE should only be used when risk factor exposures cannot be
eliminated or effectively reduced with design controls, or design controls are not
economically feasible. PPE may also be considered as an interim control when design
controls cannot be implemented in a timely manner. Kneepads, protective aprons, cooling

garments, and antivibration gloves are examples of PPE.

Element 4: Monitor and Review

Managing manual task risk is an iterative “continuous improvement” process. Following
implementation of any control measure, it is important to check that the controls are working as
anticipated and that new risks have not been introduced. It is important to evaluate the effects on
not just the workers directly involved with the change, but also other workers and processes that
may be affected. Although this element is critical to successful processes, it is sometimes ignored

or forgotten as the next issue or problem that arises usually needs the same resources to resolve.

Element 5: Record-Keeping

Keeping records of the steps taken in the risk management process is important for
several reasons. It will ensure that an effective risk management process is in place by
documenting the changes in risk factor exposures and MSD incident/severity rates. It provides a
way of tracking the improvements made, maintaining the corporate memory of the reasons that

changes were made, and allows for justification of future changes. Documenting controls or task

17



improvements also allows this information to be shared so that similar tasks at other sites may

also be improved using the same or similar controls.

Participatory Ergonomics

“Participative ergonomics” is based on an underlying assumption that the workers
involved are the “experts” and must be involved at each stage of the risk management process if
it is to be successful. In an MSD management context, employees and management participate
jointly in hazard identification, risk assessment, risk control, and evaluation of the risk
management process.

Many variations in the models and techniques used in participative ergonomics have been
developed [Haines and Wilson 1998; Haims and Carayon 1998; Laing et al., 2005; Burgess-
Limerick et al. 2007]. However, a common element is to ensure the use of expert knowledge that
workers have of their own tasks by involving the workers in improving their workplaces.
Management commitment and provision of resources including a champion to promote the
process, workers” and management understanding of relevant ergonomics concepts and
techniques, and a process to efficiently develop and implement suggested controls are also
important components of successful participative ergonomics interventions.

Using participative ergonomics to address MSDs associated with manual tasks usually
entails an ergonomics team, which includes workers as team members. This team must be
knowledgeable about the risk management process, have the skills and tools required to assess
manual task risks, understand the risk control hierarchy, and have knowledge of general
principles of control strategies for eliminating and controlling manual task risks. Implementing
an effective ergonomics risk management process also requires that all employees be able to
identify risk factor exposures associated with manual tasks and be aware of the aspects of
manual tasks that increase MSD risks. Having this awareness allows employees to consider ways
to improve their jobs and ultimately reduce risk factor exposures. Training in risk assessment and
control strategies ensures successful participation of workers in an ergonomics risk management
process. Training team members to acquire these skills and work within a risk management
process is a key concern. Team members identify risk factor exposures associated with their

work and follow a risk assessment process that develops control suggestions. The team members
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plan the implementation of key controls and are subsequently shown how to evaluate those
controls. Management commitment and effective risk management systems are required in order
for the approach to be effective. Access to external ergonomics expert assistance may be
necessary for particularly difficult or complex problems. It is also important to note that
ergonomics is equally concerned with improving productivity and reducing waste, as well as
reducing injury risks [Dul 2003]. This is crucial because any work modification that is
implemented to reduce MSD risk should be easier, quicker, or more efficient than the previous
methods of work. If not, the chance of acceptance and adherence to the new methods is markedly

reduced, and ongoing supervision will be required to ensure compliance.

Evolution of Risk Management Processes

A risk management model, originally developed by Westrum [1991] and Westrum and
Adamski [1999] and later broadened by Hudson [2003], describes the evolution of risk
management strategies and the progression as a company moves from a pathological to a
generative stage with regard to how risk is managed (Figure 1). At one end of the spectrum, the
pathological stage can be thought of as the stage in which safety problems are attributable to the
workers. The main driving force is the business and not getting caught by regulators. The
reactive stage is the point where companies consider safety seriously, but only intervene
following the occurrence of accidents. At the calculative stage, safety is driven by management
systems; it is still imposed by management and not sought by the workforce. In the proactive
stage, the workforce is becoming increasingly active in risk management. Finally, in a generative
stage, everyone is involved in risk management and tries to maintain the well-being of

themselves as well as their coworkers.
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Safety is how we do business
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I
REACTIVE

Safety is important, we do a lot every
time we have an accident

v

PATHOLOGICAL
Who cares as long as we're
not caught

Increasing
trust

Figure 1.—Evolution of health, safety, and environment risk management process
[Hudson 2003].

This risk management hierarchy may be applied to an ergonomics risk management
process where the company and the workforce integrate ergonomics principles into their risk
management process. In this case, the approach follows the same path but with a focus on

eliminating MSDs.

Pathological Stage: Workers and companies are unaware of how MSDs occur and let
workers look out for themselves. Employees may have the signs and symptoms of an
impending MSD, but no changes are made to the workplace. No formal job safety

analysis techniques are used, and productivity is the primary focus.

Reactive Stage: Analysis of the incident is after the report of an MSD or several MSDs,
and the solution or correction is often individualistic. Others doing similar jobs may or
may not be considered as it is thought to be one particular employee’s problem. For
MSD-related issues, often the workers believe that aches and pains are just part of their
jobs or the aging process. They do not know that these recurring aches and pains are
precursors to cumulative injuries and that these injuries can be prevented through

planning of jobs, work environment, and equipment purchasing.
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Calculative Stage: At this stage, companies may accuse workers of being “hurt at home”
or by “their hobbies” rather than by their work environment or by poor work task design
or planning. Some management may use some outside training for proper lifting
techniques or purchase “ergonomically designed” PPE or equipment to resolve issues. In
some cases, the company may fix very specific problems successfully through training
and procedural approaches. These interventions have a positive impact on the situation,
but the more global philosophy of prevention is not adopted. In addition, there is no
formal followup to see if the problem was resolved or if any other problems have
resulted. In this stage, management may be aware of the cumulative injury process, but
employees are not. Safety is still in the hands of management and not pushed down to the
employee level. Management believes that the system in place works well to address

issues brought to their attention.

