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ABSTRACT
Received: December 8, 2023 Utilization of completed open-pit for mining waste disposal is an alternative method of tailing
Revised: December 15. 2023 storage facility (TSF), which can minimize the area and cost required for the installation of TSF.

However, long-term tailing disposal into open-pit has a potential risk of reducing mechanical
stability of surrounding rock mass by acting as an additional load. In this research, a realistic
open-pit tailing disposal scenario of 60,400 hours was established based on the case of
Marymia gold mine, Australia. Mechanical stability of surface pillar between open-pit and
underground stope was analyzed numerically by using Sigma/W, under different stope
geometry and rock mass conditions. Simulation results showed that long-term tailing disposal
into open-pit can significantly increase the failure probability of surface piller. This result
suggests that mechanical stability of mine geometry should be conducted beforehand of
open-pit tailing disposal.

Accepted: December 27, 2023

Keywords: Open-pit tailing disposal, Surface pillar stability, Tailing storage, Mechanical stability,
Scenario analysis

25

A0 22 E MM TS EO0|(FSRIA7|) AR F4z 2ot Yot 7|2 &0| 2| Ald
(TSF, Tailing storage facility)2] Ax| 57t & 2FH|E 24| sHZ2 {5 et = HA|=ICt 5HA|2F
7|20l 23 Az|E F0|= FH QU0 271421 S22 28510] FAte| Aot ohydE A{siE
40| 2asict 2 E—TLOHHE 2 Marymia &4te] Al|E 2F10510] 260,400 AlZHof 221 0|
H2| L2 28 &5t T, CHYSt Aot 2122 HEf 2 bt Z240|| T2 A8 T Te|o| A5
QHYd2 Sigma/W Al AL EQI0IE 2510 ZAIGIUCE. &4 22, 0| H2(7F Z7(2t 2|50

wep ek ~FEe 9| I 7Hs-g0| R2l0[5HA S7tets &els
o

t
22| A| AR LRO|| CHEE A5t QFEA DT LA AJAF

= i
ALt Sy 2ot= 3= 4 L E0|
- O o l

oIl
é
i
e
2
J

i)
=

ok
=]
Rl
A
1
oE
m‘
ox
ok
=]
N
ﬂ

oABHA OFA A A|L2|Q A

® @ (© The Korean Society for Rock Mechanics and Rock Engineering 2024. This is an Open Access article distributed under the terms of the Creative Commons Attrib-
—— ution Non-Commercial License (http:/creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.



Establishment of Tailing Disposal Scenario in Open-Pit and Surface Pillar Stability Analysis ¢ 55

WL

FEAE] AL 9 71 oM A= dul (= A 7A71) o] A AR o] A s Bl g A Gk HASHE Sl
L2 0 7 J1g|E|ofofsh= g 4ot 7] 33 H(tailing dam)= ZE3F 31| 2 %] A]4d(TSF, tailing storage facility )= -8t
] 4 4] 2. TSP AR S 28] 1) 7 RSl 2 A S 318 L7l 1
wgo] WHo R Qsicks FAlo] EAlRIC) T Bte] tlelsh 0] nhe u] WAlRke] Z712 <18, AT
(AMD, acid mine drainage) &2 FH|H(tailing dam) TR 5o w2 3 24 1laf|o] Aol S7ekal Q= Ao ck
(Tayebi-Khorami et al., 2019, Bussiére and Guittonny, 2021, Yilmaz, 2011).

