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Abstract

CANMET/MRL's contribution to the Canadian Rockburst Research Program is the study of the
mining induced seismic events located in the upper range of magnitude, i.e., magnitude 1.0 and above.

To achieve this objective, a remote-controlled macroseismic system was designed and developed
which is now operating in four mines across northern Ontario. A menu-driven waveform anayss

software was a s0 developed in-house to anadyze the waveforms recorded.

To determine magnitude from local mine camps, a network of eight regiond seismograph sations is
being operated by MRL. The most important part of this network is the Sudbury Loca Telemetered
Network that includes three uniaxid and one triaxiad outstations. Empirica locd magnitude scales

were developed in order to extend nationa magnitude values to smdler seismic events.
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Surveillance des événements séismiques importants générés par I'activité miniere
La contribution des LRM de CANMET

par
M .Plouffe’, P.Mottahed", D.Lebd" et M.Coté"

Résumé

L'éude des événements séismiques, de magnitude 1.0 et plus, générés par I'activité miniere est la
principae contribution des LRM, de CANMET, au Programme canadien de recherche sur les coups
detoit.

Pour atteindre cet objectif, un systéme macroséismique, controlé a distance, a &é développé par
CANMET et et maintenant en opération dans quatre mines du Nord ontarien. Un logicid aauss éé

développé afin dandyser les ondes enregistrées.

Les LRM gerent, de plus, un réseau de huit stations séismographiques afin de calculer les magnitudes
des événements séismiques provenant de certaines mines. La partie la plus importante de ce réseau
et le Réseau locd de télémétrie de Sudbury qui comprend trois stations a senseur uniaxia €t une
dation triaxide. Des échelles empiriques ont é&é développées afin de caculer des vdeurs de

magnitude aux plus petits événements s&ismiques.
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1. Introduction

Rockburgt activity in Canadian mines increased significantly during the 1980's, particularly in Ontario.
A paticularly active year was 1984, that culminated with the largest seismic event in modern
Canadian mining history; a magnitude 4.0 event recorded a INCO's Creighton Mine in Sudbury. The
high level of rockbursting raised concern from the industry. In response, the Canada-Ontario-Industry
Rockburst Project was initiated in 1985 (Hedley & Udd 1987). The objectives of this project were to
develop date-of-the-art monitoring systems capable of capturing complete seismic waveforms and
investigate the causes and mechanisms of rockbursts. Field trids would aso be used to evauate
methods to reduce magnitude and frequency of rockbursts. The final output of this first phase was
published in 1992 (Hedley 1992).

Since April 1990, an expanded second phase of the Rockburst Project, the Canadian Rockburst
Research Program (CRRP), is in progress. This second, five-year research project involves
government agencies, universities and the Canadian & Chilean mining industries. On the bass of the
knowledge established from the first phase, the research program will cover five aspects of mining
selgmicity: the reduction of mining seismicity using stiff backfill, the determination of guidelines in
ground support and control, the improvement of mine layout through full waveform andyss, the

automation of waveform data analyss, and a better understanding of fault-dip rockburst mechanisms.

CANMET's contribution to the CRRP, through the Mining Research Laboratories (MRL), is the
study of the mining induced seiamic events located in the upper range of magnitude, i.e., magnitude
1.0 and above. To achieve this objective, a remote-controlled macroseismic system was developed
which operates & a lower sampling rate and with the sensor grid being much wider than a
microsaismic system. This system is now operating in four mines in northern Ontario. A menu-driven

waveform andysis software was also developed in-house.

In order to determine the magnitude of small mining induced seismic events originating from some

Canadian mine camps, a network of eight regional seismograph stations is now operating. The most
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important part of this network is the Sudbury Local Telemetered Network (SLTN) that includes three
uniaxial and one triaxia outstations. This network was recently upgraded to increase data acquisition
of scientifically meaningful data. Empirica loca magnitude scales were developed in order to extend

national magnitude vaues for the analys's of these smadler seiamic events.

2. The Macroseismic Networks

Macroseismic systems are being used to investigate the selsmic source parameters of rockburdts,
which are defined below. These systems have the capability of recording the seismic waveforms of

events greater than magnitude 1.0 using triaxid sensors.

MRL developed its own in-house remote-controlled macroseismic system, now operating in four
mines in northern Ontario. These systems are located at Falconbridge's Strathcona Mine, INCO's
Creighton Mine at Sudbury, Placer Dome's Campbell Mine at Red Lake and Lac Minerd's Macassa
Mine a Kirkland Lake. Each system condsts of five strong-motion triaxid sensors ingaled in
boreholes underground and/or on surface, usualy within a kilometre of the mine workings. They are
gpecificaly designed to capture the complete seismic waveforms to alow source location
determination as well as saismic parameters. These systems aso benefit the mine operators by
dlowing them to monitor the saismic activity originating from their mine. These in-house systems
were commissioned between August 1990 (Strathcona Mine) and February 1992 (Creighton Mine).
The macrosaismic networks are permanently ingtaled in these mines. Such an ingtdlation requires
months of labour, software, etc. A Mark | portable verson of this macroseismic system is currently

being completed and will shortly be undergoing in situ trias.






