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A. Introduction

Rockfalls are a major hazard in underground mines
with consequences ranging from insignificant to
catastrophic (fatalities). The risk to personnel and
damage associated with rockfalls must therefore
be managed. A step improvement in the overall
safety record of the Australian mining industry will
result from the elimination of rockfall injuries and
fatalities.

This “Reference Manual” has been developed as a
supporting document to the “Industry Guideline
for Rockfall Risks Management - Underground
Metalliferous Mines”, published in a separate
booklet for ease of use. The Manual is a collection
of techniques and examples of “good ground
control practices” described in literature or locally
developed and implemented in Australian mines.
Trainers, technical personnel, mine supervisors
and managers are invited to consult this reference
manual in conjunction with the “Industry
Guideline for Rockfall Risks Management -
Underground Metalliferous Mines”, for a
systematic approach to manage the risk of
rockfalls in their mines.

B. Background “The Australian
Underground Mining Environment”

In most cases, rockfalls occur in distinct and
localised areas of a mine. These “local events” are
nevertheless the result of an overall system
response to mining activities. The solution to the
problem of rockfalls must therefore account for
activities beyond the local areas where they occur
and rest upon a sound understanding of the
overall underground mining environment. The
foliowing sections briefly describe typical
Australian mine settings in a geomechanical
context.

B.1 OREBODIES

The size and shape of orebodies will have a farge
influence on the mining method, the extraction
strategy and the overall approach to mining. The
so-called “world-class” orebodies at operations
such as Olympic Dam, Northparkes and Mount Isa
Mines, amongst others, will tend to optimise

productivity. The focus in this case is the rapid
extraction and transportation of extremely large
guantities of ore, also known as “bulk mining” or
“mass mining”. As a result, the rate of change or
the disturbance imposed on the local mining
environment can be significant. Since the change
in stress and energy to the overall system (mining
environment) is a function of the volume of rock
displaced, “mass mining” involves huge transfers
of energy from the extracted rock to the (remnant)
rock left in place. The risk assessment of “mass
mining” must account for the possibility of large
amounts of energy being released either suddenly
by caving, air-blasts and rockbursts, or gradually
by stress re-distribution creating the potential for
local or total crushing of drives or other mine
infrastructure.

At the other end of the spectrum, the mining of
small and often high-grade orebodies usually
emphasises selective extraction and the total
recovery of ore. The often short-term focus of
mining projects involving small orebodies may
impose limitations in capital expenditure. This may
in turn produce limitations in infrastructure, mine
fill system, shaft access, shotcrete plant, etc.,
limitations in equipment, mechanised bolting rigs,
automated equipment, etc. and limitations in
specialised personnel, rock mechanics specialists,
geotechnicians, rehabilitation crews, etc. Although
the extraction of the smaller orebodies will, in
general, be less disturbing to the mining
environment compared to mass mining, the
resources available to plan and execute the
exploitation of the mineral reserves at minimal risk
can also be limited.

B.2 MINING DEPTH AND STRESS

Australian mining to date has been confined to
relatively shallow depth in comparison to
countries like Canada and South Africa. The
challenge of mining at depth has multiple
implications including the management of
transport and logistics, ventilation including
temperature and air quality and ground pressure
(rock stress). 1is guideline is particularly
concerned with stress. Stress magnitude is
generally proportional to the weight of overburden
and therefore increases with depth. In Australia,
the two horizontal stress components, for
example, east-west and north-south, are usually
two to three times higher than the vertical stress
(overburden weight) component. In Western
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Australia, even higher stress gradients have been
measured. Some Australian mines experience
conditions at depths between 400 m and 500 m
that are comparable to Canadian and South
African “deep mining” conditions. This high stress
regime, coupled with lower rock mass strength,
results in comparatively high levels of support
being used.

High stress conditions often lead to a seismically
active and rockburst-prone environment.
Rockburst is one of the most difficult hazards to
control in mines because it involves complex
mechanisms, and like earthquakes, generally
occurs suddenly. Rockbursts can be very powerful
and are highly unpredictable. There may be some
precursor signs to rockbursts, but current
technology is generally inadequate to reliably
decode the sequence or patterns of events and
provide a timely warning of impending rockbursts.
Seismic monitoring equipment and special ground
support systems designed to sustain dynamic
loading (rockburst impact) have become essential
to operate safely and efficiently in a rockburst-
prone environment.

The strategies and controls required for operating
in high stress environments must be carefully
evaluated through a comprehensive risk

assessment.

At the other end of the spectrum, mining in low
stress or “de-stressed” environments can also
impose specific challenges for controlling
rockfalls, especially in a jointed rock mass. A
“reasonable” level of ground pressure may
contribute to the stability of the rock mass.
Stresses acting normal (across) to structures,
joints or discontinuities may effectively clamp
them, locking the potential sliding movement and
increasing the overall stability of the rock mass.

Low or de-stress conditions are common to
remnant mining or mining adjacent to existing
mine workings. In this environment, large blocks
sliding, ground unravelling, mine headings
breaking through to old openings or simply cave
propagation of old workings are typical hazards
that may need to be controlled.

B.3 ROCK MASS PROPERTIES

The range of rock mass properties encountered in
Australian underground mines is broad, varying
from very hard and brittle rocks that fracture
violently like glass, to very soft rock that deforms
like dough.

The hard and brittle rock masses can be prone to
rockburst if the stress levels are sufficient to induce
local failure. The very soft rock masses, like some
of the “ultramafic” units encountered in the
Kalgoorlie region in Western Australia, can react
significantly to changes in stress. Contrary to the
rockburst situation, which involves instantaneous
and violent failure, the “soft” failure process is
progressive over a period of time, but often cannot
be stopped. Extensive reinforcement that can
yield, and strong surface support, may be required
to slow down the convergence and eventually the
closure of drives in order to allow mining activities
to be completed. Accurate scheduling and “just-in-
time” mining become essential to operate safely
and productively in extreme (very high or very
low) stress conditions.

B.4 FROM OPEN PIT TO UNDERGROUND

A significant number of Australian deposits
outcrop to surface or only extend to relatively
shallow depths. It is a relatively common feature of
Australian mines to undertake the initial extraction
of orebodies with an open pit and complete it with
an underground operation.

The geomechanics interaction between the
extracted pit and the evolving underground
operation must be carefully planned and managed.
For example, slope stability problems induced by
the undermining of the slope area can affect the
stability of the underground portal generally
located in the pit, or some surface infrastructure in
the vicinity of the pit.

The extraction of the crown pillar separating the pit
and the underground workings must also be
carefully planned. The crown pillar is the structure
“insulating” the underground operation from the
open pit. Removing it will directly expose the
underground workings to surface conditions such
as rainfall and can also affect the ventilation
network. Because crown pillars often have a
regional support function, their removal may affect
the stability of both the pit slopes and
underground infrastructure. It is therefore
imperative to carefully assess the multiple risks
before proceeding with the extraction of the
“surface crown pillar” and stopes immediately
below it.

In caving mines, the orebody back break and
associated subsidence have to be accounted for
when planning for the transition from open pit to
underground operation.
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C. Good Practices in Ground Control

A process for managing rockfall risks is described
in Figure 1. The process is iterative and should be
ongoing for the life of the mine. It has the following
six major steps:

Collect Data

Define Geomechanical Domain

Preliminary Design

Assess Rockfall Risks

Control Rockfall

© a0 kW=

Monitor

“Audit” and “Education and Training” have not
been integrated as distinct steps of the process, as
they can be applied at any stage of the process.

An effective rockfall management process must
rely on:
+ An implementation strategy supported at all
levels of the organisation, from senior
company executives to mine workers

* Quality work and good practices using
recognised techniques for completing each
step of the process

Australian underground mines operate in a variety
of environments (See Section B) with each mine
site having a unique set of conditions. Care has
been taken not to prescribe specific techniques and
methods to complete the rockfall management
process, as their selection remains site-specific.