=27z W g 212 (open-pit tailing disposal) 42 71 TSFE E-8-t g0 2 1210 Tada Hekshr] ffsf, d=At
A A4to] QEAH LAt A=A | A2 FA = ok iAok o Al M O] TSF |7 E 85k ot Al A
A, ggol @7 A g 9 B8 AW ZAE abA o 2 sffdd 4= glom, o|u] FAME L = A s B8] L F=E o]
i QR FE-E Al of golslth= ARo] Qltk(Puhalovich and Coghill, 2011).

e} AR ] A e TSE Al el o, At o 2 Y5 el 2 ez <o) ek Zel se
0] 74 9730] it el 4ol wiA, Aol HA)E ek g TS ot 720] 27FER slEo 2 2t
Shod, AT AP, W7 S| €5 QPAL Askat i o] EARIHMEND, 2015). T3 et o] A7) SIS G849
L TSE WA e, k] v a] 2 ke 7 1ke] ) A ) 74 Alal ol ufeh 22 S} AR o2
H55to] 3Fm) Ul =4 QA0 555 Aol | offiths ©Ro] REEA] 2{E|ojof ot Zhang et al., 2020). E3F 22| 0|7}
ok RO R QIgH g4t T 2| H 9| 25l Wit 7RsAd GA Zﬂ/\] 5k O‘ﬂ'(MEND 2015). ﬂlﬂ SOl A il
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o] AR Alo] S]] QA2 Fa] Bk
A A2 ) ] 2] o] A B ek 2, o wxﬂﬂoﬂﬁ e o] ofol
Al S T B4 ST,

AtoflA] agn] 2 xJof| mhE 2[5} Apde] et oy SRS

Z8AE-E 91t Aok Afpgrdo] EA wl, A g 9] k-2 A w25t Apgzd Atele]] YA|ek= ARt 4 B2 (surface
pillar)ol] S}, HRF g2 9] ooh4] S-S St 4= Qli= A WHH O 2=, Carter and Miller(1995)7}F AAe 214
A 71221 BA YH|H(scaled span method)”} LWF4 0 2 SR8 FIct SR chokRt A22Eo] ot o4 Avp= Az og
S A9t g g e o] A5k QP do] A b del| Hish 2k g7 & H Itk Chen and Mitri(2021)-2 7HUTHe] Kinross 5
sgoll IR it =g g2 o] o S-S FLAC3DE 24513l oH, B2 o= 370 T o] X4 F7191 63.8 m Kot 2}
247.0 m&] FARIAE P P 3S S 7ok ARISHI: S Shandong Guilai 578tV 2 FLAC2DE &85l 4
3 Xu et al.(2019)2] ¢4 T3k BA Yul o2 2AH 17 m B} 2R2 10 m o] 4 8= e] SARA = Hejo] eFgAlo] &
A== AE =ESISICE Hemant et al.(2017)2 ThFet 25 71 v 2|5t g 2704 2] 2] 9 3ge] ook
QF/d-& ANSYS 7[HEe = FAGgl o, ot Q=70 9 He FAPH E 2] o] QFdE(safety factor)oll 7MY F83F JF &
22Q1& ERISHIT: Dintwe et al.(2022)+= THIRF e HANZA] Hilx] e 9 5t g e £ 220004 Fejo] P E RiflE
FLAC3DE 2A51%0m, &7 opde] el 57 2 ol|A = Hix] ezt Berio] bFgAdol froniet ook mx|A] o2 &
Sttt ANE A ARES S o, A9 g E e o] ofobA QP4 Aol A
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H[RH A o 2 ot A2 HhAlS AJo Apgrgo] EAfiohs Aol B85 Slei= SR 7 B e gt dsgolear vt
et

2 Aol A= 22 Rk A Z1HE R[S AL E 0] Sigma/WE E-8510q, e dat iz Alof| Fu|7 | 22 wh= 73
Fof| A AR g e o] Aok QPgAdE FAISIGITE A THoll A B T, Ba] v, A3 AL Rt B8-S 9 1At
2 AAsto] fAJei AU @& St o H, ZF Alue| @ R gnlrt AR 7] ke 7o A2 H A= tro] He ¢F
7 BAS Aottt AR | AA] 2209 AAES el 71 A2 A Fn] A2 ARIE arsto] Bu His 2 A
A& 2205 2761 0 H, ZA] Al7te] et et g defo]| 2R8-6h= 31 ol 208 e daf 22 v 9 ilx] Shzof
2} =SS ERE ool =2t ol A A= =2 S/ T|(EDZ, excavation damaged zone)”}F 8t -5 H 2] o] &Joh4
oPgAof mz|= FF FA] A2 T2 EDZ Zo| XS A-gsto] BAsETt vt A”ﬂﬂﬂi—i 1}y] oJH= generalized

