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• ABSTRACT

Cemented rocktill. CRE is <;omprised of sized aggregate mixed with various types and

amounl~ of binder materials. This type of till with dosely controlled spedtications is employed for

subsequent pillar recovery and irnproved ground support.

The goal of this study is to improve consolidated rocktill design for bulk .nining

rnethods. with Kidd Creek Mines. KCM. as a case study. from a functional and cost point of

views. Cemented rockfùl at KCM represents approximately 20Çé of the tota! extraction COSl~

Cost <;utting initiatives however have to be rnindful of the n~gative if not disastlous effects on

grade. rC'<;overy. and ground stability that a decline in till qualiry can produce. lllis dictates that any

anempt to cut operational costs should be approached in a scientitic and orderly fashion. This

thesis describes consolidated rockfill improvement steps taken at Kidd Creek to obtain the highest

,!ualiry fill at the lowest possible cost.

The main trust and achievements in this thesis indude:

1. Extensive site investigation and mapping in drift driven through backfill have result~d

in establishment of four distinct zones in a rypical rockfill mass. Structural rockfill design steps

ll~ing the information obtained form field mapping are then established and implemented at KCM

with great success which will be described during this thesis.

2. The main body of this thesis contains significant amounts of laboratory test work.
o

1750 test specimen. on lower cost binder alternatives. Sorne of the results obtained from the test

work have been implemented at Kidd Creek since late 1992 ~d have resulted in considerable

savings and improved dilution control.



• 3.Quaiitj control measures anù techniques in three main stages. surface

plant. ùuring trJ.nspor.~tion. anù most impol"'.antly ùuring placement are also establisheù.

4. CRf 5truCrurJ.! design optimization steps are identitied thn)ugh extensive site

observation and consultation with other operJ.tions. This covers ail the steps that should be taken

l'rom star! to tinish to achieve the highest quality rocktill at the lowest possible cost

5. Extensive tield experiments are aiso carrieù O;Jt Il) obtain in situ mechanicai and

dynamic properties of a typicai rocktill muss.

This work is based upon tield anù laborJ.tory studies unùertaken within the KCM "ver '1

5 year period. The work has resulted in establishing quaiity control mea.~ures. mix design

improvement. and structural design implementation at KCM to achieve the requireù physical

characteristics at the lower operationai cost The in situ and laboratory test result~ proved that a

more economical and more stable fill mass was obtainable and this ha.~ resulted in 35% unit cost

reùuction for KCM rockfill system within last 3 years and a saving of around $4 million on binùer

cost aione at il. r~te of $1.3 million / year. The total unit cost has droppeù t'rom $; 21tonne in 1991

to around $7/tonne in 1995.
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RÉSUMÉ

Lc remblai cn cnrochemcnt consolidé se compose d'un mélange d'agrégats et de

différents types et quantités de matériel liant. Ce type de remblai est produit selon des

normes rigoureuses et est ensuite utilisé lors de la récupération t1es piliers et pour

améliorer le système de support.

Cctte étude a pour but l'lIIléliorJ.tion du design du remblai en enrochement consolidé

'Itilisé dans les méthodes d'extraction en vrac, à la mine Kidd Creek. au point de vue

pratique ct économique. Le remblai en enrochement cimenté utilisé ilia mine Kidd

Creek représente environ 20% du coût total d'extraction. Toute initiative visant à

réduire ces coûts devraient tenir compte des effets négatifs ou même désastreu.'C qu'aurait

un remblai de moins bonne qualité sur la teneur, la récupération et la stabilité du terrain.

Ceci démontre que toute coupure dans les frais d'opérations doit être effectuée selon une

approche scientifique et ordonnée. Ce mémoire décrit les étapes suivies à Kidd Creek

pour obtenir un remblai en enrochement consolidé de plus haute qualité à un coût le

moins élevé.

Cette thèse a accompli les points suivants:

J) une investigation et cartographie détaillée des galeries construites dans le remblai en

enrochement a permis d'établir quatre zones distinctes dans la masse du remblai. Les

étapes requises dans le design du remblai structurel ont été établies et implantées avec

succès à la Mine Kidd Creek grâce à l'information obtenue de la cartographie détaillée.

2) ce mémoire décrit un nombre important d'essais en laboratoire, les 1750 spécimens

utilisés et les matériau.'C liant les moins coûteux. Certains de ces résultats ont déjà été

implantës à Kidd Creek depuis la mi-1992 et ont produit des économies considérables

tout en amël iorant le contrôle de la dilution.
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3) des mesures ~t t~chniqu~s d~ ~ontrôl~ de qualité pendant trois étap~s majeur~s soit, la

fabrication, le transport et le placement du remblai sont aussi établies.

4) les étapes d'optimiz:ltion du design structurel du remblai en enrochement consolidé

sont identifiées par des observations détailiées en consultant d'autres opérations. Ceci

couvre toutes les étapes depuis le début jusqu'a la fm pour arriver à produire le meil\eur

remblai en enrochement au coût le plus bas possible.

5) des essais détaillés sur le terrain ont été effectués pour obtenir les propri,\tés

mécaniques et dynamiques du remblai.

Ce travail se base sur des études en laboratoire et sur le t~:Tain entreprises à la min~ Kidd

Creek, pendant une période de 5 ans. Ce travail a cornrne résultats l'établiss~m~nt de

mesures de contrôle de qualité, l'amélioration du design du mélange ~tlïmplantation du

design structurel à la mine Kidd Creek pour obtenir les caractéristiques physiques

requises à des frais moins élevés. Les résultats des tests en laboratoir~ ct sur le terrain

ont démontré qu'un remblai plus économique et plus stable pourrait étr~ produit. Ceci a

permis une réduction de 35% des frais par unité pour le système de remblai en

enrochement à Kidd Creek durant les trois dernières années, soit une économi~ de 4

mil\ions $ en ce qui concerne le coût du liant à un taux annuel de 1.3 million $. Le coût

total par unité a diminué de 12 $ 1tonne en 1991 à 7 $ 1tonne en 1995.



• ACKNOWLEDGEMENTS
Th.: r.:search was undertaken while the ;;utlJor was .:mployed by Falconbridge Ltd. Kidd Creek

Division. The author would like to thank Kidd Cre.:k Mines management. especially Mr. Allen

Hayward. by facilitating both tinancial and morai support during this thesis.

Th.: author would also like to thank ail the employees in the backtill department at KCM who

helped to identify and implement most of the impro\'emem projects assoclated with in situ testing

and other parts of this thesis. Special thanks goes to backfill frontline supervisors that assist the

author with their underground and operational experience. The fronùine supervisors assisting the

author during the last 5 years were: L. Burger. M. Clement. K. Hutchison. C. Boudreau. G.

Miller. 8. Traynor. M. Cote. and D. Johnson. Special thanks to Mr. D. Fr.lSer the previous

superintendent of mine services at Kidd Creek for his support daring the tirst IWO years of the

thesis.

Many thanks are aJso due to Dr. T. R. Yu for his technical assistance in the first few years of this

thesis. Also thanks to Mr. Mark Scripnick for his assistance in some of the laborJ.tory work.

The author would like to especially thank Dr. F. P. Hassani of McGill University for his

.:onsiderable effort in supervising this thesis and his technical assistance in various aspects of the

pmjects.

The author would also like to thank Mr. T. Walton of Lafarge Canada !nc. for his help in the large

Sl:ale cylinder testing program.

Finally. 1would like to thank my wife Sally and my IWO children. Cameron and Samantha. for

their patience.



• Table of Contents

1: Introduction

2: Survey of Other CRF Systems

2.1: Rockfùl Practice.~ ln Ontario

2.1.1: Geco Mine

2.1.2: Williams Mine

2.1.3: Golden Giant Mine

2.2: Quebec rockfùl Operations

2.3: Mount lsa Rockfill System

2.4: Summary

3: Structura! Design Review

3.1: Static Strength Requirements

3.2: Dynamic Loading Requirements

3.3: Static and Dynamic Strength Estimation

3.4: Fill Plug Design

3.4.1: Beam Theory

3.4.2: Arching Theory

3.5: Summary

4: Site Investigation

4.1: Kidd Creek Mines

4.1.\: Surface Preparation at Kidd Creek

4.\.2: Cement Handling Facilities

4.\.3: Aggregate Production Facilities

4. \.4: Sand Plant

4.\.5: Mixing Design

4.2: Underground Fùl Distribution and Placement

11

17

17

19

22

24
24
27

28

29
34

35

35

36

37
38

41

41

42

42

43

45

45

47



• 4.2.1: Aggregate Distribution

4.2.2: Cement Slurry Distribution

4.2.3: Sand Slurry Distribution

4.3: Design Parameters At Kidd Creek Mines

4.3.1: Static Strength at Kidd Creek

4.3.2: Dynamic Strengtb

4.4: Drifting Through CRF

4.4.1: Conventional Drifting

4.4.2: Mechanical Excavation

4.5: Zone Mapping

4.5.1: Stope Fill History

4.5.2: CRF Drift Mapping and Obsctvation

4.5.3: Discussion

4.6: Summary

5: CRF Structural Design

5.1: Segregation Phenomena

5.2: Physical Model Testing

5.2.1: Physical Model Test ResuIts

5.3: Fill Types

5.4: Example at Kidd Creek Mines

5.5: Summary

6: Binder Alternatives

6.1: Binders Available

6.1.1: Portland Cement

6.1.2: Flyash

6.1.3: Blast Fumace Slag

6.1.4: Non- Ferrous Slag

6.2: Past Studies at Kidd Creek

6.2.1: Cement Slag Rockfill. CSLRF

6.2.2: Cement 1Ayash Rockfill

6.2.2.1: Laboratory work on F1yash

49

52

52

52

53

56

59

63

64

66

67

67

68

91

93
93
96
104

109
119
126

128

128

128

129
129
129
131
131
133
135



• 6.2.2.2: Stope Evaluation Of F1yash 135

6.3: Other Binder Alternatives \36

6.3.1: Copper slag blaine test 1~O

6.3.2: C(\Pver slag cube test 1~2

6.3.3: FeS04 and K2S04 addition. 1 1~

6.3.4: Slag/accelerator test. pan 2 1~5
6.3.5: Slag/accelerator. part 2 1~9

6.3.6: Acidulated type F flyash. pan 1 1~

6.3.7: Acidulated type F flyash. pan 2 15~

6.3.8: Additional copper slag test 159

6.3.9: Lime. Gypsum. Sodium silicate test., pan 1 161

6.3.10: Lime. Gypsum. Sodium silicate test., part 2 165

6.3.11: Siurry dispersant test 16<)

6.4: Large-Scale Testing 1n
6.4.1: Rock Preparation ln
6.~.2: Cylinder preparation 173

6.4.3: Cylinder capping 178

6.4.4: Compressive strength testing 178

6.4.5: Sieve analysis 180

6.5: Summary 180

7: Quality Control 182

7.1: Quality Control At The Fùl Plant 18l

7.2: Quality Control Measures in Transportation 185

7.2.1: Attrition 186

7.2.2: Moisture content 187

7.3: Quality Control in Placement Of the Fill. 188

7.3.1: Aggregate and binder segregation 188

7.3.2: Backfùl Raise 189

7.3.3: Mixing 192

7.3.4. Impact Damage 195

7.3.5: Summary 196



• X: ln Situ Tests 197

X.I: Stress Change and Stope Wall Deformation Monitoring 197

X.I.I: Wall Stress Measurements 202

X.l.2: Pillar Stress Measurements 207

lU .3: Wall Defonnation Measurements 207

x.IA: Wall Defonnation Measurements. 838 stope 211

X.2: Blasting VibrJ.tion Monitoring 213

li.3: ln Situ Backfill Testing Using Pressuremeter 224

x.3.1: Pressuremeter Testing 224

XA: Core Sample Testing 231

x.5: Seismic Mc:asurements 232

X.6: Plate-Load Test 232

x.7: Summary 249

Y.O: CRF OPERATING / CAPITAL COSTS 250

Y.I: Cost breakdown 250

9.2: Cost modelling 255

9.2: 1: Operating Cost Modelling 256

9.2.2: Kidd Creek Operating Cost 261

9.3: Capitalization Costs 263

9.3.1: Case Example 267

9A: Summary 268

10: Dc:sign Optimization

10.1: Design system

10.2: Structural design

10.3: Binder alternatives

10.4: Quality control

10.5: ln situ testing

H1.Ii: Summary

271

271

271

273

274

277

278



• 11: CONCLUSION

12: RECOMMENDED FUTURE WORK

REFERENCES

APPENDIXA
Stress and Movement Monitoring

APPENDIXB
Blast Monitoring

APPENDIXC

Pressuremeter Testing

281

286

288

Al TOA8

BI TOBS

Cl TOC6



• List of Figures

1.1: Siurry is added 10 aggregale before entry 10 SIOpe

1.2: Mixing of aggregale and slurry

2.1: laI: Shorn Typkal Fill Fenl:e

2.2: Kidd Creek Mines Standard Concrete Bulkhead

2.3: Gener.ll Arrangement of Underground Backfill Station

3.1.1: Simple Wedge Failure Model

3.1.2: Tension I:r.ll:k mode!

3.1.3: Contïned block with fril:tion 1T.0del

3.4.1: Minimum lhil:kness of CRF vs span of opening

4.1.1: Kidd Creek Backtïll System- Schematics

4.2.1: Aggregale transportation using conveyors

4.2.2: Siurry added to aggregate just before entering the stope.

4.2.3: underground fil! transportation at Kidd Creek

4.2.4: Kidd Creek Mines Fill transportation system

4.3.1: Typical Size Distribution of Fill Aggregate at Kidd Creek

4.3.2: Optimum Strength Of CRF vs Cement Content

4.3.3: Direl:t Shear Test ON CRF Cylinders

4.3.4: Fill angle of repose while filling

4.3.5: Fil! angle of repose mer drifting through fill

4.3./): Compressive Strength vs Sand Content

4.3.7: Impact Resistanœ Testing with Schnùdt Hammer

4.4.1: Aggregate segregation at surface stockpile

4.4.2: Conventional drifting through CRF

4.4.3: Mechanical excavation method to drift lhrough fill

4.4.4: Hol!ybank two-piece steel arches for drift support

4.5.1: High strength CRF. zone A. 5 meters from cone in 2021-M-ST

3

3

14

15

21

31

31

33

39

44

48

48

50

51

54

55

57

58

58

60

51

62

62 •

65

65

69



• 4.5.2: High strength CRF. zone .~. Il melers from cone in 2027-L-ST

4.5.3: High strength CRF. zone A. at the cone in 2021-L-ST.

4.5.4: High Strength CRF. zone A. at ore contact in 2021-M-ST

4.5.5: Medium strength CRF. zone B. 17 meters from the cone in 2021-L-ST

4.5.6: Medium suength CRF. zone B. 12 meters from cone in 2021-M-ST

4.5.7: Low strength CRF. zone C. 21 meters from the cone in 2027-L-ST

4.5.8: Low strength CRF. zone C. in stope drawpoint. 25 meters from cone

4.5.9: Low suength CRF. zone D. in stope drawpoint

4.5.10: Level plan showing 2020-L-PIL roadheader drift

4.5.11: 2020-L-PIL looking nonh

4.5.12: 2C:>0-L-P[L looking east

4.5. [3: Leve[ plan showing 202[-M-ST roadheader drift

4.5. [4: 2021-M-ST looking east

4.5.15: 2021-M-ST [ooking nonh

4.5.16: Leve[ plan showing 2027-L-ST. 2027-M-ST roadheader drifts

4.5.17: 2027-L-ST looking nonh

4.5. [8: 2027-L-ST [ooking east

4.5.19: 2027-M-ST looking nonh

4.5.20: 2027-M-ST looking east

4.5.2[: Leve[ plan showing 2021-L-PIL roadheader drift

4.5.22: 2021-L-ST [ooking nonh

4.5.23: 2021-L-ST looking east

4.5.24: Leve[ plan showing 28-663. 28-643. 28-644-ST roadheader drifts

4.6.1: 60% flyash/40% Poniand cement mix in 2020-L-P[L

4.6.2: 50% flyash/50% Poniand cement mix in 2021-M-ST

5.1.1: Backfù[ profùe

5.2.1: Physical modelling set up

1\9

70

70

7[

71

73

73

74

75

76

77

78

79

80

82

83

84

85

86

87

88

89

90

91

91

9S

97



• 5.2.2: Fill raise: positioning

5.2.3: Trial #1

5.2.4: Trial # 2

5.2.5: Exte:nsive: segregation in drawpoint. Trial # 2

5.2.1\: Se:gregated material on both footwall and hangingwall

5.2.7: Trial # 3

5.2.8: Fill mise: # 13 side in trial # 3.

5.2.'./: Se:gre:gated material in trial # 4

5.2.10: Trial # 4

5.2.11: Trial # 5

5.2.12: Fill f"J.ise # 1side in trial # 5

5.2.13: Fill raise # 13 side in trial # 5

5.3.1: Ideal Fill Se:t-up With Trucks

5.3.2: Ideal Single Raise Se:t-up in Stope Span is less than 30 m

5.3.3: Ideal Single Raise Set-up if ooly One Wall to be Exposed

5.3.4: Ideal Fill Raise Set-up When at least two walls

of the: stope will be exposed in Future Mining.

5.3.5: Multi mise system to direct coarse aggregate to center of stope

5.3.1\: Coarse: aggregate in between ta dump cones in surface stockpile

5.3.7: Typical Multi-Raise Set-up at Kidd Creek using

Existing Siot/ FilI Raise.

5.4.1: Fill Plan 16-2 Sublevel 1828-P-STI2028-D-Pu..

5.4.2: Section A-A Through 215.91OE Looking East

5.4.3: Section B-B Through 215.965E looking East

5.4.4: Section C-C Looking North Through 214.150N

98

100

101

102

102

103

105

105

106

107

108

108

110

III

113

114

115

115

116

121

122

123

124



• n.2.1: Uniaxial Compressive Strength vs Slag / Cement Ratio

n.2.2: Strength Development of Various Mixes

n.3.1: Binder Alternatives program

6.3.2: Small scale cylinder prepar.ltion

6.3.3: Small scale cylinder preparation

6.3.4: Slag blaine size test

6.3.5: Copper slag cube test

6.3.6: Accelerator addition. part 1

6.3.7: Accelerator addition. part 2

n.3.li: Accelerator addition. part 3

6.3.9: Optimum daracell concentration

6.3.10: : Optimum Cad2 Concentration

6.3.11: Optimum K2S04 Concentration

6.3.12: Acidulated fiyash. part 1.

6.3.13: Acidulated flyash. part2

6.3.14: Copper slag higher content

6.3.15: Anhydrite. Gypsum addition

6.3.16: : Results of Ayash Mixes

6.3.17: Results of Slag Mixes

6.3.18: Hydrafil addition

6.4.1: Kidd Creek aggregate pile after screening

6.4.2: Weighing of aggregate for different mixes

6.4.3: Concrete mixer used for the test

6.4.4: CRF after 5 minutes of mixing

6.4.5: Mixed CRF ready to be casted

6.4.6: Filling of 'lie cylinder with final mix

6.4.7: 3 cylinders per set are prepared

132

134

137

138

139

141

143

146

14.'1

151

152

153

155

157

160

162

164

167

168

171

174

174

175

175

176

176

177



• fl.4.X: Cylindcr before <:apping

fl.4.'!: Compressive strength testing on final sample.

7.3.1: Ba<:ktill traje<:tory

7.3.2: Baffled slide for mixing of aggregate with slurry

X.I: Heterogeneïty in CRF. within only 3 meters of 2021-L-ST drift

X.I.I: Kidd Creek 3x-l Level Plan

X.I.2: Kidd Creek 40-t\31 and 40-641 St Longitudinal Section

X.l.3: Kidd Creek 4O-641-St Typical Transverse Section

X.l.4: Data From 1-24. 40-t\41 Stope

X.I.5: Data from 1·25. 40-631 Stope

X.I.6: Results Of 1-24 and 1-25 Stressmeters

X.I.7: Measured Rock Stress vs Stope ~iping and Filling with CRF

X.l.x: Effects of Fill Height on Rock Stress Change.

8.1.9: Movement Measured in Extensometer G-13. 40-641 Stope

X.I.lO: Movement Measured in Extensometer G-14. 4O-631-ST

X.l.ll: East- West Se<:tion Through 838 Stope.

X.I.12: North-South Section Through 838 Stope.

X.I.13: Displacement of Footwall Measured On Wire Extensometer

X.I. 14: Displa<:ement of Footwall Measured On Wire Extensometer

x.2. ;: 3x-I level Plan Showing Instrument Locations

8.2.~: Longitudinal Section of 40-641 and 40-631 Stopes

X.:U: Seïsmic Measurements in Rock and Fill From Blast A

8.3.1: 1~·2-35 Test Drift Pressuremeter Test Hole Locations

8.3.2: Pressuremeter probe

8.3.3: Pressuremeter control unit

x.3.4: A Typical Pressuremeter Test Curve

8.3.5: N di.\ITlond drill on a jack-;,;u. set up

177

179

191

194

198

199

200

201

203

204

206

208

209

210

212

214

215

216

217

219

220

222

225

227

227

228

230



• X.3.6: F:obe in horizontal holes in CRF

X.6.1: ln situ testing using plate-Ioad method

8.4.1: Kidd Creek Baçkfill. DDH#2 at 0.6 m

XA.2: Kidd Creek Baçkfill DDH#2 at 1.22 m

804.3: Kidd Creek Baçkfill DDH#2 at 1.83 m

XAA: Kidd Creek Baçkfill DDH#2 at 2.1 m

8.4.5: Kidd Creek Baçkfill DDH#2 at 2044 m

804.6: Kidd Creek Baçkfill DDH#2 at 2.9 m

804.7: Kidd Creek Backfill DDH#2 at 3 m

8.5.1: Kidd Creek Backfill • P-Wave and S-wave- Pundit

8.5.2: 12·2 Sub-Level

8.5.3: 12-2 CRF Test Drift

8.504: 12-2 CRF Test Dâft sp-I South Wall

8.5.5: 12-2 CRF Test Drift, sp-2 North Wall

8.5.6: 12-2 CRF Test Drift sp-4 North Wall

9.1.1: Backfill Cost Distribution for Tailings or Sandfill Operations

9.1.2: Backfùl Cost Distribution for Cut & Fill Operations

9.1.3: Backfùl Cost Distribution for High Density Fill Operations

9.2.1: Backfill Cost Distribution for Rockfill Operations.

9.2.2: Backfùl Cost Distribution Tailings and Rockfùl Operations

9.2.3: Rockfill Operation Cost, Observed Vs Modeled.

9.3.1: Rockfill Average Capitilization Costs.

9.3.2 Tailings and Rockfùl Average Capitilization COSts.

9.3.3: Backfill Operation Cost, Observed Vs Modeled

10.1: CRF design system

Drawing 1: Dilatometer1Pressuremeter tests

Drawing 2: Dilatometer1PresSIl emeter tests

230

237

238

239

240

241

242

243

244

245

246

247

248

249

252

253

254

257

258

264

265

266

270

279

CI-C3

C3-CG



• List of Tables

Table 6.l: Typical Chemical and PhysicaJ Composition of

Supplementary Cementitious Materials.

Table 1: Summary Of Pressuremeter Tests

Table 2: Summary Of Labor.ltory Testing

Table 3: Comparison of Field and Laboratory Data

Table 4: Summary Of P-Wave Velocity Measurements

Table Al: Stress change readings. 124

Table A2: Stress change readings. 125

Table A3: Stress change readings. 124 and 125

Table A4: Extensometer G-l3

Table A5: ExtensometerG-14

Table B6: Peak partiele velocity caJculation. method #1

Table B7: Peak partiele velocity calculation. method #2

Table B8: Peak particle velocity calculation. meothod #2

Summary of peak partiele velocity results

Table B9: Blasting energy calculation

Table BIO: Blasting energy caJculation

Table BI 1: Peak to peak P and S-wave measurements

Table BI 2: Peak tp peak P and S-wave measurements

130

235

235

236

236

A2

A3

'A4

A7

AS

BI

B2

B3

B4

B5

B6

B7

B8



• 1 INTRODUCTION

Rockfill system refers to the use of course rock for backfilling C'ompared to the use of

tailings in a hydraulic fill system. The rockfill system could he unconsolidated. consolidated and/or

post consolidated for differ:nt applications.

RF is normally used as a void filler for providing passive suppon. by minimizing regional

ground movement problems. Unconsolidated rockfill has a limited ground suppon capability and

the free standing height capacity of this type of fill is negligible. Unconsolidated rocktill is used

when the filled stope will not he exposed in future pillar recoveries since the stopes surrounding

the filled Stope have been previously mined and filled.

In some operations e.g. Geco Mine. after filling the stope with coarsc aggregate. the

stopelpillar interface is post-consolidated with percolation of cemented hydraulic fill into the

rockfill at the edge of the stope. The fil1ing starts prior to completely emptying the stope and with

gradual mucking of ore, uncrushed waste is introduced. Once the stope is fined with waste. single

pour point at the top introduces 30:1consolidated !ailings fin to consolidate the wa.~te.

CRF is comprized of sized or unsized aggregate mixed with various types and amounl~ of

binder materials. The aggregate is consolidated just hefore the entry into the stope. Fig. 1.1 and

1.2. This type of fùl usually contains a moislUre content helow 5%. CRF with closely controlled

specifications is employed for subsequent pillar recovery and improved passive 1active ground

support CRF yields a higher strength fill with lower amount of cementing agents compared to

ccmcnteci bydraulic fill. With equivalent binder contents. CRF will exhibit uniaxial compressive

strength rwo to three limes higher !han those of hydraulic fin. It also bas higher modulus of

elasf.city. cohesion and angle of friction compared to hydraulic fill.

A variety of fill types could he used to suit the different mining rnethods and
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Figure 1.1: Slurry is added to aggregate before entry to stope.

Figure 1.2: Mixing of agglegate and sluny.
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• perfonnance requirements of the fill. Consolidated rockfill should he employed if future exposure

of the ftll wall is expected. The material combination and the cement contenl~ of the till placed may

vary. depending on difterent stope rcquirements. These combinations could he as follow:

CRF ( CONSOLIDATED ROCKFTI..L). In the majorily of the opcr.llions. sizcd rocklill

aggregate is mixed with cement siun')'. usually 5 to 6% by weight of aggregate at a pulp density of

50-60%. This type of fill exerts an active pressure on the contactcd wall. providing not only

ground support but also improvement of inherent srrength of the walls.

Advantages: There is no drainage problem . If placed correctly. high quality fill is achieved.

Disadvantages: Segregation control is difficult. Quality can he variable. Acccss & layout is critical.

CSRF( CONSOLIDATED SAND ROCKFTI..L). This is a combination of CRF with varying

amounts of sand added to il, usually 5-10%. With the same cement content as CRF. the cement

sand slurry is introduced simultaneously with the CRF to fill the voids in segregated aggregate.

This enhances the fill stability for bath gravity loading as weil as blasting vibration resistancc

during excavation of adjacent stope or pillars. only used at KCM.

Advantages. Raise layout is not critical. It bas relatively good mobility and less segregation than

CRF. It bas a lower angle of repose !han CRF. and it is denser!han CRF.

Disadvantages. Relatively good access is required and there is slurry runoff control problem.

CSWF(CONSOLIDATED SAND WASTE F1LL). Waste is [eft in place and consolidated

by pouring a cement sand slurry mixture which percolates through il. The cement by weight of

aggregate is around 18% and bas a pulp density 55-60% for cement slurry and 65-700/0 for sand

slurry. The ricber amount of cementing agents in the mixture will consolidate the waste for

improving ground support and aIso reducing ore dilution with overall cement content of around
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• 5%)

Advantages. It is very mobile and good access is not essential. It saves having to remove

wuste and can consolidate specific areus of stope, such as individual walls.

Disadvantages. Bulkhead control is essential. The path of the sand slurry flow is difficult ta

control.

CSF(CONSOLIDATED SAND FILL). Consolidated sand fill is a cement-sand slurry

mix. with a lean cement content. 5 to 10%. The cement sand slurry is placed after the majority of

the st<'pe has been filled with CRF in arder ta tightly fill the remaining void beneath the stopeback.

thus providing roof support.

Advantages. It is very mobile, and has a low angle of repose. Good access is not essential.

Disadvantages. Bulkhead control is essential and there is slurry runoff control problem.

RF (ROCKFILL) This is sized or unsized waste, which is obtained from surface or

underground. For cost savings without impairing the role of fill, RF is occasionally used in sorne

selected openings. The unconsolidated fill, however, can only he regarded as applying a passive

pressure on the wall to be supported, and has a limited effeet on supporting groond.

Advantages. It is cheap. quick and simple.

Disadvantages. It is not consolidated, thereby. offers limited ground support.

Within last 10 years, the strength and stiffness which can he achieved with CRF have

encouraged ils increasing use a.~ backfill. There are strong economic links helWeen the strength of

rockfill. the stable fùl exposure dimensions. the possible stope dimensions and hence the

profitability ofa mining operation. CRF bas the capacity to stand over exposures not economicallV
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• pos.~ible with other fill types. The stiffness which can be achieveù with rocktilloffers some

signiticant advantages to oper.ltions seeking to ground control subjectto high stres.~s. control

which is not possible with any other till type. Rockfilling also pnwides an inexpensive methoù "f

ùisposing of development waste and or surface open pit waste.

A proper design of rockfil\l>")'stem is relatively complex and involves number of pammeters

which require appropriate attention in order to ensure a continous. efficient and low cost oper.ltil'll.

A proper design of rockfill system can contribute greatly to the efficiency and protitability of the

mine.

This thesis will critically review the main CRF oper.ltions anmnù the worlù anù together

with over 15 years of documentation and experience on rocktilling system at KCM will iùentify th,'

major parameters to be investigated for an efticient and low cost rocktilling oper.ltion.

Then based on extensive literature review and author's extensive site investigation which

included. drift mapping. stope history and actual tïlling observations. four main par.lmeters relateù

10 CRF design are identified and further investigated in this thesis. The four areas are identified ùue

to their importance in achieving high strength fil\ and lack of available information on extent of

their contribution in assuring a properly engineered CRF system. The four areas identitied with the

most strength improvement and cost saving potentials are: to improve engineered structur.l1 design

process. establish quality control measures. increase usage of lower cost alternative binders. and

carry out in situ testing for back analysis.

Structural Design: Structural design optimization is a very important part of the fil)

cycle. This is needed te prediet. place. and obtain competent rockfil\ mass where it will be

exposed in future mining. The ultimate goal is to minimize and control segregation. hence

minimize dilution and mass and/or local failures.

Quality Control: A typical rockftll mass has much superior physical and mecbanical
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• rn Ir~l1i~scompareu to other till systems if only properly controlled. Closely monitored and

rror~rly engineereu qualiry control measures have to be establisheu and followed by operJ.tions

r~lIrk. These are the mea.~ures taken III achieve the highest possible til; qualiry at the lowest

r"ssihle cost.

Binder Alternative: Since binuer usage is around 80-90% of a rypical rocktill

lIperating cost. excluuing labour cost. the establishment of an optimum binder combination in any

mine js a must anu coulu yielu the most tinancial and/or strength benefilS.

ln Situ Testing: Very linle work had been done on the in situ behaviour of a

clInsllliuateu nlcktïll ma.~s. Optimum tïllljualiry at the lowesr possible cost can only be achieveu by

b"ck analysis anu continuous improvement of th,,; existing till system using actual in situ values.

The investigation of above par.lJ11eters. as the thesis for Ph.D studies. were considered to

I:>e signiticant in advancing Canauian mining backtilling technology. The majority of laborJ.tory and

in situ experimentations have been unique to the Canadian mining industry. mostly due to lack of

cxpel1ise and the substantial cost involved.

This thesis investigates the geomechanical behaviour of a roekfill mass which could be

cxposeu on all four walls and also investigates cost and quality improvement potentials in four

area.~ mentioneu above. The thesis establishes design criteria for mass design optimization and

l'l''views different fùl mass in situ strength estimation techniques. This will enable the designers to

evaluate and estimate the required in situ static and dynamic strengths of cemented rockfilI. for any

given condition and aim to achieve the highest possible strength at the lowest possible cost.

This thesis will present the first fully evaluated roekti11 system in Canada. This involves

impnwement and optimization in" preparJ.tion. transportation. and most importantly placement of

the nl<:kti11 material to achieve the highest quality fi11 at the lowest potential cost Olt Kidd Creek

Mines. However. the result of this work can be easily employed aud implemented for any new or
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existing rocktill system.

This thesis has been the product of work conducted as an employee of Falconbridge

Limited and a Ph.D student at McGill University. As such. the author readily recognises the

assistance provided to him by oL.er KCM employees and those of the other opemtions during

author"s site visits.

Most of the studies are l'arried out to impro\'~ the KCM till system which is the largest

rncktill operation in Canada. The emphasis in this thesis is on rocktilling large bla.~thole stopes.

which is the mining method at KCM. Prim to this study. extensive research ha.~ been carried out in

.the mine in the field of rocktill mass design. Most of the related test resull~ are either presented ur

referred to during this thesis.

The Kidd Creek minesite is located 27 km north of Timmins. The annual production of the

mine is around 3.5 million tonnes of copper. zinc. lead and silver ore. The mining method is sub

level blasthole stoping. Typical stopes in the upper mine ( above 2600 level) are 18 m wide and

l'rom 35 m ta 60 m long depending on ore contacts. Stope heights range l'rom 75 m to 105 m

depending on footwall or hangingwall ore limits and ground conditions in the vicinity of the stope.

Secondary recovery of the transverse pillars. 25 rr. in width is carried out between filled stopes.

The consolidated rocktill quality bas a major impact on the dilution and recovery of these pillars.

The mining method in the central area of the mine ( 2800-4600 levels ) is pillarless blasthole

stoping and a typical stope is 15 m wide. 30 II' long and up to 60 m high. The lower ( below 46()()

level ) has the same method as the upper mine. using rib pillars. Stopes are however. only 15 m

wide. 30 m long. and 35 m high.

Currently. KCM produces 3.4 million tonnes of ore annually. A total 0'" 1.8 million tonnes

of backtill is required ta completely fill the mined out areas. Approximately 95% of the till placed

is consolidated material. Backtill is p1aced to provide both short and long term benetil~. Short term

benetits include: the complete recover: of ore. safe mining of adjacent stopes. and wall sloughage

control. The long-term benefit is ta stabilise the general mining environmenl The quality of
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• ha<:klï Il has a major impact on rel'overed ore grJ.de and the quantity of the till delivered must be

matched tn the budgeted production rJ.te. The tillrnethod direcùy and/or indirecùy effects: mining

CII"t. mining rate. stope scquencing. and tinal gr.lde due to controlled dilution. With the same

amllont of cementing agents consolidate rockfill mass yields a higher compressive strength.

nllldulus of elasticity. cohesion. and angle of friction compared ta any other fill type.

The main factors for employing a CRF system at KCM are as foUow:

A: lnitially the rocktill system was adopted as the backfilling method because of the

"lIhstantial stockpile of ideal waste material produced from the open pit phase of mining.

Apprnximately 55 million tonnes of rhyolite and andesite waste rock were produced during the

"pcn pit oper.ltion.

B: High tilling capacity requirement at KCM. which only could be supplied by a CRF

method. At KCM. approximately 1.8 million tonnes lyear of placed tïll is required to keep up with

annllal production of 3.5 million tonnes,

C: CRF \Vith lower binder content achieves uniaxial compressive strengths IWO to three

times higher than thosc of hydraulic fill. It has superior modulus of elasticity. cohesion and

fril'lÎ"n angle compared to hydraulic fiU. hence provides :-. more active ground SUPPOlt role.

D: Unusual distance between mine and metaUurgical sires at KCM eliminating the

p"s'ihility of u.~ing classified tailings in a hydrJ.ulic tïll system.

The objectives of this thesis consist of the following:

1: To review rockfill practices around the world with emphases on Canadian Mines.

especially KCM in Tunmins. On:ario.

2: To establish structural rockfill design optimization criteria. This is donc through
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• extensive site visits and employing different in situ te'ting techniques.

3: To establish quality contml measures and techniques in three main stages. surface lil1

plant. during transportation. and the most importantly during placement

4: To review material properties testingl estimation technique., for a typical rocktil1

system.

5: The main portion of this thesis examine., lower cost binder alternatives. Much of the test

work was aimed to get the lowest cost binder which perfonns as good or better than the existing

binder at KCM.

At the Slart of this research thesis. there did not exist a gener.ù design procedure! technique

for assessing the properties and strength requirements of a CRF mas.... Another major portion of

the thesis is to establish the required stfUctur.ù design and in situ e.,timation technique criteria.

ln this thesis the following are considered to he author's contributions to the tield of

rocktill design:

1: Improvement in rocktill design strengths estimation and requirement methods.

2: Establishment of rocktill optimization path.

3: Compreh~nsive in situ resting to tind mechanical and dynamic propertie., of a CRF

mass to he used for an engineered design. This is done through different monitoring technique.,

and underground observations. This area is probably the least understood part of a CRF mass.

4: Establishing new quality control measures and techniques.

5: The Most important part of this thesis is the investigation into more effective and lower
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• cost binder alternatives.

This thesis contributes greatly in understanding the steps to be taken to improve and even

optimize any rocktill system with emphasis on KCM rocktill system. Chapter 2 reviews

information l'rom liter.lture survey of other CRf operations. Following this. in chapter 3 the review

of engineering structur.l! design for an homogeneous rockfill mass is carried out. Chapter 4

desclibes the extensive site investigation progr.lm at KCM to identify parameters for a non

homogeneous mass. to be further investigated. Chapters 5 to 8 report on the studies carried out on

4 main parameters that were identitied in chapter 4. The par.lmeters investigated in chapters 5 to 8

are: StructUl".l! design criteria. physicall mechanical properties. quality control measures and

ex!ensi\'e in situ testing progl".lm. respectively. Chapter 9 contains some capital and opel".lting

costing information for a typical rockfill system. Chapter 10 summarizes ail the improvement made

in main par.lmeters and presents the steps to be taken to improve and/or optimize a typical rockfill

system. Conclusion based on the experiments and findings of this thesis plot a course for the

deve!opment and implementation of an improved rockfill system.

