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Background

The mining industry sector worldwide is experiencing an
ongoing and, in some places, a worsening Serious Injury
and Fatality (SIF1) problem.

To study the causes and contributing factors behind
this troubling trend, and seven companies formed
a Mining SIF Study Group that worked together for
almost two years. The group challenged operating
paradigms, tested new approaches and developed
recoommendations to improve Serious Injury and
Fatality (SIF) Prevention strategies.

The seven participating companies from the mining
sector provided significant narrative and investigative
information on 39 fatal and near-fatal events, ensuring
the full context of each situation was well-understood.
dss* led a team of representatives from these seven
companies through numerous facilitated exercises over
the course of over 24 months to understand the deeper
causal and contributing factors connected to

these events.

Organizations such as ICMM, MSHA, NIOSH, MSRT,

CIM/ICM and Euromines have made significant efforts

to understand mining related fatalities and to prescribe
preventive measures. All of these organizations have
also invited continuous learning and expansion on

their respective recommendations. The work-related
fatality experience is a common problem shared within
the mining community. This study group was formed

to collaboratively share perspectives, practices, and
learnings for the benefit of all.

Data Analysis

Analysis of 6-year trends

The data from the Mining Study Group shows continuing improvement in recordable injury rates, but random occur-
rences of fatal accident events.

Mining Study Group Combines SIF Data
(n=7 companies)
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The study group concluded that recordable injury rates are poor predictors of fatality risk control. The data demon-

strates there is no correlation between recordable rates and fatality occurrences.

Analysis of predominant SIF risk situations

23 of the 39 fatal and near-fatal events were attributed to three SIF Risk Situations:
1. Truck, Heavy Equipment Collisions, Crashes and Rollovers (on-site)

2. Control of Hazardous Energy (Lock Tag Try) Breakdowns

3. Rock Fall, Rock Burst, Fall of Ground, High Wall Collapse

SIF Risk Situations - Pareto Analysis (n=39)

The Study Group advises all mining com-
Actual potential of SIF situation or outcome panies to develop a Pareto analysis specific

Did this event cause, create or result in a vulnerability to...? to their mines and sites to improve under-

standing of their top SIF risk situations.

TRUCKS, HEAVY EQUIPMENT COLLISIONS &...
CONTROL OF HAZARDOUS ENERGY (LTT)
ROCK FALL, HIGH WALL COLLAPSE
TOWING

HOISTING, RIGGING, SUSPENDED LOADS
WORK AT HEIGHT

OFF-SITE MOTOR VEHICLE CRASH
UNDERGROUND TRAIN OPERATIONS
CONVEYOR BELT

DROPPED OBJECT FROM ABOVE - MANUAL..
PROCESS SAFETY

CONTACT WITH UTILITY

FIRE / PROCESS CONTROL

CAUGHT IN, BY OR BETWEEN
ASPHYXIATION - LOW O2

This analysis will enable a more effective
allocation of limited resources (people, time

and money).

1 The Mining Study Group uses the terms fatality and SIF interchangeably. This study was driven by fatal and near-fatal events, but the
findings and conclusions naturally broaden to overall SIF prevention in the mining sector.
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SIF Precursor Extraction and Analysis Determining SIF-Potential

dss+ proposed a SIF precursor formula for the study group’s consideration. Each of the 39 fatal and near-fatal The study group agreed that determining if SIF-Potential is present in reported events is of paramount importance

events was examined through the three elements of the SIF precursor formula. toward understanding a site's true vulnerability to experiencing an actual SIF outcome. A process for evaluating re-

ported events, identifying those with SIF-potential, and assigning those SIFp cases for some type of causal analysis
SIF Precursor Formula

SIF Precursors are Discoverable by Analysis, Detectable in the Field

+ SIF Critical Controls &
Protection Systems

is an important feature of an effective SIF prevention system.

