
Reference Document for Preparing a Risk 
Assessment and Management Program of 
Ground Control Hazards



© Workplace Safety North, 2022

Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

The information contained in this material is provided as a guide only. WSN recognizes that individual companies 
must develop health and safety policies and programs which apply to their workplaces and comply with appropriate 
legislation. It is generally current to the best of our knowledge, having been compiled from sources believed to be 
reliable. 

This material does not constitute legal advice. While the information provided, including references to legislation and 
established practice, is current at the time of printing, it may become out-of-date or incomplete with the passage of 
time. 

No warranty, guarantee or representation is made by WSN as to the absolute correctness or sufficiency of any 
information contained in this material and WSN assumes no responsibility in connection therewith; nor can it be 
assumed that all acceptable safety measures are contained in this material, or that other or additional measures may 
not be required in particular or exceptional circumstances. 

While WSN does not undertake to provide a revision service or guarantee accuracy, we shall be pleased to respond 
to your individual request for information at any time. WSN assumes no responsibility or liability for any errors or 
inaccuracies that may appear in this material.

All rights reserved. This material is furnished under license and may only be used or copied in accordance with the 
terms of such license. The material contained within is protected by copyright. The reproduction or transmission of 
all or any part of this material without the prior written consent of WSN is a violation of national and international 
copyright laws.

Except as permitted by such license, no part of this documentation may be reproduced, translated, stored in a 
retrieval system, or transmitted, in any form or by any means, electronic, mechanical, recording, or otherwise, 
without the prior written permission of WSN.

TRADEMARK NOTICE

The WSN and Ontario Mine Rescue logos are trademarks of Workplace Safety North

For additional copies of this material or for further information please contact:

Workplace Safety North 
690 McKeown Avenue, P.O Box 2050 Station Main 
North Bay, Ontario P1B 9P1 
Toll free: 1-888-730-7821 (Ontario) 
Fax: 705-472-5800 
www.workplacesafetynorth.ca

WE RESPECT YOUR PRIVACY

WSN values our clients and thanks you for your confidence in using WSN for your training, products and services. 
As our client, you trust us with your personal information. We respect that trust and want you to be aware of our 
commitment to protect the information you share in the course of doing business with us.  For more information, 
contact us at the toll-free number above.



iii    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Forward

The results of the Mining Health, Safety and Prevention Review (MHSPR) completed in early 
2016 have identified falls of ground and rockbursts as the main causes of underground injuries 
and fatalities in Ontario’s hard rock mines. As a result of the review, the Ministry of Labour, 
Training and Skills Development (MLTSD), formerly the Ministry of Labour (MOL), proposed new 
amendments to Regulation 854 to require employers to assess and manage the risk associated with 
hazards that may arise from the nature of the workplace, and the type of work or the conditions of 
work, including ground control, seismicity and rockbursting. On January 01, 2017, Sections 5.1, 5.2 
and 5.3 of Regulation 854 came into force and the new provisions provide the framework for the 
implementation of risk assessments and management plans. This reference document is intended 
to assist Ontario mining operations in developing their internal programs for conducting a risk 
assessment, preparing a risk register of ground control hazards, and managing the risks associated 
with the identified hazards.

This document was prepared by the Workplace Safety North’s (WSN’s) Technical Advisory 
Committee in Ground Control. WSN gratefully acknowledges the contributions of all members.
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Reference Document for Preparing a Risk Assessment and 
Management Program of Ground Control Hazards

1. Introduction

Falls of ground and rockbursts are recognized as one of the main causes of deaths and serious 
incidents in underground mines. The final report of the formal review of health and safety in the 
Ontario Mining Sector, known as the Mining Health, Safety and Prevention Review (MHSPR), 
undertaken by the Ministry of Labour, Training and Skills Development (MLTSD), was 
conducted throughout 2014. Released in the early part of 2015 , the review included eighteen 
recommendations, of which two pertained to ground control. This reference document is 
intended to assist Ontario mining operations toward developing their internal program for 
risk assessment and management of ground control related hazards as an integral part of a 
Ground Control Management Plan (GCMP). In general, the document serves as a reference 
for the overall process or method of risk assessment and the preparation of a risk register of 
ground control related hazards, and the management of risks associated with the hazards to 
an acceptable level.

Workplace Safety North (WSN) and WSN’s ground Control Technical Advisory Committee 
(GC TAC) recognize that individual companies must develop health and safety policies and 
programs that apply to their workplaces and comply with appropriate legislation, including 
a risk assessment and management program of ground control hazards. This document is 
intended as a reference to that process.

2. Scope of the reference document

The information contained in this reference material is distributed as a guide only to assist 
Ontario mining operations in developing a risk assessment and management program for 
ground control hazards as required under Sections 5.1, 5.2 and 5.3 of Regulation 854 (Mines 
and Mining Plants) that came into effect on January 01, 2017. The reference document 
consists of a description of risk assessment and relevant terminologies including importance 
and goal, when and how frequently to conduct and plan for a risk assessment, conducting 
risk assessment, hazards identification process, determining level of risk, risk ranking or 
prioritization management of hazards including control methods, and review and monitoring 
of the assessments for the effectiveness of the controls and associated documentation required 
including managing a risk register.

The document will include an example process of ground control hazard identification, risk 
ranking, and management of hazard and a sample risk register. It will also include sample risk 
register forms with varying complexities.
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The intent of the document is to promote risk assessment as an inherent part of the operations 
and not only as a moral or legal obligation. It is not intended to replace existing standards and 
guidelines, including the MLTSD’s guideline on ‘Risk Assessment and Management for Mines 
and Mining Plants,’ but to supplement with more complete and process-oriented information.

Risk assessments and management processes of ground control hazards are very important as 
they form an integral part of an occupational health and safety management plan (OHSMP), in 
general, and the ground control management plan (GCMP), in particular. The processes help 
to:

•	 Create awareness of ground control hazards and risks;

•	 Identify who may be at risk (for example, employees, cleaners, visitors, contractors, the 
public, etc.);

•	 Determine whether a control program is required for a particular ground or strata related 
hazard;

•	 Determine if existing control measures are adequate or if more should be done;

•	 Prevent injuries, especially when the assessment is performed at the design or planning 
stage;

•	 Prioritize ground control hazards and control measures; and

•	 Meet legal requirements where applicable.

The content of this reference document is generally based on the Risk Management model in 
the AS/NZS 4360:2004 - Risk Management as shown in Figure 1.
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Figure 1 – Risk management process model (source: AS/NZS 4360:2004)

3. Discussion

Sections 5.1, 5.2 and 5.3 of Ontario’s Regulation 854 (Mines and Mining Plants) read as follows:

5.1 (1) An employer shall conduct a risk assessment of the workplace for the purpose of 
identifying, assessing, and managing hazards, and potential hazards, that may expose a worker 
to injury or illness.

(2) A risk assessment must take into consideration the nature of the workplace, the type of 
work, the conditions of work at that workplace and the conditions of work common at similar 
workplaces. 

(3) The results of an assessment must be provided, in writing, to the joint health and safety 
committee or the health and safety representative, if any. 

(4) If no joint health and safety committee or health and safety representative is required at the 
workplace, the results of an assessment must be communicated to workers at the workplace 
and provided, in writing, to any worker at the workplace who requests them. 

(5) The requirement in subsection (1) to conduct a risk assessment is in addition to any specific 
assessments required by the Act or any Regulation made under it. 
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5.2 (1) An employer shall, in consultation with the joint health and safety committee or the 
health and safety representative, if any, develop and maintain measures to eliminate, where 
practicable, or to control, where the elimination is impracticable, the hazards, and potential 
hazards, identified in a risk assessment conducted under subsection 5.1 (1). 

(2) The measures referred to in subsection (1) shall be put in writing and shall include each of 
the following, as applicable and reasonable in the circumstances:

1.	 Substitution or reduction of a material, thing, or process.

2.	 Engineering controls.

3.	 Work practices.

4.	 Industrial hygiene practices.

5.	 Administrative controls.

6.	 Personal protective equipment.

(3) Personal protective equipment shall only be used as a measure if the measures referred to 
in paragraphs 1 to 5 of subsection (2) are not obtainable, are impracticable or do not eliminate 
or fully control hazards and potential hazards.

5.3 (1) The risk assessment required by section 5.1 must be reviewed as often as necessary and 
at least annually(2) When conducting the review, the employer shall ensure that,

(a)	 new hazards or new potential hazards are assessed;
(b)	 existing hazards or potential hazards that have changed are re-assessed; and
(c)	 the measures required by section 5.2 continue to effectively protect the health and safety 

of workers. 

(3) Subsections 5.1 (3) and (4) and section 5.2 apply with necessary modifications in respect of 
any new hazards and potential hazards and any existing hazards or potential hazards that have 
changed. 

WSN’s Ground Control Committee obtained and reviewed several reference risk assessment 
and management guidelines and procedures and programs prepared by member companies. 
Examples of risk assessment and management procedures and programs are attached in 
Appendix A of this document. The example document was prepared for a specific risk of a ‘fall 
of rock or loose rock while working at the face’ and provided proposed methods to mitigate 
these risks. A program for risk assessment and management of ground control hazards can 
be prepared in a similar manner. Appendix B shows an example of risk registers for ground 
control and related hazards from operating underground mines. Note that they differ in 
content and degree of specificity based on the specific sites hazard profile, and the level of risk 
resulting from those hazards.
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4. The goal of risk assessment for ground control hazards

The risk assessment process aims to evaluate ground control hazards, then eliminate or 
mitigate that hazard or minimize the level of risk by adding control measures as required. By 
doing so, a safer and healthier workplace is created. The goal of the risk assessment should 
answer the following questions:

a.	 What can happen and under what circumstances?

b.	 What are the possible consequences?

c.	 How likely are the possible consequences to occur?

d.	 What are the current controls, is the risk controlled effectively, or is further action required?

5. Risk assessment process of ground control hazards

Risk assessment of ground control related hazards is a term used to describe the overall process 
or method of:

•	 Ground control hazard identification – Identify ground control related hazards and 
ground control risk factors that have the potential to cause harm to personnel or damage to 
mine equipment, ground support systems, and/or infrastructure

•	 Risk analysis and evaluation – Analyze and evaluate the identified consequence associated 
with the ground control hazards and risk factors. Determine the seriousness of the risk and 
risk/hazard prioritizing or risk ranking.

•	 Risk control – Determine appropriate ways to eliminate the ground control hazard and risk 
factors or control the risk when the ground control hazard cannot be eliminated.

•	 Risk management and documentation – Monitor and assess the effectiveness of controls 
implemented to eliminate ground control hazards and risk factors. Keep records of the 
assessment process and control actions taken to eliminate hazards in a risk register.

A risk assessment of ground control hazards is a thorough look at the workplace to identify conditions, 
situations, processes, etc., that may cause harm, particularly to people. After identification is 
made, the likelihood and severity of the risk are analyzed and evaluated. Once the hazard has been 
identified, measures should be investigated and identified to effectively eliminate or control the 
harm from happening. An overview of the risk analysis and evaluation process for ground related 
hazards is shown in the flowchart in Figure 2.

Applicable terminologies used for risk assessment and management are described in the CSA 
Standard Z1002 ‘Occupational health and safety - Hazard identification and elimination and risk 
assessment and control,’ the MLTSD guideline on ‘Risk Assessment and Management for Mines and 
Mining Plants,’ the AS/NZS 4360 (2004) ‘Risk Management,’ and the National Minerals Industry 
Safety and Health Risk Assessment Guideline (NMISHRAG), Version 4, January 2005.



12
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Figure 2 – Process flowchart for risk analysis and risk evaluation of ground control hazards (adapted from CSA 
Standard Z1002 and AS/NZ 4360)
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5.1 Identifying ground control hazards and risks

A HAZARD is something that can cause harm, for example, fall of ground, chemicals, working 
at heights increasing potential for a fall, noise, stress, etc., while a RISK is the chance that any 
hazard will actually cause somebody harm. The overall goal is to find and document possible 
ground control hazards that may be present in the workplace. Working as a team would be 
beneficial and should include both people familiar with the work area, as well as people who 
are not – people from corporate office or from a sister company can be part of the team. In this 
way, both experienced and fresh eyes will conduct the inspection. In either case, the person 
or team should be competent to carry out the assessment and have good knowledge about 
the hazard being assessed, any situations that might likely occur, and protective measures 
appropriate to that hazard or risk. The following should be considered when identifying 
ground control hazards:

•	 Look at all aspects of the work.

•	 Include non-routine activities, such as maintenance, repair, or cleaning.

•	 Look at accident / incident / near-miss records.

•	 Look at the way the work is organized or done (include experience of people doing the 
work, systems being used, etc.).

•	 Look at foreseeable, unusual conditions (e.g., unusual ground conditions including 
unidentified geological structures, signs of changing stress conditions, ground and support 
interaction, ground support conditions, and other possible impact on hazard control 
procedures that may be unavailable in an emergency situation).

•	 Determine whether a product, machine or equipment can be intentionally or unintentionally 
changed (e.g., a safety guard that could be removed, not following procedure and increasing 
the exposure of personnel, machines, or equipment to unsupported ground, in conjunction 
with any other SOP’s).

•	 Review all of the phases of the work cycle.

•	 Examine risks to other workers such as service and support crews, supervisors, engineering, 
geology, ground control, etc.

•	 Consider the groups of people that may have a different level of competence or familiarity 
with the hazard, such as young or inexperienced workers, etc.