10



• 2 REVIEW OF CRF OPERATIONS

Considerable amounts of infonnation regarding rockfill operations are available around the

world. Due ta variation in mining method technique. orebody shape and gr.lde, eaeh rocklill

operation has its own advantages and disadvantages. It is hoped by critical review of such

systems, major parameters effecting ôverall perfonnance of CRF will be identified which are

common ta all rockfill operations. Such parameters are then further studied in depth for possible

improvement throughoutthis thesis. This chapter covers the infonnation from major CRF systems

in the world, with emphases on Canadian CRF operations. The rockfil[ aecounl~ for 30')(. of all

the fill types in Canada. while it is only 6% when one includcs allthe mines in the world which use

some type of backfill. This indicates that Canadian mining induslry possibly ha.~ the most ;ldvanced

technology on CRF.

Advantages of a CRF as compared with hydraulic fill system is the higher tilling raie and

strength with lower cast. It has higher compressive strength, cohesion, friction angle, modulus of

elasticity with lower binder content. There is no drainage problem and it is a continuous filling

system. This translates ta average filling rate of 5000 tonne! day and filling rate of up to 15000

tonnes/day at KCM. Studies in rockburst prone mines have clearly indicatcd that CRF plays much

more active ground control role man hydraulic fill. ( Quesnel,W.J.f, et el. 1989)

AImost every mine that uscd CRF system was employing blasthole stoping method in bath

the longitudinal and transverse direction. Stope size ranged from 125 m long by 3 m wide ta a.~

large as 61 m long by 24 m wide.

For ail the fill systems. the inelt materials commonly uscd were mill plant tailings, sand and

grave!, waste rock and siag. In Quebec 61% of the materials uscd in all the fill systems was waste

rock. lYPically waste was crushed Iscreened ta either minus 200 mm or 150 mm depending on the

mine. CRF at Kidd Creek and Williams mine consisted of an aggregate crushed ta 75 percent

between sizes of 9.5 mm to 150 mm and 2S percent minus 9.5 mm.
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• Almost ail operalions were using sorne son of binding material. cement being the most

popular. Sorne operations used lhe combination of cement/ flyash and/or slag. A1though the

Ponland cement/ Ayash combination a1lows one to obtain higher long tenn strength. in Canadian

mines. flyash was seen only at Kidd Creek. Williams. and 5 Quebec mines. Even in the mines that

flyash was being used. the replacement percentage was considerably lower than optimum

replacement value of around 60%. Five mines in Quebec were using flyash in conjunction with the

Ponland cemenl. with replacement ranging from 8% to 50%. Chemical additives such as

flocculent. accelerJ.tor. retarder were employed to improve the fill penneability. flowabilily of lhe

slurry and lhe consolidation propenies of the fill. The binder content was often more lhan usual 5%

where higher free standing ability was required.

Unconsolidated till was placed in stopes where no adjacent mining would take place. The

waste was either dumped from surface into large raises directed to the underground levels where

fiIling was taking place. or it was tranuned directly to the stope to he filled from an underground

development area. The raise were commonly helWccn one to 2.4 meters in diameter. At Williams

waste was transferred laterally from raise to raise by eonveyor s in order tei reach the lower stopes.

Kidd Creek uses conveyors to take the material directly to the open stope to he filled.

The Geco method for transport of CRF was different in that it required that fiIling

operations star! prior to complelely emptying the stope of its muck content. As muck was drawn at

the drawpoints. fill was introduced at the top of a blasthole stope. This greatly minimised the wall

sloughage. When the stope was fùled with waste then 30:1 consolidated hydraulic fiII through a

single pour was used to post consolidate the aggregate.

Different mixing of aggregate and binder was used in different operations. In majority of

operations slurry was piped from surface and then agitated in holding tanks located ncar

the stopes to he fùled. The slurry binder mixture was then pumped through 4 in. slurry Iines and

sprayed onto the aggregate as it was dumped from a conveyor into a baffled chute. The chute

tumbled the materials and ensured full coating of the aggregate. In truck filIing operation, the

12



• trucks were loaded with aggregate and sprayed with binder prior to dumping into the open stope.

Most of the mines were using 4 inch diameter perforated pipes which came in custamized

length. When filling with CRF water was needed only for cement hydrJ.tion and aggregate coating

and very linle decanting was required. However. at the boltam of the stope 4 inch pipes were

placed to decant excess water from mixing. ar ground water.

Typical fill fences used in blasthole stopes included either a cable fence as shown in Fig.

2.1 or timber fill fence. The boltam portion of the stope was filled with higher cement content 10

act as plug. Kidd Creek used a 14 inch thick concrete bulkhead. Fig. 2.2. with holes ta

accommodate drain pipes. However. Kidd Creek has started using fill fences due ta their ease and

speed of installation.

The compressive srrength of the ml required in mining operation varied over a wide mnge.

This was from 1.4 Mpa to 7 Mpa.

Monitoring methods were very simple and crude. There were just few automatic control

systems in use and most mines were monitoring manually.

There was linle data regarding the quality control of the in-situ backfill with respectto il~

physical and mechanical propelties and the above concem was clearly examined throughoutthis

thesis.

The backfill cost accounted for 1.3% to 19% of :he total mining cost. The capital cost for

different rockfill operations varied considerably. ranging from $500.000 to $2.2 million 1991

Canadian dollars.

Operating cost, expressed in dollars per ton of fill. ranged from 4 to 15. depending on fill

preparation. placement system and more imponantly binder content.
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• In rockfill oper.ltio:ls. material cost accounted for 43% of the total operating cost of which 80%

wa.~ the binder cost. For Quebec Mines. the capital cost for all fill types varied in the range of 0.4

10 2.2. million dollars. Rocklill operating cost was between 3.8 to 9.5 dollars per ton of fil!. This

is compared to oper.lting cost of 5 to 25 for cut and fill and 3.9 to II for hydraulic fill systems.

Rockfill was more widely used in Quebec. Approximately 40% of the mines surveyed

either use rockfill alone or with hydraulic fil!.

There were typical problems and concerns associated with CRF systems. They were as

follow:

1: Segregation of aggregate

The main reason for fill failure in a CRF system is aggregate segregation and close control

during placement is necessary to get the lcast segregaùon which then should minimize dilution.

This is the biggest concem for any CRF system and the segregation phenomena is studied in depth

in chapters 4 and 5 with recommendaùon to minimize the extent of the segregation.

2: Excessive rmes at depth.

Aggregate brealcs down while being transferred underground and close control on

aggregate sizing could be difficult. This is covered in chapters 4 and 7.

3: Difficulty in in situ evaluation of placed CRF.

ln most of the mines trial and errer method was the only way to experiment with changes in

the system. The physical and dynamic properties ofCRF are extensively studied and results and

recomrnendaùons are given in chapter 8.

4: High capital requirements.

The cost of pass and plant set-up could he very high. For example at Kidd Creek Mines.

2000 meters of vertical raises and 3000me~ ofconveyor belt in.<:tallation are used for aggregate

delivery. This indieates that CRF system is most suited to large operations and bulle mining
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• methods. Operating and capital cost infonnation are given in chapter 9.

5: Frozen aggregate on surface. causing hangups and higher moisture content. The solution

to this problem is covered in chapter 4 and 7.

2.1 ROCKFILL PRACTICES IN ONTARIO

Sorne of the main rockfill operations in Ontario are:

2.1.1: GECO MINE

The orebody is an easterly trending. sub-vertical zone occurring on the south Iimb of an

easterly plunging folded sequence of highly metamorphosed Archean volcanic and s....dimcnl~

known as the Manitouwadge Synfonn. The orebody is a lenticular. continuous zone of

lIÙneralization extending from surface to a vertical depth of 975 meter along an easterly 35

deg.plunge. The average strike length of the orebody is 731 m. The width varies l'rom 3 ta 76 m.

with the average being 20 m. The core consists of massive pyrite. pyrrhotile. sphalerite.

chalcopyrite and galena. In addition to copper and zinc, the ore body cames silver and minor

quantities ofgold and tin. ( Olav Svela, 1989 ).

MINING METBOD AT GECO:

Access to the underground orebody was fmt provided by No.1 shaft. which bonomed at

the 746 m level. An internai shaft cast of No. 1sbaft, provided additional depth penetration as

IIÙning went deeper. Geco bas tluee distinct orebodies: the main zone. which bas provided the

buIk of the ore; and the 412 and 812 zones. Blasthole IIÙning bas been the major mining method at

Geco. Transverse pillars are 37 m wide and eacb side of the stopes and every tbird pillar is 46 m

wide. boundary pillar. Transverse stopes and pillars are in the lower part of the orebody and are 10
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• m or thicker. Anything narrower than 10 m is mined longitudinally. ( Olav Svela. 1989 ). This

mine is currently producing approximately 1 1/2 million tons of ore. 4.100 tonslday. recovering

Cu. Pb and Zn. The sizes of stopes are 30 m x 21 m x 60 to 200 m ( L.W.H )

BACKFILL DESIGN AT GECO

WeIl fragmented. unconsolidated and uncrushed waste rock can be fed directly to stopes

through finger raises. When blasting of the stope is underway and mucking has started a void will

develop at the top of the stope. Waste is now passed through a finger raise which has been driven

directly over the stope. As the void fills the raise will chock off unùl more ore is pulled. The waste

continues to fill the void as it is created by mucking from the bottom of the stope and provides

support keeping wall slough to a minimum. This technique has becn found to nùnimize wall

sloughage by providing conùnuous support at the waIls of the stope. When the stope is emptied of

ore it will be full of waste and if it is a pillar this will be the end of the filling cycle. Unconsolidated

materials are used for backfilling areas where adjacent mining will not occur. such as in mined-out

pillars where primary stopes have becn pl~viously nùned and filled, or in stopes where

unrecoverable pillars are left. If stopes are to be nùned adjacent to this block then a single pour

point at the top of the stope will introduce 30:1consolidated tailings fill into the waste rock.

Pouring conùnues unùl the stope is full. The standard bulkheads are instaIled prior to pouring the

cemented tailing ml. For consolidaùon purpose. the backfill cornes from the milI's flotation

tailings. The coarse fracùon is used in backfill. while the fines are sent to the tailings impoundrnent

area. The backfill plant produces 300.000 tons of backfill sand per year in both consolidated and

unconsolidated form.

The tailings fill plant area has a 200 ton cement silo. !wo mixing tanks and one surge tank.

The cement ratio is obtained by setting weightometer scale ta a calcu1ated cement to c1assified

tllilings fill ratio of 1:30. A screw conveyor feeds the cement into the mixing tank. Cement is the

ooly additive presently used. Density of t'le mixture is 64% and is checked with a Marcy scale.

Surface waste from a quarry is passed through threc ml raises . Fmger raises to these main
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r.lises feed waste directly to stopes. The waste is uncrushed but weil fragmented.

A standard 5' thick reinforced concrete bulkhead is installed at each opening into the stope

prior to pouring the consolidated tailings fill. Over 1000 of these bulkheads have been installed at

Geco. Drain lines are installed with a mousetrap on the active side.

In summary Geeo mine has a unique post consolidation method. This melhod allows

immediate wall slough control. however post consolidated racktill in gener.ù has much lower in

situ strength. Portland cement was the only binder used in this operJtion and considcrJble savings

could be realized by using lo\\'~r cost bUl more effective binders such as t1yash,

2.1.2 : WILLIAMS MINE

The mine hosts an ore body with proven and probable rescrves of 34 million tonnes

grading an average 6.2 gr of gold per tonne. Annual production in the mine is slightly higher than

two million tonnes. Average drly production is 5.400 tonne. This mine produces approximately

500.000 oz of gold per year. making it Canada's biggest gold-producer. The production and

operating costs in this mine is around $210 (US) per oz of gold.

MINING METHOD AT WILLIAMS MINE

Longhole open-stoping with delayed backfùl is the sole means of production. Open SIOpe

blasthole method is carried out with dril1ing of 4 112" downholes and blasting 10 a Robbins slol

raise. Main levels are established al 105-m intervals. and sub-levels every 25 m. Three main

mining blacks exist in the mine. The top black. al 300m depth can provide 750 to 1.000 lonnes of

mllCk per clay. The second black. between 785 to 890 m depth. contributes the bulk of the daily

tonnage 0(2,500 tonnes. The third rnining black. between 995 and 1.100 m depth. produecs

around 2.200 tonnes/clay.
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• Stop<: dimensions run 25 m in height. 20 m along strike. and to a maximum width of 25 m.

Any ,topes in thicker zones are split into twO panels to allow more efficient mining. The dilution

factor j, ~ 109'70. induding material from backlilled stopes. The 42-inch-diameter slot raise serves

a dual function a.s initial hla.st void and a.s backlill raise for mined out stope below.

BACKFILL DESIGN AT WILLIAMS MINE

Backlill is supplied from a quarry at surface called the C zone open pit and fed through

r.uses to underground. Quarry rock is mixed with cement slurry on 26-tonne trucks at backfill

station on the main leve1s. Str.ught quarry rock without cement is placed be!Ween two consolidated

backlill stopes. Surface waste fmm the open pit is crushed to minus 6" resulting in a ratio of75%

+3/8" and 25% -3/8". This aggregate is stacked and picked up by front-end loaders as required

and dumped into backlill raises. At the first underground level the fill may be passed to the upper

zone or conveyed by permanent conveyor to raises which will pass it to the lower zone.

There are usually three areas being filled at one lime. One area used to be filled by portable

conveyors and the other two were using scoops which have becn replaced by fill trucks. Portable

conveyors carry the aggregate to the borehole or to the open stope. Baffled chutes are often used at

the head end of the conveyor to further mix the slurry with the aggregate. Because of small size of

the stopes ail the SIOpeS are presently filled using 26 tonne trucks. Almost 100% of the present

lilling at Williams are done using 26 tonne truck due to the small stope sizes.

When using LHD. a conveyor louds directly into the bucket and metered amount of binder

is piped into â1e aggregate as it falls into the bucket. sec Figure 2.3. The scoop then travels to the

dump sile which is usually a Robbins raise or it can be dumped directly into a., open stope. It

should be noted that the Robbins raises are drilled through several sub-Ievels in one lift and are

used as both slot r.uses and fill raises. The choice of these !Wo methods is based on an economics

decision. Normally 40.000 tonnes of fill or less will result in using the scoop haulage method. Fill

production is approximately 4.000 tons per day. Overall cost of placed fill is SI0.0 per ton. The

only fill used at this mine is CRF with cement! flyash as the binder in ratios of 4 to 7% by weight.
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• Slandard fill fençc providc~ excellent and (;Jean drainage of the water. Where ground çondiùons

have been delcrioraled. for safety reasons. self fomùng bulkheads are poured using a 7% cement

to aggregate Mio. Fençes have drain pipes and fabrene for water control. Here. a hinged trap door

allow~ aççess to hoth sides of the fençe during the erecùon process. A drain pipe is placed through

the conçrele bast: of the fençe and another pipe tl..""lugh the çoncrete sealing the sides of the fence to

the rock walls. The fençe is made of ùmber with welded mesh screen and filter cloth covering. It is

seçured to the walls and back using rebar and bullhom anachments. Concrete is poured along the

sides of the fence to prevent leakage Olt the walls.

ln summary. the fill system Olt Williams mine is very similar to the system Olt Kidd Creek

mines. The major differençe is the smaller size of the stope to be filled Olt WilIi:ll':'>. around 30.000

tonnes. lhat diçtates 100% truck filling while Kidd Creek uses mostly çonveyor for aggregate

lr.ll1sponation. Although llyash was added to replace Portland cement, the percent:lge replacement

was only 40% and as the result obtained from this thesis indicate the value could be as high as

600/c.

2.1.3 : GOLDEN GIANT MINE

Golden Giant has reserves of 15 million tonnes al a grade of 10.85 gr gold per tonne. The

produçtion rate is 3.000 tonnes perday. The ore Olt this mine cornes from three blocks: block 1.

between 321 and 421 m depth. is essenùally mined out, except for a 180.000- tor.ne pillar. Stopes

in this block were mined to a lOO-m height, but because of the ground movement problems. 5O-m

lifts were used for No.2 block. Stopes in block 2. between 446 and 546 m depth. are 50 m high.

20 to 25 m wide and 15m along strike. Block 3. between 5n and 921 m depth. is the most active

block. From the experience in the upper !wo blocks, the optimum stope height uf 66m bas been

employed in this block.

MINING METHOD AT GOLDEN GIANT
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• The mining method is blasthole stoping. blastin:; into slot mises. These mises are dropped using 4

112" diameter In-The-Hole ( I.T.Hl drills for the cut and 2 IlS" diameter for the square. A

retreating panel sequence is being used rather than leaving pillars. The aver.lge stope size in the

upper zone is 10001 x 2501 x 2001 ( H.L.Wl while in the lower zone the aver.lge dimensions are

SOm x 15m x 20m.

BACKFILL DESIGN AT GOLDEN GIANT

Backfill consislS of a combination of quarry rock ( 90 to 95% ) from surface and cement ( 5

to 10% ) nùxed underground at slrategically located backtill stations. The lin plant has one cement

silo with 150 tonne capacity. Cement ratios are approximately 3 to 4% but in the past r.ltios of up to

10% have been used Cement is added as preset on a computer and is automatically monitored to

stop when S.G. of slurry reaches 1.77 which corresponds to a density of 64%.

Surface waste from a quarry is crushed to minus S" and passes underground through lill

rAses. Development waste is occasionally added to the crushed rock on a 50-50 ba.,is. When this

is done the crusbed rock is screened to cemove all fines below 3/4". This is due to the nature of the

sl:bist waste tends to provide excessive fines.

Self-fofnùng plugs are formed by piling muck in drift or crosscutto act as a catch fence to

stop the flow of C.R.F. as it pours out of the stope. The angle of repose of the lin is about 33 deg.

The ...:ment ratio is 4% but close monitoring by the operators cao have the amount of slurry

reduced to raise the fill density and lower the flowability. The small pereentage of water in the fin

pereolates from fill and flows to sump areas.

AlI the filling al Giant is currently done by dumping the CRF directly into the stope or

through a drop raise. Fill trucks holding 17 tonne of consolidated fill are used. Same as Kidd

Creek and many other mines the aggregate is loaded into trucks and sprayed with slurry prior lO

dumping in the open stope.
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• In summary. the generaJ aggregate size in this mine is con'l<lerably coarser than other

rockfill operations. The lower cost binders were not being used in this operation. Both Golden

Giant and Geco mines had higher than aver.lge pulp density for their slurry transportation due to

limited horizontal slurry lines. Foe exarnple. the pulp density at Kidd Creek mine only averages

around 57% due to extensive horizontalline to cover the large orebody.

2.2 : QUEBEC ROCKFILL OPERATIONS

Extensive survey has been carried out on Quebec mines using CRF alone or in conjunction

with ccmented hydraulic fill and details are given elsewhere. Hassani. 1992.

Review of this detailed survey indicates that CRF is the most common fill type in Quebec.

Due to the smaller size of stopes almost ail the filling is done using truck to hau! aggregate. The fill

plant and fiU methods are similar to the ones in Ontario and the on/y distinct difference is that the

mines in Quebec have considerably higher consumption of lower cost flyash as their binder. In the

five mines using flyash as Portland cement replacement, the flyash replacement varies between 10

to 50%. With the results presented in this thesis this cou!d be brought up as high as 60% which

translates to considerable savings.

2.3 : MOUNT ISA ROCKFILL SYSTEM

Mount Isa Mines. MIM. Lïnùted operates two underground base metal mines. Isa and

Hilton. at Mount /sa, a city located in north-west Queensland, Austra1ia. Copperore. at an average

of 3%. is mined from the 1100 orebody. a large sbalIow dipping orebody with a north-south strike

length of over 2000 m. a maximum width of500 meters and a maximum height of a/most 400 m.

The orebody is mined over the full height using sub leveI open stoping.

The fill exposures are generaJly 40 m wide and can he in excess of 200 m high. The cost

effectiveness of the orebody is significantly influenced by the fllling costs which account for
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• approximately 20% of the total mining costs.

At MIM both uncemented and cemented backfill arc used in underground oper.lùons.

Uncemented hydraulic fill in cut and fill stopes forms working tloors and cemented fill arc used to

fill the voids created during open stoping where stable fill exposures arc required during the mining

sequence.

Three categories of cemented fill arc used at MIM: cemented hydraulic fill (CHF). cemented

aggregate fill (CAF) and cemented rock fill (CRF). CHF is produced by adding Portland cement

and Copper Reverberatory Fumace Slag (CRFS) to deslimed tailings l'rom the on sile copper and

lead concentrators. CHF contains typically 91 % tailings. 6% CRFS and 3% cement by weight

and forms a rnaterial which has the strength of a 6% cement CHF material.

Aggregate for CRF system is the local siltstone which is crushed and screencd 10 produce

+25 mm. -300 mm rockfill. The rock fill is transported along the surface via conveyors. choke fed

down fill passes and along conveyors underground to the top of the stope being filled. The

simultaneous placement of rockfill and CHF into a stope produces a combined fill which is termed

cemented rockfill. ( Ratio of RF/CHF is be!Ween 1: 1 to 3:1by weight ). The characteristics of this

fill vary within the stope due to segregation of the !wo fill constilUents during placement. CRF is

used exclusively in the copper open stopes.

Aggregate fill. AF. uses rejected rnaterial. ·25 mm. l'rom the heavy medium separation

plant. This material is mixed with CHF al typical ratio of 25:75 AF:CHF by weight and transported

hydraulically through pipes to the stope.

Sorne of the findings from reviewing backfill operation al MIM are:

- MIM CRF grading curve possessed the largest particle size and the greatest size

disttibution of all fills reviewed.
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• - :'v11:'v1 CHF and CRF ~ontained 1.5% and 1.4% ~ement equivalent respe~tively, weil

bdow typi~al binder ~ontent~.

· MIM CHF possess the highest reported porosity value of 0.47. Mount (sa CAF and

CRF. being weil graded fills, posscss significantly lower porosity values than most other reported

fills ( 0.22 and 0.11 respectively J.

- Ali three MIM ba~kfills have strcngths bctween 0.5 to 1.3 Mpa. although the slrcngth of

CRF ~ould vary up to values grater than 2 Mpa as a rcsult of variations in in-situ properties.

Summary of ail above surveys are as follow:

· The distribution of the various fill categories around the world were: Paste fill (14%), HF

(.N'7c l. Sand fill(9%l, AF(23'1c) and RF(6%). This indicated that rockfill was still considered as a

new te~hnology and la~k of in-situ information had limited ifs application.

- Austra1ian fills were dominantly HF and AFIRF mixes.

• KCM rockfill mass achievcd the highest compressive slrcngth of all the mines surveycd.

- Canadian mis were largely dominatcd by HF.

• The majority of binder contents werc approximately 6% to 7% cement cquivalent

- The majority of porosity values were bctween 0.30 and 0.50

- More than 50% of the fill slrcngths occurred bctween 0.5 to 13 MPa which sugges1S that

the majority of the applications for backfl1l require design strcngth within this range.

- There was a notable sprcad in friction angle values. The mean value was 35.1 widl a
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• standard deviation of 9.3. Seventy percent of the values were between 30 and 40 degrees.

- The strength trend was: Rockfill > Aggregate fill > Sand fill > Paste fill >Hydraulic till.

2.4 SUMMARY

This chapter indicated that similar operations have completely different rocktill application

and strengtl} requiremems. This clearly indicates that a properly engineered structurJ.! design

approach is needed. This approach should coyer the strength requirement and estimation

techniques which will be covered in chapter 3 and 8. respectively.

The review also indicated that most of the fill fallure problems are due to segregation

phenomena and lack of established quality control measures. Segregation effeet can not be

elinùna!ed, howeverwith proper structural design the segregation extent could be mininùzed. Both

of these key parameters will be covered in chapters 5 and 7. respectively.

The review also clearly indieates that ultimate strength and operating cost are heavily

effeeted by the type of binder being used. Binder cost translates to around 80% of the total material

cost in a typical CRF system.The potentials for strength improvement and lower operating cost

exist in almost all the nùnes. Chapter 5 clearly examines this potential improvement area.
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• 3 STRUCTURAL DESIGN REVIEW

There are different and lillÙted theoreùcal analysis from the field of rock mechanies and soil

mechanics to allow one to structurally design for appropriate staùc and dynamic strength

requirements of a CRF mass. Ali these analysis consider the enùre CRF mass to he homogeneous

and does not take into account the extent of segregaùon and different zoning in a typical CRF

mass.This chapter will review the available techniques for strength requirement esùmation for the

homogeneous CRF mass and the following chapter will investigate the relaùonship of extent of the

segregaùon to the decreased statie and dynamic strengths.

Segregaùon phenomena is the main reason that operaùons use different safety factor

numbers to account for in situ non homogeneity of the CRF mass. In most of the cases. the

strength requirement is over and/or under esùmated and in bath cases the results could he very

costly. Under esùmaùon of the actual strength required will result in excessive diluùon and major

producùon delays and over esùmaùon means much higher operating cost. For example an extra 1%

binder requirement at KCM translates to increased binder cost of around $1.8 millionlyear.

For a rockfill mass to sustain not only the gravitaùonalloading of the overlaying ml

material. but aise the dynamic loading applied during blasting of the adjacent areas the following

should be considered:

1: Compressive strength required •confmed and unconfmed. with a given safety factor.

2: Shear strength.

3: Dynamic tensile strength.

4: Elasùc Modulus.

S: Poisson's raùo.

6: Fricùon angle.
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• 7: Cohesion and apparel'! cohesion.

AIl the above factors are needed to be able to estimate the static and dynamic strengths

requirements and will be discussed in detail during this chapter.

3.1: STATIC STRENGTH REQUIREMENTS:

At this stage one just considers the gravitationalloading of the fin due to it's own weight.

The competent fill should have enough strength to prevent shear or tensile failures in the fin mass.

Sorne of the lypical failure models for estimating fin strength to sustain static loading are described

in detail. Yu. 1992.

Due to tension cracks on the fin surface we could have simple wedge failure. Fig.3.!.

along the plane of lowest resistance. Fill strength requirement to avoid the wedge failure could he

calculated with eq. 1.

Fs =Shear sttengthl Driving force

= ( cBlcosB + WcosB tan lJ ) t Wsin B (1)

where:

Fs =static safety factor by shear failure

c = cohesion of ml ( kNt m2 )

B =width of the ftU block ( m )

il =friction angle of the ftU

W = weight of the sliding wedge ( kN)

8 =dip of the sliding plane: 4SO+ l/J/2

Equation 1assumes the following:

- No arching effect due to confinement.

- Gravity loading only.

- Failure StarlS at the toe of the moving black
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• Aiso the relationship between unconfined compressive strength. Qu •and cohesion. c.

using Mohr Coulomb's strength theory is a.~ follow:

Qu =2c tan ( 45 + llI2 ) "(2)

where: Qu = Unconfined compressive strength. kPa. and c= cohesion in kPa.

Equation 2 gives the required strength for a safety factor of only 1.

To make this more realistic. one could assume tension cracks parallelto fill face. Figure

3.2. A large test model indicated that tensile cracks were often seen at a distance equivalent to 113

the height of failure l'rom the exposed face for a cenain depth( S1TÙth et al.. 1983 ). Assu1TÙng that

a verticaltcnsion crack. developed at the 1TÙddle of a block width. extends downward to intersect

the shear failure plane. Fig. 3.2. one could calculate the safety factor using equation 3.

F= ( (cB/cos8) + Wr cos 8 tane »1 Wr sin8 (3)

where:

Wr- Weight of failure wedge per unit length ( kN)

Wf=B rp (o.5 H- B tan BI8)

rp= fill density ( kN/m3)

If the pillar around the fill is blasted and there is no confinement, the block is subject to it's

own weight loading. The required compressive strength at the bonom of the fill block is as

follows:

Fs =Qu 1 ( rp H ) (4)

Qu= Uniaxial compressive strength ( kPa )

H= height of free standing block ( m)

By knowing Qu we could use equation 2 to calculate cohesion. c.

However. if we consider arching effects on a confmed fùl by adjacent SlOpe walls, wc have

much lower stress concentration al the bonom oi the fill block. The vertical stress al any depth al

this condition can he expressed by equation 5. ( Tenaghi. 1961; Coates. 1981 ).

30



•

-----BI-----

FIGURE 3.1.1: SIMPLE VEDGE FAILURE MODEL
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FIGURE 3.1.2: TENSION CRACK "'ODEL
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• Pv= D ( rp - (2c1B) ) ( 1- e( . HlD)

where:

(5)

Pv =vertical stress ( kPa )

o = BI2 K tan 0 (m). K= ratio of vertical to horizontal stress. K= II ( 1+ 2 tan2 0 )

rp =fill density ( kNl m3)

c =cohe.~ion of fill ( kN/m2 )

B= stope width ( m)

H= depth below surface ( ml

Following steps could be taken when considering arching effect. ( Askew et al.. 1978 )

1: Find venical stress. Pv. from equation 5 and multiply it by factor of 1.25 for the peak

stress. Qu.

2: Use Mohr-Coulomb's failure criteria. equation 2. to estimate the required cohesion from

the measured friction angle.

3: Apply the selected safety factor. Fs= 1,3. for the required cohesion.

Over top of arching effect. we could consider a confined ml black with friction model. Fig.

3.3. more applicable for a CRF type of fil!. ln this case we have the frictional resistance induced

between fill and walls to help stabilizing the black. Figure 3.3.

Fs =( (c L 8 1 cos6 ) + Wc cos 6 tan Il ) 1 ( Wc sin 6) (6)

where:

Wf =black weight minus wall friction component ( kN)

Wf= B ( Hm L rp - 2 àf)

Hm = mean depth to the sliding plane ( m) = H - 0.5 B tan B

àf=frictional resistance per unit width ( kN/m )

àf=K tan 0 02 rp «Hm 10) - 1+ e ( .Hm! 0» for c =0

L = strike length of an exposed flli ( m)

B =width of the black ( m:
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• For ~xample for block of H= 60 m. B= 15 m. Fil! density of 2000 kg/m3 or 19.6 kN/m3.

Il = 3(,. and exposcd till face of 30 m long and assuming safety factor of 1. cohesion = 162 kPa.

t'rom ~quation 6: Compressive strength =3.92. and c =62S kPa l'mm equation 2.

UP 10 now one has just considered the static loading of the fin and another very important

t'actor is the dynamic 10ading/strength of the tin mass to be considered. especially for a rockfill

syst~m. since like concrete has a very low tensile strength.

3.2: DYNAMIC LOADING REQUIREMENTS:

Right after a mass blas!. there is an instant relcase of continement and the tin plug should

he able lO carry the sudden increase of stresses. Tests have shown that the sudden 10ading into the

lill plug will induce double the deformation that would have been caused by gradualloading of the

lill plug. This explains why the tin plug should be designed to carry at least double the maximum

required static strength. There is aL~o the blasting waves tr'.lvelling through fill that cause internal

lill failure. This is the reason that a factor of safety of 2.5 is used at Kidd Creek Mines.

Test drifts at Kidd Creek thmugh a CRF mass showed that the tïll had scabbing failure at

an estimated Peak Partiele Velocity of 30n mm/sec. ( Yu. 1989 )

To avoid internal spalling. the induced dynamic stress should be lower !han the dynamic

tensile strength of the fin material. Equation 7 gives an estimated dynamic tensile stress induced in

lill. (Yu. (992)

ad = rp P V (7)

where:

ad = dynamic tensile stress. kNl m2 ( kPa )

l'P = till density. kNl m3

P =cornpressional wave velocity of fin. m/sec

V= particle velocity at failure in fill. m/sec
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• 3.3: STATIC AND DYNAMIC STRENGTH ESTli\I.-\TION:

1: If free standing fill mass is requireù use equaüon ·t Use allea.~t a s.Hety fa.:w of 1 fllr a

stage blasting and 3 for mass blasting. This will take .:are of both statk and dynamk strength

requirement of the fill mass to minmize dilution.

2: If the till block is contined by both sides. and will stay .:ontined. the stre!1gth

requirement could be .:akulateù l'mm equation 6. Use at least a satety facto of 2 for a stage blasting

and 3 for mass bla.~ting.

3: Use lab testing to estimate the in-situ Strenllth of the till mass. The stope till strength

avemges 63% ± 6% of the rocktilliaboroltory test results using 150 mm diam.:i"r and l;6% ± l;% of

results from 300 mm diameter cylinders. More than 150 samples were con.~idered for above

analysis.

3.4: FILL PLUG DESIGN

There is lime that not oniy the me standing height is required. but also the til! plug will be

undercut This is to go after previously left high grade ore. or sill pillars. Here. the till plug shoulù

be strong enough to take the static and dynamic loading. An study was carried out at Kidd Creek tll

obtain simple formula to estimate the minimum required thickness of the higher cement content!

stronger filllayer for various opening spans. To simplit)' the situation the followings were

assumed:

1: The geometry of the verticalloading applied at the bonom of backtill is a.~umed to be the

combination of a load increasing uniformly to the centre and a uniformly disuibuted load.

The height of the verticalloading:

H=( U2) lan(45° + 0/2 ).
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• whc:n:

L= mid Spôll1 of the opc:ning 10 he tilled. and U3 al the edge

1\ = Angie of!"riction of backtill. 370

2: No loads other than gr.lvitalional weighl arc considered. The load heing applied on the

undc:rcut of a CRf is solcly suppol1ed by the fooIWail and hangingwall.

3: The in·situ strcngth par.lmeters of CRf in slopes at KCM arc as follows:

a: Bulk density of CRf. 1.8 lonnclm3

b: Uniaxial compressive strcngth.

Sc 10 = 6.9 Mpa for 10% binder

Sc7 =4.9 Mpa for 7% binder

Sc5 =3.5 Mpa psi for 5% binder

c: Modulus of rupture. tensile strcngth

SIlO =1Mpa for 10% binder

St7 = O.!! Mpa for 7% binder

SI :.; =0.5 Mpa for 5% binder

d: Angle of friction. 1\ =370 The required fill plug strcngth with above

aS311m plions could he calculated using IWO methods:

3.4.1 : BEAM THEORY

The minimum thickness of a CRf required for a stable base can he found l'rom the

following equation which is derived from the tlexture formula. and Terzaghi's verticalloading

formula: ( Figure 3.4.1 )

H= 0.083 (6 M 1 St )0.5 (8)

M= 0.1197 rp L3

where:
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• H =Minimum thickness of CR"'. ft

St =Modulus of rupture. psi

rp = Bulk density of CRF. pel'

L =Span of opening to be tïlled. ft.

3.4.2: ARCHING THEORY

When backtïll is placed between the solid pillars. the load disnibutes amund the low

modulus component. fill material. into high modulus componems. soUd pillars. This phenomenon

is cal!ed arching. Friction belWeen a stope wall and till in a stope helps to support the weight of the

til! and reduces vertical pressure due to the weight of the fill. The extent of arching. reduction of

verticalloading. depends upon:

- Stope geometry

- fill properties

- non-unifonnity of fill

- stope dip

- stope wall roughness

- stope wall movement.

This theory is useful for analysing masonary arches. The arches are built of material which

have the strength parameters of high compression and low tension. The use of the arching theory

may not he perfeetly applicable to the CRE However. the arching thenry allows us to check the

result of the beam theory.

An arch will fail under the following conditions:

1: The blocks of arching materials could slip out of the arch as a result of the frictional
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• 1'<- ,istance at their contacls not ~ing great enough with respect to shear caused by the loading on

the arch.

2: The arch couId fail by crushing at the relatively smail areas of contact ~tween the

hlocks.

3: If the load is high for the span . tensile stresses could open spaces ~t\veen the blocks.

pennilting them to fall.

In the foUowing analysis. only the tirst mechanism is considered. The other two cases are

onlikely to cause any major instability in the CRE Therefore. for an arch of CRf tO be stable. the

frictillnal resistance has to be lurger than the verticalloading and the point of application of the

resoltant force should be within the third of the cross section of the arch. The analysis results in the

foliowing equation: ( Figure 3.4.1 )

H =0.87 L tan lJ ( 9 )

H= 0.66 L at Kidd Creek.

where:

H= minimum thickness of the plug. m.

L = span of the opening to ~ filIed. m.

Il =angle of internai friction

This indicates that if the till plug is to be exposed in future mining the cement plug. higher

thun usual binder content. height should ~ at least 213 of the minor span to be exposed. Figure

3.4.1.

3.5 SUMMARY

The above review covers aIl the strength requirement estimation tools for a non segregated

und hllmogeneous CRf mass. Underground :Jbservation and in situ testing have proven that such

hllmllgeneous mass does not exist and the effect of segregation on CRf strength is a key element

that should he introduced in ta strength requirement estimation methods. An ideal system will have

minimized segregation and the strength requirements will be close to what is expected from a

hllmngeneous ma.ss. One should be very careful in only using the above theories for design
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• purpose and this chapter should just act as guideline for strength design estimation. The most

important part of the design process is to determine the extent of segregation through extensive site

observations and predict the zones being formed in the stope. Next chapter will try to use authors's

experience in the field evaluation of structural integrity of such a non homogeneous CRf mass for

future design and implementation purpose.
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• 4 SITE INVESTIGATION

This chapter contain results from extensive site investigation. especially structural mapping

of drifts driven through CRF. Due to operational needs and advantages. numerous drift have been

driven through CRF mass at KCM. This allowed the author to extensively examine the structural

variations in the placed CRF. The relationship between individual stope in situ mapping.

combined with information from the initial stope design which was carried out by the author. is

examined throughout this chapter. The aim of the site investigation is to study the extent of

aggregate segregation for different fiUing conditions. This information was not available at the stan

of this thesis and is required for proper structural design of CRF mass and behaviour. The

in situ investigation was carried out at KCM.