The following sections outline some of the
suggested techniques and methods that could be
considered as good ground control practices. This
manual is not an exhaustive collection of good
practices and it is recognised that other techniques
and methods not described in the manual are
capable of producing quality results. Methods and
good practice for Step 7 “Audit” and Step 8
“Competency, Education and Training”, are not
covered in this manual.
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1.3.2 THE NGI TUNNELLING QUALITY INDEX;
“Q"” SYSTEM (BARTON ET AL 1974}

The Tunnelling Quality Index (Q) developed at the
Norwegian Geotechnical Institute based on
extensive civil engineering tunnel case studies has
a range of values varying on a logarithmic scale,
from 0.001 to 1000. The rock quality assessment of
the full range of Q values is given in Table 8.

Exceptionally Poor 0.001 -0.01
Extremely Poor 0.01-01
Very Poor 01-1
P 1-4
Fair 4-10
Good 10-40
Very Good 40 - 100
‘emely Got 100 — 400
Exceptionally Good 400 - 1000
pretationof Qi » r Barton 1974)
The Q index is calculated as follows:
Q =RQAD x Jr x Jw
Jn Ja SRF
Where:
RaD Rock Quality Designation
Jn Joint Set  1mber
Jr Joint Roughness Number
Joint Alteration Number
Jw Joint Water Reduction Factor
Stress Reduction | tor
Tabie 9 p rsi.  rameters involved in the calculation of the

X rton s274)

In the Q index, the six parameters are grouped into
three quotients related to the following physical
characteristics of the rock mass. The first quotient
RQD/Jn is representative of the rock mass block
size, Jr/Ja is indicative of the shear strength and
JW/SRF can be regarded a “total stress” factor.

The details on how to estimate each parameter are
given in Hoek and Brown (1980), Hoek, Kaiser and
Bawden (1995), and Hutchinson and Diederichs
(1996). It should be noted that the Tunnelling
Quality Index does not directly account for the
intact rock strength, that is Uniaxial Compressive
Strength (UCS).

A common modification of the Tunnelling Index Q
for mining applications consists of removing the
effect of the stress reduction factor by equating
SRF to 1. This is noted by using the sign ( * ) and
the quality index becomes Q’'. This modification is
justified by the fact that many empirical and
numerical models using Q" as an input, already
account for the effect of stress.

The confident use of rock mass classification
systems, whether it is Q, Q, RMR or MRMR,
requires adequate training. It is recommended that
inexperienced users be supervised or, at a
minimum, have their assessments verified
regularly by experienced users of classification
systems. The estimation of each parameter
involved in the calculation of a classification index
is somewhat subjective. It is often advisable to
estimate a parameter by using a range of values
when it cannot be precisely assessed. Table 10 is
an example of a rock mass classification data
logging sheet.

1.3.3 LIMITATIONS OF ROCK MASS CLASSIFICATION
SYSTEMS (AFTER LANG 2003)

There needs to be recognition that rock mass
classification systems have limitations. The
following references are suggested reading:

Brady, B.H.G. and Brown, E.T., 1993. 3.7.1 The
nature and use of rock mass classification
schemes, in Rock Mechanics for Underground
Mining, second edition, pp 77-78 (Chapman &
Hall: London).

Hoek, E., Kaiser, PK. and Bawden, W.F., 1995.
4.1 Introduction, in Support of Underground
Excavations in Hard Rock, pp 27 (Balkema:
Rotterdam).

Rock mass classification systems attempt to
characterise the rock mass by determining a
“numerical measure” of quality or rating for the
rock mass. Such a measure is a worthwhile goal if it
can be reliably and repeatedly obtained from a good
understanding of the mechanics of the system.
Attaining this goal may not be as simple as the rock
mass classifications systems would suggest.
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3.2.2.1

The size, height and span, of most mine access
ways such as drives, declines, cross-cuts etc., is
generally set to safely accommodate the size of
mine equipment and associated services, such as
pipes, ventilation duct, etc., needed to achieve a
target production. In the case of mine access ways,
the geomechanics design focuses largely on
determining ground control treatments required to
ensure a low probability of failure for a pre-set
excavation span, considering the expected ground
conditions in which they will be driven.

cess ways ntry excavatic )

It must be recognised that ground conditions can
have a significant influence on excavation stability.
The proposed size, location, shape and orientation
of development excavations must take appropriate
account of ground conditions and their potential
variations with time. For example, the location of
main access development too close to future
stoping areas can have a significant adverse
influence on access stability. The long-term use of
main access development can be seriously

compromised by inappropriate location. This
could occur where excavations are too close to
stopes, pillars or geological structures.

Intersections, or areas where two or more drives
connect, may require special consideration and
specific ground control measures. Larger spans
are exposed in intersections which can allow large
wedges to daylight. Some mines require that all
intersections be systematically cable-bolted either
during, or immediately after being mined.

Figure 15 shows an empirical graph for excavation
design relating the Tunnelling Index “Q" to an
equivalent dimension De. De is defined as the span
of the excavation divided by the Excavation
Support Ratio (ESR). The ESR simply modifies the
span to account for different type of excavations,
applying more conservatism to situations
involving higher consequences of failure. The ESR
number for temporary mine openings is between 3
and 5 while for permanent mine openings an ESR
of 1.6 — 2.0 is recommended.

Exceptionally Extremely Very

I
DAn~r DAnr DAnr

100

50

20

Span or Height in Metres
ESR

1
0.001 | 0.01 | 041

|
0.004 0.04 0.4
Rock Mass Quality Q =

Reinforcement Categories
Unsupported
Spot Bolting
Systematic Bolting

Poor Fair Good (\:/f,rx* QE,z(,t;,q QE,)\(E

20

—_
(=

2.4

- w
o
Bolt Length in Metres for ESR = 1

10 | 100 | 1000
40 400

|

4
RQD . Jr _ Jw
Jn_ ~ Ja *SRF

Systematic Bolting with 40-100 mm Unreinforced Shotcrete

Fibre Reinforced Shotcrete, 50-90 mm and Bolting

Fibre Reinforced Shotcrete, 90-120 mm, and Bolting

Fibre Reinforced Shotcrete, 120-150 mm, and Bolting

Fibre Reinforced Shotcrete, > 150 mm, with Reinforced Ribs of Shotcrete and Bolting

Cast Concrete Lining

Kl delir egions of recommend
rimstau anu parton 1993)

jround support and reinforcement acce

g to the span and the rock mass quality under Q (Reproduced
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Reinforcement of a Block Free to Slide Under its
Own Weight

Reinforcement of a Block Free to Fall Under
its Own Weight

N is the number of rockbolts
R is the resistance to sliding
W is the weight of the block
f is a safety factor 1.6 < f < 3.0

8 is the dip of the sliding surface
¢ is the angle of friction of the sliding surface

¢ is the cohesive strength of the sliding surface
A is the base area of the sliding surface
B is the load capacity of the bolt

« is the angle between the plunge of the bolt and
the normal to the sliding surface

N = W(f sinB - cosg tan¢) — cA N =ﬂ
B(cosw tan¢ + f sina) B
R = cA + W cosg taneo s<3e
p>L+1.0m
Where: Where:

N is the number of rockbolts

W is the weight of the block

f is a safety factor2 < f <5

B is the load capacity of the bolt

s is the spacing between rockbolts
e is the joint spacing

p is the excavation span

L is the length of rockbolts

Figure 23: Wedge reinforcement in the sidewall and in the back of an underground excavation

Jified after Stillborg 1994, and Choquet and Hadjigeorgiou 1993)
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Smooth wall blasting will be most successful in
strong massive rocks in which tight bedding
planes are normal to the axes of blast holes. In
rocks that have closely spaced joints or bedding
planes, some overbreak will occur regardless of
the steps taken to prevent it. The techniques that
are successful in a strong massive rock may be
unsuitable in weak, highly fissured rock. As a
consequence, blast hole spacings and charge
concentrations should be designed to suit each
mine site’s unique ground conditions.

To achieve the required smooth wall effect, it is
usually necessary to charge perimeter blast holes
along the backs and walls of the excavation with

an explosive that has a relatively low energy yield
per metre of charge length. Site conditions will
dictate the charge required in perimeter blast
holes, depending on the structure, strength and
geomechanical characteristics of the rock types
being mined.