Proactive Stage: Employees are educated about ergonomics principles, cumulative
injury progression, and techniques to identify and reduce risk factors associated with
MSDs. Management relies on employees to bring issues to them and to resolve them
together. Management may also seek to provide periodic observations of all tasks or
establish a wellness or fit-for-duty program. Ergonomic principles are used when
evaluating and redesigning jobs. Management and workers are not waiting for MSDs to
occur, but rather are looking for exposures to indicators (risk factors) that point to a
potential MSD and then reduce or eliminate that exposure. In some cases, a consultant in
ergonomics may be hired or an ergonomics committee formed. Focusing on risk factor
exposures and reports of MSDs investigates why (root causes) such situations are
occurring instead of what or when. The company takes responsibility for employees’
health during and outside of work and places less blame on the employee. Job safety
analysis techniques include the evaluation of risk factors at each step in the standard
operating procedures to ensure that they are considered. Finally, a procedure is put in
place to conduct followup that ensures the solutions worked and to investigate other
emerging issues. Anecdotally, workers appreciate these analyses and believe it is in their
own interest and not just the company’s interest. Most solutions are off-the-shelf, and

lessons learned are communicated throughout the mine and even company-wide. Still, the
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value (cost/benefit) of these interventions may not be fully understood and consequently

may be underreported.

Generative Stage: There is anticipation of issues with regard to old and new processes
and equipment. The ergonomic principles are integrated into the designing and planning
processes. This integration occurs in the beginning and is understood to be as important
as other engineering and purchasing decisions. Employees are trusted to make decisions
about their jobs and recognize situations where changes need to be made. At this point,
the employees are empowered with resources to make changes and inform management
of needs. Investigation of risk factors, signs, and symptoms of MSDs is driven by an
understanding of their root causes. The solutions are cost-effective and creative, and
followups are done automatically. A database of all reported issues and changes to the
workplace and equipment is available to the entire company and serves as an
informational base from which to make the best purchasing and planning decisions.
Safety is in the hands of educated employees. The cost of MSDs or cumulative injuries is
reduced and profits are increased, the workforce returns home healthy, operating
procedures include ergonomic principles, better habits are passed on to new recruits, and
management and employees together see the overall interaction of systems and people.
Less time is spent on addressing health and safety issues because they are under control

and are the responsibility of all parties.

There are many characteristics of these stages not addressed here. However, the above is
a summary of what a company might expect as it moves toward a more generative risk
management approach. A company can use these descriptions to measure where they are and
how to get to where they want to be [Shell International 2003]. The first step to achieving
generative status is to understand what information is needed and how to educate employees to

help themselves and their coworkers.
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Section 11

Ergonomics Processes: Case Studies

Mining is often characterized by physically demanding tasks performed under dynamic

conditions, which creates greater challenges for applying ergonomic principles [Steiner et al.

1999; Scharf et al. 2001]. To demonstrate the efficacy of applying ergonomic principles in

mining environments, the National Institute for Occupational Safety and Health (NIOSH)

partnered during 2000-2007 with three mining companies, different in size, organizational

structure, and culture. Descriptive information about each company is provided in Table 1.

Table 1.—Demographic information for the three mining companies that partnered
with NIOSH to implement ergonomics processes at their mines

Mining company

Bridger Badger Vulcan
Company size 1 mine 2 mines 372 facilities (175 mines)
Location Wyoming Wisconsin 21 states
Type of mine Surface Surface Surface
Commodity Coal Sandstone Gravel

Mining process

Drill-blast-dragline/dozer-
drill-blast-load-haul

Drill-blast-load-haul and
sand-water slurry pumped
to processing plant

Drill-blast-load-haul

No. of employees | 350 180 8,000 plus - usually fewer
than 50 employees at each
pilot site

Unionized Western Energy Workers | No No

workforce? Union

Safety program | Safety Department and Safety Team Safety, Health, and

Safety Committee Environmental (SHE) Team
and division- and
corporate-level support

Behavior-based | No Yes No

Safety System

All three companies embraced the process elements described in Section I and identified

by Cohen et al. [1997], but how these elements were addressed varied. This section illustrates

how the three mining companies applied ergonomic principles and adapted the implementation




process to meet their organizational and cultural needs. Tools and training used during the

implementation of these processes are described in later sections.

Bridger Coal Co.

The first mine that NIOSH worked with was the Jim Bridger Mine, a surface coal mine
located 35 miles northeast of Rock Springs, Sweetwater County, WY. This mine had one active
pit approximately 20 miles long and an average production rate of 6.4 million tons of coal per
year during 1995-2000. The workforce comprised 350 employees. The mine was operated by the
Bridger Coal Co., a PacifiCorp company and subsidiary of Scottish Power.

For 5 years prior to this project, the average incidence rate for nonfatal days lost (NFDL)
injuries at the Jim Bridger Mine was 1.32 injuries per 100 employees, compared to the national
average of 2.34 for all mines and 1.31 for all western U.S. surface coal mines with more than 100
employees. Although the mine’s average incidence rate was well below the national average and
injuries related to MSD risk factors did not seem to be a major issue, Bridger Coal Co. decided to
implement an ergonomics process. This action was consistent with mine management’s proactive
approach to safety and health and its culture of seeking continuous improvement.

The Jim Bridger Mine has a very traditional approach to safety and health. This program
is managed by a Safety Department and supported by a Safety Committee, with members from
several other departments, such as production, maintenance, medical and engineering.
Employees were empowered to identify hazards and to request corrective action through their
supervisors and/or the Safety Department.

Bridger Coal’s management decided that the best approach to implementing an
ergonomics process was to establish an Ergonomics Committee within the Safety Department,
but separate from the existing Safety Committee. This approach allowed Bridger to commit
resources specific to ergonomic interventions. The committee, chaired by an Ergonomics
Coordinator who reported to the Safety Manager, included 11 representatives from labor and
management. Specific departments represented were medical, engineering/environmental, safety,
human resources, production, and maintenance. Mine management was kept informed of

committee activities and resource needs through the Ergonomics Coordinator and Safety



Manager, who reported to the Mine Manager. The union was kept abreast of committee actions
by union representatives appointed to the committee. The Ergonomics Coordinator and Safety
Manager served as champions for the process and ensured that the process moved forward.

Since the Bridger Coal Co. decided to implement its ergonomics process separate but
within its safety and health program, it was necessary for the Ergonomics Committee to define a
procedure for processing concerns. The committee designed two forms for employees to
complete to present concerns for followup: an “Employee Ergonomic Concern” form and a
“Risk Factor Report Card.” The Employee Ergonomic Concern form requested specific
information about equipment and work area, the nature of the concern, and whether the concern
was acute or cumulative in nature. The Report Card was a 4- by 6-inch card that gave employees
a mechanism to also identify potential risk factors and affected body parts, and note any
comments and/or suggestions. Employees could complete either form, or both. The committee
encouraged completing both forms since different information was collected by each form.

