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ACARP Project: 25004 Review of Australian and International Coal 

Burst Experience and Control Technologies – OBJECTIVES 

• Scoping of ACARP’s coal burst research 

• Develop a strategy and scope for ACARP’s proposed coal burst project in a structured, step-

by-step process using the experienced gained around the world over a century. 

• Divide the scope into different research projects and/or tasks. 

• Recommendations regarding an ACARP Coal Burst Project Review Board.  

• Stage 1: Review of Australian and international coal burst experience and control 

technologies  

The outcome of this project will be preliminary coal burst risk identification and control guidelines 

for Australian coal mines.  

• Understanding of coal burst phenomenon and international experience 

• Understanding of extent of Australian experience 

• Establish the preliminary coal burst risk identification and control guidelines that are (i) in line 

with the Australian regulations, mine design and operational practices, and (ii) will be used to 

classify the coal burst proneness of the mines as well as management and control 

strategies. 

• Develop a training package that will demonstrate the causes of coal burst, failure 

mechanisms and other contributing factors. 

 



• Ismet Canbulat (UNSW Australia) 

• Bruce Hebblewhite (UNSW Australia) 

• Jim Galvin (UNSW Australia) 

• Serkan Saydam (UNSW Australia) 

• Paul Hagan (UNSW Australia) 

• Fidelis Suorineni (UNSW Australia) 

• Rob Thomas (Golder Associates) 

• Baotang Shen (CSIRO) 

• Winton Gale (Strata Control Technology) 

• Rudrajit Mitra (UNSW Australia) 

• Anthony Iannacchione (University of Pittsburgh) 

• John Watson 

 

Key Personnel 



Progress 

• An extensive literature review has been conducted 

• 4 internal and 1 international workshops have been held 

• At the internal workshops approximately 30 projects have been 

identified and prioritised  

• An extensive numerical modelling study has been conducted to 

understand the energies within rock masses 

• Evaluation of the seismicity in NSW coal mines has been conducted 

• Analytical models have been developed to understand the strain 

energy and the gas expansion energy 

• A coal burst proneness model has been developed  

• A framework for coal burst management plans has been suggested 

• A risk assessment has been conducted 

 

 

 

 

 

 



Short-term Research Themes 

SHORT TERM 

RESEARCH PRIORITY 

DEVELOPMENT OF A 

COAL BURST 

MANAGEMENT PLAN  

IDENTIFICATION OF 

RISK ZONES 

1. Testing for 

proneness 

2. Mine design criteria 

3. Monitoring 

IDENTIFICATION OF CONTROL 

TECHNOLOGIES 

1. What is the best current control 

technology? 

2. Mine design? 

3. Support? 

4. Monitoring 

5. Destressing 

IDENTIFICATION OF ENERGY 

SOURCES? 

(STRESS, GEOLOGICAL STRUCTURES, 

GAS, COMPETENT STRATA) 

1. How to identify them? 

2. How to control? 

3. What monitoring strategy? 

GROUND SUPPORT 

1. How can I design it best? 

2. What are the support 

systems? 

3. Monitoring? 

COAL BURST MANAGEMENT 

1. Risk assessment? 

2. People? 

3. Controls? 

4. Roles and responsibilities? 

TRAINING 

1. What training?  

2. How can I observe the 

change? 

3. List of changes? 

4. What should the crew do 

when they observe the 

change? 



Long-term Research Themes 

LONG TERM RESEARCH 

PRIORITY 

IMPROVE OUR 

KNOWLEDGE AND  

DEVELOP INDUSTRY WIDE 

PREVENTION AND 

CONTROL TECHNOLOGIES 

FOR THE AUSTRALIAN 

CONDITIONS 

IDENTIFICATION OF 

RISK ZONES THROUGH 

MONITORING 

SUPPORT TECHNOLOGIES 
FAILURE MECHANISMS  

MONITORING AND 

FORECASTING TECHNOLOGIES  

ENERGY SOURCES 

AUSTRALIAN PREVENTION AND 

CONTROL TECHNOLOGIES 



Coal burst proneness  

Ismet Canbulat 



Purpose 

Coal bursts can neither be predicted nor prevented with current 

knowledge and technology, but they may be controlled if the operation is 

prepared for their occurrence. Therefore, the purpose of this part of the 

project is to classify the coal burst proneness of the mines as well as 

management and control strategies. 