Perimeter hole charges should be initiated on
similar delays after all other holes in the round
have been fired. The optimum smooth wall results
are obtained when all perimeter charges detonate
simultaneously.

MANAGEMENT OF ROCKFALL RISKS IN UNOCERGROUND METALLIFEROUS MINES



MANAGEMENT OF ROCKFALL RISKS IN UNDERGROUND METALLIFEROUS MINES






The assessment of rockfall risks in the
management process, shown in Figure 1, is
performed globally at the mine-wide scale
determining strategic controls, such as the mining
method and sequence, automated equipment and
mining systems. In each individual work area,
tactical controls are established by carrying out
scaling and installing ground support.

As described in the previous step of the rockfall
management process, the preliminary design
provides the main parameters under which the
mine intends to operate {mining method,
excavation size, ground support, etc.). The risk of
rockfalls can be assessed these
parameters. This requires that the anticipated
rockfall hazards ensuing from the designed mining
environment must be well understood. The risk
will be a function of how people and assets are
exposed to the rockfall hazards and also of the
control measures applied to manage the risk. This
analysis needs to be performed at both the mine-
wide and specific work area scale.

against

Rockfall risk assessments at both scales may be
repeated periodically as more information and
experience are gained and as the preliminary
design parameters are refined and modified. This is
represented in the process Figure 1, with the right
hand side of the loop, starting at the end of Step 6
and feeding back in prior to Step 4. It is intended
that risk assessments at the work area scale are
repeated more frequently than at the mine-wide
scale. Major changes in mining practices or ground
conditions and behaviour should trigger a new
round of risk assessments for either or both scales.

4.1 A Brief Introduction to Risk
Assessment

The material below is taken from the National
Minerals Industry Safety and Health Risk
Assessment Guideline, commonly referred to as
The National Guideline. This guideline can be
accessed via the Internet at www.mishc.uq.edu.au.
Readers are strongly encouraged to consult the
guideline for more information on this subject. The
guideline suggests that the following major points
be considered when conducting risk assessments:

» Sefting the context
» Scoping or designing the risk assessment
» Facilitating /leading a risk assessment team

« Applying the risk assessment deliverables

In the case of rockfall risk assessment, the context
is largely defined as whether the assessment is
performed at the mine-wide or at the work area
scale. The context will also differ when the
assessment is triggered by an event or an
operational change compared to the original risk
assessment that may have been based on the
preliminary design in the early phase of the
mine’s life.

The success of a risk assessment is dependent on
how well it is scoped or designed. The National
Guideline suggests that a significant risk
assessment exercise considers nine main areas:

+ Defining the objective based on the
expected deliverables

+ Identifying and describing the system to be
reviewed

» Identifying and understanding the potential
hazards

» Selecting the risk assessment method - the
means of systematically identifying the risks

« Selecting the risk analysis method - the
means of calculating and examining the
level of risk

» Selecting a facilitator for the risk

assessment

* Determining the composition of the team or
work group

« Deciding the time required, and venue

» Providing risk assessment results and the
desired deliverable

The facilitating process must lead the team
through a review of the risk assessment scope and
in the present case, the mining systems relevant to
the risk of rockfalls. This will enable the team to
identify and understand the nature and magnitude
of rockfall hazards, and clarify any uncertainties
related to them. According to the context and the
scope, an appropriate method to assess the risk is
then applied that takes into account the existing
controls already in place.

It is essential that the question of “What
constitutes an acceptable risk?” is defined and
understood by the team carrying out the
assessment. There is no hard criterion on
acceptable risks for rockfalls. The way in which
assessments are carried out can be influenced by
factors such as local regulations, legislation,
mining industry standards, corporate policy and
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mine site culture. New controls may need to be
introduced to deal with “unacceptable risks” or
where there is a suspected increase in the level
of risk.

As all formal risk assessment should be
documented, the deliverables from the risk
assessment should include a report and an action
plan. Applying the deliverables encompasses
implementing the action plan. It may involve new
controls, actions, accountability and target dates.

4.2 Mine-Wide Risk Assessment

The general objective of the risk assessment at the
mine-wide scale is to better understand and assess
the potential impact of the “macro” mine design
issues, largely medium to long term decisions,
such as:

» Location of permanent access development,
(shafts, declines, etc.), permanent infra-
structure, (crusher, workshops, conveyors,
etc.) and return airways, lateral and vertical

* Mining methods
» Mining systems and equipment
- Pillar and stope dimensions and locations

with respect to ground conditions,
geological structures and stress

» Use of backfill and type of backfill

+ Extraction sequence, etc.
on the overall risk of rockfalls throughout the mine.

These are “significant” and “formal” risk
assessments that will require team input and
facilitation and should consider all steps described
in the previous section.

4.2.1 OBJECTIVES

The National Guideline lists 11 possible generic
objectives for risk assessment. From this list, the
following four generic objectives seem the most
relevant to the context of mine-wide rockfall risk
assessment:

+ Formal Safety Assessment development
(After National Minerals Industry Safety and
Health Risk Assessment Guideline).

“The term Safety Case (SC) is used to
describe a comprehensive integrated and
documented risk management system. The
objective of a SC is to develop a
comprehensive management document

specific to that operation detailing what
major accident events could occur,
quantitatively assessing the risk of those
events, and describing how the risk controls
are assured through the  safety
management system.

The SC is usually designed to demonstrate
to a regulator that measures are appropriate
and adequate to ensure that risks from
potential major accident events have been
reduced to a level as low as reasonably
practicable (ALARP?).

SC should not be confused with any
particular risk assessment method but
rather a management methodology based
on a rigorous Formal Safety Assessment
(FSA) method. The FSA method usually
involves a systematic review of the
operation, initially using preliminary or
broad brush risk assessment methods as
well as more detailed techniques to
examine major issues in more depth.

The FSA methodology can be applied at
minerals industry sites for comprehensive
operational review.”

Risk Acceptability determination (After
National Minerals Industry Safety and
Health Risk Assessment Guideline).

“The objective of this deliverable is to decide
if risks related to an issue (rockfalls for
example), plan or system are acceptable.
Determining risk acceptability involves
initially determining the risk acceptance
criteria. This is followed by some process of
reviewing the issue, plan or system,
establishing the relevant risks with controls
in place and judging whether relevant risks
are or can be reduced to an acceptable level.”

Information for major or principal hazard
plan (After National Minerals Industry Safety
and Health Risk Assessment Guideline).

“When the objective of the intended
deliverable is to supply information for Major
or Principal Hazard Management Plans, the
intention is to analyse and assess risks
related to potentially high consequence
hazards as well as identify key controls.”

“These plans are intended to be carefully
developed documents that outline the
management system in place, to ensure the
risks related to the specific major hazard are

3 ALARP is used in the UK, but terms such as ALAP (as low as practicable) and ALARA (as low as reasonably achievable) are
used by other pieces of legislation. It should be noted that these phrases have different meanings and put different

responsibilities on the operator of the facility
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Tasks such as drilling, mucking or charging are
commonly done by remote control equipment,
while tele-remote and even fully automated
mining equipment are gradually gaining
acceptance in the industry. These emerging
technologies all contribute to removing mine
operators from the areas most at risk. However,
new technologies may introduce new risks such as
people being struck and injured by remotely
controlled equipment.

The selection of mining methods and associated
parameters will influence the likelihood of rockfalls
and the exposure of the workforce. The risk of
rockfalls is however a function of how well the
hazard is mitigated and managed.

5.1.2 MINE INFRASTRUCTURE AND ACCESS
LAYOUT

The stability of mine infrastructure is time
dependant. Even the typical anecdotal story of the
drive that remained stable “forever” without any
ground support must be put into perspective.
Almost every hole in the ground will eventually
close. The closure rate can be extremely fast
(seconds) or extremely slow (millions of years).

For a given stress condition, the rate of closure is a
function of the rock mass quality. Although there is
limited flexibility in the selection of locations for
the different of the mine
infrastructure, having a good geomechanical
model, as referred to in Section 2, will provide the
knowledge that can help mine planners to locate
the infrastructure in the more competent rock
masses and as much as possible, away from major
discontinuities.

components

The stability of underground openings can also be
influenced by a number of in-situ factors; like
earthquakes, tectonic activities or ground water,
while others are induced by mining activities.