Hoek-Brown 113 7]5(Hoek and Brown, 2019)°]| Wit 24513 0m, mha] f o] F HA 9 45 A4/ dof ufe Zeje] S5t
2 oIS AFA A o2 _,JHO} 1:1r

o

2.1 22| el

2.1.1 394 Q=) 44 71&

Carter and Miller(1995)= 20097 o/d<] Zut S=xgh e HA| Afele]] 7151, IRHEFH F sl Q-A|AH(Q-system,
rock mass quality system)= 2-8¢F 494 L A 7]e] B2 |HIHE ARSI slid A 71 218 ol 29t g2
2= AR HAof| ihE 518 7 Fs et i S e 24 QFAE 7|50l Wt Table 13 20] A-G 5502 w75t o] off e
B2 HH|(scaled span) Cq=©FH 41 (1)1} Zol % PJEJU%, 7t 558 E o] |t B4 HH](maximum scaled span)+=Table 12}
0] i) Qglel wet Zick

>~I

CS=S{ T[(1+SH)(17—0.4cost9)] } )
7|4 s W U], = o], 7 W] ), 5,2 Weo) e ket Zolof digt W) u]o] Hlg, o 2|5} A AAS
olmleict.
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Table 1. Surface pillar design guidelines based on the level of acceptable failure probability or minimum factor of safety (Carter,

2014)
Probability ~ Min. M Design guidelines for pillar acceptability/serviceable life of surface pillar
Class of failure factor of aX1Cmum ESR E v Publi Regulatory position Operating
(%) safety 8 xpectancy cars ublic access on closure surveillance required
A 50-100 <1 1131Q%* >5 Effectively zero <0.5 Forbidden Totally unacceptable Ineffective
Very, very short-term Continuous
B 20-50 1.0 3.58Q"4 3 (temporary mining 1.0 Forcibly prevented Not acceptable sophisticated
purpose only) monitoring
Very short-term . Continuous
. . High level of . .
C 10-20 1.2 274Q"** 1.6 (quasi-temporarystope  2-5 Actively prevented colr%ilerive © monitoring with
crowns) instruments
D 5.10 15 2330 14 Shon;term 5-10 Prevented Moderate level of Cont.inu.ous simple
(semi-temporary crowns) concern monitoring
E 15-5 18 1840 13 Med?um—teml 15-20 Discourged Low to moderate COHS.CiO}lS superficial
(semi-permanent crowns) level of concern monitoring
Foos-15 2 pLipgue 1 onetem 50- 100 Allowed Of limited concern ndental superficial
(quasi-permanent crowns) monitoring
G <0.5 >>2 0.69Q"" 0.8 Very long-term >100 Free Of no concern None required

(permanent crowns)

2.1.2 T2 ) A

B A AE=2.1.178004 AAISH e = m 2 o] B Uu] AlbAoflA], A= T 334 9] ok el Hazo] oJs) A7 x]o] ¥
2 A5 ofHe 5,2 ALl e 2491 5, 7, -2 B o] e ARFE A5t Alue] e sl S Sefskaict. At 2k 2
2] e QAP A Table 291 2t