Figure 1. How chart of the data acquisition system used by CANMET's macrosei smic networks.



Figure 2. Schematic of the waveform anays's software developed by CANMET.
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All four networks have basically the same hardware components. All the installations use geophones,
except for the Strathcona Mine system which use accelerometers. The differentid signas from the
transducers are initially amplified and routed via cables in the mine shaft to the data acquisition

computer system.

All processing units are located on surface, where the seismic sgnd's are conditioned and passed on
to the data acquisition system. After initid signa conditioning and filtering, the sgnas are then routed
to both the trigger detection controller and the data acquisition board. The signas from each channel
are digitized by the data acquisition board at arate varying from 1024 to 4500 samples per second.

2.1 The data acquisition system

Traditiondly, high speed data acquigtion was only possble usng expensve, high powerful
computers. However, with the technologica advances made by the computer industry, it is now more
cost-effective to use microcomputers to perform this task. Although high speed data acquisition
hardware is now available, most software packages available operate under the operating system
DOS, which lacks the flexibility and power of multi-tasking operating systems. This dictated the use
of another system providing this convenience. Hence, CANMET opted for the QNXG (© Quantum
Software Systems Ltd.) operating system. This alows the data acquisition system to be made up of
severd smdler tasks, which can run concurrently on a priority basis. Tasks not requiring immediate
processing can be put on hold and not compete for processor time. Remote access to the system is
a0 possble, smply by having a communication task run in the background, which requires minima

processor time.

The data acquisition software congsts of three main modules: primary and secondary acquisition
programs and a demultiplexer program. A configuration program, a start batch file and a stop batch
program complete the package. Optiona program modules are aso available to display waveforms
and smulate events under software control. The dataflow instructions and interactions which occur

between the various program modules is shown on figure 1. Each program runs as a stand alone task
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on apriority bads, the higher priority tasks being at the top of the flow chart.

The gart batch file initiates the acquisition process by starting the primary acquisition task. This
primary acquisition task performs all executive functions including creating the secondary acquisition
task and the demultiplexer task, which run at lower priorities. The primary acquisition module readsin
parameters from the configuration file on disk and then performs a complete hardware and software
initidization. It is also responsible for detecting, storing and queuing events in memory. The secon-
dary acquisition moduleis responsible for transferring the acquired events from the memory buffersto
hard disk storage.

A sophisticated triggering controller has also been developed to eliminate the recording of very small
selsmic events, machine noise or eectrica spikes which could saturate the system. The controller has
the following features. sdectable trigger windows, sdectable number of channds for a vdid trigger,
short-term integration for spike suppresson, sdectable trigger threshold, individua channe
enable/disable switches, event smulator to test the trigger controller, software enable/disable of the
triggering, optiona hardware sdlectable retrigger timer and optiond sensor amplifier gain control. If
the trigger controller determines that a valid event has occurred, then two seconds of seismic data are
stored for each channd, including half a second of pre-trigger data. Except for the Creighton Mine
system, the acquisition is interrupted for about 200 milliseconds while the data are downloaded to the
hard disk.

All macrosaismic systems are connected viamodems to MRL's Elliot Lake Laboratory. At the mines,

the data files can be edited and transferred to Elliot Lake or some functions of the trigger controller
can be dtered.

2.2 Waveform analysis
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An in-house menu-driven waveform andysis software was dso developed to analyze the recorded

waveforms. The schematic of this software system isillustrated in figure 2.

The waveform andyds software is used to caculate seismic parameters of mining induced seismic

events, and to estimate their size in the four Ontario mines, or for other research purposes.

The dgnature of the waveforms can be displayed in acceleration, velocity and displacement modes.
Thus, pesk particle acceeration and velocity can be determined and used to assess damage.
Waveforms can be rotated in order to obtain transverse and radia waveforms for polarization studies
and, for source parameter studies, P and S waves are dso available. Mine operators can be provided
with the seismic energy and equivaent Nuttli (1973) magnitude valuesin order to quantify the size of

the seismic events. Double-couple focal mechanisms can dso be andyzed.

In the frequency domain, corner frequencies and low-frequency spectrd dendity levels (plateaus)

alow the determination of the source radius, seismic moment and stress drop values.

Currently, new additions to the software is being developed which include automation of seismic
parameters computations, polarization analyss, consdering surface and mined zone effects, raypath
anayss, attenuation, non-double-couple foca mechanisms and near-fiddffar-fiedld andyss.

This software enables the andys's of more than 250 large mining induced seilsmic events originating

from the four mentioned mines. Of these, 180 were originating from Creighton Mine.

3. Regional Seismograph Station Network

CANMET is respongble for the operation of eight regional seismograph stations. These stations are
located in the vicinities of the Northern Ontario and North-West Québec (figure 3) mining camps, in
order to provide more detailed information about the source properties of the mining-induced seismic
activity in the loca mines. Four of these ations are part of the Sudbury Loca Telemetered Network



(SLTN).