4.1: KIDD CREEK MINES

From onset of this thesis it became apparent that in order to investigate the critical

parameters regarding CRF design improvement for extensive period of time. a site had to be

selected. T1ùs was needed for the author to identify main parameters or problem areas. carry out

the improvement projects. analyze results. and most importantly implement the apparent

recommendations in the field for reasonable period of lime to further i .vestigate the long lcrm

effects of changes made.

This became aIl possible al KCM. sincc the author was employed by the mine and hcld the

major responsibilities in design and implementation of the CRF system for last 5 years. The author

was responsible for both. bacldill engineer and baclcfill general foreman positions al KCM. The

author was responsible for aIl the design and implementation work carried out al KCM in last 5

years. The fill system al KCM is desaibed below:
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• 4.1.1 : SURFACE PREPARATION AT KIDD CREEK

The production and handling of various aggregates for CRF needs rugged equipment due

to the volume and size of the materials used in the fill system. Rockfill material is transferred

underground from surface by dumping from a front-end loader. truck or conveyor into boreholes

which are commonly between 1 to 2.4 meters in diameter. The coarse and fine aggregates are

usually sized and mixed on surface before entering the raises going underground. This allows the

removal or addition of different size fractions to mect the stope requiremenlS. Different surface

and underground facilities for handling and distributing waste rock and binding agents could be

employed. For example at Mount Isa. the waste rock is quamed. crushed and sc:-eened to produce

up 10 1300 tonne per hour of minus 300 mm material with 5% passing 25 mm. Screen product is

conveyed 2500 m along surface. drawn 550 m down a 2.4 m diameter raisebored pass and

distributed by a multi-eonveyor system into the desired stope. ( Thomas et al.. 1979).

At KCM preparation of fill malerial is accomplished al the surface backfill plant by

crushing w,lSle rock 10 a maximum size of 15 cm. Cemenl slurry is prepared at a slurry plant,

located next to three silos with a total storage capacity of 1700 tonnes of cementing materials. A

sand pianI has the capacity of producing 200 tph( 10nneJhr) of sand slurry al 65% pulp density.

More details on these faciliùes for handling the backfill material are as follows:

4.1.2: CEMENT BANDUNG FACIUTIES

Cement must he transported from surface in slurry form, as the size of the operation precludes

the handling of bulk cement underground. On average. 500 tonnes of cemenùùous materials will

he required daily 10 mect the annual projected requirement of 1.8 10 2 million tonnes of backfill.

Bulk cemenùtious malerials are stored in three silos within the slurry plant l'wo 5OQ-Ionne

silos are used to slore flyash, while the third 7r:tl tonne silo is used 10 Slore normal Type 10 .

Portland cement, for gold mine operations such as Golden Giant Mine, l5Q-lonne silos are used.
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• No cement producùon facilities exist in the Timmins area. and as a result. ail cemenùùous

produclS are supplied by either r.ul or truck from the Toronto area for cement. and Thunder Bay

and/or Sheboygan. Wisc. for t1yash . Railcars are unloaded in a special unpressurized unloading

facility at the minesite. Vibrators are attached to the railcars. and the ccmenl~ t10w by gr.lvity and

pressurized pipeline to the top of the silos. Truck unloading is performed by 'blowing' the cement

under pressure into the silos from a separate unloading point.

The cemenùtious material passes from the silos into a weighing hopper via either one of the

threc 15- cm airslides. The hopper has a capacity of 12.5 tonnes and the load cells uscd 10 weigh

the cement or t1yash are accurate to 10 Kilograms. The hopper is capable of discharging the

binders into either of two mixing tanks in approximately 5 minutes.

Each of the mixing tanks has a rated capacity of 15.6 m3. with a four-blade impeller mixing

the slurry. Water is fed into the mixing t:mks by a 15 cm pipeline from either the rccycled mine

water ponds. or a fresh water lake. The water is measured by t1owmeter. and the tanks are

equipped with high level indicators. electronic pulp density readoulS and manual pulp density

scales to assist in the correct mixing of slurry. Pulp densiùes can range from 40 to 60% solids by

weight. depending on the ml design. but lypical operaùng ranges are between 50 to 55% solids.

The plant operator controls which mine (No. 1or No.2 ) the slurry is sent to by rcmote

actuaùon of valves. Once underground. the slurry desùnaùon is controlled by the underground

workers. Both tanks are capable of sending slurry to No. 1Mine. and each tank is capable of

sending the slurry to either south or north zones of No.2 Mine. A bateh takes approximately 15

minutes to mix and deliver to the underground fùllocaùon. See Fig. 4.1.1.
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• 4.1.3: AGGREGATE PRODUCTION FACILITIES

Waste rock. hauled by a fleet of 85 tonne Euclid dump trucks. is passed through the

primary surface gyratory crusher ( AUis-Chalmers 137 by 188 cm ) and conveyed to the backtiU

plant. The magnitude of increased attrition on the aggregate with depth was not foreseen during the

initial design of the plant. lnitialteslÎng indicated that aggregate with a gradation of75'7c -15 cm to

+1cm. and 25% -1 cm by weight would. with 5% cement. provide a fill with a compressive

strength of 7 MPa. St".:ondary and tertiary crushing of sorne of the aggregate provided the fines

required when fiU W:.\S bcing placed in the upperrnost horizons of No.1 Mine. With increa.~ing

depth. the attrition· ,f the aggregate as it passed through the Taises. made secondary and tertiary

crushing unnecessary. Suft:cient fines for No. 1Mine are now produced by the primary crusher.

The aggregates are sent underground. via two silos. or are loaded into trucks and haulcd to

the prepared fill stockpiles for future use. There is access to the IWO silos from outside the plant to

avoid sending stockpiled material back through the system. Some of the fines are rejectcd. a.~ morc

fines are produced than required. They are used in construction or as roadway materia1.

4.1.4: SAND PLANT

Sand from a ISQ-tonne bin. is screened to -3 cm and fed into a SOO-tonne mixing silo. A

Marconajet mixing system slurries the alluvial sand in the bollom of the tank at a rate of 200 tph at

a 65% pulp density.

The sand is sent underground via boreholes and 15 cm diametcr steel pipe. ne pipe

neIWorks follow the conveyorways. in a manner sirnilar to the cement slurry line.

4.1.5: MIX DESIGN

Once an opening bas been desi~ed and a rnicing sequence decided. the backfiU mix can he
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• formulated. Formulaùon of the batch used for filling is as follows :

1. Esùmale the tèeder or belt capacity. Belt capacity at KCM for handling rocktill is

approximately 720 tonneJhr. otherwise the rate of filling is dictated by the mixing capacity of the

cu/vert. sand= 120 tph. CSRF=130 tph. Estimate 4 batches per hour since it takes approximately

15 minutes to deliver a batch of slurry to the desired stope.

2. Dctennine the cement content requirements. from anùcipated free standing height. or

span of fill. during pillar recovery. The overall cement content is approximately 5-6 'io. Also

indicate binder proportioning i.e.• cement: flyash ( if required).

3. Determine water required per batch. Experience has shown the following water

requirements for the filling materials: binders( 30% ). aggregate( 2.6% ) and sand( 27.9% ). by

weight of the material. The water content of the slurry may he altered for special angles of repose.

4. Establish the pulp density

S. Ensure that for a given pulp density and cement mass. the volume of the cement slurry

will not exceed the volume capaciùes of the surface and underground slurry tanks.

SAMPLE CALCULATION:

CRF @ 720 tph = 180 tonne per batch

Binder @ 5% of aggregate = .05 x 180 = 9 tonnes per batch

50 150 cement! flyash = 4.5 tonne of cement and 4.5 tonne of flyash per batch

Mixing water required = 180 x 0.026 + 9 x 0.3 = 7.4 tonnes

Pulp density for 9 tonne binder + 7.4 tonne water = 55%

\blume of water (7.4 tonne) = 7.4 m3

\blume of Portland cement (4.5 tonne) = 1.38 m3 ( s.g.= 3.25)

\blume of flyash (4.5 tonne) = 1.64 m3 (s.g.=2.7S)
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• Total = 10.4 m3

Before starting to til! the stope at K'::M. a proposai is issued for comments. If approved.

the operating procedures are issued to the production department. These indude the aggregate

tonnage. quantities of cementitious materials and amount of water per batch. plus any other special

procedures to be followed.

ln the slurry plant the use of Xycom computer system enables the operJtor to select any

one of the four mixes that are already progrJmed in the computer. The recipes of the mixes could

be changed easily to suite the requirement. Thes.: recipes are designed by the backtill engineer for

specifie strength and cure rime requirements.

4.2: UNDERGROUND FILL DISTRIBUTION

Fill rnaterials can be distributed by severa! methods. The transportation of the aggn:gate in

waste passes or fill mises from surface to underground is the most popular method for economical

reasons.

Combinations of three transportation methods could be used to placed the lill in the desired

stope underground. The methods are 1: Hydraulic transportation. for cement and sand slurries. 2:

Conveyor transportation. used to transport the coarse partides. 3: Vehicular transportation. using

truck or scooptram to haul the rnaterial direcüy to the stope.

To transport the rockfùl aggregates underground using conveyor belt.~. generJlly the

material is fcd in fill passes and it ends up at main conveyor horizons underground. The materials

are then movcd to either another ml raise for lower levels or to another conveyor belt. Figure 4.2.1

For cement or sand slurry transpon.:tion, gravity loading through pipelines and for

boreholes i.~ employed. The pipeline usuaily follows the path of the conveyor system. leading to a

holding tank. The slurry is then sprayed on the aggregate just before entering into the stope, Figure

4.2.2.
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Figure 4.2.1: Aggregate transportation using conveyors at KCM.

Figure 4.2.2: Slurry added to the ll&cregate Just before enterin& the stope.
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• Transportation with s~ooptr.lm ~nd/or lTU~k is the most e1\pensive method for lill handling.

It is employed in the ~ases where the drift size does not :ù10w the inst:ùlation of a ~onveyor system.

or the required tonnage to till the stope does not justify the expense of installing a ~onveyor

system. For example at Williams Mine. 40.000 tonnes of lill or less will result in using the s~oop

and/or lTU~k hauling method. 111e typj.::ù system for tr.lnsporting fill materi:ù underground at Kidd

Creek Mine is des~ribed below l Yu and Counter. l\1g3 J.

4.2.1 : AGGREGATE DISTRIBUTION

At KCM. the aggregates pass via the silos !"rom the surfa~e ba~ktill plant dl)Wn to the g-~A

sublevel. From 8-2A. the aggregate is sent to one of two raises ( :'"igs. 4.2.3 and 4.2A J. One raise

~arries ~oarse aggregate dire~tly to the No.2 Mine ba~ktill station on ~6110 levd. The other raise is

jointed by two-finger mises to :ù10w the aggregate to be distributed to three lo~ations in No.1

Mine. One raise 1eads to the south (lrebody on 1200 level and a ~onveyor tr.lnsports the aggregme

al ~ ~ate of 600 tph to the stopes below the 1200 level. A se~ond mise led to a tempor.lry ~onveyor

system in the south orebody on SOO level. Ali stopes in this area have been lilled. and the system

dismanùed. The remaining leg of the pass leads to the No. i Mine noM orebody distribution

~onveyor on the S-IA sublevel. 15 metres above the northern end of glXllev.:1. From hen:. ~oarse

aggregate (fed spedally from 8-2A J~an also be sent din:~ùy to the No.2 north orebody.

The 8-1 A ~onveyor system is ~omprised of a 0.\1 m wide. 360 m long belt. with a capacity

of 1200 tonnes of aggregate per hour. Ali other ~onveyors oper.lte at approximately 6lXl tonnes of

aggregate per hour. Three different fonns of ~onveyorare used at KCM. The first form is used in

permanent installations such as on S-ZA. and S-IA sublevels. Steel rails support the idler and

return rollers. and the rails are supported by steel legs firmly an~hored to the drift floor.

The second form :ùso uses steel rails as roller supports. but the rails are suspended from

the drift back by chains. The use of these conveyors is more flexible as a prepared floor is not

required for their installation. These conveyors are classed as semi-permanent and have a longer
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• '~J"Vi<:~ lik than th~ tempomry fonn.

Th~ third fonn of <:onveyor is truly tempor.ll)'. as the rollers are supported by wire ropes.

Th~ ropes are t~nsioned and supported by <:hains from the ba<:k. The use of wire ropes as

supporting members diminates many of the probkms of handling rigid <:onveyor se~'tions

underground. and <:an !Je installed and dismounted easily.

4.2.2: CEMENT SLURRY DlSTklBUTION

Ali slurry is tr.msported by grJ.vity through 10 or 15 <:m pipelines and lined or unlined

horchoks. In most <:ases. the slurry lines run along the <:onveyorways and paralld tO the raises. In

ail <:as~s. the slurry fines end at a portable. skid mounted. holding tanks near the stope to be till~d.

The tanks. equipped with agitators. have <:apacities ranging t'rom 5.7 to 11.9 m3. ln the <:ase of

No.::! Mine baddïll stations. these holding tanks are permanently installed. Pipe networks. also

pennanently installed. are connected into the distribution system whenever a panicular conveyor

network is to be used.

~.2.3: SAND SLURRY DISTRIBUTION

The sand is sent underb'TOund via boreholes and 15 ~m diarneter steel pipe. The pipe

networks fol!ow the conveyorways. in a manner similar to the cement slurry tine. Near the opening

to be tilled. the sand line and the 10 cm diameter pipe from the cement slurry pump are joined and

the mixed hydraulic til! is sent into the stope through a 20 cm borehole.

~.3: DESIGN PARAMETERS AT KIDD CREEK

The til! must be able to sustain not only the gravitationalloading of the overlying fin material.

but a1so the dynamic effects applied during blasting. If the stability of the fin exposure is to be

maintained. it is neces.o;ary to consider bath the static and dynamic fin strength. For exarnple. after
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• many years of researl:h to tind a suitable ba.:ktilling material at KCM. the result was the produl:tion

of strong I:onsolidated fill formed by mixing I:rushed aggregate t'rom pit waste with a ratio of 20

parts aggregate to 1 partl:ementing agent (the size distribution of the aggregate is shown in Fig.

·t3.l l. This produl:ed a stabilized till mass that would redul:e ore dilution and the risk of ore

losses during the mining of the pillars between and/or adjal:entto the tilled stopes. The aggregatel

I:ement r.ltio in different opemlÎons r:.nges belWeen 30: 1 to Ill: 1.

4.3.1 : STATIC STRENGTH AT KlDD CREEK

Uniaxiall:ompressive strength is one of the most important parameters to œ.:onsidered when

dealing with I:onsolidated bal:kfill sUl:h as CRE The uniaxiall:ompressive slTength. lI.C.S..

requirement of the I:onsolidated roddill should be determined by detining the height and width of

the most likely fill exposure. The uniaxiall:ompressive strength in different rocktill oper.ltions

r.lnges belWeen 2.3 to 7 MPa.

At KCM it was antidpated that the exposed fill fal:e would have:! height of 120 m and

length of 60 m and this required a fill having a strength of 7 MPa. To suppon the gr.lvity loading

a1one. the fill required a compressive strength of 2.8 MPa for the above dimensions. A safety

factor of 2.5 \Vas applied to allow for additional blast loading and the reduction of till strength if

inadequate mixing occurs. Fig. 4.3.2 shows the relationships belWeen the compressive strength

and the cement content for 15 cm cylinders of consolidated rockfill al KCM. The compressive

strength of these cylinders at 28 day curing rime shows a relalionship 10 the œment I:ontenl by:

Qu= 1.5 e 0.25 C for 2< C< 10 at KCM

where: Qu is uniaxial compressive strength in MPa

C is Ponland cement content by weight % of minus 4 I:m aggregate.

The shear failure meçhanism by gravity loading on backfill has been diSl:ussed e1sewhere
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• (Ask~w ~t al.. IlJ7X ) and çan be ~xpr~ssed by th~ following ~quation using a wedge shear sliding

mode!:

Fs= Shear strength/ Driving for,e

= (cL +1'1 tan "l)/ W sin D

wh~r~: Fs= stati<: fa,tor of sati:ty. ,= apparent ,ohesion. L= length of the sliding plane.

0= apparent fri,tion angle of the plane. 1'1= effec;tive nonnal reactiv.. vi the plane.

w= wdght of the sliding block per unit width. and D= dip of the sliding plane.

Cohesion and friction angle values of rockfill should be evaluated for s:ability analysis.

The shear strength of CRF could be detennined using the direct shear test. The rr;sults for KCM

rockflll (Fig. 4.3.3 ) show the relationship between the shear strength and the normal stress. As

rn~:Isured from the graph. the apparent cohesion and the apparent friction angle are 1.1 MPa and 33

dcgrees respectively. This .:orresponds weil with the observed angle of repose of the flil. nonnally

34 -37 degrees. Figures 4.3A and 4.3.5 show the angle of repose of CRF during filling and after

drifting through fill. respe,tively. The .:cment addition to the flU mix in~,.eases the shear strength.

apparent cohesion. and the modules of elasticity.

4.3.2: DYNAMIC STRENGTH

The par.lmeters goveming blast damage to consolidated fill are not fully understood yet. ft

is believed that the blasting vibration resb1allce may be closely related to the dynamic tensile

strength of the fill. Hence. the dynamic strength can be related to the blasting vibration level in

term.s of peak partide velocity as shown in the fotlowing equation.

Fd = Dynamic strengthlDynamic loacling

=T / dPV
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Figure 4.3.4: Fill angle of repose while filling.
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Figure 4.3.5: Fill angle of repose after drirting through rm.
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• Where Fd =dynamic factor of safery. T =dynamic ten~ile ~trength. say 5'k of U.CS

d = till den~iry. P = fiU compre~~ional wave velocity.

V = partide velociry at failure in fiU.

CRF. being similar to weak concrete. can be ~trong in compre~.~ion. yet weak in tension

especially in the outer zone of the fill pile. or adjacent to stope w.uls where mo~t of the ~gregated

aggregates exist The weak zone should be reinfor~-ed to enhance the tensile strength if the degree

of bla~t damage is to be minimized. To minimize the effect of ~gregationwithout in~-reasing the

number of fill dump point~. tests were conducted at KCM by adding sand into the CRF to act as a

void filler. The results indicated that the addition of sand significantly increa~d not only the

U.C.S at a particular 5% sand content but also the dynamic strength of the CRE Fig~. ·U.I'> &

4.3.7. Another reason for the u~e of the consolidated sand rocktiU. CSRF. is that the need for

coating all aggregate with cement slurry becomes less critical. This implie~ that a les~r degree of

mixing of cement slurry and aggregate is a~'Ceptable and the number of lill raises required to reduœ

~gregation. therefore. becomes less critical .

Based on the favourable laboratory lest results and evaluation of three stopes fiUed with

CSRF. a sand slurry plant at KCM was conslrUcted to provide hydl".lulic sand fiU. However. due

to the extra cost of the sand shJITy. the u~ of CSRF has been limited to selective stopes where a

more stable fùl exposure is required.

4.4: DRIFTING THROUGH CRF

The initial planning of NO.2 mine at Kidd Creek Mines involved the reestablishment of the

undercut drifts of filled stopes to beu~ for future stope drilling sites to aUow for almost 1(Kl%

ore recovery. In praetice. however. it was found that the consistency of the ~gregated fiU hindered

the reestabli$hment of the filled drifts. Due to ~gregation phenomena. Figure 4.4.1. drifting

through backfill was only done when absolutely necessary to access stoping areas behind the filled
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Figure 4.4.1: A regate segregation

Figure 4.4.2: Conventlonal driftlng tbrough CRF.
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• stopes.

4.4.1: CONVENTIONAL DRIFTING

•

The diftÏl:ulry associated with .:onventionally drifting. Figure ~A.2. in ba.:ktïll severely

limited the lateral development advan.:e per round. The main problems with .:onventional drill and

blast method were:

1: Only 1.5 m roundHould be drilled and blasted with any degree of a,:,:uf".I':Y. However al

present time at majoriry of the areas rounds up to 3-4 meters are taken with good sm:.:ess due 10

high quality fill and planned drifting throUl;:' the strongest zone in badctï1l.

2: Holes tended to slough or became .:ratered when drilling. hindering effe.:tive loading and

blasting.

3: Drill rods rnudded very easily.

4: Only high densiry explosive .:ould be used 10 blast be.:ause AN/FO releases ammonia

when in contact with the cemented fUI: and

5: Blasting caused excessive damage to the fill which required extensive timber ';upport for

ground sUlJport.

The alternative was to gain the required ac.:ess by drifting around the ba.:kfill in solid ro.:k.

This increased development .:osts by requiring longer drifts in very poor ground. A se.:ond

alternative was to drive between the backfùled crosscuts to gain ac.:ess to the required stope for
•longhole drilling. The sUITounding rock in this area was shattered ro.:k due to earlier produ.:tion

blasting. This shattered rock created difficulties and costly drifting as weil as poor ground

conditions. Extensive ground support was required for each advancemenl.
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• 4.4.2: MECl-lANICAL EXCAVATION

•

S,m:e: IlJXX. Kidd Cre:e:k Mine:s has staned using mechanically excavating drifting machine.

roadheader. to reduce: re4uirements fOi drilling and blasting. Figure 4.4.3. Drill and blast method

is still being used when drifting through competent CRE The objective of using a roadheader

machine: is to access ore: which was encirded by CRE The use of roadheader allows for more

direct acce:ss to crown. sill and vertical pillars were vaJuable ore is entrapped. Further. The d.ïfts

cut through CRF are: more stable due to elimination of blast damage.

Various types and sizes of roadheaders were reviewed and the operational functions were

cornpared. Dosco MK-2A was selc:cted mostly due to the restricted size of the opening to be

excavated. Winchen. 1'1'10.

The work cycle of the roadheader consislS of IWO parts: excavation and ground support.

The excavation portion comprised of cutting, loading and hauling the backfill while the ground

support portion consist of erecting IWo-piece steel arches using the machine's cutting boom or

shotcrering.

The a<:tuaJ cutting rime per shift for drifting ranges from 18% to 23% on an eight-hour shift

with approximately 20 m3 of backfùl being excavated. This translates to lA m advance per shift.

Before the: stan of using shotcrete, supporting the excavated drift in backfill was the major

time-consuming element in the work cycle. Hollybank IWo-piece steel arches of grade 50 steel on

1.2 m centres were installed. Figure 4.4.4.

some of the advantages of roadheader machine are:

1: Drifting with roadheader can achieve an average of 1.2 m advance per shift with only 1.5
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Figure 4.4.3: Mechanical excavation method tl' drift through CRF.
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Figure 4.4.4: Hollybank two-piece steel ar,~hes for drift support.
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• hour <:utting hours. With present use of shot<:rete the advançe rate has doubled and is <:omparable

with <:onventional drifting melhod through CRF. The <:ost is also <:ompamble with <:onventional

drifting al around $1 XOO/meler.

2: The ba<:kfill is more stable after <:utting with the roadheader <:ompare to drill and blast

melhod.

3: The roadheader <:uts through areas of less <:onsolidated backfù·,. with su<:çess and this is

nul as easy when drilling and blasting method is used.

4.5: ZONE MAPPING

Due 10 operational and sorne resear<:h needs at KCM. there are approximate1y sm meters

of drifting through CRF with reasonably good su<:cess. The mapping of these drifts to investigate

the in situ behaviour of the CRF matçhed well with the main cbjeçtive of this thesis. Around 300

meters of the backfill drifts were extensively studied by the author to investigate: the extent of

segregation due to different fill methods and stope sizes. the effectiveness of lower cost binder

alternatives and other pammeters effeçting overalI fil! quality such as success in nùxing and attrition

effe<:!. The stopes that were studied were:

2020-L-PIL. 37 melers.

2021-M-ST. 27 meters.

2027-L-ST. 35 meters.

2027-M-ST. 38 meters.

2021-L-ST. 20 meters.

28-663. 28-664. and 28-644 stopes were also studied. 109 meters.

At least 5 more drifts that were conventionally driven were slUdied to distinguish different

zones in a lypical CRF mass.
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• 4.5.1 :

To study e:ach drift following st.:ps we:re: take:n:

STOPE FILL HISTORY

Stope: filling history was revkwe:d. The: information obtaine:d from the: fill r.:pon we:re:

- Fill method. conve:yor or truck.

- Number and orientation of the raise(s) use:d.

- Binder contents and recipes in different phases.

- Aggregate size and moisture conte:nt while tilling.

- Any operational problems during tilling.

- Daily tonnage placed at different fil! elevation in the: stope:.

4.5.2: CRF DRIFT MAPPING AND OBSERVATION

Most of the drifts were observe:d during cutting process. howe:ve:r inve:stigation was

carried out after drift completion. At this stage following parameters were inve:stigate:d.

1: Approximate fill cone location from fill trajeetory and/or ddlection off the: wal!s.

2: Aggregate sizing at different locations in drift

3: Aggregate blending. amounts of fines. midds or coarse partides.

4: Fil! competency by observation and Schmidt hammer testing. Sorne uncontined

compressive strengths values were obtained from core œsting. This could be done

only in competent zones.

5: Approximate binder content by observation and sorne exact values for binder

content by chemical analysis.

6: Degree of success in nùxing.

7: Attrition. aggregate breakdown effeet.

8: Extent of impact damage.

9: Colour of the fill mass for estimation of amount of flyash in the nùx.
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• 1Cl: Through roadheader l.:utting rel.:ords the SUl.:l.:ess of l.:uning in different 101.:ations

in the drifts were also ohtained.

4.5.3: IJISClJSSION

F,om above investigation. four distinl.:t zones were identified in most of the drifts slUdied and they

were as follow:

ZONE A: The wall on whkh a l.:ollision ol.:l.:urred and below the impal.:l zone \Vas like a

l.:onl.:rete mass and had the highest in·situ strength. This aiso ineluded the zone 5 to 10 meters away

from ail the till peaks observed. when the lill did not l.:ollide with the wall. This area had high

binder l.:ontent. 7· X%. and high uniaxial l.:ompressive strength. approximately 5·8 MPa. The

aggregate sizing l.:ontained around 90% minus 7.6 l.:m. Minimized segregation was observed.

exœpt sorne small zones of coarse aggregale which probably were fonned during the mass f10w

after the till build up slope was grater than the angle of repose of the fill. Excellent coating of

aggregate was notices. aImosl 90 to 95% success. Figures; 4.5.1. 4.5.2. 4.5.3. and 4.5.4.

ZONE B; This area had medium binder content. 3-5'1é. and uniaxial compressive

srrength of 2-3 MPa. This area had a good blend of coarse and fine aggregate and covers anywhere

from 10 10 25 meters away from the fill peak and/or impact point Sorne segregation was noticed.

espe<:ially after 20 meters away from the fill cone. Approximately 80% of the aggregate mass was

l.:oated with slurry. Figures 4.5.5 and 4.5.6.

ZONEC; At the stope boundaries the fill was highly segregated and had a low binder

l.:ontent of 1-2'70 and compressive strength of 1-2 MPa. The lower strength in this area is due to the

la<:k of tine partieles. whkh were needed to avoid point contact between coarse particles and

al.:hieving higher lensile srrength. The extremely segregated and weak zone typically started around
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Figure 4.5.1: High strength CRF, zone A, 5 meters from cone in 2021-M-ST.

Figure 4.5.2: High strength CRF, zone A, 8 meters from cone in 2027·L·ST•
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Figure 4.5.3: Blgh strength CRF, zone A, at the cone ln 2021-L-ST.

Figure 4.5.4: mgh strength CRF, zone A, at ore contact in 2021·M-8T.
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Figure 4.5.5: Medium strength CRF. zone B, 17 meters from the cone ln lOn·L.ST.

Figure 4.5.6: Medlam .-uenJ1h CRF. ZODe B. 12 _ters froID CODe la 2OZ1·M-51:
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25-311 me:te:rs away from the: lill cone:. This zone contained almost ail coarser aggregate and mostly

• the: same: size: aggre:gate. Roadheader had great difficulty going through this zone and in sorne

case:s the: drift did not advance any further when encountering this zone. Figures 4.5.7 and 4.5X

ZONE D: At the fill toe area the aggregate was also highly segregated and depending on

fill r.1ise: orie:ntation could he rich in binder content from the slurry running down towards the

slope: of the: till cone(s). Since the aggregate was mainly coarse the excess slurry did not inc.:reased

the: CRF strength considerably. Figure 4.5.9.

Sorne: distinct lindings in each drift were as follow:

2020-L-PIL (Figures 4.5.10. 4.5.11. and 4.5.12 )

At star! of the drift the tiIllooked ccmpetent. zone B. however started to segregate severely

around 20 meters into the drift. zone C.

/\0% of the Portland cement was replaced with type C flyash with no observed problem.

This was a poor design. since the only wall to he exposed in future mining was against

zone C type of material and resulted in 10-12% dilution in mining of 2019-J-PlL. The raise could

not he angled properly towards this wall due to narrow stope back.

2021-M-ST ( Figures 4.5.13. 4.5.14. and 4.5.15 )

At star! of the drift the CRF mass was Iike concrete. zone A. and it stayed competent

throughout the entire drift with sorne segregation after 15 meters from star! of the drift

50% flyash replacement of Portland cement performed weiL
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Figure 4.5.7: Low streDgtb CU, ZODe C, 11 meters from the cone ln 2027-L·ST.

Figure 4.5.8: Low streDgtb cu. ZODe C. 10 stope draWpolDt, 25 meters from cone.
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Figure 4.5.9: Low strength CRF, zone D, in stope drawpoinL
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• 2027-L-ST ( Figures 4.5.11i. 4.5.17. and 4.5.IX )

15 meters in the drift the CRF mass was very t:ompetent. 2.~ne A. and this was approximate

lot:ation of the liB t:one. Minor segregation was noticed 10-15 metes away from the fil! t:one.

This roadheader drift WolS piat:ed in the perfe<:tlocation in the stope sint:e no weak mass.

zone C. was observed.

2027-M-ST (Figures 4.5.19 and 4:5.20 )

ln gener,,1 the drift was plaçed in 2.one Band C types of CRF. Zone A was not observed

and the location of the roadhc:ader drift was not ideal. Extensive segregation was observed on the

north wal!.

2021-L-ST (Figures 4.5.21. 4.5.22. and 4.5.23 )

The roadheader drift was placed in good location and lTÙnor segregation was observed. The

liB t:one wa.s approximately half way in the stope and one t:ould dearly see the high strength

matcrial within the 10 meter rJdius of the t:one and espe<:ially right at the cone.

28-663. 28-664. AND 28-644 STOPES (Figure 4.5.24 )

These were the only a.ifts mapped that were fùled using trucks. The fil! was t:ompetent

throughoutthe kngths of the drifts and 2.one C was not observed anywhere in the three drifts.

Most of the drifts were in 2.one A and sorne areas it had lTÙnimal segregation. 2.one B. The areas at

the till <:one was almostlike t:oncrete with very high t:ompressive strength. The t:ompressive

strength at til! t:one area using t:ore testing te<:hnique avc.raged arOl:nd 12 MPa. This clearly
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• F'IG. 4.5.16 LEVEL PLAN SHDIo'ING 2027-L-ST AND 2027-M-ST
RDADHEADER DRIrTS
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NOT TC SCAI.E

FIG, 4.5.24 LEVEL PLAN SHOIJING 28-663. 28-643 AND 28-644

ROADHEADER DRIFTS <TRUCK FILLEDl
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• in<!i<:Jtc<! Ihal Ifu<:k lïlling mcthod <:ould result in mu<:h stronger CRF mass due to minimized

'cgn:galion and smalkr size stopcs. The roadheader ,rew did not fa,e any problem when going

through thesc drifts and aver.lged around 2 meters per shift whi,h is ,ompar.lble with ,onventional

dri Il and blast mcthod.

4.6 • SUMMARY

•

This <:hapter ,ontirms that the most important ta,tor in a properly designing CRF is to

<:onlfol and minimise segregation. The study identified four typical zones in a CRF mass and the

me,hani,al hehaviour of ea,h zone were also identified. The drift mapping dearly identified that

the smaller size stopes which were fùled with tru,ks had ,onsidembly higher strength

,hara,teristÏ<:s than ,ompared to the larger stopes filled with ,onveyors. For larger stopes. when

multipk till r.lises were used to ,onrrol segregation. the fill strength was ,omparable with the

one's of the tru,k tilled stopes. This indi,ated the importance of establishing design steps to

optimize the stru,tural inte~'lity of CRE Since each stope had different parameters such as: mb:ing

method. aggregate sizing. fill rate. depth of the stope and others. it was ,onduded that proper

ljuality <:ontrol measures had to he establish:d. This wOllld result in hener blending and mixing of

the aggregate with slurry. The investigation also dearly identified that lower ,ost binder such as

tlyash ~rformed extremely weil and further investigation on binder mixes should he ,arried out.

Figures ~.6.1 and ~.6.2. This chapter also shows the importan,e of in the field studies and the

importance of having in situ methods to further understand the behaviour of the backfill. The

following chupters will in detail investigule. CRF structural design. quality control measures.

lower cost binder alternatives. and in situ testing techniques for CRF mass.
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Figure 4.6.1: 60% Oyash 140% Portland cement mix in 2020-L·PIL.

Figure 4.6.2: 50% Oyashl 50% Portland cement mix in 2021-M·ST.
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• 5.0: CRF STRUCTURAL DESIGN

•

Last chapter concluded thatthc most important part of design for CRF mass is to minimize

segregation. This chapter describes the parameters to be considered for minimizing segregation.

Following parJl'lleters should be considered when structurally designing CRF; orientation of

backfill raise(s). extcnt of segregation. degree of success in mixing the aggregate with slurry. the

extent of impact damage due to the free fall height, and the sizc of the aggregates entering the

stopc. From the results obtained in chapter 4 and small scale physical modelling in this chapter.

ideal fill set-up conditions to control segregation are also presented.

5.1: SEGREGATION PHENOMENA

Structural differences when filling a stope with consolidated rockfill are mainly due to

segregation phenomena. Figure 4.4.1. Segregation of consolidated rockfill is unavoidable but it

can be minimized if fill operations are weil planned and closely monitored. Once the backfill

material has left the belt or becn dumped from the truck into the stope. limited control or remedies

are possible. Close observation of the smte of the fill during placement may need changes to for

example. pulp density of slurry. amounts of fines in the aggregate or addition of extra cement

slurry to lower the extent of segregation. As mentioned earlier. the fiU in the raise anains a specific

horizontal and vertical velocities which in tum deternùnes the trajectory of the fill in the stope.

When fill materialleaves the ml raise. the trajectory of the fill may be such that it will collide with

the wall of the stope above the floor. This collision will cause IWO things to occur:

1) A portion of the slurry which was coating the aggregate will be knocked off and run

down the wall.

2) Due to the greater momentum of the larger particles. they will rebound further in a

horizontal direction compared to fmer particles.
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•

Because of these two occurrences the area below the impact zone and on the same side of

the Stope which the collision occurred will tend to be the strongest side of the stope at points A & B

on Fig. 5.1.1. case 1. If one considers a point above the leve1 of impact zone. point B of ca.~e 1.

four conditions could exisl:

1) Excess slurry or water will fall short of the peak of the fil! and have a tendency to t10w

down the slope of the fùl in the direction of the fil! raise. While the slurry is llowing down the

slope it will carry sorne of the fines with it.

2) Due to having higher momentum the larger particles will rebound further horizontally

!han the finer particles after impact. This willlead to an accumulation of coarse particles on the w;lll

of the stope. This would occur to a portion. rather than all of the coarse particles.

3) Upon impact other portion of the coarse particles will bury themselves r.lther than

rebound which will cause sorne of the coarse material to remain in the backtill cone area.

4) Due to effect of friction and cohesion in the raise as wel! as air resistance in the stope.

the finer particles neither leave the raise with the same velociry nor have the same accelemtion in the

stope as the coarser particles. This would account for the fines not travelling the same horizontal

distance in the stope and thus magnify the effect of an increased percentage of coarse material on

the side of the cone towards the wall which the backfil! previously collided with.

Point C in Fig 5.1.1, case 1. represents a location where an accumulation of coarse

particles is expected. The appearances of the backfill al this point can be like either coarse concrete,

due to excess slurry washing a portion of the fines down from the fil! peak towards this wall, or

unconsolidated conglomerate pile with no excess slurry to fil! the voids.

Roadheader drift investigation concluded !bat:

1) The wall on which a collision occurred and below the impact zone, point A, is like
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• concrete and has the highest in-situ strength. Figure 5.1.1.

2) The wallon which a collision occurred and above the impact zone is panially

segregated. point B in Figure 5.1.1.

3) The wall opposite the one on which a collision occurred and below the profile of the

fill at the impact zone is like coarse concrete or conglomerate. poin: C in Figure 5.1.1.

5.2: PHYSICAL MODEL TESTING

In early 1980's Kidd Creek Mines carried out severa! physical model testing progr.lms to

investigate the effect of raise (s) orientation on the extent of the segregation. The same was carried

out by Inco Thompson al the early stage of the CRF system. The author was involved with the

latest physical modelling test which was carried out by Inco Thompson. This was to repeat the test

carried out al KCM in the past and utilizing author's experience for further investigation ioto

parameters effecting segregation. Severa! fill raise orientations were investigated using the scaled

plcxiglass physical model to try to minimize the segregation occurring within the actual tilled

blocks. The trial was identical with the one carried out at Kidd Creek Mines.

In this test no moisture was added to the model fill rnaterial. This tended to exaggerate the

extent of segregation. however the results verified the f10w characteristics which occur within the

stope. The coarse rnaterial was spray painted so it could be easily identified. A scaling factor of

40: 1 was used for the model. raise and rockfill material. Cement slurry was not added to the

material during the tests due to the scaling problems. In sorne tests water was added to simulate the

slurry. Figure 5.2.1 shows the model set up.

Figure 5.2.2 shows the raise positioning and the results for each trial was as follow:
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Figure 5.2.1: Pbysleal modeUing set up.
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Trial 1:

The majority of the coarse rebounded off the footwall and migrated towards the far end of

the model. while the fines remained at the footwal!. The method created the extensive segregation.

This segregation action could be useful in a multi-raise system if used to place the course material

in the center of the black rather than at the toc and walls. Figure 5.2.3.