Table 2. Surface pillar shape parameter conditions

Surface pillar thickness, 7°(m) Surface pillar width, .S (m) Stope inclination, 6 ( °)
10, 15, 20 6, 10, 20 50, 70, 90
2.2 =Y

o] 24 202 HRE g e o] Aok PYAdS AXche T8t e 4o, B UH[H O] - ot HF 4 2
= B4 |H)(cyot 2d 27 HH|(maximum € 9] Aol Zkslo] ot 2445 TH A 0 = Hhedstal Qlek. 12 Aol k= bt
Aol Melg(Fama et al., 1995), 2°4(Pandit et al., 2018), A34(Wei et al., 2020) A AR TS generalized
Hoek-Brown =/d%1= Table 31} o] Z-g5}od, A= thE Rt 24 2704 et g2 ef o] ok g d-S w4518t ©]
| 238, A 5)4g ko] A5 generalized Hoek-Brown &34k (m,, s, )<= AAE 5] GSI (geological strength index)E &

sl Tl o, Hetde] 4 A my, 5, o $& B8] GSIE T8I
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Table 3. Generalized Hoek-Brown parameters for the rock mass of each mine type

Mine type
Parameters
Coal (Fama et al., 1995) Gold (Pandit et al., 2018) Limestone (Wei et al., 2020)
Unit weight (kN/m”®) 14.7 272 30.0
Young’s modulus (GPa) 2.50 9.14 7.80
Poission’s ratio 0.24 0.20 0.30
UCS (MPa) 30.0 56.5 104.0
GSI 41%* 50 48
m, 2.83 1.39* 0.59*
s 0.0004 0.0013* 0.0010*
a 0.5 0.5% 0.5%
Tensile strength (MPa) 3.89 3.89 3.89
*Estimated from GSI

**Estimated from generalized Hoek-Brown parameters

2.3 =2} E4ITH(EDZ)

T} gl 7| A4 22t oM 9] S T 22 9-0] 58 ARHl R Qo] P45 R R &4 Rl =2 EAJTN(EDZ,
excavation damaged zone )=, AR =2, 5H] 5405 oFetA|A Ht = d 2] o] oPYAl-& Aef|d 715 o] EAgITHKelsall
etal., 1984, Yang et al., 2020). =2t =4t 2] Zol=iut =73, (Nt ] -2 B, 22 34, =24 5] 840 ool 245
o, ororet @7 AL Axjo] w2 2F 1.1-4.3 m HYol A 22 &4
Perras and Diederiches, 2016, Yang et al., 2020).

& @ollA= Perras and Diederiches(2016)7F AR 22F &4 o] AR E7(Fig. 1)& #alste, 22 49 ¥9&
HDZ (highly damaged zone) G R0 2 &7| SFY5k= 74-2-2} EDZ (excavation damage zone) G S71A] H7| 2Z3lol= 492

HasgIr) 7F 22 A 990 Zol= Wu et al.(2009)9] FrollA] W 71 @% ot W) A13F 117]4004] ZARE EHDZ
(excavation heavily damaged sub-zone) =2 H|o]E|E Zalsl3ith HDZ 99 2] Zol= sl dlo]e| 2] X4 EHDZ Zl°]2l 1.1
mE F15t eH, EDZ F99] Zlol= sl dlo]E] Q] Hat EHDZ Z10](2.4 m) BEE F7| Wlojuh=2719] H|o|E(3.7 m, 4.3
m)E A 2Jet Xl 710191 3.3 mE Farsto] Aol 2SR 22F &/ Zlo] 2312 Aol A Rdof| A 2o} A R
Erel vl 2712 A4RE mE 24 B= oo, ZH m, 3 m 221 0=& ASISI

.....