The steps followed by the Ergonomics Committee for processing a concern are shown in
Figure 2. The concern is screened by the committee chairperson to determine if the problem
involves exposure to MSD risk factors and if the exposure could be easily controlled without
involvement of the committee. If the exposure cannot be resolved immediately, the concern is
discussed at the next meeting and then assigned to a committee member for further review,
which includes discussions with the employee submitting the concern. Subcommittees
investigating concerns usually involve employees directly affected by the concern. When a
concern is not considered viable or an intervention is not possible, the concern is reviewed again
later as additional information or options, such as new technology, become available to resolve
the concern. Concerns and the status of the concerns are maintained in an electronic spreadsheet.

One of the first actions taken to move the ergonomics process forward was to help the
committee gain an understanding of ergonomics. The committee received training on the
principles of ergonomics, risk factor identification, job prioritization, intervention
recommendations, and cost/benefit analysis. During followup training sessions, the committee
received instructions on using tools to document interventions, task analyses, and interviews;
conducting interviews; videotaping/photographing tasks; and prioritizing interventions. This

training, which was conducted by NIOSH personnel, was a combination of classroom instruction
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Figure 2.—Flow diagram of Bridger Coal’s ergonomics process.

Once the Ergonomics Committee was trained and had developed the procedure for
processing concerns, employees were given training that focused on recognizing ergonomic risk
factors and taking action by reporting risk factors to the Ergonomics Committee. Employees
were told to be proactive and to target risk factors and not wait until an injury occurred. The

employees were given information on how a cumulative trauma disorder may develop and how it



is better to take action by eliminating risk factors before a disorder occurs. Employees were
taught how to report a concern using the Risk Factor Report Card. The primary training module
was geared to employees in production and maintenance. A second version of the training
focused on office ergonomics and was given to administrative support employees. This 90-
minute training was presented by NIOSH personnel and committee members, who introduced
the training and then ended the training by encouraging employees to get involved in the process.
Approximately 280 employees were trained during 21 sessions. For the most part, the training
was well received by the employees. They participated in the interactive exercises and seemed
quite knowledgeable about identifying risk factors at the conclusion of the training. In fact, 27
employees submitted Risk Factor Report Cards to the Ergonomics Committee immediately
following the training.

A simple record-keeping system was used for the ergonomics process. A listing of
concerns was maintained in an electronic spreadsheet that included all the information provided
on the Risk Factor Report Card. Additionally, each concern was color coded to document the
status of the concern. Concerns were labeled as either completed, in progress, items referred
elsewhere or dismissed, or items on hold. The committee also maintained a status/update
document that allowed employees to monitor the status of their concerns. This document, posted
on the ergonomics bulletin board, provided a short description of the concern and the current
status of the intervention. If a concern was referred elsewhere or dismissed, the basis for this
decision was provided.

The Ergonomics Committee established a bulletin board in the ready room, an area that
all employees passed through when reporting to work. The bulletin board included information
about the committee, how to report a concern, and a status report of interventions completed by
the committee. NIOSH periodically provided posters to display on the bulletin board and at other
meeting areas at the mine. The posters focused on introducing the Ergonomics Committee to the
employees, identifying and reporting risk factors, ergonomic interventions completed by the
committee, and risk profiles for specific tasks. The posters encouraged participation in the
process and promoted interventions. PacifiCorp’s quarterly safety newsletter, Safety Times, twice
featured the success of Bridger Coal’s ergonomics process. This newsletter is distributed to all

employees of PacifiCorp, including Bridger Coal employees. These articles served as recognition



not only to committee members, but also to those employees submitting concerns for actively
participating in the process.

The training provided to the committee members and the employees permitted Bridger
Coal initially to have a proactive approach to resolving risk factor exposures before an injury or
illness occurred. Additionally, employees actively participated in improving their own job tasks.
As the process matured, ergonomic principles were applied to other processes, such as
equipment purchasing decisions, which moved the ergonomics process to an even higher level of
risk management. Because purchase specifications ensured that ergonomic principles were
addressed during the construction of the equipment, the equipment arrived at the mine without
issues related to risk factor exposures. In just 3 years, the Bridger Coal Co. implemented an
effective, proactive process to reduce exposure to MSD risk factors. Instead of waiting for an
injury to occur, Bridger Coal relies on an employee-based participative process to implement job
improvements that promote the well-being and comfort of its employees and to incorporate

ergonomics into many other processes affecting employee safety and health.

“Ergonomics has played an important role in helping Bridger Coal reach
our goal of providing the safest and healthiest working environment
possible for our employees. Our management and hourly employees
alike understand the value of what has been developed. In the beginning,
when the idea of establishing such a program surfaced, we were all
skeptical of just how things would work. However, thanks to the
combined efforts of NIOSH, PacifiCorp, and those at Bridger Coal

Company involved in the creation process, we found that an Ergonomics
Program could not only be efficiently developed, but that it could be
highly effective as well. The Ergonomics Program is currently an integral
part of our company, and we are confident that it will continue to
improve and enhance the safe working experience at our mine.”

—Kean Johnson, Ergonomics Process Coordinator
Bridger Coal Co.




Badger Mining Corp.

Badger Mining Corp. is a family-owned small business with headquarters in Berlin, WI.
Badger operates two sandstone mines near Fairwater and Taylor, WI, which produce
approximately 2 million tons of industrial silica sand annually. Badger also owns three
subsidiary companies, one of which participated in the ergonomics process. This subsidiary
(LogicHaul) is located at the Fairwater Mine and is responsible for transportation and
distribution of products via trucks and railcars. There are 180 employees at the Resource Center
(headquarters offices), Fairwater, Taylor, and LogicHaul.

During 2002-2004, the average NFDL injury incidence rate reported to the Mine Safety
and Health Administration was 3.28 injuries per 100 employees for the Taylor Mine. The
Fairwater Mine had no NFDL injuries during this period. The national average NFDL injury
incidence rate for similar type mines (surface mines that mine the same type of commodity) was
2.15. A review of both NFDL and no days lost (NDL) or restricted workday cases occurring
during 2003-2004 at both sites indicated that 79% of the NFDL injuries (61 of 77) and 85% of
the NDL injuries (92 of 108) were associated with MSDs.