 

It is emphasised that this methodology has been developed to identify if 

the mines are prone to coal burst NOT to manage coal burst risks as in 

Europe and China, where application of these methods have shown 

mixed results.  

 

 



Why Need for a Risk Based Coal Burst 

Classification Method? 

• to enable the operations to assess their coal burst proneness  

• to assist the mines to develop coal burst management plan 

• to assist in the management of risks to health and safety associated 

with mining induced seismic activity at the mine (NSW WH&S Reg 

2014 - Division 4A – Section 44B Mining induced seismic activity) 



Proposed Model 

• A semi-quantitative risk model for coal burst proneness based on 

geological and geotechnical conditions 

• Qualitative factors have been assigned preliminary values in order 

to establish relativity  

• The numbers are combined using a formula to determine the 

likelihood of occurrence and severity of occurrence  

• It produces a relative risk ranking for the given conditions 

 

 



Initial Parameters 

1. Depth of Cover  

2. Mountainous Region 

3. Competent Strata (Roof and/or Floor) 

4. Roof-coal-floor UCS 

5. Roof-coal-floor RQD 

6. Sandstone Channels 

7. Proximity to Faults, Dykes, Folds  

8. Cleating and Jointing 

9. % Hard Rock Content in the 

Overburden 

10. Coal stiffness (i.e., cleating #8) 

11. Past Seismic Activity 

12. Periodic Weighting 

13. Pillar Geometry, W/H, FoS 

14. Gate Pillar Geometry 

15. Mining (Development, Longwall, Pillar 

Extraction) 

16. Multi-seam Interaction 

17. Past Mining Activity 

18. Expansion of Mined Area 

19. Stress Notching 

20. Roof/pillar contact 

21. Rate of retreat/advancement  



International experience - USA  



International Experience - USA  



International Experience - China 



International Experience – China   



International Experience – Poland  



Four Coal Burst Conditions 

After (Galvin, 2015) 

Coal Burst

High stress 
environment

Unstable equilibrium

e.g. low friction 
bedding plane

Change in the loading 
system

e.g. change in rock mass 
material or structural 

properties

Large amount of 
stored energy

e.g. depth of mining, 
bridging strata 



Longwall Development 

BurstRisk 



 

BurstRisk 

Generic 



Identified Burst Prone Conditions 

Coal Burst

High stress 
environment

(Stress drivers)

Change in the 
loading system 

(Stress 
modifiers) 

Unstable 
equilibrium

Large amount of 
stored energy

(Stress build-up) 

• Depth of cover

• Abutment stresses

• Topography 

• Adjacent 

excavations and 

mines

• Thick competent strata

• Cleating – jointing

• Gas content

• Major geological structures

• Past seismic 

activity



Identified Burst Prone Conditions 

Coal Burst 

Trigger 

line 

Depth of 

cover 

Coal Burst

High stress 
environment

(Stress drivers)

Change in the 
loading system 

(Stress 
modifiers) 

Unstable 
equilibrium

Large amount of 
stored energy

(Stress build-up) 

• Depth of cover

• Abutment stresses

• Topography 

• Adjacent 

excavations and 

mines

• Thick competent strata

• Cleating – jointing

• Gas content

• Major geological structures

• Past seismic 

activity

Abutment 

Stresses 

Topography 

Adjacent 

excavations 

Geological 

structures 

Competent 

strata 

Gas content 

Coal cleating 

- jointing 

Past seismic 

activity 



Identified Burst Prone Conditions 

Coal Burst 

Trigger 

line 

Depth of cover 

Coal Burst

High stress 
environment

(Stress drivers)

Change in the 
loading system 

(Stress 
modifiers) 

Unstable 
equilibrium

Large amount of 
stored energy

(Stress build-up) 

