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Y- IRILFXF—EROEEE (1)

— World Mining Data &b — w100

S9IN—7 1984 1985 1986 1087 1988 1989 1990 1991 1992 1993 1994
#%-BeseR 463.9 515.2 523.1 537.4 552.9 569.1 559.2 564.1 528.6 513.7 541.6
ik m 1265 117.1 126.6 134.3 137.7 146.1 147.6 151.4 145.5 147.9 147.9
RER 0.014 0.015 0.015 0.016 0.017 0.018 0.018 0.018 0.017 0.017 0.016
TR 472.7 498.4 494.8 513.2 528.1 529.1 528.1 509.1 505.0 4785 494.8
SEMR R 1,063.1| 1,1306| 1,1445( 1,1849| 1,2188( 12443| 1,2349| 1,2245| 1179.1| 1,1402| 1,1843
AMt || 42191 44022| 45254| 46343 47136 4,8580| 4799.7| 46462 4561.8| 4,4205| 45222
A 28381 27642| 28529| 28754 29815( 3057.3| 3011.3| 30018 3,1064| 3181.4| 31620
KMHR | 13803 14132| 14418| 14976 15742 16288| 16482 16827 1,643.1| 1,7034| 1,794.1
95y 0.061 0.062 0.065 0.055 0.054 0.062 0.055 0.047 0.041 0.039 0.033
IHRNX—REH 8469.5| 86116 88513| 9,037.8| 9297.8| 95726| 94856| 9446.1| 93358 93312| 9,500.3
S8 - TR E—RFR 9532.7| 9,7422| 99958| 102228| 10516.6| 10,8169 | 10,7205| 10,670.7| 10514.8| 10,471.4| 10,684.6
w0 —7 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
#®-Basem 575.2 569.8 587.3 580.9 584.0 630.0 609.1 649.8 670.2 743.9
EL 54 146.9 149.8 167.7 1726 174.7 183.9 184.4 187.8 188.8 196.2
RER 0.017 0.018 0.018 0.019 0.018 0.021 0.022 0.022 0.022 0.022
TEAREEH 500.9 516.3 528.4 516.0 535.8 5417 534.5 542.2 546.6 565.9
SER R 1,2229| 12359 12835 1,2695| 1,2946| 123556 1,3280| 1,379.8| 14057 1,506.0
ABt | 46653 47214| 47443| 46305 45473 45749 47683 48892 5189.8| 5620.1
A | 32501 33303| 34835| 35230 34170| 3607.2| 35332| 35255( 3,647.8| 37621
KMHR | 18816 1,8233| 18478| 18719 20750| 1,946.7| 19566 20266| 20505| 2079.9
o5y 0.034 0.039 0.037 0.038 0.037 0.039 0.044 0.045 0.042 0.044
IRLX—RFRT 9,822.2| 9,891.6| 10,092.4| 10,040.2| 10,053.5| 10,142.9| 10,272.1| 10,453.9| 10,902.4 | 11,475.1
SE- THRLF—RBM 11,0451 | 11,127.5| 11,3758 11,309.7| 11,348.1| 11,4985| 11,600.1| 11,833.7| 12,308.1| 12,981.1
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- TRILF—ERDEERE (3)

— USGS + BP + FAO —

R (10° 1)

[ 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 |
®-BAeeR 972.7 9413 968.7| 10072 10482| 10375 10877| 10682 1037.1| 10886( 10585 11007 12112 13625
FEEM 1316 125.6 130.0 1262 1329 139.4 145.1 146.7 153.9 162.3 163.9 170.2 182.7 187.6
Rem 0.018 0.017 0.017 0.017 0.017 0.018 0.019 0.020 0.021 0.021 0.022 0.021 0.021 0.023
TRARKES 663.9 624.3 597.9 623.0 648.8 662.8 702.3 681.5 693.3 680.9 677.7 684.4 702.0 727.3
SR 17683| 1691.3| 16967 17564 1,8300| 1,839.8| 19352 18964 18843| 1,931.9| 1900.1| 1,9643| 20959 22773
AR 4,538.8 4,500.2 4,382.5 4,470.5 4,692.5 4,667.7 4,702.1 4,555.7 4,544.5 4,606.6 4,819.2 4,852.3 5,187.6 5,585.3
&# | 32513| 32766| 3289.3| 33427| 33026 34826| 35981| 36666 36074 3736.6| 373L6[ 3709.9| 3837.4( 3,996.1
RBHZ | 16190 16296 16585| 1,6749| 17077 17823| 1,7852( 18236| 1,8750| 1940.1| 1,9857| 20197 20914| 21625
95> 0.039 0.034 0.031 0.033 0.033 0.035 0.036 0.034 0.031 0.035 0.036 0.036 0.035 0.040
TRLF—REM 9,409.1| 94064 93303| 94881( 96929| 9,9326| 100854 | 10,046.0| 10,0269 10,283.4| 10,536.6( 10581.9| 11,116.4| 11,743.9
8- TR X —R M 11,177.4| 11,097.7| 11,027.0| 11,2445( 11,5229| 11,772.4| 12,0205 11,942.4| 11,911.3| 12,2153 12,436.7| 12,546.2| 13,2124 14,021.2
EERE(10°5)

