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Study on Ore-Rock Separation Controlled Blasting Technology and Fragmentation Prediction for the Las Bambas Open-Pit Mine
Tang Mingdong'*, Fu Zhouyun'*, Chen Xuesong®, Ren Qinlin"*, Ning Yulin®, Sun Yuzhe®
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.National Engineering Research Center for Metal Mining, Changsha, Hunan 410012, China;
3.China Minmetals Nonferrous Metals Co., Ltd., Beijing 100044, China)

Abstract: Ore and rock are distributed alternately in Las Bambas Copper Mine, with varying hardness and diverse lithology
across zones. Single blasting parameters are hardly applicable to the complex geological conditions. To achieve proper ore
fragmentation and reduce waste rock dilution during blasting, research was conducted on ore-rock separation controlled blasting
technology and fragmentation prediction for open-pit bench blasting. Rock mass blastability was classified based on the Rock
Mass Index (RMI). In-situ retention blasting and cast blasting were proposed to distinguish between ore and rock, thereby
achieving zoned accumulation of broken materials. Schemes of multi-point initiation with differentiated borehole pattern
parameters and dense empty hole blasting were designed. Blasting data of Ferrobamba mining area were used for training based
on XGBoost model, and ore blasting fragmentation of 25 sample groups was predicted and verified through field tests. The
results show that with the multi-point initiation scheme using differentiated borehole pattern parameters, a hole depth of 16.5
m, borehole pattern parameters of 9.0 m X 8.0 m for rock area and 6.5 m X 5.5 m for ore area, distinct ore-rock boundary
grooves are formed after blasting, and ore and rock accumulate separately. The characteristic parameter Dy, of blasting
fragmentation distribution is 127 mm, while the predicted Dy, value is 124 mm with an error of only about 2.36%. The
proportion of fragments sized smaller than 25.6 mm reaches 36.7% . which satisfies the requirements of the concentrator.
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Table 1 Test results of uniaxial compressive strength
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Table 2 Blastability classification of rock mass in Las Bambas mine
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Fig.1 Schematic of in-situ heaping and throwing blasting of ore rock
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Table 3 Recommended values of hole network parameters and blasting parameters
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Table 4 Blasting parameters of multi-point initiation scheme with differentiated hole network parameters

g WALER/,  MILEE/ el / L/ AL, R E/ HE SIS 8] /ms
mm m m m m m fLIH HETa]
WA 310 16.5 5.5 6.5 9.0 7.0 31 59
Feal 310 16.5 8.0 9.0 9.0 7.0 35 105
. ASRE
e L\/ BB
[éj/llllll]llll]l/lllllll\é\)llllllll
EEER / 7R R
B2 sERSERARTE
Fig.2 Schematic of multi-detonation initiation scheme
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Fig.3 Design scheme schematic of blasting
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Table 6 Comparison of prediction results

of different models

78  6.78 15.52 0.047
37 6.48 15.85 0.062
54 6.16 16.62 0.047
67 6.35 15.67 0.062
76 6.67 15.93 0.062
42 6.11 16.11 0.062
74 6.62 16.57 0.062
61  6.35 16.06 0.047
11 5.8 16.49 0.062
5.76 16.25 0.062

1

1

1

1

1
.09 1913.0 6.0 125.6
24 1262.0 20.0 127.8

.04 1

04 1

.05 1

.32 1

06 1

1

1

635.0 20.0 123.4
421.0 6.0 134.9
152.0 6.0 130.5
401.0 50.0 123.7
205.0 6.0 131.9
.04 451.0 6.0 120.5
.21 232.0 85.0 100.6
.38 902.0 85.0 103.2

=2 w/ a/ L/ ¢ (1/ Q/ RMI Dygo/
m m m (kg *m *) kg mm
1 5.36  5.62 16.68 0.047 1.23 1 090.0 85.0 107.3
2 5.73  6.73 15.94 0.047 0.90 1558.0 2.5 137.3
3 5.69 6.57 15.88 0.062 0.96 1023.0 6.0 132.5
4 5.61 6.68 16.11 0.047 0.96 1071.0 2.5 130.2
5 5.73  6.55 16.62 0.062 0.96 965.0 2.5 133.9
6 5.34 6.06 15.81 0.062 1.23 1591.0 20.0 128.2
7 5.53  6.28 15.61 0.047 .13 1 876.0 20.0 118.6
8 5.56  6.32 16.37 0.062 .08 1 876.0 20.0 120.2
9 5.77  6.69 15.69 0.062 .05 1878.0 6.0 121.3
10 5.72  6.50 15.51 0.047 .88 992.0 2.5 136.6
11 5.22 5.85 16.35 0.047 .35 084.0 85.0 103.4
12 5.60 6.67 16.29 0.062 .05 481.0 6.0 132.7
13 5.14 5.88 16.67 0.062 17 271.0 50.0 113.7
14  5.36 5.82 16.19 0.047 .38 391.0 85.0 107.5
15 5.28 6.36 16.27 0.047 .07 012.0 20.0 115.4

5.

5.

5.

5.

5.

5.

5.

5.
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O VAG V VHG  J S S

Do
32
&2}
<
(321

Fr SR/ AN RN 7Y A5 3 14 T3 (K / mm
mm  XGBoost RF PNN PSO BP
1 107.3 101.5 95.57 98.6 104.0 103.4
2 137.3 131.2 128.8 143.0 126.9*  133.9
3 132.5 127.7 128.7 124.9 122.5 148.1*
4 130.2 139.9 123.7 125.8 118.1* 112.2°
5 133.9 127.9 115.9"  129.4 116.1*  143.3
6 128.2 134.1 141.8*  138.4" 139.6" 112.0"
7 118.6 128.0 111.8 111.3 110.7 102.5"
8 120.2 115.4 109.2*  116.7 110.2 108.1~
9 121.3 125.0 129.1 127.0 128.4 125.7
10 136.6 129.0 151.6*  139.8 152.5°  126.9
11 103.4 95.9 94.5 115.6° 98.4 98.9
12 132.7 124.5 140.6 128.9 136.1 117.3~

13 113.7 107.7 119.5 108.3 119.9 117.0
14 107.5 101.6 99.6 98.4 112.8 96.5"
15 115.4 122.4 108.8 121.3 119.7 121.9
16 125.6 117.3 135.5 113.3° 131.3 141.8*
17 127.8 122.4 136.8 141.2°  142.5" 122.6

18 123.4 126.7 132.1 132.0 128.9 116.5
19 134.9 122.3%  125.5 126.8 152.8* 131.3
20 130.5 138.4 122.2 136.1 133.7 117.2~
21 123.7 126.8 131.7 116.6 118.5 130.1
22 131.9 138.3 115.7" 122.4 139.1 123.6
23 120.5 115.1 128.4 115.8 124.6 113.0
24 100.6 106.6 109.9 92.3 104.1 96.1
25 103.2 92.7" 97.2 98.5 112.8 110.5
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Fig.4 The results predicted by different models
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Fig.5 On site application of blasting technology with differentiated hole network parameters and multi-point initiation
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