______ i EIZ — Excavation Influence Zone
¥ EDZ - Excavation Damage Zone
8 HDZ — Highly Damaged Zone

Il CDZ - Construction Damage Zone

Fig. 1. Classification of excavation damaged zones (Perras and Diederiches, 2016)
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=22 Aol A dAs k= QO] B4 oFst 452, Perras and Diederiches @] & Aol 4] AAH 22 A O] BaL Zlo]
= HlolE(Fig. 2)& #arsto] sl 22 At 72 A5UFHE(UCS) 2 80% H s 7HAl= dHte = 7143} oF
O™, o] :=Fig. 29t Zo] FAL EUFHL 2] 80% 2] |H-g2-& 7= 2ol oA =2t &3t 71K RIS T
E|U7] whzolcth. o]ee]l =2t &A= Qs 'Tdshks ARt w4 o P2 2 Atollie 1L =R] el

¥R

A

24 o
L ===+« Empirical Depth of Failure
(Martin et al. 1999) o -
9 | 4 InvertHDZ Omex = 30;=0;
= L a
| # Invert EDZi E
2.0 - = InvertEDZo
[ o
| & Crown HDZ =
18 + _ [
x L © Crown EDZi
~ [ o °
- O Crown EDZo
16 o .- <
| A Sidewall HDZ (] &
| -0
1.4 - ¢ Sidewall EDZi " §
[ 9, (] ©
f m Sidewall EDZo " 1+
| L
12 | - 8
L “ t+3
- 1'-. o
1.0 ——— I Y Ag.".g E;ai TR TR TN FU VO Y T S WY Y WS A A R S S "
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Omax / UCS

Fig. 2. In-situ observation data of EDZ formations and their depths (Perras and Diederiches, 2016)

2 Gtolli= FAARN AR E A Ul Fn] A2 AuE] 0] 55 2ol 71830 24 A H el =4 U gm] 23] AL
2 283slo] Pu| vlE D A7k gn) Az)Rn] 2738 AAstel) AukAel sdn) A2 Alue] el siuTh 3¢ F3(MAC,
mining association of Canada)l}4] 4~38% MEND (mining environment neutral drainage) 2 15 B 1 Ao ~Z 5] 3] %]
ARIE sl oH, o] ejof| e thelet A Z9lS Xarsto] 716k QIAME A sISiet. 427 eh 2241 stollA] & U] A2 =77k
°F 6.89 0= AKtE|3lom, o= 7]Eo] aE L A ZA] Ui 3n] 23] A9 ehErI7te] oF 4-101 <0 R HAlH
(MEND, 2015, GHD Pty Ltd., 2016)¥} B]w & uff SA2Ql 24 g o2 7FEst 4= Qi

P

3.1 20| HIS 2 ARKS 30| 2|71

3.1.1 3349 vl5

L3 =2 W) g 22 of| whet Zdut g h 2fof| 24R85k= Sl 311 9] HlF (specific gravity)©ll 2ol 2%t 231] 9] tﬂ%
2334k 21 A7, 23] FH, = RS Sl w2 =, dukA o 2 33 ito] En|R(backfill)ofl E-8-==gn] o] HlF2
oF 14-20 kN/m® 52 H 7 FIcKFahey et al., 2009, McDonald and Lane, 2010, Jahanbakhshzadeh et al., 2018, Zheng et
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al., 2020). 2 Ao = T AZ A Uloll A1 == 31 0] HIE-S 20 kN/m’ 2.2 Ad7gslo] o]¢-3gn] 55271 Aol Z-85t3ict

3.1.2 ARY 3u] x| H

QAN A AAA o2 A=A f g A7) Al AlRbAo|H, 3gm] H|E 5 Fofl it APl 7ol =efele: EASHA] ¢
= Ao}, wfeha] 2 GAtof| A= 19951014 1998 W71 487 i k2] Wf Pu] 2 2|7} 530 S5 Marymia 5782 AL
£ Farsto] A0l 3u| AR|&5 S 451t McDonald and Lane, 2010, MEND, 2015).