The close proximity of mine infrastructure and
accesses to the stoping areas (or caving fronts) will
reduce mine development and transportation
costs but will increase the level of blast vibration
and stress changes acting on the infrastructure,
thereby increasing the likelihood of rockfalls.
Ground control measures may sometimes
compensate for the close proximity of the
infrastructure but in such cases, the financial gain
must be weighed against the increased risk. It is
common for mine infrastructure, located relatively

close to stopes, to be submitted to one or more
cycles of stress increase and stress decrease. The
stress increase will contribute to create new cracks
and induce slipping along joints followed by a
stress decrease, resulting in a general loosening of
the rock mass. In such cases, the ground support
design must be flexible and account for stress
change cycle(s) and elevated blast vibrations. The
ground support itself may have time-dependant
behaviour, especially if the environment is
corrosive. The use of hydraulic fill can also expose
ground support in the vicinity of the stope being
filled, to a period of intense corrosiveness. All
these factors need to be accounted for at the
design stage.

Production management and mine planners can
sometimes increase the flexibility of their
operation by having the infrastructure developed
well ahead of time. This is particularly attractive for
enjoying a surplus in developing
infrastructure capability. This strategy is not so
desirable however, where an excavation’s closure
rate is rapid due to weak rock masses or high
stresses conditions, or if it results in exposing the
infrastructure to an increased number of stress

mines

change cycles.

Therefore, in addition to the normal excavation
design considerations (size, shape, orientation,
ground support) described in Section 3, mine
infrastructure design, including ground support,
must account for its location relative to stoping
activities and the expected service life of the
excavations. The timing of developing the
infrastructure also becomes critical where rapid
closure rates exist.

5.1.3 MINING SEQUENCES

The mining sequence determines the order each
stope and mining block will be extracted.
Economically, the extraction sequence will often
prioritise the stopes having the best combination
of high grade and low cost, to maximise the Net
Present Value (NPV) of the operation. However, the
maximum NPV will only be realised if the
following objectives are also met:

+ Target production rate is maintained or
exceeded

« Stability of the infrastructure is maintained
(shafts, orepasses, declines, major accesses,
conveyor drives, crusher station, etc.)

« Ore reserves are not sterilised
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Regardless of general industry practices, all duty of
care compliance requirements must be considered
by managers in justifying the safety of any such
scaling operations. All relevant legislation,
regulations, guidelines and Australian standards
should also be examined before developing
procedures or carrying out any mechanical scaling
with non-purpose-built equipment.

Notes:

i. Mechanical scaling procedures should be
combined with any other site safety procedures
such as working under unsupported ground. This
may recommend that personnel or the rig itself are
not exposed to the unsupported ground hazard.

ii.

il

Most mines in Australia currently employ the 'no
travelling under unsupported ground” rule.

As drill jumbos, robolters etc. are not purpose built
scaling machines, certain precautions should be
considered such as damage to the boom(s) of the
rig which may occur. The procedure that is
developed should therefore take into account all
the relevant consequences of personal exposure,
mechanical damage and effectiveness of scaling
when using such a method.

Some private and public organisations do
encourage the use of drilling equipment as it is
not built specifically for scaling. Aithough not
univers:  endorsed throughout the world, such
methods are widely used and accepted within
Australia.
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6.1.3 DURING INSTALLATION

Quality control during installation can be achieved
using procedures that provide the operator
installing the support with all the relevant
information and/or by creating a list of visual spot
checks for the different support types that are used
at a mine.

6.1.3.1 Safe Work Instructions (SWis)

Written procedures for ground reinforcement and
support (SOPs or Safe Work Procedures) are
developed to ensure that the installation process:

+ Complies with the manufacturer’s

recommendations
* Details the equipment used

- Considers the mine's geotechnical
conditions and design requirements

« Maintains local and regional stability

« Qutlines any other criteria specific to the
mine that may impact on the way in which
support is installed

The procedures are the final stage of the process
used to design, develop and achieve a high
standard of support installation whilst addressing
all statutory compliance issues.

However, the complete version of the procedures
may contain too much detail or may be written in
a language inappropriate for employees involved
in installing support on a day-to-day basis.
Considering the importance of conveying the
practical requirements of QC for ground support in
a “ready reference” format to underground

employees creates the requirement to develop a
system that is simpler than SOPs, such as Safe
Work Instructions (SWis).

A SWI aims to address this requirement by
developing a clear and concise summary of the full
procedure for each bolt or support type. A number
of mines use SWils in various formats.

The design of SWiIs could include:

* Relevant manufacturer information and
mine-specific requirements

* A combination of pictures, text and sketches
to clarify each step and capture all the
salient points contained within the written
procedure

+ The hazards associated with the
reinforcement and/or support type being
installed, highlighting key safety issues for
each step

+ A facility to revise the documents on a
regular basis that ensures relevance to new
bolt types, equipment and/or installation
methods and site conditions

Two examples of SWIs are shown in Figure 53.
They should only be viewed as a guide to creating
these types of instructions, as they were originally
developed in a generic format for use on a number
of mine sites. They may not contain all the
pertinent information that needs to be considered
at a particular mine site, such as ground
conditions, stress conditions, mining method,
mining equipment, procedural standards and
operating practices.
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6.1.4 POST INSTALLATION

The two methods of applying quality control to
reinforcement and support that have already been
installed are spot checks and instrumentation
techniques. By using a combination of these
methods, a mine can readily identify problem
areas with installation techniques or product
quality and verify whether certain support
elements are carrying loads at, or close to, their
design capacities.

Corrosion warrants special mention as it can have
a dramatic affect on the quality of many
reinforcement and support types, even those bolts
that are fully encapsulated in grout or resin.

Some reinforcement and support elements such as
friction rock stabilisers and mesh will corrode over
time, even if coated with a protective agent. The
corrosion may be easy to see from the portion of
the protruding support, but the actual level of
corrosion may be difficult to accurately determine
on the bolt inside the hole.

In the case of fully encapsulated bolts, corrosion
effects may not be visible until the support has
failed. Monitoring for corrosion in grouted bolts is
not easily achieved. A number of mines have
recorded cases of such corrosion-related failures
which are thought to have occurred due to ground
movement cracking the resin or the grout, thereby
exposing the bolt to corrosion effects.

Minimising the effects of corrosion on excavation
stability whilst making every effort to maintain
reinforcement and support quality should be
carefully considered during the design phase and
when selecting ground control products. This may
include all relevant site-specific factors such as the
expected life of excavation, rock types, presence of
major structures, natural and induced stress
effects, presence and quality of ground water, if
known, and relative humidity in ventilated and
unventilated excavations.

6.1.4.1 Post installation spot checks

Visual spot checks for established ground support
is often standard practice in any mine’s ongoing
monitoring program. Most mines have some
system of regular visual inspections carried out by
geotechnical engineers (usually documented) or
supervisors (part of inspecting the work during
each shift - documented at some mines). These
inspections can be taken to the next level in the
form of ground support audits that are carried out
at specified intervals, weekly, monthly, etc.

Visual spot checks to establish the condition of
ground support are also carried out by mine
workers in the course of their daily tasks. These
may be associated with other workplace
inspections used on the site or as part of an
excavation hazard assessment that concentrates
specifically on ground conditions and support
status (See Section 6.2).

The tables on the following pages show some
examples of the checklists that can be developed
for the different reinforcement and support
products. These tables are a guide only and not a
comprehensive summary of all possible conditions
or situations. Developing any such site-specific
inspection tables or checklists should take into
account all relevant site-specific safety aspects,
such as the support elements and equipment used,
ground/stress conditions and the risk and
consequences of approaching or inspecting
support in excavations which have been open,
exposed to blast vibration or have been installed
adjacent to stoping areas for long periods of time.
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Post Installation Measurement of Mesh

Instrumentation is not commonly used in the field
to measure the displacement or condition of mesh.
Laboratory tests (point and distributed loads), have
been carried out to simulate mesh loading and
ascertain displacement and/or load-carrying
capacity. However, the visual checks outlined in
Table 55 are generally used throughout the
industry as a guide to monitor and carry out
remedial action, if required, where mesh has been
installed.