[ 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 |
*-BALEM | 49766 | 44465( 37,841 39145 51542 49865| 52912 51,027 44343| 50615 43950 47,828 63364 94938
Jec@Mm | 40081| 40833 | 34365| 39300| 49195| 46030 48625| 39778| 40937| 47472| 41174 39221| 44318 66679
ReM | 31288 30110| 30759 | 32645 32467| 33864 31675| 30397 29947 32802| 33217 32221| 38600 42925
TRARKES 40,377 36,520 34,196 38,094 40,449 41,798 43,582 44,440 45,743 45,416 43,568 46,102 53,300 53,954
SRR 161,511 | 151,927 [ 137,060 | 149,275 173653 | 171,557 | 176,794 | 165643 | 160,971 | 176305 | 161,910 | 165372 199,582 | 258,497
BB | 131673 | 128410 130835| 141,788 | 124,028 | 139,389 | 139,934 | 141,242 | 142,216 | 137,758 | 239,704 | 150,880 | 199,606 | 359,303

k=t ] 476,808 | 464,124 | 409,278 | 387,623 | 423248 | 527,709 | 503,645| 341,810 475263 780,623 668,732 | 680,598 811,106 | 1,121,055

ERHR 107,520 | 129,011 | 157,211 143215| 128,658 | 218,887 | 201,183 | 169,569 | 189,887 | 366,535 | 360,064 | 300,901 | 524,456 | 565,080

o5 886 709 688 794 974 1,414 1,109 893 822 736 845 934 1,063 1,954

IXRLF—RRH 716,888 | 722,255 | 698,011 | 673,421 | 676,907 | 887,398 | 845870 | 653514 808,188 |1,285,652 (1,269,345 | 1,142,313 | 1,536,231 | 2,047,392
S TRALX—R MM 878,399 | 874,182 | 835172 | 822,696 | 850,560 | 1,058,955 | 1,022,664 | 819,156 [ 969,159 | 1,461,957 | 1,431,255 | 1,307,685 | 1,735,813 | 2,305,889

BR{MH | 800,341 1,049,725 910,622 | 885,305 | 1,011,000 [ 1,110,604 | 1,100,261 | 1,110,726 | 1,029,009 | 994,510 | 1,089,190 | 1,389,517 | 1,606,264 | 1,920,740

EEEHH 544,103 | 1,596,708 | 1,706,441 | 527,303 | 584,110 | 607,139 | 593,394 | 569,576 [ 530,179 | 546,849 [ 559,995| 562,677 | 646,485

745,256
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BIRBAFEBT (3)

o {E BB fiTERRE (1)
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< BREGERR
Mining Method Selection