Table 4+=Marymia *g4t U]0] LZd2H=2Q1 KISE, K1 F7-E td o= o gn] A2|7|7kt} 7|7PE & 3n] 2] FAE Het
Witk st BAtol| A 225 a] o] B W2l 1,400 kg/m*(McDonald and Lane, 2010)& Z-85t0] 7|71 & 20] 21X 02

Akt wf, & AX77E 2 A= Fa]o] whg A g AXF 0= Table 59 2] 27Ht. 2F2 02 AV Marymia 34
o] AJZbe o] AT 44.6-54.3 m¥h 19] Yol SRR OF49.2 mIE, 2 Aol olo}-23et kel 50.0 m/hE Al
[E

R e i s

10

l[

o]

Table 4. Open-pit tailing disposal schedules and total weight of disposed tailings in Marymia gold mine, Australia (MEND, 2015)

Date of operation Di d taili ight
Tailing storage facility Disposal no. P isposed tailings weigh
Start End (ton)
1-1 15 Dec. 1995 4 Oct. 1996 483,589
1-2 16 Aug. 1997 17 Aug. 1997 3,650
KISE Pit
1-3 20 Aug. 1997 26 Aug. 1997 11,692
1-4 6 Nov. 1997 14 Nov. 1997 14,913
2-1 6 Jun. 1997 23 Jun. 1997 29,549
2-2 16 Jul. 1997 25 Jul. 1997 14,991
. 2-3 2 Aug. 1997 3 Aug. 1997 3,544
K1 Pit
2-4 6 Aug. 1997 7 Aug. 1997 3,055
2-5 27 Aug. 1997 5 Nov. 1997 116,230
2-6 15 Nov. 1997 14 Jan. 1998 101,037

Table 5. Average tailing disposal rate derived from open-pit tailing disposal schedule in Marymia gold mine

Disposal no. Total dé}sl[())(;i:; period Disposeg ’t(;l(i)lérf;)volmne Avera(g::1 ;j;lsi(]);al rate
1-1 7,080 345.42 48.79
1-2 48 2.61 54.32
13 168 8.35 49.71
1-4 216 10.65 49.32
2-1 432 21.11 48.86
22 240 10.71 44.62
23 48 253 52.74
24 48 218 45.46
2-5 1,704 83.02 48.72
2-6 1,464 72.17 49.30
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3.2 LA 20| T2 A|ZHH 20| 512
321 =3A2H 1=

= ol S8Rt Fat R F L d A4 F o) T 2= Fig. 39H 2T A of A T2 0] 60 m, 1H] 200
m2] FENE, 30120 m, AFH ZAL60°, 7H4 10 mE 712 ll2] ZF 3718 ool T JLxo|ch A=A o] 3thA| wlx] 24t
ol G Wz ZFAL- 120 moH:

40m 120m

60m

Geometry

Ground Level |} [ 60°

10m

F 3

A 4

200m
Fig. 3. Geometry of open-pit region

225 Fa| 2 Qs WAYoh= ol 27120 27H-E flolxls, Fat o] o(out-of-plane) HEFe] o] Q~1E) & AtoflA
= Marymia 4] K1 3 T4 93,000 m?Y} 5U9F 3719] w22 thaze: 7159t o] wf sgit mdlo] Zol=
93,000 m*>/ 120 m = 775 m& A%=Ick

3.2.2 ARYE 3u] 51F

£ Aol A1 g2 s WSk slg2 ANt e o] AFoll 21-85h= 4 AHS =l (boundary stress) FEIE 2|5
A] mtedlof] 28|30, o] wj AIRPE G 515-0] A7 = siig Aol A2 g2 ol = e Adnt. 3.1.27800M 2 ARE
o 3m] 22)50] 50.0 m/holl whek, Fm] AR S AR AR A ledAiE Aol 23 F] o) ] 1A= A (2)9F k.