Organizationally, Badger uses a team management structure consisting of work teams
and cross-functional teams that are responsible for setting the work schedule, changing work
practices, and providing feedback to the Operations Team. Members of work teams are cross-
trained and may perform many disparate tasks. Work teams are self-directed and are responsible
for the safety of their members. Badger associates complete CARE (Corrective Action Request
for Evaluation) reports for all safety incidents, including accidents, injuries, property damage,
near-misses, and hazard exposures. Cross-functional teams address functions pertinent to many
teams, such as safety and quality. Each site has a separate Safety Team, which processes the
CARE reports and addresses safety-related issues that cannot be resolved by the work teams.
Because the mining processes and products are different at the two mines, the members of the
two Safety Teams differ slightly. The Fairwater Safety Team includes 25 members and
represents 16 work teams; the Taylor Safety Team includes 28 members and represents 15 work
teams. The Safety Associate, a headquarters employee, also serves as a member of the Safety
Teams at both mines. The Safety Associate functions as a consultant to the mines and provides

training, offers motivational programs, conducts investigations, and implements Badger’s



behavior-based safety (BBS) system, which was initiated in December 2002. BBS observers
have been trained to conduct random, periodic observations of employees to identify both safe
and unsafe behaviors and to correct unsafe behaviors. Safety observations are documented using
a “Do It Safely” form and are conducted at both mines and the Resource Center.

When integrated with safety and health programs, ergonomics can be viewed as an
approach to improve injury and illness rates and the overall working conditions for employees by
addressing risk factor exposures that may occur during manual tasks. These exposures are most
often associated with MSDs, but may also result in other disorders and illnesses, such as heat
stress disorders or vibration-related illnesses. Because Badger decided to fully integrate the
application of ergonomic principles with its existing safety program, ergonomic concerns are
addressed using the same process as any other safety and health concern (see Figure 3). Actions
to address these concerns are initiated by either a CARE report or a BBS ergonomic observation,
which are reviewed by the Safety Team. If the risk factor exposure(s) can be addressed by this
team, then no further action is needed. However, if the cost of the corrective action exceeds the
limits set for the Safety Team, then the concern is transferred to the Operations Team. Since the
Safety Team includes members of the Operations Team, this transfer is seamless. The champion
for the Badger ergonomics process is the Safety Associate.

With a decentralized safety and health process, Badger initiated its ergonomics process
by training all employees in February 2005. The training, which lasted 2.5 hours, was given by
NIOSH. It emphasized identifying risk factor exposures and then reporting those exposures using
a CARE report so that corrective actions could be instituted to resolve the exposures. This
training also included a brief introduction to ergonomics and MSDs, with specific information on
back injuries and how the risk of injury could change based on methods used to perform lifting
tasks. Examples of risk factor exposures were illustrated with short videos of tasks performed at
either Badger mine. Training techniques included interactive exercises and demonstrations. To
ensure the participation of new associates in the ergonomics process, Badger provides
ergonomics and risk factor awareness training during new associate orientation, and to keep
associates involved in the ergonomics process, interactive exercises demonstrating ergonomics

principles are included in annual refresher training.
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Figure 3.—Flow diagram of Badger company task improvement process.

Because Badger uses a BBS system as part of its overall safety and health program, it
was decided to also incorporate ergonomic observations into this system for the purpose of
identifying and eliminating exposures to risk factors. The primary focus of a BBS system is to
decrease injury rates by preventing unsafe behaviors, which is accomplished by implementing a
systematic process of data collection and correction of unsafe behaviors [Krause 2002]. Sulzer-
Azaroff and Austin [2000], who examined articles describing the results of implementing BBS

systems, reported that 32 of 33 BBS systems reviewed resulted in injury reductions. However,



none of these systems reported results specific to MSDs. Although the top three U.S. automakers
do not integrate their ergonomics processes with their BBS systems, other automotive
companies—Toyota and Tenneco Automotive—have done so. In these two companies, BBS
systems were used to identify musculoskeletal problems and direct potential solutions, similar to
the Badger approach [Knapschaefer 1999].

Although ergonomics was initially included in the Badger BBS system to determine
whether a hazard was present or not, the information gathered during observations was not
sufficient to either identify specific risk factor exposures or control exposures not related to
unsafe behaviors. For example, a person may use an awkward posture to do a task not because of
an unsafe behavior but because the layout of the work station forces the worker to use an
awkward posture. Typically, the observation of an unsafe behavior would result in training the
worker not to use an awkward posture. However, because the awkward posture is a result of the
work station layout and not a choice of method/behavior, further efforts are needed to resolve the
risk factor exposures. In other words, observers require information for modifying tasks,
equipment, tools, work stations, environments, and methods to eliminate exposures or use a
hierarchical approach to control exposures (engineering controls, administrative controls, and
PPE), with engineering controls being the preferred control measure [Chengalur et al. 2004].
Consequently, it was necessary to provide BBS observers with training not only in identifying
specific risk factor exposures, but also in how to eliminate or control these exposures.

Training was provided to the BBS observers at both the Fairwater and Taylor Mines in
July 2005 that focused on identifying risk factor exposures and presented simple ways to reduce
or eliminate exposures associated with manual material handling. The training followed the
observation process used by the observers to conduct safety observations and included role-
playing exercises to allow the observers to be comfortable when doing ergonomic observations.
To document risk factor exposures, an Ergonomic Observation Form was developed that also
included simple ways to improve tasks. Information collected with this form includes risk factor
exposures, body discomfort, root causes of the exposures, and corrective actions taken at the
time of the observation. Practice completing the Ergonomic Observation Form was provided

during the role-playing exercises.
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In June 2006, additional training was provided to the BBS observers. This training
consisted of a review of risk factors followed by additional practice at identifying risk factor
exposures by viewing short videos and observing work tasks during field exercises. Methods to
improve jobs were also discussed. Members of the Safety Teams also attended this training since
these teams resolve observations not immediately addressed by the observers and CARE reports.

From August 2005 to May 2006, the BBS observers at both the Fairwater and Taylor
Mines completed approximately 30 ergonomic observations. During 10 of the observations, the
risk factor exposures were either resolved or job improvements were identified. The job
improvements included PPE (antivibration gloves) and training on how to do a particular task
without exposures to awkward postures, and engineering controls. Two examples of engineering
controls included raising the work surface with saw horses, which allowed the use of neutral
postures, and constructing a handtool to open covers on railcars, which eliminated bending the
trunk and reduced the forceful exertion needed to release the latch.

