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APPENDIX
A.1: Blasting data set of quarry A

Blast_ID | B D S H | T CCL | S/B | T/B| H/B|T/CCL | Nr| Npn| Qe Di CPD | HD | RD | Vr Th.PF | Act.PF | SD PPV
B1 40(150 |50 |10 |4 6 1310 |25 |067 |2 |13 |946.4 |280|84.8|42 |65 |4800.0 |0.22 |0.20 30.4 | 3.40
B2 45]150 60|10 |38|6.2 |13 |08 |22 (061 |3 |25|11745|350|88.6| 17 |25 | 10800.0 | 5.56 | 0.18 37.2] 2.90
B3 4311505510 (35|65 (13|08 |23 (054 |2 |15|833.6 |300|90.5|42 |65 |63855 |556 |0.18 31.5| 2.50
B4 3411104710 {3.7]63 |14 |11 |29 |059 |2 |16|992.2 |200|479 |25 |65 |43146 |0.22 |O0.19 28.9 | 4.80
B5 32|110(45|10 (4.2 |58 |14 |13 |31 |072 |2 |22|1236.4|350|45.2 |42 |65 |4752.0 |0.21 |0.19 52.1| 1.40
B6 451506010 36|64 |13 |08 |22 |056 |2 |22|8134 |320|885 |42 |65 |8910.0 |0.15 |0.13 34.0 | 1.60
B7 43]150 (55|10 (42|58 |13 |10 |23 {072 |2 |14|9944 |300|788 |42 |65 |5676.0 |0.16 |0.14 33.8 | 2.90
B8 30(110(45|10 (35|65 (15|12 |33 [|054 |2 |22|968.8 |210|49.4 |25 |65 |44550 |0.22 |0.20 29.9 | 4.20
B9 45(150 60|11 |49|6.1 |13 |11 |24 {080 |2 |14|1054.5|270|92.0|42 |65 |7128.0 |0.16 |0.14 28.1 | 3.40
B10 40(150 55|10 38|6.2 |14 |10 |25 (061 |2 |15|7824 |320|92.2|42 |65 |5940.0 |556 |0.18 33.3 | 2.76
B11 431150 60|10 42|58 |14 |10 |23 |072 |2 |12|8445 |300|89.4 |25 |65 |5418.0 |0.15 |0.14 31.7 | 2.30
B12 41(150 55|10 43|57 |13 |10 |24 (075 |2 |15|7189 |400|84.7 |42 |65 |6088.5 |0.16 |0.14 43.5 | 0.70
B13 35(110|(50|10 35|65 |14 |10 |29 |054 |2 |13 |980.8 |220|50.6 |25 |65 |4200.0 |0.18 | 0.17 30.9 | 3.50
B14 451150 60|10 41|59 |13 |09 |22 |069 |2 |16 |1650.0| 250 |87.7 |42 |65 |7290.0 |0.15 |0.13 26.7 | 4.20
B15 321104810 (39|61 |15 |12 |31 064 |4 |33|1188.8|310|47.5|42 |65 |7680.0 |4.76 |0.21 45.0 | 2.48
B16 431150 |55|10 36|64 |13 |08 |23 |056 |2 |16 |1150.5|255|92.6 |25 |65 |63855 |0.22 |0.19 26.5 | 4.20
B17 45(150 60|10 |38|6.2 |13 |08 |22 |061 |2 |15|970.2 |270|89.8|42 |65 |7290.0 |0.18 | 0.16 28.5 | 2.30
B18 30(110(42|10 (35|64 |14 |12 |33 | 055 |2 |21|1348.8|350|49.8 |42 |65 |4158.0 |0.22 |0.21 49.6 | 1.50
B19 35|110(45|10(3.7|63 |13 |11 |29 |059 |2 |24|1102.0|310|51.2 |42 |65 |5670.0 |0.24 |0.22 43.3 | 2.74
B20 30(110(40|10 (35|65 (13|12 |33 [|054 |2 |20 |1050.0 | 400 |50.6 |42 |65 |3960.0 |3.57 |O0.28 56.2 | 0.98
B21 35|110(50|10 ({38|6.2 |14 |11 |29 |061 |2 |21|1030.0|300|483 |42 |65 |6300.0 |0.19 |O0.17 43.2 | 2.40
B22 32|110(45|10 (37|63 (14|12 |31 (059 |3 |25|1377.5|350|51.5|42 |65 |5184.0 |0.20 | 0.18 48.8 | 1.98
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B23 30(110 (40|11 | 4 7 1313 |37 |057 |3 |25|1442.0|290|49.5|42 |65 |5280.0 |3.85 |0.26 41.2 | 3.79
B24 35|110|50|10 (36|64 {14 |1.0|29 [056 |4 |35|900.0 |290|49.8 |42 |65 |8750.0 |0.17 |O0.16 41.1 | 1.90
B25 301104210 {3565 (14|12 |33 [|054 |2 |18 |1164.0| 260 |52.4 |42 |65 |3780.0 |0.25 |0.24 35.9 | 3.50
B26 421150 56|10 41|59 |13 |10 |24 |[069 |2 |20 |843.0 |310|89.5|42 |65 |77616 |0.17 |O0.15 32.8 | 1.48
B27 40(150 55|10 45|55 |14 |11 |25 (082 |2 |15|1200.0|300|79.2 |42 |65 |5940.0 |0.15 |0.14 33.7 | 2.18