Trial 2:

This set up produced a fairly homogeneous mixture as compared to the other trial methods.

More course remained embedded within the impact cone than with any other method. However

segregation was hard to control with this method and a large amount of course aggregate still

migrated towards the walls. Figures 5.2.4. 5.2.5. and 5.2.6.

Trial 3:

This method was intended to confine sorne of the course rnaterial between the impact cones

and kccp the fines at the walls of the mode!. By placing the fill raises at the edges "ç :he model. the

fines remained at the walls while most of the course rolled towards the center and toc 01 the mode!.

Both of the raises were positioned so that the ml would hit as high on the stope walls as possible.

causing the fines to remain at the walls. Fill raise #13 was placed close to the footwall so it could

[op-olT the black. Placement through this ftll raise produced considerable segregation due to the

rebounding effect off of the walls. The interaction between the two fill cones reduced the chance of

failure a10ng the one of the plains of weakness. a10ng the ftll cone slopes. Although the method

performed fairly weil by burying sorne of the coarse aggregate between the two ftll cones. the toc

end of the model still contained a large amount of coarse aggregate. Figures 5.2.7 and 5.2.8.

Trial 4:
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Figure 5.2.3 PHYSICAL MODEl TESTING
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Figure 5.2.4

e

PHYSICAl MODEL TESTU\BG
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Figure 5.2.5: Extensive segregation in drawpoint. trial #2

Figure 5.2.6: Sepepted materiaI OB both footwall and hangingwall.
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• This method was investigated to determine the effeclS that an angled ml raise had on the

segregation within the block. Due to the angle of the fill raise. the coarse material did not remain

emhedded within the impact cone but instead migrated towards the perimet.:r of the mode!. More

fines accumulated at the foolWail and a higher percentage of course material at the walls and toc of

the model than the vertical raise method. The collision of the fill material with the impact cone

caused a pcrtion of the impact cone to he pushed towards the toc of the model. Figures 5.2.9 and

5.2.10.

Trial 5:

This method is sinùlar to trial #3. except the fill raises are angled at 70 degrees. The

intention of the trial was to place the material from raise #1 as close to the toc as possible. while lill

from raise # 13 was to he placed close to the the footwal!. Both raises werc situated close to the

perimeter so that the fines would remain tight against the walls. The raises were positioned so that

the fill wou/d hit as high as possible against the stope walls. The interaction hetween the two rJ.ises

reduced the potential of failure plains. The positioning of raise # 1 was idea!. placing the lil! closer

to the toe of the model producing a reduced amount of coarse at the toe than with trial #3. Figures

5.2.ll. 5.2.12. and 5.2.13.

5.2.1: PHYSICAL MODEL TEST RESULTS

The test indicated that centrally located fill holes are sufficient as long as the lc:ngth and

width of the block is less than ~O meters. One should expect nùnimal dilution for smaller stope size

if proper quality control measures are followed. If the dimensions are gre:ter than 30 metcrs than

the long rolling distance along the sides of the fill cone produce considerable segregation and

reduced strengths at the perimeter of the stopes. When the length and/or width of the stope is

greater than 30 meters additional F'ùl raises will he needed. or the raise should he angled towards

the stope walls 50 that the fine portion of the rockfùl will remain at the wall where the higher
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Figure 5.2.8: Fill raise #13 side in trial #3, footwall raise•

....-.,

Figure 5.2.9: Segregated material in trial 14, front vie",.
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Figure 5.2.11 PHYSICAL MODEl TES TING
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Figure 5.2.12: FUI raise #1 side ln trial #5, 70 degree raise•

.,.. .. ,. . L- _m

Figure 5.2.13: Fill raise #13 side in trial 15, 70 degree raise.
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• strengths is required. The fill raise should be angled so thatthe rockfill hits as high as possible

against the stope walls for optimum results.

The coarse portion of the rockfill naturally lTÙgrates towards the perimeter of the impact

cone, while the finer materials within the impact cone. Therefore if a fill raise is positioned so that

the impact cone is situated directly against a SlOpe wall, the coarse material will migrate towards the

center of the stope where lTÙnimum strength is required. while the fine material remains at the stope

walls producing high strength material which will be exposed in future lTÙning.

The highest degree of segregation occurred when the fill raise was positioned so that the lïll

material hit the footwal!. ln this situation the majority of the coarse material rebounded towards the

end of the stope, producing very fine, competent fill at the footwall and very coarse non-eompetent

lill at the hanging wall side of the mode!.

The most homogeneous lill was produced when there was a centrally located fill raise. A

portion of the the coarse material became embedded within the impact cone and therefore did not

migr.llc towards the stope walls.

5.3: FILL METHODS

•

Considering the in situ information obtained from chapter 4 and the results of the physical

modelling. following conditions could exist:

SET·UP 1: This is the ideaI filIing system with trucks iftwo accesses are available.

This set-up will result in having the strongest fill mass at the stope boundaries which will be

exposed in future lTÙning. Figures 5.3.1. 4.5.8. and 4.5.9. AlI the coarse aggregate will end up in
the lTÙddle of the stope and will cause nf) dilution problem.
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SET·UP 2: The single raise in this set-up could cause extreme segregation at the walls

depending on the stope dimensions. Fill failure and dilution should be expected if the width or the

length of the stope is grater than 30 meters. Figures 5.3.2. 4.5.8. and 4.5.9.

SET-UP 3: Ideal vertical ml/slot raise location if only one wall will be exposed in future

mining. Figure 5.3.3.

SET·UP 4: This is the most frequent fill raise set-up used at Kidd Creek Mines. Figure

5.3.4. Backfil! placement altemates between the two available raises on shift by shi ft ba.~is. or

approximately after every 3000 tonnes of placed fill. This practice resull~ in a more unifoml

distribution of cementitious material and reduces coarse aggregate roU distance. hence creating a

more horizontal fill profile. This will result in accumulation of ail the coarser particlcs in the miùùlc

of the stope and away l'rom the walls that will be exposed in future mining. Figures 5.3.5 and

5.3.6.

SET·UP 5: This set-up utilizes existing slotlfill raise and an inclined raisc to ensure high

fil! qualiry al the desired wall. Figure 5.3.7.

The most critical portion of a backfùled stope is the wall (s) which wil! be cxposed for

future pillar recovery. The fill raises(s) should be placed such that the fil! will collide a.~ high a.~

possible on the wall(s) which are required to stand. This will utilize the phenomena thatthe wall

below the impact zone is the strongest part of the mled stope. This indicates the importance of

having multiple l'aises if the filled stope is going to be exposed at more than one wall. By having

multi raise system, the fill could have a more uniform distribution and a more horizontal. flat.

prome. This would eliminate the existence of a rill surface which is a plane of weaknes.~.

In the case where the fill material does not collide with the stope walls. fine backtill

aggregates accumulate al the fil! cone and have a high cement content. producing a high qualiry
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Figure 5.3.5: Multi raise system to direct coarse aggregate to center of stope.

Figure 5.3.6: Coarse aggregate in between to dump cones in surface stockpile.
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till. point A on Fig. 5.1.1. case 2. Because of lhe higher momentum of rhe coarser panicles. lhey

scgregale lowards lhe boundary of rhe SIOpe resulling in a low cemenl conlenl. poor qualiry backfi))

( point B. Fig.5.1.1 ). Observations underground show thal coarser aggregate tends 10 gravitate

towards stope perimeter and rhe finer material remains around rhe impact area. Since much larger

strcnglhs are oblained under the impact point rhan away frorn it down the ri)). all dump points

should he posilioned around rhe perimeter of rhe stope scheduled for filling. The fùl qualiry and

segregalion extent in boundaries of each stope are related to lhe rolling distance rhal lhe coarse

particles have to travel hefore colliding wirh rhe walls. Lack of cement and fine l'raclions at rhe

boundaries will have an adverse effect on rhe fi)) qualily. Sorne porlion of lhe coarse particles

could. however. bur)' lhemselves in rhe impact zone due 10 lhe high impacl velocilY. especially

when using high spced conveyor helt~ for placement. Iflhe orienlalion of the li)) rJ.ise (s) docs nol

allow rhe fi)) material 10 coll ide wilh rhe SIOpe wall. rhe dip of lhe fill raise(s) should posilion lhe

cone area as close as possible 10 SIOpe walls rhal are 10 he exposed in f.llure pillar recovery. refer

to Figures 5.4.1 to 5.4.4. This will translate in having higher cement conlent. higher fine l'raclions

and less segregaled malerial close 10 rhe perimeter of rhe SIOpe .

As noled earHer. if ail SIOpe ',valls are 10 he exposed for future pillar recoveries. lhen

mulliple verlical rJ.ises yield lhe hest possible distribulion ofrhe fi)) materials. The verlical raises

would produce a more horizonlal ml profile and any excess cemenl slurry will accumulale al rhe

Slope boundaries. If verlical raises are nol possible due 10 rhe available access. rhen rhe numher of

inclined fi)) raises should he increased 10 produce a compelent fi)) at rhe required SIOpe walls.

To simulale lhe actual filling operation. severallarge seale dump lests were carried OUI al

Kidd Creck Mines. The results revealed an adequate strenglh of over 6 MPa. wirh a peak strengrh

of 10.3 MPa in specimens cored l'rom 838-Stope. However. il was found l'rom chel'IÙcal analysis

lhat the cores conlained a high cement content, 7.3% as compared 10 rhe average of 5%. This

indicated !hal rhe cement concentrations could occur in sorne areas of large fùl piles. resulting in

undesirable deficiencies of cement in orher areas.

Results of rhe tests indicated rhat CRF caused a significant segregation of coarse aggregate
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in the outer zone of the fill pile. As it was explained before. the segregation would also accur in the

area adjacent to stope walls even within a small rolling distance l'rom the dump poinL~. Such

common phenomena caused a weak zone in the underground fill prone to blasting damage during

pillar extraction. To I1Ùnil1Ùze the effect of segregation without increasing the number of lill dump

points. tests were conducted by adding sand into the CRF to act as a void tiller. Consolidated

sandfill. CSF. is essentially a cemented hydraulic fill using alluvial sand in place of nomtal tailings.

The sand has 90- 95 % by-weight passing a No. 18 mesh ( 1.0 mm ) screen. and has an averJge

percolation rate of 15 cmlhr. This sand. when mixed with cement slurry. becomes an ideal material

to fill the voids in segregated aggregate or waste.

Or, occasion. the angle of repose of the fill during placement has to be adjusted so that the

resulting slope will allow ore to run as an adjacent pillar is blasted and mucked. Repose angle can

also be adjusted so that tight fLlling is achieved in enclosed areas. The lypical angle of repose for

aggregate is 45 deg. and for CRF is 37 deg.. which varies with the pulp density and cement

content of the slurry introduced. For consolidated sand rockfill the angle of repose is beIWeen 18 to

25 deg.. and for cemented sand fill and lor sandtill alone it is 10 degrees . This indieates that the

main concem when using a fill raise should not be the final profile but the effect on the backfil1

quality mer being placed with that specitic fill orientation. The final fill profile ean be altered as

explained above. but dilution caused by the backfill may not be remedied.

The stope geometty plays an important role in decreasing segregation effect. The shape of

the stope and the orientation of the fùl raises dictate the rolling distance of the material after the

impact with the fùl cone. lf the distance is kept small. such as in a small square shape stope with

centrally located fill :aise. then the coarse particles have a chance to rebound back to the vicinity of

the impact area after eoUiding with the stope wall. This could result in a more uniform fill

distribution and a more horizontal fùl face in the stope. Should one or IWO walls are required to

stand. the fill raise (s) should be placed such that the fùl will collide as high as possible on the

wall(s) of which is required to stand. This will utilize the phenomena that the wall below the impact

zone is the strongest wall.
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• If the rolling distance is increased due to the enlarged stope geometry or a rectangular shape

stop<:. lhen the material has no chance of travelling the same distance after colliding with the wall.

This wouId lead 10 the fonnation of low density and weak malerials at the wall of the stope which

will he exposed al future pillar recovery. To overcome !his effect. a multiple fiII raise system is

recommend\~d 10 produce a competent fill fOI larger stopes. Whenever possible. when four stope

waIls are required to stand. the backfiII raises shouid bc venical and centraIly located spaced al a

distance of no more than the stope width. If the venical ml raiscs are not possible. the number of

the fiII raises shouid bc doubled. tO ensure that the advantage of both case 1 and case 2. which

were explained earlier. are utilized.

If possible the fiII frec-fall height should l:e kept as small as possib)~. by having pour

points at different levels. This would minimize the amount of energy of the aggregatcs at the ùme

of colliding with the ml cone which causes funhcr breakage of the Malerial. This energy would

cause an increasc in the aIready high fine fracùon at the peak arca and possible fonnaùon of

impermeable layers which would lower the percolaùon rate of the slurry through the materiai. The

lines also coat the coarscr particles prevenùng proper bounding bclWeen them.

5.4 : EXAMPLE AT KCM

•

The following is an example of a specific stope ftIling proposai showing diffcrent mix

design at different phases of the fiII progress.

SUBJECT: 1828-P-ST FILL PROPOSAL

BACKGROUND

Mining of the 1828-P·ST has becn completed and the stope plus the adjacent 2028-0-PIL

above 1800 level are to be backfiIIed with consolidated rockfill. The 2028-0-PIL bclow 1800 level
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• has been backfilled with conslliidated rockfill. Ali fines in the aggregate are to be used. therefore

sand will not be used as a void filler. Any loose muck Idt in the stope will be consolidated. Two

raises are available for backfilling this stope. however. good quality (weil slurry coatedl backlill

cannot be placed down both raises simultaneously.

PROPOSAL

Fill the 1828-P-ST by conveyor down a mise from 16227 Backfill Ace.• OP #5 with

consolidated rockfill in four phases. see Fig. 5.4.1. A cement batch mix of 40% Ponland cement /

60% flyash is recommended for phases 1. 3 and 4. A cement batch mix of 60% Ponland cemenl/

40% flyash is recommended for phase 2.

Overal1 Fill Tonnage: 150.000 tonnes aggregate

Overal1 Cement (Ayashl Content of CRf: 4.9%

PHASE Olllr::

Fill the 1828-P-ST by conveyor down the 28-inch diameter raise from the 16227 Backtill

Ace. until estimated tonnage is reached. see Figures 5.4.2. 5.4.3 and 5.4.4. Extra slurry in Phase

One will consolidate the rockfill and muck left at the base of the stope. and will provide a good

bond with the underlying backfill. Mixing water from the surface recycled watcr pond.~ is

recommended.

Tonnage Estimate : 15.000 Tonnes Aggregate

Cement Content: 5.5 %

Run 180 tonnes of aggregate per batch of slurry.

( 4.0 tonnes ( 8.800 lb ) of Portland cement & 6.0 tonnes ( 13.200 lb) of tlyash )

17.300 lb (2.075 USG) water per batch

Pulp Density of slurry = 56%
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• \Qlumc of Batch = 399 cubic feet

PHASE TWO:

Continue to fill the 1828-P-ST by conveyor down the 28-inch diameter mise from 16227

Backfill Acc. until the peak of the backfill reaches the 1600 level. The toc of the fill will be

approximate1y 50 feet below 1627 SX DD footwall. Mixing water from the surface recycled water

ponds is recommended. At the end of every shift. with the conveyor stopped. run an extra batch

of slurry into the stope. The extra batch should wash slurry and fines down to the base of the fill

cone in order to compensate for the long roll of aggregate. Since the 2027-0-Pll.. adjacent to the

2028-0-Pll.. is scheduled for mining in IWO months. a cement batch mix of 60% Ponland cement 1

40% flyash will be used to provide a faster rate of curing.

Tonnage Estimate : 80.000 Tonnes Aggregate

Cernent Content: 5.0%

Run ISO tonnes of aggregate per batch of slurry.

( 5.4 tonnes (11.880 lb) ofPoniand cement & 3.6 tonnes(7.920 lb) of flyash)

16.800 lb (2.015 USG) water per batch

Pu1p Density of slurry =54%

\Qlurne of Batch =378 cubic feet

PHASE THREE:

Continue to fùl the 1828-P-ST by conveyor down the 28-inch diameter mise from 16227

Backfill Acc. until the backfùl reaches the base of the mise. Mixing water from the surface

recycled water ponds is recommended. At the end of every shift, with the conveyor stoppe<!. run

an extra batch of slurry into the stope. The extra batch should wash slurry and fines down to the

base of the fill cone in order to compensate for the long roU of aggregate.
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• Tonnage Esùmate : 50.000 Tonnes Aggregate

Cement Content: 4.5%

Run 200 tonnes of aggregate per batch of slurry.

( 3.6 tonnes ( 7,920 lb ) of Portland cement & 5.4 tonnes ( 11,880 lb ) of flyash1 17,600

lb (2,111 USG) water per batch

Pulp Density of slurry =53%

\blume of Batch = 391 cubic feet

PHASE FOUR:

Tightfill the 1828-P-ST by conveyor down the 48-inch diameter mise from 16227 Backtill

Acc. until the backfill reaches the base of the mise. Extra batch into the stope or addiùonal fine

aggregate may be required to flatten the angle of the fiU in the late stages of phase four. Mixing

water from the surface recycled water ponds is recommended.

Tonnage Esùmate : 5,000 Tonnes Aggregate

Cement Content: 4.5%

Run 200 tonnes of aggregate per batch of slurry.

(3.6 tonnes (7,920 lb) of Portland cement & 5.4 tonnes ( 11,880 lb) of flyash) 17,600

lb (2,111 USG) water per bateh

Pulp Density of slurry = 53%

\blume of Bateh = 391 cubic feet

•
5.5: SUMMARY

The in situ observaùons and model tesùng verified that segregaùon can not be eliminated.
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however. Il could he panially controlled if the fill Taises are positioned properly. From the above

information ideal fill method.~ for different fill conditions were established to a1low the control of

segregation. The most critical portion of a backfilled stope is the wall(s) which will he exposed in

future pillar recovery. The fill r.lÎse(s) should he placed such that the fil1 will collide as high as

possible on the wall(s) which are required to stand. The proper structural design will direct the

coarse aggregate to the center of the stope which will never he exposed in future mining. Also. the

segregated material could he designed to he at the waIIs against previousiy filled SIOpes or waste

contacts.
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• 6.0: BINDER ALTERNATIVES

Physical and mechanical strengths of a typical fiB mass dictate lhe fiB performance for

specific requirements. As shown in the literature survey a1most43o/c of the tOlalliB cost is the cost

of the binder materials used. Obviously with higher binder contents. and much higher operating

costs. operations could obtain higher strength fiB ma."S. lower diluùon and fewer operaùonal

delays. From the extensive site invesùgation in chapter 4. it was concluded thatthe lower cost

binder. flyash •performed extremely weB. This translaled to significant financial saving at KCM

without any strength loss and in most case. if properly used. could achieve a higher long-term

strength. A major part of this thesis is to evaluate and implement new fiB recipes at KCM. The new

recipes could easily he used by other mines. especially in other rockfill operations. Of course.

unlimited combinaùon of the lower cost binder materials could he evaluated, however. with

author's experience and cost consideraùons. the mixes with the most financial and strength

improvement potentials are evaluated. Total of 1750 lest specimens are used for this extensive

laboratory work.

6.1: BINDERS AVAILABLE

Considerable savings can he achieved by minimizing the percentage of Portland cement

used in any backfùl mix by partially replacing it with other chcaper binder materials. A

comprehensive testing program was conducted to evaluate the cemenùtious properties of different

binders with or without addition of commercially available chemicals. The binders evaluated in this

llÙlOratOry test program were:

•
6.1.1: PORTLAND CEMENT

Portland Cement is a hydraulic cement produced by pulverizing clinker consisùng of
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•
hydraulic calcium silicates and contaming one or more forms of calcium sulphate as an interground

addition. In presence of water. calcium silicate hydrate ( CSH )compounds form the gel that gives

,ement its hardening char.lcteristics.

6.1.2: FLYASH

Flyash is a by-product l'rom the combustion of pulverized coal in thermal power plants.

and is removed by mechanical collectors or electrostaùc precipitators as a fine paniculate residue

l'rom the combustion gases. Commercial flyash can be c1assified into two types. Type F and Type

C. Type F tlyash. produced l'rom bituminous coals. has a low lime content and possesses little

cementitious value by itscll'; however in presence of Portland cement. it slowly combines with the

calcium hydroxide released during the cement hydraùon process to form new cementing

compounds.Type C tlyash. produced l'rom sub-bituoùnous or lignite coals. contains a higher lime

content than Type F flyash. and possesses sorne cemenùùous qualities of its own. It will

cheoùcally react with water. even ifthere is a deficiency of Portland cement Hence. the setting

time is l'aster than Type F flyash. Table 6.1

6.1.3: BLAST FURNACE SLAG

Blast fumace slag. BFS. is a by-product of the steel industty and accordingly. the

availability of BFS is lioùted in quantity and location. BFS results l'rom the fusion of the calcium

from the limestone with the siliceous and alluminous residues from the iren ore in the blast

fumace. Major oxides in BFS are not free but combined. It is the physical stl!te of BFS that is

fundarnentalto its cementitious properties. Table 6.1

Non-ferrous slags generally refer to copper. nickel. zinc and/or lead slags extraeted l'rom

sulphide concentrales by pyrometallurgical treatment The process includes three different
129
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•
~ BY MASS

TYPEC TYPE F

PC 8FS FLASH FLY ASH CSF

SiO~ 19.6 ~~ 35 ~5 c~';0

AL203 4.3 9 20 ::0

Fe~03 3.4 J.S 5 5

CaO ô1.S 40 25 5 0.5

MgO 3.6 12 5 5 1.1

S03 3.4 2.5
. .,

0.51.-

S (Sulphide) 1.8

Total Alk. as Na20 1.1 0.5 1.4 0.5 0.1

LOI 2.4 0.4 6.0 2.5

Phvsical

Blaine (cm2/g) 3.500 4.500 4.000 3.000 200.000

45IJ.m (% ret) 10 2 12 17

SG 3.15 2.9 2.7 2.3 2.2

Table 6.1: Typical Chemical and Physical Compositions of

Supplcmcntary Cementitious Materials.
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operations: roasling. smejung and convenmg. During the smelting and convening stages. different

slags are produced. Smelter slag is either discarded withouttreatment or granulated with excess

waler. The chemical composition of non-ferrous slag consisl~ of high iron oxide and lower calcium

oxide. exactly opposite of the one of the ferrous slag .

6.2: PAST STUDIES AT KIDD CREEK

The replacement of Ponland cement with ground biast fumace slag and Type C flyash had

already been evaluated at Kidd Creek Mines before the start of this thesis. The studies carried out

before implementing these materials in the KCM fill system are briefly described below.

6.2.1: CEMENT SLAG ROCKFILL, CSLRF

The high cost of Ponland cement prompted the use of ground blast fumace slag as a partial

replacement of cement. Cement/slag rockfill. CSLRF. refers to the consolidated rockfill

incorporating a blended binder of Ponland cement and ground blast fumace slag. Test results,

Fig.6.2.1. indicated that at 85 days the strength of CSLRF with 2.5% cement and 2.5% slag

by-weight as a blended binder attained an equivalent strength of a 5% Ponland cement rtùx ( Yu

and Counter. 1983 ). The addition of 5% sand enhanced the compressive strength of the CSLRF

by 45%.

To evaluate the curing process of cement slag rockfùl in an underground environment,

founeen large test blacks. 60 cm by 60 cm by LOO cm high, were cast underground. The dynamic

strength charJcteristics were deterrtùned by employing the impact method with a Schmidt hammer

and by the detonation of blasting caps within the blacks. This allowed the evaluation of the degree

of blasting resistance by the relative size of craters.

The test result contirmed the previous observation that blacks containing 15% sand

possess a higher dynamic resistance than those with a lower sand content. After more than IWO
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ycar~ of tc~ting. the following conclusions were made:

• 1: Ground blast fumace could replace up to 50% of the PonJand cement in CRf without

loss of its compressive strength provided that the fill was allowed to cure for three month

or more.

2: The mix of PonJand cement and slag with sand slurry also produeed an acceptable fill.

but required longer curing periods 10 obtain the desired strength.

3: No opcr.ltional problems were encountered in the use of blended cement and slag when

filling a waste pass. This large scale test also revealed that the slow cUIing ...ture of slag

diminates the nced of a retarding admîxture, resulting in a further cost saving.

ln Kidd Creek No. 1 Mine, where a minimum three-month curing period was available before

adjacent pillar recovery. up to 60% of the PonJand cement was replaced by an equivalent weight of

ground slag with satisfactory results. Due to a shorter cUIing period available in the No. 2 Mine,

normally three wceks, only 33% replacement of PonJand cement by ground slag was allowable.

A total of 70,000 tonnes of ground slag was used in the backfill .

6.2.2: CEMENT! FLYASH ROCKFILL

ln the past Kidd Crcek carried out test work on a partial PonJand cement replacement by

Type F flyash in consolidated fill. The results indicated, Figure 6.2.2, that flyash had the potential

to be considered as a partial PonJand cement replacement. However, the requirement of longer

curing time periods and the inconsistent chemical composition of flyash impeded its use. Also, al

that time. cement priees were low. and there was not a signifieant cost advantage to justify the use

• of flyash in the backfill. In 1983, .towever, the steadily increasing costs of PonJand cement and

ground blast fumace slag prompted the search for a lower cost cementing agent. Four flyash
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•
sampks from differcnt sources werc evaluated. Of the four samples. two were Type Cash. and

two were Type F tlyash ( Yu and Counter. 1988).

6.2.2.1: LABORATORY WORK ON FLYASH

Thrce series of tests were conducted. The ftrSttest series evaluated the cementitious

properties of one Type C flyash sample and two Type F flyash samples. in comparison with

ground blast furnace slag. The second test series confinned the strength development ofType C

tlyash. A total of over 200 test cylinders. 15 cm in diarneter by 30 cm high. were cast for uniaxial

compression tests after 28. 56 and 85 days of curing. The third test series compared the rwo Type

C tlyash samples. ln addition. 60 cm cubes were cast for relative dynarnic strength evaluation.

Results. Fig. 6.2.2. showed that Type C flyash exhibited higher strength than either of

the two Type F flyash samples at every rnix proportion and curing period. The compressive

strength of the 30% Type C flyash was the same as that of the 30% slag rnix at 28 days of curing.

and becarne higher afterwards. surpassing the control mix after 43 days of curing. The 60% Type

C tlyash rnix had a lower 28-day strength. but grew steadily and exceeded bath the 60% slag rnix.

and the control rnix after 73 days of curing. The second series of tests was to further deterrnine the

c:tTects of varying the content of Type C flyash. and of slag on the strength development. There

was no indication of any advantage of combining the flyash with slag. The third series of tests

showed that the development of strength for bath Type C flyash samples was very consistent.

6.2.2.2: STOPE TEST EVALVATION OF FLVASa

....
To fully evaluate the performance of f1yash as a partiarPortland cement replacement, a full

seale stope test was canied out in 1984. This traiI resulted in the followings:

1. Ayash could be pneumatically loaded into the silos from tanker trucks. in the same

manner as Portland cernent or slag. with no difficulty.

2. The behaviour of the f1yash was similar to !bat of slag during the weighing. rnixing.
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•
delivery and clean-up phases in the cement slurry mixing plant.

3. No accumulation of undue scale build-up was noted with using l1yash.

4. Type C flyash exhibited compar.lble cementitious properties a.~ ground bla.~t fumacc

slag.

5. The emanation of radon gas. in terms of Working Levets. from alltesled tlya.~h mixes

was within the Ontario Ministry of Labour's guidelines.

6.3 : OTHER BINDER ALTERNATIVES

Considerable savings can he achieved by minimizing the percentage of Portland cement

used in the present backfill mix by partially replacing it with other cheap.:r binder materials. A

comprehensive tesùng program was conducted to evaluate the cementitious properties of ditl'erent

binders with or without addition of commercially available chemicals. The challenging a.~pect of

this testing program was to match or exceed the strength of the present backfill using less

expensive and/or local materials. such as KCM copper slag from the Timmins area. The main

emphasis on this testing program was to increase the early and ultimate strengths of the present

flyashlcement mix. but aIso to evaluate the cementitious properties of KCM copper slag for

possible use as a binder.

The aggregate used in the cylinder tests was a mixture of washed gravel and alluvial sand

Olt a ratio of 2 to 1. Sample preparation foUowed the C39-83b ASTM standard. The samples wcre

al! cured al 25 deg. Celcius tempreature and placed in standard curing tank. The maximum

aggregate size was 1.8 cm. Ali the cylinder tests were carried out using 7.35 cm diameter. 14.7 cm

long. cardboard moulds. Each mix contained 5% by weight of cementitiou.< material. A

water/cement ratio of 1.2 by weight was maintained in al! sets unless mentioned otherwise. To

reduce the effect of variation in the composition of Portland cement on the test strength. a blend of

normal Type 10 Portland cement from four cement suppliers was used in al! mixes. A minimum of

• thn:e cylinders per set were tested. The binder alternative test program is shown in Figure 6.3 :.

Figures 6.3.2 and 6.3.3 show the steps taken to prepare each set of samples.
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6.3.1: COPPER SLAG BLAINE SIZE TEST

OBJECTIVE: To study the effect of copper slag Blaine size on the compressive strength

development of backfil1 material. A comparison between regular copper slag and requenched.

lime-enriched. slag was a1so carried out.

The materials used in these sets were :

SET A: 100% P.e. (CONTROL)

SET B : 60% P.C./40% slag. 3000 Blaine. KCM regular copper slag which had Work

Index value of 28.9. and 080. 80% weight passing micron size. of 1960.

SET C : Same as set B but the slag used was 4000 Blaine.

SET D : Same as set B but requenched copper slag #1 ( high lime content) of 3050 Blaine

was used. Work Index = 48.7.

SET E: Same as set B but requenched copper slag #2 ( lower lime conlenl ) of 3214 Blaine

was used. Work Index = 27.2. and had 080 of 893.

DAYS

14

28

56

SET A

1.9

2.15

3.2

COMPRESSIVE STRENGTH, MPa

SETH SETC SETD

1.82 1.65 1.75

1.94 1.92 2.0

2.15 2.2 2.4

SETE

1.56

1.7

2.0

- Set A ( control) had the highest compressive strength values. Figure 6.3.4

- Sets B and °showed very encouraging results. The 14 and 28 clay strengths of sel B were

95 and 90% of the strength of the control set A respectively. However. the longterm strer.c;th of

set B was only 68% of the C('oIUO! set A.

- Comparing sets B and C indieated that the finer slag of 4000 Blaine did not contribute in

increasing the compressive strength.
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• Control set had 48':"" increa.~e in its strength l'rom 28 to 56 day curing. The highest compressiw

strength increase rate for samples containing slag was 20% in set D.

• • Set D. requenched lime-enriched slag. allained the highestlongterm strength values in

samples containing slag. The compressive strength of set D reached to about 75% of the control sel.

CONCLUSION

The results indirated that the copper slag did contribute greatly to the strength development of

the cementls1:lg mixes. The Slaine size finer than 3000 had no effect on the strength development of

the samples. üse of lime solution with requenched slag slightly increased the compressive strength

of the material.

6.3.2: COPPER SLAG CUBE TESTS

•

•

OBJECTIVE: To study the cementitious property of copper slag . This is to investigate the mte

of increase in compressive strength of the concrete cubes with different amounts of cement and/or

copper slag. Copper slag. 4000 Blaine. was used in this testing program.

Compressive strength after 28 days. MPa

SET A. 100% P.C. 22.4

SET B, 40% p.e.. 60% SLAG 14.2

SET C. 40% P.C.• NO SLAG 4.6

SET D,6O% P.C.• 40% SLAG 20.7

SET E. 60% p.e.. NO SLAG 11.7

• Set A. 100% Portland cement. showed the hi~.::st strength after 28 days of curing. Figure

6.3.5.

• Set 0 with 40% replacement of cernent wi~ copper slag obtained a strength of 20.7 MPa
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•
after 28 days which was 92'7< of the control set A.

- Since the slag curing process is much longer comparcd to Ponland cement. the longterm

strength of set D would surpass the strength of the control set A.

- An additional 20% replacement of cement in set B decreased the compressive strength by

45% compared to set D. This indicated that the panial replacement of cement with slag should not

exceed40%.

- Sets C and E containing no slag and low cement content had very low·compressive strengths.

Comparison of these results with sets Band/or D showed that the slag had a major contribution in

strength development of the samples. The high water to cement ratio and high sand to cement rJ.tio

might have caused the low compressive strength of sets C and E.

CONCLUSION

The resulted indicated that copper slag has a moderate cementitious propeny if the replacement of

the cement with slag does not cxceed 40%. Replacement of 40% cement with slag. set D.

decreased the compressive strength by only 8% and the samples containing slag will cure for a

longer period of time and eventually will exceed the strength of the control set A.

6.3.3: FeS04 AND K2S04 ADDITIONS, PART 1.

OBJECTIVE: To study the possibility ofusing accelerators such as FeS04 and K2S04 to speed

up the curing process of cement 1slag mixes.

•

SET A. 5% P.C.

SET B. 60 P.CJ40 SLAG

SET C. SET B + lll% FeS04

SET D. SET B + 20% FeS04

SET E.SETB+ 10% K2S04

SET F. SET B + 20% K2S04

Compressive strengtb. MPa

1.16

0.31

0.23

0.21

0.82

0.61
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•
- Result l'rom set E. 10% K2S04. was encouraging. The acceler<itor had increased the

compressive strength by 265% compared to set B without accelerator after 6 days of curing. Figure

6.3.6.

- Set F. 20% K2S04. indicated that the amount of accelerator in the mix had passed t'le optimal

percentage.

- FeS04 accelerator did not increase the early strengths of the mixes.

- K2S04 showed good reaction properties with the P.C.lslag mixes.

- A point load tester had to he used to determine the low early strengths.

-Since set F ( 20% accelerator ) showed lower strength than set E (10% accelerator). it was

concluded that the amount of accelerator in set F had exceeded the optimal dosage. The amount of

accelerator at 5% and 15% of the binding rnaterial should a1so he investigated.

CONCLUSION

More detailed study of the type and the performances of different accelerators should he carried

out to verify their potential future use. The longterm effeets should a1so he monitored for rnaterial

deterioration caused by chemical reactions of these accelerators. Other important factors for possible

future use are the availability and the costs of these materials.

6.3.4: SLAG 1ACCELERATOR TEST, PART 2.

OBJECTIVE: To study the effeet of different accelerators on the compressive strength

deve10pment of P.e. Islag binder. The accelerator will he used to speeà up the curing pl'OœSS that

was slowed down by replacing 40% of the cement with copper slag. Accelerators used in this

study were FeS04. K2S04. CaCI2 and Daracell. a product of W.R. Grace Cbemical Company.

Various amounts of these materials were tesled to find the optimum percentage of the accelerator in

each case.
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•
- Following ta',le presents the results obtained for each set after 28 and 56 days of curing.

COMPRESSrvESTRENGTH

MPa

28days 56 days

SET A: 5% P.C.. CONTROL 2.37 3.18

SET B: 3% P ..... NO SLAG 1.14 lA6

SET C: 3% P.C. + 2% SLAG 1.73 1.73

SET D: AODlNG 5% K2SQ.l 1.75 2.42

SET E: AODING 10% KZS04 1.50 2.05

SET F: ADDr'''' 15% KZS04 1.87 2.34

SET G: AODING 5% DARACELL 1.68 2.18• SET H: ADDING 10% DARACELL 2.81 3.30

SET 1: ADDING 15% DARACELL 2.24 2.90

SET J : ADDING 5% FeSO.; 1.22 1.42

SET K: ADDlNG 10% FeSO.; 1.77 1.70

SET L : AODING 3% CaCI2 2.04 2.04

SET 1\1: AODING 5% CaC12 2.14 2.00

•

- Comparing sets B and C showed that the addition of slag to set C whieh had 3% cement content

increased the compressive strength by 18%. This is 54% of the strength of the control set A with

5% cement content. Figure 6.3.7.

- Set H. 10% Daracell. showed the best resu1ts by achieving ? 4% higher compressive strength

than the control set A.

- There was a 51 % increase in strength when the amount of Daraœll was raised from 5%. set G.

to 10%. s.:t H. nie strength decre::sed by 14% with increasing the Daracell concentration from 10 to
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•
15%.

- Sets D. E and F having 5. 10 and 15% K~S04 showed a much bener results after curing for 56

days of curing compared to :!8 day results. Set 0.5% K:!S04. achieved 76% compressive strength

of the control set A after 56 days of curing.

- Adding 5% CaCI:!. set M. to P.C.lslag mix. set C. increased the strength by 16 % as compared

to 19% when 3% CaCI2 was added in set L.

- The strength of set M. 5% CaCI2. was 76% of set H. 10% Daracell. and 90% of the control set

A after 28 days curing. rhese values drop to 61 % and 63% respecùvely after 56 days.

• Ferrous sulphate did not contribute to the compressive strength of the mixes after 56 days of

curing. il even decreased the strength when 5% FeS04 was used .

CONCLUSION

Daracell and K2S04 performed weil with the P.C.lslag mix. Daracell increased the

compressive strength higher than the control mix. The extra cost of Daracell. however. could make

it impractical for use in a rockfill system. Potassium sulphate obtained a much higher compressive

strength after 56 days of curing. Ferrous sulphate did not perforrn satisfactory after 56 <!:lys of

cunng.

6.3.5: SLAG 1ACCELERATOR, PART 3.

OBJECTIVE: The same as T.:st #4. The accelerators used in this study were Daracell. a product

of W.C. Grace Chemical Company. Pozzolith 133-HE. a product of Master Builder Chemical

Company. K2S04 and CaCI2. Various amounts ofthese materials were tested to find the optimum

percentage of the acceleraror needed in each case. These test results were then combined with the
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results of the the past tests 10 e\'aluate the perfonnance of each accder.ltor.

• - Following table presents the results obtained for each set al 28 and 56 days.

