
Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2 Seismicity of the Klerksdorp Goldfields and the Resulting
Seismic Hazard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.1 History of Gold Mining in the Klerksdorp Area . . . . . . . . . . . . . 21
2.2 Seismicity of South Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
2.3 The Klerksdorp Regional Seismic Network . . . . . . . . . . . . . . . . 26
2.4 Severity of the Klerksdorp Goldfields Seismic Hazard . . . . . . . . 29
2.5 Upgrade of the Klerksdorp Regional Seismic Network . . . . . . . . 39
2.6 Use of Seismic Data in the Calculation of Support

Resistance for Rock-Burst Conditions at Vaal Reefs . . . . . . . . . . 44
2.7 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3 Concept of Apparent Stress Index . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.1 Apparent Stress Index and the Energy Index . . . . . . . . . . . . . . . 59
3.2 Development of the Apparent Stress Index Concept

1991–1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
3.2.1 Contour Maps of Apparent Stress Index . . . . . . . . . . . . 62
3.2.2 Contour Maps of Apparent Stress Values . . . . . . . . . . . 65

3.3 Examples of Applications of the Stress Index Concept
(1991–1993) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.3.1 Back Analysis of a Large Seismic Event

that Occurred on 1 December 1991 at No. 5 Shaft
Vaal Reefs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

3.3.2 Interpretation of Seismic Data Recorded
in the Vicinity of the Clemcor Dyke
from September 1990 to September 1991 . . . . . . . . . . . 72

3.3.3 Back Analysis of a Large Seismic Event
that Occurred on 19 June 1992 at No. 9 Shaft
Vaal Reefs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

xiii



3.3.4 Comparison of Seismicity Between Filled
and Conventional Mined Areas . . . . . . . . . . . . . . . . . . . 77

3.3.5 Interpretation Possibilities of the Apparent Stress
Index—Some Observations . . . . . . . . . . . . . . . . . . . . . . 81

3.4 Test of the Seismic Warning Concept (End of 1993) . . . . . . . . . 89
3.4.1 Results for Polygon DIKE5# . . . . . . . . . . . . . . . . . . . . 90
3.4.2 Results for Polygon HART4 . . . . . . . . . . . . . . . . . . . . . 93
3.4.3 Results for Polygon BUFF1 . . . . . . . . . . . . . . . . . . . . . 95
3.4.4 Summary of the Test . . . . . . . . . . . . . . . . . . . . . . . . . . 98

3.5 Future Strategy for Seismic Monitoring at Vaal Reefs
Based on 1993 Knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

3.6 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

4 No. 5 Shaft Experiment with Seismic Warning . . . . . . . . . . . . . . . . . 103
4.1 Assumptions Behind the Seismic-Warning Concept . . . . . . . . . . 105
4.2 The First Seismic Warnings (October–December 1994) . . . . . . . . 105
4.3 Procedure to Be Followed After Issuing a Seismic

Warning (January 1995) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
4.4 Results of the 5B Experiment with the Seismic-Warning

Concept (December 1994–May 1996) . . . . . . . . . . . . . . . . . . . . 111
4.5 Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

4.5.1 Changes in Pattern of Seismicity as a Result
of Changing the Mining Sequence . . . . . . . . . . . . . . . . 113

4.5.2 Change of Mining Sequence in the 5B Area
Due to Seismic Information (September 1995) . . . . . . . . 115

4.5.3 Seismic Warning Dated 11 May 1995 (Polygon
Outside the Experiment Area) . . . . . . . . . . . . . . . . . . . . 117

4.5.4 Seismic Warnings for Areas with Limited Seismic
Cover or Based on Uncertain Data . . . . . . . . . . . . . . . . 117

4.5.5 Correlation Between Larger Seismicity
and Production Stoppages . . . . . . . . . . . . . . . . . . . . . . . 120

4.6 Instability, Time, Polygon and Size of the Seismic
Event—Some Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

4.7 Blast-Time and Mining-Strategy Changes for Working
Places Located Along the Same Geological Discontinuity . . . . . . 128

4.8 Analysis of the Apparent Stress Concept and Its Application
by a Rock Engineer on Request of the Production Manager
of No. 5 Shaft in January 1996 . . . . . . . . . . . . . . . . . . . . . . . . . 129

4.9 Analysis of Seismicity at No. 5 Shaft for the Period
February–July 1995 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

4.10 Limitations of the Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

xiv Contents



4.11 Conclusions Resulting from the 5B Experiment . . . . . . . . . . . . . 134
4.12 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

5 Status of the Networks in the Klerksdorp Area, June 1997 . . . . . . . 145
5.1 Performance of the Networks . . . . . . . . . . . . . . . . . . . . . . . . . . 146
5.2 Network Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
5.3 Technical Description of the Network’s Central Site . . . . . . . . . . 155

6 What Happened After 1997? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
6.1 Predictions, Alert, Alarm, Scram, and the Seismic Warming . . . . 168
6.2 Applied Mine Seismology: A Vaal Reefs’ Perspective

up to 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
6.2.1 The Influence of the Mine Health and Safety Act

and the Code of Practice . . . . . . . . . . . . . . . . . . . . . . . 177
6.3 Rock-Burst Control Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . 182

6.3.1 Seismic Monitoring Strategy . . . . . . . . . . . . . . . . . . . . . 183
6.3.2 Short-Term Plan 1994–1995 . . . . . . . . . . . . . . . . . . . . . 183
6.3.3 Long-Term Plan 1996–1998 . . . . . . . . . . . . . . . . . . . . . 184
6.3.4 Present Rock-Burst and Damage-Control Strategy . . . . . 184

6.4 Code of Practice Research and Development Considerations . . . . 185
6.5 Seismic Workshop and Some Memos, Date 1996–1997 . . . . . . . 187

6.5.1 Seismic Workshop—November 1996
Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

6.5.2 March 1997, Memo “Legal Questions on Rock
Engineering” (Parts) . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

6.5.3 End of March 1997, Memo “Verification
of the Vaal Reefs Method of Stability Analysis” (Parts)
—Addressed to Myself . . . . . . . . . . . . . . . . . . . . . . . . . 188

6.5.4 August 1997, Memo “Rock Engineering Strategies
Related to the Relevant Code of Practice” (Parts) . . . . . 189

6.5.5 October 1998, Memo: “Panel Ratings, Follow-up
Procedure and Seismic Warning” . . . . . . . . . . . . . . . . . 189

6.6 “A Guide to Routine Seismic Monitoring in Mines” (1999) . . . . 191
6.7 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

Contents xv



http://www.springer.com/978-3-319-62352-8


	Contents