B28 45]150 60|10 |38|6.2 |13 |08 |22 061 |2 |15|11951|395|94.1|42 |65 |7290.0 |0.18 |0.16 40.7 | 1.80
B29 41150 |50|10 |4 6 12 (10 |24 |067 |2 |17 |1432.2|350|91.2 |42 |65 | 6150.0 |5.26 |O0.19 36.6 | 4.10
B30 40(150 50|10 41|59 |13 |10 |25 |069 |2 |22|720.0 |255|855|42 |65 |7200.0 |0.22 |0.20 27.6 | 2.77
B31 32|110(42|10 (37|63 (13|12 |31 [059 |2 |16|7344 |293 51525 |65 36288 |0.23 |0.20 40.8 | 1.50
B32 35|110|(50|10 {3565 (14 |10|29 [054 |2 |17 |800.0 |300|51.2|42 |65 52500 |0.16 |O0.14 41.9 | 0.85
B33 30(110 (40|10 | 4 6 13 (13|33 |067 |2 |16 11914 |370| 458 |42 |65 |3240.0 | 0.26 | 0.25 54.7 |1 0.70
B34 30(110|{41|10 ({38|6.2 |14 |13 |33 |061 |3 |23 |9500 |310|49.5|42 |65 |4428.0 |0.29 | 0.27 44.1 | 2.41
B35 35|110|(50|10 {3565 (14 |10|29 [054 |2 |19|749.7 |350|51.2 |42 |65 |57750 |0.18 | 0.16 48.9 | 0.90
B36 30(110|{40|10 (35|65 (13|12 |33 | 054 |2 |17 |1150.0|350|46.5|42 |65 |3600.0 |4.76 |0.21 51.3 | 1.00
B37 30(110{39|10 {38|6.2 |13 |13 |33 |061 |3 |23 |1692.6 |380|50.2 |42 |65 |4212.0 | 0.29 | 0.27 53.6 | 3.49
B38 351104510 (39|61 |13 |11 |29 |064 |3 |26|8440 |285|47.5|42 |65 |6300.0 |0.25 |0.27 41.3 | 2.79
B39 331104510 (35|65 |14 |11 |3.0 {054 |2 |15|8445 |260|50.6 |25 |25 |4009.5 |0.23 |0.21 36.5 | 2.50
B40 301104510 {33 |6.7 |15|11 |33 |049 |2 |18|993.6 |250|52.2 |25 |65 |4050.0 |0.27 | 0.25 34.6 | 2.90
B41 31(/110{40|10 (4.2 |58 |13 |14 |32 (072 |2 |17 |7004 |290|475 |42 |65 |3720.0 |5.26 |O0.19 42.1 | 1.80
B42 40(150 50|10 (39|6.1 |13 |10 |25 064 |2 |17|950.3 |240|88.3|42 |65 |5400.0 |0.18 | 0.16 25.5 | 4.10
B43 35(110(45|10 (4.2 |58 |13 |12 |29 |072 |2 |21|8652 |280|452 |42 |65 |5670.0 |0.16 | 0.15 41.7 | 2.76
B44 30(110|{42|10 (35|65 |14 |12 |33 |054 |2 |14 |6358 |250|50.6 |25 |65 |3024.0 |0.23 |0.21 35.1| 1.50
B45 32|110(42|10 (4.2 |58 |13 |13 |31 072 |2 |23 |1196.0|350|45.2 |17 |25 |48384 |0.24 |0.23 52.1|2.18
B46 30(110|{40|10 (38|6.2 |13 |13 |33 |061 |2 |22|992.2 |370|483 |42 |65 |4320.0 |0.26 |0.23 53.2 | 1.80
B47 35|110(45|10 (4.2 |58 |13 |12 |29 |072 |2 |21|8652 |350|452|42 |65 |51975 |0.17 |0.15 52.1 | 0.76
B48 33|110(41|10 (42|58 {12 |13 |3.0 072 |4 |35|1596.0| 290|452 |42 |65 |67650 |0.26 | 0.24 43.1 | 3.80
B49 421150 55|10 41|59 |13 |10 |24 |(069 |2 |14 |788.2 |400| 858 |42 |65 |5544.0 |0.16 |0.14 43.2 | 1.10
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B50 30(110|{40|10 (35|65 (13|12 |33 |054 |2 |18 |820.8 |260|52.2|42 |65 |3600.0 |0.24 |O0.23 36.0 | 3.50
B51 35|110(45|10 (35|65 (13 |1.0|29 [054 |2 |16 | 7552 |280|50.6 |25 |65 42525 |0.21 |O0.18 394|151
B52 301104110 (39|61 |14 |13 |33 |064 |3 |23 |9476 |310|485 |42 |65 |4428.0 |0.22 |0.21 445 | 2.80
B53 32|110(42|10 {4159 |13 |13 |31 [069 |2 |17 |750.0 |350|49.1|42 |65 |4032.0 |526 |0.19 49.9 | 1.80
B54 35(110|50|10 (36|64 {14 |1.0|29 [056 |2 |17 |7174 |250|49.8 |25 |25 |52500 |0.16 |O0.14 35.4|3.70
B55 30(110{40|10 (40|60 |13 |13 |33 |067 |2 |21 |915.6 |280|46.7 |42 |65 |3960.0 |4.76 |0.21 41.0 | 3.40
B56 451150 60|10 (39|61 |13 |09 |22 |064 |2 |21|1180.2|370|88.3|42 |65 |8910.0 |0.14 |O0.12 39.4 | 2.76
B57 421150 (57|10 45|55 |14 |11 |24 {082 |2 |15|978.0 |290|85.2|42 |65 |6463.8 | 6.67 | 0.15 314 2.90
