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ABSTRACT

The new achievements in the field of surface mining
design optimization during the last 20 years are
summarized in this monograph. The theory and methods
for surface mining design optimization are expounded
from the riewpoint of systems engineering and according
to the principle of dynamic and comprehensive
optimization. The main contents of this look are as
follows: theoretical basis of surface mining design
optimization, the series of mineral deposit model and
surface mine long term planning model,computer-aided-
design system for surface mining ,pit limit and mining
sequence analysis, mine capacity and mining technology
selection, reliability analysis for mining engineering,
evaluation to mineral resource and economic effect of

mine design ,etc.



o}

]

BaEE RNB AR S  BRET TR R EF 5T % E
RAET RS FTARE, R T BRI MEFHE, #HTERR
THIB AR RS . BRIFRUABIHEZ B4 SRR 5T
BLEAR, RER ST R SRR, RN BARRER R R
MR D .

APEN—FLE, RRELLE T HET W RFEIE 20 FXX 8
RIFRMACB T BT R, #3088 RIF R MMALRIT B S
ZY R REB AR REEN, URETENR A, BI85
PEAL RS, AR 3 KA RO 5 k.

AT R TR KRR BT HK55A R AR B8 5 5
FRPBIANEM ERS . A BNEEEORURK TREMIT
FHLN B N ZEREE A 1L LA T R RSB R SEE
A T7 % S BB R IFRAMAC T B R R B A S8k
REM A T S BR.,

XA BRERERNOER, PRI KFE TR, KAE AT
HEHRD B T A XBBT I B , A B 7507
) EETR. —AKMBIT ARES S T LIRER R TIE. F
B HER R BRI, FRILET X RBRY WM. HE BW.A
SEMT R B BT A RO B AL R SR R A
BRBERKMN.

FEA A3 BH AR 2 B, FRATHR SR & B R SR P E B K

B K St BF 8 B SRR SR, M1 X 3R R KR ol B i i
o1



P B2 A TR B AR 45 AR T R 4 0 B B AR R BT KR BT
ARRETHEREAM T,

B—E KF
FE KYF
BEE M %
BNE FER
BHE ZFRE
BAE KA
BLE AKHE
BAFE  TKEE
BAE KYF

FRE
5K i B

KL
FRR FHE

ERAE

AB RSB R FFAREE L RE R R, K
BB DE2EHARIABHRE ETEHEFEE L, 1K

i

EERB AR RiEHE R EHMIFEE.

% &
2000 9 H



H X

F—5F #Z£it.. ceereeenns cereenne - (D
B @W%ﬁfﬁ%%ﬁ% seeseneesens (1)
B @W%ﬁfﬁ%ﬂﬁﬁﬁ%ﬁ%@mmm"m(@
B2V BERIFFEALEHFIETIIR o oeeeveereveveereeene (6)
B AR IR S H LR e v vreseenees (15)
B W TR S RSB AT oo (18)
BT AERERIEER e 20)

$=E Wﬁﬂﬁﬁﬂ&%iﬁ*kmﬂﬂﬁ+ﬁﬂ?ﬂ

%~% ik -
ety ) Wﬁﬂﬁﬁﬁ P
B @%ﬁ%kmﬂﬂﬁ%ﬁﬂ m&mm
B FERERER SRE- TR
BHY BFER RTINS

%m EFRITENHEBIZIT RS SMCAD

5 B
Bt BRE AR R AR e eerveeeoe
F oA

SMCAD BB B IRHEIR v eeevereereeeees

-+ (92)
< (92)
- (94)
119

- (12D
- (126)

(139

= (139
oo (14D
1



ggzzﬁg SBA(hA[)Bg)\ylgfzigégf.".n.u.".“ cerseans
- (166)
ceees (178)

MY HENENZ
BREY SMCAD RN m*m

-] E?BE?F%%E%?%H@ahz&tt¢tﬁiﬁ§~-~---~-~-"-
B RX RIS BIFTIFT B P woer e veeeeneeenns