« FAF-EEFE

Planning/Scheduling =----- #&
FEF M- DHIBHMFE

+ HHiL-88k-EAL

Mechanization/Automation

« B{E/MNEEIL Communication/IT

« IRIE{RL Environmental
Preservation

& mmmmmnm

[te}

Ore Ore Ore Ore
Mine Country Type (1039_ Grade Mine Country Type e’y Grade
1| Morenci USA SF |Leach| 204,083 0.22% Cu 1| Yanacocha Peru SF |Leach| 121,123| 0.86Au g/t
2| Radomiro Tomic Chile SF | Leach| 103,010 0.43% Cu 2| Round Mountain USA SF Mix 67,084 | 0.52Au g/t
3| Escondida Chile SF Mix 98,021 1.49% Cu 3| Cortez & Pipeline USA SF Mix 38,165 | 1.15Au g/t
4| Chuguicamata Chile SF Mix 82,031 0.99% Cu 4| Newmont Nevada USA S/U Mix 29,431 | 2.85Au g/t
5| Cananea Mexico SF Mix 78,916 0.38% Cu 5| Cripple Creek USA SF [Leach 18,217 | 0.78 Au g/t
6 | Freeport Indonesia |Indonesia S/IU Mill 67,750 0.87% Cu 6| Paracatu Brazil SF Mill 17,342 | 0.44 Au g/t
7 ERCIENC Chile UG Mix 66,946 0.75% Cu 7| Tarkwa Ghana SF Mix 16,837 | 1.32Auglt
8| El Abra Chile SF | Leach 64,800 0.50% Cu 8| Pierina Peru SF_|Leach 15,180] 116 Aug/t
9| Highland Valley Canada SF Mill 50,623 0.38% Cu 1| Carajas Brazil SF Mill 76,340 66.0% Fe
10| La Caridad Mexico SF Mix 49,938 0.40% Cu 2| Minntac USA SF Mill 45,763 23.0% Fe
11 | Batu Hijau Indonesia SF Mill 49,212 0.75% Cu 3| Yandi Australia SF Mill 40,565 58.3% Fe
12| Los Pelambres Chile SF Mill 46,066 0.88% Cu 4| Mt Wright Canada SF Mill 38,996 27.1% Fe
13| Bingham Canyon USA SF Mill 45,712 0.63% Cu 5| Mt Newman Australia SF Mill 38,068 62.0% Fe
14| Toquepala Peru SF Mix 44,638 0.68% Cu 6| Caue Complex Brazil SF Mill 35,640 55.0% Fe
15| Los Bronces Chile SF Mix 41,567 0.73% Cu 7| Sishen South Africa SF Mill 32,799 62.0% Fe
16 | Collahuasi Chile SF Mix 41,454 1.47% Cu 8| Conceicao Brazil SF Mill 31,752 57.5% Fe
17 | Ray USA SF Mix 40,103 0.27% Cu 9| Robe River Australia SF Mill 31,239 57.0% Fe
18 | Alumbrera Argentina SF Mill 35,354 0.56% Cu 10| Hibbing Taconite USA SF Mill 30,301 19.0% Fe
19 | Dexing China SF Mill 35,000 0.43% Cu 11| Algeria Brazil SF Mill 30,219 46.0% Fe
20| Lomas Bayas Chile SF | Leach 33,600 0.26% Cu 12| Yandicoogina Australia SF Mill 27,392 58.5% Fe
21 Sl Poland UG Mill 30,307 1.97% Cu 13| Kudremukh India SF Mill 26,622 37.0% Fe
22| Cuajone Peru SF Mill 29,380 0.79% Cu 14| Carol Lake Canada SF Mill 26,622 38.0% Fe
23| Ok Tedi PNG SF Mill 26,221 0.77% Cu 15| Tamandua Brazil SF Mill 23,630 65.0% Fe
24 Chino USA SF Mix 25,708 0.30% Cu 16 SICHEY Sweden UG Mill 22,600 52, Fe
25 | Erdenet Mongolia SF Mill 25,280 0.61% Cu 17| Tilden USA SF Mill 22,455 32.0% Fe
26 | Dzhezkazgan Kazakhstan SiU Mill 25,093 1.05% Cu 18| West Angelas Australia SF Mill 22,187 58.0% Fe
27 | Andina Chile SiU Mill 25,072 1.09% Cu 19| San Isidro (Piar) Venezuela SF Mill 21,000 66.8% Fe
28 | Candelaria Chile SF Mill 24,785 0.89% Cu 20| Casade Perda Brazil SF Mill 20,615 62.5% Fe
29 | Bagdad USA SF Mix 24,643 0.41% Cu 21| Fabrica Brazil SF Mill 20,535 58.0% Fe
30 | Zaldivar Chile SF | Leach 23,569 0.86% Cu 22| National Keewatin USA SF Mill 20,118 21.0% Fe
31| Cerro Verde | Peru SF | Leach 20,530 0.67% Cu 23| Empire USA SF Mill 19,752 22.0% Fe
32 [ Nchanga Zambia SIU Mix 19,327 1.49% Cu 24 | Mt Tom Price Australia SF Mill 17,718 62.0% Fe
33| Mantos Blancos Chile SF Mix 17,938 0.56% Cu 25| Pico Brazil SF Mill 17,685 60.0% Fe
34| Aitik Sweden SF Mill 17,663 0.41% Cu 26 | Northshore USA SF Mill 15,759 25.5% Fe
35 Sarcheshmeh Iran SF Mill 17,000 0.95% Cu 27 Bailadila India SF Mill 15,755
36 | Cerro Colorado Chile SF | Leach 16,624 0.90% Cu Henderson uG Mill 6,601
37| salvador Chile SIU Mix 16,306 0.65% Cu Finsch South Africa uG Mill 5,773  0.365cts/t
=381 Manto Verde Chile SF__Leach 16,045 0.53% Cu Cullinan (Premier) South Africa UG Mill 4,458  0.293 cts/t