Ergonomic observations are maintained in an electronic spreadsheet, which includes all
of the fields on the observation forms and the status regarding action, if any, being taken to
address the risk factor exposures. Additionally, interventions are being documented using a
format to show how the task was done both before and after the intervention was implemented.
Information on the intervention, such as cost and source (manufacturer), risk factor exposures,
and body part affected are included in this document. The intervention forms are distributed to
associates via hard copy and Intranet to encourage improvements in other jobs and to share
information among Badger facilities. Posters highlighting interventions are also used to
encourage associates to participate in the ergonomics process.

The process being implemented at Badger is proactive as it addresses exposures to risk
factors and not just injuries. During the first year of this process, the emphasis has been on
addressing CARE reports and BBS ergonomic observations. However, information learned by
the associates during the Ergonomics and Risk Factor Awareness Training was also applied to
the design of new work areas and facilities. Badger’s process is participatory and as it matures
will move to a more comprehensive process with the incorporation of ergonomic principles into

more processes that affect employee safety and health.
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"Our ergonomics process has become a critical component of our
overall safety program. Historically, ergonomic issues were the No. 1
cause of associate injury. Through this process, we are now able to
proactively address ergonomic risk factors, resulting in a healthier,

happier, more productive workforce. The process has also resulted in a
significant reduction in lost time and reportable accidents.”

—Marty Lehman, Safety Associate
Badger Mining Corp.

Vulcan Materials Co.

Vulcan Materials Co. is the largest U.S. producer of construction aggregates (crushed
stone, sand and gravel). At yearend 2006, Vulcan had 372 facilities located in 21 states, the
District of Columbia, and Mexico employing approximately 8,000 employees. The facilities are
diverse in function, including stone quarries, sand and gravel plants, sales yards, asphalt plants,
and ready-mix concrete plants. In 2006, Vulcan shipped 255.4 million tons of aggregates.

As a company, the basic organizations within Vulcan are seven autonomous divisions.
The safety program is multilevel with Safety, Health and Environmental (SHE) Teams at the
plant level, a Safety and Health Department at the division level (Safety Manager and Safety and
Health (S&H) Representatives), and a Safety and Health Department at the corporate level
(Safety Director and two safety professionals). Members of the plant SHE Teams include two to
four hourly employees who volunteer for this assignment. The main functions of the SHE Teams
are to conduct periodic inspections of the site and then report the findings to the Plant Manager.
The division safety staff provide technical support to the plant management and SHE Teams,
while the corporate safety staff provide technical support to the Division Safety Department.

In 2002, the National Stone, Sand and Gravel Association established a goal for its
members to reduce their overall injury rate by 50% with 5 years. Vulcan committed to meeting
this goal and immediately took steps to address safety and health hazards, which resulted in
significant reductions in its injury rate. However, the injury rate was still above its goal because
many of the injuries that were still occurring were a result of exposures to MSD risk factors.
Vulcan decided it needed to take another approach. In August 2005, NIOSH researchers and

Vulcan safety personnel (corporate- and division-level safety professionals) met to discuss how
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ergonomic principles could be applied within Vulcan Materials Co. to prevent MSDs. Because
Vulcan has many facilities with fewer than 50 employees and limited on-site safety and health
expertise, it was necessary to develop a plan to address both of these issues and also to address
the overall size of the company. The plan that was developed took a two-phase approach. The
first phase demonstrates how ergonomics can be applied at the Vulcan sites; the second phase
lays the foundation for implementing a process throughout the company. To date, the first phase
involved implementing ergonomics processes at two pilot sites within the Mideast Division. The
second phase began with introducing ergonomic concepts and Vulcan’s ergonomics initiative to
other Vulcan sites.

At the pilot sites (North and Royal Stone Quarries), ergonomics was integrated with the
existing safety and health programs, primarily with the company’s “Taking Work out of Work”
injury reduction initiative. Employees are encouraged to report risk factor exposures, using a risk
factor report card, to the Ergonomics Review Team, whose members include the Plant Manager,
the pit and plant supervisors, and the SHE Team leader. The Ergonomics Review Team, along
with input from the S&H Representative, addresses the concerns using the process shown in
Figure 4. When the concerns are investigated, a Manual Task Risk Assessment Form is used to
evaluate risk factors, determine which risk factors should be controlled, and establish a
prioritization score for determining which exposures should be addressed first.

The Vulcan process includes documenting the concern and the action taken to address the
concern in a pilot database. As Vulcan expands its application of ergonomics throughout the
Mideast Division and the other six divisions, information from the submitted cards and controls
implemented will be captured in a division- or corporate-wide database and will be used as a

resource for finding solutions to specific exposures, as well as to identify trends.
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Figure 4.—Flow diagram of Vulcan Materials Co. task improvement process.

In April 2006, Vulcan employees at the two pilot sites received ergonomics and risk
factor awareness training. The objectives of the employee training were twofold: to provide
employees with skills for identifying risk factors in their work areas similar to their skills for
identifying safety or health hazards, and to encourage employee participation in the ergonomics
process. Prior studies have shown that an important element of successful ergonomics processes
is employee involvement [Cohen et. al. 1997]. The employee training was given in two 90-
minute sessions, 1 week apart, and was modified to include a homework assignment that

encouraged employees to complete report cards identifying risk factor exposures for two tasks
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they do as part of their jobs. The first session of this training was given by the Division Safety
Manager; the second session was given by the S&H Representatives assigned to the pilot sites.
To become familiar with the training, these instructors attended a train-the-trainer session offered
by NIOSH in February 2006.

The S&H Representatives assigned to the pilot sites and the Ergonomics Review Teams
at both pilot sites were given additional training on implementing the ergonomics process,
primarily how to process report cards, evaluate risk factor exposures, and determine appropriate
controls. This training, given in April 2006, was a combination of classroom training and a field
exercise. In the classroom, participants discussed how to implement the process, evaluate various
implementation tools, and viewed several short videos to gain practice at identifying risk factor
exposures. The field exercise provided practice with observing actual tasks being performed by
employees and completing the Manual Task Risk Assessment Form. The field exercise was
followed by a brainstorming session to determine solutions for the observed risk factor
exposures.

In July 2006, the S&H Representatives and Ergonomics Review Team members were
offered another training session focusing on job improvements, primarily selecting handtools and
modifying manual tasks. Additional information was provided on the stress experienced by the
back muscles and spinal discs during various lifting tasks. Participants were given practice at
determining options for reducing exposures to risk factors by analyzing several tasks performed
at their sites and then brainstorming job improvements.