Post Installation Measurement of Shotcrete

Instrumentation is not commonly used to measure
the performance of shotcrete after installation. The
visual checks outlined in Table 56 are generally
used throughout the industry as a guide to monitor
and carry out remedial action, if required, where
shotcrete has been installed.

There are however, testing methods of monitoring
shotcrete material quality both prior to and after
spraying including:

»  Slump tests for water:cement ratio

» Testing of ingredients in the mixing tank

» Uniaxial compressive strength testing using
a Schmidt hammer for concrete cylinder
specimens of product from the mixing tank,
or core samples of ‘in-place’ or ‘test panel’.
The test panel specimens can be obtained
from shotcrete sprayed on rock surfaces
underground or under controlled laboratory
test conditions

6.1.5 ISSUES NOT CONSIDERED

There are a number of different aspects of quality
control for ground reinforcement and support that
were not described in detail, or have purposely not
been listed due to the different practices
undertaken throughout the industry. Some of
these issues are outlined below.

6.1.5.1 Personnel and procedures

QC is heavily dependent on the skill and experience
of the personnel installing support. Some of the
factors may include, but are not limited to:

« Owner/operator versus contractor workforces

- Site-based versus fly-in/fly-out

*  Method of remuneration
* Level of training

« Company policy

* Mine site standards

« Available
resources

training and management

+ Chosen method of installation (equipment
and procedures)

« Level of compliance requirements with
State/Territory legislation, regulations,
national training standards, etc.

+  Whether International Organisation for
Standardisation (ISO) accreditation is
sought or adopted

These issues can all have a bearing on how well
ground reinforcement and support quality control
standards are developed, implemented and
maintained. Each company or mine will have its
own policy for their chosen strategy or approach.

6.1.5.2 Ground support types

Only generic reinforcement and support types
have been listed in this document. Within these
support types, there are a variety of products on
the market developed by manufacturers with their
own specific capabilities and installation
requirements. Mine sites can use any number of
different products to suit their own conditions.
Regular revision of quality control measures may
be required if new generic support types become
widely used and accepted within the industry, e.g.,
spray-on surface liners.

6.2 Pro-active Inspection to Detect
Potential Rockfall Hazards

This section reviews strategies for monitoring the
rock mass behaviour and how it responds to
mining activities with the purpose of
understanding and anticipating how rockfall
hazards may develop in the future at specific
locations within a mine. Monitoring systems
commonly used in underground mines have been
described in Section 5.1.6 and are summarised in
Table 61.
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Figure 56 shows that the number of events decays
rapidly after each blast meaning that the seismic
risks remain high in these areas for only a short
period of time. This is the type of data that can be
used as a basis for temporary exclusion zones and
re-entry procedures.

Seismic monitoring can potentially play a very pro-
active role by identifying high risk areas of a mine.
A good example of this is shown in Figure 57,
where a crown pillar has experienced a history of
problematic seismicity. During nine months of
crown pillar mining, more than 20,000 seismic
events were generated, ranging in magnitude from
-3 to +2.6. The figure shows 300 seismic events
detected in the month prior to the commencement
of crown pillar mining. All 300 of these events had
a magnitude of -2 or smaller. This seismicity was
located on what have become seven of the eight
most microseismically active geological features in
the crown pillar during mining. In effect, seven of
the eight most active features during the crown
pillar mining could be identified before pillar
mining started. The implications of this early
information for stope design, stope sequencing,
infrastructure positioning, development location
and ground support are enormous.

\G " OF ROI

The early (even before production starts)
identification of seismically active geological
features, such as faults or dykes using sensitive
microseismic monitoring, may allow for improved
support to be installed in key areas. This can
alleviate the need for time consuming and costly
rehabilitation during production mining. It may
also be possible to alter the mining strategy and
extraction sequence to minimise the disturbance
of the stress field acting near previously identified
seismically prone features, or choose the most
appropriate timing for mining in burst prone areas.

The more recent trend in using seismic monitoring
to support mine production activities is towards
the integration of microseismic data with other
relevant sources of information (geology, mining,
geomechanics, etc.), to produce seismic risk
assessment.

In general, the monitoring of seismic activity
contributes to better understanding of how the
rock mass responds to mining activities and
identifies areas where seismic risk may be higher.
As such, it provides improved knowledge for
decision making.

6.3 Rockfall and Rockburst Investigation
and Documentation

Regulations in most States and Territories require
that all serious accidents, including the ones
related to rockfall and rockburst, involving
personnel injuries be investigated and reported.
These are generally rigorous investigations and
are often based on recognised techniques such as
fault tree or event tree analyses.

The investigation and documentation of all
significant rockfalls and rockbursts incidents,
whether they had consequences or not, offers an
opportunity to better understand the nature and
the key contributing factors to these hazards at a
specific mine site. The definition of significant
rockfalls should be derived locally. It may consider
factors such as whether:

» Personnel could have been exposed to it,
(entry area, not during the blast)

» It was unforeseen

+ It was large enough to have serious
consequences

» It caused damage to equipment

It is good practice for a mine to have a clear and
documented procedure to initiate an investigation
and to implement a risk mitigation strategy when a
rockfall occurs. This procedure can be a stand
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Figure 58: Example of a monthly rockfall statistics graph

6.4 Recording Mine Seismicity

Rockbursts are a subgroup of rockfalls that are
induced by seismic events. Most rockbursting
conditions are difficult to manage because
rockbursts are often sudden and violent events
offering limited forewarning. Not all seismic
events are or will ever be associated with rockfalls.
In fact, only a small proportion of all seismic
events produce damage and are classified as
rockbursts. As discussed in Section 5.1.6 and 6.2.4,
the recording and analysis of seismicity can
provide some insight into the rock mass response
to mining and to some extent, into the likelihood of
rockfalls, particularly in seismically active mines.

Microseismic monitoring systems automatically
collect seismic data and also have capabilities for
processing, managing and displaying the data.

Therefore, mines operating a microseismic system
are in a position to keep good records of the
seismic activity, with relatively low input from
mine staff. However, further analysis of seismic
data for the purpose of calibrating numerical
models or understanding the rock mass failure
processes will require extensive commitment,
expertise and effort.

When seismicity at a mine is relatively low and the
purchase and installation of a seismic system can
not be easily justified, a rock noise report card may
be used. An example of a Rock Noise Report is
given in Table 63. The rock noise card is to be
distributed and completed by all underground
personnel every time they witness a seismic event.
Since such systems rely heavily on the workforce to
collect the data, training on completing the card
and raising the awareness of collecting this data is
essential. The frequent compilation and analysis of
the data can assist in assessing potential seismic
related problems and how they are evolving with
time.

All monitoring information gathered, whether it is
from observations or instrumentation programs,
contributes to a continuous appraisal of a mine’s
geomechanical performance. This information
becomes particularly useful when re-assessing the
design and operating procedures. This may be
done periodically or as a result of a significant
event or change in practices and is represented by
the major loop in the rockfall management process
illustrated in Figure 1.
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5. DEVELOPMENT OF A REFERENCE
MANUAL

It is proposed that a reference manual be
developed to assist potential users of these
guidelines. The manual is to be divided into two
sections, in which the first section contains a copy
of risk assessment systems currently used in
Western Australian underground operations. The
second section of the reference manual is to list
relevant literature on the subject of risk
assessment and include a copy of the Western
Australian Code of Practice for Surface Support.

The Ground Control Group (W.A.)

The Ground Control Group (W.A.) is a forum for
the discussion and dissemination of ground
control information for Western Australian mines.
Group members represent companies that either
operate or manage a mining operation. Members
are free from commercial interests in terms of the
supply of services and products to the mining
industry. The Group was formed in February 1999

MANAGEMENT OF ROCKFALL RISKS IN UNDERGRI

and a year later it became a sub-committee of the
Eastern Regional Council (ERC) of the Chamber of
Minerals and Energy of Western Australia. The
GCG (W.A.) objectives are:
» To investigate all aspects of ground control
using available expertise
- To promote wide spread industry based
discussion in all aspects of ground control
practice
« To comment and provide guidance on
ground control practice to members and
other interested parties where considered
appropriate
» To promote the use of ground control
practices to optimise safe and productive
work

The Ground Control Group (W.A.} may be
contacted through the ERC secretary:

Ph: +61 8 9021 2155, email: come@cmewa.com
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To prevent injury to personnel and protect
equipment from damage by the correct design and
installation of ground support and reinforcement.

