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UIn Pit Crushing and Conveying
2 Non-deterministic Polynomial-time Hard, a classification of computational problems for which no polynomial-time
solution is known.
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2 General Purpose Simulation Software
% particle Swarm Optimization
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! Semi-Mobile In-Pit Crushing and Conveying
2 Net Present Value
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Figure 1. A view of the placement of the crusher on the wall of the final pit limit
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Table 1. Parameters required for solving the transportation cost minimization problem

S ‘ Pl
e 2 b Slasis
O Ogelee YO T AERUER
Jw v O yos
V) /A &l palboly s
T ov oine ak ooyl 35
YAYY oo ab 1l
oo (b sla il
5 o3k TV olanfles osekon LY Jyl Jlo ¥ L gl Sl
I 50 59, Vst WYLl (5,55 55, olass
W bl slacol> s
NX=44, NY=33, NZ= 15 Rz B Soholass
FAY) oS oly JS olows Sk Jow Slasis
O xB+x\0 Ssb o olel
a0 Y0 A& g 041550 Coans jo STl o

[¥e 18] (gunls (slarlogls 430 runti' Cuper L9500 Y Jgur

Table 2. Assumptions for determining.the capital cost of trucks [19, 20]
Ogpels Sland ailro (sl il
oie: OelS S o
Selo 50 fagl ST 2 OgalS S o
el jo yiaglSTYY B GemlS Co s
agds ¥ S 2 50 55l 5 sl el ()le
aido ¥ 05l 6550k oo
I TPl
“IA Sighn S
Jlo s celu Yo 5 sl oles 3858 i 0 b Jlo yo 15 celw
OgolS Slani dwlvo 5o 2ol
sl sl yal il
sl VIO e yoe sl o Jem alolidawgis
Y2 pgekee YIVO O3l S 2w P slp Gl an e
Slawze sle el
FagkS e 50 o5 p Y0 ‘ S 5 5 0eelS bagi Joo Slles i ipdangie
03025 5 IPCC s (gl o (sl 2ol )y
sae T Jolim S5 i 30 50 (ygumelS Slass
Yo Heades YOIPY O3S lagle s a4y 500
Yo Heekeo Ve IPCC s (s5lmooles (sluloyur ais 30
Mo gk ¥ adgl (S olule slale s anyse
FosleS 2 50 o5 Yo N

A g by Jo (Sllee anje




Jo> sl 3o 5 5lwaines -V
aS ydgdsme g Div]cas saisosls Ol OV B (E) 5 (V) Laslg, jo cod i s ad ) § las 10 gd a5 hogaom £ g Bas &
P NaS e 5o (S cuas @ile a5 Cudgase (ol Lol .l oo Ll T 4 (V) abasly (o saisadlal o] as G ol 5o
Shles auip o 1S 35l g (V) akal) o Goa &b lade cnl oaid ojly (8 sla)l5 j0 aS 09l so el 1) conl ouiis
STD Y] casbonis 48,5 L 30 i g e YU slaloyoo ai 3o 3T a5 ol alis g 5 9melS oo b aidly 35
(o goc JJ‘B‘ e s )‘yw)‘ OJLQ......J‘;LWcQBM u)f).la) ) Jj‘ JL...: us...ols ulfjla ).v‘).' dw & )‘5) 6‘4.»Lo)...u AW
e (6l 00l aufa Sl ion (geels a8l o35 Slles sloan 3o ggerme) 9alS Joor (VL (Sllas aije o5 Jloy U
2l as 0dCy Bl (V) alal, cpl aS .ol odal (V) alasly ;o (V) alayly ooiszmdlol .cils aalyss solamdl db o wed dlis lgs
to,90 b .caslogd gilwold &l 13 a5 Sl 10 IPCC v (glaule s 30 5 il 50 y5uelS 0,5 (glslo pow 4l j0 e
Al ddy ylo 5 5 ad(F) g (V) alal) 058 o Lol Cg 4 g a8l 138l (eualS Sldes a0 coasioslaiuwl IPCC givaws 5l a5
to,90 0] (Socaw 4 oo Jlo)l gzl 5l olge oloul> asly 55 sloas ;e &Mfcjt aS aes o Ll ‘)fcjt 5 Cq

Ll 00l (g3l ool V505 I3l 5 10 0als (53 Bas wle aS sl S5 4 p3Y ail e

J T J
min > > fc, xy, + D¢ %2, M)
ot i

J T J
min C, +ZZ fC,-th,-tJrZCtXth @
it i
t
Cd=CT+Z OTd+ CCt )
S+ (1+r)
! 1
fc, =ZFU. KX ®
F, =(DTij ><CT+DC,- xCC)x(Ton’ +Ton") ©

(el 00 0891 Aslol ;o Lo yuxite gl sl lilads so ol 5w laakal) cpl jo aS

Wiy 3 —V-)

o3liiusl IPCC s 51 a5t Jloo b (y9alS” bamags oo (Slekoe ajo il 55 (550l 15 (slolo it o 5000 :Cy
Db oo glwosly Tl ;0 a5 IPCC vl Oljapzns (gldslo yus 4l 30 5 090 o3

0528 B sl anyse CT

O3S bawgi Slge bl Slides 4t 0T

IPCC s (53lwooly, slaslo a'as, 30:CC

Ul 5o SaSew Sl @lulr angs -G

Sl B a3 g e 3l (g A lg8 anogs T JEH g (5alS danogi | (SS90l e a1 S5l o 4ty 520y
oS Glloc atiin b

0922 bangi yaghS S5 alold @y olge o5 S5 e aisfe CT

! General Algebraic Modeling System



Vtedl,.