F ot

8 @

EFRNREFTTE
ﬁiﬁi?&ﬁ%xnﬁﬁ

P

%Hﬁ%%ﬁﬂ

E
ot ot ot <t BF

@B R TEATRMESAT e
B4 FFRTEREAEMEHrevermemrenneeene
BN BRF IR AT M

g)\E vﬁﬁﬁﬁvm&ﬂﬁﬁﬁﬁﬁmmmmmmm

cersesasencnscncassasees (343)

- (361)

B BEREIREM

B @%U&%ﬁmgm%&%mmMM“m"
B=% BERTRITHTREFBEE M eeeeerrererereen

HNE BREWREBIFRITerrerererermessrrmeeee

F£—1 PRIFESR

%::‘ij“ é\Eﬁ?%If’Eff’ﬂ""""' tecasesesvescssasnsese

020

(1500

(195)
(195
(203
221D
(228)

e (204)
eevesessesssne (244)
A P RR BRI R B v eenoes
%iﬂi%lz‘ﬁﬁ.......
E“%ﬁrﬂﬁﬁmﬁt'f‘b""

(282)
(288
(309

e (317D

(317
(331

(343)

(39D

- (409
-« (409
- (414



Contents

1. INtroduction «e+essesesseseessensninrniieeceneeecsesessenssrnnnne (1)
1.1 Worldwide development of surface mining ++«++=+ 1
1.2 A breif review to international theoretical research
for surface mining se-eesereseerensressisnnnnanenneiennes (4)
1.3 Current status of surface mining dosign
Optimization  sessesesrsessiennramnnnernernniceneniienns (6)
2 Theoretical basis of surface mining design optimization
vevesenenees (15)
2.1 Introduction to the theory and approaches for pit
design optimization «sssssssessssssssceneineanacssneness (15)
2.2 Basics of oriented graph system simulation for
Mining engineering «wssesesssssesrseesersessssesssacses (18)
2.3 Important algorithm of oriented graph system
SIMUIAtion +eeeeessrsnrsresrenrennsnssissssnesserssesenes (24)
2.4 Second time drawing method «:eeesseseeceseeenenees (57)
3 Mineral deposit model and surface mine long term
planning model series PR T T T T P S T TR T T R R TR (92)
3.1 Introduction +++esssssssssssresesisssemssessnennnsseanness (92)
3.2 Mineral deposit model «eesesssessesisnesseacsescnenees (94)
3.3 Mathematical model for surface mine long term

planning —structure and composition <s+es++esee (119)

e 5 oA e 1 S



3-4

3.5

Macro structure and flowchart of the main
MOde]l  srererernmererninieiniaiee e sernee s snenneeee (12])
Case studies of the mathematical model series

- (126)

4 Computer-aided-design system for surface mining
—SMOCAD  cevoeeetrcracerscstssntiossctnnrssscasisscsiescsresces (139)

4.1

4.2
4.3
4. 4
4.5

Features of modern mine design optimization

- (139
Macro description to SMCAD system ==ceseeeee (141)
Interactive system of SMCAD «seveereceeccencaeese (150)
Computer aided drawing +esseeserssesseneesineees (166)
Case studies of SMCAD system serseverevrnceeees (178)

5 Pit limit and mining sequence analysis <e-eseerereeeeeeee (195)

5.1

5.2

Dynamic optimization of pit limit delimitation
< (195)
Mining area dividing and mining sequence

Optimization  +esssresesressresssenesnmnssnsenieninee (203)

5.3 Optimization of mining-in-stages s==+esssseeereesee (221)

5.4 Optimization of mining-in-areas <sessseeeeereeeer (228)

6 Mine capacity and mining technology selection ---+---- (244
6.1 Comprehensive analysis of surface mine capacity
6.2 Stripping ratio and mining-stripping relationship

OPHMIZALIon  +ee e sessresenssssnnsssusnnssanenssseenes (282)