Mine manager

« Ensure compliance with the requirements of
this procedure

Superintendent/supervisor

*+ Implement and administer approved
ground support standards

Rock mechanics engineer

» Provide geotechnical support to operational
personnel as required

All employees

» Assess ground conditions, and take action
as appropriate to ensure a safe work place

B Legislative Regulations

« Mining and Quarrying Safety and Health Act
1999, Mining and Quarrying Safety and
Health Regulation 2001 - commencement of
Regulation 6 April 2001

+ Reference Part 6 — Facilities and Processes,
Ground Control 44.(1), 44.(2) and 44.(3)

» Regulations apply to all persons employed
in the mine who share an obligation to
manage the risk of ground control through
established measures in place. Key
elements to this legislative compliance
include the assessment of the workplace by
appropriate qualified staff personnel, as
well as operators, inspecting the working
environment and managing hazards
identified through established processes. To
assist in complying with the new
regulations, it is now a requirement that,
for each development cut taken, individual
operators will have to complete a ‘Mine
Ground Condition Risk Assessment’ sheet
(SAF-1371/2)

Legislative Summary

- 44.(1). “A person who has an obligation
under the Act to manage risk in relation to
ground control at a mine during the mine's

design, operation or abandonment must
ensure appropriate measures are taken to
prevent local and area failures in ground
integrity”

44.(2). “The person must have regard to the
following in deciding the appropriate
measures:

(a) local geological structure and rock
properties and their influence on rock
stability

(b) the size and geometry of the mine’s
openings

(c) the presence of previously excavated or
abandoned underground workings

(d) water inflow, drainage patterns,
groundwater regimes and mine
dewatering procedures and their
influence on rock stability over time

(e) the analysis and interpretation of
relevant geotechnical data, including the
monitoring of openings and excavations

44.(3). The measures must include the
following:

(a) the minimisation of rock damage, from
blasting, at the excavation perimeter

(b) the use of appropriate equipment and
procedures for scaling

(c) the proper design, installation and
quality control of rock support

(d) the timing of ground support to take
account of rock conditions and
behaviour”

Mine Ground Control Risk
Management Plan

The Mine Ground Control Risk Management
Plan is a process by which the mine will
effectively manage the hazard of rockfalls

The methodology involves a systematic
assessment of the geotechnical risks to all
underground mine personnel and
equipment associated with potential
rockfalls in access ways and infrastructure

The system is fully auditable through the
Mine Geotechnical Database

The database allows for easy and efficient
tracking of any rehabilitation and
outstanding actions
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The risk management plan concentrates on
the process of analysis and evaluation of
risk through a process of steps

These steps consider assessing the
probability of a rockfall and the exposure of
people to these falls of ground, with an
evaluation of the consequences of such
events

Based on the risk assessment evaluation,
the urgency of action plans for any
particular area can be developed

Recommended rehabilitation works are
passed to the mine superintendent and
scheduling engineer to organise according
to priorities — reducing risks to acceptable
levels

The database tracks those areas requiring
rehabilitation, which remain as outstanding
actions until completed

The data management system, incorporated
within the risk management plan, comprises
of three distinct areas — planning, operations
and workplace inspections

The most appropriate ground support for a
specific area of primary development is
identified at the planning stage (with
relevant plans issued by the planning
engineer), and verified at the operations
stage through the use of the mine ground
condition risk assessment sheets (SAF-
1371/2). Existing development areas are
assessed in terms of the quality of the
ground support and the potential need for
rehabilitation at the workplace inspections
stage

All data generated as part of the data
management system is entered into the
Mine Geotechnical Database

Mining, Design and Ground Rehabilitation

All geotechnical aspects shall be adequately
considered in relation to the design of all
development and stopes

No mining of any development heading
may take place unless development has
been approved and a survey memorandum
has been issued

Mining shall take place according to the
survey memo, minimising any over-mining
All drilling and blasting patterns shall be
designed so as to minimise blast damage
and overbreak to the surrounding ground. A
low strength or de-coupled explosive
charge shall be used

The need to rehabilitate ground as a result
of deterioration will be made by the
development superintendent, in
consultation with the rock mechanics
engineer. The development superintendent
and supervisor (and rock mechanics
engineer when deemed necessary by the
development superintendent) will inspect
each area requiring rehabilitation in order to
determine the necessary rehabilitation steps

Scaling

All personnel working underground are
responsible for keeping ground conditions
safe. This is primarily done by constant
check scaling, or sounding the ground and
barring down unsafe ground

The backs and sidewalls shall be
mechanically scaled after every cut and
prior to boring holes for ground support
installation

The backs and sidewalls shall be checked
through manual scaling using the
appropriate length of scaling bar and PPE

The five points of safe check scaling and
barring down are:

Have the correct length bar

Have a firm footing and a safe retreat

1
2
3. Bar from good to bad ground
4. Watch for unexpected falls

5

Drop the bar if a rock slides towards you

Good ground is identified by a sharp ringing
sound when tapped. Bad ground is
identified by a drummy or hollow sound

Timing of Support and Unsupported Spans

Unless otherwise specified, some form of
primary ground support shall be installed as
close as practical to the face after every cut
of development advance. No employee
shall work under an area of unsupported
ground

Older areas of the mine may not have any
ground support installed. These require the
appropriate precautions to be taken when
travelling and working in such areas. This
requires inspection and assessment by all
employees, and if deemed necessary, taking
action to mitigate associated risks and
hazards, including rehabilitation and
installation of appropriate ground support.
This is also formally undertaken as part of
the workplace inspections, which form part
of the data management system
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incorporated in the Mine Ground Control
Risk Management System

Where the width of the advancing face
exceeds 6 metres due to design
requirements or poor ground conditions,
the development supervisor and
superintendent shall consider additional
ground support or reinforcement

Installation of Support

The ground support design to be applied in
any circumstance (See attachment SAF-
1371/1 Description of Ground Support
Systems) shall be decided by the relevant
planning engineer in consultation with the
development superintendent and rock
mechanics engineer, with reference to these
procedures as well as actual ground
conditions

Additional ground support may be
requested by any employee. Where
appropriate, the development super-
intendent and/or rock mechanics engineer
are to be consulted prior to any agreement

The relevant planning engineer,
development superintendent and/or rock
mechanics engineer shall ensure that the
standard ground support designs are
appropriate for the actual ground conditions
encountered. This may involve modification
to the standard design or installation of
additional support

Ground support involving drilling of holes
and installation of grouted cable bolts shall
be completed in entirety before any further
firing takes place within a 15 metre radius of
the newly installed reinforcement. Unless
otherwise stated, all grout shall be allowed to
cure for 12 hours before plating and jacking
(using the standard water and cement mix
design). Where deemed necessary by the
development superintendent, the cement
curing time can be reduced to four hours
with the addition of Sikament HE 200NN (the
appropriate mix design will be issued for
each specific job, see SAF 1371/1)

Personnel involved in the installation of
ground support shall in detail, assess the
condition of the area and install appropriate
ground support or take other action as
appropriate. The Mine Ground Condition
Risk Assessment sheet must be used (Refer
to attachment SAF-1371/2) — completed in
compliance with the Mining and Quarrying
Safety and Health Regulation 2000

B Reduction of Ground Support Standards

A reduction in ground support standards
shall require written approval from the mine
manager, development superintendent and
rock mechanics engineer. A standard
Variation to Ground Support Standards
form shall be used (See attachment SAF-
1371/3)

Cable Bolting of Turnouts and Intersections

New turnouts and intersections should be
cable bolted with blanket reinforcement
using single strand Garford bulb cable bolts