COMPRESSIVE STRENGTH. MPl1

28 dl1Ys 56 days

A. 5% P.C.• CONTROL -1.60 6.20

B. 60 P.C} 40 SLAG 2.50 3.50

C. SET B + 7.5% DARACEll 2.83 -1.50

D. SET B + 12.5% DARACEll 1.86 2.70

E. SET B + 5% POZZOUTH 133-HE US 3.70

F. SET B + 10% POZZOUTH 133-HE 3.90 5.30

G. SET B + 2% CaCI2 3.01 3.-10

H. SET B + 7% CaC12 2.71 2.90

I. SET B + 2% K2S04 1.98 2.06

J. SET B + 4% K2S04 2.56 2.81

- Set F. 10 % Pozzolith 133-HE. reached 8~% strength of the control set A. 5% p.e.. after 56

days of curing. This set had 51 % higher strength compared to control sel B after 56 days of curing.

Figure 6.3.8.

- Results of this test combined with the results of 6.3.4 indicated that the optimum percer.tage

of DaraceU in the mix was around 10%.

• There was a 40% decrease in strength when Daracell concentration was increased from 7.5 to

12.5% in sets C and D. Fig.6.3.9.

- The strength of set G. 2% CaCI2. was 64% of set F. 10% Pozzolith 133-HE. Fig. f 3.10

shows that the optimum CaCI2 concentration in the mix was around 3%.
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•
- 2% and 4% K2S04 decreased the compressive strength of the sampb consider.lbly atier 28

.l'Id 56 days of curing. Fig. 6.3.11.

CONCLUSION

Ali the results were compared with control set B. 60 P.C.l40 slag nùx. Oar.lcell and Pozzolith

133-HE improved the strength considerably but :he costs of these material were high and no savings

could be obtained from using these in the fill system. Addition of 2% CaCI2 increa..;ed the

compressive strength by 20% compared to set B after 28 days of curing but the 56 day results were

almost the same as the control set with no CaC12 . This indicated that the CaCI2 increa..;ed the curing

rate in the flfSt month and could be employed to achieve faster nùning cycle. Addition of K2S04

showed a very disappointing result and did not improve the compressive strength of the lill material.

The longterm results of samples which contained both 2% and 4% K2S04 were lower than thee control set B. and no benefil would be gained by using this chenùcal.

6.3.6: ACIDULATED TYPE F FLYASH , PART 1

OBJECTIVE: This study involved the partial replacement of Portland cement with Type F

flyasb. Flyasb normally bas higb iron and/or aluminium content. By treatment of the flya.~h with

strong lIÙOeral acids the excess rnetais could be removed. The goal was to convert the oxides of

excess rnetais ioto soluble salts that could be washed away. Removal of the undesir.lble metals

would create a mucb greater surface area for the reaction of silica. Hydrochloric and Sulphuric acids

Olt {Wo different concentrations were selected for œsling.

Acids weighing 1.2 limes the weight of the flyash were used to acidulate the flyash. The

acidulated solution was allowed to chenùcally react for 15 and/or 60 nùnutes before nùxing with the

rest of the materials. Before using the acidulated flyash in the final nùx. the :!Cid on top of the mix
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was decanted. The amount of acid left in the mix was then calculated to lind the linal amount of

water to be added to the mix. It should be noted that the moisture content in acidulated sampl.:s was

• about 1% higher than the one in unacidulated sets .This fact most likely causcd the decrea.'e of the

strength in the acidulated sets due to the higher water content.

COMPRESSIVE STRENGTR. MPa

28days 56days

•

A. 100% P.C. 1.86 2.~6

B. 33% P.C.• 66% FI..YASH (F) 1.05 1.~2

C. SET B+ 38% HCI. 60 MIN. 0.00 0.00

D. SET B+ 38% HCI. IS MIN. 0.00 0.00

E. SET B+ 20% HCI. 60 MIN. 0.39 0.67

F.SETB+20%HCI.ISMIN. 0.85 1.~0

G. SET B+ 38% H2S040 60 MIN. 0.00 0.00

H. SET B+ 38% H2S04. IS MIN. 0.00 0.00

1. SET B+ 20% H2S04. 60 MIN. 1.76 2.~

J. SET B+ 20% H2S04. \S MIN. 1.80 1.57

- Replacing 66% of the Portland cement with unacidulated Type F l1yash decrea.o;ed the

compressive strength by 56% after 28 and 56 days of curing. by comparing sels A and B. Fig.

6.3.IZ.

• Acidulation of llyash with HZS04 solution ( ZO% concentration) for a time period of 60

minutes. set 1. increased the compressive strength comparable to the control set A. and caused a 70%

increase in strength compared to the unacidulated one. set B.

- Sets C. D. G and H with 38% concentration of both HCI and HZS04 had no strength

development even after 56 days of curing.

- 20% HCI solution. set E. decreased the compressive strength by 53% compared to the
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•
control set B. when the l1yash was acidulated for 60 minutes.

- Set J. 20% H2S04. had 13% lower strcngth at 56 days comparcd to th,- slrenglh at 2S

davs. This was the onlv set that did not increa.~e in strength after 28 davs of curing... ~......

CONCLUSION

More tests on acidulated l1yash with a lower conccntraùon of acid should he carried out.

6.3.7: ACIDULATED TYPE F FLYASHI COPPER SLAG. PART 2.

OBJECTIVE: To slUdy the effect of acidulated Type F l1ya.~h and ground copper slag on

cementaùon developmenl.

COMPRESSIVE STRENGTH. MPa

28days 56 days

A. 5% P.C. 1.72 2.60

B. 33 P.C.• 66 FI.YASH(F) 1.03 1.66

C. 60 p.e.. 40 SLAG 1.57 2.03

D. SET B + 20% H2S04 . 30 MIN. 1.16 NIA

E. SET e + 20% H2S04. 30 MIN. 1.42 1.41

F. SET B + 10% H2S04. 30 MIN. 1.10 1.60

G. SET e + 10% H2S04. 30 MIN. 0.96 1.15

- Replacing 66% of the Portland cement with unacidulated Type F l1yash decreased the

• compressive strength by about 60% aCter 28 and 56 days of curing. by comparing sets A and B. Fig.

6.3.13.
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•
. Control >.Ct for PC/slag mil':. set C. obtained 91 ;;nd 78% of the strength of the 100<;;, cement

control set A. after 28 and 56 days respectively.

• Acidulated flyash with H2S04 soluùon ( 20 and 10% concentral;ons) for a lime period of

30 minutes did not contribute to the compressive strength as much as the samples used in 6.3.6.

- Both 10 and 20% addition of H2S04 to the copper slag decreased the compressive strength

by 44 and 31 % respectively. compared to unacidulated sampies of set C.

CONCLUSION

The preliminary results obtained from these tests indicated that the acidulatcd flyash did cause

a very small increase in the strengths of the P.CJflyash mixes. but the acidulated P.C.lslag • :ixes

showed nel;aùve results. This could have becn due to the Sh011 acidulation time; thus. further tests

are deemed necessary to obtain conclusive results on the effect of acidulation of Copper slag and

flyash.

6.3.8: ADDITIONAL COPPER SLAG TEST

OBJECTIVE: To study the cementiùous property of copper slag. This is to invesùgate the rate of

increase in compressive ,trength of 3-in. diam. cylinders with different amount of copper slag with a

constant Portland cement content.

COMPRESSIVE STRENGTH, MPa

28DAYS 56DAYS

A. 5% P.C.

B. 3% P.C.. 1% SLAG

C. 3% P.C.. 01% SLAG

D. 3% P.C.. 6% SLAG

E. 3% P.C.. S% SLAG

2.76 3.02

1.80 2.30

2.40 2.1'5

2.20 2.40

1.20 1.73
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• Sel F. h:,d the sar..c: 28·d~y eompressive strength compared to the control set A. The 56 day

compressive strength of set F surpassed the strength of set A by 20%. Fig.6.3.14

- 40% replacement of cement with slag decreased the compressive strength by 35 and 24% after

28 and 56 days of curing respectively. by comparing selS A & B.

- Doubling the amount of slag in the mix increased the compressive strength by 33 and 15% after

28 and 56 days of curing respectively. by comparing selS B & C. However. they were stilliower

than the control set A by 13% for both 28 and 56 day curing.

-Adding more slag in selS D and E did not contribute ta the compressive strength. possibly due to

the increased amount of water in the final mixes. Although water to binder ratio was keptthe same as

sets A. B and C. the mixes for sets 0 and E appeared soupy with approximately 20% excess

•
F. SAME AS D WITH 20% LESS WATER

G. SAMEAS E WITH 20'" LESS WATER

2.65

1.70

3.63

2.04

•

water in the final mixes.

• Set F was the same mix as set D except for having 20% less water . This resultecl. in a strength

incrca.o;c of 51 % after 56 days of curing. compared to sets D and F.

- Although set G had 20% less water than set E. it still appeared to have excessive water in the

linal mix. This fact might have prevented the deve10pment of the optimal strength of set G.

CONCLUSION

The results indicated that (1) : The copper slag had a moderate cementiùous property if the

replacement of the P.e. with slag was below 40%. and the compressive strength could be increased

by increa.sing the amount of slagIP.C. raùo. (2): The amount of water in the P.CJslag mix played

an important role in developing cementation. Further worle. therefore. should be concentrate on

delennining the optimal water content.

6.3.9: LIME, GYPSUM AND SODIUM Sll..ICATE TESTS, PART 1.

OBJECI'IVE: To investigate the effeet of addition of lime. gypsum and sodium silicate on the

161



• • •

4 i i

-fi}-

30 40 50 60

T1ME, days

('OPPER SL\G HIGHER (,ONTE:\'T TEST

F (0- 20% water)

AI 5~{, P.C.

C, 3% P.C.! 4% slag

D, 3% P.C.!6% slag

B, 3% P.C.!2% slag

G (E - 20% waler)

v

...

..

..
--0-

E

•-:::==-_----0
v

UI =-a
a 0

~~-

E

3

2

11 i i , i , i i 1
20

FIGURE ld.l.t:

CIl
l:lo.
~

::ci'
E-o
Co:)
;z;
~

-
l:l::

C1I
E-o

N
en

~
;;..-en
en
~
l:l::
l:lo.
~
0
U



carly slrcngth development of P.CJflyash and P.C.lslag mixes. The gypsum sampies from Mosse

River basin near Moosonee. Ontario. werc provided by the Ministry of Natural Resources. Type C

• flyash was used in this study.

COMPRESSi VE STRENGTH. MPa

28 DAY 56DAYS

A.5%P.C. 3.05 3.62

B. 2.5% P.C•• 5% SLAG 1.90 1.82

C. 2.5% P.c.. 2.5 FI.YASHI Cl 5.20 6.02

D. SET B+ 1% GYPSUM + 0.65% UME 2.58 2.95

E. SET B+ 1.5% GYPSUM + 1% UME 2.47 3.10

F. SET C+ 0.65% GYPSUM + 0.33% UME 6.05 6.23

G. SETC+ 1% GYPSUM +0.5% UME 7.00 7.10

H. SET C+ 5% SODIUM SIUCATE 4.45 4.12

1. SETC + 10% SODIUM SILICATE 3.33 4.26

- Set D had a 62% higher V.C.S. unconfined compressive strength. Ihan Ihe control set

B. Howcver. increasing Ihe amount of lime & gypsum in set E compared to set D caused only a

minor increase in strengIh. indicating Ihat higher strengIhs could not be obtained with an additional

gypsum and lime in P.C.lslag mixes. Fig. 6.3.15

- Set F increased the V.C.S. by 3% compared to control set C. 8y increasing Ihe amounts of

lime and gypsum in Ihe mix. set G. the V.C.S. was increased by 18% compared to control set C.

which had a relatively high strengIh. This means Ihat still Ihere might be a possibility of obtaining a

higher strengIh wiIh additional increase in lime and/or gypsum content in samples containing flyash.

- Addition of sodium silicate to Ihe mix was disappointing. The strengIh was decreased by 32%

in set H and 30% in set 1. 80th sets H & 1 indieated !hat Ihe addition of sodium silicate would not

• have any positive effeet on Ihe strengIh development ln oIhe' applications for which a more rapid

increase in strengIh is needed. say wiIhin 2-7 days. Ihe addition of this chemical might be useful.
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- It was noted that the rate of increase in compressive strength l'rom 28 [0 56 days was much higher

for control sel~ A. Band C. compared to other sets with the addition of chenùcals.

• . The test resull~ indicated that the addition of chenùcals to the tested binders would be

benelicia! in incfC:l.Sing the early strength of the fil! for a l'aster nùning cycle.

CONCLUSION

The rate of increase in compressive strength was much higher in samples containing KCM

copper slag in set E by 70%. compared to control set B. The highest strength increase in samples

containing flyash was obtained in set G by 17%. compared to set C. It should. however. be noted

that the compressive strengths of the samples containing flyash were much higher compared to the

ones with copper slag.

6.3.10: LIME, GYPSUM AND ANHYDRITE TESTS, PART 2.

OBJECTIVE: The same as 6.3.9 with an additi('~ of anhydrite. The anhydrite sample was

obtained l'rom Cape Breton area.

SET COMPRESSIVE STRENGTH, MPa

28 DAY 56DAYS

A.5%P.C. 3.15 3.25

B. 2.5% P.C.. 2.5% FI.YASH (C) 2.78 2.92

C. 2.5% P.C.. 5% SLAG 1.45 1.75

D. SET B + 1% GYPSUM + 0.65% UME 2.96 3.95e ~. SET B + 1%GYPSUM 3.50 4.46

F. SET B + 3% GYPSUM 1.78 1.90
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G. SET B + l'iC ANHYDRITE + 0.65<;< LIME 4.02 4.93

H. SET B + 1'7c ANHYDRITE 4.90 4.80

• I. SET B + 3% ANHYDRITE 2.13 ~ --_.:t:'l

J. SET B + 5'7c ANHYDRITE 2.20 3.15

K. SET C + 1'7c GYPSUM + 0.65'7c LIME 2.35 2.95

L. SET C + 1% GYPSUM 2.31 2.90

M. SET C + 3'70 GYPSUM 2.44 2.60

N. SET C + l'ié ANHYDRITE + 0.65'c LIME 3.13 4.00

O. SET C + 1'iC ANHYDRITE 2.70 3.23

P. SET C + 3% ANHYDRITE 3.15 4.15

- Sets D. E. G. H. N and P had all surpassed the strength development of control set A for bath

28 and 56 days of curing. These increased strengths were achieved even \Vith panial replacement of

Portland cement with flyash and/or copper sJag.

- The Iùgbest compressive strength was obtained with set G wlùch had 38 and 52% higher

strength compared to control set A after 28 and 56 days of curing respectively. Fig. 6.3.16.

- The rate of increase in strength was generally superior to control set A. by 20 to 30%. l'mm 28

to 56 days of curing.

- The only sample wlùch had a constant strength from 28 to 56 days of curing was set H. which

had the Iùghest 28 day strength and the second Iùghest 56 day strength .

- Comparison of sets D and E showed that addition of lime decreased the strength by 12% at 56

days of curing. althougb. it caused an increase of 18% for the 28 day strength. Fig. 1\.3.17.

- Comparison of sets E and F showed that the addition of more than 1% gypscm to the mix

decreased the strength by 58%. T1ùs could be due to lack of enough water for the samplc material to

completely react. Fig 6.3.17.

•
- Sets G and H showed that addition of lime to the samples c~ntaining anhydrite decrcased the 28

day strength by ie% and increased the 56 day strength by just 3%. 'This indicated that the addition of

lime to anhydrite samples had no major effect in strength development.

- lncreasing the anhydrite content from 1 to 3 and 5% caused a decrease in compressive strcngth
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of the samp:es. by comparing sets H. 1and J.

- The addition of anhydrite. gypsum and/or lime to control set e. p.e.lslag mix. increased the

• strength in ail mixes.

• The best result was obtained when using 3% anhydrite. set P. which increased the strength of

the control set e by 217% and 240% after 28 and 56 days of curing respectively.

- Set N. with just 1% anhydrite and 0.65% lime had almost the SaIne 28 and 56 clay strengths as

set P. with 3% anhydrite. Addition of lime to PClslag mix caused a significant increase in the

strength of the sampies. by comparing sets N and O.

- Allthe slagIP.C. samples with addition of anhydrite had equal or better 28 and 56 clay strengths

compared to set A.

CONCLUSION

The results from these tests indicated that a small addition of anhydrite and/or gypsum

significantly increased the strength of the backfill mix containing slag and/or flyash. especially with

the copper slag mix.

6.3.11: SLURRY DISPERSANT TEST

OBJECITVE: To study the effect of slurry dispersants on the strength developlI'ent of cement!

flyash mixes. This test was repeated 3 time. total of 135 cylinders. and the average results are given

below:

COMPRESSIVE STRENGTH, MPa

14 Pays 28 pays 56 Pays

A.6O% F.A.l40% p.e

B. 60% F.A.l40% P.C. + Hydrafil

C.6O% F.AJ40% P.C. + Hydrafil ·5% binder
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•
D.60% F.A.l40% P.e. + Hydra/il - 7.5 % binder

E. 60% F.A.l40% P.C. + Hydrafil - 10% binder

6.6

6.1

S.l

7.S

10.1

9.4

Figure 6.3.18 shows the highly sloped curves of the Hydra/il specimens. The control curve on

the other hand is flaller and shows us that the curing stage for lhese cvlinders is ;iÎmost over.- - .

Increase in compressive strength measured as percentage between Controls ;md lest

batches are presented below:

COMPRESSIVE STRENGTH. MPa

( Comparison to Controls are in bold )

14 Pays 2g Pays 50 P;IYS

A)60% F.AJ40% P.C (Control) 4.6 100% 5.1 100% 5.S 100%

B) 60% F.AJ40% P.C. + Hydrafil 9.1 198% 9.9 194% 11.6 200%

C) 60% F.AJ4O% P.C. + Hydrafil - 5% binder 7.1 154% 9.3 182% 10.1 175%

D)60% F.AJ4O% P.C+ Hydrnfil- 7.5% binder 6.6 143% 8.1 156% 10.1 174%

E) 60% F.AJ40% P.C. + Hydrnfil- 10% binder 6.1 133% 7.8 153% 9.4 162%

CONCLUSION

As observed in test batches "A" through "C". the percentage increase of compressive strength

between 14 day and 56 day cure time has been increasing. This phenomena indicates !hat while

most of the curing has taken place in the control cylinders before 14 days. in batch "E" most of the

curing takes place after 14 days. A1so. batch "E" Hydrafil- 10% binder continues to cure after S6

days.
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•
6.4: LARGE-SCALE TESTING

Final step of implementing any new product underground. is to conduct large sC:lle testing.

These are actual rockfill material that are casted in 150 mm by 300 nIDl cylinders with \'arious

amount and types oi binder material. Test procedure and photogr.lphs of actualtesting arc

presented in this section.These tests are mostly done in Lafarge Canada's Belleville labor.ltor~'.

Before implemenùng the use ofnew binder recipe. refer to secùon 6.3,11. at KCM. author spent a

week at the Lafarge laboratory in Belleville to cast 91 cylinders of the new recipe mi:\.. As it was

mentioned before. the actual strength tll be expected underground is 86% ±.8'7c of the the rcsults

obtained by large-scaJe test cylinders. The testing procedure is describcd below:

6.4.1: ROCK PREPARATION

•

•

Approximately 20 tonne of aggregate is required for a typical large-scale test. Once

the material has been unloaded. it is passed through a 6" sieve or grizzly. Figure 6A.I. Atthis point

the loader operator tries to blend the coarse and fine fracùons. as he passes matcrial through the

gric.zly.

The rnaterial is placed in approximately one footlayers. The loader oper.ltor dumps

the material close to the ground. and right next to the last dump. This prevents the coarse fr.lction

from rolling off the bucket. Once the iniùal layer is placed. a second layer is placed. at right angles to

the tirst. Once the rnaterial has been blended to the point that the pile is homogeneous. it is moved

indoors and staeked following the same procedures as above. It was found that for best results the

final sample of rock should be arranged in a pile that is about 15 fcct wide and no more than 3 fcet

high. This width gives a good face to sample while rnixing cyli'l~ers. The low height of the pile will

ensure that the course fracùons does not always roll out to the front of the working face. The pile is

finally covered with a tarp to mai'':l!ain the moislUre as received.
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Prior to batching the rock material. the batch weight must be determined. A cylinder

can be filled with rock to determine an approximate weight of required m.uerial. The visible gr.ldation

of the rock is often an indicator of the amount of rock required in each batch. A coarse sample

normally will weigh Ilbout 300kg per cylinder. A weil graded rock will require approximately 320

kg. The amount of binder and water used in the mix. will affect the cylinder weights. At 3% the

cylinder will weigh about 300 kg and at 5% the cylinder will weigh about 320 kg. Once the amount

of rock required has been determined. the weight of cement and water is cakulated.

•
6.4.2: CYLINDER PREPARATION

•

Normally the rock is sampled across the face of the pile. placed inro 20 litre steel

pails and weighed on the scale. Figure 6.4.2. One batch is placed into the hopper of the mixer and a

second batch is prepared and left in the pails.

A portion of the water is poured into the mixer. Figure 6.4.3. through the discharge

chute. The binder is added to the mixer while it is running. and the rest of the water is addcd . The

slurry is mixed in t!le mixer for 2 minutes. The rock is then added to the t'lixer l'rom the hopper.

While the batch is mix.ing, the next batch of rock is quickly placed in the hopper. The

pails are refùled with another sample. This takes about 5 minutes. The batch that is mixing is

discharged into the loader bucket, Figure 6.4.4. Sorne effort may be required to ensure that ail the

coarse does not discharge into one area of the bucket.

The loader is driven to the area chosen for casting the cylinders. Figure 6.4.5. A

cardboard cylinder 18"x36" is fastened to the plate using four rubber tie down straps. The bucket is

raised to the top of the cylinder, and it is kept virtually leve!. The rnaterial is shovelled into the

cylinder by band. Figures 6.4.6, 6.4.7 and 6.4.8. The person casting the cylinder must ensure great

Cafe is taken in filling Jle cylinder. A good blend of the rock fill must be maintained. Normally in

filling cylinder the person cast' .lg will begin at one side of the bucket and work across the bucket,
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•

Figure 6.4.1: Kidd Creek aggregate pile after screening

Figure 6.4.2: Weighing of aggregate for different mixes.
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Figure 6.4.3: Concrete mixer used for the test.
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•

Figure 6.4.5: Mixed CRF ready to be casted.

•
-

Figure 6.4.6: Filling of the cylinder with final mixe
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•

•
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Figure 6.4.7:
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Figure 6.4.8:

3 cylinders per set are prepared.

before capping.
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•
taking the full depth. until reaching the other end.

The cylinders are weighed. covered with a tight fitting plastic bag. and taken to the

curing area.

6.4.3: CYLINDER CAPPING

The cylinders are capped as soon as possible. The cap should he given enough time

to cure to a strength mat exceeds the waste rock.

The capping material is Portland cement mortar. Normally a mix of 1:3.

cemenllsand. is used. but sometimes a mix of 1:2 has heen used. A high cement content gives a very

srnooth surface. The mortar should not he too wet otherwise shrinkage will occur.

The moltar is placed on top of the cylinder. and smoothed with a trowel. The 112"

plexi glass capping plate is placed on top of the mortar. Care must he taken to apply the pressure

evenly. The application of pressure at the edge will result in a conveit cap. When the surface is level

and plane. weights (bricks) are placed on top of the capping plate. and the cap is left to cure for 24

hours. On the following day. the capping plate is removed and cleaned.

6.4.4: UNIAXIAL COMPRESSION TESTING

•
At the desired curing lime. the cylinders are removed from the curing room. This room had

constant tempreature and humidity conditions. such as 2S deg. celcius temperature. The cardboard

cylinder mould is removed and the cylinder is taken for uniaxial compression testing. Figure 6.4.9.

The plate and the cylinder ar~ placed into the frame of the compression machine using the forklift.
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•

Figure 6.4.9: Compressive strengtb testing on final sampie.
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•
The cylinder and plate are directly centred under the upper platen. The cylinder is nonnaHy

loaded at 10 K."J/sec. This rate wa~ kept constant for ail sarnples. After failure the cylinder is

photographed and results are recorded. The cylinder is removed from the lower plate. the plate is

deaned and oiled and the cylinder is discarded.

6.4.5: SIEVE ANALYSIS

As rock i~ taken from the pile for mixing. samples 'or the sieve analysis and

hardness tests are taken at severallocations throughout the pile. The sample size is approximately 2 •

20 litre pails each time.

A sieve analysis is completed on the sample. The sieve sizes used are as follows:

6". 3". 2.5". 2". 1.5". 1". 3/4". 1/2". 3/S". #4. #S. Occasionally the rmes are split and a further

analysis of the fines is completed.

6.5: SUMMARY

Using the results of small and large scale test programs. the KCM has substantially

reduced the cost of cement rockfill over the past 4 years. This was done by hoth. substituting lower

cost binders. and reducing the overaII binder content by utilizing the higher strengths of the new

binder mixes. At KCM. the old recipe of 60% Portland cement and 40% flyash at 5% binder by

weight was changed to a new recipe of 40% Portland cement and 60% type C flyash at 4.5% binder.

This was accomplished with no sacrifice in strength due to the hydrafù addition. section 6.3.11. The

new recipe has resulted in 10% reduction in binder consumption and annual savings ofSI.3 million

on binder cost alone.

ln addition. a locally available material. slag from the Kidd copper smelter was identified as

having potential fur possible future use as a binder substitute. Presently 3 different groups are doing

further tests on KCM copper.
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The addition of anhydrite. gypsum and/or lime to slagIP.C. and tlyashIP.c. control

mixes increased the compressive strength in a1most every combination tested. The best result was

obtained when 3% anhydrite was added to slagIP.C. control mix which caused strengths increasc of

217% and 240% after 28 and 56 days of curing. respectively. The saIne strength increa.o;e was

achieved when 1% anhydrite and 0.65% lime were added to the slagIP.C. control mix.
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• 7:{): QUALITY CONTROL

•

A typi<.:al <:':ITI.:nt.:d rodctill mass has mu<:h sup.:rior physical and m.:<:hanical properties

<:ompar.:d to oth.:r fill systems only when properly controUed. Closely lT'':'~;:ored and properly

.:ngin.:ered quality control measures have to he established and followed by operations people.

Th.:se are the measures taken to achieve the optimum fill strength at the lowest possible cost.

Chapter fi indicated that with proper structural design one could expect high strength CRf mass

where required. however. to have an acceptable fùl product. the qualities of aggregate and binder

materials have te he maintained. ln addition to many other operational factors it is also equally

important that th.: quantities of the rnaterials used in the fill system should he held according to the

design criteria. Consolidated rockfill attains the optimum strength when a properly blended

aggregates which are well coated with binder material are placed in the stope.

In this chapter the quality control measures are established for three main stages in a typical

rocktill system; 1) At the backfill plant 2) During transportation and 3) During placement

underground.

7.1: QUALITY CONTROL AT THE FILL PLANT

Fil! plant. same as concrete plant. should provide properly sized aggregates. by precise

weight or volume. to he placed underground. The placed aggregate and slurry mixture should

provid.: an adequate strength necded for the fill to provide the required support.

Most of the plants have a combination of different electronic and mechanical hardware to

monitor and produce the required backfùl rnaterials. All the equipments such as pumps. valves.

tlow meters. density meters and binder measuring devices should closely mect with their designed

requiremenl~. The emphasis should he placed on weighting the right amounts of cementing agents.
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•

and obtaining the proper pulp densities for the slurr:es us'd underground.

To be able to produ~e a good qualiry till mixture on surfa~e allthe devkes for monitoring

material ~onsumption. rates of transfer. storage quantities. et~.. should he a~~urately maintained.

and the ~alibration ~he~ks on the devi~es should he ~arried out at a spedtied interval. If regular

~he~ks are not ~arried out the deviation of the designed quantiry ~-ar. easily occur without heing

notked. For CRF. any extra aggregate or insuffident amount of binders ~an cause shortage of

.:ement slurry to coat each solid particle. resulting in weak fill stru~ture. On the ~ontr'.lry. an

increased binder ~ontent or lower proportion of aggregate may produ~e a high strength till but with

higher ~os1.

Clean aggregate has to he used for fùling to allow the ~ement slurry properly ~oating and

sti~l'jng to the aggregate for ~onsolidation purposes. Dirty aggregate which ~ould ~ontain: day. oil

or ~hemicals. prevenl~ proper ~oating of the aggregate and delays the curing process.

Frozen aggregate could also adversely effect the strength of the tinal CRF mas.~. by

introdudng excess water into the system. To prevent this problem at KCM. liquid ~aldum al a rate

of 0.8% by weight of the binder is sprayed on the aggregate before entering underground raises.

This has ~ompletely eliminated the past problems with frozen aggregate during the winter momhs.

Another important factor for obtaining good qualiry fill is the qualiry of the water used in

~ement and! or sand slurries underground. The same ~riteria of mixing water required for the

preparation of concrete should he met in producing the till. An example of failures experiem:ed at

Kidd Creek was related ta 1.l)e l,se of recycled underground waste water for mixing the ba~ktïll

slurry. Upon close inspection of the failed backfill. it was observed that the slurry coating of the

aggregate was still "green" and had not properly cured. Severa! possible ~auses for the lack of

proper curing were examined. including possible separation of flyash from the backfùl slurry mix.

the qualiry and type of flyash being used. the ambient temperature effect on curing at the rime of

back:fill placement. and the quality of the water used in the slurry.
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• At"rt:r a comprehensive investigation. it was bdieved thal the the ljllality of the waler used

was lhe most feasible explanation for the low strength of the fill. Test resulls indil:ated that the

cylimkrs containing f>() 'le F.A. /40 'Ic P.e. binder. which were cast using underground recycled

waler had lost about 50 '10 of their compressive strength compared to the ones using drinking

waler. (Henning. 19XX )

Test results aIso indil:ated that the sarnples using underground recycled water were much

less cohesive and bled more. espedally in the 60 % EA./40 % P.C. binder mix. than cylinders

cast with potable water. The repon also suggested that the hydration of P.C. and EA. was

hindered by the recycled water. with the result that water i::ttended for hydration was released as

bleed water. Hydration of P.C. will} the resulting release of calcium hydroxide is required to

activale the cementitious properties of the flyash. A reduction in the degree of the P.C. hydration

would therefore be more pronounced in the 60 % EA. / 40 % P.C. blend than in the 100% P.C.

mix. Contaminants found in the underground recvcled water which might have caused the

reduction of the backfill strength included :

a) High concentrations of dissolved solids

bl Buildups of oil and grease.

c) Buildups of water treatrnent chemicals added to water.

The most imponant slep of surface quality control is to conduct regular sampling of the

tinal producls. The quality of the water and binders. especially lower cost binders. could vary

signiticantly and continuous small seale cylinder testing is required to verify and detect any

longterm deviation in quantity and quality of the filI rnaterials prepared by the ftli plant.

When consolidated rockfill is used as the filling rnaterial. excessive fines created by the

attrition of aggregates in a long raise will reduce the ftli strength. Attrition would cause a great

deviation from the original size of the aggregate on surface. The effect of attrition for different

levels of the mine should be estimated and proper size aggregates for each level. if practical.

should be produced on silrface. The properly sized aggregate would produce an optimum fill

density underground. To control the attrition effect. the initial aggregate size could be larger than
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• the reljuired aggregate size \Vhen l-eing placed. The more common method for decreasing the

adverse effect of attrition is ta reduce the amount of tine frJction by screening in the surface plant .

.~deljuate blending of coarse. midds and tine material in the backtill aggregate would translate tl'

hi,lher placed density of the fill. less voids in the till and lower cement consumption.

Tht: cementing agents should not bt: stored in bins or hoppers for a long period of time and

also in a moist environmental conditions due to the moisture and time consolidation effe..'ts. Th...

aggregate storJge facilities should bt: closely controlled. and any possibility of adding \Vater 10 Ih,'

aggregate in raises should be avoided. E.xcess \Vater in the slurry or aggregate \ViII wa.~h the cenll't1\

paste and the cement coating off the aggregate. and tlush ittoward the lowest zon... of th... stope.

This causes dilution of cement content in the till pile resulting in a more heterogem:ous tillmass.

The con tro 1and pre'Jention of such segregation \Vould make a strong fill near the stope perimeter.

which is desirable during pillar recovery.

A slight change of moisture content in the aggregate may affect the till quality signiticantly.

Ta prepare a normal batch of CRF at Kidd Creek. the amount of mixing \Vater requires only 3.9 'k

by \Veight of aggregate. An increase of l 'k moisture content in a~gregate results in an excess of

25':1: mixing water. Close observations of fill piles during stope tilling. therefore. are essential ta

the adjustment of the pulp density of cement slurry for a proper mixing of till materiab.

7.2: QUALITY CONTROL MEASURES DURING TRANSPORTATION

The main ljuality control method related ta conveyor tmnsportation is to closdy observe the

sizing of the aggregates on bt:lt by the underground operators . This is ta see if the proper size

aggregate. no excessive fine. is being placed in the stope. lt also enables the opemtor ta act rapidly

in response ta required process changes for example. having an extra batch of slurry if the material

on the belt is too fine. Also. the weightometres and speedometers in conne..tion with belts should

be regularly calibmted.
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• SIlnle III the lactors effecting the transportation of aggregate underground are as follow :

7.2.1 : ATTRITION

•

•

As mining progresses deepcr it has become quite apparent that the aggregate used in the

backfill suffers greatly with depth. In greater depth. excessive fines created by the attrition of

parrides passing through longer rJ.ises are found in the aggregatc. and additional binder is required

to coat the extra fines. The result of an improperly sized aggregate in the backfill becomes very

costly. for example. e'J.ch increment of l '7e binder used at KCM increases the annua! binder cast by

$1.7 million.

Crushing and blending should be utilized ta produce a quality. graded product. suited ta

requirements at a certain depth. The attrition of aggregate in a fill raise was observed at KCM. and

the n:sults. in terms of the attrition ratio can be expressed by Eq.( 1J. ( Bronkhorst. 19~6 J.

I>SO al surface / D50 al h = 1 + hlUOO (1)

where DSO =aggregate size corresponding ta 50% passing & h= aggregate vertical lravel

distance (ml.

By using the formula. the relative size of aggregate in terms of D50 at any depth cao be

found. For example. the attrition ratio at h = 900 m can be found from Eq. 1 ta be 1.8. If the D50

of aggregate = ~ cm al surface. the D50 of degraded size after passing through a 900 m mise is 4.5

cm.
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• 7.2.2: MOISTURE CONTENT

•

•

If tht: a!!!!rt:gaœ is t:itht:r st:nt undt:rground \Vt:t or bt:comt:s \Vt:t on routt:. tht: tint:s will coat tht:...... ... ...

coarst:r partidt:s. prt:venting bonding of aggrt:gatt: from ct:mt:nt pastt:. Wt:t aggrt:gatt: is caus<:d by

one or more of the following situations:

1. kt: crystals or snow mixed wi:h the aggregate.

2. Tht: tempel"..lture of tht: air occupying tht: voids l'asses il~ dt:w point. rt:sulting in

conaensation on the aggregate.

3. St:epagt: into backtill raist:s.

At KCM during the winter season it was observed that poor coating and dt:layt:d initial

curing were caused by frozen aggregate. To alleviate this situation. liquid calcium chloridt: is

sprayed on the aggregate. at a rate of 0.8 % cement by weighl to lowt:r tht: frt:t:zing point of tht:

aggregate by 12 deg. celcius. and to provide additional heat for curing.

Constant monitoring of excess water seeping into backfilll"..list:s should bt: carrit:d out by

operation personal to try to get the aggregate to the tinal destination as dry as possiblt:.

The transport of binder material from surface to underground is by mcans of hydmulic.

transportation. The main quality control measure on the hydmulic tr'..lnsportation is maintaining

proper pulp densities for cement slurry and keeping the pulp density as high as pmctical. Extent of

the horizontallines in the mines dictate the pmctical pulp density for slurry tl"..lnsportation.

Trucks and/or scooptrams are used te transport the development waste and/or sized fiti

rnaterials from the fil! raises directly into the stopes. Generally. development waste consislS of

coarse material used as fil! aggregate. Blending of waste with fines. therefore. may bt: necessary.

If the rnaterial is transported through rai.~s and is hauled by truck or SCOOptrarn. tht:

187



• arnounts nf fine in the aggregate should be dosely rnonitored. If the material has a high tine

.:onte:nt. diffe:re:ntial se:nling proble:m .:ould o.:.:ur in the tru.:k or scoop bu.:ket

Anothe:r aspe:ctto .:onside:r with tru.:k transportation is tO make sure that the operators load

the: tru.:k with the: same amoum of aggreg'lle for each slurry bateh. Since the only measuring

quantity when filling the: truck is by the volume of the box. obtaining a consistent aggregate load is

e:sse:ntial.

7.3: QUALITY CONTROL IN PLACEMENT OF THE FILL

Two me:thods of filling a stope with rockfill are 1) To fill the stope with unconsolidated

fill materials and then consolidate the outer edges with cement sand slurry for future pillar recovery

. and 2) To pour the cement slurry on the rockfill material in a mi.xing culvert as it leaves the

.:onve:yor bel! before entering the stope. The fU'St method is suitable when a high degree of

segregation has occurred. and where by consolidating the coarse particles at the walls of the stope.

ore: dilution can be minimized. The second method results in a much more competent and

uniformly distributed backfill. The use of the second method at KCM has allowed the mine to drift

into and drive mises through consolidated rockfill ( Winchen et al.. 1989 ).

Sorne of the factors effecting the placement of backftll underground are as follow :

7.3.1 : AGGREGATE AND BINDER SEGREGATION

•

Segregation of consolidated rockfil1 during backftlling is unavoidable. because the flow of

till down any stope is subject to differential settling. The degree of segregation is govemed by the

till rolise orientation olnd the opening geometry to be filled. and will differ for each stope as stopes

are ncither ide:ntical nor possess the same backfil1 raise orientations. It was shown in chapter 4 that

a zone of tïne aggregate tends to occur ncar the impact area, by consurning most of the cement
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• paste and leaving a low <.:eme'll .:ontent ro.:ktill atthe perimerer of the till.:one.