• Depth of cover

• Abutment stresses

• Topography 

• Adjacent 

excavations and 

mines

• Thick competent strata

• Cleating – jointing

• Gas content

• Major geological structures

• Past seismic 

activity

Abutment Stress 

Topography 

Adjacent 

excavations 

Geological structures 

Competent 

strata 

Gas content 

Coal cleating 

- jointing 

Past seismic activity 



Likelihood of occurrence 

Likelihood of occurrence scale   1.0 
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1.0 represents that a coal burst occurrence is 

imminent 



Propensity based on critical factors 

Parameter 1 

(Depth) 

Sub-parameter 1 

(<350m) 

 

Sub-parameter 2 

(350-500m) 

 

Sub-parameter 3 

(>500m) 

Ranking the value of 

each parameter  

Likelihood 1 

Likelihood 5 

Likelihood 20 

Weighting 10 



Calculations 



Two Dimensional Presentation  
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Back analysis 

Cases from 27 mines from Australia, China, USA   

  

• Generic assessment 50 cases 

• Development assessment 25 cases 

• Longwall assessment 24 cases 

• Bord & pillar assessment 7 cases 

 



Preliminary Coal Burst Classification - 

Development 
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Preliminary Coal Burst Classification - 

Longwall 
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Preliminary Coal Burst Classification - 

Generic 
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LW - No Coal Burst

LW Coal Burst

PE - Coal Burst

BP  - No Coal Burst

50 cases 



Preliminary Coal Burst Classification – All  



A Frame work Coal Burst Management Plan 
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A Framework For A Coal Burst Management Plan 

• Coal bursts can neither be predicted nor prevented with current 

knowledge and technology, but they may be controlled if the operation 

is prepared for their occurrence.  

• Coal burst management is highly complex and there is no one 

approach that is applicable to all operations.  

• Therefore, the purpose of this framework is to emphasise the critical 

considerations in a coal burst management plan for site specific 

applications; it is not to develop a generic management plan.  

• The critical considerations have been identified through a detailed 

review of the international practices; hence all may not be applicable 

to Australian conditions.  

• A risk-based evaluation of these considerations by all operations is 

recommended.  



Three Stages in the Framework 

1. Identification of coal burst 

2. Development of coal burst management plan, and 

3. Management of coal burst 



Stage 1- Identification of Coal Burst Profile  

Coal burst risk has been 
identified

1 – IDENTIFICATION OF 
COAL BURST PROFILE 

CONDUCT A COAL BURST 
SPECIFIC RISK ASSESSMENT

EVALUATE HISTORICAL 
SEISMIC ACTIVITIES

LIKELIHOOD OF COAL 
BURST OCCURRENCE IS 

LOW

Moderate 
or High risk

Seismic activities 
have been observed 

No coal burst risk identified

INFO

Refer to the 
terminology section 
for seismic activity 

Refer to the generic 
classification 

methodology to 
determine coal 
burst proneness 

EVALUATE OVERALL MINE’S 
COAL BURST PRONENESS

Low risk

Go to next stage



Stage 2- Development of Coal Burst MP 

GEOTECHNICAL 
CHARACTERISATION 

(ZONING) OF THE MINE.
STAGE 1. EVALUATE 

GEOLOGY AND STRESSES
STAGE 2. RE-CONDUCT 

COAL BURST PRONENESS 
ASSESSMENT

REVIEW PREVENTATIVE 
AND MITIGATION 

CONTROLS 

REVIEW AND SELECTION OF  
MONITORING TECHNIQUES

Location and 
geological structure 

based 
characterisation to 
identify elevated 

risk zones to include 
hazard plans.
Refer to the 
classification 

methodology to 
determine coal 
burst proneness

REVIEW LEGISLATIVE 
REQUIREMENTS

2 – DEVELOPMENT OF 
COAL BURST 

MANAGEMENT PLAN

A TARP based 
system may be 

required

Go to next stage

INFO



Stage 3 – Management of Coal Burst 

CONDUCT A RISK 
ASSESSMENT ON 

(i) PREFERRED CONTROL 
STRATEGIES, 

(ii) MONITORING 
TECHNIQUES, AND 

(iii) ASSIGN ROLES AND 
RESPONSIBILITIES 

COMMUNICATION

IMPLEMENT

Include collection 
and communication 

of seismic activity 
register database. 