B58 41150 |58 |11 42|68 |14 |10 |27 |062 |3 |25|19550 310|958 |42 |65 |10463.2 |5.26 |0.19 31.7 | 4.20
B59 32|110(41|10 (39|61 |13 |12 |31 064 |2 |16 |819.2 |309|475|25 |65 |35424 |4.35 |0.23 44.8 | 1.60
B60 35(110(48 |10 {4159 |14 |12 |29 |069 |2 |19 |8444 |350|46.0|42 |65 |55440 |6.67 |O0.15 51.6 | 1.10
B61 32|110(45|10 (36|64 {14 |11 |31 056 |2 |13 |626.6 |310|49.8 |42 |65 |3456.0 |556 |O0.18 43.9 | 0.70
B62 421150 (55|10 42|58 |13 |10 |24 |072 |2 |16 (9424 |350|84.0|12 |65 |6237.0 |0.17 |0.15 38.2 | 2.76
B63 32|110(42|10 (35|65 (13|11 |31 054 |3 |26|1175.2|290|50.6 |42 |65 |5376.0 | 0.23 | 0.22 40.8 | 2.90
B64 35(110{48 |10 (35|65 |14 |10 |29 |054 |2 |17 |7752 |200|50.6 |25 |65 |5040.0 |6.67 |0.15 28.1 | 3.40
B65 30(110{45|10 {38|6.2 |15|13 |33 |061 |2 |14 |560.0 |210|48.3 |42 |65 |3240.0 | 0.19 |0.17 30.2 | 2.79
B66 30(110{40|10 (3.2 |68 |13 |11 |33 |047 |2 |16 |673.6 |250|53.0|25 |65 |3240.0 |0.22 |0.21 34.4 | 1.48
B67 35(110(4.7|10 {4258 {13 |12 |29 [072 |2 |14 |560.0 |240 452 |25 |65 |39480 |0.16 |0.14 35.7 | 2.80
B68 45]150 60|10 |40|6.0 |13 |09 |22 (067 |2 |17 |1431.4|350|86.9|42 |65 |8100.0 |0.20 |0.18 37.5]3.70
B69 35(/110(50|10 (3.2 68 {14 |09 |29 (047 |2 |20|824.0 |260|53.0|42 |65 |57750 |0.16 |O0.14 35.7 | 2.41
B70 32|110(4.2|10 (40|60 |13 |13 |3.1 |067 |4 |35|1799.7|290 |46.7 |42 |65 | 6720.0 | 0.28 | 0.27 42.4 | 4.70
B71 31|110(40|10 (35|65 (13|11 |32 [054 |3 |26|1185.6|300|50.6 |42 |65 |4960.0 | 0.25 | 0.24 42.2 | 2.49
B72 4511506010 42|58 |13 |09 |22 |072 |2 |17 |9588 |285|84.0|25 |65 |8100.0 |0.13 |O0.12 31.1| 2.80
B73 35(/110 (48|10 (41|59 (14|12 |29 [069 |2 |16 |8352 |250|46.0|42 |65 |4536.0 |556 |O0.18 36.9 | 2.60
B74 32|110(41|10(38|6.2 {13 |12 |31 061 |2 |13 |5304 |300|483 |25 |65 |31488 |588 |0.17 43.2 | 0.81
B75 421150 (56|10 (39|61 |13 |09 |24 064 |2 |14 (8274 |240|883 |42 |65 |5644.8 |0.16 | 0.15 25.5 | 2.48
B76 45]150 60|10 35|65 |13 |08 |22 054 |2 |18 |13356|320|94.1|25 |65 |8100.0 |0.17 |0.16 33.0| 3.50

189




B77 30(110(40|10 (40|60 {13 |13 |33 |0.67 17 | 870.4 | 300 | 46.7 | 25 | 65 | 3600.0 | 0.25 | 0.24 43.9 | 1.50
B78 40150 (50|10 |39|6.1 |13 |10 |25 |0.64 18 | 1173.6 | 240 | 88.3 | 42 | 65 | 6000.0 | 0.23 | 0.20 25.5 | 3.90
B79 30(110 (40|10 (38|6.2 {13 |13 |33 |061 24 | 1228.8 | 285 | 48.3 | 25 | 65 | 4320.0 | 0.29 | 0.28 41.0 | 2.40
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A.2: Blasting data set of quarry B

Blast_ ID[B [D [S [H [T [ccL[s/B [T/ [H/B [T/CCL| N, [Ny Qe CPD [ Di [HD[RD [ vr Th. [Act. [SD [PPv
PF_ | PF
B1 30[115[45[100[3.6 |64 [1.50|120[3.33[056 |2 |17 ]6650 |46.0 14017 |42 |1575.0 [ 0.18 | 0.16 | 20.6 | 3.87
B2 35[115[50[105[3.4 |71 [143|097[3.00|048 |2 |18|7425 [47.6|160 |17 |42 | 5512.5|0.14 | 0.13 [ 23.2 | 2.46
B3 35[115[50[9.0 [33(57 [143|095[257[059 |3 [25[913.0 [49.2|180 |17 |25 | 6300.0 | 0.15 | 0.14 | 25.7 | 1.63
B4 35[115[48[9.0 [34 (57 [137|096[257[059 |2 [15[547.8 [48.1|150 |17 |25 | 4082.4 [ 0.16 | 0.13 | 21.6 | 1.27
BS 30[115[45]95 [3362 [1.50|1.09[3.17 052 |3 [24]1011.6 [52.2 21017 |25 | 4617.0 [ 0.23 [0.22 [29.1] 1.12