Vulcan initiated the second phase of its application of ergonomic principles in November
2005 by offering all division S&H Representatives training that helped them to identify risk
factor exposures and determine simple task improvements for reducing or eliminating risk factor
exposures. During this training, the representatives were asked to submit examples of job
improvements implemented at sites within their divisions. Approximately 10 improvements were
submitted and posted on the Vulcan Intranet. In February 2006, NIOSH introduced ergonomic
concepts to the Mideast Division Plant Managers. This presentation focused on Vulcan injury
statistics with risk factor exposures and how ergonomics helped other companies to reduce their
injury rates. The Mideast Division Engineering Department also received training from NIOSH

in July 2006. This training emphasized the need to apply ergonomic principles during the
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planning and design stages to prevent exposures to risk factors. Specific components of this
training included anthropometry and work station and conveyor design principles. For a
homework assignment, participants were asked to design a sales yard clerk work station that
could be used as a prototype for other Vulcan sites. The training/presentation offered during this
phase was conducted primarily by NIOSH researchers, with support from Vulcan safety and
health staff who provided information specific to Vulcan injury rates.

Because Vulcan is applying ergonomic principles at several levels within its company,
there are several champions. At the pilot sites, the Plant Manager and the S&H Representatives
are the champions. At the division level, the division Safety Manager is the champion. At the

corporate level, the champion is the corporate Safety Manager.

“At first, | had some concerns about the ergonomics process creating
problems and | was resistant to the idea of implementing a process,
even though our employees have been encouraged to improve their
jobs with our ‘Taking Work out of Work' Initiative. However, the
ergonomics process has incorporated this initiative into a formal
process and given our employees a green light to think out of the box
to make their jobs easier.”

—Bryan Moore, Mideast Division Safety and Health Representative
Vulcan Materials Co.

Lessons Learned

When implementing new processes, there are always lessons to be learned. Some of the

lessons learned by the three companies in the above case studies included the following:

Bridger Coal Co.
Committee Participants: Early in the implementation phase, a number of leadership and
committee members were replaced. The designated champion moved to a corporate
position and a new champion had to be selected, and some committee members chosen to

represent their departments either did not have the time or were not interested in being on
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the committee. Although some changes in membership are inevitable, it is important to
select participants who want to be a part of the process and to allocate to them sufficient
time to perform their work duties as well as committee responsibilities. This latter item
was addressed by Bridger Coal Co. by including Ergonomics Committee participation in
the job performance evaluations for salaried personnel and by altering employee
schedules to permit sufficient time for committee activities. In addition, committee
members supported each other by helping with tasks when other members did not have
time to complete their assignments. While other companies have assigned a full-time
coordinator to implement an ergonomics process, this was not considered necessary at the

Jim Bridger Mine.

Process Development: There is no single “right” method that will work for all
companies when developing a process. Although the Ergonomics Committee was given a
lot of information and a number of ideas on how to proceed, it was necessary for
committee members to determine what would work best to meet their needs. Because the
committee had the responsibility for selecting the path it would take in implementing the
process and ensuring its success, it was critical to have the right people on the committee,
i.e., people who were interested in ergonomics, understood its value to the employees and

to the company, and understood how to integrate it with other processes.

Process Implementation: Although employees received training after the Ergonomics
Committee developed a procedure for submitting concerns, sufficient time was not
allowed for the committee to become thoroughly familiar with the procedure. Then,
because employee training resulted in the submission of numerous employee concerns,
the committee was initially overwhelmed at the same time it was learning the procedure
to address these concerns. Committee members were apprehensive about the amount of
time needed to address all of the concerns and how the delay in responding would affect
support for the process. Sufficient time should be given for a committee to become
thoroughly familiar with its procedures prior to giving employee training and requesting

that employees submit concerns.
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Employee Training: When developing the employee training, several video clips were

selected to demonstrate examples of risk factors. Approximately half of these video clips
depicted Bridger Coal employees doing specific mining tasks. Unfortunately, other video
clips taken at the Jim Bridger Mine did not adequately demonstrate risk factors, and clips
from other operations were used. Some employees were critical that all of the video clips
were not specific to work done at the Jim Bridger Mine. For future training, more video

clips from the mine where employees are working, or from very similar mines, should be

used.

Supervisory Training: Awareness training was focused mainly on employees and did
not address the responsibilities of supervisors. Supervisors should receive additional
training that specifically addresses their role in the ergonomics process. This training
should demonstrate management’s support for the process and should be done prior to the
employee training so that the supervisor can express support for implementing the
process. Supervisory training is particularly critical for supervisors who may have
employees who are reluctant to participate. The concerns of these employees may never
be addressed unless their supervisor initiates an action with the Ergonomics Committee.
In addition, it is imperative that supervisors be fully aware of the way the company plans

to conduct business related to ergonomic concerns.

Badger Mining Corp.
Associate Training: Following the training given to associates, it seemed that some
associates still had a difficult time understanding the benefits of ergonomics and grasping
the concept of how ergonomics can be used to make their jobs easier. To address this
issue, a practical exercise was developed for the upcoming refresher training. The
exercise requested that the attendees perform a simple task that had a risk factor
exposure. Then, with the materials at hand, they had to find a way to modify the task that
reduces the risk factor exposure and also results in an increase in productivity. This

hands-on exercise provided these associates with an improved understanding of how to
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apply ergonomics. This same exercise continues to be used as an introduction to

ergonomics whenever new employee training is given.

Ergonomics Observation Form: Because a BBS system was part of the safety and
health program implemented at both Badger mines, it was decided to expand the scope of
observations that identified ergonomics as an issue. (On the BBS Observation Form, an
ergonomics issue was identified with a single checkmark next to the word “ergonomics”.
No other information was required; however, in some cases, the observers would include
a brief description of the issue in the “comment” section of the form.) This expansion
consisted of completing a one-page Ergonomics Observation Form that included
additional information, such as risk factors, root causes, body parts with discomfort, and
potential solutions to the exposures. All observers were given two training sessions,
approximately 1 year apart, that focused on identifying risk factor exposures and then
determining solutions for reducing the exposures. Simple job improvements were
primarily for manual material-handling tasks. Practice with completing the Ergonomics
Observation Form was also part of the training. Following both training sessions, the
Ergonomics Observation Form was not widely used by the observers even though
ergonomics issues were marked on the BBS Observation Form. The failure to use the
Ergonomics Observation Form was related to a lack of time. Observers stated they did
not even have sufficient time to meet their established goals for just the number of
observations, without completing the Ergonomics Observation Form. The total number of
observations completed for 2006 was about 50% of the stated goal. During this time
period, both mines had record production levels without an increase in associates, putting
further demands on available resources for implementation of the BBS program.
Consequently, followup for ergonomics observations was generally completed by just a
handful of observers. It is believed that just a few of the observers should have been
selected to focus on ergonomic risk factor exposures and to follow up on observations
identifying ergonomics issues. These observers could have received more in-depth
training on identifying exposures, as well as methods to reduce or eliminate the expo-