A decision not to cable bolt a new turnout or
intersection can be made providing
competent and stable ground conditions
exist, there are no structures or other planes
of weakness present, and future adverse
mining factors are understood. Such
occasions shall require the area to be
mapped and inspected by appropriate
personnel, with the reason recorded on the
standard Variation to Ground Support
Standards (See attachment SAF-1371/3)

The use of single strand Garford cables
should only be considered provided the
area has been inspected to determine
whether those joint sets present have the
potential to form a wedge or not, and the
state of stress and stress changes are
understood

If a potential wedge does exist and is of a
sufficient size, then twin strand cables must
be installed with a specific design issued

Unless a Variation to Ground Support
Standards form (SAF-1371/3) has been
completed, cable bolting should be installed
before completion of the full width
excavation geometry (ie., the turnout and
intersection)

Widening of Development Headings

When an existing heading is to be widened,
an assessment of ground support
requirements shall be undertaken by the
development superintendent and rock
mechanics engineer, with appropriate risks
assessed

Shotcrete Applications

Shotcrete shall be considered for use when
ground conditions are extremely poor
and/or  significant deterioration is
anticipated due to stress change, blast
damage or other factors
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The mine manager, in consultation with the
relevant superintendent and rock mechanics
engineer shall take the decision to shotcrete

Shotcrete shall only be applied by a
competent person and in an appropriate
manner

The thickness and other design parameters
for shotcrete will be determined on a case-
by-case basis by the rock mechanics
engineer

The performance and quality of shotcrete
used as a ground support system shall be
measured through laboratory unconfined
compressive strength testing

The minimum unconfined compressive
strength of plain shotcrete and steel-fibre
reinforced shotcrete shall be 14 MPa at
seven days and 35 MPa at 28 days as
measured on cores recovered from test
panels according to AS 1012.14-1991 and
tested to AS 1012.9-1986

The thickness of the sprayed shotcrete shall
be measured by drilling a small hole using a
masonry drill bit to determine depth. Holes
are to be drilled every 2 to 5 metres in the
sidewalis and back (3 holes per ring where
applicable), with the shotcrete thickness
marked next to the individual hole with
spray paint

Ground Fall Reports

All ground falls greater than one tonne, or
which cause damage or injuries (regardless
of size) are to be reported immediately to
the employees supervisor, who will then
notify the relevant superintendent and rock
mechanics engineer

The mine manager must be informed
immediately of any fall of ground that
causes damage or injury

The appropriate supervisor is to then fill out
the fall of ground notification sheet to alert
the rock mechanics engineer, which
provides basic information of the incident
The fall of ground report (See attachment
SAF-1371/4) shall be completed by the rock
mechanics engineer

Any recommendations or follow-up actions
are to be implemented by the relevant
superintendent

B Support Inspections

The development supervisor and employee
shall inspect installed ground support on a
monthly basis {(See attachment SAF-1371/5),
including rockbolt patterns, turnouts,
meshing standards and cable bolt

installation

The development superintendent shall
review the audits and take appropriate
actions

General

It is every employee’s responsibility to
check-scale/bar down - never assume the
ground is safe

Ground support and reinforcement that is to
be fully encapsulated with cement grout
must be kept free of grease or oil — grease or
oil on ground support or reinforcing
elements will cause de-bonding with the
cement grout, significantly reducing their
load transfer capabilities. Visually inspect
the ground support and reinforcing
elements. If the grease or oil is present and
cannot be removed, the ground support
and/or reinforcing elements should NOT be
used. These elements should be ‘tagged-
out’ and returned to surface

Any excessive rock noise is to be taken as
indicating potentially hazardous ground
conditions. Employees shall withdraw
immediately to safe ground. Wait, listen,
watch and reassess ground conditions. If
unusual and unexpected noises are heard,
or if uncertain, barricade the area and
contact your supervisor

Training
Employees shall be trained in ground
support, as relevant to their role

Training shall be recorded in the company
recording system

Bolting Design Standard No. 1

Shall be applicable in PERMANENT/LONG
TERM ACCESS IN GOOD GROUND
CONDITIONS

Primary support type shall be:

— 47 mm diameter, 2.4 metres long black
steel friction rock stabilisers
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« Surface fixture shall be:

— 150 mm x 150 mm x 4 mm thick black
steel friction rock stabiliser dome plate

- 100 mm x 100 mm 5.0 mm gauge black
steel sheet mesh

« Bolt spacing and inclination shall be:

- 1.2 metres

— 3 central vertical bolts in the back, 1 bolt
inclined at around 80° on each side of
the vertical bolts and 1 bolt inclined at
around 30° at the base of each shoulder
- a total of 7 bolts/ring

— where ground conditions necessitate
additional friction rock stabilisers and
mesh should be installed down the
sidewalls

« Ring spacing shall be 1.4 to 1.5 metres
unless otherwise instructed

Secondary support type shall be:

- 3 metre long single strand Garford
cables

« Surface fixture shall be 150 mm x 150 mm x
6 mm thick dome plates, installed with a
hemispherical ball washer, barrel and
wedge and tensioned at 3 to 5 tonnes. Trim
the exposed cable to a 100 mm length after
jacking

» Cable bolt spacing and inclination shall be:

~ 2.5 to 3.0 metres

— 1 central vertical cable in the back, 1
cable inclined at around 800 on each side
of the vertical cable and 1 cable inclined
at around 300 at the base of each
shoulder — a total of 5 cable bolts /ring

e Ring spacing shall be 2.5 metres

« Additional ground support or reinforcement
may be considered based on the exposed
ground conditions. Separate instructions
and design will be issued

Standard drawing see attachment SAF-1371/6.

B Bolting Design Standard No. 2

« Shall be applicable to STOPE
DEVELOPMENT AND SHORT-TERM
ACCESS IN GOOD GROUND CONDITIONS

Support type shall be:

- 47 mm diameter, 2.4 metres long black
steel friction rock stabilisers

Surface fixture shall be:

- 150 mm x 150 mm x 4 mm thick black
steel friction rock stabiliser dome plate

— 100 mm x 100 mm 5.0 mm gauge black
steel sheet mesh

Bolt spacing and inclination shall be:

1.2 metres

3 central vertical bolts in the back, 1 bolt
inclined at around 80° on each side of
the vertical bolts, and 1 bolt inclined at
around 30° at the base of each shoulder
— a total of 7 bolts/ring

- Where ground conditions necessitate
additional friction rock stabilisers and
mesh should be installed down the
sidewalls

Ring spacing shall be 1.4 to 1.5 metres
unless otherwise instructed

Additional ground support or reinforcement
may be considered based on the exposed
ground conditions. Separate instructions
and design will be issued

Standard drawing see attachment SAF-
1371/7

Poor Ground Conditions

Poor ground conditions can be identified by
the following characteristics:

- Excessive barring down (>1 hour of
mechanical scaling in a standard
development heading, generating
approximately 15 tonnes of material)

- Significant over breaking from
development firings

- Significant blast damage from stoping
— Soft and oxidised

- Laminated/fissile in nature

- Graphite present (‘greasy back’)

— Significant stress-related fractures (scats
in the back, buckling, rock noise, corner
crushing or wall siabbing)

— Joints forming numerous blocks

- Faults and potential wedges observed in
walls and back

- Anywhere where talc is present

- Excessive unravelling
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B Average Ground Conditions

Average ground conditions can be identified

by the following characteristics:

— Mechanical scaling taking between 30
minutes and 1 hour in a standard
development heading, generating
approximately 2 to 5 tonnes of material)

- Bedded ground but not fissile (minimal
chance of the ground unravelling)

— Minor scats (can be managed with
scaling)

— Minor discontinuities, fairly continuous
rock mass

Good Ground Conditions
Good ground conditions can be identified
by the following characteristics:

-  Minimum barring down (<30 minutes of

mechanical scaling in a standard
development heading, generating up to
approximately 500 kg of material)

- Minimal over breaking from

development firings

- Minimal disturbance from adjacent
stoping

- No stress fractures (no scats in the back,
buckling, rock noise, corner crushing or

wall slabbing)
— Absence of graphitic joints or talc

- No visible faults, joints or cracks with the
potential for forming wedges

— Unravelling behaviour is not excessive

— Massive rock mass conditions

Ground Support Design

A ground support design includes the
locations, number, type and length of the
support that is to be installed