Table 1 shows a simplified example of a hazard and risk inventory identified in a risk assessment 
process for a specific task of ‘installing ground support using a mechanized bolter in high stress 
ground.’ Other examples of ground control hazards inventories and risk registers are shown in 
Appendix C).
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Table 1 – Example hazard and risk inventory identified in a risk assessment process

Task Hazard Risk Risk Rating Control

Installing 
ground 
support using 
a mechanized 
bolter in high 
stress ground.

Rockburst/strainburst
Major equipment damage, 
injury, fatality, production 
delays

Falls of ground
Major equipment damage, 
injury, fatality, production 
delays

Ground support 
failure

Major equipment damage, 
injury, fatality, production 
delays

Struck by an object Injury
Slips, trips, and falls Injury
Worker performing 
work in an awkward 
position and may 
have to carry heavy 
materials

Fatigue, injury to back 
from lifting, reaching, 
carrying, awkward 
posture, etc.

Worker often works 
alone

May be unable to call for 
help if needed

5.2 Risk analysis and evaluation of ground control hazards and risks

Risk analysis and evaluation is a process to determine the magnitude, amount, or extent of 
the hazard and thus its potential consequences, as well as identification of any uncertainties 
about the nature of the hazard (e.g., lack of certainty about its nature, size, consequences, etc.). 
Risk analysis should consider the controls already in place. The process includes ranking or 
prioritizing ground control hazards or risks to help determine which hazard or risk is the most 
serious and thus which control should be implemented first. Priority is usually established by 
considering worker exposure and the potential for incident, injury, or illness. By ranking or 
prioritizing hazards or risks, an action item list is created.

5.2.1 Selecting risk analysis method – the means of calculating and examining the level of 
risk

There is no simple way to determine the level of risk. Several techniques can be applied in 
most situations. Each operation should determine which technique will work best for each 
situation. Ranking hazards requires the knowledge of the workplace activities, processes, and 
the potential for unusual situations, and most importantly, objective judgement.
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Risk analysis is about developing an understanding of risk. It provides an input to decisions on 
whether risks need to be treated and the most appropriate and cost-effective strategies to address 
them. Risk analysis involves consideration of the sources of hazard or risk, their consequences, and 
the likelihood that these consequences may occur. As such, Risk analysis involves different ways of 
calculating risk considering “how often” (probability or likelihood) and consequences (or severity). 
There are three (3) types of risk analysis methods: qualitative, quantitative, and semi-quantitative.

5.2.1.1 Qualitative risk analysis

Qualitative analysis uses words to describe the magnitude of potential consequences and the 
likelihood that those consequences will occur. These scales can be adapted or adjusted to suit the 
circumstances and different descriptions that may be used for different risks (HB 436:2004 Risk 
Management Guidelines Companion to AS/NZS 4360:2004).

Qualitative risk analysis methods are used to set priority for various purposes including further 
analysis. They are useful when reliable data for more quantitative approaches is not available. A 
basic qualitative risk analysis matrix is shown in Figure 3, which are suitable for categorizing risks 
based on individual or team opinion.

Figure 3 – Example of a basic qualitative risk analysis matrix (source: BHP Billiton Mitsubishi Alliance)

It is a very rough method of risk analysis that simply divides the identified risks into 4 categories - red, 
green, blue, and yellow; it does not provide any description of the difference between high, medium, 
or low, simply the words. It remains for the team or person(s) using this method to determine those 
differences. However, a description can be provided as shown in Subsection 5.2.1.2.
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Other qualitative risk analysis methods are available which have been adapted from a version used 
in a number of industries.

5.2.1.2 Quantitative risk analysis

Quantitative risk analysis involves the calculation of probability, and sometimes consequences, 
using numerical data where the numbers are not ranked (1st, 2nd, 3rd) but rather “real numbers” 
(i.e., from 1 to 25 where increase in number indicates the increase in the severity of the hazard/
risk). The method provides an accurate quantification of risk which offers the opportunity to be 
more objective and analytical than the qualitative approaches (Figure 4).

Most commonly, quantification of risk involves generating a number that represents the probability 
of a selected outcome, such as a fatality. Other quantitative risk analysis methods are available and 
used in a number of industries.

Figure 4 – Example of a quantitative risk analysis matrix

5.2.1.3 Quantitative/qualitative risk analysis

Quantitative/qualitative analysis uses both numbers and words to describe the magnitude of 
potential consequences and the likelihood that those consequences will occur. 

Setting priority using this method provides an accurate quantification of risk which offers the 
opportunity to be more objective and analytical, and categorizing risks based on individual or team 
opinion (Figure 5).
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When using any method to estimate risk, the likelihood or probability should be estimated while 
considering existing controls in place. It will be unrealistic to consider the risk without the existing 
controls that have been in place for some time.

Figure 5 – Example of a basic quantitative/qualitative risk analysis matrix

5.2.2 Determining acceptable levels of risk

As risk analysis involves the determination of the magnitude, amount or size of the hazard and the 
potential consequences to provide risk ratings, and each operation should decide if the level of risks 
related to an identified hazard or risk are acceptable. Deciding risk acceptability involves initially 
determining the risk acceptance criteria. This is followed by the process of reviewing the hazard 
or risk, establishing the relevant risks with controls in place and deciding whether the relevant 
residual risks are or can be reduced to an acceptable level.

Risk acceptance criteria are the limits above which an operation will not tolerate risk associated 
with identified ground control hazards. These criteria must be defined for each type of risk to be 
assessed. Risk acceptance criteria should be established for the following types of risks:

	- Personnel risk – fatality or critical injury

	- Risk of property damage – equipment or infrastructure

	- Economic risk – loss of production or loss of property

For a rational reduction of risk related to ground control hazards, such as those identified in Table 
1, it is necessary to establish a risk acceptance criterion. Without a generally agreed acceptance 
criterion, it may not be possible to find the balance between safety in terms of risk reduction and 
the cost to the operation. Most importantly, in ground control, the safety level depends on the 
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workplace condition and location, awareness and skill set of workers, and workers following safe 
work practices, including following prescribed procedures, and using appropriate equipment and 
accessories. For example, for the hazards identified in Table 1, if the location of the task is in a 
sensitive area, such as a high stress and structurally controlled location, then the risk class or rating 
could be considered to be high.

The risk acceptance criteria are also used to derive the appropriate controls, which are carried 
out prior to the acceptance limit being breached. This would allow either the reassessment of the 
risk level based on better information, a detailed evaluation of any damage, or the timely repair or 
replacement of the degraded component. 

The acceptance criteria are defined for each of the different consequence categories. It can be 
based on previous experience, design requirements, workplace practices, national and provincial 
legislation, or corporate or operation risk tolerance. The acceptance criteria for a work cycle or 
function may be ‘broken down’ into acceptance criteria for the performance of the individual task 
comprising the work cycle.

5.2.2.1 The ALARP principle

The acceptance criteria with regard to personnel risk, risk of property damage, and economic risk 
may be represented by a risk matrix as illustrated in Figure 6.

Figure 6 – Example of a risk acceptance criteria

The acceptance criteria for injuries (fatalities and critical injuries) related to ground control 
accidents can also be based on two principles:
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•	 The individual injury risk, fatal or critical, shall be approximately the same as typical for other 
occupational hazards.

•	 The frequency of incidents with several fatalities, such as the societal fatality risk, shall not 
exceed a level defined as unconditionally unacceptable, and moreover, the general concept of 
managing risk to ‘as low as reasonably practicable’ (ALARP) shall be applied. Figure 7 illustrates 
the principle of the ALARP acceptance criterion (Trbojevic 2002).

The ALARP argument is based on using cost-benefit analysis to attempt to argue that it is acceptable 
to reduce safety standards, and thus the cost of the controls, provided that reducing the risk has to 
be less costly than the consequence if an incident occurs. The use of the ALARP principle may be 
interpreted as satisfying a requirement to keep the risk level “as low as possible” provided that 
the ALARP evaluations are extensively documented. In the ALARP region (see Figure 7), the risk 
is tolerable, only if risk reduction is impracticable or if its cost is grossly disproportionate to the 
improvement gained. The common way to determine what is practicable is to use cost-benefit 
evaluations as a basis for the decision on whether certain risk reducing measures should be 
implemented. A risk may not be justified in any ordinary circumstance if it is higher than the ‘upper 
tolerable limit.’ The ‘upper tolerable limit’ is usually defined, whereas the ‘lower tolerable limit’ 
may sometimes be left undefined. This will not prohibit effective use of the approach, as it implies 
that ALARP evaluations of risk reducing measures will always be required. The ALARP principle 
used for risk acceptance is applicable to risks regarding personnel, the environment or workplace, 
and assets.

Figure 7 – Principle of the ALARP acceptance criterion (source: Trbojevic 2002)

5.3 Control measures

After priorities are established, the organization can decide on ways to control each specific hazard. 
Control measures may include proactive and reactive methods.
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Control measures can be considered as the barriers between the inherent ground control hazards 
of an operation and the realization of an unwanted incident as a result of the hazards and ultimately 
the harm that may be caused to people, property and economy in the event of the unwanted incident. 
These can be identified as part of the hazard identification process. For an existing operation, a range 
of these measures would be readily identified: both existing measures and possible alternatives. 
The assessment of the effect of the measures on the hazard/outcomes needs to be determined for 
each hazard and outcome. The record for this can be maintained in the risk register and reviewed 
annually as required by the legislation, or periodically at agreed intervals.

It is important to determine the control measures that are critical to the management of the 
operation, particularly if there are multiple control measures. The criticality of a measure has 
an important bearing on the maintenance frequency, test regime and management action if the 
measure has to be disabled. Consider some factors that indicate a critical control measure:

•	 The control measure is relied on to prevent the occurrence of a number of different significant 
hazards.

•	 The control measure is relied on to prevent the most likely cause of significant incidents.

•	 The control measure is relied on to reduce or mitigate incidents potentially having very severe 
consequences.

•	 Other control measures that provide backup are known to be less effective.
•	 There is a small number of controls or barriers available for a significant hazard.

All the control measures identified through the various hazard identification processes need to be 
assessed as to:

•	 Functionality - does it control the hazard in the intended manner?

•	 Survivability of the measure in an incident.

•	 Reliability of the control, both individually and in combination with other controls.

•	 Position in the hierarchy of control - is the control at the least desirable end of the hierarchy or 
at a higher level?

•	 Independence and diversity - can a set of controls be disabled by a single failure mechanism or 
does the failure of a control disable another?

Some of the common categories of controls are discussed in Section 3 of this document.

For all control measures, a range of performance indicators is required, particularly for those 
controls deemed critical. The performance indicators measure both how well the controls are 
performing and how well the management system is monitoring and maintaining the controls. The 
performance indicators for control measures will generally relate to some standards or target levels 
of performance. The measures may be qualitative or quantitative and may include absolute targets 
allowing no deviation or targets, which may have scope for limited tolerable deviation.



21    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

5.3.1 Proactive control measures

Proactive control measures can also be considered as elimination of the hazard and prevention of 
realization of the hazard. These include:

•	 Design standards
•	 Mine planning

•	 Safe operating procedures

•	 Inspections

•	 Isolation systems

•	 Physical barriers 

•	 Skills and training

•	 Instrument monitoring of ground conditions

•	 Ground support

•	 Change management process

•	 Others

5.3.2 Reactive control measures

Reactive control measures can also be considered as reduction of the consequence and mitigation 
of the consequence. These include:

•	 Provision of fresh air base underground

•	 Emergency planning

•	 Permit to work

•	 Others

6. Risk management and documentation

6.1 Hazard/risk register development

The objective of creating a risk or hazard register is to prepare a document that lists, outlines, and 
prioritizes the mitigation of ground control related risks/hazards in an operation or organization. It 
is a document intended to communicate and monitor the current status of priority ground control 
risks on the site. Communication is the primary intent of the risk register. The risk register should 
be regularly reviewed for changes in exposure over time and possibly for better understanding of 
the hazards and consequences (hazard changes, method changes, etc.).
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The inputs to a risk or hazard register may come from a wide variety of sources, including:

•	 Major hazards from risk analysis studies

•	 Information from accident or incident investigations or from external sources

•	 Information developed through Management of Change

•	 Health and safety hazards forms, including:

	- Incident reports

	- Hazard reports

	- Job safety analyses (JSA’s)

	- Audit reports

	- Inspection reports

	- Reviews

Potential data for the hazards/risks register is developed using a risk matrix (qualitative, quantitative, 
or quantitative/qualitative method), which may include records of those hazards that rated as 
extreme, high, or moderate risks. However, low or negligible risks are expected to be recorded, 
tracked, and resolved by local management systems. Note that a key part of the hazard/risk register 
is hazard/risk tracking and close-out mechanisms. Figure 8 shows a hazard/risk register data flow 
(source: NMISHRAG, Version 4, January 2005).

An important deliverable from a hazard/risk report is a critical activities list that summarizes 
activities required to control each identified hazard, which include:

•	 A listing of control measures and performance measures

•	 Engineering changes

•	 Organizational and/or procedural control

•	 Training and competence assurances

•	 Recovery measures

All activities in the hazard/risk register should be assigned to individual responsibilities with an 
appropriate time frame. Table 2 shows an example of a simple risk register using an identified 
hazard for the task of ‘installing ground support using a mechanized bolter in high stress ground.’ 
The risk assessment was conducted using a quantitative risk analysis matrix shown in Figure 4. 
Using the principle of the ALARP acceptance criterion shown in Figure 7, the level of risks related 
to the identified hazard or risk falls under the ALARP region. In identifying and implementing 
a better control to prevent the hazard from occurring or to minimize the consequences if the 
unwanted even was to occur, the operation should refer to Subsection 6.2.2 (Managing Control 
Measures) of this document to ensure proper implementation and management of controls.
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Example hazard/risk register templates are shown in Appendix C. The example includes 
description of control measures.

