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A flow direction and flux dynamic programming model of soil rock

materials in multiple dumps
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Abstract: For further optimizing the rock stacking structure of the dump in open-pit mines and decreasing
dumping cost, we put forward a block stacking sequence optimization algorithm trying to solve the problem
of material dumping among multiple dumps which hasn’t been effectively solved. Firstly, the minimum
transport work of the material flow is taken as the objective function and the design parameters and the

relationship between spatial shape and location of dumps are taken as constraints to build a model of
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stacking sequence. Then, with taking the design of dumping planning as the basic space constraint to
construct a priori condition, a dynamic generation algorithm for multiple dumps in decision-making stage is
proposed. Finally, the 0-1 integer programming is used to solve the whole planning problem, the optimal
stacking sequence of the block model in multiple dumps is obtained, and the detailed flow planning scheme
of the soil rock flow in the dumping sites is given. To solve the problem that the transport distance of soil
rock materials is increasingly large as the mining depth increases in the open-pit of Heishan in Xinjiang, we
use the proposed algorithm to optimize the rock stacking structure of its dumps with the aim of minimizing
transport work. The optimal stacking scheme for the internal structure of the dumps in south and north of
the mine in the future 11 years is determined, and compared with the original design. the transportation
energy consumption is effectively controlled, which can save 1-2 billion yuan of dumping transport costs.

Keywords: multiple dumps; stacking order optimization; 0-1 integer programming; open-pit mine
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Fig.2 The decision-making process of sequence planning algorithm in phase
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Table 1 Parameters of track dump

sy fHE + 3 sy HE + B
dEEE FEIHRE dHEE  EHFFE
o M T AR/ km? 1.77 9.09 YIRS ELR B 1.1 1.1
A HEF bR /m 2 640 2 650 BE R E/m 20 20
BHEF EE/m 100 60 PR AE/ Mm® 50. 74 496. 86
RATRER WM/ O 22 22 F R/ m 30 60
A& HEL & B B 5 3 #HAEH 1.15 1.15

AR HE £ BT RNZE™ 2025 AR 0046 A HE, 2028 AR SEELSE e N HE OB MR B YRt g LR R HEL
Gl P A AR R MRS B A0SR 2 s o R T R AR R S HE g LA B SR X B b HE S A AR
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Table 2 The planned distribution of materials in truck dump

MY 2 Sk M 3 5 T4 JtHE+ 3% A
A e /Mm® 3 NiE#/km e/ Mm® % iEH/km R /Mm® 3 NiEH/km Mm’
2018 12.83 1.71 14.28 1.42 11.11 0.27 38.22
2019 10.18 1.56 10.18 0.91 28.88 0.66 49.24
2020—2021 64.06 1.50 33.11 1.83 8.05 1.23 105.22
20222023 63.90 2.41 50.29 2.79 114.19
2024—2025 106.35 2.77 7.63 2.79 — 113.98
2026-—2027 6.09 2.93 — — — 6.09
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Table 3 The planning material quantity between stages
ek » MoZ&k m3&k At M2Z&k m3Zk &
M, TR 4F PORBT B MY TR 4E
W Bt My, My, My, M, My My,

1 1 054 478 365 211 2018 T-27 1072 590 482 — 2022—2023
T-2 963 324 360 279 2018 T-28 1252 707 545 — 2022—2023
T-3 873 346 284 243 2018 T-29 1071 612 459 — 2022-—2023
T-4 1033 323 314 396 2018/2019 T-30 1072 626 446 — 2023/2024
T-5 1052 269 257 526 2019 T-31 1242 540 702 — 2024—2025
T-6 973 221 140 612 2019 T-32 590 590 — — 2024—2025
T-7 923 171 194 558 2019 T-33 500 500 — — 2024—2025
T-8 1067 257 243 567 2019 T-34 572 572 — — 2024—2025
T-9 1088 255 207 626 2019/2020 T-35 616 616 — — 2024—2025
T-10 1108 473 261 374 2020—2021 T-36 549 549 — — 2024—2025
T-11 1237 594 279 364 2020—2021 T-37 635 635 — — 2024—2025
T-12 973 752 176 45 2020—2021 T38 572 572 — — 2024—2025
T-13 1058 693 365 — 2020—2021 T-39 612 612 — — 2024—2025
T-14 968 594 374 — 2020—2021 T-40 594 594 — — 2024—2025
T-15 797 455 342 — 2020—2021 T-41 576 576 — — 2024—2025
T-16 738 414 324 — 2020—2021 T-42 626 626 — — 2024—2025
T-17 821 492 329 — 2020—2021 T-43 617 617 — — 2024—2025
T-18 1035 689 346 — 2020—2021 T-44 486 486 — — 2024—2025
T-19 864 527 337 — 2020—2021 T-45 545 545 — — 2024—2025
T-20 896 707 189 — 2021/2022 T-46 477 477 — — 2024—2025
T-21 1163 617 546 — 2022—2023 T-47 491 491 — — 2024—2025
T-22 1202 648 554 — 2022—2023 T-48 456 456 — — 2024—2025
T-23 1213 655 558 — 2022—2023 T-49 581 581 — — 2024/2025
T-24 1157 639 518 — 2022—2023 T-50 179 179 — — 2025—2027
T-25 1157 635 522 — 2022—2023 T-51 197 197 — — 2025—2027
T-26 1076 617 459 — 2022—2023 T-52 51 51 — — 2025—2027

MR 3 BN S5 2R, SO R AT 3DMine 87 MV B AF %) B E AT FTOLAL A A8, b 18] 3 AL 4 43l Oy 2017 —
2027 4l AL M L S LUK 7 B

B3 @M FEHLHRERBEHER
Fig.3 The results of the pile row of the north truck dump



% 43 AR F. LA LEHHAGATHSARNER 87

|

(¢) 2019—20214F R 4o L e R AICR (d) 2021—20234FRg 38K 4 HE L e HERSBOR

(e) 2023—20254F 1 ¥R 4o HE L e HE AR (e) 2025—20274FF5 ¥ 4 HE L e HE AR

B4 EHFEHLIHREEEHER
Fig.4 The results of the pile row of the south truck dump
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Fig.6 Transport cost curve
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