V) e{L,...

V) e{l,...
V) e{L,...

Vjedl,...

V) e{L,...

J
T3 2y =1
j=L

Jhte{?,...

Jhtedd,...
Jhte{?,...

Jht=1z,=vy;

A& g bawg yoghS S alold a4 olge o5 S Jom 432 :CC
toy90 10 S 4y ooz einl olge olouls adly 55 sloas o game: ijt

W ol —V-Y

B3NS

35550 (53lwooly IPCC s a5 ane yoe 51 Jlo it
S sl IS slows

595 gl Wbt Jlo jo a8 (Sobojlas i

S s olSis] ayilS bl slas

J oSoSs 4l Sl Joo alols : DT,

s 5l e 4] oS8 Kiw 5l Lo alols : DCj

i Ssb Same oobe 5L :TON?

i Sl albl 5L :Ton,”

B yuicio —V ¥

Sgs o oolauol T Sl )0 J @SS a5 Cowl ol oaimoylas il S ply 5145 6,00 ke Y
g o ule T Lo j0 ] ol & (SE S aS cunl opl oataogylas wil S plp 5145 6,0l pite:Z;

o 080 oo gl il T Loy T Seb ams o lid a5 (50l e : X
DVISRAE 05,51 OV B (F) sloalal, 1o o 5 4 bagsgame

*)
J J
T} zyjt—l Zzyjt 4]
j i
'T} th 2 yjt - yjt_l ()
T} 7, <y, @
)
T T
Jhte{l. T} Dy, -N, x>z, >0 3
t t
AR AN

Syl hE sl SO e SaSiw o5 Jle oLx:.‘;:Nn



Wiloy Bl aly SO 0 Al L S S 1o Wilgi oo b o a4 Lo o] (V) Cudgase
23,5 oa byl oSl aib N ﬁlﬁth Sade F1a5 conl o] slouls Ll i :(V ) b (A) covgoms
S oo muats ] ol 5l S oKl o S K Gaile (BU ylejae :(V)) Cudgae

SNHSd b G 5l as cusgase 5l wles S colaiwl slals pags g, 5l cied o YL aygly b s lgd 5l eolaul (gl 5]
alayly el oo lo (YY) alayl) jo golgiion Cuogisme .[\Y]..\J‘oajii ooliiwl gl ] &le saiizl sl | zlaw a5 Jls &l |,

Vie{l,...Jht el THY; SCjt oy
by opl jo

Sy S oslatul L gls B ] S a5 sl ol oaimoylid ol &.ﬁlﬁﬁlddﬁbﬁnﬁ:yjt

S oo Ll 9] e 5o 1) (S 5 osliinl (6 3 Sl 45 (6 b yuite :Cyy

Joo alold asslxe —A

22 Ll oals oslitul Joo alold arlons (sl igoges’y (8l sloadlie o 515 J&5 35 50 5l i oS g g aom p GeboS Gl

a3 o |y o3l ol 5by,y g, gl sl slacusgame a8 ool [V ) Y] 150 alols Cgllas (e | conl o (33, 9
Gy 50 1y 00 Joo dlge i Slgi aSl b aigles JAo 5800 G 4y pulins Oyg04y |y 00l oo 0lge oygulS a5
S e S 9 (53908 e SG Joldh (500l yrns a8 45 (6 jglbay Wloaliaid )5 A5 )5 03 g 7y (3 5 priene D50l yns
odoolaiwl (\f) 9 (\Yl) ‘SLDA.L:)‘) )‘ w)_\ aQ alas 9 u}.».nls Jo& alold ML?LA 6‘).: Ll odosls uLM.ﬂ-’ (Y) Ji.a B as \.\M:Lau’_n

Pit exit

Conveyor

-------------

=== Trucking vertical
=== Trucking horizontal
Conveying

DIY] Wl 195 g (gl brwgs Joo abold dwlmo ady b Y S
Figure 2. Method for calculating the haulage distance by truck and conveyor [12]
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Figure 3. A view of the arrangement of candidate crusher locations'inside and outside the final pit limit
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Figure 4. Estimation of annual operating cost using different truck haulage distance calculation equations
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Table 3. Crusher location and timing from the beginning of the mine life with and without the seventh constraint
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Table 4. Results obtained from applying the second objective function to determine the optimal year for
changing the haulage method with a 15% discount rate
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Table 5. Determination of crusher location from the year the transfer was carried out
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Figure 5. Optimal transfer year considering variations in the discount rate
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