Figure 8 – Hazard/risk register data flow (source: NMISHRAG, Version 4, January 2005)
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6.2 Risk management

Subsection 5.1(1) of Regulation 854 specifies that the purpose of risk assessment is to identify, assess 
and manage hazards, including potential hazards. Once hazards have been identified and assessed, 
risk management involves the ongoing monitoring and adjustment of controls that have been 
adopted for mitigating the risk associated with a health and safety hazard. Some of the common 
categories of controls are discussed in Section 3 of this document. Control measures are discussed 
in Subsection 5.3 of this document.

6.2.1 Root-cause analysis of priority ground control hazards

Root-cause analysis of priority hazards is a pro-active way of clearly identifying the underlying 
reason for an unwanted event, and the mitigating controls for each hazard. Priority hazards 
determined through the risk ranking of all the ground control hazards that were identified during 
the risk assessment can be put through root-cause analysis. If a qualitative risk matrix had been 
used in the risk analysis and results have shown a number of priority hazards, the most acceptable 
methods for identifying priority hazards are as follows (MLTSD Risk Assessment and Management 
for Mines and Mining Plants):

•	 Any hazard that could result in an event that has been assigned a critical level of risk should be 
considered to be a priority hazard.

•	 If no hazards that could result in events have been identified as having a critical level of risk, 
then those hazards that are in the top-ranking risk events (i.e., at least the top five) should be 
considered as priority hazards.

•	 Hazards that have resulted in fatalities at the mine or mining plant in the past should be 
considered as priority hazards.

There are several types of root-cause analyses that are available to be used and some of the common 
methods utilized in Ontario’s mining sector are (as per MLTSD Risk Assessment and Management 
for Mines and Mining Plants):

•	 Bow-tie analysis;

•	 Failure Mode and Effects analysis;

•	 Fault Tree analysis;

•	 Fish Bone (i.e., the Ishikawa) analysis;

•	 Pareto analysis.

An example of a root-cause analysis of a priority hazard identified in the MLTSD’s risk ranking 
process for the mining sector, conducted in 2014, is discussed below. The ‘Fishbone’ approach 
of root-cause analysis was conducted on a ground control priority hazard analysis with the risk 
statement: ‘A rockburst occurs in an underground mine at a location where workers are normally 
present.’



26
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

The root-cause analysis was conducted by peer-recognized Subject Matter Experts (SMEs) from 
various mining operations (Employer), labour groups (Worker), health and safety association (HSA) 
and the MLTSD. Fishbone diagrams were prepared for primary, secondary, tertiary, and quaternary 
causal factors through an open, transparent, and collaborative process. Forty (40) causal factors 
(primary, secondary, tertiary, and quaternary) were identified in the ‘Fishbone’ analyses and were 
ranked and prioritized by the SMEs from the Employer and Worker groups; SMEs from HSA and 
MLTSD did not vote. Figure 9 shows the ‘Fishbone’ diagram listing the primary causal factors. 
Controls were then identified for each causal factor. Table 3 summarizes the top 10 primary causal 
factors and examples of controls for each factor.

Another example of a root-cause analysis using the ‘Bow-tie’ method conducted by an operating 
mine for a ground control hazard risk statement (Top Event) ‘Uncontrolled ground (or strata) 
movement releasing stored energies resulting in multiple fatalities and infrastructure damage,’ 
is shown in Figure 10 (Part 1 and 2). The ‘Bow-tie’ analysis describes the causes and preventing 
controls (left side from Top Event) and the consequences and mitigating controls (right side from 
Top Event).

6.2.2 Managing control measures

Following a risk assessment exercise and once the ground control hazards or risks are known, 
and the organization had identified ways to control each specific hazard from occurring or to 
minimize the consequences if a serious ground control incident were to occur, the next step is to 
ensure that controls are effectively implemented and are performing efficiently. The International 
Council on Mining and Minerals (ICMM) developed the guidance document titled ‘Health and 
Safety Critical Control Management’ in 2015, which was designed to support the principle of 
continual improvement. The document provides practical guidance on preventing the most serious 
types of health and safety incidents, which can be referred to as unwanted events (UEs). The 
approach described in the document is called critical control management (CCM) as it provides 
guidance on how to identify and manage critical controls. However, the method is applicable to any 
control implementation intended to prevent the occurrence of a serious incident or minimize the 
consequences if a serious incident will occur.

The CCM program consists of nine (9) steps which include six (6) steps for planning the program 
and three (3) steps for implementation (ICMM 2015), as shown in Figure 11. The first six (6) steps 
follow a similar process of hazard/risk identification, risk analysis and prioritization, and control 
identification as described in the previous sections. It also follows the overall process of risk analysis 
and risk evaluation, depicted in the flowchart for ground control hazards shown in Figure 2.

This section discusses the implementation and management of controls as applied to ground 
control hazards, including critical controls, if defined. Table 4 summarizes the steps and target 
outcomes for accountability, and control implementations and management process, as adopted 
from the ICMM guide document.
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Table 3 – Top 10 primary causal factors and example of controls

No. Top 10 Primary Causal 
Factors Examples of Controls for Each Causal Factor

1. Lack of burst-prone ground 
support

•	 Improve Cost effectiveness, efficiency
•	 Excavation design for potential installation of burst-prone 

support

2.
Lack of understanding 
of geology and stress 
conditions

•	 Optimize use of diamond drill information (analysis of 
borehole breakouts using Acoustic televiewer)

•	 Increased use of cutting-edge technology, but due 
diligence required before use. Currently using mechanical 
engineering software (finite element software)

3. Lack of management 
commitment to safety

•	 Define seismic risk management plan in corporate health 
and safety policy

•	 Formal audits and reviews to ensure operational execution 
is aligned with corporate expectations

4. Ineffective risk 
management process

•	 Educate and involve all workplace parties in the power of 
risk assessment and management

•	 Report near-miss data to incorporate into risk assessment 
analysis

5. Improper mine plan
•	 Pre-mine geomechanical/stability analysis
•	 Deliberate effort to get strategic geotechnical information 

as early as possible

6. Lack of understanding of 
seismic hazards

•	 Educate on and keep workplace parties aware of seismic 
hazards

•	 Ensure conversation at the face (muck-pile discussion)

7. Dysfunctional IRS •	 Clear definition of IRS
•	 Management commitment to IRS

8. Lack of understanding of 
seismic hazards

•	 Proper blasting controls
•	 Scaling before installing ground support

9. Lack of understanding of 
structural geology

•	 Having processes to collect geotechnical information 
(geophysics: Acoustical Televiewer (ATV), Optical 
Televiewer (OTV), diamond drilling, mapping)

•	 Better classification of structures/faults with regards to 
seismic risk

10.
Lack of specialized 
resources (industry/
consultants/regulators)

•	 Better collaboration with universities, colleges, and 
industry toward providing programs that have better 
emphasis on geology and ground control

•	 Setting up an environment for better collaboration 
between geology and mining programs
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Figure 11 – The critical control management process (Source: ICMM 2015)

Table 4 – Target outcome for each step of the implementation and management process of controls for ground 
control hazards (adapted from ICMM 2015)

STEP TARGET OUTCOME

Assigning accountability 
(Step 6 in Figure 11)

A list of individuals who will be responsible and accountable for the 
implementation of controls for each of the identified ground control 
hazards/risks and verification of activity. A verification and reporting plan 
is required to verify and report on the efficacy of each control.

Implementation (Step 7 
in Figure 11)

Defined implementation strategy of controls for each ground control 
hazard/risk, verification process, and reporting plan.

Verification and reporting 
(Step 8 in Figure 11)

Implement verification activities and report on the process. Define and 
report on the status of each control.

Response to inadequate 
control performance 
(Step 9 in Figure 11)

Awareness of individuals who are responsible and accountable on the 
performance of controls. If controls are underperforming or following an 
incident (if an incident occurred despite the implementation of the control), 
investigate, and take action to improve performance or identify other 
controls.
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6.2.2.1 Assigning accountability

To ensure ground control hazards are being managed, the controls must be performing effectively. 
Assign individuals within the operation to be responsible and accountable to ensure that control 
strategies are implemented to prevent the hazard from causing an incident or to minimize the 
consequence if the hazard were to occur. These individuals must also be responsible for ensuring 
hazards are being managed, documented, and communicated. Those accountable are required to 
monitor through verification activities on the effectiveness of the controls. This can be described in 
a verification and reporting plan as summarized in Table 5.

Table 5 – Example of control verification and reporting plan for a ground control hazard (adapted from ICMM 
2015)
HAZARD
Rockburst/strainburst

CONTROL
Performing initial workplace 
inspection including an 
assessment of potential hazards

VERIFICATION ACTIVITY
Review worker safety card 
and field level risk assessment; 
discuss hazard identified by 
worker

HAZARD OWNER
Ground control personnel, First-
line supervisor, Worker

CONTROL OWNER
First-line supervisor, Worker

VERIFICATION ACTIVITY 
OWNER
First-line supervisor, Worker

ROLE OF HAZARD OWNER
Ground control personnel:
•	 Review ground control 

logbook, seismic monitoring 
data (if equipped)

•	 Decide on required action
•	 Set expectation
First-line supervisor:
•	 Communicate with cross-

shift
•	 Review ground control 

and shift logbook, seismic 
monitoring data (if 
equipped)

•	 Communicate and discuss 
required action with 
worker

Worker:
•	 Review driving layout
•	 Communicate and discuss 

required action with 
supervisor

ROLE OF CONTROL 
OWNER
First-line supervisor:
•	 Communicate and discuss 

implementation of control 
with worker

•	 Verify that control is 
implemented by worker

•	 Report to ground control 
personnel

Worker:
•	 Communicate and discuss 

implementation of control 
with supervisor

•	 Implement control
•	 Manage control to ensure 

efficiency

ROLE OF VERIFICATION 
ACTIVITY OWNER
First-line supervisor:
•	 Conduct, gather and 

review field level-based 
verification activity 
requirements and compare 
to expectations

•	 Initiate actions as required
•	 Provide verification 

summary ground control 
personnel

Worker:
•	 Verify efficiency of control 

and provide verification 
summary to supervisor
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6.2.2.2 Implementation

As part of the control implementation process, control strategies determined to prevent the 
occurrence or minimize the consequence if an incident occurs for a certain ground control hazard 
requires the review of the risk assessment process to ensure that they are appropriate and practicable 
for the identified hazard. Planning for the implementation of controls is an iterative process to 
ensure appropriateness and practicability as indicated by the feedback loop shown in Figure 2 
and Figure 11. The implementation of controls should include leadership, accountabilities, a 
communications strategy, implementation standards and developing knowledge and understanding 
of the performance of controls.

6.2.2.3 Verification and reporting

The information regarding the performance of each control will be gathered and reported at a 
defined frequency. This information flow should be designed to efficiently communicate variances 
between expected and actual control performance. The threshold of unacceptable control 
performance can be defined based on the operation’s acceptable level of risk, as discussed in 
Subsection 5.2.2 (Determining acceptable level of risk). Questionable or substandard performance 
of controls for hazards with a residual risk above the acceptable level of risk should trigger action, 
which might vary from re-assessment of control strategy to ordering immediate stop of the relevant 
work processes.

6.2.2.4 Response to inadequate control performance

Underperforming or a failure of controls to either prevent an incident from occurring or minimize 
the consequence if an incident occurs for a certain ground control hazard requires investigation to 
understand the cause to allow the continuous improvement of controls. The absence of accidents 
or incidents must not be taken as evidence that controls are working adequately. It is common to 
implement more than one control for a specific hazard; a control may fail without any incident 
occurring because of redundancy in the controls. As a result, the verification process is important 
to detect controls that are not performing according to the specified requirements.

The failure of a control detected following an incident could result due to a potential hazard or at-
risk situation (usually associated with a human action/error), a failure of other redundant controls, 
or an event that could cause serious harm or that has the potential to cause serious harm. In most 
cases, root-cause analysis is conducted to understand why a control failed.

A review the current site incident investigation methods is necessary to ensure that the investigation 
process includes identification of relevant controls, understanding of their status at the time of the 
event and their relation to the control failure. Incident investigation as a result of a control failure 
may require a review of the risk assessment process relating it back to its previously documented 
objectives and performance requirements, including the determination or design of control.
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The intent of the investigation of control failures and subsequent control review process is to 
establish required improvements or changes related to the control, including modification of 
performance requirements and the verification activities, or even replacement of the identified 
control with another control. It provides important lessons learned for continuous improvement 
of the hazard/risk control management process. The control failure investigation and review may 
require looping back through the risk assessment process in a number of iterations to determine 
the appropriate control that could prevent an incident from occurring or reduce the consequence 
if an incident occurs.

An example set of questions for reviewing control design, selection and management after an 
incident that is applicable for management of controls, adapted from BHP Billiton information, is 
summarized below.

For the inadequate performance of the control in an incident:

1.	 What controls failed?

2.	 How did the control fail or perform inadequately?

3.	 What were the causes of the failure or inadequate performance of the critical control? In order 
to determine the cause, it can be helpful to use the ‘5 Whys’ root-cause analysis tool.