B6 35[110[40[ 1004259 [1.14|119]286 071 |3 [25]956.3 |46.3|150 |17 |25 | 5600.0 | 0.18 | 0.17 | 22.0 | 2.94
B7 35[115[50[ 1004160 |143|1.16]286|068 |2 |18]7047 [523 20017 |42 [5250.0|0.15 |0.13 [27.7[3.14
B8 35[115[50[9.0 [3060 [143|087[257]051 |2 [16]631.2 [50.7 24017 |25 | 4252.5[0.16 | 0.15 | 33.7 | 2.41
B9 35[115[50[95 [3.956 |143|111]271]069 |2 |[18]6322 [47.8|230 |17 |42 [49875[0.15 |0.13 [33.3[1.58
B10 30[115[45]100[35|65 | 1.50 | 1.17[3.33 [ 0.54 |4 |33 11586 |47.5|260 |17 |42 | 6750.0 [ 0.18 | 0.17 | 37.7 | 1.65
B11 35[110[48]105[34 |71 [137|097[3.00 (048 |2 [15|676.8 |47.3|190 |17 |25 | 4762.8 [ 0.15 | 0.14 | 27.6 | 1.59
B12 30[110[44]100[30|70 [147|100[3.33]043 |3 [26]929.0 [49.3|200]17 |42 | 5280.0 [ 0.19 |0.18 | 28.5 | 2.59
B13 35[110[50[9.0 [34 (56 |[143|098[257 061 |3 [26]890.5 |43.5|300]17 |25 |6300.0|0.18 |0.16 | 45.5 | 0.89
B14 30[110[50[100[3.2 |68 |1.67|107[3.33[047 |2 [17]614.0 |46.0 25017 |25 | 4500.0 | 0.16 | 0.14 | 36.8 | 2.03
B15 35[115[50[100[33 |68 [143|093[2.86[048 |2 [16|660.0 |553 29017 |25 |4725.0[0.16 | 0.14 | 39.0 | 0.83
B16 35[115[55[10.0 |44 |56 | 1.57 |1.25[2.86 078 |3 |24 8256 |49.7 14017 |42 [6930.0|0.17 |0.16 | 19.9 | 4.51
B17 30[115[48]100[35|65 [ 1.60 |1.17[3.33 054 |2 [15[542.1 [49.5|210 |17 |25 [ 3888.0 [ 0.15 | 0.14 | 29.8 | 1.33
B18 35[115[52[95 [3.6[59 [1.49|1.04[271]062 |4 |36]1305.0|50.0|160 |17 |25 | 8645.0 | 0.17 | 0.15 | 22.6 | 3.24
B19 30[115[45[100[3.9[6.1 [1.50|130[3.33]064 |2 [15[536.1 |50.4|170 |17 |25 | 3645.0 | 0.16 | 0.15 | 23.9 | 2.54
B20 35[115[50[9.0 [2.8|6.2 [143|081]257[046 |2 |[17]6650 |52.5|150 |17 |25 |4725.0|0.15 | 0.14 [ 20.7 | 3.16
B21 30[115[50] 1003862 [1.67|127[3.33]061 |3 [25]1003.0|52.8 16017 |25 | 6000.0 [ 0.20 [ 0.19 | 22.03.11
B22 35[115[50[9.0 [3.060 [143|085[257[049 |2 [17]612.2 [53.7|200]|17 |25 | 4725.0 [ 0.15 | 0.13 | 27.3 | 1.47
B23 35[115[50[95 [3.2|64 [143|090[2.71[050 |2 |16 |564.0 |54.1 (24017 |25 | 448838 |0.14 |0.13 | 32.6 | 1.89
B24 30[115[48[105[3.5|65 | 1.60 | 1.17[3.50 | 0.54 |2 |16 |660.0 |49.6 |260 |17 |25 | 4082.4 | 0.18 | 0.16 | 36.9 | 1.40
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B25 30(115(45|100|39 6.1 |150|130|333|064 |3 |25|881.3 |51.9|310|17 |25 |5400.0|0.18 |0.16 | 43.0 | 0.85
B26 35(|115|51|100|3.8 6.2 |146|1.07|286|060 |2 |17 |673.5 |53.1|190 |17 |25 |5355.0|0.15 |0.13 | 26.1 | 2.54
B27 35(115}(45|100|39 6.1 |129]112|286|064 |2 |16 |560.5 |51.8|350|17 |25 |42525|0.15 |0.13 | 48.6 | 0.85
B28 35(115|50|90 |3.8|52 |143|1.09|257|0.73 |2 |15|543.8 |44.2|150|17 |25 |42525|0.14 | 0.13 | 22.6 | 2.76
B29 35(115|52|100|41 59 |149|118|286|0.71 |4 |33|1130.3|49.9|210|17 |25 |9100.0|0.13 |0.12 | 29.7 | 3.45
B30 35|115|50|100|41 59 |143|1.18|286|0.70 (3 |25|921.3 |50.1|220|17 |25 |7000.0|0.14 |0.15|31.1|2.46
B31 35(115|50|95 |33 /6.2 |143|094|271|053 |2 |16 |564.0 |528|250|17 |25 |4488.8|0.15 |0.13 |344|1.14
B32 35(|115|55|100|41 6.0 |157|116|2.86|068 |2 |17 |5950 |50.7|240|17 |42 |5775.0|0.00 |0.11 | 33.7|1.85
B33 35(110|{50|90 |3.7|53 |143|1.07|257|071 |2 |15|618.8 |41.0|230|17 |25 |42525|0.17 | 0.15 | 359 2.15
