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Abstract: Taking the Haerwusu open-pit coal mine as a case study, this research addresses the challenge of

achieving a high design capacity of 35 Mt/a under the constraints of shortened working line length and reduced
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mining district width, following the retraction of the first mining district’s working line into the mining license
boundary. Based on principles of technical feasibility and economic rationality, and with considering the influence
of working line length on production stripping ratio, stripping haulage distance, and raw coal production capacity,
a mathematical model was established to minimize the annual total stripping cost. The economically optimal
working line length was determined to range from 1 620 m to 2 315 m. Building upon this, and with integrating
the production capacity and equipment configuration of existing mining equipment at Haerwusu, it was
determined that the average annual advancing speed of the working line should be maintained between 400 m to
515.25 m. A working line length of 1 820 m was found to maximize the operational efficiency of the mining
equipment. Based on the feasible range of advancing speeds, the Monte Carlo method was innovatively used to
optimize the working line shape. Three working line layout and development schemes, all satisfying the
constraints of the working line length and annual advancing speed, were proposed. To evaluate these schemes, a
CRITIC-TOPSIS comprehensive evaluation model based on objective weighting was constructed, incorporating
six key indicators: average production stripping ratio, weighted average haulage distance and lifting height for
both stripping and raw coal, and the average maximum advancing speed of the working line. Evaluation results
show that scheme 2 exhibits the closest proximity to the ideal solution. This scheme enables Haerwusu open-pit
coal mine to achieve its 35 Mt/a raw coal production target within a narrow mining district, while delivering
optimal technical and economic outcomes.

Keywords: open-pit coal mine; narrow mining district; high-capacity; working line layout and development;

Monte Carlo method; CRITIC-TOPSIS comprehensive evaluation model
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Fig.1 Preliminary design mining area division and mining boundary plan of Haerwusu open-pit coal mine
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Fig. 2 Relationship between the current situation of the stope at the end of March, 2023 and the position of the mining

boundary in the first mining area of the open-pit coal mine in Haerwusu open-pit coal mine
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Fig. 4 Schematic diagram of discard influence distance
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Fig.5 Haerwusu open-pit mine cross section
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Table 1 Costs of different working line lengths

x/km y/Ii ot x/km y/ 71Tt x/km y/IiJt x/km y/ 71Tt x/km y/Ii ot
0.5 158 731 1.5 134 265 1.7 134 197 1.9 134 553 2.5 137 143
1.0 137953 1.6 134 168 1.8 134 331 2.0 134 849 3.0 140 290

— X (8) R i, AT A3 2 55 A P T AR LR K B S (H x,=1.62 km. 7E T/ELR K 1.62 km 51F F , 58
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B u=571.6 m/a.
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Fig. 6 Relationship between the cost of mining and transportation and the length of working line

CHEA Tolb #2 RA™ B MIE) (GB50197—2015) & T 83k — R A TJF R LA HY TAR L et i 2 |
B2 %A1 R 400 m/a™, W 4% T 4F £ HE 0F 3 BE 400 m/a 715304 R 2 28 88 R0 19 TAEZR K B K

3500%10°
YT 400%x28%1.5%09

5L W IR G RBE R 4% LA B LT TAEL K E 1 620~2 315 m, TAEL AR 1E 4 400~
571.6 m.
22 EFRBESEFRNEGEARNITELATITHERESH

MRS R R S T KR8 K0, Y TAEZR K E — i, nT SC By RO AR 7= R ) R 2R T T
VELRAE M E B, T T AR SATEHE I B — M 22 R & A e ) A i 7 A . W R B R RIET A
B A 8RR RS BoE R IR 2 iR .

2 BRALBEBRETREZEHUSREFES
Table 2 Coal mining equipment model and production capacity of Haerwusu open-pit coal mine

Ry RS mEhag A R/me dHRAEARE DT me AR AR T me R H A RE T me

~2315, (12)

395BI 1 32.0 610 50.83 1.69
WK35 2 49.2 708 59.00 1.97
L-2350 2 35.0 270 22.50 0.75
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Table 3 Coal mining equipment model and length of mining area in Haerwusu open-pit coal mine

p—_ o7 a4 RGBS 10 m 1o dAE = FHEA B 10 m
fiEJ1/77 m? i SR 38 X 4 B /m fEJ1/77 m? A SR it XK /m