6.3 Selection of mining technology s=++seesssrevesceeses (288)
6.4 Material flow allocation(direction and flow rate)

OPLIIMIZAtiON *eeersrsesreorsareseesssnssenannnanaiecee (309)



Reliability analysis for mining engineering -+--+-+----- (317)
7.1 Reliability analysis for mining technology system
- (31D
7.2 Reliability analysis for mine production rate
+ (33D
Evaluation to mineral resource and economic effect
of mine design  +eevreeeessrnenrensieinnenaeicntnnseecnnnes (343)
8.1 Mineral resource evaluation seeeresreseeeessnecesses (343)
8.2 Evaluation to the economic effect of mine design
- (36D
8.3 Evluation to the economic effect of surface mine
design eeseeeersnsvresssnnensissnnissssne s s ceies (39])

Conclusions and future research direction cereereeeceeeee (409)



F—F BEASBRFAHRXERE

BRAXRSHAERYVY, HCAZ. HRTHEHMNARLE,
HEEXD REHE L BEmMB”, 20 QLK MERR LAY
MR ERFRERNER BRARX —HEERBLUREF
A HNAERET K, &2 AT,

Hil et A EE AN HBRT R EHEHERT YA 528
Ry YR80y . A TFER AT YIREHERI R ILER
BEFR1-1-119,

£ 111 HREETHRSNBXAFRILE

YRR LhE/ % TYEH HE/ %
WO 30 HR+ 91
B OB 86 # M 100
& 78 W& 86
i 91 ah 30
BKA 39 B 45
A M 75 K fib 40

REETIETARKIFRLENE 1-1-2 PR,
] 20 42 AR, it T 8 7= B S BRI R - R R
BNk 1-1-3 R0, WP AL, BRFF RGN =B KEETH T
3



58 & ®

T IR, SUHE 30 RER, BRITRERE NRE, BT E
40 4E B R R IR 7 v B B o R R R B e B 2/3
E.

Fi1-1-2 BEETEIEVERXFRLE
YRR /% 7Y EN W&/ %
S KE] 85~90 2R 100
FOERY A 50 B ox 6~7
I ERT A 70
*1-1-3 HREKREEXRRILE
F f R ARER/Me | BRERFER/ M | BRTREE/ %
1913 1341 90 6.7
1952 1922 452 23.4
1981 3762 1510 40.1
19900 4 069 1743 42.8

I o M EBEFEERGH.

AR TR R % B KT SR 0 L FE AR ARG A R S R A
0. 4 PRI AR SR 1 RO B R AT BE s B R A T
T B R 5 5 7 5 (3 55 5 R P AR R L
151 Xt T 5 O B T 3 Tl % T O Y BOR B 2 S5 3T 5 97 LR
S R R M K RRIA %,

20 tH42 80 4FFR LA, TeE HAKS X — FH HEH/K B
PRI GO T E L X —— RS, BRI RERHNZ—
. HEA 90 FARLR, BRI BB AL HEEE K
B 1/4 A, REBXEY EAET H# S MRRBRGERME,

Bl R Bt R IR AR F, R TR EAGISH. B

e 2




F—1 ERSAEXIFRI R

RALTE R RBEARK AR B S ER R,

(D) FxREFA

E b0 FERER, BB RT AR MK BXY
WHRD, FRBEMK. WEEREY X, 20 e 5o FR0F
23 ABRE, MR 60~80 Mt, E 90 FER A 4 BRI, B~
ik 100 Mt 24,20 tHEREEPE 3N BRT 4=, 8RN
REARE,