Standard Ground Support Design

This is the minimum specified ground
support for a section of the mine

For any given development heading, a
supervisor and operator can install
additional ground support or reinforcement,
where required, after the ground condition
risk assessment has been completed (SAF-
1371/2)

RELATED DOCUMENTS

AS 1012.9-1986

AS 1012.14-1991

SAF-1368
SCP-1101

ATTACHMENTS
SAF-1371/1

SAF-1371/2

SAF-1371/3

SAF-1371/4
SAF-1371/5

SAF-1371/6
SAF-1371/7

Method for the
determination of the
compressive strength of
concrete specimens

Method for securing and
testing cores from hardened
concrete for compressive
strength

Barricades and barriers

Document control

Description of  Ground

Support Systems

Mine Ground Condition Risk
Assessment Sheet

Variation to Ground Support
Standards

Fall of Ground Report

Monthly Ground Support
Inspection Sheet

Bolting Design No. 1
Bolting Design No. 2
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FRICTION ROCK STABILISER - 2.4 M LONG

The friction rock stabilisers used at the
Copper Mine are 2.4 metres long and 47
millimetre in diameter. The friction rock
stabiliser is forced into a drill hole of smaller
diameter, which provides an outward radial
force, inducing friction between the friction
rock stabiliser and rock to provide support

The friction rock stabiliser provides an
effective back and sidewall support in most
ground conditions at the mine, particularly
in fissile shales and sheared rock where it is
difficult to generate a point anchor. In
moving ground, the friction rock stabiliser
has the ability to provide support along its
entire length and essentially creates a
thicker bed of laminated ground

The limitation of the friction rock stabiliser is
the low initial bond strength. As a result, it is
insufficient to guarantee support of large
wedges. It is critical to the support system
that the correct sized drill bit is used - use
the bit gauge before drilling (use only bits
with diameters between 43 mm and 45 mm
— DSI Arnall will carry out regular pull
testing as an independent check)

CABLE BOLTS

Single or twin strand Garford bulbed cable
bolts are used to supplement the support
provided by friction rock stabilisers

Cables are used as an effective means of
reinforcement where the standard primary
ground support systems are insufficient due
to larger excavation sizes or the rock
mass/geological structures

After inserting one or two cables into the
appropriate sized hole (51 mm and 64 mm
diameters respectively), a standard thick
cement grout is made by mixing eight litres
of water with 20 kg of cement. This is
pumped into the hole and allowed to cure
for 12 hours before tensioning of the cable.
The cable is plated with a 150 mm x 150 mm
x 6 mm thick dome plate and hemispherical
ball washer, and fixed with a barrel and
wedge. The cable is then tensioned at
approximately 3 to 5 tonnes
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If there is a need to reduce the curing time
for the cement grout, the admixture
Sikament HE 200NN can be added using
one the following mix designs:

— Tamrock Caboilter:

Cement 160.00 kg

Water 37.50 litres

Sikament HE 200NN 5.33 litres
— Hand installed:

Cement 60.00 kg

Water 14.50 litres

Sikament HE 200NN 2.00 litres

— Do not over-dose - consequence is that
the grout will have a considerably
reduced pot life

- Do not continuously mix the cement
grout and admixture for more than one
and a half hours - consequences are
permanent damage to the grout pump
and mixing bowl with the grout
observed to set at one hour and forty-
five minutes

— Mixing procedure is water first in the
mixing bowl, then Sikament HE 200NN,
then the cement

SHEET MESH

Meshing forms an integral part in providing
a safe working environment in all ground
conditions at the Copper Mine

Mesh is a form of passive support required
to provide surface restraint at the exposed
excavation boundary
The use of sheet
mechanised placement

mesh allows for

The aim of meshing is to prevent small
pieces of rock from falling, particularly in
rock masses having small block sizes or
undergoing stress changes

Mesh is not designed to carry excessive
loads of broken rock without failure and can
be easily damaged by flyrock from blasting
when installed very close to an active face.
This is particularly the case when the sheet
mesh has not been tightly installed against
the rock face

Mesh is secured firmly against the rock face
with friction rock stabilisers
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LEVEL

LOCATION

DATE

OPERATOR

UNIT

Bolt Type Number per Ring Ring Spacing Sheet Mesh

WHAT DIiD YOU Yes/No
INSTALL ?

1. General ground conditions:

[ ] Recent deterioration [ Cracks present __| Fresh ground L] Excessive loose in mesh [ ] Rock noise

2. Mechanical scaling produces:

Time spent mechanically scaling

[ ] Excessive fall off from [] Back P install additional ground support
L] Hangingwall P install additional ground support
[ ] Footwall P install additional ground support
L] sidewall P install additional ground support

L] Produces large blocks P STOP. Barricade heading and inform
supervisor

P [ ] Consider the installation of additional
ground support or reinforcements

[ ] Minimal fall off P install standard ground support pattern

3. Is there a potential for a wedge to exist ?
[ 1Yes » [IBack [] Sidewall [ Hangingwali [ Footwall

4. Do the ground conditions require inspection by technical personnel ?

[ | Yes P STOP. Barricade heading and inform supervisor
L] No

5. Any additional information useful to the risk assessment ?

ONCE COMPLETED, PLEASE RETURN TO THE SUPERVISOR AT END OF SHIFT
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DATE

LOCATION

(attach plan of area)

STATE STANDARD

PROPOSED VARIATION

REASON FOR VARIATION

Development Superintendent Rock Mechanics Engineer

Mine Manager

cc: Mine Manager
Mine Development Superintendent {(and Supervisors)
Rock Mechanics Engineer
File
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LEVEL/LOCATION OF ROCKFALL:

DATE/TIME:

SUPERVISOR/SECTION:

NAME(S) OF PERSON(S) INVOLVED, INJURIES, EQUIPMENT DAMAGE:

When did the rockfall occur?

From where did the rockfall occur?

Size of fall of ground and ground conditions description.

What sort of ground support (if any) was installed?

What activity was being done at the time of the rockfall?

Other details?

What must be done to prevent this type of rockfall from happening again?

Rock Mechanics Engineer: Date:

Comments/Follow up

Mine Manager: Date:

CC:
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Location: Supervisor: Date:

Level: Employee: Pay No.:

STANDARDS TO BE CHECKED

Drive dimensions

Rock bolts

Spacing of bolts in the:
Walls
Backs

Rock bolt angles

Mesh coverage

Cables required

Is it a turnout/intersection?

Is there a wedge potential?

Are cable bolts installed?

ACTIONS:
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Permanent Long Term Access
(Good Ground Conditions)

0 .

80

3 m long single S0 47 mm diameter
strand Garford —\ I 2.4 m long friction
cables /I/ rock stabilisers
~ ~ -
S~ 0 puBPARENNEy /
30\ 1] 'n...... 80 o / 300
.‘.‘ —
Sheet / -~
~ . L~
\ Spht set mesh o
30 dome plates 30
Excavation dimensions are 4.7 m wide by 4.7 m high
47 mm diameter, 2.4 m long black steel friction rock stabilisers

Friction rock stabiliser dome plates

100 mm x 100 mm x 5 mm sheet mesh on backs and around sholders

Maximum of 1.2 m bolt spacing

1.4 m to 1.5 m ring spacing

3 m long single strand Garford bulbed cable bolts
Cable bolt spacing of between 2.5 m and 3 m
Cable bolt ring spacing 2.5 m

6 mm thick dome plates

Barrel and wedge

Tension to 3 to 5 tonnes

Trim exposed cable to 100 mm length after jacking
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). 2

Stope Development Short Term Access
(Good Ground Conditions)

47 mm diameter
2.4 m long friction
rock stabilisers

2 Split set mesh °
30 dome plates 30

Excavation dimensions are 4.7 m wide by 4.7 m high

47 mm diameter, 2.4 m long black steel friction rock stabilisers

Friction rock stabiliser dome plates

100 mm x 100 mm x 5 mm sheet mesh on backs and around shoulders
Maximum of 1.2 m bolt spacing

1.4 m to 1.5 m ring spacing
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