B34 35(|110|55|100|40 6.0 |157|113|286|066 |3 |25|8758 |47.0|240|17 |42 |7700.0|0.14 |0.13 | 35.0 3.15
B35 35|110|50|100|40 6.0 |1.43|1.14|286|0.67 |3 |24|780.7 |421|260|17 |25 |6300.0|0.13 |0.12 | 40.1 | 2.94
B36 30(110|{40|100|39|6.0 |133|130|333|065 |2 |15|541.8 |46.6|270| 17 |42 |3240.0|0.19 | 0.17 | 39.6 | 0.95
B37 30(115(48 |90 |33 |57 |160|111|3.00{059 |2 |16|6259 |52.1|280|17 |25 |3499.2|0.20 |0.18 | 38.8 | 1.02
B38 30(115|50|100|3.6 |64 |167|120|333|056 |4 |33|1009.1|514|210|17 |25 |7500.0|0.16 |0.15|29.3|3.85
B39 30(115}45|100|3.8|6.2 |150|127|333|061 |3 |26|9425 |50.1|240|17 |42 |5400.0|0.18 |0.17 |33.9]1.25
B40 35(115|50|90 |33 |57 |143|094|257|057 |2 |17 |5483 |49.7|260|17 |25 |4725.0|0.14 | 0.13 | 36.9 | 0.76
B41 35(|115|55|105|42 63 |157|120|3.00|067 |2 |18 |706.5 |53.6|250|17 |25 |6063.8|0.14 |0.13 |34.1|2.48
B42 35(115|50|100|41 59 |143|117|286|069 |2 |16 |571.8 |50.4|300|17 |25 |4725.0|0.14 | 0.12 | 42.3 | 0.97
B43 30(115}50|90 |39 |51 |167|129|3.00|0.75 |2 |17 |701.3 |43.8|240|17 |25 |4050.0|0.18 |0.17 | 36.3 | 2.85
B44 30(115}(45|95 |36 |59 |150|120|3.17|061 |2 |15|573.8 |50.2|320|17 |25 |3462.8 |0.19 | 0.17 | 45.2 | 0.76
B45 35|115|55|90 |33 |57 |157|094|257|057 |2 |16|661.8 |47.6|160 |17 |25 |4677.8 |0.17 |0.14 | 23.2 | 3.14
B46 35|115|55|90 |39 |51 |157|111|257|0.76 |2 |18 |5855 |453|240|17 |25 |51975|0.15 |0.13 | 35.7 | 1.14
B47 35|115|50|100|34 |66 |143|096|286|051 |3 |26|939.9 |54.7|150|17 |25 | 7000.0 | 0.16 | 0.13 | 20.3 | 3.85
B48 35(110 55|90 |35|55|157|101|257|064 |3 |24 |840.7 |42.7|190 |17 |25 |6237.0|0.15 |0.13 | 29.1 | 3.15
B49 35(110 (50|90 |33 |57 |143|094|257|058 |2 |15|541.8 |44.5|260|17 |25 |42525|0.14 | 0.13 | 39.0 | 0.96
B50 35(|115|55|100|40 6.0 |157|114|286|066 |2 |18 |686.2 |53.7|220|17 |25 |5775.0|0.16 |0.13 | 30.0 | 141
B51 35(115|48|100|41 59 |137|118|2.86|0.70 |3 |27 |900.7 |50.1|210|17 |25 |6720.0|0.14 | 0.13 | 29.7 | 2.95
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B52 35(115|51|90 |34 |56 |146|097|257|061 |2 |15|618.8 |47.6|150|17 |25 |4337.6|0.17 |0.14 | 21.7 | 1.65
B53 30(115|(50|90 |33 |57 |167|111|3.00|058 |2 |18 |641.7 |48.4|180 |17 |25 |4050.0 | 0.18 | 0.16 | 25.9 | 3.16
B54 35|115|50| 10040 6.0 |1.43|1.14|286|0.67 |3 |26|939.1 |51.1|200 |25 |42 |7000.0|0.15 |0.13 | 28.0|3.48
B55 30(115|50|100|39 6.1 |167|130|333|064 |2 |18 |600.5 |46.8|300|17 |25 |4500.0|0.15 |0.13 |43.8|2.14
B56 35(115|(50|90 |39 |51 |143|111|257|0.76 |2 |17 |6843 |43.6|250|17 |25 |4725.0|0.15 |0.14 | 379 0.96
B57 30(115|50|100|3.8 6.2 |167|127|333|061 |3 |24 |800.6 |46.8|150| 17 |25 |5400.0|0.17 |0.15 | 21.9 | 3.67
B58 35|110|55|100|33 6.7 |157]|095|286|049 |4 |33|10583|521|170|17 |25 |9625.0|0.13 |0.12 | 23.6 | 4.16
B59 35(115(45|100|44 |55 |129|126|286|080 |2 |15|5423 |46.7|180 |17 |25 |42525|0.14 |0.13 | 26.3|2.71
B60 35(115|50|100|33 6.7 |143|095|286|050 |2 |18 |710.1 |56.8|300| 17 |42 |5250.0|0.16 | 0.14 | 39.8 | 1.21
B61 35|115|55|100|3.6 |64 |157|1.03|286|057 |3 |24|8429 |543|260|17 |42 |6930.0|0.13 |0.12 | 35.3|2.15
B62 35(115|50|100|4.2 |58 |143|121|286|074 |3 |23|822.0 |49.0|240|17 |25 |6300.0|0.14 |0.13 |34.3|1.85