Many mining organizations utilize Bow-tie Analysis to analyze SIF Risk, and to inform their opinions on the presence

] ] of SIF-Potential. dss* promotes an evidence-based perspective that the unwanted event occurred because of failure
Persistence in the

Work Environment

SIF Risk Situations

of controls on left side of the bow tie (preventive). Preventive control failures should carry the same weight as the

controls that mitigate the severity of consequences of the injury (right side of the bow tie).
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SIF Risk Profile

Truck Heavy Equip Collision & Rollover
Control of Hazardous Energy (LTT)
Rock Fall, High Wall Collapse

Towing

Hoisting, Rigging, Suspended Loads
Work at Height

Over-the-road motor vehicle crash
Underground Train Operations
Conveyor Belt

Dropped object from above — manual
handling

Process Safety

Contact with utility

Fire / Process Control

Caught in, by o between

Asphyxiation — Low O,

= -

Breakdowns - Notable Themes & Hypotheses
1. The only or last available critical defenses (controls) were the behaviors and judgment of the persons
involved. Reliance on lower level HOC human behavior is prevalent.

Pickup Truck and Haul Truck crashes (looking ahead; use of service brake; excessive speed; reversing
without confirming a clear path)

Train locomotive operation (allowing a passenger)

Working, walking, standing in the line of fire where significant potential energy s stored (either in the
horizontal or vertical planes) during towing operations

Significant breakdowns in clear and planning, with all ligned - planning
approaches to cleaning up debris after rock fall event. No line-of-sight or direct audio communications
between field-vulnerable persons an equipment operator.

Workers declining to wear fall protection harness at 3.5m height, even when prompted by co-worker, and
workers allowing work to continue.

Checking to ensure connections are secure

Continuing to drive forward even though roadway ahead obstructed by ice fog, and unable to see vehicle
ahead

Entering excavation project below, without confirming entry with equipment operator

Standing in line-of-fire/pinch-point of heavy lifted load being maneuvered into position

Judging proximity to edge of working berm

Determining a perceived faster way to get a job done, based on a faulty assumption and no formal risk
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SIF Risk Profile

Truck Heavy Equip Collision & Rollover
Control of Hazardous Energy (LTT)
Rock Fall, High Wall Collapse

Towing

Hoisting, Rigging, Suspended Loads
Work at Height

Over-the-road motor vehicle crash
Underground Train Operations
Conveyor Belt

Dropped object from above — manual
handling

Process Safety

Contact with utility

Fire / Process Control

Caught in, by or between

Asphyxiation - Low O,

Breakdowns - Notable Themes & Hypotheses

. Control of hazardous energy (in new or unique situations, or very common
situations)

. Emergency Response Capabilities

. Use of non-OEM tools in the field
Mechanical/equipment protective devices such as guards, railings are present
but not performing safety protection as intended.

. Breakdowns in PM service frequencies, removal from use, effectiveness of
service practices.
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What % are considered “routine/normal”
operations and maintenance activities (vs. highly
unusual, rarely encountered)? 100%.

It is important for organizations to develop and use consistent logic
for determining SIF-Potential. This accuracy is essential to the cred-
ibility of the SIF Prevention Program. The Study Group developed a

starter template for SIF-potential determination logic, as a tool for

« The Approach - how the crew/worker is
approached to initiate the conversation
makes all the difference in the world.

+ The Delivery - a standardized method for

others to consider. guiding the conversation around SIF risk
vulnerability will ensure consistency of
outcome.

« The Payoff — both the worker/crew and

observer walk away from the engage-

Assessing the Presence and Performance of SIF Critical Controls
SIF Critical Controls are generally defined as pinpointed protective
Three notable themes emerged from the analysis of SIF Precursor element number 2: requirements/steps that are detectable through direct observa-
a. The only or last available critical defenses (controls) were the behaviors and judgment of the persons involved
(described in the chart above).

b. Reliance on human behavior to perform flawlessly is prevalent.

tion or interview. They are essential toward protecting the life of ment with higher assurances that every-

the person(s) performing the work. The evaluation of SIF Critical one is protected from SIF harm and know

Controls in the field is best performed as a binary process — these what to do when they detect any missing
c. Inalmost 100% of the events, the tasks performed prior to the fatal or near-fatal event were described as critical controls either “present or not present” and “performing or or underperforming critical controls.