The segregation phenomena be.:omes more pronoun.:ed when stopes are lill.... by

.:onveyors due to the impa.:t velodty .:aused by the speed of the belt and the free l'ail. When a

stope is lilled by mobile vehides. only the largest partides have the momenlUm to tr.lvelto the

further stope wall. The rest of the material fill the stope by progressive slumping resulting in a

more uniform product. The main factors which effect the extent of the segregation in stope are

stope geometry. aggregate size. filling system tconveyor. truck ). the orientation and dimensions nI'

the till r.lises. One of the best ways to control segregation is to have till raises. collared 2-3 feet

apart. directing fillto different parts of the stope and altemating fillthrough c.:a.:h rai se on shift by

shift basis. Refer to Figures. 5.3.4. 5.3.5 and 5.3.6.. This arrangement will direct the .:oarse

aggregate to the the center of the stopes and not to the walls that will be minc.:d against in future

pillar recoveries. Detailed segregation control for different fill set ups is explained in .:hapter 5.

7.3.2: BACKFILL RAISE

The fùl Taise constilUtes another important fa.:tor to be considered when tilling a stopc. 111<:

raise should be strategically located and oriented so that there is a uniform distribution of till

rnaterial. The choice of stope geometry could be such as to minimize the sel,'l'egation phenomena by

preventing the development of steep fill cones while filling the stopes. This is not followed in

majority of the cases since alteration of the shape of the stope just for the purposes of filling is not

a common practice. The generaI practice for filling an open stope involves using a single fill r,ùse

which might not be adequate when a larger stope is being filled. In a larger stope a second pour

point should be available to minimize the rolling distance of the coarser aggregates toward the walls

of the stope. The effects of stope geometry and fill raise orientation on the quality of the placed fill

were discussed in chapter 5.

The orientation of the Taise determines the location of the fill cone in the stope ta be filJed.
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• Wh<:11 mal<:riai js in th" till rais". it attains a sp<:<:Îfi<.: falling velocity which govems the trajectory of

lh" till into th" stop<:. Th" traj"<.:tory of th" fill into the stope can be predicted using the motion of

proj"<.:tiit:. Figur" 7J.I.

Th" mat"rial in the raise. however. encounters sorne frictional resistance. deviating from a

fr"t:ly falling body. It has becn observed that in deterrnining the initial velocity leaving the raise. a

constant ( K=U.42 for KCM) should be incorporated in the calculation of the falling velodty in

th" raise. The equations are illustrated below. together with an example to compute the horizontal

traj"<.:tory of the till in a stope.

For a given dip angle and length of fill raise above a stope to be filled. the horizontal

traje<.:tory. xh. of the fill material can be found from the following:

Xh= Vh x T & Vh = Vv/ tan D= (2g x L sin D x K )0.5 /tan D

•

T= [-Vv +(Vv2 + 19.6 H ) 0.511 9.8

where:

Vh and Vv = horizontal and vertical velocity components respectively when discharging

till into stope. mlsec

L= length of the fill raise. m

D= dip angle of the fùl raise. degree

K= 0,42. resistance constant

g= gravitational acceleration. 9.8 mlsec2

T= time taken for the fùl materialto fall from the end of the raise to reach the top of the

tïll <.:one. sec

H= height of the free fall of aggregate in stope. m

For example. in a fill raise dipping at 60 deg. with an inclined length of 35 m. the
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•

• ( Yu 1989 )
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•
horizontal vdodty at the end of the raise. Vh. is equalto 9.1 mise\:. If the free falling hei/!ht is nO

m in the stope. the falling time. T. is 2.24 se..:. Thus the horizor.'a! trajectary ..:an be found ta be

20,4 m.

ln ..:hapter 5. after a comprehensive study on the number of raises tO be required. it was

l.:onduded that the use of two raises in an opening 18 m wide by 45 m long would be satisfactory

without major segregation problem. Most of the mines with rockfill utilize single fill pour point. as

the ..:ost for having the sel.:ond l.:onveyor and fill raise are high. In a larger stope. a second pour

point should be available to minimize the rolling distan..:e of the coarser aggregates toward the walls

of the stope.

7.3.3: MIXING

The key for producing a competent consolidated fill is tO thoroughly coating ail the

aggrcgate with the supplied amount of cement slurry. If the material is not coated with slurry

during the mixing process. it may never be properly coated since: (1) It is impossible to control the

tlow of slurry in the stope. (2) The slurry does not flow uniformly over the entire backfil1 cone. (3)

The: percolation rate of the slurry is variable due to differential settling. and (4 ) Slurry which is not

a..:tually used to ..:oat the: aggregate acts as a void mler. Since there is insufficient cement to fil1 all

voids. sorne: portion of the fill may remain unconsolidated.

Prior to starting the backfùl operations at KCM. an extensive study on this subject was

made:. induding full scale testing of a vibratory mixing conveyor ; the use of a slusher for mixing ;

a baffled mixing slide. figure 4.2.2 ; and a drum mixer. The simplest system found to date consists

of a baftled slide: or chute. a spray header for the slurry which is pumped from the holding tank.

and the: conveyor carrying the aggregate.

ln KCM the conveyor discharges the aggregate into a 12 m diameter steel cuIvert

( slide:). 2 to 3 m I.ong. which is typically equipped with three baffles set at 45 degrees ta the axis
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•

of the <.:ulvert . Figure 7.3.2. The slurt)' is sprayed on the aggregate as it enters the <.:ulvert. The

tumbling a<.:tion of the aggregate as it passes from baffle to baffle ensures that the aggregate

re<.:eives a good <.:oating of slurry. The mixee! tïll then falls through a !J.7 m diameter bored raise

into the opening heing filled. The dip of the r:.ise is typi<.:ally greater than 55 degrees. When an

opening is directly accessible from a tïllievei. a mixing chute. 1 m \Vide by ~ m long. replaces the

culvert. In this case the use of the slurry header and baffles is the same as in the culvert. The chute

can he advanced with the conveyor out OntO the fresh till to tight till the stopes. Mixed tïll can also

he hauled by teletram or scooptram when the tonnag-= of fill required to tiU a location does not

justify the expense of installing a conveyor.

In lower part of KCM. aggregate is passed to tïll stations helow the 260llIevei. At the

backfill station. 6.4 tonne Jarco dumping trucks are loaded from a feeder. The cementing agent is

sprayed on the aggregate and hauled to the desired stope. The fill is poured from a drift acces.s

directly into the stope. and coating of the aggregate by the slurry takes place during dumping and

rolling of the material in the S!ope. Conveyors are occasionally used to tr.msport aggregate to some

of the larger stopes.

ln the earlier backfùling stages in KCM the aggregate from the raise used to pa..is into a ~.5

m3 metering pocket equipped with guillotine gates. The aggregate was then dumped from the

pocket into a pivoting tipple chute, capable of feeding either of IWO 5 m3 redi-mix com:rete mixer

drums. Mounted discharge end to discharge end, the mixers operated singly or in tandem. Slurry

was pumped to a measuring hopper equipped with an overflow outlet. When the hopper was full.

small quantities of slurry would overflow into either mixer, signalling the station oper.ttor to shut

off the slurry pump.The full 'shot' of slurry was fed by gravity through a 10 cm diameter pipe,

Iying within the tipple chute, into the mixer. The slurry and aggregate were then mixed until ail of

the aggregate was coated. The entire cycle took approximately 2 minutes. Low-profile trucks, 6.4

tonne capacity, would haul the fill to the Stope, where it was dumped from a drill drift directly in

the stope. An average circuit lime from the mixing station to the dump point and back was about 7

minutes. As it took 1 minute to discharge the mixer, the total cycle time was around 8 minutes and

four trucks could operate very efficiently with each station. Each station could prepare
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• approximately 3000 tonnes of backtill per day. The stations were also equipped \\'ith an aggregate

bypass tinger raise and slurry discharge pipe to ;lllow unmixed lin ur development waste to be

placee! in the eventthat both mixers were inoperable. The mixing process was regarded to be one

of the best methods to provide a weil coated till. but was discontinued l:ller as the demand of a

greater quantity of backfill was required.

7.3.4: IMPACT DAMAGE

•

The impact damage is another impottant yet easily overlooked factor governing the till

stability. The impact damage cao be divided into IWO categories:

1: When the backfill aggregate collides with the peak of the backtïll in the stope. some of

the aggregate will break. Should there be insufficient slurry present. the fresh surfaces may never

be coated.

2: Should a collision of aggregate and cementee! backfill occur after the fin:!.l curing period.

any broken bonds below the placed fùl will not be re-~oated and thus a zone of broken bonds will

exisl.

To reduce the extent of impact damage. addition of a retarding additive in the cement slurry

is necessary. At KCM an adrnixture was introduced at a ratio of 90 cc retarder per 45 kg Portland

cernent to delay the final set lime so that a minimum of 60 cm thick buffer layer of consolidated fin

was created. This allowed the shock of dumped finto be absorbed by the plastic state surface layer

preventing impact damage to the curee! fill beneath. Another advantage of adding retarding agent to

cement slurry was found to significantly reduce the rate of the cement seale build up in the slurry

pipelines.

The retarding adrnixture is not needed if slag and/or flyash is used as a partial replacement

for Portland cement. as the blended binder exhibits a much slower curing rate compared to the
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• bindt:r of Portland <:t:mt:nt alont:.

7.3.5: SUMMARY

•

The major quality <:ontrol problem when filling with consolidated rockfill is the segregation

phenomena during pl.lcement. which has been explained earlier. The segregation could be

minimzed by having a proper engineered design for inclividuaJ stopes. The next key step in

maintaining a good quality backfill would be minimizing the water content of the mixes by having

tht: highest possible pulp densities for cement slurry. around 60%.

Close observations of fill piles during tilling are nec~ssary for quality control. Daily

inspection should be carried out to monitor the fùl quality. As there is generally very limited access

to evaluate the progressive filling of any stope. all possible accesses should be utilized. e.g.• by

having windows in ail bulkheads above the floor of the stope. The daily records of the tonnages of

the fiU materials placed underground should be reviewed and corrected. if necessary.

To minimize blast damage to adjacent fill material. care must be taken to avoid blasting in

the till. by leaving a thin skin of ore when mining an adjacent stope. by preventing production

holes intersel.:ting the fill. and by stemming the holes should an intersection occur.
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• 8: IN SITU EXPERIMENTS

As shown in chapter~. consolidated rocktïl1 exhibit~ considerable heterogeneity in physical

and mechanical properties. Figure 1I.1. In situ tests. therefore. are required to supplement

measured results from laboratory tests. The fol1owing test~ were carried out at KCM : Il

Measurement of stress change in pillars. adjacent to a filled stope. 2) Measurement of stope \V'.lll

deformation around a fil1ed stopc:. 3) Determination of blast vibr.ltion resistance char.lcteristics of

CRF. and 4) Pressuremeter and point load testing. This chapter also refers to sorne of the past

studies at KCM

8.1: STRESS CHANGE AND STOPE CLOSURE MONITORIN(;

The primary 4Q-641-ST at KCM was selected to carry out a monitoring progr.lm using

extensometer and !rad gauges. Monitoring of this stopc: started al'ter it was completely mined out.

The adjacent stope, 4Q-631-ST. was also monitored while heing mined and tïl1ed. The pillar was

insttumented to determine wall c\osure. rock movement and seismic characteristics of the rock and

consolidated rockfùl.

Figures 8.1.1 to 8.1.3 show the stope layouts and instrument locations. Two Irad gauges

(1-24 and 1-25 ) were used to measure the horizontal rock stress changes. The Ir.ld stres.~meter

installed into a 3.7 cm diameter diamond drill hole was used to measure stress change in the

surrounding rock as a function of borehole deformation. Stress changes in stopc: wal1s were

measured using !wo borehole extensometers, one at each side of 40-641 ( GE-13) and 40-631 (

GE-14) stopc:s. A third extensometer to measure rock and fil1 movement could not he installed due

to poor CRF strength. For exact orientation and anchor points of the Extensometers refer to

Appc:ndix A.

There are three main parts for a stress measuring device. These elements are. vibrating wire
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Figure 8.1: HETEROGENEITY IN CRF, WITHIN ONLY

3 METERS OF 202L·L-ST ROADHEADER DRIFT•
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• stressmeter. readout meters and setting equipment.

The vibrating wire stressmeter consists of a hollow steel cylinder which. in use. is

preloaded diametrically across the sides of a 3.X cm diameter borehole by means of sliding wedge

and platen assembly. Stress change in surrounding rock cause small changes in the diameter of the

cylinder which are measured as changes in the natural frequency of vibration of highly tensioned

steel wire stretched diametrically across the cylinder walls in the preloaded direction. By

calibr.llÎon. changes in the wire period have been reJated to the magnitude of stress change for a

range of rock types.

An extensometer measures the relative displacement belWeen anchors set in a rock

formation. When using the instrument a constant tension is applied to a wire each lime a

measurement is taken. From these readings the relative displacement of the anchors Cal! be

calculated and compared to previous readings to check for changes. A gauge for the tension

measurements and a rnicrometer complete the measuring device which can detect changes of 0.05

mm for a total range of 203 mm.

lU .• : WALL MOVEMENT MEASUREMENTS ( 40-641 & 40-631 stopes)

The results of the stressmeter monitoring program are presented in Tables 1to 3. Appendix

A. ln these tables. the values were convened to stress change using the stressmeter calibration

equation. Appendix A. Tarai stress changes vs time in 40-641 and 40-631 stopes are presented in

Figures X.1.4 & X.1.5. respectively.

Fig. S.l A shows that while filling 4O-64I-ST. between days 35 to 130. the ground

around the filled stope relaxed about 0.17 MPa (Table 1. Appendix A ).The major inflection in the

stress change with time occurred on days 132 and 165. corresponding ta the major ring and/or slot

blasts in 1i31-3X-l & 1i31-3l!-2 resp~tively. Appendix A shows the exact date foreach blast After

each blast due ta the increased stope dimensions.. rock stress increased and the maximum
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~ompressive stress change at 1-24 stressmeter was 0.31 MPa. point F.

A sudden decrease in stress was noticed after the tinal blast for 631-3X-1 X.c.. point F-H.

Fig. X.IA. This was probably showing a shift of abutment stress tield surrounding the stope.

from a zone of rock subjeeted to confming stress to one of stress relaxation. The ma:'i.imum stress

release due to the increased relaxation zone is shown by point H. with a magnitude of 2.43 MPa.

Ring and slot blasting for 631-38-2 X.C. from point H to J was associated with an increase in

compressive stress on the stope wall. The stope wall staned to relax after the final blast at 63l-3X·2

X.c. Deformation occurred between blasts may be due to drawing of the ore and al'i.O progressive

fra<."tUring at highly stressed areas which resulted in redistribution of wailload. From point J to K

there was no blasting and the mucking of 4O-631-ST was ongoing. Filling of 40-631·ST staned at

day 278 and was completed at day 310. No stress change was observed during this period.

Stressmeter 1-25. adjacent to the blasted stope. showed the same trend in stress change

measurements as did stressmeter 1-24. Fig. 8.1.5. There were noticeable changes in stressmeter

readings at days 132 and 165, as shown in Fig. 8.1.4. The increased magnitude of the

compressive stresses due to the blasting at days 132 and 165 and the relaxation process after

blasting shocks, were the only major difference between 1-24 and 1-25 readings. Fig Il.1.6 .

Maximum compressive stress change measured by 1-25 stressmeter was 3.94 MPa. This stress

change occurred between days 130-140. when 10,000 kg of explosive was used for tinal slot blast

at 38-1 sublevel, Table 3. Appendix A.

Another major slot blast at 38-2 sublevel using 13.000 kg of explosive caused 2.9 MPa

compressive stress change adjacent to 4O-631-ST wall. measured by 1-25 lrad gauge. After this

blast the complete relaxation of the surrounding area took pla~e and the maximum relaxation value

was 7.1 MPa at day 168. At the same day [-24 readings showed the highest relaxation value of

204 MPa which was 33% of the [·25 value. The maximum relaxation values were obtained 2 days

after the slot blast. Table 3, Appendix A.

Filling of 40-631 ST staned at day 278 and was completed at day 310. During this period
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• the wall surrounding this stope relaxed for a magnitude of 1.73 MPa. Table 2. Appendix A. This

~ould he the amount of redisnibuted Sll'esses to the fill material.

8.1.2 PILLAR STRESS CHANGE MONITORIN(; ( 28-671 stope )

ln another case study at KCM. ~hange of pillar sll'ess adja~ent to the stope to he tilled was

monitored. This study showed the effect of till on the sll'ess disll'ibution at the adjacent pillar. sin~e

no production blasting was ~ondu~ted in the vicinity of the pillar during the monitoring period. The

pillar had been virtually isolated from the lateral ground s1l'ess. as il~ (Wo vertkal walls had heen

separ.lted by placed backfill and open stope. Two lrad S1l'essmeters were installed in the pillar to

measure the S1l'eSS change in vertical and horizontal componenl~. as backtill was heing introduccd

into the open stope.

As shown in Fig. 8.1.7. both vertical and horizontal components showed a slow response

in the early stages of filling. and continued to increase in the post fill stage. The verti..-al component

appeared to respond faster than the horizontal one. indicating the eff~t of continem<'nt. as a result

of the de...ease in the height to width ratio of the pillar. Fig. 8.1 X ( Yu. 1987 )

8.1.3: STOPE CLOSURE MONITORING

The total displacement vs time for 0-13 and 0-14 extensometer readings are presented in

Figs. 8.1.9 & 8.1.10 respectively.

As expected. the stope wall expanded adjacent to the mined-out area and contr.lcted in the
,

solid ground. Fig. 8.1.9 shows that the stope wall relaxed with a slow rate up to day 104. point

B. Blasting started at day 104. point B. and ailer each blast expansion continued throughout the

wall opposite to the blasted area. Most of the recorded expansion in 4O-641-ST took pla~e at the
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• time of major blasl~ in 40-fi31-ST . Th~ maximum expansion in 40-1i41-ST. without blasting•

wouId have been under 1mm. The blasring of 40-fi31-ST increased this value to 3.2 mm ( ch.#3 l.

measured bv G-13 extensometer. The deformation occurring between bla.~ts was due to drawing of. - -
the ore in 4U-fi31-ST and also progressive fracturing of the the ground in the highly srressed

zones. The sharp slope of the line between poinl~ C and F. Fig. S.1.9. corresponded to the major

slot and ring blasl~ at 631-38-1 and fi31-38-2 sublevels. After starting to fi1l40-1i31-ST at point G.

Fig. 8.1.9. the line had the sarne slope as the one before blasting started. The wall expansion

before blasting started was around 2.5 X 10-3 mm/day and il increased to 4.1 X 10-2 mm/day

belWeen points C & F. The expansion r.lte during blasting wa.~ around 17 limes of the Me prior to

blasting.

Ma.'Ùmum expansion measured by G-14 extensometer was approximately 33 mm. between

points H and I. Fig. 8.1.10 indicated that about 80% of deformation happened belWeen poinl~ B-G

which was during blasting and mucking of the stope. The slope of the line in this period is around

0.34 mm/day. Table 5 in Appendix A. The G-14 results indicated that wall deformation related to

mining of the stope included a period of:

A: Shon period of compression

B: Rapid expansion caused by blasting

C: Slow time-dependent expansion related to ore drawing and mining.

0: Additional expansion after the fù1 has been placed and the mined-out area is extended.

Extensometer G-15 which was planned to monitor the movement through backfill during

mining and filling of 4Q-631-ST., could not be insta1led due difficulties encountered in drilling

through consolidated rock:fùI.

~.1.4 : STOPE CLOSURE MONITORING ( 838 stope)

ln previous studies. measurements of wali deformation in the footwall of X3X- ST.. Wa.~
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•

.:ondu.:ted throughout il~ ba.:ktilling prOl:ess over a four-month period. Two wire extensomelers

were used to measure the deformation in this stope. Figs. X.I.II & X.I.I:!. EXlensometer M·I

was !o.:ated at the edge of the stope towarcl the adjoining rib pillar. and M-:! was installed Opposile

to the middle of the stope. normal to the wall face. Measuremenl~ had been taken throughout the

filling period. and Figs. 8.1. 13 and 8.1.14 show the measured data. No production blasting was

taken place in the vicinity of the stope: therefore. the measured data showed the sole effect of

consolidated rockfù1 on the wall deformation.

The measured record revealed that. on commencement of backtilling in the stope. the

ourward displacement of the footwall halted and inward movement began for a .:ontra.:tion of (1.1.)

mm in the wire of M·2. over the backfilling period. The longest wire in M-I also detected a

contraction of OA mm. These results dearly indicated that the pla.:ed consolidated rOI:ktill

developed an active pressure state compressing the relaxed stope w.ù\. ( Yu. 19X7 )

8.2: BLASTING VIBRATION MONITORING

When a pillar adjacent to a filled stope is blasted. the fil! must be able to sustain not only the

gravity loading of the overlying fil! rnaterial. but also the dynarnic effect.~ applied during bla.~ting.

Stress waves generated by blasting can be degraded due to 1) Absorption of seismic intensity from

the source. following the inverse square law. 2) Absorption of seismic energy in the medium

during propagation according to an exponential decay. and 3) Partitioning of the waves at interfaces

due to impedance mismatch. This study was carried out to quantify some parameters of seismic

wave propagation into a consolidated rockfill mass.

• Major dynarnic properties investigated in this monitoring program were :

A- Transmission of seismic waves in CRF

- To rneasure the transmission of seismic energy from rock to consolidated rockfill.
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H- Attenuati"n in CRF

- -li, Ineasure the altenuation factor in terms of seismic magnitude.

c- Amplitude rcduction thr"ugh backlill

- Seismic energy reducùon by having the wave passing through rock. ml. and back tO

rock.

PROCEDURE

- The general blast and monitoring locations are shown in Figs.8.2.l and 8.2.2.

- Amounls of explosive employed in blasting were as follow:

- Blast A----------····1650 kg of Amex (21 holes)

- Blast B--------·--·------250 kg of Amex ( 2 holes). .
- Blast C-------····-------250 kg of Amex ( 1 hole )

Monitoring was conducted using (wo sets of triaxial velocity sensors and a seven channel

F.M. instrumentation reccrder. Analysis of the data was carried out with a signal analyser.

Appendix B.

Ali the studies in the blast vibration monitoring used that the' peak particle velocity '.

P. P. V.. of a vibr.ltion for assessing the performance of the media that the shock-waves were

tr..msmitted through. The P. P. V. is the rate of change of dil.lliacement and is proportional to the

product of displacement and frequency.

RESULTS
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Readings in ail tables were convened from voltage to velocity values by using the calibmtion

number given for the monitoring insoument .

- The P. P. V. values were obtained by finding the square root of the square sum of the

component readings from the three orthogonal components. Table 6. AppendL"( 8.

BLAST A

This was a stope slot blast. and the amount of explosive used in the blast ranged from 12

kg to l!4 kg per delay for a total 1650 kg of explosive. Ground vibmtion was measured using two

sets of triaxial seismometers at a distance from the blast of 51 m in rock and 53.2 m in CRF

respeçtively. The flfst set of readings ( ch. 4-6) was taken after the shock fronts had travelled on1y

through rock. The other set (ch. 1-3) showed the reduction of P.P.Y due to the waves tmvelling

into fill ( Table 6. Appendix B ). Results. Fig. 8.2.3. showed that the transmis.~ion coefficient for

particle velocity from the rock through backfill averaged 37%. The amount of energy transmined

through fill could have been much higher if the fill had lower void ratio and finer size material at

the interface of IWO media. Past studies at KCM revealed that the transmission coefficient varied in

the range berween 25% to 73%.

BLAST B

This was a small blast compared to blast A with a total of 250 kg of explosive used. 80th

sets of seismometers were installed at the same distance of 50 m from the blast source. The sensor

in the fill would detcet the shock waves travelling the fust 15 m in rock and the other 35 m in CRE

The sensor in rock would pick up the shock waves travelling through rock only. Measured result.~

indicated that the P. P.V. at the fill sensor and the rock sensor were 1.7 Lp.s and 2.8 Lp.s

lespectively. From these IWO sets of data. the attenuation of seismic waves in the CRF was found

to be 0.42 db/m which is comparable to the pas! measured data of 0.57 db/m in a competent fill and
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0.95 db/m in a segregated zone. t Yu. 1989 )

The seismil: attenuation through rocktill mass was cakulated using following infomlation:

Va =Measured vibration in rock at a distance of 50 m t Ra ) !"rom the blast source =~.8

i.p.s.

Vb = Measured vibration level in fill for shock waves trJ.velling the first 15 m t Rb ) in rock

and the other 35 m ( Rc ) in CRF.

Vc =Vibration level at 15 m from the blast in rock. as derived from:

= Va t Ra / Rb ) 1.8

Vd = Vibration leve1 at the boundary. 15 m from the blast. in fil!

=0.37 Vc from the results of blast A =0.91 i.p.s

The seismic attenuation. constant in CRF. can be found from:

=20 log10 «Vb/ Vd» / Rc) =-0.42 db/m

BLAST C

Blast C was conducted to srudy the magnirude of amplitude reduction of shock waves

through backfil!. Sitnilar to blast B. 250 kg of explosive was employed for this trial. The energy

from the blast travelled through rock. fil!. and then back to rock respectively. Blast A and B were

monitored on 38-1 sublevel. but blast C was monitored on 38-2 sub-level. By comparing the

magnirude of the wave amplirude in rock before and after trJ.ve1ling through fill the redu....üon factor

could be obtained. Channels 4-6 were placed in rock and channels 1-3 were also in rock but the

signais they read had passed through fil!. The measured data, however. are not presented due to

inconclusive results.

DISCUSSION

The results obtained from blast A could be used in future designs and results from blasts B
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•
and C. cspedally blast C. ncecl more detailed investigation. This study showed that a ~onsiderable

rcdu~tion of sc:ismk intensity up to 37% was observed at the interfa.:e between ro.:k and CRE and

the attcnuation of scismi.: waves in fill was approximately 0.42 db/m. Also. l'rom past studies it

was observcd that a .:ompetent .:onsolidated rockfill mass was subje.:ted to a s.:abbing failure at an

cstimatcd partidc ve!ocity of 30 .:mlse.:. This vibration Ievel may be considered as a ma:~imum

allowable partide velodty in planning a safe production blast against ml. Stope fill failures were

seen less severe for blast holes drille<! in parallel to the fill than those drilled toward il

ln the process of analysing seismic data. the difficulty in re:lding the lower limits of seismi.:

tra.:es. resulted in trying another approach. The peak amplitude ( not peak-peak) of seismic tracing

for ea.:h shOl by as.suming the sinusoidal vibratory waves. was compile<! and presente<! in Tables

7 and Xof Appendb: B. The data W.l.S then used to calculate the transmis.sion coefficient of sei:;mi.:

waves for blast A and blast B. The results matche<! closely with the peak-peak amplitude readings.

as shown in Table 6. AppendL~B. Blast energy calculation was also carried out for ail 3 blasts and

resulls are presented in Tables 9-12 in Appendix B.

8.3: IN SITU BACKFILL TESTING USING PRESSUREMETER

Due to the highly heterogeneous rockfLlI masses. in situ testing is neede<! to obtain the

ditli:rent physi.:al and me.:hanical properties within place<! backfill materials.

ln-situ testing of rockfLlI was mostly carrie<! out in the 12-2-35 test drift at KCM. The t~"t

drift 1~ m long wa.s driven in a stope which was filled earlier with consolidated rockfill. A

longitudinal se.:tion of the drift is shown in Fig. 8.3. I.

8.3.1 : PRESSUREMETER TESTING

•
The obje<."tive of this monitoring prograrn was to evaluate the effectiveness of pressuremeter
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• testing tc:chniyue for in-situ measurem.:nt~ of consolidated rockfill matetiaL A TEXAM

pressuremeter. borehole device. was used to run an in-situ loading test. Trow Ontario Ltd. was

involved in the series of testing work.The pressuremeter apparatus is made up of three

component~:

PROBE: The probe is a loading device which is inserted into the borehole at the desired

test devation. The probe is essentially a hollow metallic ,--ylinder on which an inner rubber

membr.lne is tixed in the centr.ll pan. An outer protc:ctive sheath is mounted over this rubber

membr.lne and extends over the length of the probe. It is this sheath that is in direct contact with the

walls of a borehole when the probe is pressurized. Figure lU.:!.

CONTROL UNIT: The control unit is a fibreglass case with a front panel on which all

the various regulators. pressure gauges. valves. etc. are fixed. Within the control unit is a reservoir

which supplies the water to central measuring cell. The volume variations during the test with a

manual actuator to operate the piston are read on a sight-tube. Figure 8.3.3.

COAXIAL TUBING: Two tubes connecting the control unit to the probe are arranged

coa."I:ially and made of a semi-rigid material. The inner tube is used to apply water pressure to the

central measu:-;ng cell. whereas the outer tube a1lows the application of the gas pressure to the

guard cells. Expansion of the measuring tube when under pressure is negligible.

The pressuremeter test allows for the evaluation of roddill quality at specific depth and

location in the filled stope. An in situ stress! strain curve is obtained by plotting the injeeted

volume vs. pressure. a.~ shown in Figure. 8.3.4. The CRF modulus of deformation. E. can be

calculated using the given equation :

E= [ ( 2 " ( 1+ U ) " V " dP ) 1 i.v l
u= Poisson's ratio. estimated at 0.33: V= Initial Volume of probe

dP= Pressure change dV= Volume change
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Fi ure 8.3.2: PRESSUREMETER PROBE

Fig.!:·~ 8.3.3: PRESSUREMETER CONTROL UNIT
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• The luading device has to he set at the desired level of testing such that the materials tu bc

lested undergo.:s minimal disturbance. Once installed. the probe is submiued to an increasing

pressure applied in equal increments. At each pressure stage the volume changes of the prone arc

recorded at specitic time intervals. The pressure / volume relationship is then dr.lwn up for

suhsequent d.:termination of material properties. Figure 8.3.4 shows a typical pressure / volume

cUrve ublained from a prcssuremeter test.

u
c:
>
w
::0
::>
-'o
;.

PSCUOO-(Ll.STlC
P><ASC

PLASTIC
Pl1ASE

o

Figure : S.J.~: A Typical PressuremeterTest Curve.

The typical pressure! volume curve can be divided into three pans.

1) From P=O to P= Po

This portion of the curve corresponds to the se3ting of the probe against the wall of the

borehole. The disturbance of the wall induced by drilling or driving the probe into place will have

considerable influence on this portion of the curve. Also. the difference in diameter between the

hole and the probe will affect the shape of the curve.

•
2) From P=P0 to P=Pf
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This represent~ the pseudo-elastÏl: behaviour of the loaded material. The probe is in <:ol1la<:t

with the walls of the borehole and the loading is uniform ail along its \ength. The linearity of this

portion of the <:urve hdps define the modulus of deformation of the mass under Il'..,, whi<:h in turn

<:an be used for selÙement evaluation.

3) From P=Pf to P=Pl

The pressure Pf by definition is the pressure at whkh the ma.~s enters a plasti<: state. From

this pressure on. the deformation of the mass under load a<:celerates up to a point where complete

failure occurs. The pressure which defines failure is the limit pressure Pl.

For rockfill material. it is not a1ways possible to get the pres.~uremeter prol:r. :'"1to dose

contact with the sides of the borehole if the holes are uneven due to caving. Even if it is pos.~ible to

insen the probe properly. sharp pieces of aggregate can puncture the sheath and membrane and

<:ause the f1uid to drain out of the probe. ln the case of rockfill in situ testing. the probe must be

pla<:ed inside a special deviœ whkh <:an provide the required suppon for the sides of the hole and

prote<:t the membrane. The deviœ is a sloned tube which has six longitudinal. 2 mm wide. slots <:Ul

through it. During testing the slOlS open up and allow the tube to expand with the probe. The

slotted tube has an outside diameter of 63.5 mm and an inside diameter of 47.5 mm and

accommodates a standard AX probe of 44 mm. The slOlS are of the order of one meter length. Ali

the above information & materials could be obtained from Roctest Limited. Montreal. Canada.

A total of eight holes were drilled using a drilling and <:a.~ing te<:hnique developed for this

experiment. The drilling was conducted using a N drill on a jack-bar setup. Figure 1l.3.5. Two

holes. one horizontal. Figure 8.3.6. and one venical. were typically drilled from each setup to a

nominal depth of 3 m. Drilling lines were tied into the footwalVbackfill comact and were spaced at

a spacing of 2.44 m. The probe was then placed at the test depth in each of eight boreholes. Precise

locations are indicated on Fig. 1l.3.1 .
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Figure 8.3.5: JV DIAMOND DRILL ON A JACK·BAR SET UP.

'A~-;- f
.1

..
< '

.. ''. ..,.,
, .

Figure 8.3.6: PROBE IN HORIZONTAL HOLES IN CRF
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• Two to thr:e tesl~ were nonnally .:ondUl.1ed in each borehole with the exception of borehole #7

which .:aved on retrieval of the rods. In total 21 pressuremeter tesl~ were conducted. Typical data

relating to pressuremeter testing is gr.lphically prescnted in the dr.lwings 1& 2 of AppendLx C and

summarized in Table 1. The data indicated a gener.ll del."ea.~ in bulk modulus as holes moved

away from the footwall. ln fac!. the only core which could be recovered was in the tirst drilling

ring. c!osestto the foolWail.

The bulk modulus data was typically in the order of 1.5 GPa to 4 GPa in the fU'St drilling

ring. adjacent to the interface between rock and fill. This gradually decreased to the 0.1 GP'.lto (I.~

GPa range in the second drilling ring. as the ring moved toward the hangingwall. and was funher

reduced thereafter to the 0.07 GPa to 0.04 GPa range. This latter range indicated thatthe tested

material contained little cement.

A second trend was also noted. With the exception of borehole #6. the downholes ( 1. 4. 5

and 8) indicated a greater variation in data than did the horizontal holes. This wa.~ to be expected a.~

the downholes are more likely to traverse various fililayers than are the horizontal holes which

were targeted to specific layers.

8.4 : CORE SAMPLE TESTING

To compare the results obtained from laboratory testing and in situ borehole trials. the core

recovered from borehoie #2 was cut and trimmed to a height/width ratio of 2.5: 1and tested in an

ELE-200 testing machine at a constant loading rate. A total of seven cores were tested . The

individual stresslstrain relationships are presented in Figures 8Alto XA.7. respectively and the

extraeted data are summarized in Table 2. This phase of testing yielded a mean modulus value of

4.92 GPa and uniaxial compressive strength of 17.84 MPa. The mean modulus value obtained in

the laboratory is in the order of twice that measured in the field. However. the laboratory data.

which are re1ated to the specific depths at which tests were condueted in the field. correlates weil

with the field results. This is illustrated in Table 3.
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• lt5: SEISMIC MEASUREME~TS

Two series of seismic measurements were çarried out The tirst series induded field

surveys and çore sample measurement~ çonduçted by Trow Ontario Ltd. ln the flfSt field trial. the

high allenuation of seismiç waves in the 'porous' CRF. and the low magnitude of the seismic

sourçe made the tirst arrivaI of seismic waves indistinctive. resulting in poor results. Fig. lI.5.l

To obtain the seismic velociry. the second series of measurements were carried out by

SIAL Geophysics Inç.. using OYO McSeis l/iO. 24 channel stacking digital seismogr.lph. The

determination of P-wave velodty was conduçted in the field by using three shotpoint~. two

hammer and one by blasting. Geophones were set up along a profile on the north waU and another

one on the south waU of the test drift. The hammer shotpoints. SP-I and SP-2. were at SE on their

respeçtive Hnes and the blast was set off at the east end of the drift in CRF on the north wall. for

more information refer to Figs. lI.5.2 to 8.5.6.

From the hammer shotpoints P-wave velocities of 3080 and 3610 rn/s were obtained. At

SP-·l, dosest 10 the blast. the P-wave velociry was rather low. probably because of

llonrepresentative full body wave. The next interval. 7.1 m away. yielded a velociry of 2960 rn/s.

Aver.lge P-wav~ velocity in CRF from ail three readings was 3220 rn/s.

Labor.ltory seismiç velociry measurements were conducted on core samples from borehole

#2 using the PUNDIT instrument and the data is presented in Table 4. The average velociry of

3.080 rn/s measured from core samples was in agreement with that of 3.220 rn/s obtained from the

tield mea.~urement by SIAL.

8.6 : PLATE-LOAD TEST

To develop a quantitative method for detennining the in situ strength of consolidated
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roo:ktill. a series of plate-load tests were o:arried out on bao:ktill mat...rial in th... bao:ktill test drift.

ln the plale-load test. a steel plate. lO.:m x lO.:m x 2.5 .:m thkk. was used as a bearing

plate. and load was applied with a 30 tonne .:apadty r.un until the tiU under the plate failed. Tests

were conducted in .:hambers whkh were carefully prepared in the fiU to be tested. Testing on the

fill exposed was a<.-.:omplished by holding the ram against a timber post to opposite drift wall while

loading of the nm was in progress. Figure 8.6.1.