B63 30(115|50|90 |3.7,43 |167|122|3.00|08 |3 |28|1015.0|40.3|150|17 |25 |5400.0|0.21 |0.19 | 23.6 | 3.96
B64 35(|115|55|100|4.2 58 |157|121|286|0.73 |2 |18 |706.5 |49.2|200 |17 |42 |5775.0|0.16 | 0.14 | 285 | 2.14
B65 35(115|55|95 |33 |53 |157|093|271|062 |2 |16 |599.2 |44.7|210|17 |25 |4937.6|0.14 |0.12 | 31.4 | 0.77
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A.3: Blasting data set for quarry C

Blast I |B | D S |H T CC |S/B |T/B |HB | T/CC | N: | Nun | Qe Di |CPD|H |R | Vr Th. ActP | SD | PP
D L L D |D PF F \

B1 30| 115|401 100 |39 |6.1 1.33 | 1.30 | 3.33 | 0.64 3 |28 | 14498 | 450 | 613 | 17 |42 | 4800.0 | 0.30 | 0.28 575119
B2 35| 115|145 |11.0 |44 | 6.6 | 1.29 | 1.26 | 3.14 | 0.67 2 |15 | 871.8 345 |1 63.0 | 17 |42 | 4677.8 | 0.19 | 0.18 435 | 1

B3 35| 115|45|100 {45 |55 | 1.29 | 1.29 | 2.86 | 0.82 3 129 | 14283 | 250 | 552 |17 |25 |6930.0 |0.21 | 0.20 33.7 1 3.5
B4 30| 115|140 100 |38 |62 | 133|127 |333|0.61 4 |36 | 1885 420 | 563 | 17 | 42 | 6000.0 | 0.31 | 3.18 56.0 | 1.1
B5 30| 115|{40 100 |39 |6.1 1.33 | 1.30 | 3.33 | 0.64 2 | 17 | 803.25 | 300 (493 |17 |42 |3600.0 | 0.22 | 4.48 427 | 1.3
B6 35| 115|45|100 {42 |58 | 129|120 |286 |0.72 3 125 | 1266 500 | 55.2 | 17 |25 | 6300.0 | 0.20 | 4.98 673 | 1.1
B7 35| 115|461 100 |39 |6.1 1.31 | 1.11 | 2.86 | 0.64 4 |36 | 1913 250 | 55.0 | 17 |25 | 8050.0 | 0.24 | 0.22 33.7 1 3.7
B8 3.7 |115|50|10.0 {40 | 6.0 | 1.35]1.08|2.70 | 0.67 3 |27 | 14126 | 350 | 61.8 | 17 |25 | 7400.0 | 0.19 | 5.24 445 | 2.1
B9 35| 115|45|10.0 {45 |55 1.29 | 1.29 | 2.86 | 0.82 3 126 | 12805 |320 | 513 |17 |25 | 6300.0 | 0.20 | 0.18 447 119
B10 35| 115 |45|105 |41 |64 | 1.29 | 1.17 | 3.00 | 0.64 3 |27 | 15458 | 360 | 653 | 17 |25 | 66150 | 0.23 | 4.28 44.6 | 2.1
B11 4.0 | 150 | 5.0 | 11.0 |45 | 6.5 | 1.25 | 1.13 | 2.75 | 0.69 2 |15 | 1113.8 | 450 [ 913 |17 |42 | 5940.0 | 0.19 | 0.17 47.110.8
B12 30| 11540105 ({39 |6.6 | 1.33]130]3.50 | 0.5 4 |37 |2009.5 |300 |562 |17 |25 | 63000 |0.32 |0.29 40.0 | 3.8
B13 30| 11540106 |36 |70 | 1.33 | 1.20|3.53 | 0.51 2 | 18 | 1010.7 | 250 | 594 |17 |25 |3816.0 |0.26 |3.78 324 |23
B14 35| 115|145 |11.0 {43 | 6.7 | 1.29 | 1.23 | 3.14 | 0.64 2 | 18 | 10233 350 [ 61.2 |17 |42 | 51975 |0.20 | O0.18 448 | 1.2
B15 30| 11540 |11.0 |38 |72 | 133|127 |3.67 | 0.53 4 |37 |2007.6 |400 552 |17 |25 | 7260.0 | 0.30 | 0.28 53.8 129
B16 35| 115|{45]100 |39 |6.1 1.29 | 1.11 | 2.86 | 0.64 2 |16 | 84992 |350 | 62.0 |17 |42 | 42525 |0.20 |O0.18 445 112
B17 35|115|45|100 |44 |56 | 129 | 126|286 |0.79 3 |25 | 13558 | 430 | 563 | 17 |25 | 6300 022 |0.20 573 113
BI18 35| 115|45|10.0 {45 |55 1.29 | 1.29 | 2.86 | 0.82 3 124 | 11789 | 360 | 559 | 17 |25 | 5670 021 | 4.81 482 | 14
B19 30| 115|{40 100 |39 |6.1 1.33 | 1.30 | 3.33 | 0.64 3 |26 | 13328 | 230 | 523 | 17 |42 | 4800 0.28 | 3.60 31.8 129
B20 35| 115|45|10.0 {40 | 6.0 | 1.29 | 1.14|2.86 | 0.67 3 |27 | 14642 | 400 | 60.1 | 17 | 25 | 6300 0.23 | 4.30 51.6 | 1.2
B21 36 | 115 |48 | 105 |43 |62 | 1.33 | 1.19]292 | 0.69 2 | 17 | 93738 | 190 | 61.0 | 17 |42 | 54432 | 0.17 | 5.81 243 | 3.8
