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Fig. 1 Design diagrams of four mining methods
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Fig. 2 Hierarchical structure for mining method optimization
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Table 1 Cutting ratio and cost calculation for ton ore of method B

HIE Ko/ % $&/m " /m £ /m TR Bt
NAT X2 BRI 1 2.0 47 2.0 188. 00 m?

VBB 1 3.3 47 2.2 341,22 m®

ek 3 2.8 2.8 44 1034.9 m? 2 001. 6 m®
BB E PR 6 2.8 2.8 7.3 343.39 m?

I 2% 4% 2 2.8 2.8 6.0 94, 080 m?
AR A 1 3.3 47 44 17 061 t 17 061 t
K 117. 319 m®/kt
W B A 106. 927 76/

*2 FAEBEREHE

Table 2 Recovery rate calculation of method B

{7 & Bt $i/m f/m £/m PRI/
f¥) 2 3.3 47 3 2 326.5
iz 1 3.3 3 50 1237.5
B 1 3.3 47 44 17 061
MPES 82.72%

R3 BHEEWRSH

Table 3 Indicator parameters of several methods

Rl J7 1 KA/ (m? k) ] R 2%/ %4 W B A% / (5T / D
K43 2 T R 118.135 84. 60 207. 254
53 Br s i J5 FE ik 117. 319 82.72 106. 927
18 73 BOR AL 25 8 D R R4 7 81. 819 82. 80 92.728

b ) TR AL 3% 25 1o AR W TR SR 58. 415 81.00 83. 366
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Table 4 Judgment matrix A-P Value

HEN A P1 P2 P3 P4
Pl 1 2 1/3 1/3
P2 1/2 1 1/2 1/3
P3 3 2 1 1/2
P4 3 3 2 1
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Table 5 Hierarchical overall ranking result
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Table 6 Expert indicator scoring
Rk P1 184 P2 154y P3 1843 P4 1545

A 65 85 62 74
B 68 80 68 80
C 75 80 78 85
D 85 78 85 90

HEN A P1 P2 P3 P4 w
P1 1 2 1/3 1/3 0. 156
P2 1/2 1 1/2 1/3 0.119
P3 3 2 1 1/2 0. 285
P4 3 3 2 1 0. 440
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Table 7 Expert indicator weighted scoring

RO Trdk PUMA P2 hiAlsy  P3 ALy P4 ALy
A 10. 142 10.114 17.695 32.528
B 10.610 9.519 19. 408 35.166
C 11.703 9.519 22.262 37.363
D 13. 269 9. 281 24. 260 39.561
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Table 8 Evaluation result comparison
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Table 9 Optimization plan for mining area parameters

AHP-TOPSIS # #1314y 75 3%
KW

P W55 WE:/m ™ B3 4L/ m
VES 5 4
VES 5 6
Ji% 3 5 8
EX! 7 4
pZE 3 7 6
e 7 8

Df Dy E, e
A 0.092 0.067 0. 444 4
0. 064 0.054 0. 448 3
C 0.152 0.134 0. 454 2
D 0.234 0.203 0. 544 1
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Fig. 3 FLAC mining site model schematic
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Fig. 4 Model boundary conditions
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Table 10 Numerical simulation physical and

mechanical parameters

" #HIk

2 U A
%1/ (kg/m?) 2 603 2 625
HibE i /GPa 18.23 22. 89
THIALE 0.226 0.233
HLHIsR JE / MPa 1.63 1.98
JEE 1/ () 41 41
Hi4h 71/ MPa 0.9 1.0
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Fig. 5 Measurement point arrangement
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Table 11 Results of tensile stress in mining areas during mine extraction
AN AL & 9L R ) / MPa
E oA [ A Bk 5132 fin A R R TR
HE1 0 0 0. 657 0.715 0. 706
JE2 0 0 0. 253 0. 480 0.473
i 0 0 0. 356 0.530 0.516
VEX! 0 0 0.253 0. 480 0.473
THES 0.112 0.123 0. 240 0.520 0.513
FH%E6 0.025 3 0.028 6 0.320 0. 630 0. 604
K12 THEARMRRERNER
Table 12 Results of compressive stress in mining areas during mine extraction
AN RS fY FE Y 77/ MPa
E Tk [ 2 Jik &3z i 4 R T8
e 10,2 41.7 31.2 13.1 14. 1
JE 2 37.3 36.2 38.2 12.3 13.5
%3 38.4 37.2 36.3 11.2 11.7
VEX! 44.6 43.4 35.0 12.5 12.8
E 38.4 37.6 34.7 11.7 12.1
ViE X 36.9 35.4 35.4 11.5 11.9




46 A

5 % 44 %

X3 TEARNRRERMUBITHEER

Table 13 Calculation results of maximum displacement in mining areas during mine extraction

AN T o7 B B R AV A / em
vE TiAE i K Jikobiz i A& LA FiR:cE
FE1 1.23 2.5 1.95 4.71 4.96
FE2 1.26 3.3 1.91 4.74 4.75
Wk 1.85 2.3 1.80 4.38 4.63
EX! 1.90 2.4 1.89 4.04 4.13
FES 1. 80 2.5 1.84 4.54 4.75
E 1.84 2.7 1.78 4.37 4.55

k14 FEARMNRREERITELER
Table 14 Calculation results of plastic zone in mining

areas during mine extraction

RIS WPEX Y E/ % kS WYX Y/ %
ER! 25.53 VER 27.35
Jre 2 27.97 E 22.52
%3 24. 69 H%E6 25.15
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Fig. 7 Scheme 3 minimum principal stress contour map
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Fig. 8 Scheme 3 maximum principal stress contour map
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Fig. 9 Scheme 3 top column stress monitoring
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Mining Methods and Structural Parameter Optimization for Steeply
Inclined Thin Ore Veins Based on AHP-TOPSIS

WANG Tao, SUN Gangyou, YANG Jiangkun, REN Sai
(China Nuclear Mining Science and Technology Corporation, CNNC, Beijing 101149, China)

Abstract: As the mining depth of a uranium mine continues to increase, the ore body shows a trend of
decreasing thickness and increasing inclination angle. This paper focuses on the steeply inclined thin
ore veins of the uranium mine, utilizing the AHP-TOPSIS method for comparative analysis of differ-
ent mining methods, and proposes a high-segment continuous efficient collaborative mining method
suitable for the thin ore veins in this mine. Based on this, the numerical analysis is conducted using
FLAC3D to examine different structural parameter schemes of the stope, analyzing the stress field,
displacement field, and distribution characteristics of the plastic zone during the mining process, ulti-
mately acquiring the optimal stope structural parameters. The results indicate that: no tensile stress
was observed in the top and intermediary pillars in scheme 1 to 4, while a small amount of tensile
stress occurred in schemes 5 and 6; the proportion of the plastic zone varies from 22.52% to 27.98%
across scheme 1 to 6, with scheme 3 demonstrating better stability. Considering both safety and eco-
nomic factors, the optimal stope structural parameters are determined to be a top pillar height of 5 m
and an intermediary pillar width of 8 m (scheme 3).

Key words: uranium mine; steeply inclined thin ore veins; AHP-TOPSIS method; mining face struc-

tural parameters; stability; FLAC3D