Based on the answers to the third question, the following sample control questions might also be 
helpful:

a.	 Was the control designed to operate in the incident situation?

b.	 Was the description of the control performance requirements adequate?

c.	 Did the defined control performance requirements include the management activities that are 
required to ensure its function in the circumstances of the incident?

d.	 Did the owners and operators of the control understand its objective, design, and operation (i.e., 
are they suitably trained and/or experienced)?

e.	 Was the appropriate control documentation available to all relevant control operators?

f.	 Did the verification activities check the status of the control in a manner that could have avoided 
the incident?

g.	 Did the verification reporting system communicate critical control status prior to the incident 
to initiate required action and to prevent the incident?

6.2.2.5 Measuring impact of control initiative for ground control hazard/risk

Methods to measure the degree to which control initiatives for ground related hazards are 
functioning as expected can be based on both lagging and leading indicators. Lagging indicators 
are based on incident statistics that could be the frequency of those major events and, possibly, 
the resulting consequences. A more effective lagging indicator may be found in the frequency 
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of incidents related to the ground control hazards. Frequency trends of incidents pre- and post-
control implementation can be captured and compared.

Leading indicators on the other hand can be found in reports from control verification activities. 
Verification reports contain information summarizing the performance status of the control 
versus defined expectations. Well-defined and well-executed verification activities could yield 
control efficiency in a quantified format (either in percentage or scale format). Figure 12 shows 
an example of basic time lagging and leading indicators for two (2) selected controls specified 
in Table 2 (Checking driving layout or print for any ground control issues and instructions; and 
Performing initial workplace inspection including an assessment of potential hazards) to prevent 
the occurrence of a hazard (rockburst/strainburst) or minimize the consequence if an incident 
occurs. Note that the data used in the graph are assumed values of lagging and leading indicators.

The performance indicator shows a continuous improvement of controls over time resulting in the 
decrease in injury associated to the type of hazard being managed.

Figure 12 - Example lagging and leading indicators for two (2) controls related to a rockburst/strainburst hazard

Figure 13 illustrates a guide from the United Kingdom Health and Safety Executive (UK HSE), 
2006, on ‘Developing process safety indicators’ focusing on “risk control system” that can be 
adapted for Subsection 6.2.2 (Managing control measures).

The guide document recommends regular review of the entire risk assessment and management 
process and system in order to identify the degree to which the initiative is being implemented and 
operated to expectations.
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Figure 13 – Illustration of ‘Dual assurance - leading and lagging indicators measuring performance of each 
control system’ (source: UK HSE, 2006)

6.3 Documenting the risk assessment process and deliverables

A formal risk assessment should be documented for many reasons, including the need for future 
reference. The specific format will vary depending on the complexity and purpose of the assessment. 
As a minimum, it is necessary to use a logical approach to the risk assessment report, which may 
include the following suggested contents:

•	 Executive Summary
•	 Introduction

	- Context (strategic, corporate and risk management)

	- Issues / Reason for review

•	 Objective

•	 Method

	- Team (names, positions, and related experience)

	- Hazard inventory table

	- External potential impacts

	- System description and boundaries

	- Risk identification tool

	- Risk analysis method
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	- Determination of acceptability

•	 Documentation used for study

•	 Results (tables, charts, etc.)

	- Risk registerPriority risks

	- Priority existing controls and performance indicators

	- Priority new controls and performance indicators

•	 Recommended action (the action plan information), including accountabilities and timelines

Note that there is more guidance on report content in the CSA Standard Z1002 ‘Occupational 
health and safety - Hazard identification and elimination and risk assessment and control’, the 
MLTSD guideline, ‘Risk Assessment and Management for Mines and Mining Plants,’ the AS/
NZS 4360 (2004) ‘Risk Management’, and the National Minerals Industry Safety and Health Risk 
Assessment Guideline (NMISHRAG), Version 4, January 2005, including the New South Wales 
(NSW) Department of Mineral Resources MDG 1010 and 1014.

Table 6 provides suggested information to be considered for the development of a risk assessment 
and management program. Individual operations may choose to omit unnecessary elements or 
include additional items in order to tailor the mine design to their particular requirements.

The final report should be stored in a manner that facilitates retrieval and review as required by 
legislation or periodically at agreed-upon intervals.
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Table 6 – Suggested information for the development of a risk assessment and management program.

APPROVALS This page contains signatures, titles, and dates for all personnel 
responsible for approving the risk assessment and management document.

REVISIONS This page identifies the date of revision release, and a brief itemized 
description of the information that has been modified in the new version.

EXECUTIVE 
SUMMARY

This section provides brief statements of purpose and scope of the 
analysis, assessment steps and whether this is an initial or subsequent risk 
assessment, as well as a brief summary of the findings and overall level of 
risk.

INTRODUCTION
This section provides general information concerning the mine (location, 
history, etc.). Changes made to the risk assessment and management 
document since the last annual revision should be outlined.

RESPONSIBILITIES
IN RISK 
ASSESSMENT AND 
MANAGEMENT OF 
GROUND CONTROL
HAZARDS

This section outlines specific responsibilities, accountabilities and 
required competencies of workers, first-line supervisors, ground control 
personnel, other engineering and geology personnel, upper management, 
and external consultants in the risk assessment and management program.

OBJECTIVE

This section outlines the intent of the program to comply with pertinent 
sections of Regulation 854 (Sections 5.1, 5.2, and 5.3). It may include 
brief information on the assessment process of evaluating workplace 
ground control hazards including risk ranking; considerations to control 
workplace ground control hazards to remove the hazards or minimize the 
level of risks; appropriate workplace parties involved in the required risk 
assessment and management processes; and frequency of carrying out risk 
assessments.

METHODS

This section provides information on the following:

Risk assessment team (names, positions, and related experience); Hazard 
inventory table used; External potential impacts; System description and 
boundaries; Risk identification tool; Risk Analysis method; Determination 
of risk acceptability; and others.

DOCUMENTATION/
RISK ASSESSMENT 
RESULTS

This section outlines the process of documentation used for the 
assessment and observations. This section should include a risk register, 
priority risks, priority existing controls and performance indicators, as 
well as priority new controls and performance indicators.

RECOMMENDED 
ACTION INCLUDING 
ACCOUNTABILITIES 
AND TIMELINE

This section outlines the recommendations to reduce the level of risk to 
acceptable level, especially for the priority hazards/risks, specifying who 
will be responsible and accountable to ensure that recommended controls 
are implemented, completed, and evaluated within a given timeframe.

COMMUNICATION This section outlines the process for the timely communication of the risk 
assessment results.
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Appendix A: Example of a risk assessment and management 
procedure
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Risk Analysis for:

Risk of Working at Face. 

REPORT

Prepared by:
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Executive Summary

This report provides the analysis of the risks of a “fall of rock or loose while working at the face at 
Kidd Operations mining Kidd Operations mining and proposed methods to mitigate these risks.

This analysis was done using a benchmark and brainstorming methodology where the present 
method and several alternate methods were ranked using the Kidd Operations risk matrix. The 
results of this assessment can be found in the appendices and body of this report.  A number of 
solutions were selected for testing to reduce the risk of exposure to fall of muck at the face.  

The development of the process flow sheet and where the history of incidents occurs in the 
process helped to focus the group on the following actions:

1.	 Test the use of split set ground support in the face- (in consultation with Ground control 
determine optimum pattern)

2.	 Develop changes to the procedure to install face ground support – need to answer the following:

2.1.	Is the support to be installed prior to drilling the round/slash?

2.2.	Is the support to be installed after drilling the round/slash?

3.	 Test the use of lifter tubes to reduce the exposure at the face when clearing lifter holes after 
drilling.

4.	 Change loading SOP to ensure only 1 person loads at a time so that boom is never over second 
worker.

Seventy-five (75) percent of all injuries to workers at Kidd Operations happened during or after 
the drilling phase of the process and the controls proposed should minimize the exposure to the 
hazard.  Overall, the introduction of bolting at the face, using lifter tubes and changing the loading 
SOP, should reduce the exposure of workers at the face resulting in a residual ranking of 5 minor 
for this risk.
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1. Introduction and Background Information

Xstrata Copper Canada is strongly committed towards Sustainable Development (SD). The 
corporation has defined 17 standards that state the management expectations regarding SD. 
Risk management is one of the SD standards. Each site is expected to identify the risks that it is 
exposed to. As risks are identified, they are accessed using the Xstrata Copper Canada risk matrix 
to quantify the exposure with and without controls. See definitions for details.  Depending on the 
ranking, the operations will then determine if further actions/controls are required to reduce the 
risk to “As low as reasonably practicable” (ALARP).

This study was mandated by Ryan Roberts, Superintendent – Development and Rehab at the Kidd 
Operations.  A charter can be found in Appendix 1.

The goals of the study were to: 
•	 Assess the present risks and rank the health effect/injury.
•	 Brainstorm options to reduce the risk.
•	 Identify any new recommendations/actions to reduce risk.

The risk assessment was conducted at the Kidd Mine on August 15, 2012.

This specific scenario of loose or fall of ground while working at the face is a part of the catastrophic 
hazard for “uncontrolled ground movement” and would be a sub element of this overriding risk.

2. Methodology and Definitions

	 2.1. Brainstorming Methodology

For the purposes of this study, a brainstorming methodology was used.

Overview
•	 The risk was defined as any fall of ground from the working face of a drift. 
•	 The history of incidents and injuries over the last eight years was reviewed in the context of 

where in the work cycle the injuries/incidents have occurred.
•	 The risk was ranked with the present controls.
•	 Experienced personnel brainstormed a series of options to reduce the exposure to the risk.
•	 The risk was ranked with the proposed controls.
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	 2.2. Definitions

For the study, we used the Kidd OperationsAssessment matrix (below) to rank the risks on the 
health effect/injury category.
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Likelihood Table

Category Likelihood Criteria

CERTAIN
•	 99% probability, or
•	 consequence is occurring now, or
•	 could occur within months

LIKELY
•	 50% and < 99% probability, or
•	 balance of probability will occur, or
•	 could occur annually

POSSIBLE

•	 20% and < 50% probability, or
•	 may occur shortly but a distinct probability 

it will not, or
•	 could occur in 2 to 5 years

UNLIKELY
•	 1% and < 20% probability, or
•	 may occur but not anticipated, or
•	 could occur within 5 to 20 years

RARE

•	 < 1% probability
•	 occurrence requires exceptional 

circumstances
•	 exceptionally unlikely, even in the 

long-term future
•	 occurs less than once every 20 years

3. Workshop Sessions
The workshop was held on August 15, 2012 with the following participants:

Name Title Company
SD and Risk Coordinator
Senior Ground Control Engineer
Drill and Blast Superintendent
Development and Rehab Superintendent
Jumbo Driller
Development Supervisor
Best Practice Mentor
Worker Certified Representative
EIT
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	 3.1. Present Risk Ranking

The inherent risk was ranked as a Category 4 (Single fatality – Permanent (irreversible) disabling 
injury or health effects to 1 or more persons) with a likelihood of Possible (20% and < 50% 
probability or may occur shortly but a distinct probability it won’t, or could occur in 2 to 5 years)  
this would result in a Ranking of [18] Significant.  The residual risk ranking, using the list of 
controls on the following page and the “Development cycle flow sheet” found in Appendix 3, was 
ranked as a [13] Reportable with the likelihood staying the same but the impact dropping mostly 
due to the scaling that is done to control the risk. 

	 3.2. Controls

Coding Title
Fall Protection Program
Standard – Fall Protection
Mechanical Scaling
Line and Grade Procedure
Scaling from the Ground of Muckpile Procedure
Face Preparation Procedure
Jumbo Operation Procedure
Working Near Rotating Jumbo Drill Steel Procedure
Blasting with i-kon Detonators Procedure
Ground Stability Assessment Standard Work Instruction
Mine Geotechnical Design Document
Ground Support Guidelines
Blasting Procedure
Loading a Face Procedure
Underground Geological Mapping Procedure
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	 3.3. Benchmarking

A simple benchmark exercise was completed looking at Kidd versus several other sites as shown 
below.  Ryan Roberts brought forward several options which were discussed and brainstormed 
with several other items being added.

Face Safety

Benchmark Study

Cycle
Prep Scale, prep and 

mark up face. Use 
scoop to scale 
face by hand and 
backhoe/grub hoe to 
clean the floor.

Scale, prep and mark 
up the face.

Scale the face and 
then split set the 
whole face down 
to grade line using 
a jumbo. The split 
sets are left loose.

Scale, prep and 
mark up the face.

Drill Drill face, lifters, 
first then burp the 
face.

Drill face and burp 
afterwards. Then using 
the jumbo install 1 
sheet of screen width 
ways with 4 split sets.  
Headings over 
5m x5.3m require 
screening.

The jumbo drills 
through the screen 
and taps the bolts 
in after it has 
completed drilling 
to limit bagging 
issues.

Drill the face and 
burp afterwards. 
If the face is over 
4.9m (16’), then 
they will split set 
and screen to within 
4.6,(15’) of the 
floor.

Load Scale face, top 
down and dig out 
lifters. Load round 
top down.

Scale the face top 
down and load the face 
top down.

Scale the face top 
down and load the 
face top down.

Scale the face top 
down and load the 
face top down.

Additional 
Notes

We bolt and screen 
the face if there is a 
sizeable quartz vein 
running through it.

If strain bursting 
potential, then the face 
is screened down to 
grade line.