V=150t (2)

w2l 2] o] ol S het g uf, s ol o AREe] AR = 7 WA DAGIA A (3), (4), (5)9H 2
o] Lyepa 2= 9k

2h

B =10+ tan60 °

(0 < h<20) 3)
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2h
= _— <
B, =30+ s (20 < h < 40) 4
B, =50+ 20 (40 < h < 60) 5)
h tan60 *

ez el 221 gurh =] Faeivtal 7ge o], gu] AR iof gn] A2 0] e 2 HiZ] TARIA 4 (6),
(7), (8)¥ o] EAH,. o] W v;, v ZF 15|, 28] HiIZ] SAle]| o] 227 et = 2le o] & 3] A2 F g ofuljit).

h h
V=>50t="775 « E(BO+B,1) =T75h « (10+W) (0 < h<20) 6)
h—20 h
V=>50t=V,+775 « (By + B,) = 775(h—20) - U — (20 < h < 40) @)
40

V="50t=V,+ 775

2

— ) (40 < h < 60) ®)

———(Byy+ B,) = 775(h—40) (50+

A1(6), (7), (8)°I =& ] AX|AZF — 2 2|izo] TAIR}3.1.1 8ol A A7t 4] ¥l5: 20 kN/m’-2 2837t AJ7PE 4] 5}

ZFZ72 Fig. 49} 2t} ZH 2] o] Az ¢ha 7|7k 194] €F 6,510A17F, 22H4] €F26,660A17F, 35H4] ©F 60,400A17E0 &2 BAE]
At FF A2 LA 3TA #Mx]9] Fn] A7) 2hme] AQ %= 7Tk °F 6.89 02, o= &5 Marymia FAHCF 419)
(MEND, 2015) @ McArthur River 334K 2F 101) (GHD Pty Ltd., 2016) ARz} Bl w ek of @42l s4u] 2 2]7]7ko &2 wks)
At

0.

JQ

1400

1st bench 2nd bench 3rd bench

|
|
|
o
|
|
|
|
|

o
—

Backfil Stress {(kPa)

600

-

200 ¥¢ ;
3 | 6,510 hours 26,660 hours 60,400 hours
: } (39 week) {159 week) (360 week)
0 Il
[} 50 100 150 200 250 300 350 400

Time (week)

Fig. 4. Time-stress graph induced by disposed tailing and disposal completion period of each bench level
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2 GolA= Rt g ] o] HohA QP A4S 915l GeostudioARe] f3ER A 7[R A8 AL E 01l Sigma/W ] 2
A1 ] mEle Sg519iet. A s-A]e BElo] thH = Fig, 591 ghom, Helo] ZHo= Ea] FAIZAS, vlehHoll= 1
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Fig. 5. Geometry and boundary conditions of Sigma/W numerical model
(Red circle: roller boundary; Blue triangle: fixed boundary; ¢: underground stope inclination)
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Rock | : Rock]
(a) Stope and surface pillar geometry (b) EDZ formation

Fig. 6. Detailed geometry around underground stope and surface pillar, and EDZ formation
(7 surface pillar thickness; .S surface pillar width; d: EDZ depth)
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Table 6. Parameter conditions and scenario numbers applied in each numerical simulation

Variables Scenario no. T(m) S (m) 0(°) Mine type d (m) Tailing disposal
1-1 X
Default condition 15 10 90 Gold 0
1-2 (0]
2-1 10
i 2-2 20 X
Surface pillar 10 90 Gold 0
thickness 2-3 10
(0]
2-4 20
3-1 6
i 3-2 20 X
Surface pillar 15 90 Gold 0
width 3-3 6
(0]
3-4 20
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Table 6. Parameter conditions and scenario numbers applied in each numerical simulation (continued)

Variables Scenario no. 7 (m) S (m) 0(°) Mine type d (m) Tailing disposal
4-1 70
X
o 4-2 50
Stope inclination 15 10 Gold 0
4-3 70
(0]
4-4 50
5-1 Coal
5-2 Limest X
- imestone
Rock mass 15 10 90 0
properties 5-3 Coal o
5-4 Limestone
6-1 1
X
. 6-2 3
EDZ condition 15 10 90 Gold
6-3 1
(0]
6-4 3
7-1 X
Worst case 10 20 50 Coal 3
condition 72 0
Aut 2w e o] oJ5kA] QFA] 23 generalized Hoek-Brown IHY] 7]50]| ufet &&= T U uy] of o] Barof ujzt
A, A2 om FAEQIM: o] wf AR P He Y WollA ARt oh] o] w4 o] A o = Hofstglom, A

