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INERIS at French and European level

National centre for Industrial Safety and Environmental Protection (French Government,1990)
expertise in the areas of chronic and hazardous risks
preventing the risks brought about by economic activities

on health, safety of persons and property, and on the environment Gouvernement AR Universités

Mmlm_-.tratjnns 2 Centres

™ de recherche
Emmanuel Macron (Minister of Economy, Industry and Digital sc:.:._‘
Affairs), press release (March 2015): « Responsible mine » Rzt
= revitalizing sustainable acceptable mining in Europe Banques ONG y
-> administrations, BRGM, INERIS e
gences .
. de notation
I 2 M I n e - WP ] & WP3 Assureurs Chaine J-‘L-frlf-;‘]
. . L Banques de 5 d'approvisionnement /{ il
Geophysics & geomechanics for safe mining i o o o § A
artenaires ou - Industri
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Service
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Mine data + Microseismic and stress monitoring
- assessment and rating of the seismic risk all around the
mining works
conditions . . . . .
- statistics of monitored data and seismic events location
Induced - cloud monitoring technologies for facilitating communication.
seismicity
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Production
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Mining Stress
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Mine-induced seismicity
Seismic hazard and rockburst phenomena

1_. pre-mining stresses may vary significantly with geological helmoatiel e ante oM et
disturbances and structures (faults, folds, ...) be monitored and quantified on a

. . . continous basis
2. mine-induced stress field vary considerably around

the advancing working faces

3. seismic events perturb locally quasi-static stress field from good quality seismic data,
adding complexity in stress prediction elastodynamic considerations and rupture models

4. dynamic stresses induced by seismic ground motion
may be amplified locally around mining voids

But it fits hard to rock mechanic considerations.

Despite geophysical models, seismic events reveal to be difficult to handle as a quantitative
input into numerical geomodels to enhance near to real-time stress field prediction.

High-risk mine _ f(mining production)
hazards assessment T 9(stress changes)
+ h(induced seismicity)
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INERIS digital infrastructure
—W\\—‘ e

Ground control data
(seismic & stress
monitoring)

Cloud
monitoring

Alice TONNELLIER

Production data
(mining scheme &
process)

Real Time Data Processing
(accounting for the dynamic
development of the mine)

DRS-15-127366-03408A
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ERA-USOrS g Engineers, DIsteNt S
Mine managers: Real Time quantitative &

probabilistic hazard
Assessment of induced
seismicity risk
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Garpenberg mine

‘BOLIDEN
12Mine WP1-1.4 12Mine WP3-3.4

Development of innovative <:> Experimental implementation and

technologies for ground monitoring ;2';:?:?:;;;33 Eiir;?t?(l;)ng;?;

collaboration with a mining
company.

First main stope %
be extr -

Integration to a mine network featuring operational seamless
interface with the mine databases related to:

- mining progress,

- refreshed mine layout,

- blast and production data.
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Garpenberg mine
Network installation

M zin holk
@ =116

hessurement cabils

L Pilot hoke

Objective:
source rupture mechanism
in space and time?

Stress $ =38 mm
rd exstion —\
3Dvseismic probe l T T |
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1D sismicprobe r\?::r
III\— Overcoring
; Ry %, 4

global overview close to sources
Seismic Stress
event BREAK transfert I S
Seismic probes CSIRO cells
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Garpenberg mine
INERIS processing software package

example on velocity model
B @-'a I’ﬁh‘-ﬂ
- --
SYTMIS4D:
visualisation
___________ T P ST
1kg k\ gz
2 kg N EBlast position
3D seismic probe
v 1D seismic proba
. Acquisition Unit
(R taree 1y
G-

7kgajE"feﬁfwr%'*w‘wmm*’*W
From 5 calibration blasts
Vp~ 6320 m/s, vg ~ 3770 m/s

vs/vp ~ 0.59

- Locate exploitation blasts with velocity model
- Look for seismic events close to the monitored area
- Improve the localisation parameters (grid search)
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e.cenaris for data sharing
INERIS cloud monitoring tool

Improvements of numerical routines to process and analyze
simultaneously seismic data & stress measurements vs production
data:

monitoring system

*a web help desk to map and service hardware related to the/

*a 3D visualizer of seismic foci and mine layout through the
web to offer fast and shared easy-to-read mapping of the
seismic activity in a given mining area

INERIS
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e.cenaris: INERIS's infrastructure dedicated to scientific observation and real-time monitoring o)
ground and underground risks

e.cenaris is 3 Cloud Monitoring platform for the management and more generally geotechnical and geological
risks associated with georesources, geostructures, and engineering constructions.

It permits to provide research organizations, local authorities, industries, engineering groups, and state agencieq
with cutting-edge seamless monitoring services to:

@ design and set-up new research projects or early waming systems,

@ improve and boost current projects with preexisting monitoring systems,

@ set up compliant monitoring systems to face emergency situations, Reserved access to

Last update . .
15/07/2014 the monitoring data

To access to the monitoring desk and have some insight, please request a login and a password.

If you can't sign in, please contact cenaris@ineris.fr

Alice TONNELLIER
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3D stress modeling IO AL e
Microseismic and stress results as input data

close to the monitoring zone

Excavated galleries & stopes Excavated zones
combined to ore body combined to ore body

4

z=-578 m

‘ 7=-752 m 7z=-698 m

Stress measurement

et €—7=-822 M
& stress monitoring e

z=-883 m

z=-986 m

A

z=-1085 11

Microseismic - global overview I N E_RI S

Stress measurement - close to seismic sources
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Conclusions, next steps

How to design more productive and safer and cleaner deep
mines at the same time?
I2Mine: European objectives to secure raw materials in Europe

INERIS develops a cutting edge integrated solution to the mine
data flow to monitor the host rock response versus mine
progress to provide a better insight and enhance prevention on a
routine basis

- Integration of microseismic and stress monitoring results with
mine data flow

- Data sharing through cloud monitoring tool

- Overview and modeling in space and time

- Next steps...

4 N

Monitor quasi-
. static stress fields

Detect anomalous
seismic activity

N

Toward I2Mine-2?7?
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