In                         
the development 
miners were given 
training on how to 
read the face.

When stoping using 
the drift, they screen 
and split set to 
within 4.6m of the 
floor and split set 
down to 2.1m of the 
floor; these faces 
are typically much 
wider.
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	 3.4. Accident/Incident Review:

	 Injury/Incident Location in Cycle
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4. Results

The risk review and brainstorming of working at the face resulted in 4 actions to reduce the risk 
to workers at the face.  The present residual risk was ranked at 13 – Reportable.  Upon review 
of the XSS system, there have not been any lost time injuries and therefore this risk is ranked 
higher than it should be.  See Appendix 5 for data frequency.  The residual ranking would then 
be unlikely (between 2 and 5 years) at 9 – Reportable to be conservative.  The group assessed 
the residual with the new controls (shown below) as a 9 – Reportable but with the data not 
supporting the severity it should go to 5– Minor.  The split set installation is an engineered 
control and can reduce both impact and likelihood. Lifter tubes allow a reduction of digging 
out the lifters and can reduce both impact and likelihood. The SOP change can only reduce 
frequency.

Test the use of split set ground support in the face (in consultation with Ground control, determine 
optimum pattern)

1.	 Test the use of split set ground support in the face (in consultation with Ground control, 
determine optimum pattern)

2.	 Develop changes to the procedure to install face ground support, need to answer the following:

2.1. Is the support to be installed prior to drilling the round/slash?

2.2. Is the support to be installed after drilling the round/slash?

3.	 Test the use lifter tubes to reduce the exposure at the face when clearing lifter holes after 
drilling.

4.	 Change loading SOP to ensure only 1 person loads at a time so that boom is never over a second 
worker.

Overall, the introduction of bolting at the face, using lifter tubes and changing the loading SOP 
should reduce the exposure of workers at the face, resulting in a residual ranking of 5 – Minor 
for this risk.



52
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Appendix 1 – Charter

P
ro

b
le

m
 o

r 
O

p
p

o
rt

u
n

it
y 

S
ta

te
m

e
n

t

C
ur

re
nt

ly
, w

or
ki

ng
 a

t t
he

 fa
ce

 o
f a

 d
rif

t t
he

re
 is

 a
 ri

sk
 o

f l
oo

se
 

in
ju

rin
g 

m
in

er

Th
er

e 
ar

e 
a 

nu
m

be
r o

f o
pt

io
ns

 to
 fu

rth
er

 p
ro

te
ct

 th
e 

w
or

ke
rs

 
ex

po
se

d 
to

 th
is

 ri
sk

. 

E
st

im
at

e
d

 P
ro

je
ct

 I
m

p
ac

t

B
en

efi
ts

 in
cl

ud
e.

...

	-
R

ed
uc

ti
on

 o
f 

ri
sk

 t
o 

w
or

ke
rs

 a
t 

th
e 

fa
ce

 in
 m

in
e.

G
o

al
 S

ta
te

m
e

n
t 

A
ss

es
s t

he
 p

re
se

nt
 ri

sk
s o

f w
or

ki
ng

 a
t t

he
 fa

ce
 o

f a
 ro

un
d.

 
B

ra
in

st
or

m
 o

pt
io

ns
 to

 re
du

ce
 th

e 
ris

k,
 

In
fo

rm
at

io
n 

(r
es

id
ua

l r
is

k 
ra

tin
gs

) t
o 

su
pp

or
t d

ec
is

io
n 

to
 c

ha
ng

e 
un

de
rg

ro
un

d 
dr

ill
in

g 
pr

ac
tic

es
.

C
o

n
st

ra
in

ts

   
   

   
   

   
   

   
   

  O
p

e
ra

ti
o

n
s 

S
tr

at
e

g
ic

 
O

b
je

ct
iv

e
s

	-
C

re
at

e 
Z

er
o 

H
ar

m
 W

or
kp

la
ce



53    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

In
 S

co
p

e

Ex
pl

or
e 

im
pl

ic
at

io
ns

 o
f a

dd
in

g 
ne

w
 c

on
tro

ls
 to

 d
ev

el
op

m
en

t 
cy

cl
e 

m
et

ho
ds

 o
r p

ro
ce

du
re

s.
D

et
er

m
in

at
io

n 
of

 th
e 

po
te

nt
ia

l r
es

id
ua

l r
is

k 
ra

tin
g

O
u

t 
o

f 
S

co
p

e

A
cc

ep
ta

nc
e 

of
 ri

sk
 a

ss
es

sm
en

t c
ha

ng
es

 (e
.g

., 
al

te
ra

tio
n 

of
 e

xi
st

in
g 

co
nt

ro
ls

)
R

ev
is

io
n/

cr
ea

tio
n 

of
 d

oc
um

en
ta

tio
n 

(S
O

Ps
)

H
ig

h
 L

ev
e

l 
P

ro
g

ra
m

 P
la

n

D
efi

ne

R
ev

ie
w

 E
xi

st
in

g 
St

ud
ie

s

R
is

k 
A

na
ly

si
s

R
is

k 
E

va
lu

at
io

n

R
is

k 
R

ep
or

ti
ng

P
ro

je
ct

 y
:

•	
n/

a

C
o

n
st

ra
in

ts

Pr
oc

ed
ur

es

 T
e

am
 M

e
m

b
e

rs

•	
Pr

oj
ec

t L
ea

de
r:

•	
R

is
k 

O
w

ne
r:

•	
G

ro
un

d 
Su

pp
or

t:

•	
B

la
st

in
g 

an
d 

D
ri

lli
ng

:

•	
Ju

m
bo

 D
ri

lle
r:

•	
D

ri
lle

r 
Su

pe
rv

is
or

:

•	
W

or
ke

r 
R

ep
:

•	
M

en
to

r:



54
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Appendix 2 – Risk Ranking Process
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Appendix 3 – Development Cycle Flow Sheet (Present)
(Visio file: “Development Process V3”)
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Appendix 4 – Development Cycle Flow Sheet (with new controls)
(Visio file: “Development Process V3”)
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Appendix 5 – Incident/Injury by Year
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Appendix B: Examples of a risk register for ground control and 
related hazards from the Ontario Mining Review and Ontario Mining 
Association



60
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Ta
bl

e 
B

-1
 –

 M
in

in
g 

re
vi

ew
 to

p 
10

 ri
sk

s 
ou

t o
f t

he
 to

ta
l o

f 2
63

 id
en

tifi
ed

 e
ve

nt
s.



61    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Ta
bl

e 
B

-2
 –

 M
in

in
g 

re
vi

ew
 to

p 
10

 g
ro

un
d 

co
nt

ro
l r

is
ks

 o
ut

 o
f t

he
 to

ta
l o

f 2
8 

id
en

tifi
ed

 e
ve

nt
s.



62
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Ta
bl

e 
B

-3
 –

 O
nt

ar
io

 M
in

in
g 

As
so

ci
at

io
n 

(O
M

A)
 h

ig
h 

le
ve

l r
is

k 
as

se
ss

m
en

t

T
hr

ea
t

C
on

tr
ol

B
es

t 
P

ra
ct

ic
e

M
on

it
or

in
g 

an
d 

V
er

ifi
ca

ti
on

W
or

ke
r

Su
pe

rv
is

or
M

an
ag

em
en

t
Fa

ll 
of

 G
ro

un
d 

- T
oo

 m
an

y 
un

fil
le

d 
vo

id
s 

- 
op

en
ed

 s
to

pe
s 

(I
ns

ta
bi

lit
y)

1.
	

Su
rv

ey
in

g,
 C

M
S,

 
3D

 S
ca

nn
in

g 
- 

ke
ep

in
g 

tr
ac

k 
of

 
op

en
 e

xc
av

at
io

ns
 

in
 th

e 
m

in
e.

R
eg

ul
ar

 p
ic

ku
p 

of
 a

ll 
op

en
in

gs
 a

cc
es

si
bl

e 
by

 a
ll 

w
or

ke
rs

.  
C

he
ck

 
su

rv
ey

s 
to

 v
er

if
y.

Pe
rf

or
m

s 
su

rv
ey

s.
En

su
rin

g 
fr

eq
ue

nc
y 

an
d 

qu
al

ity
.

En
su

rin
g 

tra
in

in
g 

an
d 

co
m

pe
te

nc
y 

st
an

da
rd

s. 
 

Su
ffi

ci
en

t 
re

so
ur

ce
s.

2.
	

B
ac

kfi
lli

ng
 o

pe
n 

ex
ca

va
tio

ns
.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.

Fi
ll 

pl
ac

em
en

t, 
sa

m
pl

in
g 

fo
r Q

A
/

Q
C

A
s 

pe
r 

de
si

gn
.

C
om

pe
te

nc
y 

an
d 

re
so

ur
ce

s.

3.
	

M
in

e 
sc

he
du

le
 

co
m

pl
ia

nc
e 

- a
vo

id
in

g 
pr

ol
on

ge
d 

op
en

 
st

op
es

 o
ut

 o
f 

se
qu

en
ce

 a
s p

er
 

th
e 

m
in

e 
pl

an
/

m
od

el
.

Se
qu

en
ce

 r
ul

es
/b

es
t 

pr
ac

ti
ce

s 
- a

pp
lie

d 
in

 
th

e 
de

ve
lo

pm
en

t o
f 

th
e 

m
in

e 
pl

an
. E

ar
ly

 
de

fin
it

io
n 

of
 p

la
n,

 
ad

he
re

nc
e 

to
 p

la
n 

an
d 

re
gu

la
r 

m
on

it
or

in
g 

an
d 

re
vi

ew
.

M
in

er
s e

xe
cu

tin
g 

as
 in

st
ru

ct
ed

.
A

s 
pe

r 
de

si
gn

 a
nd

 
st

an
da

rd
s.



63    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

4.
	

G
ro

un
d 

co
nt

ro
l 

- c
on

ta
in

m
en

t o
f 

ex
pe

ct
ed

 ro
ck

 
co

nd
iti

on
s t

hr
ou

gh
 

in
st

al
la

tio
n 

of
 

gr
ou

nd
 su

pp
or

t

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

Fo
llo

w
in

g 
st

an
da

rd
s.

Ve
rif

yi
ng

 a
s 

pe
r d

es
ig

n 
an

d 
st

an
da

rd
s.

5.
	

Se
is

m
ic

 o
r o

th
er

 
gr

ou
nd

 m
on

ito
rin

g 
to

 v
er

ify
 g

ro
un

d 
re

ac
tio

n 
or

 
pe

rf
or

m
an

ce
 a

s 
ex

pe
ct

ed
.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

.

A
s p

er
 d

es
ig

n.

6.
	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rts
 - 

m
on

ito
r 

to
 v

er
ify

 g
ro

un
d 

re
ac

tio
n 

or
 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

rib
ed

.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n.

7.
	

Pi
lla

r a
ss

es
sm

en
ts

-
m

od
el

lin
g 

- a
ss

es
si

ng
 

co
nd

iti
on

 o
f p

ill
ar

s 
pr

io
r t

o 
lo

ad
in

g.

Lo
ca

lly
 c

al
ib

ra
te

d 
em

pi
ric

al
 m

et
ho

d 
or

 
ca

lib
ra

te
d 

nu
m

er
ic

al
 

m
od

el
.

Fo
llo

w
in

g 
m

in
e 

pl
an

.



64
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

8.
	

G
eo

te
ch

ni
ca

l 
dr

ill
in

g 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

9.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.

10
.	R

es
tr

ic
ti

ng
 

ac
ce

ss
 o

r 
ba

rr
ic

ad
in

g 
- 

gr
ou

nd
 c

on
tr

ol
 

ba
rr

ic
ad

e 
w

ar
ni

ng
 o

f 
un

st
ab

le
 g

ro
un

d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

11
.	

E
qu

ip
m

en
t 

D
es

ig
n 

- R
O

Ps
/

FO
PS

, r
em

ot
e 

co
nt

ro
lle

d 
eq

ui
pm

en
t f

or
 

no
n 

m
an

-e
nt

ry
.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.



65    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

12
.	

Pr
oc

ed
ur

al
 li

m
it

s 
fo

r 
ac

ce
ss

 e
.g

., 
M

in
im

um
 5

m
 

“n
o-

en
tr

y”
 li

m
it

 
de

m
ar

ca
ti

on
 

fr
om

 b
ro

w
 fo

r 
a 

bl
as

th
ol

e 
st

op
e,

 1
2m

 s
et

-
up

 fo
r 

re
m

ot
e 

op
er

at
io

n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

Fa
ll 

of
 g

ro
un

d 
– 

gr
av

it
y

1.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
 (s

pa
n 

st
an

da
rd

s)
.

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

 
Q

A
/Q

C
 o

n 
su

pp
or

t 
st

an
da

rd
s.

2.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.



66
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

3.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 a

nd
 

m
ec

ha
ni

ca
l 

ex
ca

va
ti

on
 

pr
ac

ti
ce

s 
an

d 
st

an
da

rd
s 

(a
vo

id
in

g 
ex

ce
ss

iv
e 

bl
as

t 
da

m
ag

e 
to

 
op

en
in

g 
an

d 
ba

d 
ge

om
et

ri
es

).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

4.
	

T
op

 u
p 

ba
ck

fil
lin

g 
(t

ig
ht

 
fil

lin
g)

 - 
av

oi
di

ng
 

ex
ce

ss
iv

e 
st

an
d-

up
 ti

m
e.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.

5.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

.