2]
o
S 2= 7 uh] 7o) AT A8 (inter-connectivity)ofl T} 9F848S LERA AT

4.3 251 A} 2 2

Table 727} Aute] @8 4]l 2wt HAlg] vt Zesgmaio] e, Al ofsha Qg B AakE etk 712 %
7o) At s male] 49, wu] A7) ool PAlglo] Wajo] sk e Ao] fAEls Auke SISl Fig, 78 712 %7
ol B3l Wa 9l A5} A 7 ohite] wh] delo @ o e 1) why] dedo] 710] ZAfsA 97 KFig, 7(a), 3]

BIAR), sk AP ok Rl HEga L1 = SH(Fig. 7(b), 8P AA)). == Well a7 AR =R o274, A

A AR At A 27 (mo. 42, 6-50°1S AlIe ALzl Qo4 st g male] olskd ebd4o] 44 failure zone area < 1

m?, no failure zone connectivity) = Ict.

Table 7. Failure zone area and inter-connectivity derived from scenarios without disposal (left) and with disposal (right)

Scenario o, Failure Z(;ne area . Failure zor'le‘ Scenario o, Failure Z(;ne area ‘ Failure zor'le.
(m°) inter-connectivity (m°) inter-connectivity
1-1 0.125 X 1-2 0.000 X
2-1 0.000 X 2-3 5.875 o
2-2 0.125 X 2-4 0.000 X
3-1 0.125 X 33 0.250 X
3-2 0.000 X 3-4 29.375 (0}
4-1 0.875 X 4-3 2.250 (0}
4-2 25.750 (0} 4-4 28.625 (0}
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Table 7. Failure zone area and inter-connectivity derived from scenarios without disposal (left) and with disposal (right) (continued)

. Failure zone area Failure zone . Failure zone area Failure zone
Scenario no. > . .. Scenario no. > . ..
(m°) inter-connectivity (m°) inter-connectivity
5-1 0.875 X 5-3 15.125 o
5-2 0.000 X 5-4 0.250 X
6-1 0.000 X 6-3 2.750 X
6-2 0.125 X 6-4 3.375 (0]
7-1 56.625 (0] 7-2 96.750 (0]
4 i
i B
[ | N
: -' rl | 1 |
(a) Without open-pit tailing disposal (1-1) (b) With open-pit tailing disposal (1-2)

Fig. 7. Failure zone formation around underground stope and surface pillar under defrault condition
(red colored area: meshes analyzed as failure area based on generalized Hoek-Brown failure criterion)
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(a) Low thickness surface pillar (2-3) (b) Wide width surface pillar (3-4)

Fig. 8. Failure zone formation under different pillar thickness and width scenarios with open-pit tailing disposal
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(a) Weaker rock mass properties (1-1) (b) Shallow EDZ depth (6-3) (c) Deep EDZ depth (6-4)

Fig. 9. Failure zone formation under different rock mass properties and EDZ conditions with open-pit tailing disposal
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Fig. 10. Failure zone formation under worst case conditions
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Table 8. Failure zone area variation depending on disposal completion of each bench level

Failure zone area (m®)

Scenario no.
1* bench 2" bench 3" bench (disposal completion)
2-3 0.000 0.875 5.875
3-4 3.500 17.625 29.375
4-3 0.125 0.125 2.250
4-4 26.500 27.875 28.625
5-3 8.375 1.375 15.125
6-4 0.250 1.625 3.375
7-2 67.125 77.375 96.750
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Fig. 11. Failure zone area graph under disposal completion of each bench level
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