B22 32| 115 |45|11.0 |40 | 6.0 | 1.41 | 1.25 | 3.44 | 0.67 2 |15 | 7278 265 | 52.0 | 17 |25 | 4276.8 | 0.17 | 0.15 36.7 | 2.1
B23 36 | 115 |46 |10.0 |44 |56 | 1.28 | 1.22|2.78 | 0.79 2 | 17 | 88434 | 150 | 55.1 |17 | 42 | 4968 0.18 | 0.17 202 |3

B24 3.1 | 115|401 100 |39 |6.1 1.29 | 1.26 | 3.23 | 0.64 2 |15 | 76845 | 420 |53.6 |17 |42 | 3348 0.23 | 0.22 574109
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B25 30| 11540100 {38 |62 | 133|127 |3.33|0.61 2 | 18 | 90648 |375 |61.2 |17 |42 | 3600 025 |0.24 479 | 14
B26 35| 115 |46|105 |37 |68 | 1.31 ] 1.06|3.00 | 0.54 2 | 17 | 890.12 | 329 | 56.0 |17 |25 | 50715 | 0.18 | 0.16 44.0 | 1.1
B27 4.0 | 150 | 5.0 | 10.5 | 4.0 | 6.5 1.25 | 1.00 | 2.63 | 0.62 4 |34 |27625 |500 928 |17 |25 | 10500 | 0.26 | 3.80 519 | 1.1
B28 39150 | 501|105 |43 |62 | 1.28 | 1.10|2.69 | 0.69 3 126 | 19305 | 250 |85.6 |17 |25 | 8190 024 | 022 27.0 | 1.1
B29 30| 115|140 100 |38 |62 | 133|127 |333|0.61 2 |16 | 789.76 | 350 | 55.0 | 17 |42 | 3240 024 | 4.10 472 | 1.5
B30 30| 115|{40|11.0 |39 |71 1.33 | 1.30 | 3.67 | 0.55 4 |35 | 1793.1 | 445|521 |17 |25 | 6600 027 |0.25 61.6 | 3.1
B31 35| 115 |45 |11.0 {43 | 6.7 | 1.29 | 1.23 | 3.14 | 0.64 3 125 | 13798 | 265|612 |17 |25 | 6930 0.20 | 0.19 339 | 2.1
B32 34 | 115 |45|11.0 |43 | 6.7 | 132|126 |3.24 | 0.64 2 |16 | 916 175 1603 | 17 |25 | 45441 | 0.20 | 0.19 225139
B33 30| 115|{40 104 |43 |6.1 1.33 | 1.43 | 3.47 | 0.70 2 | 18 | 922,68 | 175 |54.1 |17 |25 | 3744 0.25 | 4.06 238 | 2.6
B34 32| 115|45|105 |40 |65 | 1.41 | 1.25|3.28 | 0.62 4 |37 |2047.6 |360 | 60.0 | 17 |25 | 8316 0.27 | 0.25 465 | 1.2
B35 3.7 |115|49|105 |40 |65 | 1.32]1.08 |2.84 | 0.62 4 |36 | 18454 |450 | 552 |17 |25 | 95183 |0.19 |O0.18 60.6 | 2.9
B36 30| 115|42|10.0 {40 | 6.0 | 1.40 | 1.33|3.33 |0.67 4 |35 | 17245 | 475 | 54.0 | 17 |42 | 6300 0.27 | 0.26 64.6 | 1.8
B37 35| 115|45|106 |41 |65 | 1.29 | 1.17 | 3.03 | 0.63 3 |27 | 14305 | 500 | 58.9 | 25 |42 | 6678 0.21 | 0.19 65.1 1 0.9
B38 35| 115|45|10.0 {40 | 6.0 | 1.29 | 1.14 | 2.86 | 0.67 2 | 18 |919.44 | 400 | 55.0 | 17 |42 | 4725 0.19 | 0.18 539 | 0.6
B39 35| 115|45|100 {42 |58 | 129|120 |286 |0.72 2 | 15 | 750 250 | 563 | 17 |25 | 42525 | 0.18 | 0.16 333 | 1.5
B40 30| 115|40|10.0 {45 |55 1.33 | 1.50 | 3.33 | 0.82 5 | 44 | 1947 200 | 49.0 | 25 |42 | 7200 0.27 | 3.70 28.6 | 4

B41 35| 115|45|100 {41 |59 | 129|117 |2.86 | 0.69 3 125 | 1250 450 | 62.0 | 17 | 42 | 6300 0.20 | 0.19 572112
B42 35| 11545102 |41 |6.1 1.29 | 1.17 | 2.91 | 0.67 2 | 17 | 871.42 | 410 | 55.1 |17 |25 | 4819.5 | 0.18 | 5.53 5521 0.6
B43 35| 115 |48 | 105 |40 | 6.5 1.37 | 1.14 | 3.00 | 0.62 3 126 | 14134 | 470 | 563 | 17 |25 | 7056 0.20 | 0.18 62.6 | 1.1
B44 4.0 | 150 | 5.0 | 10.0 | 4.0 | 6.0 | 1.25 | 1.00 | 2.50 | 0.67 2 | 15 | 1096.8 | 500 | 85.7 |25 |42 | 5400 0.20 | 0.17 54.0 | 0.6
B45 391|150 |50 10.0 {40 | 6.0 | 1.28 | 1.03 | 2.56 | 0.67 5 |42 | 33285 | 350|912 |17 |25 | 11700 | 0.28 | 3.52 36.7 | 4.2
B46 4.0 | 150 | 5.0 | 10.0 | 4.1 |59 | 1.25 | 1.03 | 2.50 | 0.69 3 |26 | 18525 | 500|863 |17 |42 | 8000 023 | 432 538 123
B47 4.0 | 150 | 5.0 | 10.0 | 43 |57 | 1.25 | 1.08 | 2.50 | 0.75 2 |16 | 1157.8 | 490 | 89.2 | 25 |42 | 5400 0.21 | 0.18 519 1 0.8