Roles and 
responsibilities 

DEVELOP A COAL BURST 
TRAINING PROGRAMME

COAL BURST 
MANAGEMENT PLAN 

EFFECTIVENESS REVIEW

Adequate 

DOCUMENT CHANGES 
CONTINUE MONITORING

Not 
adequate 

DEVELOP A CRITICAL 
CONTROLS MANAGEMENT 

STRATEGY

3 – MANAGEMENT OF 
COAL BURST

DEVELOP A COAL BURST 
MANAGEMENT PLAN

Go back to stage 2

INFO



An example section 



Monitoring Technologies 

    
Techniques used in technical 

information gathering 

Techniques used in 

operational monitoring and 

possible for forecasting 

Localised 

monitoring  

In-place monitoring 

• Borehole drilling 

• Electromagnetic radiation 

technology 

• Visual observations 

• Roof deformation 

measurements  

• Borehole drilling 

• Electromagnetic radiation 

technology 

 

Remote monitoring 

• Seismic monitoring 

• Stress measurements 

• Acoustic monitoring 

• Seismic wave tomography 

 

• Seismic monitoring 

• Stress measurements 

• Acoustic monitoring 

• Seismic wave tomography 

• A combination of the above 

 

Regional 

monitoring 
Remote monitoring 

• Seismic monitoring • Seismic monitoring 



Control Technologies 
  Development Longwall Face 

Mitigating 

Controls 

Administrative 

controls 

• Allow only the minimum number of persons 

in the areas where coal is being mined 

• Position remote control equipment 

operators as far from the active mining as 

practical. 

• Remote mining 

• Delayed re-entry 

• Training 

• Allow only the minimum number of 

persons into the areas where coal is 

being mined 

• Position remote-control equipment 

operators as far from the active 

mining as practical 

• Automation  

• Delayed re-entry 

• Training 

Operational 

controls 

• Use yielding roof/rib support system in 

critical areas according to the energy 

absorption rate 

• Reduce development rate 

• Use physical barriers and personal 

protective equipment 

• Directional hydraulic fracturing 

• Water infusion  

• Deep-hole relieve blasting (preconditioning) 

• Large borehole drilling 

• PPE 

• Reduce the shear speed. 

• Reduce the web depth. 

• Cut uni-directional 

• Avoid double cuts at the gate ends. 

• Use physical barriers (including belts 

secured on to the shields) 

• Large borehole drilling 

• Hydraulic fracturing 

• Water infusion  

• PPE 

Preventative 

Controls 

Prevention 

controls 

• Pillar design (i.e., intact or yield) 

• Mine layout design 

• Pillarless mining 

• Mining sequence  

• Protection seams in multiple seam mining 

• Pillar design 

• Mine layout design  

• Mining sequence 

• Gate road system design  

• Pillar-less mining  

• Protection seams in multiple seam 

mining 



Recording System 

Event Category Sub-Category Comments 

Pressure Burst • Rock or coal burst  

• Pillar Burst 

• Any form of burst that has led to intact 

rock/coal failure leading to expulsion of 

such failed material into a mined 

excavation 

Pressure Bump • Coal bump 

• Pillar bump 

• A lower level event that may still lead to 

expulsion of pre-existing failed/spalling or 

fractured coal/rock into the roadway 

Shake down   • (this, by terminology definition, is likely to 

be a consequence of a bump event) 

Seismic Event  • Any other seismic activity or audible 

seismic signal that has not already been 

captured by one of the above burst or 

bump events. 

• This should also capture any significant 

evidence of face spitting. 



Recording System 

For each event listed above that occurs in a mine, the following records should 

be made: 

 

• Classify the event according to category and sub-category 

• Date and time 

• Status of adjacent or nearby mining at the time 

• Any evidence of anomalous or major geological structure in close proximity 

• Location where event has occurred (both damage location) and any indication of 

source or triggering location (at least in terms of direction or horizon, if possible). 

This may enable classification as either direct or indirect event. 

• Relative magnitude of the event in terms of audible signal/noise level (on a scale of 

1-5) 

• Assessment of damage, in terms of:  

• Type  

• Location within excavation (eg left hand upper rib, 3-5m back from face)  

• Magnitude of damage (a scale of 1-3, or 1-5) 

• Depth of any evident failure or damage. 

• Supplement with sketch where appropriate. 

 



Questions? 