Figure 3. Location of the seismograph stations operated by CANMET.
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Figure 4. Map of the Sudbury Basin showing the location of the active mines and the SLTN
seismograph stations.
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3.1 The Sudbury Local Telemetered Network

This network is one of the achievements of the Canada-Ontario-Industry Rockburst Project (Hedley
and Udd 1987) in order "to increase the range for recorded rockbursts and to improve the source
location of previoudy unlocated rockbursts' (Brehaut and Hedley 1986).

The SLTN was initidly a three-station network located around the Sudbury Basin (figure 4). It was
established as an initiative of the Canada-Ontario-Industry Rockburst Project in 1984 and has been
fully operationd snce May 1987 (Plouffe 1988).

The three initid outgtations, located at Joe Lake, Long Lake and Chicago Mine Road, conssted of a
verticd single-component short-period seismometer and a 60 Hz digitizing package. These
outstations were linked via dedicated phone lines to a central processing facility a the Science North
natural sciences museum in Sudbury. The processor would save triggered events using a ssimple short-

term/long-term average agorithm.

All triggered event files were automaticaly transmitted, via a dedicated phone line, to the National
Selsmologica Laboratory in Ottawa where they were analyzed dong with regiona earthquake data.

Using the waveforms recorded by the three original stations, local magnitude scales were devel oped
in order to determine magnitude values for smal seismic events, which had not been detected by the
Nationa Seismograph Network (NSN) as defined by Munro et al (1988). The scaes were devel oped
for three seismicdly active minesin the Sudbury Basin: Strathcona, Creighton and Copper Cliff North
Mines. Equivaent Nuttli magnitude values could now be determined down to about 1.0 (Plouffe
1992).

3.2 Upgrading of the SLTN
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The SLTN network was recently upgraded in order to: provide a better automatic data transmisson
and andyss, reduce the volume of data generated by the doubling of the system size; rapidly
implement new dations, and centrdize the mining induced seismic data andysis a the Elliot Lake
Laboratory.

A fourth station has been located close to the Creighton Mine (figure 4). By virtue of the ingalation
of extensive micro and macroseismic monitoring systems and the presence of the new seismograph
gation above the mine workings, the Creighton Mine will be the best equipped mine for seismic
monitoring in Canada. Events could now be recorded from magnitudes ranging between -4 to 4
without interruption, this being a part of the CRRP Source Mechanism Project.

The digital signal, processed at the Sites of the four stations, is now recorded at a sampling rate of 100
Hz. It is transmitted through dedicated phones lines to a host computer located at Science North.
From there, a communication software, developed by Nanometrics Inc., transmits automaticaly the
triggered events to the Elliot Lake Laboratory. This laboratory includes a seismic andysis centre
which could retrieve dl seismic data from the SLTN sations. It is planned to transmit the data from

al theregiona seismograph stationsto this centra unit.

3.3 The other regional seismograph stations

In addition to the SLTN stations, MRL operates four other regiona seismograph stations. They are
located at Elliot Lake, Kirkland Lake and Red Lake, Ontario, and Val d'Or, Québec, (figure 3).

These sasmogreph dations consst of a verticd sngle-component Teledyne-Geotech S13
seilsmometer, which usually recordsin afrequency range of 1to 16 Hz.

At dl the gations, the andog sgnal was initiadly recorded on a helicorder; the paper chart was
changed once a day and sent to Elliot Lake once a month. Presently, at Red Lake, the signal is now
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added to the data recorded by the loca macroseismic system. For Elliot Lake and Va d'Or, the signa
is now digital only, using a new generation of seismograph stations, manufactured by Nanometrics

Inc.

Duration magnitude relationships were developed for these regiond stations located close to the
mines. These locd magnitude scdes adlow a quantification of the sze of the mining induced seismic
events for these mines, a a much lower level than the one given by the Nationd Seismograph
Network. Presently, a local magnitude scale has been developed for the Quirke/Denison Mines
saigmic events (Rochon and Hedley 1987) recorded by the Elliot Lake seismograph; a second
preliminary scale was developed for the Macassa Mine at Kirkland Lake (Plouffe 1992). These loca

magnitude scaes enables the magnitude determination for seismic events as low as 0.7 and 1.1
respectively.

These duration magnitude vaues are equivadent to the nationd Nuttli magnitude vaues given by the
Eastern Canada Telemetered Network (ECTN) (Munro et al. 1988).

4. Conclusion

Mining Research Laboratories of CANMET's involvement with the rockburst research in Canada,
first in the phase | (COIRRP) and later as a partner in the Canadian Rockburst Research Program,
which is to last until 1995, has contributed to the better understanding of the problems in rockburst
engineering. This has been achieved through the co-ordination of the research efforts of the various
mining camps, project management, research in hardware and software technology for monitoring

and analyzing of rockbursts/micro/macroseismic data and technology transfer seminars.

These efforts and endeavour, augmented by the financia contribution from the industry, the provincia
government and their agencies, and the research efforts from the Canadian ingtitutions of learning
have brought the Canadian mining industry to the edge of the state-of-the-art of rockburst tech-
nology. Today, it could be clamed that the Canadian mining industry, after a quantum legp snce
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1984, has become the leader in the forefront of rockburst research in the world.
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