Hut R HE R ARERT ERASEMN S REES, HArEE,
RS EER TS E B BAEE 50 Mt EBRED, X . 8. W 5
5 B g AR R B 20~40 Mt (B RED,

TR B AR T AL, S BN IR T R T R B R A
HEEE TRENEARER, RESETHEYESE, B REFH
# FRESER, ST ALt

Q) HILHERAFH R BAT EHMHFRIE

B R EIESE TZRB ) Z N A, &8
BEAMKBINER BRI, EF-RLH T & E A EPEHE,
HoLgE LR AR E L T ABRER R, A
A FFRE ERHBRY BUR SRR BGE R S
TIRIFMAFREE BRI RA T A IAFRIE, MAEE
HEALE B E . SRR RS EY TR TZ(CPS
RO EELRME M KBUY BEN LR BXRTIEH
LRI, PRI F . B R LA W/NEEE R 55 07 1 B
A R T BRI A B T WA W3, 0
BkEIE R AES | (B HLAKE EEIA 360~372 O BERE
GE U KE, FEREEHA S IA, B SRR WAER £
Z, U REGEEASAERES.

(3) Wit R R & =8 E I EH

WE TN ARMN B AR, HENE) A2 %8 XX

. 3 .



B-E % @

VAU, AT IREDER Bt A R By B0 1L B R, M R &
LA P T B A S S, B ALE B R AT B
TH,

(W HAEFZLBRFERPHERD BN E

AT R R A S B, T HAENEL DER
LARMTEROER, MTFFLFERPHE, ERER =
BEALEE R IEBTA R BRBIIAS, M B ER A 25 R,
BT 2 FBARRE,

F-4% BEHRIBRFXRER
HHR 1 2 B B

5REF R LBRADER, RAUBERFRGARFARZ
FHIERES HR, A M EFRF A RN R AT E .
& 40 ERBRFRBILHANFES 2, 5B KT RLRALR
P A LR R

YILE W SME BRI RS ERESHR T, MRHERR
AR R R BB T IR AT

1. EBRFRABHFRAS L, BRRERE, FEEH
AR SME.

EEAFHE AT YRR RO LEL 0% . HETHERH
BT R B A B A RS ER, URFFR TERRAE
£ ey L TEYE, UFRER B E R RAE AN EEE
SR EBFIIIT S M & B e HOKE T B IR. R
TP SEE, U REFHT ASERS T E, FERERA
£, HAREEERSEIOR2,17].

B RER R FRAESMY KPES LRHER. KT K
TR N S A, T SRR S . ATAEERR

o4 .



BV ERSMRRIFRER PR H R E B

RIFRBI RIS HE, AR ABTHEY L@, BIE 50 F/, 0F
ZEMESERBIHEY, B o. SH4REBERRT FHBRIT N
AETESFT L TEBRRS . ERT BCHERER GIFEIN
FEHEEGARZET XM, ARETILWTELE, KB TN
ARG FRIE HREREEK A BHIPFFRRRE.

BEABERXFRUBEESET L REESETEHFA, i
T RIFR T R T &S5 54555 T2 BRI TH A
A, BB, LRMANIR GBS,

& E7E 50 VK IBAT BB R B T BT BRI #H,
20 SERMBEHEEM T B A XNERSHE, AETEFL
BBREXFREBHHRL, COLHRT AT HEIBERE,

2. EBRFFRFRWTIR N L, K LTRSS =B
'&:

(1) UBKTAEFHRZBM S RE LI FEBEHR TR
BB X — BB 5B R A REAR LB AT A ER, — A E
WA, TGS M E RIS, RO BB SR MR, X
BREELET) 20 t4D 40 4L

(2) UBRERFRABOBEMT S LRI FEFHRTE
HIEE ., © RN 20 2 d MR BRIF RN ED KR
TSk, & T AN ERAHRE RS RIF AR EEEFRE
FRE 1 T O EE S, TEES % R011,12,13,14,15].

(3) 60 FACLLNE, B FiHEHLEAR RiEZE AT HEBAKR
TR, HEIA R ENE, FH TERFROTFRTE, D
ST A RS S MR RS ER. BRT R
AL, BE, AR BEN R A EHRE TERNER
Sk, BN T X — R, HAREEENSEOR16, 18] RIIJE
HELS B E 2270l o B F BRI (APCOM) IR L.