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

6.
	

G
ro

un
d 

Su
pp

or
t 

de
si

gn
 a

nd
 

ad
ju

st
m

en
ts

 
ba

se
d 

on
 a

ct
ua

l 
ge

ol
og

ic
al

 
ro

ck
 ty

pe
 a

nd
 

st
ru

ct
ur

es
 a

s 
de

te
rm

in
ed

 
fr

om
 g

ro
un

d 
ob

se
rv

at
io

ns
.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.



67    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

7.	
Sc

al
in

g 
of

 lo
os

e 
gr

ou
nd

.
Sp

ec
ifi

c 
to

ol
 

at
 a

pp
ro

pr
ia

te
 

fr
eq

ue
nc

ie
s 

fo
r 

th
e 

ar
ea

.
8.

	
G

ro
un

d 
ob

se
rv

at
io

n 
re

po
rt

s 
- m

on
it

or
 

to
 v

er
if

y 
gr

ou
nd

 
re

ac
ti

on
 o

r 
pe

rf
or

m
an

ce
 a

s 
ex

pe
ct

ed
; g

ro
un

d 
su

pp
or

t i
ns

ta
lle

d 
as

 p
re

sc
ri

be
d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n

9.
	

G
eo

te
ch

ni
ca

l 
dr

ill
in

g 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

10
.	I

ns
tr

um
en

ta
ti

on
 

to
 m

on
it

or
 

gr
ou

nd
 

m
ov

em
en

t 
(g

au
gi

ng
 

de
fo

rm
at

io
n)

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

11
.	

K
ee

pi
ng

 w
or

ke
rs

 
aw

ay
 fr

om
 fa

ce
s.

U
se

 o
f j

um
bo

s 
an

d 
bo

lt
in

g 
un

it
s 

de
si

gn
ed

 
to

 d
is

ta
nc

e 
th

e 
w

or
ke

r 
fr

om
 th

e 
fa

ce
.



68
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

12
.	

R
es

tr
ic

ti
ng

 
ac

ce
ss

 o
r 

ba
rr

ic
ad

in
g 

- 
gr

ou
nd

 c
on

tr
ol

 
ba

rr
ic

ad
e 

w
ar

ni
ng

 o
f 

un
st

ab
le

 g
ro

un
d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

13
.	

E
qu

ip
m

en
t 

D
es

ig
n 

- R
O

Ps
/

FO
PS

, r
em

ot
e 

co
nt

ro
lle

d 
eq

ui
pm

en
t f

or
 

no
n 

m
an

-e
nt

ry
.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

14
.	

Pr
oc

ed
ur

al
 li

m
it

s 
fo

r 
ac

ce
ss

 e
.g

., 
M

in
im

um
 5

m
 

“n
o-

en
tr

y”
 li

m
it

 
de

m
ar

ca
ti

on
 

fr
om

 b
ro

w
 fo

r 
a 

bl
as

th
ol

e 
st

op
e,

 1
2m

 s
et

-
up

 fo
r 

re
m

ot
e 

op
er

at
io

n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

15
.	

E
m

er
ge

nc
y 

pr
oc

ed
ur

es
.

R
es

ou
rc

ed
 a

nd
 

pr
ep

ar
e 

pr
oc

ed
ur

e 
fo

r 
ti

m
el

y 
re

sp
on

se
 a

nd
 

to
 m

in
im

iz
e 

ex
po

su
re

 
to

 r
es

po
nd

er
s.



69    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Se
is

m
ic

 in
du

ce
d 

fa
ll 

of
 g

ro
un

d
1.

	
G

ro
un

d 
su

pp
or

t 
de

si
gn

 a
nd

 
en

gi
ne

er
in

g 
de

si
gn

 (s
pa

n 
st

an
da

rd
s)

.

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

 
Q

A
/Q

C
 o

n 
su

pp
or

t 
st

an
da

rd
s.

2.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.

3.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

4.
	

T
op

 u
p 

ba
ck

fil
lin

g 
(t

ig
ht

 
fil

lin
g)

 - 
av

oi
di

ng
 

ex
ce

ss
iv

e 
st

an
d-

up
 ti

m
e.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.

5.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.



70
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

6.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

).

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

7.	
G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 d
es

ig
n,

 
ex

tr
ac

ti
on

, 
an

d 
gr

ou
nd

 
ob

se
rv

at
io

ns
.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.

8.
	

Sc
al

in
g 

of
 lo

os
e 

gr
ou

nd
.

Sp
ec

ifi
c 

to
ol

 
at

 a
pp

ro
pr

ia
te

 
fr

eq
ue

nc
ie

s 
fo

r 
th

e 
ar

ea
.

9.
	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n



71    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

10
.	G

eo
te

ch
ni

ca
l 

dr
ill

in
g 

an
d 

st
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

11
.	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

12
.	

K
ee

pi
ng

 w
or

ke
rs

 
aw

ay
 fr

om
 fa

ce
s.

U
se

 o
f j

um
bo

s,
 

bo
lt

in
g 

un
it

s 
an

d 
ot

he
r 

eq
ui

pm
en

t 
de

si
gn

ed
 fo

r 
aw

ay
 

fr
om

 fa
ce

.
13

.	
M

ic
ro

se
is

m
ic

 
m

on
it

or
in

g 
an

d 
nu

m
er

ic
al

 
m

od
el

in
g.

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

14
.	

R
e-

en
tr

y 
pr

ot
oc

ol
s.

B
as

ed
 o

n 
se

is
m

ic
 

da
ta

, p
ro

ac
ti

ve
 

ba
rr

ic
ad

in
g.

15
.	

C
lo

si
ng

 o
ff

 
in

ac
ti

ve
 h

ea
di

ng
s

M
in

im
iz

e 
ex

po
su

re
 to

 
ha

za
rd

.



72
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

16
.	R

es
tr

ic
ti

ng
 

ac
ce

ss
 o

r 
ba

rr
ic

ad
in

g 
- 

gr
ou

nd
 c

on
tr

ol
 

ba
rr

ic
ad

e 
w

ar
ni

ng
 o

f 
un

st
ab

le
 g

ro
un

d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

17
.	

Se
co

nd
ar

y 
eg

re
ss

 
in

 m
in

e 
de

si
gn

.
18

.	E
qu

ip
m

en
t 

D
es

ig
n 

- R
O

Ps
/

FO
PS

, r
em

ot
e 

co
nt

ro
lle

d 
eq

ui
pm

en
t f

or
 

no
n 

m
an

-e
nt

ry

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

19
.	

Pr
oc

ed
ur

al
 li

m
it

s 
fo

r 
ac

ce
ss

 e
.g

., 
M

in
im

um
 5

m
 

“n
o-

en
tr

y”
 li

m
it

 
de

m
ar

ca
ti

on
 

fr
om

 b
ro

w
 fo

r 
a 

bl
as

th
ol

e 
st

op
e,

 1
2m

 s
et

-
up

 fo
r 

re
m

ot
e 

op
er

at
io

n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

20
.	E

m
er

ge
nc

y 
pr

oc
ed

ur
es

.
R

es
ou

rc
ed

 a
nd

 
pr

ep
ar

e 
pr

oc
ed

ur
e 

fo
r 

ti
m

el
y 

re
sp

on
se

 a
nd

 
to

 m
in

im
iz

e 
ex

po
su

re
 

to
 r

es
po

nd
er

s.



73    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Fa
ll 

of
 g

ro
un

d 
- 

R
oc

kb
ur

st
, f

au
lt

-
sl

ip
 e

ve
nt

1.
	

G
ro

un
d 

nu
m

er
ic

al
 

m
od

el
lin

g 
an

al
ys

is
.

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

2.
	

Sa
fe

 w
or

k 
pr

ac
ti

ce
s 

fo
r 

gr
ou

nd
 s

up
po

rt
 

in
st

al
la

ti
on

.

Pr
oc

ed
ur

es
 to

 
m

in
im

iz
e 

ex
po

su
re

 to
 

un
su

pp
or

te
d 

gr
ou

nd
.

3.
	

M
in

e 
de

si
gn

 
st

an
da

rd
 fo

r 
cr

os
si

ng
 fa

ul
ts

C
ut

 a
cr

os
s 

fa
ul

t 
@

 9
0 

de
gr

ee
s 

if
 

un
av

oi
da

bl
e.

4.
	

T
op

 u
p 

ba
ck

fil
lin

g 
(t

ig
ht

 
fil

lin
g)

.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.

5.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
 (s

pa
n 

st
an

da
rd

s)
.

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

6.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.



74
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

7.	
D

ri
lli

ng
 a

nd
 

bl
as

ti
ng

 p
ra

ct
ic

es
 

(a
vo

id
in

g 
ex

ce
ss

iv
e 

bl
as

t 
da

m
ag

e 
to

 
op

en
in

g 
an

d 
ba

d 
ge

om
et

ri
es

).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

8.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.

9.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

) a
nd

 
in

te
rp

re
ta

ti
on

 
(p

ro
je

ct
io

ns
).

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

10
.	G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 g
ro

un
d 

ob
se

rv
at

io
ns

.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.



75    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

11
.	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n

12
.	

G
eo

te
ch

ni
ca

l 
dr

ill
in

g 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

13
.	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

14
.	

K
ee

pi
ng

 w
or

ke
rs

 
aw

ay
 fr

om
 fa

ce
s.

U
se

 o
f j

um
bo

s,
 

bo
lt

in
g 

un
it

s 
an

d 
ot

he
r 

eq
ui

pm
en

t 
de

si
gn

ed
 fo

r 
aw

ay
 

fr
om

 fa
ce

.
15

.	
R

e-
en

tr
y 

pr
ot

oc
ol

s.
Sp

ec
ifi

c 
(e

.g
., 

L
on

ge
r)

 
re

-e
nt

ry
 p

ro
to

co
ls

 
sp

ec
ifi

c 
to

 fa
ul

t s
lip

 
ev

en
ts

.



76
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

16
.	C

lo
si

ng
 o

ff
 

in
ac

ti
ve

 
he

ad
in

gs
.

M
in

im
iz

e 
ex

po
su

re
 to

 
ha

za
rd

.

17
.	

R
es

tr
ic

ti
ng

 
ac

ce
ss

 o
r 

ba
rr

ic
ad

in
g 

- 
gr

ou
nd

 c
on

tr
ol

 
ba

rr
ic

ad
e 

w
ar

ni
ng

 o
f 

un
st

ab
le

 g
ro

un
d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

18
.	S

ec
on

da
ry

 e
gr

es
s 

in
 m

in
e 

de
si

gn
.

19
.	

E
qu

ip
m

en
t 

D
es

ig
n 

- R
O

Ps
/

FO
PS

, r
em

ot
e 

co
nt

ro
lle

d 
eq

ui
pm

en
t f

or
 

no
n 

m
an

-e
nt

ry
.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

20
.	P

ro
ce

du
ra

l l
im

it
s 

fo
r 

ac
ce

ss
 e

.g
., 

M
in

im
um

 5
m

 
“n

o-
en

tr
y”

 li
m

it
 

de
m

ar
ca

ti
on

 
fr

om
 b

ro
w

 fo
r 

a 
bl

as
th

ol
e 

st
op

e,
 1

2m
 s

et
-

up
 fo

r 
re

m
ot

e 
op

er
at

io
n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

21
.	E

m
er

ge
nc

y 
pr

oc
ed

ur
es

.
R

es
ou

rc
ed

 a
nd

 
pr

ep
ar

e 
pr

oc
ed

ur
e 

fo
r 

ti
m

el
y 

re
sp

on
se

 a
nd

 
to

 m
in

im
iz

e 
ex

po
su

re
 

to
 r

es
po

nd
er

s.



77    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

22
.	S

ec
on

da
ry

 e
gr

es
s 

in
 m

in
e 

de
si

gn
.

Fa
ll 

of
 g

ro
un

d 
– 

R
oc

kb
ur

st
 /

 
St

ra
in

bu
rs

t

1.
	

G
ro

un
d 

nu
m

er
ic

al
 

m
od

el
lin

g 
an

al
ys

is
.

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

2.
	

Sa
fe

 w
or

k 
pr

ac
ti

ce
s 

fo
r 

gr
ou

nd
 s

up
po

rt
 

in
st

al
la

ti
on

Pr
oc

ed
ur

es
 to

 
m

in
im

iz
e 

ex
po

su
re

 to
 

un
su

pp
or

te
d 

gr
ou

nd
.

3.
	

M
in

e 
de

si
gn

 
st

an
da

rd
 

fo
r 

cr
os

si
ng

 
fa

ul
ts

 o
r 

ot
he

r 
pr

ob
le

m
at

ic
 

st
ru

ct
ur

es
 o

r 
ro

ck
 ty

pe
s.

C
ut

 a
cr

os
s 

fa
ul

t 
@

 9
0 

de
gr

ee
s 

if
 

un
av

oi
da

bl
e.

4.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
 (s

pa
n 

st
an

da
rd

s)
.

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

 
Q

A
/Q

C
 o

n 
su

pp
or

t 
st

an
da

rd
s.

5.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.



78
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

6.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

7.	
T

op
 u

p 
ba

ck
fil

lin
g 

(t
ig

ht
 

fil
lin

g)
 - 

av
oi

di
ng

 
ex

ce
ss

iv
e 

st
an

d-
up

 ti
m

e.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.

8.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.

9.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

). 

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

10
.	G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 g
ro

un
d 

ob
se

rv
at

io
ns

.