The test results indi.:ated !hat the bearing plate-load test would provide a qukk and reliable

method for determining the in situ strength of consolidated roclcfill. provided lest sites be readily

available. The ratio of ultimate bearing strength to uniaxial ~"trength was found to he approximately

3.2 to 1.
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Figure 8.6.1: ln situ testing using plate-Ioad method•
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TABLE 1

Summary of Pressur~,"eter Tests

Borenole , DeDth (m)· Bulk I1DOUlus (I1Paj

1 .92 > 4000
2.14 1470

2 .92 3383
1.83 2270 .
2.75 2280

3 .92 1 96.0
1.83 192.2
2.14 144.3

1
2.75 185.3

4 .92 37.98
1.83 2.19
2.75 30.18

5 .92 6.31
1

2.14 44.87
2.75 28.1

6 .92 28.20
1

2.14 12.87
2.75 7.91

7 2.14 7.06

8 .92 22.01
2.14 8.05

TABLE 2

Summary of Laboratory Testing

:>amp le OeDth (m, Oeformatlon I100ulus (GDal Ua:;:> (I1Pa,

.61 4.31 19.0

1.22 3.71 10.0

1.83 6.45 17.0

2.14 3.40 21.5

2.44 6.7 17.0

2.90 4.10 20.0

3.05 5.75 20.0

Averaqe 4.92 17.84

Standard Deviation 1.25 3.59



• TABLE 3

Compar;son of Field and Laboratory Data

.
fIeld Data Laboratory Uata

Uepth ml Hodulus IGpal Depth (m) Hodulus IGpa
.92 3.38 .61 4.31
.92 3.38 1.22 3.71

1.83 2.27 1.83 6.45
1.63 2.27 2.14 3.40
2.75 2.28 2.90 4.10

TABLE 4

Summary of P-Wave Velocity Heasurements

Laboratory Trials (PUNDIT)

~e ueotn lnl ulstance Iln lIme lus) Velocltv [tt/s)

2 9.252 73.6 10,475

3 6.130 46.3 11,033

4 15.729 121 10 ,832

6 5.857 53.7 9,089

7 14.536 115 10,533

9.5 5.799 50.6 9,550

la '1.625 lOS 9,226

1
Average la. '06
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• 8.7: SUMMARY

ln general. very liule work has been done on the behaviour of a .:onsolidated ro.:kfill mass.

The main reasons for the limited information are the degree of diftkulty and the high ':0:,t involved

in obtaining the in situ behaviour values. This .:hapter med to review and repeat sorne of the past

experimenL~ at KCM and a1so investigated the new techniques that .:ould be used for obtaining

further information on behaviour of a typi.:al CRF mass. Sorne of the typi.:al val:!es obtained in

this .:Îlapter are the first for CRF mass and the resulL~ are as folIow:

Bulk density:

\Cid r'J.tio:

Moisture content:

Compres.~ive strength :

Elastic modulus :

Transmission coeffident from rock through CRF:

Absorption coefficient in CRF :

Poisson's ratio:

Friction angle:

Cohesion:

P- wave velocity:

1.88 tonne/m3.

0.51 ( ranges from 0.2 :0 0.55 )

3.5 %

1 to 17 MPa. Average 3-5 MPa

0.6 to 4.5 GPa

37%

OAI db/m.

0.35

37 deg.

1.1 MPa

3.150 rn/sec

Above information was obtained from limited in situ work and one should use the values

obtained with great Cafe.
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• 9.0: CRF OPERATING / CAPITAL COSTS

Chapters 4 to 7 conduded that high strength CRF mass is obtainabk with proper structural

design and quality control measures. However. economical considerJ.tion is as important as the

strength r..quirements in selecting a till type. The aim of this chapter is to breakdown the existing

cost in ml operations and get averJ.ge cost values for a typical till system with emphases on

cemented rockfill systems.

CRF has muer superior strength charJ.cteristics compared to other till types. but it also

has a disadvantage of having a high capital cost ln this chapter cost modelling will be introduced

and examined for both operating and capital costs. This chapter will also identify the high cost

areas. such as binder cost. for ail the till types with emphases on CRE

Three sources are used to collect the cost information to set up the cost models. First source

is the survey done by Ontario Ministry of Labour on backtill in ail Ontario mines

( Campbell et al. 1987 ) and the second source is the survey done on ail Quebe<: mines by Mr. D.

Bois and McGill backfill group. which the author is a member of. The last source of data

collection was through author's extensive site-visits to most of the backtill operJ.tions in Ontario.

9.1: COST BREAKDOWN

Traditionally unconsolidated ml was utilized in stopes to provide pa.'i.~ive support by

decreasing the ground movement around the filled stope. However. with addition of binding

materials. higher pillar recoveries. lower mining cost, decreased ore dilution and improved ground

control are possible. The total fill cost, capital and operating, depends primarily on the mining

method and the role of backfill in the operation.

The operating cost compilation is based on 7 cost elementS that can he compared from sites
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• :Vlalerial Cust: This item refers ta the dirc:<:t ..:asl.~ invalved in the produ..:tion af the

ha<.:ktill malcrial re4uired far the aper.ltian.

Haulage.S. (surface): This item refers ta any kind afdirect tr.lllspanatian cast invalved

in surfa..:e.

Slurr.\': This item refcrs ta any dire<.:t ..:ast related ta the surface preparatian afthe till

material.

Haulage.U. (Underground): This item refers ta any any direct cast related ta

underground wark dane ta transpart the badctill materialta the stopes.

8ulkheads: This item refers to any direct cost related to the bulkhead construction.

8inding: This refers to the cost of any binding agent.

The .:ast survey induded 15 Ontaria mines and 18 Quebec lTÙnes. Ail the data from the

Quebe..: mines are presented in Figures 9.1.1 to 9.\.3. However. the average cost for ail the mines

are given below:

Cast in $/MT

Material:

Haulage. Surfaœ:

Siurry :

PIa.:ement:

Othcr:

TAILINGS OR SANDFILL

3.1+ 0.1 for 6 operations.

\.65 + 0.2 for 6 operations.

1.13 + 0.3 for 5 operations.

0.5 + 0.2

0.\
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eUT AND FILL

0.0

0.0

1.1 +.2

8.7 +4.2

0.55 + 0.0
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Bulkh~ads: lJ.51i+ lJ.17 llJ.X + 3.7• Binding: 5.2 + 1.30 for li operations. 4.4 + 1.6

Total Cost: (MT): 10.45 + 3.9 211.5 + 7.5

Total Cost ( M3) : 15.2 + 5.11 39.8 + 13.1

Total Cost: (MT): 7.1 + 3.1

Total Cast ( M3) : 13.8 + 4.3

Cast in S/MT:

Mal~rial:

Haulag~. Surfa,~:

SIUiry :

Plac~m~nt:

Oth~r:

Bulkh~ad$:

Binding:

9.2:

CEMENTED ROCKFILL

5.2 + 2.8 for lU operations.

lJ.4 + 0.5 for 8 operations.

0.32 + U.2 for 5 operations.

2.5 + 0.1.4

0.3l! + 0.2

U.3 + 0.15

1.85 + 1.7 for 9 operations.

caST MODELLING

ROCKFILL/ TAILING

5.03 + 1.12

U.5 + 0.37

O.l!3 + .25

2.82 + 1.2

0.3 + 0.19

0.31 + 0.15

2.11+1.01

7.02 + 1.64

14.45 + 3.45

Using the data from the Quebe, survey operating and capital cost models for ail fill types

were developed. Sorne part of the models were modified when Ontario mines were added to th,=

data source. This study tried to model ,ost for 6 main badâùl elements. These elements were:

material. surface haulage. surface preparation ( slurry J. underground haulage. bulkheads. and

binder ,ost. The degree of accuracy in each area is different due to the type and the amount of cost

information received. however. the results show that the model estimation is within 20% of the

actual operaring cost in different operations. This model should I:le used by designer at the

feasibility stage cf selecting a fill type. The sample example at KCM. section 9.2.2. will show

that the modelled cost is almost exacdy the same as actual operating cost, except for J,,= binder
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•
9.2.1: OPERATING COST \'IODELLlNG

The averal!e results of the both Ontario and Quebec survevs. Fil!ures 9.2.1 and 9.2.2.- . .
indkate following costs:

1: Backfill Material:

This depends where the aggregate cornes from:

Surface pit waste: S3.35 /MT ( drilling. "lasting. mucking )

Underground waste: S7/MT

Development waste: SO

Surface stockpile : SO

Surface stockpile if needs crushing: SO.12 /MT

2: Surface Transportation.

Based on the transportation distance. as:

Distance > 1 Km

Surface transport (S/MT) = SI.OX/MT + «O.OX/MT) le D) where D is in Km

Distanœ < 1 Km

Surface Transport ( S/MT) = SO.2/MT + « O.OOOX/Mn x d) where d is in m.

Both distances are total round trip àistanœ.

3: Surface Plant Preparation:

The average value obtained was S3.731 MT of binder used.

As the average solid fraction in the slurry = 57%
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•

SJurry tnnnage: = Total Binding Tonnage: 157rk

Surfa~e: Pre:par.ltion Cast ( SI MT) = ti.7X le ( MT of slurry» 1( MT of ba~ktill )

4: Underground Transportation

The: ave:rage: ope:ration ~ost in different oper.ltions indicated:

UlG Transport ( SIMT ) = ( 5.00 + (.01 le d » 0.5 where d is total dist:i.m;e in meters.

5: Bulkhead Cost:

This depe:nded mostly on the application and strengths required. The average cost was

around S3900 per bulkhead. The average cost was $O.3IMT.

6: Other Cost

Other ~OslS whi~h included monitoring. dewatering and cleaning. can he estimated at:

Other ~ost average = $0.35 per MT

7: Binder Cost

The œment ~ost is a fun~tion of the cement tO solid ratio used for the fill. Following

equation ~ould give a good estimate of the binder % :

% Binder =1.2 + ( 1.8 le Strength (Mpa) ) Quebec Mines

% Binder =1.2 + ( 1.6 x Strength (Mpa) ) Ontario Mines

Depending on the mining metho<l and mining sequence. small or large portion of the fill

which will not he exposed in future mining. could he unconsolidated. This will significantly reduce

the total amount of cement needed. The % of consolidated rockfill in the mines surveyed ranged

l'rom 30% to 95%.
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•

The aver.lge COSt of Ponland. type 10. = $103 per MT FOB.

The average COSt of Flyash. Type C. =$7~ per MT FOB.

Average cement to tlvash r.ltio was: nO'?c Cement and ~n'7c Flvash.
~. .

Average cost ( $MT of Cemented till ) = $93 x % binder

Major portion of the filling cost for a consolidated rocktill is the cost of binder materials

which have to be added to the properly sized aggregate to produce the required till strength. The

cost and the amount of binder used in a stope could easily be calculated. but the calculations of

the intangible benetits resulted from using consolidated tiU such as. reduced mining costs.

improved pillar extmction mtio and minimized ore dilution are much more complex to evaluale.

Thc major economical saving for any consolidated tiU system is to minimize the amount of the

binding material required to produce the desired fiU strength. The amount of binder material u.~ed

for each stope may differ. and is related to the following: (1) Stope/ pillar gr.lde and tonnages.l~)

Stope/pillar mining costs. (3) Relationship between consolidated fill quality and % pillar recovery

and (4) Production delays in case of fill fallure.

Generally. for the recovery of a high grade pillar. every anempt should be made to

minimize ore dilution caused by fill failure which could also cause production delays. by placing a

higher than average cement content in the fill system. For a low gr.lde pillar recovery where mining

costs are important factors. the cement content of the fiU is kept 10 a minimum.

Meth('lch which yield a lower overall cement cost for a given till strength are :

1) Increase mining cycle rime with proper planning. wrich gives the binder material a

longer curing time. The consolidated fill materials get stronger with time. although. with a

decreasing rate. This would el'able one to lower the overaU cement content for the required fiU

suength. For example. consolidated rockfill using a blended binder of f1yash and Portland cement

at Kidd Creek Mines has 20 to 30% higher suength when the curing time has in~,.eased by a

rr.onth. from 28 to 56 days curing intervals. estimated from laboratory results. The rate of
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• l:ompn:ssive: stre:ngth inl:re:ase depends mainly on the: typc:s of the l:ementing agents used.

2) Be:l:ause: of the: luwe:r l:osts of diffe:rent local and/or commercially uvailable pozzolank

mate:rials. a portion of Portland l:eme:nt couId be replaced with these materials without sacrificing

the: stre:ngth and quality of the fil!. ln recent years pozzolanic materials such us flyash and slag have

successfully replacc:d a portion of Portland cement in different fill operations resulting in significant

savings.

9.2.2 KCM OPERATING COST

Using the above: model the cost for 7 main fil! elemenl~ are estim:ued:

1: Material cost

95% surface stockpile that has to be crushed = $0.12IMT

5% development waste rock: $0/ MT

2: Surface Transportation cost

XO% > l Km

1.0X + ( O.OX x 3 ) =$1.32 /MT

20% < 1KM. XOO m

0.2 + 0.64 =$0.84 /MT

This gives an average cost of $1.221MT.

3: Surface Preparation

Pulp Density= 57% and 3.73/.57 = 6.55

1.9 million tonnes x 4.5% = X5.550 tonnes of binder

( 6.55 x 85.550 )/1.9 mil =$ 0.29 / MT
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• ~: Underground Transportation

•

nO% .:onve:yors and ~O'ié tru.:ks.

Ave:rage: ':OSI for Conve:) or =$1.7/ MT

COSI for tru.:k filling al ave:rage: distan.:e: of 300 m =(5 + 0.111 x 300 ) 0.5 =$~.l>~ /MT

Average ':OSI = $2.15 /MT

5: Bulkhead Cost: $ll.2l>/MT

6: Other Cost: $ 0.35/ MT

7: Binder Cost:

AI 2-3 MPa in situ strenglh the pe:rcentage of binder =4.8%. howe:ve:r al KCM Ihe: binde:r

percemage is at 4.5%. At 90% consolidated backfill and average binder ':OSI pe:r lonne of $93:

Binder cost =(1.9 mil x.9 x .045 x 93) 11.9 =$3.76 /MT

Total Operating cost using the model =$8.17/MT

Actual Operating Cost for 1994 : $7.30/MT

Six out of seven ilems modelled are ve:ry close 10 a.:tual.:osl. Howe:ve:r. due: 10 e:xlensive:

binder rese:arch work at the mine:. the average binder ':OSI pe:r tonne: at is al $75 .:ompare 10 an

average of $93 for other operations. This is achieved by using the: redpc: de:ve:!ope:d by the: author

which is 60% replacement of Portland cement with Type C flyash and Hydr.lfil addition for

achieving the required early streng.h. Considering this new value in the: mode:! :

AI 90% consolidated backfill and average binder cost pc:r tonne of $75.2:

Binder cost =(1.9 mil x.9 x .045 x 75.2 ) / 1.9 =$3.04/MT

Total Operating <:ost using the model = $7.45/MT
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• A.:tual Ope:rating Cost for 1'1'14 : 57.3l1/:'vIT

:vIore: <"ase: studie:s to .:ompare: moddle:d and a.:tual .:osts are presented by Figure '1.2.3.

9.3: CAPITALIZATION COSTS

•

The:re are many .:ost fa.:tors that should be induded in estimation of the capital cost of a fil!

syslem. This is varied .:onsiderably for different fil! types and different operations for even the

same: type: of fil!. Sorne of the .:omponents of a typical rockfitl system are: plant building. surfa.:e

.:rusher. surfa.:e stor.lge. surface handling and hauling equipment. binder storage silos. vertkal

passes• .:onveyor installation for fil! delivery. backfil1 stations. tanks and agitators. slurry lines.

electrkal requirements. trucks or conveyors for fIll delivery and others. See Figures 9.3.1 and

'1.3.2.

It was very diffi.:ultto obtain average .:ost for all above since most of the information wa.s

not available or wa.s not a.:.:urate. However using a limited information from Quebec mines a

model wa.s developed for .:apital .:ost estimation whi.:h is accurate within + 30%. The model is

explained below:

1: Surface Plant

Capital .:ost to build a new slurry plant averaged $530.000 for a total backfil1 placement of

400.000 MT per year. This can be represented as:

Slurry plant .:apital. .:ost::: $66 x ( total binder rnaterial used per year )

2: Surface Transportation

Surfa.:e tr.lnsport unit: $0.45 x (average yearly tonnage) x (Dm /100 ) where Dm is the

264



•
5",-----------------------------,

5121------------------------

s.o
~

~
~

;;:

"
~
~

0
~ sa
:>
"-e
~

'"0u
z
0
~ S6i:!...
0.
0

~
0
~

54

Mine #09 Mine 602 Mine 11~

WIHE SITE ,

•
OBSERvEO COST ~

MODELED cosr ~ Fig: 9.2.3 Rockfill Operotion Cost.
Observed Vs Modeled.

265



•
11001,---------------- ,

29::;

llOll-----------------;;<:""""____1~t____Iu;-
a

~
=>a
§.

Ô 1"" ------------------~~-~!1t-~~--1Ct ~"r-
0>

<Il:;;
:3
6 1JOO11------------------~&3_-~~-~~-____1
~
S
~

IlOOl-.-----------'-~I7f7.~_if7f$J-_I7fSi?'}_____il'7f7;l-____I

1100'f-----------=l"T-~~-f7n;;t_-16f~-~:+-_1

PIPINC
s. u. s. u

OTHER EIOREIolOLr5 HAULACE LOAOtNC ;:I!.,,\"'OT =ASSES HA;",:l.ACE

266

Fig: 9.3.1 Rockfill. Average
Capitilization Costs.



•

11OOI----------r"...,:r-.....'77'.,.----j7f:;;f--~{4_-~~-~~-_l

11OO1------------------------l~'SI_-_l

:il
Q

~ 16001---------------------~i:'fj--1
Q

E.
0-....
- \lOO1-----------------.:;"""--~f1_~~--1e
<Il
~

8
à !'OO'I------------------~:ffl_-_BJ77t-_if.1;ffl-_l

~
~
~ \lIll1------------~iIt___lf7j7.l_~ft__l

S. ROCO< u. i='lLl.
PlP1NC OTHE~ BOREHOlES HAULACE STAi'O~S PASS lo"AULACE PL.,ANT

li: Of TOTAL CAP\TAUZAnON COST PER lTE..

Fig: 9.3.2 Toilings & Rockfill.
Average Capitilization
Costs.

267



round trip in meters.

3: Borehol es: Aver.lge borehole <.:ost was $120 /meter.

4: Piping: Aver.lge piping <.:osl~ =$20/ meter

5: Waste rock pass: Average <.:ost = $925/meter

6: Loading Stations: Aver.lge <.:ost was $53.500 /Ioading station.

7: Undergruund transportation unit:

This was effe<.:ted by the distanœ belWeen loacling station and slOpes to be filled. The

produ<.:tivity of the trud,s <.:ould be estimated from following relationship:

Produ<.:tivity ( MT/hour/unit ) ={II[ 0.015 + (2 x 10-5 x Dm))}

Then depending on the tonnes required per hour. the number of trucks can be <.:alculated.

For smaller trucks. less than 16 tonne. an average of $250,000 per unit could be used. However

for larger trucks. 26 tonne or more. and average cost of around $400,000 could be used.

9.3.1 : CASE EXAMPLE

•

Type of fill = Rocktïll

Amoum of Fill/year -" 350,000 tonnes

Transport = 400 m •,",und trip underground.

Percentage of consolidated fill at 5% binder = 70%

Waste rock pa.'i.~ =1000 m

Boreholes =2()(Kl m ( one as backup )
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•

•

Pipin» = ::!{){){) m

Loading stations =fi

Underground haulage rrUl:ks: daily tonnage of around ISllO tonnes is re<.juired to a.:hieve 3S{).OO\1

tonne of till per year.

Considering the productivity:

1/ (O.ülS + (2x 10-5 x 400 1) = 43 tonne/hr/unit x 6 (workin~ hour ) = ::!60 tonnelshift

Number of unit required = 1500 1260 = 5.8 = 6 trucks

The Capittl CO~1 could be ~1irnated as:

Siurry plant = 350.000 x.7 x .05 = 12.250 = $66 x 12.250 =$llOll.SOO

Surface transportation = 0.45 x 350.000 x 400/100 = $630.000

Boreholes: 2000 m x $120 lm ,. $240.000

Piping: 2000 m x $20 lm = $40.000

Waste rock pass = 1000 m x $9251 m = $925.000

Loading stations = 6 x $53. 500= $321.000

Underground transport = 6 trucks x 250.000 = $1.5 million

Other = $ 51.000

Tottl Capittlization costs = $4.464.500

For mCie information on aver.lged and modeUed cost for other operations refer to Figure

9.3.3.

9.4: SUMMARY

As expected. the cost information from different fiU types indicates that one of the biggest

disadvantage in using CRF is the high initial cost. The high capital cost makes the till type suited to

only bulk mining methods where the rate of backfilling is a key element in rnaintaining the

production. CRF. however. had the lowest operating cost and the highest strengths obtained. The

higher static and dynamic strengths of the CRF would translate to significant:.-tdirect cast savings.

such as. allowing faster mining rate. minimized dilution. improved ground control.lower mining
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•

..:ost and minor ope:rational ddays.

Ope:l".lting and ..:apitai cost models presc:nted in this ..:hapter mat..:hed weil with the: a..:tua\

..:osts at KCM and they could he greattoo\s in estimating the till ..:osts.
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• 10: DESIGN OPTIMIZATION AT KCM

Cemented rockfill atthe KCM represenl~ annual cost of appro:,<imately 17 million dollars.

18% of the total extraction COSlS. Cost cutting initiatives however have to he mindful of the

negative if not disastrous effeclS on grade. recovery. and ground stabiliry that a decline in till

quality can produce. This dictated that any anemptto eut cosl~ should he approached in a scientitic

and orderly fashion. This chapter summarizes the steps taken to ensure placing high strength CRF

at lowest possible cost.

10.1: DESIGN SYSTEM

Optimum design of a CRF mass can he very complex and clear and logical path for the

design improvement is required. This chapter presents a newly established CRF design system.

Figure 10.1. The steps shown in this design system could and should he used at any stage of the

CRF process to improve the existing and/or future roclcfill systems.

Based on extensive literature review and extensive site investigation which inc\uded. tiled

mapping and actual stope history and filling observations. four main parameters effecting CRF

design were identified and further investigated. The four areas were identified due to their

importance in achieving high strength fill and lack of available information on extent of their

contribution in assuring a properly engineered CRF system. The areas identified with the most

strength improvement and cost saving potentials were: to improve engineered structural design

process. increase usage of lower cost alternative binders. establish quality control mea.~ures, and

carry out in situ testing for back analysis.

10.2: STRUCTURAL DESIGN

•
Structural design improvement is a very important part of the fill cycle. This is nc:eded to
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•

•

pn:dkt. plal:e. and obtain l:OInpetent rCll:kfill mass where it will be exposed in future mining. The

ultimate :!oal is 10 minimize and l:ono"oi segregation. henl:e minimize dilution and mass and/or

local failures.

To improve the design prol:ess more in situ observations and investigations were required.

Al:tual behaviour and zoning of the placed CRF were required tO allow a meaningful and properly

engineered CRF design. After extensive drift mapping and underground inspections. chapter 4.

four distinl:t zones in a typkal CRF mass were identified.

ZONE A: The wall on which a collision occurred and below the impact zone was like a

l:onl:retc mass and had the highest in-situ sO"ength. This also induded the zone 5 to 10 meters away

from ail the till peaks observed. when the fill did not collide with the wall. This area had high

binder l:ontent. 7- 8%. and high uniaxial compressive strength. approximately 5-8 .II1Pa. The

aggregate sizing contained around 90% minus 7.6 cm. Minimized segregation was observed.

except sorne small zones of coarse aggregate which probably were fonned during the mass flow

after the fill build up slope was grater than the angle of repose of the fil:. Excellent coating of

aggregate wa.~ noticed. almost 90 to 95% success.

ZONE B: This area had medium binder content. 3-5%. and uniaxial compressive

strength of 2-3 MPa. This area had a good blend of coarse and fine aggregate and covers anywhere

from 1() to 25 meters away from the fil! peak and/or impact point Sorne segregation was noticed.

especially after 20 meters away from the fill cone. Approximately 80% of the aggregate mass was

coated with slurry.

ZONE C: At the stope !.Joundaries the fill was highly segregated and had a low binder

l:ontent of 1-2% and compressive strength of 1-2 MPa. The lower strength in this area is due to the

lack of fine partides. which were needed to avoid point contact between coarse particles and

al:hieving higher tensile strength. The extremely segregated and weak zone typically staned arcund
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• 25-30 l11eters away from the fill cone. This zone contained almost ail coarser aggregate and mostly

the same size aggregate. Roadheader had great difficulty going through this zone and in some cas<:s

the drift did not advance any further when encountering this zone.

ZONE D: At the filltoe area the aggregate was also highly segregated and d~pending on

fill raise orientation could be rich in binder content from the slurry running down towards the

slope of the fill cone(s). Since the aggregate was mainly coarse tho: excess slurry did not increased

the CRF strength considerably.

After identifying the above zones and considering other key factors for a ('RF mass design

such as: orientation of backfill raise(s). extent of segregation. degree of s.lccess in mixing the

a!:!..l!regate with slurry. th~ extent oi impact damage dl.e to free fall height. and the size of aggregate

entering the stope. the ideal fill Taise orientation for different mining conditions were also

established. The details are presented in chapter 5. This will assist the designer in obtaining the

high strength fùl. zones A and B. against the walls that future pillar recoveries are planned to he

carried out. Having high strength fill. zone A. at ail the walls to be exposed could be very costly

mostly due to the number of Taises required. The inforrnatir n could be used to design individual

stopes keeping in mind: grade. dilution effect. operational delays. and over.l1l slOpe sequencing.

10.3: BINDER ALTERNATIVES

•

Since binder usage is around 80-90% of a typical rockfill operolting cast. exduding labour

cost. the establishment of an optimum binder combination in any mine is a must and could yield the

most financial and/or strength benefilS. One of the easiest ways to reduce filling cost is to reduce

the amount of binder used or increased use of lower cost binders. However. if the approach is not

in a scientific fashion. it could have disastrous effect on the efficiency and profitability of the

operation.

A comprehensive te5ting program. 1750 specimens. WolS conducted to evaluate the
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•

<:e:me:ntitious propc:nie:s of diffe:re:nt binders with or without the addition of <:ommerciatly available

<:he:mi<:als. <:hapter 11. Im.Teasing the early strengths of the flyashfP.C. mix and copper slag/P. C.

mi,: through the: use of different binder and/or chemicals were a1so extensively studied. This testing

program re:sulted in the <:hange of KCM badditl recipe which has resulted in 10% reduction in

binde:r consumption and annual savings of S1.3 million on binder cost alune.

Using the: results of th.~ test prograrn. the KCI\Il did substantially reduced the cost of cement

rocklïtl over the past 3 years. This was done by both. substituting lower cost binrlers. and

reducing the over.ltl binder content by utilizing the higher strengths of the new binder mixes. In

addition. a locatly available material. slag from the KCM copper smelter was identified as having

potential for possible future use as a binder substilUte

At KCtv\. the old ra:ipe of 60% Ponland cement and 40% flyash at5% binder by weight

was changed to a new recipe of 40% Portland cement and 60% type C flyash at4.5% binder. This

was accomplished with ..0 sacrifice in strength due to addition of 0.2% of Hydrafil. a

supc:rplasticizer. from Grace Chemicals.

Other mixes with potential were:

The addition of anhydrite. gypsum and/or lime to slag/P.C. and flyashfP.C. control mixes

increased the <:ompressive strength in almost every combination tested. The best result was

obtained when 3% anhydrite was added to slag/P.C. control mix which caused strengths increase

of 217% and 240% after 28 and 56 days of curing respectively. The same strength increase was

achieved when 1% anhydrite and 0.65% lime were added to the slag/P.C. control mix.

Testing of CaCI2 with slag/P.C. mix indicated that2% eaCI2 increased the carly strength

of the mi.x by 20%, This indicated that eaQ2 could be used if a faster mining cycle is required.
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• IOA: QUALITY CONTROL

•

Under controlled condition. a typical rocktil! mass has mlieh superior physi<.:al and

mechanical properties. compared to other fil! systems. Closely monitored and properly engineered

quality control measures were established at KCM which were fol!owed by operations people.

These measures were taken to achieve the highest possible fil! quality at the lowest possible cost.

Quality control measures were established in plant. during trJnsportation and placement.

Some of the key findings were:

ln the till plant on surface. quality control measures should be taken to minimize the

adverse effects of aggregate attrition and excess aggregate moisrure content. Attrition would cause

a !,'I"eat deviation between the original size of the aggregate on surface and the size of aggregate

received underground. By estimating the attrition effect. crushing and blC'nding could be utilized to

produce a quality. graded product. suited to requirements at a certain depth. To control the attrition

effect. the initial aggregate size could be lurger than the required aggregate size for stopes at certain

depth. However, a more common method of decreasing the adverse effect of attrition is to reduce

the fine fraction by screening out the excess fines in the final mix underground. Adequate blending

of course, midds and fme material in the backfil! aggregate would trJnslate to placing a hi!1her

density fill with less voids and, in turo, reducing cement requirement~.

The moisture content of the stockpiled aggregate should also be closely monitored. A slight

change of moisture content in the aggregate may affect the fill quality significantly. If the aggregate

is sent underground wet or becomes wet on route, the result is that the fines will coat the courser

particles preventing the bonding of courser aggregate and cement

AlI the devices in the surface fil! plant for monitoring material consumption, rates of

transfer and also storage quantities, should be accurately calibrated and t!le calibration checks

should be carried out in short and regular intervals.
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The main 4uality control measure with hydraulic transportation is maintaining proper pulp

densities for cement slurry. The water content in the slurries should be minimized to obtain the

highest pulp densities possible. The quality control measure when using conveyor transportation

method is to c.:losely observe the sizing of the aggregates. This enables the underground opeTator to

act rJ.pidly if any process changes rnay be required. for example adding extra s1uny if the aggregate

on the belt is too tïne.

When tilling a stope. segregation of consolidated rockfill is unavoidable but it can be

minimized if the fill operation is weil planned and closely monitored. For each individual stope

following f,c.:tors should be considered when structurally designing backfill : orientation of

backtill raise(sl. extent of segregation. degTl"e of success in mixing the aggregate with slurry. the

elltent of impact damage due to the free fall height and the size of the aggregates entering the stopc.

The most critical portion of a bacl:filled stope is the wall(s) which will be ellposed for

future pillar recovery. The fill Taise (s) should be placed such that the fill will collide as high as

possible on the wall(s) of which is required to stand. This will utilize the phenomena that the wall

below the impact .wne is the srrongest wall. In stopes where more than one wall will be ellposed

for future pillar rec.:overies multiple raises should be used. By having multi Taise system the fill

couId have a more uniforrn distribution and a more conrrol!ab!e fil! profile. The filling of the stope

ShOllld altemate between the r.ùses. This practice will result in a more uniforrn distribution of

cementitious material in the stope and also a much srronger ftll at the boundaries of the stope whic.:h

is desirJ.ble for future blasting.

The fill quality and segregation elltent in boundaries of each stope are related to the rolling

distance that the coarse particles have to travel before colliding with the walls. If the orientation of

the tïll Taise (s) does not allow the fill miiterial to collide with the stope wall. the dip of the fill

Taise(s) should position the cone area as close as possib;e ta stape walls that are ta be expased in

future pillar recavery.

277



• If all stope walls are to he exposed for future pillar re<.:overies. then multiple vertkal raises

yield the best possible distribution of the fill materials. The vertkal r.lises would produ<.:e a more

horizontal till profile and any ex~'é:SS <.:ement slurry will a<.:<.:umulate at the stope boundarics. If

vertkal r.lises are not possible due to the available a<.:<.:ess. then the number of indined till raises

should be in<.:reased to produ<:c: a <.:ompetent fill at the required stope walls.

The stope geometry plays an important role in decreasing segregation effe<:l The shajle of

the stope and the orientation of the fùl raises dietalt., the rolling distance of the rnaterial after the

impact with the fill cone. If the distance is kept small. such as in a square shape stope \Vith

<.:entr.llly lo<.:ated fill raise. then the coarse particles have a chance to rebound back to the vidnity "I"

the impa<.:t area after coliiding with the stope wall. This could rcsult in a more unifonn till

distribution and a more horizontal fill fa~'é: in the ~'tope.

Ail the quality control measures are presented in chapter 7.

• 10.5: IN SITU TESTING

•

Very linle work had been done on the in situ behaviour of a consolidated ro<.:kfill mass.

Optimum fill quality at the lowest possible cost can only be achieved by ba<.:k analysis and

continuous improvement of the existing fill system using actual in·situ values.

Extensive in situ test program was carried out to 1: To establish physi<.:al and me<.:hani<.:al

properties of consolidated rockfill and 2: To evaluate the potential te<:hniques for short interval in

situ quality controi meas\lfements. The test program included: ground stress. ground movem.:nt.

blast vibration. and seismic measurements. Pressuremeter and <.:ore testing were a1so <.:arried out.

Ali the details are given in chapter 8.

Results indica'ed that the stope wall expanded adjacent to the mined·out area and opposite

in the solid ground away from the opening. After each blast expansion continued throughout the
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• wall opposite ta the blasted area. Most of the recorded expansion lOok place after major sIot and/or

ring blasts. The data revealed that. after fill was placed. the expansion of the wall haIted and

inward movement began for up to O.,) mm in the monitored stope. This implies that the pla<:ed

CRF developed an active pressure state compressing the relaxed stope wall. as observed by the

stress <:hange.

Pressuremeter in situ testing indkated a general decrease in bulk modulus as holes moved

away from the footwall. impa<:t area. The modulus of deformation was typically in the order of 1.5

GPa to 4 GPa in the fll"st drilling ring. zone A of the fill mass. This decre=d to the 0.1 GPa to

0.2 GPa r.lnge in the second drilling ring and was further reduced to 0.007 GPa to 0.04 GPa

r.mge. The vertkal holes indicated a greater variation in the data than the horizontal holes. This WolS

ro be exp<:<:ted as the vertkal holes were more likely to traverse various fùllayers than the

horizontal hales.

10.6: SUMMARY

•

(mprovement in ail area.s effe<:ting CRF performance. especially the four areas mentioned

above. were investigated at KCM and the results from the studies were implemented with great

su<:<.:ess. The extensive field work a<:<:ompanied with author's experience and extensive

<:onsultation with other oper.ltions resulted in establishing CRF design system steps that are

presented in Figure 10.1.
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• 11: CONCLUSION

Optimum de:sign of a CRF mass can be very comple.'\: and clear and logic.:al path for the

de:sign improve:me:nt is require:d. This thesis presented a ne:wly e:stablished CRF design system.

Although most of the: work ta deve:lop the design system was carried out at KCM. the steps shawn

in this de:sign syste:n could be lised at any stage of the CRF process ta improve the existing and/or

future rockfill systems.

Base:d on exten~ive: literature review and extensive site investigations which included. tiled

mapping. actual stopc: history and fùling observations. four main parameters effecting CRF design

were: ide:ntitied and further investigated. The four areas we:re identified due ta their importance in

achieving high strength filI and lack of available information on extent of their contribution in

assuring a properly engineered CRF system. The four areas identified with the most strength

improve:ment and cost saving potentials were: to improve engineered structur.J design process.

increase usage of lower cast alternative binders. establish quality control measures. and carry out

in situ testing for back analysis.

Ta improve structural design. after extensive tunnel mapping and underground inspections.

chapte:r ~. four distim:t zones in a typical CRF mass were identified:

ZONE A: The wallon which a contact occurred and below the impan zone was like a

cancre:te: mass and had the: highest in-situ strength. This also included the zone 5 to 10 meters away

from ail the fill pc:aks observed. when the filI did not collide with the wall. This area had high

binder content. 7- l!'it. and high uniaxial compressive strength. approxirnately 5-8 MPa. The

aggregate sizing contained around 90% minus 7.6 cm. Minimized segregation was observed.

except sorne small zones of coarse aggregate which probably were forrned during the mass flow

after the filI build up slope wa.s grater than the angle of repose of the fùl. Excellent coating of

aggregate was noticed. with almost 90 to 95'it success.
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• ZONE B: This ar~a had m~dium bind~r .:ont~nt. 3-5';'é. and uniaxial .:ompressi\'c."

str~n>:th of 2-3 MPa. This area had a >:ood bknd of .:oarse and tine a>:>:re>:ate and .:overs an\'wh,'r,'... ... ....... ... .
l'mm III to 25 meters away l'rom the till peak and/or impa.:t point. Some segregation was notÏ<:ed.

espedally al'ter 20 meters away from the fill .:one. Approximately SO'ié of the aggregate mas.s was

.:cated \Vith slurry.

ZONE C: At the stope boundaries. the till wa.s highly segregated and had a low bindl'r

.:ontent of 1-2% and compressive strength of 1-2 MPa. The lower strength in this area is due ll1 th,'

lack of tine partides. whkh were needed to avoid point contact between ''0= panides and

achieving higher tensile strength. The extreme1y segregated and weak zone t)'Pically staned arollnd

25·30 meters away from the fill cone. This zone contained :ùmost :ùl,-o=r aggregate and lllllSlly

the same sire aggregate. Roadheader had great difficulty going through this zone and in sorne

cases the drift did not advance any further when encountering this zone.

ZONE D: At the till toe =. the aggregate was:ùso highly segregated and depending

on fill r.ùse orientation could be rich in binder content from the slurry running down towards the

slope of the fill cone(s). Since the aggregate was mainly coarse the ex,'eS.s slurry did not in,-rea.sed

the CRF strength considerably.

Above infonnation helped to establish idea\ fiU set ups for different ~1Ope conditions.

chapter S. Sorne of the findings were:

1: When fùling a stope, segregation of consolidated rockfill is unavoidable but it

can be minimized if the ftll operation is weil planned and c10sely monitoted.The mO~1 critical

ponion of a backfùled stope is the waU(s) which will be exposed for future pillar re.:overy. The fiU

raise (s) shouid be placed such that the fiU will collide as high as pos.sible on the w:ùl(s) of which

is required to stand. This will utilize the phenomena that the w:ùl below the impact zone is the

strongest wall. In stopes where more than one wall will be exposed for future pillar re.:overies
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• multipit: raises should he used. By having l'1ulti mise system the fill could have a more uniform

distribution and a more controllable fill profile. The filling of the stope should altemate hetween the

mises. This pr.lctice will result in a more uniform distribuôon of cemenôôous material in the stope

and also a much stronger fill at the boundaries of the stope which is desimble for future blasting.

2: The fill quality and segregaôon extent in boundaries of each stope are related to the

rolling distance that the course panides have to tt"avel before colliding with the waUs. If the

orientation of the fiU raise (s) does not a110w the fill material to collide with the stope wall. the dip

of the fill rJ.Îse(s) should position the cone area as dose as possible to stope walls that are to be

exposed in future pillar recovery.