|u

"routine/norma

operations and maintenance activities, versus highly unusual or rarely encountered tasks . Governance - the health of the system

not performing”.
is monitored, and data is collected for

The SIF Protection Validation System (SIF-PV) or SIF Critical Con- analysis, trending, and action planning.

trol Verification System is a proven method for providing workers

The Study Group has deemed SIF-PV sys-

tems to be investment worthy, and capable

and executives with the assurances that critical controls are avail-
able and performing when called upon. An effective system will de-
of enabling strong, positive safety climates.
SIF-PV checklists for 3 SIF risk situations
were built as starting points for other com-

liver field-based evidence letting everyone know with certainty that

miners are fully protected when performing jobs that have SIF risk.

The Study Group identified four cornerstones common to best-in- panies to consider.

class SIF-Protection Validation Systems.
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The SIF Culture Maturity Journey on the dss+ Bradley Curve™

Study Group members agreed that companies embarking on an SIF prevention initiative should expect to go
through a maturity journey while their SIF prevention system is evolving. As an organization moves from the reac-
tive to the interdependent phase, their SIF journey and their organizational culture matures and move symbiotically.

A well-designed and well-executed SIF prevention program is in fact a key driver of a cultural transformation.

SIF Journey on the dss* Bradley Curve

SIF Metrics

The Study Group expressed a strong pref-

erence for establishing a set of SIF metrics
as an outcome of this project. The Study
Group examined current SIF KPI practices
from their companies, as well as SIF metrics
from other industry sectors. An expecta-

tions framework guided the group toward

The Study Group recommended five SIF Metrics and developed
definitions and calculations guidance for each metric.

1. # of SIF Actuals [SIFa]

# of SIF Potentials [SIFp]

%SIF Risk or %SIF Vulnerability

SIF CAPA Closure %

% Protected from SIF Harm

ks wDN

These five recommended SIF metrics are intended to drive crucial

Serious Injury and Fatality Rate

dss* has collected Relative Culture Strength (RCS) scores from the Mining Sector over a 20-year period. Over the

last decade, the data clearly shows a plateau, and no organizational movement beyond the mid-point of the inde-

REACTIVE

Executive focus on LTIR
and TRIR.

Recordables are reported
and investigated.

Near miss reporting is
erratic.

Corrective actions focus
on worker behavior.

Data analysis is ineffective
or non-existent.

DEPENDENT

Executive focus on zero SIF
harm.

Instill “golden rules” or
similar.

Investigations follow a basic

Root Cause format, and
everything is investigated
equally.

Corrective actions are
predominantly in the lower
half HOC

Data analysis results in
insignificant or

INDEPENDENT

Executives lead the
discussion on SIF potential
Near misses are reported
and analyzed for SIF
potential
System-oriented causal
evaluations lead to
Prevention-Through-
Design CAPAs.

SIF Precursors are
routfinely extracted.

SIF critical controls are
created and understood.

INTERDEPENDENT

Executive ownership,
sponsorship and
engagement of SIF
Prevention is highly
visible.

SIF risk is anticipated and
controlled in bid design,
engineering, planning
and scheduling.

Team learning focuses on
all phases of reliability.
Understanding of how SIF
risk situations are

inconsequential patterns »  SIF critical controls are created.
and trends. proactively verified inthe .. Fear of reprisal
» Dialog on SIF Potential may field. eliminated.

begin and is rudimentary

Fe investigate because we have to, and we need to fix
h

ings and people. SIF actuals.

pendent quadrant.