D
es

ig
ne

d 
su

pp
or

t f
or

 
dy

na
m

ic
 lo

ad
in

g 
w

it
h 

hi
gh

 a
re

a 
co

ve
ra

ge
.



79    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

11
.	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n

12
.	

G
eo

te
ch

 d
ri

lli
ng

 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
)

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

13
.	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

14
.	

D
es

tr
es

s 
bl

as
ti

ng
 

pr
ac

ti
ce

 w
he

re
 

pr
es

cr
ib

ed
 

(l
oc

al
 to

 th
e 

ex
ca

va
ti

on
).

M
on

it
or

 e
ff

ec
ti

ve
ne

ss
 

of
 d

es
tr

es
s 

an
d 

ad
ju

st
 

ac
co

rd
in

gl
y

15
.	

K
ee

pi
ng

 w
or

ke
rs

 
aw

ay
 fr

om
 fa

ce
s.

U
se

 o
f j

um
bo

s,
 

bo
lt

in
g 

un
it

s 
an

d 
ot

he
r 

eq
ui

pm
en

t 
de

si
gn

ed
 fo

r 
aw

ay
 

fr
om

 fa
ce

.



80
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

16
.	M

ic
ro

se
is

m
ic

 
m

on
it

or
in

g.
A

rr
ay

 d
es

ig
n 

fo
r 

ac
cu

ra
te

 lo
ca

ti
on

 
an

d 
qu

an
ti

fic
at

io
n 

of
 

se
is

m
ic

 e
ve

nt
s.

 
17

.	
R

e-
en

tr
y 

pr
ot

oc
ol

s.
Sp

ec
ifi

c 
(e

.g
., 

L
on

ge
r)

 
re

-e
nt

ry
 p

ro
to

co
ls

 
sp

ec
ifi

c 
to

 fa
ul

t s
lip

 
ev

en
ts

.
18

.	C
lo

si
ng

 o
ff

 
in

ac
ti

ve
 h

ea
di

ng
s

M
in

im
iz

e 
ex

po
su

re
 to

 
ha

za
rd

.
19

.	
R

es
tr

ic
ti

ng
 

ac
ce

ss
 o

r 
ba

rr
ic

ad
in

g 
- 

gr
ou

nd
 c

on
tr

ol
 

ba
rr

ic
ad

e 
w

ar
ni

ng
 o

f 
un

st
ab

le
 g

ro
un

d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

20
.	E

qu
ip

m
en

t 
D

es
ig

n 
- R

O
Ps

/
FO

PS
, r

em
ot

e 
co

nt
ro

lle
d 

eq
ui

pm
en

t f
or

 
no

n 
m

an
-e

nt
ry

.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

21
.	P

ro
ce

du
ra

l l
im

it
s 

fo
r 

ac
ce

ss
 e

.g
., 

M
in

im
um

 5
m

 
“n

o-
en

tr
y”

 li
m

it
 

de
m

ar
ca

ti
on

 
fr

om
 b

ro
w

 fo
r 

a 
bl

as
th

ol
e 

st
op

e,
 1

2m
 s

et
-

up
 fo

r 
re

m
ot

e 
op

er
at

io
n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.



81    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

22
.	E

m
er

ge
nc

y 
pr

oc
ed

ur
es

.
R

es
ou

rc
ed

 a
nd

 
pr

ep
ar

e 
pr

oc
ed

ur
e 

fo
r 

ti
m

el
y 

re
sp

on
se

 a
nd

 
to

 m
in

im
iz

e 
ex

po
su

re
 

to
 r

es
po

nd
er

s.
23

.	S
ec

on
da

ry
 e

gr
es

s 
in

 m
in

e 
de

si
gn

.

Fa
ll 

of
 g

ro
un

d 
- 

G
ro

un
d 

Su
pp

or
t 

C
or

ro
si

on
/

de
te

ri
or

at
io

n/
ag

in
g

1.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 s

af
et

y 
fa

ct
or

s.

H
ig

he
r 

sa
fe

ty
 

fa
ct

or
 fo

r 
su

pp
or

t 
de

gr
ad

at
io

n
2.

	
G

ro
un

d 
su

pp
or

t 
m

at
er

ia
l 

se
le

ct
io

n 
fo

r 
co

rr
os

io
n 

re
si

st
an

ce
.

Sp
ec

ifi
c 

to
 th

e 
en

vi
ro

nm
en

t, 
m

on
it

or
 

an
d 

ad
ju

st
. G

ro
un

d 
su

pp
or

t e
va

lu
at

io
n 

- u
nd

er
st

an
di

ng
/

ad
dr

es
si

ng
 lo

ca
l 

co
rr

os
iv

it
y 

(e
.g

., 
m

et
ho

ds
 to

 q
ua

nt
if

y 
co

rr
os

io
n 

ra
te

s)
.

3.
	

Pe
ri

od
ic

 r
eg

ul
ar

 
in

sp
ec

ti
on

 
of

 a
ct

iv
e 

an
d 

ac
ce

ss
ib

le
 a

re
as

, 
tr

av
el

 w
ay

 a
ud

it
s 

(w
ho

le
 m

in
e 

au
di

ts
).

Sc
he

du
le

d

4.
	

R
eh

ab
 s

up
po

rt
 

pr
og

ra
m

s.
Pl

an
ne

d 
“P

re
-h

ab
” 

pr
io

r 
to

 d
et

er
io

ra
ti

on
.



82
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

5.
	

G
ro

un
d 

su
pp

or
t 

in
st

al
la

ti
on

 
pr

ac
ti

ce
s.

M
on

it
or

 a
nd

 a
dj

us
t.

6.
	

V
en

ti
la

ti
on

 to
 

re
du

ce
 b

ui
ld

 u
p 

of
 h

um
id

it
y.

Su
ffi

ci
en

t a
ir

 
flo

w
 p

la
nn

ed
 a

nd
 

m
on

it
or

ed
.

7.	
G

ro
ut

in
g 

di
am

on
d 

dr
ill

 
ho

le
s (

co
nt

ro
lli

ng
 

un
w

an
te

d 
w

at
er

).

W
at

er
 m

an
ag

em
en

t 
pl

an
.

8.
	

C
lo

si
ng

 o
ff

 
in

ac
ti

ve
 h

ea
di

ng
s  

(b
ar

ri
ca

di
ng

).

M
in

im
iz

e 
ex

po
su

re
 to

 
ha

za
rd

.

9.
	

E
m

er
ge

nc
y 

pr
oc

ed
ur

es
.

R
es

ou
rc

ed
 a

nd
 

pr
ep

ar
e 

pr
oc

ed
ur

e 
fo

r 
ti

m
el

y 
re

sp
on

se
 a

nd
 

to
 m

in
im

iz
e 

ex
po

su
re

 
to

 r
es

po
nd

er
s.

10
.	S

ec
on

da
ry

 e
gr

es
s 

in
 m

in
e 

de
si

gn
.

Fa
ll 

of
 g

ro
un

d 
- 

M
in

in
g 

in
du

ce
d 

ch
an

ge
s 

to
 r

oc
k 

co
nd

it
io

ns
, 

ex
tr

ac
ti

on
 r

at
es

 
or

 a
ct

iv
it

ie
s.

1.
	

G
ro

un
d 

nu
m

er
ic

al
 

m
od

el
lin

g 
an

al
ys

is
.

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

2.
	

Sa
fe

 w
or

k 
pr

ac
ti

ce
s 

fo
r 

gr
ou

nd
 s

up
po

rt
 

in
st

al
la

ti
on

.

Pr
oc

ed
ur

es
 to

 
m

in
im

iz
e 

ex
po

su
re

 to
 

un
su

pp
or

te
d 

gr
ou

nd
.



83    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

3.
	

M
in

e 
de

si
gn

 
st

an
da

rd
 fo

r 
cr

os
si

ng
 fa

ul
ts

 
an

d 
ot

he
r 

pr
ob

le
m

at
ic

 
st

ru
ct

ur
es

 o
r 

ro
ck

 ty
pe

s.

C
ut

 a
cr

os
s 

fa
ul

t 
@

 9
0 

de
gr

ee
s 

if
 

un
av

oi
da

bl
e.

4.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
 (s

pa
n 

st
an

da
rd

s)
.

D
es

ig
n 

su
pp

or
t 

fo
r 

lif
ec

yc
le

 o
f t

he
 

op
en

in
g.

5.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

U
p 

to
 d

at
e 

pe
er

 
re

vi
ew

ed
 d

es
ig

n.

6.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
.

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

7.	
T

op
 u

p 
ba

ck
fil

lin
g 

(t
ig

ht
 

fil
lin

g)
 - 

av
oi

di
ng

 
ex

ce
ss

iv
e 

st
an

d-
up

 ti
m

e.

E
ng

in
ee

re
d 

fil
l d

es
ig

n 
an

d 
m

on
it

or
in

g 
of

 fi
ll 

qu
al

it
y.



84
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

8.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

)

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.

9.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

).

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

10
.	G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 g
ro

un
d 

ob
se

rv
at

io
ns

.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.

11
.	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n



85    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

12
.	

G
eo

te
ch

 d
ri

lli
ng

 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

13
.	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

14
.	

D
es

tr
es

s 
bl

as
ti

ng
 

pr
ac

ti
ce

 w
he

re
 

pr
es

cr
ib

ed
 

(l
oc

al
 to

 th
e 

ex
ca

va
ti

on
).

M
on

it
or

 e
ff

ec
ti

ve
ne

ss
 

of
 d

es
tr

es
s 

an
d 

ad
ju

st
 

ac
co

rd
in

gl
y

15
.	

K
ee

pi
ng

 w
or

ke
rs

 
aw

ay
 fr

om
 fa

ce
s.

U
se

 o
f j

um
bo

s,
 

bo
lt

in
g 

un
it

s 
an

d 
ot

he
r 

eq
ui

pm
en

t 
de

si
gn

ed
 fo

r 
aw

ay
 

fr
om

 fa
ce

.
16

.	M
ic

ro
se

is
m

ic
 

m
on

it
or

in
g

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

17
.	

R
e-

en
tr

y 
pr

ot
oc

ol
s

Sp
ec

ifi
c 

(e
.g

., 
L

on
ge

r)
 

re
-e

nt
ry

 p
ro

to
co

ls
 

sp
ec

ifi
c 

to
 fa

ul
t s

lip
 

ev
en

ts
.



86
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

18
.	C

lo
si

ng
 o

ff
 

in
ac

ti
ve

 h
ea

di
ng

s
M

in
im

iz
e 

ex
po

su
re

 to
 

ha
za

rd
.

19
.	

R
es

tr
ic

ti
ng

 
ac

ce
ss

 o
r 

ba
rr

ic
ad

in
g 

- 
gr

ou
nd

 c
on

tr
ol

 
ba

rr
ic

ad
e 

w
ar

ni
ng

 o
f 

un
st

ab
le

 g
ro

un
d.

B
ar

ri
ca

de
 w

it
h 

cl
ea

r 
id

en
ti

fic
at

io
n 

of
 h

az
ar

d 
an

d 
co

m
m

un
ic

at
ed

 
in

st
ru

ct
io

ns
 fo

r 
ea

ch
.

In
st

al
lin

g 
ba

rr
ic

ad
es

 a
nd

 
co

m
pl

ia
nc

e.

20
.	E

qu
ip

m
en

t 
D

es
ig

n 
- R

O
Ps

/
FO

PS
, r

em
ot

e 
co

nt
ro

lle
d 

eq
ui

pm
en

t f
or

 
no

n 
m

an
-e

nt
ry

.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

21
.	P

ro
ce

du
ra

l l
im

it
s 

fo
r 

ac
ce

ss
 e

.g
., 

M
in

im
um

 5
m

 
“n

o-
en

tr
y”

 li
m

it
 

de
m

ar
ca

ti
on

 
fr

om
 b

ro
w

 fo
r 

a 
bl

as
th

ol
e 

st
op

e,
 1

2m
 s

et
-

up
 fo

r 
re

m
ot

e 
op

er
at

io
n.

M
in

im
iz

e 
ex

po
su

re
 to

 
un

su
pp

or
te

d 
gr

ou
nd

.

22
.	E

m
er

ge
nc

y 
pr

oc
ed

ur
es

.
R

es
ou

rc
ed

 a
nd

 
pr

ep
ar

e 
pr

oc
ed

ur
e 

fo
r 

ti
m

el
y 

re
sp

on
se

 a
nd

 
to

 m
in

im
iz

e 
ex

po
su

re
 

to
 r

es
po

nd
er

s.
23

.	S
ec

on
da

ry
 e

gr
es

s 
in

 m
in

e 
de

si
gn

.



87    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Fa
ll 

of
 g

ro
un

d 
– 

Sh
af

t e
ve

nt
1.

	
L

oc
at

io
n 

se
le

ct
io

n 
of

 s
ha

ft
 

an
d 

sh
af

t d
es

ig
n.

In
 c

on
ce

rt
 w

it
h 

ge
ol

og
ic

al
 /

 
en

gi
ne

er
in

g 
da

ta
.  

G
eo

te
ch

 d
ri

lli
ng

 a
nd

 
st

ru
ct

ur
al

 g
eo

lo
gi

ca
l 

in
te

rp
re

ta
ti

on
 o

f 
dr

ill
 c

or
e 

fo
r 

sh
af

t 
lo

ca
ti

on
 s

el
ec

ti
on

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

), 
an

d 
nu

m
er

ic
al

 m
od

el
lin

g.
 