sures. Additionally, they could have served as a knowledgeable resource at each mine.
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Process Champion: Because of the decentralized team structure at the mine sites, the
progress made when implementing the ergonomics process was not always known or
documented. Many of the interventions implemented were independent efforts of the
individual teams and were not tracked by the ergonomics process defined in Figure 3.
Consequently, information about these interventions had to be obtained in other ways.
Additionally, because the champion assigned to the ergonomics process was physically
located at the Resource Center and not at either of the mine sites, he was not always kept
apprised of the efforts to implement various interventions. Even though the champion
spent much of his time at both mine sites, it may have been helpful to assign an associate
at each mine site to serve as a resource for the implementation process and to facilitate
communication between the champion and the site teams, particularly for documentation

purposes.

Vulcan Materials Co.
Documentation: 1t has been more difficult than expected to document the progress made
at the pilot sites. Talking to the workers at the sites clearly revealed they have continued
to apply ergonomics principles to their jobs and made them easier, but this information
was not formally being captured. While documenting the interventions is not necessary
for the process to be successful, a method for routinely documenting interventions would
be useful so they can be shared with other sites. Possible solutions include: assigning this
responsibility to a division-level S&H Representative, who would document inter-
ventions during periodic visits to the sites; or capturing this information during monthly

safety meetings.

Recognition: To encourage the implementation of interventions, it is necessary to
acknowledge workers who improved their jobs and to promote the value of such
intervention efforts. This is now being done with a periodic one-page newsletter that

highlights several implemented interventions that may be of interest to other sites.
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Maintaining Interest: After risk factor exposures that were easy to fix were addressed,
intervention efforts were directed to solutions that take longer to implement because of
higher costs and more complex approval processes. Consequently, workers were not
seeing anything being accomplished, and interest in the ergonomics process seemed to
wane. Although ergonomics was still part of the culture, it was not being actively applied.
To maintain interest, it is necessary to continue to promote an ergonomics process,

similar to other safety and health programs.

Summary

Applying ergonomic principles within the mining industry has been shown to be a viable
approach for addressing exposures to risk factors by implementing task improvements. All three
companies who partnered with NIOSH to implement an ergonomics process were able to
integrate ergonomics within their existing safety and health programs and to establish a
systematic process to resolve ergonomic issues and implement task improvements. As it matures,
the implementation process will move from addressing risk factor exposures and MSDs to
incorporating ergonomic principles in the design of future work stations/equipment/tools and
equipment specifications. Risk factor exposures will be proactively addressed in the design and
planning stages, and ergonomics will automatically be an accepted way of doing business within
the organization.

From the case studies presented, it is apparent that the ergonomics processes were
successful because each implementation plan was modified to meet specific needs and address
differences within each company, such as the demographic differences listed in Table 1 and
cultural and organizational differences (how employee participation is encouraged and
implemented, organizational structure, communication channels, etc.). Table 2 compares the
three case studies with regard to how the implementation approach was modified. However, all
three mining companies followed a basic framework or model that included the following critical

elements:
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Assign a champion to promote and serve as an advocate and leader in applying
ergonomic principles.

Provide training to employees and organizational entities responsible for
implementing the ergonomics process. The training should be customized to meet the
roles played by each group in the implementation process.

Develop a systematic process to identify and control risk factors associated with
methods, tools, equipment, work stations, and environment. An example of a generic
process for improving tasks is shown in Figure 5. If an exposure cannot be resolved,
then it should be reviewed later as additional information or options become
available.

e Track and document progress to demonstrate the benefits of the process, share

interventions, and communicate lessons learned.

e Integrate ergonomics with other processes that affect worker safety and health, such

as purchasing decisions, work schedules, modifications to existing

facilities/equipment, and procedures. By doing this, costly reengineering efforts to

correct problems with risk factor exposures can be avoided.

Table 2.—Comparison of the three case studies with regard to demographics,
organizations, and implementation approaches

Company
Factur Bridger Badger Vulcan

Implementation | Ergonomics Committee Safety Team SHE Team and division- and corporate-

responsibility level support

Champion(s) Safety Manager Safety Associate Manager, Safety Services (corporate

Ergonomics Coordinator level)

Manager, Safety & Health (Mideast
Division)
Plant Managers

Groups Employees Employees Pilot employees

receiving Ergonomics Committee BBS observers Pilot SHE Team

training Safety Team S&H Representatives
Mideast Division Plant Managers
Mideast Division Safety Manager
Mideast Division Engineering

Department
Record-keeping | Spreadsheet for employee Spreadsheet for Database for employee concerns and
concerns observations interventions
Communication | Posters and newsletter Posters and flyers Newsletter and Intranet
articles
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Figure 5.—Generic process for improving tasks.

The above framework is further described in a stand-alone two-page document in the
Appendix. This document can be used to inform management as to what would be needed to

implement an ergonomics process.
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Section I1I

Process Effectiveness

Quantifying the effectiveness of ergonomics processes depends strongly on the
organization and the original goal of the ergonomics process. It is common to see effectiveness
measured in the number or incidence rate of workdays lost, number or incidence rates of
injuries/illnesses, number of near-misses, or workers’ compensation costs. Examples of how
these measures have been used were reported by GAO [1997].

For some organizations, particularly small companies with limited injuries and illnesses,
these measures may not be suitable. In these cases, use of survey tools, such as a
Musculoskeletal Discomfort Survey form, may be more useful. Another constructive approach
may be to quantify exposure levels to risk factors before and after implementing an intervention.
For a lifting task, for example, the amount of weight lifted during a work shift may be measured
before and after an intervention has been applied. Other examples include posture improvements,
reducing the distance objects are carried, and reducing the number of repetitions performed.
Other more technical tools that could be used to show reduced exposures include Rapid Upper
Limb Assessment [McAtamney and Corlett 1993], Rapid Entire Body Assessment [Hignett and
McAtamney 2000], the Revised NIOSH Lifting Equation [Waters et al. 1994], Hand Activity
Level [ACGIH 2007b], and the Strain Index [Moore and Garg 1995]. Additional technical tools
are available from Thomas E. Bernard, Ph.D., University of South Florida [Bernard 2007].