395BI 11.86 889.53 16.94 1270.75

WK35 13.77 1032.50 19.67 1 475.00

L-2350 5.25 393.75 7.50 562.50
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Table 4 Annual advance degree of the working line of the coal mining step when the equipment is

arranged according to the operation volume of 395BI and WK3S5in 7 d

R B A A A B 10T m? SR B TAEL RMEA By SRR By TAEL AR
395BI WK35 K /m 12 B fm e /m

610 708 1922 10 687

610 708 2000 10 659

610 708 2100 10 628

610 708 2200 10 599

610 708 2315 10 573

WK35 B — AR 8 XK A 1032.5 m, L-2350 Fij 28 AL — AR 48 XK 8 393.75 m, W A4S R I & B vl
E 35 R &E (25 L-2350,1 1 WK35),JE AL 3 SR 3 IX, R 5 12 R 4 15 2 6 R 4l XA B 9 2R, TAELR
KEHEELED820mbll I, 1L-23505 WK35 44 7= 68 14051 4 270 77 m* 708 J1 m?, i I A 48 5 R AR 5 By
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Table 5 Annual advance degree of the working line of the coal mining step when the equipment is

arranged according to the operation volume of L-2350 and WK35in 7 d

RAR B AR A =B /0T m? KB TAEL KRG SR G B TAEL AT
1.-2350 L-2350 WK35 K /m o & /m HEH JE /m
270 270 708 1820 10 685
270 270 708 1900 10 657
270 270 708 2000 10 624
270 270 708 2100 10 594
270 270 708 2200 10 567
270 270 708 2315 10 543

— N RIEA A E 15 395BL.1 5 WK3S5, RIEG B TAELKE 1 922.03~2 315 m, R i % & i5 PR AE
I CAE AR HEBE W] 35 687 m/a( L3R 4) s — 1 RIE A B i # 1 &5 WK35.2 F5 L-2350, RS B TAELKJE 1
820~2 315 m, R 1B 45 35 M PR g i T A £ A 4 iff B ] K 685 m/a( L 5) .
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P50, AN T g 4 A7 4 B R Ap S M S B o TR b, SR i 2 8 18 0 mT 3k 1) T A 440 A o 0 o 32 0B R A g i 3
1Y 75% # hak B, B 407.25 ~ 515.25 m/a.
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Fig. 7 Simulated mining results when the working line is arranged in a straight line along the tendency and parallel

development along the strike
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Table 6 The length and advance degree of the working line in each stage when the working line is arranged in a straight line

along the tendency, and developed in parallel along the trend

W B fir TAEL K /km k5 /m TR RETI T t
2024 1.04 878 3500
2025 1.11 760 3500
2026 1.14 849 3500
2027 1.15 943 3500
2028 1.12 628 3500

H1 2 6 AL R, T AR 2 i L2 0 1) B0 A B ik R P AT AR, TARZRR K 1.04~1.15 km, TAEZHEDE
J¥ 628~943 m. TARLA T/ T 45 BT AR LK R 5 40 B R 4 B0 4% T 7 B9 R i X R, T HL, AR 4t JE
B ATV R A 2 S AR LA S B
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Fig. 8 Simulated mining results when the working line is arranged along the strike of the oblique coal seam and developed

in an approximately fan-shaped way
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Fig. 10 Schematic diagram of the shape change of the working line after the division of the strip
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Fig. 11 Output results of position working line shape calculation in 2024
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Fig. 12 Working line layout of scheme 1

x7T FHE—2024—2028F 4TI
Table 7 Production index from 2024 to 2028 of scheme 1

- TARZA B /m T LG RE/ J?f%%ﬂ s %u%m% ij’ﬂi‘ﬂ

e Jb &3t P /m km 1= 2% /m B/km  FFE2/m Kt
2024 1621.80 225.74 1 847.54 485 5.58 157.67 3.41 -28.73 3.72
2025 1250.25 569.75 1821.13 538 5.77 139.84 4.19 1.51 3.66
2026 1599.92 220.08 1 820.64 489 5.63 94.29 2.92 10.80 3.53
2027 1 585.55 234.45 1820.37 457 6.11 120.86 2.51 88.65 3.60
2028 — — 2147.21 498 5.21 110.00 3.55 -35.48 3.57

322 HmHE=

R R T AR VA7 &R fE T A mr g bR ) 25k b3 TR R IEF @ W S5 TAELIE ST
22574 m, R THEL BKIE S HFRKEEMIRZE N 100 mo & 13 245 )7 2830 o T2 3 18 06 52 19 2024—
2028 4F 44 4F FF AF R R TAELRAEDEN B, S TSI 2024—2028 4F 44 4 1 B H R L T8 Fr -
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Fig. 13 Working line layout of scheme 2

RS HAEI2024—2028 FAEFFIEFR
Table 8 Production index from 2024 to 2028 of scheme 2

- TAELA B /m Ty RS FURRTE MBS REwE B

E db3 At HeEE /m  Hi/km 1 % /m Fi/km  FmiZim RE
2024 1621.80 225.74 1847.54 492 5.67 157.67 3.37 -28.73 3.54
2025  1603.09 225.74 1828.83 500 5.86 139.84 422 1.51 3.35
2026 1520.67 225.74 1734.41 487 5.63 94.29 2.83 10.80 3.44
2027 154041 225.74 1766.15 462 6.40 120.86 2.48 88.65 3.50
2028 — — 2092.62 500 5.15 110.00 3.42 -35.48 3.44