We analyze events because we
better. SIF pote

Safety Culture Strength in the Mining Sector - a 20 Year Review

the development of meaningful leading and leadership discussions about essential SIF Prevention activities that Overall Safety Perceptions (2002 - 2022)
lagging SIF indicators. Ultimately, the Study drive continuous improvement. 100 Interdependent
Group agreed that a balanced portfolio of 70
SIF Metrics should be capable of... 3 e A s R S s S Bt B Sy Ry e gy
. N 5
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The Study Group agreed that executive sponsorship is an essential key to organizational understanding and control
of SIF risk vulnerabilities. The leadership practices and styles associated with SIF Process effectiveness are known
to drive cultural transformation into the interdependent quadrant. More executive attention is necessary for driving

significant impacts in SIF prevention.
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Key Conclusions and Recommendations

1. Low and improving recordable injury

rates are inaccurate and unreliable
indicators of fatality risk control. This

is a trap that is easy for company
executives, senior managers, and safety
professionals to fall into. The evidence
is compelling — special treatment of
SIF risk is required to address the SIF
problem.

Determining the presence of SIF-
Potential in reported events is of
paramount importance toward
understanding a site's true vulnerability
to experiencing an actual SIF outcome.
A process for evaluating reported
events, identifying those with SIF-
potential, and assigning those SIFp
cases for some type of causal analysis
is an important feature of an effective
SIF prevention system. Customizable,
starter templates for SIF-Potential
Decision Logic have been developed for
others to use.

Effective use of the SIF Precursor model
will drive a more in-depth analysis

and understanding of the presence of
SIF Risk in the worksite, the pinpoint
accuracy of the SIF critical controls
needed to fully protect workers, and the
reasons behind continuing breakdowns
in SIF critical control performance.
Analysis of 39 fatal and near-fatal
events is provided to serve as an

example.

A Pareto-style analysis of the
prevailing SIF Risk Situations will
enable organizations to prioritize the
assignment of limited resources to
conducting SIF-Protection Validations,
SIF-Potential causal evaluations,

and follow-through on corrective and

preventive actions.

A Pareto Analysis of the 39 fatal and near-fatal events shows
seven SIF Risk Situations comprising 79% of the exposure, with
the Top 3 (59%) being...
a.Truck/Heavy Mobile Haulage

Equipment Collisions, Crashes, and

Rollovers while operating on-site
b.Control of hazardous energy due to

breakdowns in Lock/Tag/Try

procedure
c.Rock Fall/Highwall Collapse/Rock

Burst/Fall of Ground

The SIF Protection Validation or Critical Control Verification
System is an investment-worthy method for providing workers
and executives with the assurances that critical controls are
available and performing when called upon. Best-in-class
systems would be designed around four cornerstones: Approach,
Execution, Payoff, and Governance. Customizable, exemplar
templates have been developed for three SIF Risk Situations, for

others to use.

SIF metrics can drive desirable organizational focus and
level-specific behaviors if they are fit-for-maturity of the
organizational culture and fit-for-maturity of the SIF Prevention
Program. A well-designed portfolio of SIF KPI's will enable an
accurate understanding of vulnerability to experiencing SIF
events, monitor the health of the SIF Risk Control system,

and measure the outcomes of SIF Prevention efforts. The

Study Group developed five SIF Metrics for consideration

and recommends SIF-Potentials and SIF% Vulnerability as
compelling leading indicators for adoption by the mining

community.

Executive ownership of SIF risk and sponsorship of SIF risk
control initiatives is essential to the success of the mining
industry SIF Prevention effort. The links between leadership
practices and organizational culture maturity are well-
established, and this relationship is especially important in SIF
Prevention. When SIF discussion is part of the executive agenda,
and executives are actively engaged in SIF-prevention related
activities, it send clear signals to the organization about the

value and priority being placed on SIF risk control.

8. Three areas for further research and development were
identified by the Study Group. Other interested parties and
future Study Groups are encouraged to explore best-practice
contributions in...

a. Contractor SIF Leadership — going beyond traditional
baseline metrics, and exploring executive sponsorship of SIF

prevention, operating philosophies on near-miss reporting and

use of stop-work authority, and promotion of joint SIF-PV and

SIF-p analysis practices.

b. Modern Approaches to Incident Investigations - going beyond

traditional root-cause-analysis, and movement toward
causal learning models, human operating principles, and
understanding of how SIF risk situations are created.

c. Supporting Evidence for the Value of SIF-Protection

Validation Systems — advanced SIF-PV data analysis to build

evidence of connection to the prevention of SIF-Actuals.
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