Since the three companies that partnered with NIOSH to implement ergonomics
processes had very low injury incidence rates and few documented MSDs, it was not possible to
use many of the above measures to demonstrate effectiveness. The companies were most
interested in changing the way they looked at these types of injuries and tracking interventions,
particularly when there were opportunities to share job improvements with other sites within the
company. To assess process effectiveness for the three case studies, NIOSH used both
discomfort data and/or interventions (job improvements) implemented. Discomfort data are
presented for Bridger Coal Co., and summary information on interventions are presented for all

three companies.



Bridger Coal Co.

Discomfort Survey

Reports of employee discomfort were obtained using a Musculoskeletal Discomfort
Survey form adapted from the Standardized Nordic Questionnaire [Kuorinka et al. 1987]. The
survey was administered in 2001 by NIOSH researchers and again in 2004 by Bridger Coal
management. Although the survey was completed by 225 employees in 2001 and 116 in 2004,
only 41 surveys could be matched for both years. The lower response rate in 2004 was attributed
to a significant change in personnel (both turnover and reassignments) when the mine began
converting its operations from surface to underground.

An analysis of the 41 matched survey reports did not indicate statistical differences in the
rate of discomfort reported before and after the ergonomics process was implemented. However,
the overall trend observed indicated a 17% decrease in discomfort reports following
implementation of the ergonomics process. Fewer employees reported discomfort for the head,
elbows, wrists/hands, upper back, and lower back (Figure 6). The most frequently reported body
part with discomfort was the lower back both before and after the process implementation. Also,
before the process was implemented more employees tended to experience discomfort in
multiple body parts. For example, before the process was implemented 24% of the employees
reported discomfort in three different body parts, while after the process was implemented only

17% reported such discomfort (Table 3).
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Figure 6.—Number of body part discomfort reports during the past 12 months
for 2001 and 2004 (n = 41).

Table 3.—Number of Bridger employees reporting discomfort
in one to four different body parts (n = 41)

No. of employees

No. of body parts with discomfort seqmiing any Mscombri

Year 1 2 3 4
2001 7 5 10 8 37
2004 6 5 7 5 31

With regard to age, the percentage of employees reporting discomfort prior to the process
was greater for three age groups (31-40, 41-50, and over 50) compared to the percentages for
the same age groups after implementing the process. A slightly downward trend in reporting
discomfort (83% to 72%) with increasing age (31-40 years old to over 50 years old) was
observed after the process was implemented. A decrease in discomfort with increasing age was
not observed before the process was implemented. The same results were observed when
considering discomfort reports for the lower back (see Table 4).

Although trends in discomfort seemed to indicate that fewer employees were

experiencing discomfort after the process was implemented, it is not possible to attribute the



decline in discomfort directly to the ergonomics process. Many changes were occurring at the

Jim Bridger Mine, such as job reassignments, that may have also impacted discomfort levels.

Table 4.—Percentage of Bridger employees reporting discomfort by age

All body parts Back
Year Age (years) Age (years)
31-40 41-50 >50 31-40 41-50  >50
2001 100 89 100 86 65 100
2004 83 73 72 83 53 56

Interventions or Job Improvements

Employee reports of risk factor exposures and intervention efforts were documented and
tracked by the Ergonomics Committee. Risk factor exposure data were obtained from employees
who submitted concerns to the committee. Three years into the process the Ergonomics
Committee received 55 concerns and successfully completed improvements for 22 concerns.
Five more concerns were actively being addressed, and nine other concerns were on hold
pending receipt of additional information. The remaining 19 concerns were either addressed as
safety and health concerns or were not considered valid.

Table 5 provides information on interventions implemented by the Bridger Coal Co.,
including those initiated by the Ergonomics Committee. The average number of employees
affected by an intervention was 16.8. Over half of the interventions involved the purchase of new
equipment or seats. All of the purchases except one cost less than $3,000. Some modifications
were completed by the equipment maintenance staff and did not result in significant expenditures
of funds or time. The easiest type of concerns addressed by the committee involved rearranging
equipment or work stations. Although many of the interventions seemed to be rather simple
solutions, determining appropriate interventions usually involved detailed investigations and
analyses to ensure employee acceptability and reduction in risk factor exposures. Activities
performed when identifying and assessing potential interventions often included employee
interviews, risk factor determinations, product identification and evaluation, and review of
manufacturer approvals. Only one complaint could not be addressed by the committee because

the intervention was considered cost-prohibitive.



Table 5.—Description and types of interventions completed by Bridger Coal Co.

Type of No. of
. . employees Brief description of intervention
intervention
affected
Existing equipment 19 Handle added to chocks to reduce back flexion
modified 5 Loader foot pedal angle decreased to allow a
relaxed foot position
11 Drill pedal moved to a more accessible location
11 Prill truck ladder handrail moved closer to the
ladder to allow use with proper body positions
Work station Al Pump switch location changed to eliminate
rearranged excessive reaching
5 Loader seat aligned with controls to eliminate
twisting
New work stations 2 Adjustable office work stations purchased to allow
purchased proper body postures
New equipment 14 Lightweight welding helmets replaced heavier
purchased helmets to reduce the load supported by the neck
and upper back
14 Wooden hammer handle with rubber guard
replaced fiberglass handles to reduce hand
vibrations
g Nylon tie-down straps replaced heavier chains to
reduce the load when handling the chains
29 Small table placed outside tool room so tools being
returned could be placed on the table rather than on
the floor. (Mechanics need to remove their safety
glasses to use an eye scanner so they can gain
access to the tool room. Holding tools hindered
them from removing their safety glasses.)
Floor mats installed in warehouse to reduce
2 discomfort from walking on concrete floors.
J-hook bar obtained to pull dragline cable rather
16 than lifting the cable
Tractor purchased to move trailing dragline cable
16 rather than moving the cable manually
Dragline work station improved with larger, more
15 adjustable armrests and a footrest to reduce
exposures to awkward postures
New seats 47 Seats changed in draglines, loaders, and blades to
purchased improve comfort
Availability of PPE 45 Additional kneepads stocked in warehouse to
improved reduce contact with hard surfaces




Badger Mining Corp.

Within 1 year of implementing its ergonomics process, Badger initiated more than
40 interventions, which are described in Tables 6 (Fairwater Mine) and 7 (Taylor Mine). Some
of these interventions were planned prior to initiating the ergonomics process; however,
information gained from the training led to improvements from the original design. All but a few
of the improvements were engineering controls, and many of them involved obtaining new
equipment or work stations. Some of the modifications to work stations or equipment were
completed by the equipm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>