Bt/ BRsEES (200841 A25H) SF: BRI, S/U: BRI +HMHE, UG M, Mill: BEELE, Leach:—F T UE 1
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SZX#EH S Block Caving ~ (2)

o

oS

DN | I I I I I I | | |

— L@ Mines having made transition from OP to UG 777770huquicamataﬁ

8 [~ B Mines having made transition after 2000 or } } 1

O [ considering to make transition from OP to UG l l I
-~ Bingham Canyon
e | | i‘i
- o ! ‘ Grasb
£ S ParabolaFif rlas g
=
&
Qg /
2 /
o /
€ o =
S5 O
£- T
x
T o 0 o o '7’
S < m — 7

o = =
o
1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
“Block Caving Geomechanics (Brown, 2007)” &Y
TS AR R S (200841 §25H) 11

The International Caving Study

ICS I—1997~2000 B Aftor 199
® De Beers Consolidated Mines 450~500m B 1970~1990
TVX Gold O Before 1970
Northparkes Mines 400~450 m
Newcrest Mining

PT Freeport Indonesia 350~400 m
CODELCO Chile

Rio Tinto Limited Technical Services 300~350 m
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Norlanda

ITSCA (Research Partner)
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200~250 m

ICSI— 2001~2004
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Block Caving (1)

o JOvyir—ELTERE—RIER KR, 7A)HEESOMH
BERFEER (Porphyry Copper Deposits) DiR{EIZEREH, B
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ERDE)T T - Fkslh- =7 L -B#EGEL, 7 I2UHDFAA
YEVRSWAEIZAVWLNEELSIZET=,

o JOvyir—E T RIEMNENED P THREIRMIRER LY
RiETHY, L, KREEELRFTESD,

o BALIIERE - IRIREREEICHBNZEORE LRV EHFHRZE
295,

o SiAD TEHENZYDILEHHICT A —hyb#1ToT, %
BRICEHEIE S,

o FHELA-IESERTHOMLEDOHEEIRNHSL, BBEDRH%E
NEZITEDY, PHRTHAEDLETEHEEBERETHEEL, i
RETEHEIH

AR (0031A25A) .

Block Caving (2)

o HLATEIZ, FUoA—hYM(TEMN)DI=ODTUFE—hVk-L
~NJL(Undercut Level) EZD TERIICERRZEZIREH T =HDHH
LA JL (Extraction Level, Production Level)Z&%(15,

o HEABETFTUE—hICRIENEE, GhBDEHEENIRES, 7TV
F—=hyb URIVDEEZFSEAEHEBELARILICESHS-HDFO—
~N)L (Drawbel ) ZHH L NIV HESKT 5,

o HERIE, MHELARILEZRBALTHDL, 7UoF—HYb-LRIILDRES
{EIT52EME M oT=(Post—Undercutting) A%, &ElE, 7>
H—HybEEITEE S (Pre—Undercutting) HED ML LN,

® HiEELA DIEASEEFO—/RA >k Drawpoint)&k S, LHDIZ
KHTEALEN, MNEY -IHOERE, BRARETYFLI-H
HLARIILDL A7 7+%1T5 (Herringbone, Teniente Layout %8
Eo