Pi
lo

t h
ol

e.
2.

	
C

on
cr

et
e 

lin
in

g/
su

pp
or

t.
Sp

ec
ifi

c 
to

 
en

vi
ro

nm
en

t.
3.

	
G

eo
lo

gi
ca

l a
nd

 
ge

ot
ec

hn
ic

al
 

m
ap

pi
ng

 o
f s

ha
ft

.

Sc
he

du
le

d.
  

M
ic

ro
se

is
m

ic
 

m
on

it
or

in
g 

of
 

si
nk

in
g.

  S
ub

si
de

nc
e 

m
on

it
or

in
g 

of
 s

of
t 

ro
ck

 s
ha

ft
.

4.
	

In
sp

ec
ti

on
s 

fo
r 

lo
os

e/
ch

an
gi

ng
 

co
nd

it
io

ns
 (s

ha
ft

 
in

sp
ec

ti
on

s 
w

ee
kl

y/
ye

ar
ly

).

Sc
he

du
le

d

5.
	

Pe
ri

od
ic

 
in

sp
ec

ti
on

 
by

 G
ro

un
d 

E
ng

in
ee

rs
.

Sc
he

du
le

d



88
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

6.
	

Pe
ri

od
ic

 
in

sp
ec

ti
on

 
by

 s
tr

uc
tu

ra
l 

en
gi

ne
er

 - 
to

 e
va

lu
at

e 
co

nd
it

io
n 

of
 s

te
el

 
w

or
k,

 ti
m

be
r 

sh
af

t, 
co

nc
re

te
 

lin
in

g.

Sc
he

du
le

d

7.	
Fi

xe
d 

pl
an

t 
co

nv
ey

an
ce

 
in

sp
ec

ti
on

s 
- s

ha
ft

 g
ui

de
 

m
ea

su
re

m
en

ts
 

to
 m

on
it

or
 

al
ig

nm
en

t 
ch

an
ge

s.

Sc
he

du
le

d

8.
	

M
ai

nt
ai

ni
ng

 
w

et
 s

ha
ft

 (w
oo

d 
on

ly
).

Sc
he

du
le

d

9.
	

V
en

ti
la

ti
on

 
co

nt
ro

l.
Sp

ec
ifi

c 
to

 in
te

gr
it

y 
of

 
sh

af
t i

nt
eg

ri
ty

.
10

.	H
ea

d 
co

ve
r 

de
si

gn
 o

f 
co

nv
ey

an
ce

.

In
 p

la
ce

11
.	

Sh
af

t b
ra

tt
ic

e 
(i

so
la

ti
on

 o
f 

co
m

pa
rt

m
en

ts
).

Sc
he

du
le

d 
m

ai
nt

en
an

ce
.

B
en

ch
 F

ai
lu

re
 /

 
B

ro
w

 F
ai

lu
re

1.
	

M
in

e 
D

es
ig

n 
st

an
da

rd
 fo

r 
sp

an
 

(w
id

th
 o

f t
he

 
st

op
e)

.

Sp
ec

ifi
c 

to
 

en
vi

ro
nm

en
t.



89    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

2.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
.

Pr
e-

lo
ad

in
g 

of
 r

in
gs

 
to

 m
ai

nt
ai

n 
5m

 o
f 

di
st

an
ce

 fr
om

 b
ro

w
 o

r 
be

nc
h

3.
	

C
M

S 
au

di
ts

 
(m

ea
su

ri
ng

 
ca

vi
ty

 s
iz

e)
.

Sc
he

du
le

d

4.
	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

5.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
.

A
dd

it
io

na
l g

ro
un

d 
su

pp
or

t p
re

sc
ri

be
d 

in
 

br
ow

 a
re

as
.

6.
	

W
or

ke
r 

ti
e-

of
f 

w
or

k 
pr

ac
ti

ce
s 

fo
r 

w
or

ki
ng

 n
ea

r 
op

en
 h

ol
es

.

Pr
oc

ed
ur

e 
an

d 
de

si
gn

 
st

an
da

rd

7.	
R

em
ot

e 
dr

ill
in

g
Pr

oc
ed

ur
e

8.
	

E
ng

in
ee

re
d 

bu
m

pe
r 

bl
oc

ks
/

ba
rr

ie
r

Pr
oc

ed
ur

e 
an

d 
de

si
gn

 
st

an
da

rd



90
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

C
ro

w
n 

Pi
lla

r 
Fa

ilu
re

1.
	

G
ro

un
d 

nu
m

er
ic

al
 

m
od

el
lin

g 
an

al
ys

is
.

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

2.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
.

Sp
an

 s
ta

nd
ar

ds
.

3.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

C
ro

w
n 

pi
lla

r 
st

ud
y 

in
co

rp
or

at
ed

 in
to

 th
e 

m
in

e 
de

si
gn

.

4.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

5.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.



91    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

6.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

).

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

7.	
G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 g
ro

un
d 

ob
se

rv
at

io
ns

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.

8.
	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n

9.
	

G
eo

te
ch

 d
ri

lli
ng

 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.



92
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

10
.	I

ns
tr

um
en

ta
ti

on
 

to
 m

on
it

or
 

gr
ou

nd
 

m
ov

em
en

t 
fo

r 
ga

ug
in

g 
de

fo
rm

at
io

n 
an

d 
an

al
ys

is
.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

U
nc

on
tr

ol
le

d 
C

av
in

g
1.

	
Q

ua
lit

y 
of

 M
in

e 
D

es
ig

n.
Sp

an
 c

on
tr

ol

2.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
 (s

pa
n)

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

 
Q

A
/Q

C
 o

n 
su

pp
or

t 
st

an
da

rd
s.

3.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

.

St
op

e 
st

ab
ili

ty
 s

tu
dy

 
- g

ro
un

d 
nu

m
er

ic
al

 
m

od
el

lin
g 

an
al

ys
is

4.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
).

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.



93    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

5.
	

St
ru

ct
ur

al
 

ge
ol

og
ic

al
 

in
te

rp
re

ta
ti

on
 

of
 d

ri
ll 

co
re

 
(c

ha
ra

ct
er

iz
in

g 
th

e 
gr

ou
nd

).

3D
 F

au
lt

 
in

te
rp

re
ta

ti
on

 
ut

ili
zi

ng
 m

ap
pi

ng
 a

nd
 

m
ic

ro
se

is
m

ic
 d

at
a 

by
 

a 
st

ru
ct

ur
al

 g
eo

lo
gi

st
.

6.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

). 

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

7.	
G

ro
un

d 
Su

pp
or

t 
de

si
gn

 a
nd

 
ad

ju
st

m
en

ts
 

ba
se

d 
on

 a
ct

ua
l 

ge
ol

og
ic

al
 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 a
s 

de
te

rm
in

ed
 

fr
om

 g
ro

un
d 

ob
se

rv
at

io
ns

.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.

8.
	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n



94
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

9.
	

G
eo

te
ch

 d
ri

lli
ng

 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

10
.	I

ns
tr

um
en

ta
ti

on
 

to
 m

on
it

or
 

gr
ou

nd
 

m
ov

em
en

t 
fo

r 
ga

ug
in

g 
de

fo
rm

at
io

n 
an

d 
an

al
ys

is
.

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

A
s p

er
 d

es
ig

n

Fa
ll 

of
 g

ro
un

d 
- 

Po
rt

al
s/

sl
op

e/
be

nc
h 

fa
ilu

re

1.
	

G
ro

un
d 

nu
m

er
ic

al
 

m
od

el
lin

g 
an

al
ys

is

A
rr

ay
 d

es
ig

n 
fo

r 
ac

cu
ra

te
 lo

ca
ti

on
 

an
d 

qu
an

ti
fic

at
io

n 
of

 
se

is
m

ic
 e

ve
nt

s.
 

2.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
 a

nd
 

en
gi

ne
er

in
g 

de
si

gn
.

G
ro

un
d 

co
nt

ro
l 

m
an

ag
em

en
t p

la
n.

 
Q

A
/Q

C
 o

n 
su

pp
or

t 
st

an
da

rd
s.

3.
	

M
in

e 
de

si
gn

 
- d

ev
el

op
in

g 
ap

pr
op

ri
at

e 
pl

an
 

fo
r 

ex
tr

ac
ti

on
 

gi
ve

n 
th

e 
gr

ou
nd

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
(u

nd
er

cu
tt

in
g)

Sp
an

 c
on

tr
ol

 
st

an
da

rd
s 

an
d 

C
ro

w
n 

Pi
lla

r 
st

ud
y.



95    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

4.
	

D
ri

lli
ng

 a
nd

 
bl

as
ti

ng
 p

ra
ct

ic
es

 
(a

vo
id

in
g 

ex
ce

ss
iv

e 
bl

as
t 

da
m

ag
e 

to
 

op
en

in
g 

an
d 

ba
d 

ge
om

et
ri

es
)

Pe
ri

m
et

er
 c

on
tr

ol
 

te
ch

ni
qu

es
.

5.
	

G
eo

lo
gi

ca
l 

M
ap

pi
ng

 o
f 

ro
ck

 ty
pe

 a
nd

 
st

ru
ct

ur
es

 (d
ri

ft
 

m
ap

pi
ng

). 
 

R
eg

ul
ar

, t
im

el
y 

ba
ck

 
m

ap
pi

ng
 a

nd
 3

D
 

in
te

rp
re

ta
ti

on
.

6.
	

G
ro

un
d 

Su
pp

or
t 

de
si

gn
 a

nd
 

ad
ju

st
m

en
ts

 
ba

se
d 

on
 a

ct
ua

l 
ge

ol
og

ic
al

 
ro

ck
 ty

pe
 a

nd
 

st
ru

ct
ur

es
 a

s 
de

te
rm

in
ed

 
fr

om
 g

ro
un

d 
ob

se
rv

at
io

ns
.

It
er

at
iv

e 
ap

pr
oa

ch
, 

re
gu

la
r 

ad
ap

ti
ng

 o
f 

de
si

gn
 a

s 
m

in
in

g 
pr

og
re

ss
es

.  
Pr

e-
su

pp
or

t (
e.

g.
, S

pi
lin

g)
 

of
 n

ex
t r

ou
nd

.

7.	
G

ro
un

d 
ob

se
rv

at
io

n 
re

po
rt

s 
- m

on
it

or
 

to
 v

er
if

y 
gr

ou
nd

 
re

ac
ti

on
 o

r 
pe

rf
or

m
an

ce
 a

s 
ex

pe
ct

ed
; g

ro
un

d 
su

pp
or

t i
ns

ta
lle

d 
as

 p
re

sc
ri

be
d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n



96
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

8.
	

G
eo

te
ch

ni
ca

l 
dr

ill
in

g 
an

d 
st

ru
ct

ur
al

 
ge

ol
og

ic
al

 
in

te
rp

re
ta

ti
on

 
of

 d
ri

ll 
co

re
 

(c
ha

ra
ct

er
iz

in
g 

th
e 

gr
ou

nd
).

A
de

qu
at

e 
co

ve
ra

ge
 

of
 d

at
a 

fo
r 

th
e 

m
in

e 
pl

an
.

9.
	

In
st

ru
m

en
ta

ti
on

 
to

 m
on

it
or

 
gr

ou
nd

 
m

ov
em

en
t 

fo
r 

ga
ug

in
g 

de
fo

rm
at

io
n 

an
d 

an
al

ys
is

Su
ffi

ci
en

t 
in

st
ru

m
en

ta
ti

on
, 

re
ad

in
g 

da
ta

, 
in

te
rp

re
ti

ng
 d

at
a,

 a
nd

 
m

ai
nt

ai
ni

ng
 d

ev
ic

es
.

Pr
op

er
 

in
st

al
la

tio
n 

an
d 

m
ai

nt
en

an
ce

.

A
s p

er
 d

es
ig

n

Fa
ll 

of
 g

ro
un

d 
– 

B
la

st
 I

nd
uc

ed
1.

	
M

in
e 

de
si

gn
 

- b
la

st
 d

es
ig

n,
 

pr
ox

im
it

y 
of

 o
pe

ni
ng

s 
de

si
gn

 p
ra

ct
ic

e 
(s

eq
ue

nc
in

g)
.

C
en

tr
al

 b
la

st
.

2.
	

G
ro

un
d 

su
pp

or
t 

de
si

gn
ed

 to
 

w
it

hs
ta

nd
 

bl
as

ti
ng

.

R
eh

ab
 o

f f
ai

le
d 

gr
ou

nd
.



97    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

3.
	

G
ro

un
d 

ob
se

rv
at

io
n 

re
po

rt
s 

- m
on

it
or

 
to

 v
er

if
y 

gr
ou

nd
 

re
ac

ti
on

 o
r 

pe
rf

or
m

an
ce

 a
s 

ex
pe

ct
ed

; g
ro

un
d 

su
pp

or
t i

ns
ta

lle
d 

as
 p

re
sc

ri
be

d.

G
ro

un
d 

co
nt

ro
l 

co
m

m
un

ic
at

io
ns

 p
la

n.
Ti

m
el

y 
co

m
m

un
ic

at
io

n

4.
	

C
on

tr
ol

 
pe

rs
on

ne
l a

cc
es

s.
C

en
tr

al
 b

la
st

 o
r 

gu
ar

di
ng

 w
he

re
 

ap
pr

op
ri

at
e



98
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards



99    
Reference Document for Preparing a Risk Assessment and Management Program of Ground Control Hazards

Appendix C: Example hazard/risk register templates
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