323 w7 %=
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Fig. 14 Working line layout of scheme 3
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R TR R RT R IO, 7 A 2024—2026 4F TAFEH5 ) 434 D 9 [ i, 19 3 36 1) B 9 9%, SR M
TAELL R U RIS 2 2026 4%, U7 B TAEL 10 p 7 5 B B0 H AL B 5, M 2027 S TT I R TAEZ
CUTHIEE AR N L7 RUAG L 1] 2R T R 2R AT K 5 2 2028 AR SR, SR TR 4R AR O WA R R ) R R A
AT R o 2024—2028 4F 45 4 FE AR AR ME T ARGt Rl e 2F 07 & AN 14 s 45 4R B2 F 2 AR LT e in in &
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Table 9 Production index from 2024 to 2028 of scheme 3

- I T 4 TAEL Al 7R 7 ) R EERERTE R MR AR
e B /m K /m Wt /m  Bf/km ®2/m o EHi/km FEZE/m K
2024 200 2 639.30 470 4.15 73.78 3.60 51.24 5.43
2025 400 3248.75 395 4.61 65.62 4.60 77.33 5.42
2026 432 2954.67 385 4.11 40.20 3.87 -14.97 4.79
2027 — 2302.97 425 4.54 43.19 3.24 -29.37 4.08
2028 — 1862.31 525 3.71 36.66 2.14 0.31 4.10

4 EFCRITIC-TOPSISH I EEXHGESEAEARESIENLLIE

FAER , Z¥ RN X 5RA @R Z RGN kAW, Nk ELE 2R a0k
(analytic hierarchy process, AHP) \# ## 25 & ¥ # i (fuzzy comprehensive evaluation method) | JK {7 5 B J& 75
(grey relational analysis) | i& ¥T E A8 fi# HE J¥ (technique for order of preference by similarity to ideal solution,
TOPSIS) ¥ | 3= a4 43 #7 1% (principal component analysis, PCA) B & £ 4% 43 #r 15 (data envelopment analysis,
DEA) ZE 55 & 87k (coefficient of variation method ) 55,

TOPSIS {2 J& — i ok 713 PP X 52 5 e 0 T 58 Fidse 45 5 28 1) ) BE B9 SR P FNZ AN X 2 00 45 1 O v, I
AT B 0] 17 B T2 B A5 00 A5 21 )3z i ™

FE L FH TOPSIS ¥ AT 27 65 PP i A8 v, 75 B2 0 2 P00 48 b5 7R R Hh & 38 AR AR, 8 FH A 2 WAL
T RIEHP:  AHP LA VRO 48 Bn AR 09 0 0 e 35 PR T RE & R BOT M 45 2R 5 SEBRAE 0 H A K e 2507
I, 75 3E ] TOPSIS 2 4F 2 T AR & A & Ty 22 WE AN J7 2 89 [6] B, 4 LA CRITIC (criteria importance through
intercrieria correlation) % 3 F M 15 A5 19 XF L 5% B R i 28 P4 DR 4 12 PE A 38 B 10 % LAY, DA R AR BF A 25
Y W, B2 R PSR R 2
41 BREBRBRY IELZHERARATRIFMNIEIRIZE

A0 T AR A 3 R AR LA B N R R T R AT AR FE R R HE s TR S R R OC R S A A
15 3 00 25 7 Z A5 77 R L R B IMACE- 20z 1R 5 48 T 22 RIS 38 08 B B T R 25 1 38 d R
S5 6 W OCHEFE AR (L3R 7~9)
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F10 THELBEARMNERRT

Table 10 Calculation index of working line layout scheme

5 ik E S TR HE=
X, A PR RIR /(1) 3.62 3.45 4.76
X, | B INALT- 14732 BE /km 3.32 3.26 3.49
X, JE A 14132 #E /km 5.66 5.74 422
X, | B IACT 82 T %5 22 /m 7.35 7.35 16.91
X, S AT 24 82 T 85 22 /m 124.53 124.53 51.89
X, V-1 dpe R AR HE E /m 524 497 440
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an  an a,
ay Ayt Ay . .
A=| [ . Dl=(ay)  (i=1, 2, o, msj=1, 2, =, n), (17)
. . cee . mx*xn
Apr Apa 0 Ay

A PR 5 a, 8 55 i I R 5 0T 6 45
T 2R 10 T8 AR 2 A1 07 S0 B A 15 b, B I AR A L D S8 DY R SR

3.62 332 5.66 7.35 12453 524
A={345 326 574 735 12453 497
476 349 422 1691 51.89 440

) PR FE I IH — Ak o 2 2(18) X e 36 S B4 i3k 47 )3 — b Ak B
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