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Immediate Action…

Exclusion procedures and zones (traffic lights)

Enhanced ground support for precinct scale events

Re-design the mine

De-stressing and pre-conditioning

Ground support for strain bursts and shaking



Big event…



Some years later…

Again!

LAST TIME

THIS 
TIME



What essential 
lesson does  
this teach us?

• We need to employ the 
OBSERVATIONAL METHOD

• This means
• We make the best design we can
• We rely on the best defendable 

assumptions
• We implement control measures 

we think are sufficient

• BUT, we continuously evaluate 
whether:
• The control measures are working
• Our assumptions are correct
• That things we never imagined are 

not evolving

• We update the plan when we have 
to 

• Whenever we can’t make a safety 
case, we stop and take the safe 
option.

(and it is the law too!!)

HOW THE $%^& IS 
WATCHING DOTS 
ON THE SCREEN 
DOING THIS???



Exclusion procedures and zones (traffic lights)

Enhanced ground support

Design the mine

De-stressing and pre-conditioning

OBSERVE+
MEASURE

Does the data match our 
stability hypothesis?

ANALYSE:
Is it working?

Has it changed?
What will happen next?
What is happening now?

Can we make a safety case?

RE-DESIGN

The ongoing observational 
program confirming mine 

stability is an essential task 
in  retaining a license to 

mine

CONCLUSION…



Forecast 
cave shape

Measured 
cave

Modelled 
and scanned 

tunnel 
deformation

Modelled 
stress

Passive 
tomography

Measured 
induced 

seismicity

Modelled 
Energy 
Release

Parts of the observational program…

1. OBSERVATION AND MEASUREMENT:

Maintain a current and sufficient resolution 4d database of forecast 
and measured seismicity and deformation throughout the mine

Analysis 
and 

Design



Parts of the observational program…

2. ANALYSIS AND DESIGN: 

• Use the database to:
• Make and test stability hypotheses:

• Maintain an interpretation of the current 
and expected nature of instability in the 
mine

• Confirm that the mine is evolving as 
expected and disconfirm other more 
adverse scenarios

• Identify expected and new hazards and 
mechanisms for dynamic deformation in 
the mine, to trigger a response

• Maintain the lower control measures:
• Ground support

• Exclusion procedures and TARPs

• Continuously evaluate efficacy and 
update all control measures 
whenever needed

Observation 
and 

measurement

ROCK 
ENGINEERING

SEISMOLOGY



2. ANALYSIS AND DESIGN
F R O M  A N  E X A M P L E  M I N E

+Designation of 
load/work 

areas

Setting of 
seismological 

TARPS and 
exclusions 

(traffic lights)

Continuous re-
evaluation of 

TARPs and 
exclusions

Updating of 
TARPs and 
Exclusions +

Forecast 
Demand

Install 
sufficient 

support for 
expected 
demand

Measure 
demand and 
consumption

Upgrade and 
maintain 

where needed

2.3 
Quantitative 
Seismology

2.2 
Ground 
Support

Daily/weekly

2.1 
Mine 

Stability

Forecast 
Stability and 

instability

Design 
management 
procedures to 

manage 
hazards

Measure 
stability and 

instability

Stop if it isn’t 
working. 

Re-design

+

nForecast 
Demand

Observe 
and 

measure

Analyse

Design+..+



2. ANALYSIS AND DESIGN
F R O M  A N  E X A M P L E  M I N E

Build  sufficient model Calibrate model

BE: Quick assessment of 
problem areas using RER 

and Increments of 
strain

Work  through problem 
areas one at a time. 

Test  and adjust options

Report 
recommendations

Mine receives model 
results

Detailed review of 
upcoming 

stopes/stoping areas

Plan adjusted, control 
measures augmented 

where needed

Ongoing comparison of 
modelled versus 

measured

Mine continuously 
improves fault model 
and measured data

Stability and 
deformation case is 

made

Continuously re-
confirm safety case 
and disconfirm the 

stop case

Making and testing stability hypotheses using the model and measured data:
• Milestone ID
• ID of Adverse geological confluences and mining fronts
• ID of evolving hazards, instability and expected deformation

+
Designation of 

load/work 
areas

Setting of 
seismological 

TARPS and 
exclusions 

(traffic lights)

Continuous re-
evaluation of 

TARPs and 
exclusions

Updating of 
TARPs and 
Exclusions

+

Forecast 
Demand

Install 
sufficient 

support for 
expected 
demand

Measure 
demand and 
consumption

Upgrade and 
maintain 

where needed

2.3 
Quantitative 
Seismology

2.2 
Ground 
Support

2.1 
Mine 

Stability

Daily/weekly

weekly/
monthly

Qtrly/yearly





MISSING 
FAULT??

FB1

FB2

FB3

FB0

FB4

• It is more 
likely this was 
the area that 
‘let go’

• It is just above  
the stope that 
was fired last, 
closest to the 
centre of most 
seismicity 

MEASURED 
SEISMICITY 
FOR A PAST 
LARGE LET 

GO

MODEL 
FORECAST 

SHOWS 
SAME 

PATTERN IN 
A FUTURE 
MINING 

AREA

Stability 
Hypothesis: 
Model + 
Experience



THIS IS CHANGE IN 
THE LAST YEAR
(MEASURED)

COALESCENCE 
(=RUPTURE) based on 
MOMENT

Stability 
Hypothesis: 
Geology + 
Experience



How will 
these 

deform? Fast 
or slow?

Stability 
Hypothesis: 
Geology + 
Experience



Measured seismicity
(20events/15m/time)

July – October 
October – January
January – April
April  – Aug

Faults and seismicity, measured displacement, modelled displacement



Stope 
mined 
out 
below

Measured seismicity
(20events/15m/time)

July – October 
October – January
January – April
April  – Aug

Faults and seismicity, measured displacement, modelled displacement



Measured seismicity
(20events/15m/time)

July – October 
October – January
January – April
April  – Aug

Faults and seismicity, measured displacement, modelled displacement



Big event…



Original 
event

+a few more months



Original 
Event

and then??



Some years later…

Again!



Exclusion procedures and zones (traffic lights)

Enhanced ground support

Design the mine

De-stressing and pre-conditioning

OBSERVE+
MEASURE

Does the data match our 
stability hypothesis?

ANALYSE:
Is it working?

Has it changed?
What will happen next?
What is happening now?

Can we make a safety case?

RE-DESIGN

The ongoing 
observational program 

is an essential task in    
retaining a license to 

mine

CONCLUSION…