3: The stope geometry plays an important roie in decreasing segregation effecl The shape

of the stope and the orientation of the ftU raises dictate the rolling distance of the material after the

impact with the fill cone. If the distance is kept smaU. such as in a square shape stope with

centr.ùly located fill raîse. then the course panicles have a chance to rebound back tO the vicinity of

• the impact area after coUiding with the stope wall. This could result in a more uniform fùl

distribution and a more horizontal fill face in the stope.

The above information will assist the designer in obtaining a high strength till. zones A and

B. against the walls that future piUar recoveries are planned to be carried out.

To investigate the increased use of lower cost binders. a comprehensive testing program.

ca.sting 1750 specimens. was conducted to evaluate the cementitious properties of different binders

with or without the addition of commerciaUy available chemicals. chapter 6. lncreasing the early

strengths of the tlyash/P.C. mix and copper slagIP.C. mix through the use of different binder

and/or chemicals were aLso extensively studied.Using the results of the test program. KCM has

substantially reduced the cost of cement rockfill over the past 3 years. This was done by hoth.

substituting lower cost bindel'; and reducing the overall binder content by utilizing the higher
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•

strengths of the new binder mixes. In additiun. a 10l:ally available materiaI. slag from KCM l:opper

smelter was identified as having potentia! for possible future use as a binder substitute.

At KCM. the previous mixrure of 60% Ponland œment and 40'ié tlyash at 5% binder by

weight was changed to a new mi.xture of 40'70 Ponland cement and 60% type C tlyash at4.5'j\

binder. This new recipe resulted in 10'70 reduction in binder consumption and annual savings of

$1.3 million on binder cost alone.This was accomplished with no sacrifice in stre~gth due to

addition of 0.2'70 of Hydrafil. slurry dispersant. from Grace Chemicals.

Also additions of anhydrite. gypsum ancllor lime to slag/P.C. and tlyash/P.C. l:ontrol

mixes in<.;reased the compressive strength in almost every combination tested. The best result was

obtained when 3'70 anhydrite was added to slag/P.C. l:ontro! mi.x which l:aused strengths increase

of 217'70 and 240'70 after 28 and 56 days of curing. respectively. The same strength inl:rease was

achieved when 1'70 anhydrite and 0.65'70 lime were added to the slag/P.C. control mix.

Under controlled conditions. a typical rockfill mass has superior physkal and

mechanical properties compared to other ml types. Throughout this thesis properly engineered

quality control measures were cstablished. Quality control measures were established in plant.

transportation and during placement.

Very lime work had been done on the in-siru behaviour of a l:onsolidated rockfill mass.

Extensive in siru test program was carried outto 1: To establish physical and mel:hanil:al properties

of consolidated rockfill and 2: To cvaluate the potentialtechniques for shon interval in situ quality

control measurements. The test program inciuded: ground stress. ground movemenl, blast

vibration. and seismic measurements. Pressuremeter and core testing were also l:arried out. Some

of the important values obtained were:
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• Compressive strength range:

Elastic modulus r•.mge :

Transmission coefficient from rock through CRF:

Absorption coefficient in CRF :

Poisson's ratio:

Friction angle:

Cohesion:

P- wave velocity:

1 to 17 MPa

0.6 to 4.5 GPa

37'7<:

0.41 db/m.

0.35

37 deg.

1.1 MPa

3.150 rn/sec

•

Improvement in ail areas effecting CRF performance. especially the four areas mentioned

above. were investig,ued at KCM and the results from the studies were implemented with great

success. The extensive field work and the experience gained at KCM. resulted in establishing

CRF design improvement steps presented in Figure 10.1.
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• 12: RECOMMENDED FUTURE WORK

•

1: Segregation phenomena in a rocktill mass provides weak zones with little cement. zones

C and D in the thesis. Research into improving the present techniques for obtaining bener control

of segregation should be carried out. The techniques for reinforcing the weak zone. by post

consolidation should be further investigated.

2: Pressuremeter testing demonstrated an ability to provide in situ data and responding to

signifkant changes in different zones of CRF. Future work on the system will be to improve it's

capability of assessing failure l.TÏteria for CRF. Another area of improvement should be increasing

the length of the monitored hole to oblain more representative strength values.

3: Applications of geophysical borehole logging to determine a number of physkal

properties of CRF should be considered.

4: The damage criteria by dynamic loading ( e.g.• production blasts. rockbursl~ ) on CRF

are not weil defined and should be further investigated. Aiso. a standard method of evaluating the

dynamic strength of CRF products is neœssary.

5: Every mining operation should evaluate the addition of dispersant and superplasticizers

to the backfùl mix. The tests will determine if these chemicals would allow a reduction in over.lll

use of binder material.

6: Each mining operation should evaluate the cementitious properties of different available

binders for use in the fill system. Considerable savings could be achieved by partially replacing

Portland cement with local and/or cheaper binder materials. The replacement of the Portland

cement should be carried out without sacrificing long term and short term strcngths and quality of

the fill.
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• 7: Testing indil:ated that small additions of anhydrite or gypsum to backfill mix in most of

the operations could increase the strength of the ml significantly. The addition of anhydrite or .

gypsum would probably result in obtaining equal or bener short term and long term strengths

compared to the most of the present mixes. even with partial replacement of Portland cement with

lower cost binders. The adequate early strength would not limit the mining operation to a specifie

mining cycle for allowing the fill to cure. This could translate into a considerable saving in the

costs of the binders used in the system. lt is recommended that a comprehensive test program be

carried out for different oper.ltions to evaluate the behaviour of anhydrite or gypsum in the present

and/or a more economical mix.

ll: Ther;:: is considerable lack of automation in Canadian mines using CRF and more work

in this area is needed. for example different conveyors transporting aggregate could be ran from

one central location.

9: Use the obtained in situ data related to physical and mechanical properties of CRF to

simulate the CRF mass stability. 20 or 3D. for different stope conditions.
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•
APPENDIX A

1: STRESS AND MOVEMENT MONITORING Al TO AS



•
Layout of 1rads and extensometers:

NN1E Al DIP LEHGTH SIZE ANCHORS

GI3

1-24

45 -25

315 +45

135 +45

13

10

10

AX

EX

EX

5,IO,12rr.

G-14 45 -25 14 AX 5,8,13'11

G-15 was not Installed due to low RaO of f1l1



•

•

•

,
INST. No. , 1 ·24 , ,

1 1 1

T STRESS TOT S":'R

QAYS tast ,oael cu,. rGaCl CHANGE 1 CHANCE REMARK9
2.' 2984 2979 .1S 4<1:)81 io _ 298'"

OS 2979 297;" .7 .0361 ·:'5 8" 741.,
~?77 2976 ·3.7074 ·2955.81., 2976 2975 ·3.71'11 -33 26591

c9 2975 297:) 7.43351 .40 69941

5c '973 2973 0.00001 .406994)

56 2073 2974 3.7'861 ·36 98081
63 297. 296Q .1863071 ·55.61 ""1
681 2969 2970 1 373371 -51 87781

701 2970 2963 ·26.21511 ·7809281

751 2963 2969 22.48141 -55 61'41
841 2969 2967 1 ·7.47871 ·63,090'1
89 2967 2966 -3.74S0l ·66.83511

9' 2966 2966 0.00001 .668351 1

96 2966 2966 0.00co1 ·6683511
1041 2966 2967 3.74501 ·63 090'~

n2 2967 2967 O.OOCO _63.09011
,,;' 2967 2971 14,9422 .4814791 --n8 2971 2956 ·56.34.651 "04 (g.ul

n9 2956 2957 :s.j'S311 .loa.7n:!l
n9 2957 2958 3....7931 ·96.9320

"a 2958 295c .15.1402' '''2,0722
'26 2954. 2960 22.687:11 ·89.38491

'3 2960 2958 .7.5.71 .96.93>01

". 2958 2967 33.841 9 ·63,09011
146 2967 2966 ·3.7450 .66.83511

'5 2966 2981 5s.nQ9 .11,0552

'53 2981 298Q ·3.6925 .14.7476

'5' 2980 2980 0.0000 ,'4.747

'5. 2980 2995 54,9994 40.2518
, 6' 2995 2995 0.0000 40.2518

'6 29.5 2934 ·228.9562 ·18870"
'68 2934 2895 .154,0268 ·342.7312
173 2895 2917 87.546 ·255.0850
175 2917 29,. .1'.8350 ·256.9100
'80 2:;14 2916 7.894 ·259.0250

'82 2916 2915 ·3.USO ·252.9709
'87 '915 '957 162.'506 .100.7112

'8. 2;57 2954 .11.3609 ·112.0722

'9 2954 2950 .15.2018 ·127.27.0

'a' '950 2947 ·1'.U20 .138.7160
20 2947 2945 ·7.6475 ., .6.3635

'08 2945 2940 .10.1870 .165.5505

2'0 2940 2930 ·38.6690 ·2042195

2'5 2930 2930 0.0000 ·20.21951

" 2930 2911 .74.57'1 ·278791SI
», 2911 2924 51.1800 ·22761161
»3 2924 2Q29 19.503. ·208 1082
»8 2929 9 3 3.4161 ·231 5243
23' 2923 2923 0.0000 ·2315243
'38 2.23 2924 3.9127 ·22761161
269 2924 2926 78134 ·219.7982
275 2926 29.9 88 7"1 .131.08.11
288 29.9 ~9S1 76164 0123.678
295 2951 .952 3,B02. .11966541
303 295' 2J51 ·3,B0241 .123 46781
309 2951 "'c9 .'6164' 0131QII411

314 29.9 29.9 o,ooooJ .131.0Ul!
29.9 2951 7 S1S41 ,'23467l!!11

TAIll.E ,



DAYS 1 lAST READING , CUA. READING STRESS TOTAL STRESS
: CHANGE PSI CHANGE

28 1 ,

35 1 2268 1 2268 0
42 2268 1 2270 , , 6. 7383 ; 16.7383
47 2270 1 2268 ; "6.7383 , 0
49 , 2268 2267 1 ·8.3858 ·8.3858
54 2267 1 2:?67 1 0 ·8.3858
56 2267 2266 : ·8.3969 1 ·16.7827
63 2266 1 2264 , -16.827 , ·33.6098
68 1 2264 1 2264 ,

0 : ·33.6098,
70 1 2264 1 2264 1 0 ·33.6098
75 1 2264 1 2264 0 ·33.6098
84 1 2264 1 2264 , 0 1 .33.6098
89 1 2264 1 2265 8.4191 ·25.'907
9 , 1 2265 1 2264 1 ·8.419 , ·33.6098
96 1 2264 1 2264 1 0 : ·33.6098

104 1 2264 1 2265 1 8.4' 9' ·25.'90,
1 , 2 1 2265 1 2263 ,'6.8495 .012.0401
117 2263 1 2265 16.8495 , -25.1907
, '8 2265

, 2265
,

0 ·25.'907
1 , 9 2265 1 2267 1 , 6.8049 ·8.3858
, '9 2267 1 2263 ·33.6543 .42.040'
'20 2263 2264 1 8.4303 ·33.6098
126 2264 2238 1 ·222.8747 1 ·256.4845
'32 2238 2339 1 824.6632 , 568.'78,
'39 2339 2252 1 .703.6947 ,

·'35.5'6
U6 2252 2246 1 ·51.5667 ., 87.0827
152 2246 2280 286.8529 : 99.7702• '53 2280 2282 , 6.4755 1 "6.2457
'54 2282 2282 0 1 116.245,
, 59 2282 23'8 1 297.'503 ; 4'3.396
, 61 23'9 23'9 0 1 4'3.396
'66 23'9 2'80 '1196."04 , .782.7144
'68 2180 2'55 1 ·240.036' : ., 022. 7505
'73 2155 2'59 38.9668 1 ·983.7836
'75 2'59 2'6' , 9.4023 1 ·964.38'2
'80 2'61 2' 7' 96.2087 , ·868,1726
'82 217' 2'70 ·9.56"

,
-877.7337

'87 2170 2'96 1 244.3587 , ·633.3,.9
1 89 2196 2'95 ·9.2381 ·642.6' 3'
'96 2195 2'93 1 "8.5'42 ·66'.'273
201 2193 2'92 1 ·9.276' : ·670.4034
203 2192 2'92 0 ·670.4034
208 1 2192 2194 1 '8.5396 ·65' .8638
2'0 1 2194 2196 18.4889 ·633.3749
2'5 2'96 2194 1 ·18.4889 ·65' .8638
217 2'94 2' 92 , "8.5396 ·670.4034
22' 2192 219' , ·9.2888 ·679.6922
223 219' 2'95

,
3'7.0791 ·642.6' 3'

228 2195 2'94 1 ·9.2508 , ·65'.8638
231 2'94 2",94 1 0 ·65' .8638
238 2'94 2193 ·9 2634' ·661.'273
269 2'93 1 2'90 ·2,.8665 ·688.9938
215 2'90 1 2'90 0 ·688.9938
288 2'90 1 2'65 ·236.744' ·925.7378
295 2165 1 2~64 ·9.6408 ·935.3786
303 2'64 1 2164 0 ·935.3786
309 2164 , 2163 ·9 6 54:2 ·945 0328
3U 2163 1 2163 0 ·945.0328•

fABLE 2
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DAYS TOTAL STRESS TOTAL STRESS
1 CHANGE PSI CHANGE PSI
1 1- 2 4 1·25

28 1

35 1 -25.801 701
42 1 ·29.5548 16.7393
47 1 ·33.2659 0
49 .40.6994 1 ·83858
54 .40.6994 1 ·8.3856
56 ·36.9808 1 .16.7827
63 1 ·55.6' '4 1 ·33.6098
68 1 ·5' .8778 1 ·33.6098
70 1 -78.0928 1 ·33.6098
75 1 ·55.6' '4 1 ·33.6098
84 1 .63.090' 1 ·33.6098
89 i -66.835' i ·:5.,90ï
9 , 1 ·66.835' 1 ·33.6098
96 1 ·66.835' 1 ·33.6098
'04 1 ·63.090' 1 ·25.'907
, , 2 -63.0901 1 .42.040'
, , 7 .48,1479 1 -25.1907
, 1 8 ., 04.4944 1 ·25.1907
119 "00.7112 1 ·8.3858
1 , 9 -96.932 1 .42.0.101

'20 1 -11 2.0722 ·33.6098
'26 -89.3849 ·256.4845
'32 -96.932 568.'787
'39 -63.090' "35.516
'46 -66.835' .187.0827
'52 -11.0552 99.7702
153 .'4.7476 " 6.2457
'54 ,,4.7476 "6.2457
'59 40.25'8 4'3.396
16' 40.25'8 413.396
'66 .188.7044 .782.7144
'68 -342.73'2 ·1022.7505
173 -255.085 -983.7836
175 '266.9'99 ·964.3813
'80 -259.0259 ·868.'726
'82 -262.9709 ·877.7337
187 ·'00.7112 ·633.3749
'89 -11 2.0722 ·642.6'3'
'96 ., 27.274 ·661.1273
20' .'38.7'6 ·670.4034
203 .'46.3635 ·670.4034
208 ., 65. 5505 ·651.8638
2'0 ·204.2195 .633.3749
2'5 -204.2'95 ·65' .B636
2'7 ·278.79'5 ·670.4034
22' ·227.6' '6 .679.6922
223 ·208. '082 -642.6'3'
228 -23'.5243 ·65' .8638
23' -231.5243 ·65' .8638
238 -227.6' '6 ·661.' 273
269 -2'9.7982 ·686.9938
275 ·'31.084' ·688.9938
288 ., 23.4678 1 ·925.7376
295 ., 19.6654 ·935.3786
303 -123.4678 ·9353786
309 ·'31.0841 1 ·945 0328
3'4 -13'.0841 1 ·945.0328

1

TABlE 3



•
-5TRE55METER CALI BRATI ON:

Ta relate stressmeter readlng ta avalue for roCk stress, followlng

equatlon was used.

( (422400)2 * (!-(To/T) 2)

0-;:=---------
9.4 - 0.5 *10-6.. Er

where:

Or • stress change

TO= InItIai meter readlng

T =later meter readlng

Er = Young's modulus of the rock c assumed , 11.5*106

whiCh glves avalue of change ln the unlaxlal stress in ablack of rock.
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631 SIOPE BLASIING

SLOT BLASIS

38-1 SLOT FINAL-MAY 20- DAY 140

38-2 SLOTFINAL- JUNE 16- DAY 166

•

VIC BLASIS;.

VIC STARTED - APRIL 23 -DAY 113

VIC ffNISHED - APRIL 27 - DAY 117

RING BLASTS'

38-1 RING 1 TOES -MAY 14.DAY 134

38-1 RING 1FINAL- MAY22.DAY 142

38-1 RINGS fiNAL - JVNE 5. DAY i 56

38-2 RINGS SOVTH OF SLOT ,1.2 & 3 - JUNE i g, DA; : 70

38-2 fiNAL. JULY 2, DAY 183



•

•

Ë.Ion~omt~t()f G· ~ J

OAYS , TOTAL OISPLACEMENT , TOTAL O'SPLACEMENT
: CH.a2 mm CH.a:l mm

28 0 0

)5 1 o )5 , o \ 2

'2
, o 52 o 19

'7 o 65 , o '9
'9

, o 7 o 2'
S. o 75 o 2'
56 0.8 022
63 08' ON
68 o 85 o 26
70 0.87 1 0.27

75 0.87 o 27

8' 0.88 o 28
89 1 0.88 o 28
9 , 088 1 o 28
96 o 87 1 o 28

'0' 1 0.87 1 o 28
, 1 ~ 1 0,. 0.48

117 1 o , 2 0'9

"8 0.\ o '9

" 9
o , 1 0.5

119 0 1 o 51
, 20 1 ·0 02 o '9
126 ·0 52 047
132 ·0.5 0.63
139 ·0.B3 0.84

"6 O. '9 , .37

'52 0.25 1.52

153 0.25 , .62
\ 54 0.25 1.62
159 0.24 1.8
, 8' 0.28 , .8

'88 0.23 2.08
\88 0.23 2.22
173 OS 2.88
'75 .04 289
'110 0.03 2.89
1112 0.0' 2.87
'117 ·0.'7 2.93
1119 ·0.2' 2.93
'98 ·0.25 2.9

0' ·0.26 303
203 ·0.26 3.01

2011 ·0.27 311
2'0 ·0.27 309
2'5 -0 26 3.11

2'7 -02 3 2
22' i ·0.21 1 3.12
223 -0 21 1 32
228 -0 2' 3 ,.

23' -0.21 J.1.
::!J8 -02' 3.15
269 ·0 22 3 '6
2':"5 ·0.2\ 3.16
288 -0.2' 3.16
295 1 ·0.2 3.18
)0) -0.07 3.26
)09 1 -0 07 326
3,. 1 ·0.07 3.26
321 1 ·0.09 3.25
33' 1 ·0 07 327
341 1 -007 3.33
349 ·0 07 3.38
)56 ·0 07 3.39

TABLE'



•

•

OAYS 1 TOTAL OISPLACEMENT TOTAL OISPLACEMENT TOTAL OISPLACEMEI,:_

CH.• ' mm CH.• 2 mm CH.• J mm
28 1 0 a a
35 . . a 08 . .a 09 ·0 09
42 1 a 01 a 03 1 001

'7 1 o 01 : o 02 0
49 1 00' 1 a 02 0
54 o 01 1 o 02 1 0
56 1 001 o 03 0
63 1 0 0.01 0.02
68 1 -0 01 002 0,02
70 1 ·0.03 1 0 002
75 1 ·0 03 1 ·0 02 002
8' 1 ·0 03 1 00' 1 00'
89 1 ·0 03 1 a 0' a 0'
9 , ·0 03 1 001 o 0'
96 1 -0.08 001 1 a 0'
,o. 1 -0 , 6 a 0' 1 00'
112 1 -0 16 o , 8 1 a 05
117 -0 , 6 a 18 1 005
118 -0 03 1 o , i 1 a 05
119 -0 03 a 19 1 a 04
119 , 23 1 o 21 o 05
, 20 1.27 a 92 a O'.,
126 0.76 095 o :?9

'32 3.46 1.05 a 53
139 3.34 •. 3. , 8'
146 3.35 6.'7 2 87
, 52 3.34 6.29 284
153 3.27 656 2 8'
154 3.26 11 16 2 27
, 59 3.28 11.55 2 23
161 3.36 , S. 24 , 96

'66 3.33 19 .• 7 1 1.

'68 3.35 21 , , , 3

173 334 21.1 J 1 13
'75 3.33 21 .9 , , 3

180 3.33 2161 1 12
'82 3.3' 26.07 1 05
'87 3.3' 26.62 , 06
189 3.33 2707 1 03
, 96 3.33 276' 1 o.
20' 3.33 2762 1 04
203 3.32 27 8 , 05
208 3.31 27 93 1 05
2'0 3.3 27.87 1 04
2'5 3.211 283' 1 04
217 3.28 28 63 , O'
22' 3.32 2B 7B 1 O.
223 3.28 29 03 1 1 06
"8 3 8 29 , 3 1 1 O.
23' 3.25 29 7 1 1 O'
238 3.211 290. 1 1 o.
2811 3.'" 3072 , 02
275 3.28 3094 1 , 02
288 3.211 32 16 1 , 0'
295 3.08 JJ 47 1 a 94
303 3.08 3' 9B 1 o 14
309 2.87 :3' 97 , ·0 09
314 '.113 32 01 1 a 2'
321 2.93 :32 01 1 o 23
334 288 3201 1 a 21
H' 2.88 32 01 : o 21
H9 288 32 01 o 2
356 1 320: ! o ,

TABLE 5
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APPENDIX B

1: BLAST MONITORING BI TO B8



• •PEAK PARTICLE VElOCITY CALCULATION, METIIOD 1/ 1

Bill' Dlllv Tlml V4 V5 VB PPV Vt V2 V3 PPV
mv mv mv I.p.• mv mv mv i.p.s BLAST A

A 1 41 50 87 48 3.9 27 22 16 1.3 Channels 4·6 in rock was
38·1 2 55 58 33 35 2.8 21 21 19 1.2 51 m'rom blasl

3 89 63 103 75 5 41 27 15 1.8
4 105 42 25 33 2.1 21 25 12 1.2 Channels 1·3 ln backlill was
5 136 38 78 41 3.4 31 18 15 1.4 53.2 m tram blasl
6 169 20 38 16 1.6 12 20 12 0.9

--- 7 T~':'!l~ml~~!~ .!:~':'!~. Q.=!!
8 230 67 87 70 4.6 32 32 16 1.7
9 283 37 48 42 2.6 15 23 12 1.1
10 345 51 76 66 4 43 32 19 2
11 411 24 29 21 1.5 14 17 8 0.8 BLAST B:----
12 510 59 113 64 5 34 21 15 1.5 Channel 4·6 in rock
13 588 18 44 9 1.7 10 1 1 11 0.6 Channel 1·3 ln fill and 40 m
14 Irom blasl.
15 771 57 79 29 3.8 17 26 13 1.2
18 821 45 75 3.2 17 29 12 1.3 Absor~!l coet.: 0.~9_ ..
17

18 994 19 41 10 1.6 10 16 10 0.7 BLAST C:
19 1051 35 82 48 3.6 15 18 10 0.9 Channel 4·6 in rock 62.5 m
20 1176 23 43 10 1.7 9 20 9 0.8 Irom blasl- --
21 1278 51 156 44 6 17 10 10 0.8 Channel 1·3 in rock bul

~nal_l!assing Ihrough ..!!ack
B 1 28 67 29 53 3.2 24 26 32 1.7 61.3 m lrom blasl

~!I.1 3 79 49 31 34 2.4 23 30 31 17 Ampillude rnducllon= 11~.

C 1 37 123 82 48 27 101 54 76 24 'PPV IS in inches/sec.
38·2

TABLE 6

•



•

e

•

PEAK PARTICLE VELOClTYfCULATION. METHOO # 2

BLAST DELAY TlME ch' 4 ch '5 ch'6 PPV, ROCK
38·1 NO. mv mv mv mv los

1 41 30 92 28 3.5
2 55 52 30 32 2.4
3 89 70 115 64 5.2
4 105 30 25 30 1.7
5 136 40 102 62 4.4
6 169 20 20 1 5 1.1
7 ............... .. ..... - . - - ... . . - - - .. - .. _- .. _- ...
8 230 82 1 18 45 5.3-
9 283 55 30 28 2.4
10 345 52 60 70 3.7
1 1 411 25 30 20 1.5
12 510 108 150 68 6.9
13 588 18 48 9 1.8
14 ..... -... .. ........ . .......... .. ........ - .. .. .. - ..................
15 771 52 102 25 4.1
1 6 821 63 70 22 3.4
17 .. .. .. .. .. .. .. .. .. .. .. .. .. .. - .............. .. ............ .. ....................
18 994 25 82 41 3.3
19 1051 44 82 40 3.5
20 1176 22 40 12 1.65
21 1278 40 138 40 5.2

P.P.V =3.4
B· BLAST
38- 1 1 58 58 31 40 2.7

3 50 50 3 1 28 2.3
1-- P.P.V::~~__

C-BLAST -- ---- --
38·2 1 PEAK TO PEAK 120 110 43 --~~~---

37 121 100 40 2.82
--~---

------ _J'Y.V= 2.9

TABLE 7

•



• •PEAK PARTICLE VElOCITY CAlCULATION. METHOD #2

ch '1 ch , 2 chU PPV PPV RATIO % STRESS RATIO
mv mv mv FILL. Ipl FILL/ROCK FllllROCK %
22 20 8 1.05 30.00 15.00
20 31 15 1.4 58.33 29.17
32 27 18 1.6 30.77 15.38
1 1 18 18 0.84 49.41 24,11
22 24 1 1 1.2 27.27 13.64
10 12 10 0.65 59.09 29.55

.. .. .. .. .. . .. .. .. .. .. . .. ......... ..................... .. ..................... .... -.. - ....
18 22 8 1 18.87 9.43
33 20 9 1.4 58.33 29.17
32 21 13 1.41 38.11 19.05
1 1 13 10 0.69 46.00 23.00
33 20 1 1 1.4 20.29 10.14
8 11 8 0.55 30.56 15.28

............ .. ............ .. .......... .. ..................... .. ...................... .. .. .. .. .. .. .. .. .. .. .. ..
1 1 30 15 1.24 30.24 15.12
1 1 30 1 1 1.18 34.71 17.35

.. .. .. .. .. .. .. .. .. .. .. . .. ......... .................... - .. ...................... .......................
10 13 10 0.67 20.30 10.15
10 18 10 0.8 22.86 11.43
8 1 1 8 0.55 33.33 16.67

_U_ 10 8 0.59 11.35 5.67
P.P.V= 1 Ipl 34% 1 7 %

20 21 18 1.2 44.44 22.22
21 21 30 1.48 64.35 32.17

p.p.Va 1.34 los 54% 27%

90 61 77 2.31 79.11 39.55
32.5 27 30 0.9 31.91 15.96

p.p.Va 1.6 Ips

TABLE 8

•



8LAST A. METHOD #2

channels 4·6 are in rock 51 m tram blast
channels 1·3 are in till

53.2 m tram blast

?P.V IN ROCK =3.4 ios
P.P.V IN FILL =1.01 ios • 34 % OF ROCK
FILL STRESS= 17.2 % OF ROCK STRESS

BLAST 8. METHOD #2

channels 4·6 are in rock
channels 1·3 are in till

P.P.V IN ROCK = 2.49 les
P.P.V IN FILL= 1.34 ios. 54% of rock

- 46 % absoretlon or reflectlon

BLAST C. METHOOS 1 & 2

channels 4·6 ln rock
62.5 m from blast

channels 1·3 ln rock but slanals
08SS throuah flll

P.P.V IN ROCK =PEAK= 2.9 los
P.P.V IN FILL : PEAK: 1.34 les

P.P.V OF FILL: 46% OF P.P.V OF ROCK
54% REDUCTION

BUT
P.P.V IN ROCK AT DELAY T1ME: 2.82 les
P.P.V IN FILL AT DELAY TIME : 0.9 ios
P.P.V IN FILL : 32 % OF P.P.V IN ROCK

= 68 % reductlon

ROCK DENSITY '" 2.9 T/m3 FILL DENSITY '" '.9
• P-WAVE VEL. 0"" ROCK =6 km/s for fill ass...~ed 4.5 km/s

SUMMARY OF TABLES 6. 7 8



• •BLASTING ENERGY CAlCULATION

BLAST DELAY TIME CH 14 CHIS CHU AREA FOR E ROCK
A 00 ms mv mv mv fOl( Mpa/s

38· 1 1 41 8 7 4 1 1 1845.25
2 55 4 5 4 8 1342
3 89 10 15 9 20 3355

----- 4 105 1 1 2 2 335.5
- --- 5 136 4 6 2.2 10 1677.5

6 169 1 3 1.3 3 503.25
--_._-~-

7 0
8 230 10 8 7 15 2516.25
9 283 3 5.6 2.7 7 1174.25
10 345 8 9 3.5 19 3187.25
1 1 411 1 2 1 2 335.5

-- 1 2 510 12 20 10 25 4193.75
13 588 1 2.6 0.8 3 503.25
14
15 771 6 7.5 4.5 1 1 1845.25
16 821 4 6.3 2 8 1342
17 0
18 994 1 2.2 0.6 2.5 419.375
19 1051 3 7.5 2.7 8.5 1425.875
20 1176 2 2.4 1.3 3 503.25-------
21 1278 4 16.5 3.8 1 7 2851. 75

B BLAST @ 38·1 1 28 14 4 10 18 3019.5
3 79 7 6 6 1 1 1845.25 -- ---

-

C BLAST @ 38·2 1 37 28 27 15 21 3522.75

-

TABLE 9

•



e •BlASIIIIG Er.EAGY CAlCLUllION
e

•

_OE"-!y'_ niolE CH.l CH.2 CHU AREA E FILL E FILUE ROCK
Moall

-- -~_._-

tD m. mv mv mv Fill %

1 4 1 2 2.5 0 3.2 273.408 14.82
2 55 1.5 2.8 2.2 3.9 333.216 24.83

8.2
.-

3 89 7.5 3.1 1.2 700.608 20.88
4 105 1.5 1 1.2 2.1 179.424 53.48
5 136 4.7 3.7 1.2 6.1 521.184 31.07 rock don.lIY. 2.85 11m3

/--- 6 169 0.8 1.4 0.8 1.8 153.792 30.56 "II don.lly. 1.9 Vm3 -
7 0
8 230 4.6 5.1 2.2 7.2 615.168 24.45 n·wavo al rock. 6 km/s
9 283 1.7 2.5 0.8 3.1 264.864 22.56 p·wavo ln lill • 4.5 kmrs -
1 0 345 6 5.4 2.1 8.4 717.696 22.52
1 1 411 1.4 1.4 0.8 2.1 179.424 53.48
1 2 510 4.5 7 1.8 8.5 726.24 17.32

0.7 2.8
_.

13 588 2.5 1 239.232 47.54
14 0 0.00 --
1 5 771 2 3.7 1.6 4.5 384.48 20.84
16 821 2.1 3.5 0.8 4.2 358.848 26.74
17 0 ENERGY • AREA 'OEN51TY' P-WAVE VEL
1 8 994 1 1.9 0.9 1.9 162.336 38.71
1 9 1051 1.3 1.9 0.8 2.4 205.056 14.38
20 1176 0.7 1.8 0.6 2.7 230.688 45.84
21 1278 1.1 0.8 1.3 1.9 162.336 5.69 ----

27% IllASTA
1 28 4 4 7 9 7.68.96 2~.. 50 AREA FIll.56% OF AREA ROCK
3 79 6 6 9 12 1025.28 5!;.SO ENERGY OF FILL = 27'~ OF ROCK

BlA5TB
AREA Fill • 80% OF AREA ROCK

1 37 80 26 32 45 3844.8 110.00 ENERGY OF FllL= 41% OF ROCK

IllASTC
AREA Fill. 214 % OF AREA ROCK
ENERGYOFFlll.l10%OFi;OCK

TAnlE 10



\

• •PEAK Ta PEAK PAND SWAVE MEASUREMENTS

____ BLA5T__ DELAY TIME P·wave P-wava P-wave P-wave_ J'-wave ___ J!.:_~!!.Y ~ _
A 1'0 ms ch 114 ch 115 chll6 ch III chll2 chll3

___ ;1!!-1 rock mv rock mv rock mv liII, mv iiI! mv 1i!L!!!Y_
1 4 1 67 170 47 40 33 --~~--. -- ._- -
2 55 50 110 30 40 __3L_

--~!!_-
--;!- 89 78 204 52 __ 65 ___ _ ~_5_ __-.l!L-- --_.-.----

4 105 20 88 32 42 38 _~L-5 136 62 152 32 55 40 20--- ---
6 169 23 76 20 28 20 ___.R.9__
7 .. .. .. .. .. .. ................ .. .............. .. ............ ................ .. ............ .. ...... - - ....- --
8 230 68 173 70 62 --~~-- __;1 Q
9 283 30 92 22 30 28 -~Q----

1 0 345 75 150 59 82 50 --;!!!_-
1 1 411 13 42 22 22 20 10 ---
1 2 5!0 80 222 47 34 - 30 25-----
13 588 28 88 22 15 20 20 ---
14 .. .. .. .. .. .. .. .. .. .............. .............. .. ............ - ....................................
15 771 1 56 158 35 32 1 50

I_~t~16 821 1 50 150 40 40 27
1 7 .. .. .. .. .. .. .. .. .. .. ................ .. .............. .. ..................................................
18 994 24 80 22 18 1 8 20

- -
19 1051 50 162 30 28 35 __Ê !!____
20 1176 30 88 27 10 5 1 0
21 1278 85 285 80 10 20 5

B BLAST @ 38-1 ----- -
1 28 110 52 90 _ _...R.L__ 45 --§Q.
3 79 75 35 4_0 _ -~- 60 _!1Q___-----

- ----~

----- --- ---_.-.- --._- -----
----- ------- ---- -----

C BLAST @ 38-2 --- '----- - -- ----~--

1 37 242 200 -~g---- -- ~!!. 57 60
~'------ ---_._-- - -----

f------ - - --

TABLE 11

•



•

e e
PEAK 10 PEAK PAND S-WAVE M:ASl!AEt.t:NTS

g.n -~ S S S S S P.WAVE P·WAVE P-WAVE S.A,!~ _S.AYL. _.. ~·W~'!.!L
1.0 ch '4 ch'5 ch '6 ch'l ch .2 ch'3 RX1< Fill FllLJAOCK RX1< Fill FIllJHOCK

-- /ock_ /ock /ock fi Il fi Il flll mv mv % mv mv %
~L . 79 52 98 40 43 30 188.67 57.56735 30 51 1;!~!~ _.§5.9L _~!LH_

.l.... 68 60 66 40 42 40 124.50 63.78087 51.23 ...L12 1§. .. 704.~ _6?l!?_
-=!- .130 102 152 70 32 22 224.51 89.63258 3992 1 24 5? 8005 __.=!.HL.

---~=--4 _1L ~~ 63 20 4 1 1 5 95.75 61.91123 64.66 92.098 ~.02__ ~~?,!4.___
5 75 70 80 60 30 20 167.25 70.88723 42.38 .1 30. !.. __.70,~ .~&L_
6 40 42 33 22 35 20 81.88 39.7995 48.60 66.731 --.i~J!_2_ __688?..
7 ................................................... .. ........ .. .. .. .. .. .. .. .. .. .. .. .. .. .. - ................. .. ........ .. ............ .. ..............

133 67 140 38 55 30 198.60 86.3018 -8 45.00 204.4 73.27 35.85
9 72 52 8 1 30 40 20 99.24 45.65085 46.00 120.2 53.85 4480

96 60 130 40 60 10 177.78 103.286 58.10 172.38
--

1 0 72.80 42.23
1 1 42 48 41 1 2 32 20 49.16 31.36877 63.81 75.822 39.60 52.22
1 2 120 110 137 60 40 20 240.61 51. 77837 21.52 212.77 74.83 35.17
13 33 22 22 20 20 20 94.93 32.01562 33.72 45.354 34.64 76.38
14 .. .. .. .. .. .. .. .. .. ........ .......... .. ........ .. ........ .. .......... .. .......... .. .............. .. ........ .. .............. .. ................
15 65 68 90 32 50 25 171.25 64.41273 37.61 130.19 64.41 49.48
16 93 60 50 30 55 20 183.10 52.23983 32.03 121.45 65.76 54.15
1 7
18 32 32 20 22 30 20 86.37 32.37283 37.48 49.4 77 42.24 85.37
19 73 ;5 90 28 30 12 172.17 49.08156 28.51 138.04 42.76 30.97
20 45 40 23 20 40 15 96.81 1 5 15.49 64.452 47.17 73.19
21 10il 93 88 30 20 20 307.98 22.91288 7.44 162.46 41.23 25.38

................ .. ..............
TOT= 704 ---- TO!"n!.
AVE= 39''<' AVE= 51%

1 100 55 68 50 33 30 151.34 79.05694 ~?,H_ 1 32 .8fi 67.00 50.43
3 47 50 50 47 57 pO 91.92 ~!L- _97.9_1_ H·906 _79,Z1...- ~=!J!.L.

AVE= 75% AVE: 72%. - ---

-- --- --- - 1"----- -.. - ----.---- --------
-_._-- --- .--"

--- -
1 100 80 91 170 1 !.!!....-1.50 324.48 107.1121 _nQ_'_ ~!,L ....?fi.!,!!L _'60.40_.

j- --- --- ---1----- -_.- ------- ---- - ---- - ----_.

TAIll El:'

•
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'*" TROW
DILATOMETER/PRESSUREMETER TESTS

•
SURfaCE UEVATION : TUT EU'/ATION:
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• • •'*' TROW
DILATOMETER/PRESSUREMETER TESTS

SURfACE [LEYATlQN TUT ELEVATION:
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