AR (0031A25A) .
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Caving Initiation and Propagation
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Extraction Level Layout
“Block Caving Geomechanics (Brown, 2007)" &Y
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Block Caving (3)

Cavability & Fragmentation @ §F4fi/ % i

o SiRPEANT—E T EICELTLS N E M ECavability
(r—nEVUT)EVWSRETET,

o FELAZVETTELS, RESRANEELGRESICRIOINLIL
(REFRBIEE - Fragmentation) £3R&HHN B,

® Cavability ICIX. W BR-BRROAR-BELNODEH
BhENEVEEEZFH->TWSEEADNSD,

o LHLiEhs, BB DOMRENRETHYBESL, 7o4—hyk
IR SRICREAEETHERTR#ICT 5, T, L
RNILDHFLHLLY,

o REB~DERAFITIE, KFHELKEL 7—TFHSHELL-T
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Conditioning Z (FE#BRIIZ) 175,
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Block Caving (4)
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Laubscher ®MRMR (Mining Rock Mass Rating)
® BieniawskiDE#BE(MIS X7, (RMR:Rock Mass Rating)

E0HE, RQD, 8RR, 8RONKE, HTKDFBEKIREDS
BEFRZHEALT SROBMEBIZHTHMERZ 1005 R T

® Laubscher [& Bieniawski ® RMR Z£(Z, TR HE LD Sk
H-FEANY -ZR BEXECYVNOESEELRFT HERES
X%AE?IEE;L/T:O

o BEit-ZTENDFRE(30~100 %), BHRD AR -{EHR (63~
100 %), ki FIIREE (60~120 %), FEMIZL BI85 (80~100 %)
IZIECH-BERBERMRIZEL T, MRMREEH T3,

® 1977%FI(Z, |FID MRMR EHEMNREIN-MN, TN, BIE
AmZ5hTEY, RMR QOEHED Bieniawski DD EEHST-
:E)G)&UO—CL\éo

Laubscher’'s MRMR (1990)

Class 5 (very poor) 4 (poor) 3 (fair) 2 (good) 1 (very good)
MRMR 0~20 21~40 41~60 61~80 81~100
Block Caving
Undercut SI* 1~8m 8~18m 18~32m 32~50 m >50 m
Cavability Very Good Good Poor Fair Poor Very Poor
Fragmentation Fine Medium Medium coarse Coarse
0.01~0.3m 0.1~2.0m 0.4~5m 1.5~9m 3~20m
Second Blasting 0~20 g/t 20~60 g/t 60~150 g/t 150~250 g/t >250 g/t
Hangups as % of tonnage 0% 15 % 30 % 45 % >60 %
Dia. of draw zone, m 6~7m 8~9m 10~11.5m 12~135m 15m
Drawpoint span
Grizzly 5~7m 7~10m 9~12m
Slusher 5~7m 7~10m 9~12m
LHD 9m 9~13m 11~15m 13~18 m
Brow support Steel and concrete Reinf. concrete Concrete Blast protection
Drift support Lining, rock reinf., repair techniques Lining, reinf. Rock reinf.
Width of point 1.5~2.4m 24~35m 24~4m 4m
Direction of advance Towards low stress Towards high stress
Comments Poor ground, Hgavy Good ground, Fair Good drill hangups Large LHDs, Drill
support, Repairs support hangups
Sublevel Caving
Loss of holes Excessive Fair Negligible Nil Nil
Brow wear Excessive Fair Low Nil Nil
Support Heavy Medium Low Localized Nil
Dilution Very high High Medium Low Very low
Cave SI* 1~8m 5~20m 18~32m 32~50 m >50 m
. . . . . Suitable,
Comments Not practicable Applicable Suitable Suitable Suitable
large HW cave area
Sublevel Open Stoping
Minimum span 1~5m 5~20m 20~30m 30~80m 100 m
Stable area, i.e. SI* N/A 1~8m 8~16m 16~35m >35m
Open-pit Mining
Slope Angle 35° 45° 55° 65° 75°

* SI(Stability Index) =Hydraulic Radius
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Pre—Conditioning and Cave Inducement
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Operational Risks and Hazards
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The Northparkes E26 Lift 1 Air Blast

Ross and As:9th Underground Operators’ Conference (2005) &Y
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