B48 30| 115|140 | 11.0 |45 |65 | 1.33 | 1.50 | 3.67 | 0.69 4 |34 | 1649.7 | 480 | 56.1 | 17 | 42 | 6600 025 |0.22 64.1 | 2.9
B49 30| 115|140 | 11.0 {43 | 6.7 | 133|143 |3.67 | 0.64 2 | 18 |922.14 | 200 | 554 |17 |25 | 3960 023 | 4.29 269 | 3.2
B50 30| 115|140 | 11.0 |46 |64 | 133|153 ]3.67 |0.72 2 |15 | 7704 200 | 53.2 | 17 | 42 | 3564 0.22 | 4.63 274 | 4

BS51 35| 115 |45|105 {43 |62 | 1.29 | 1.23 |3.00 | 0.69 2 | 16 | 86848 |200 | 563 |17 |42 | 4465.1 |0.19 | 0.17 26.7 |22
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B52 35| 115|45|105 |40 |65 | 1.29 | 1.14 | 3.00 | 0.62 4 |38 | 1860.5 | 250 | 55.0 |17 |25 | 8268.8 | 0.23 |4.44 33.7 | 2.4
B53 35| 115|145 |11.0 {45 |65 | 1.29 | 1.29 | 3.14 | 0.69 4 |36 | 1849 440 | 56.0 | 17 |25 | 8662.5 | 0.21 | 0.20 588 | 1.2
B54 32| 115|45|102 {43 |59 | 141|134 ]3.19 |0.73 2 |16 | 86736 | 150 [ 61.1 |17 |25 | 39658 |0.22 |4.57 192 | 4

B55 30| 115|41|102 |42 |60 | 137|140 |3.40 | 0.70 3 |25 | 13095 | 500|591 |17 |42 | 50184 |0.26 | 3.83 65.1 | 1.3
B56 34 | 115 |46 | 105 |40 | 6.5 1.35 | 1.18 | 3.09 | 0.62 5 |45 23904 | 490 | 563 | 17 |25 | 98532 |0.24 | 0.22 653 | 1.1
B57 30| 11540106 {37 |69 | 133|123 |3.53|0.54 3 |28 | 1437 380 | 56.2 | 17 | 25 | 5596.8 | 0.28 | 0.25 50.7 | 1.1
B58 30| 115|140 | 11.0 {43 | 6.7 | 133|143 |3.67 | 0.64 2 | 17 191936 |350 | 603 | 17 |25 | 3960 023 | 431 45.1 | 1.6
B59 30| 115|140 | 11.0 |45 |65 1.33 | 1.50 | 3.67 | 0.69 3 125 | 1234 225 | 519 | 17 | 25 | 5280 023 |0.21 312 | 2.5
B60 35| 115|146 | 11.0 |43 | 6.7 | 1.31 | 1.23 |3.14 | 0.64 2 | 18 |924.48 | 320 |59.7 |17 |42 | 5313 0.17 | 5.75 414 | 0.6
B61 35| 115|145 |11.0 {45 |65 | 1.29 | 1.29 | 3.14 | 0.69 3 126 | 13065 | 250 | 55.8 | 17 |25 | 6930 0.19 | 0.18 335125
B62 35| 115|45|10.0 {42 |58 | 1.29 | 1.20|2.86 | 0.72 2 | 15 | 869.7 400 | 62.0 | 17 | 42 | 42525 |0.20 |O0.18 50.8 |1 0.7
B63 30| 115|42|10.0 |45 |55 | 140 | 1.50 | 3.33 | 0.82 3 125 | 1414 500 | 61.2 | 17 | 25 | 5040 0.28 | 0.25 639 | 14
B64 30| 11540103 |41 |62 | 133 ] 137|343 |0.66 3 129 |1486.5 | 500 | 552 | 17 |42 | 54384 | 0.27 | 0.25 673 | 1.5
B65 35| 115|45|10.0 {40 | 6.0 | 1.29 | 1.14 | 2.86 | 0.67 2 | 16 | 756 450 | 50.0 | 17 |42 | 42525 | 0.18 | 0.16 63.6 | 1.3
B66 30| 115|140 10.0 {40 | 6.0 | 1.33 | 133|333 ]0.67 3 124 | 1182 330 | 55.2 | 25 |42 | 4320 027 |0.25 444122
B67 32| 115|45|100 {42 |58 | 141 | 131]3.13|0.72 3 |25 | 12765 | 425 | 553 |17 |25 | 5760 022 |0.20 57.1 122
B68 32| 115|44|100 |44 |56 | 138|138 |3.13|0.79 2 | 17 | 890.12 | 475 | 562 | 17 |25 | 4224 021 | 0.20 63.4 | 0.6
B69 32| 115|146 |10.0 |40 | 6.0 | 1.44 | 1.25|3.13 | 0.67 4 |35 | 18963 |400 | 572 |17 |25 | 7360 0.26 | 3.88 529 |13
B70 32| 115|45|100 {41 |59 | 141|128 |3.13 | 0.69 4 |39 |2116.1 |320 | 593 |17 |42 | 7920 029 | 3.40 41.6 | 3.7
B71 30| 11540105 |43 |62 | 133|143 |3.50 | 0.69 2 | 17 | 872.44 | 175 | 552 | 17 |42 | 3780 023 |0.21 235 142
B72 35| 115|145 |11.0 {45 |65 | 1.29 | 1.29 | 3.14 | 0.69 5 |42 |2073.1 | 450 | 532 |17 |25 | 10395 | 0.20 | 0.19 61.7 | 1.2
B73 35| 115|146 |11.0 |44 | 6.6 | 1.31 | 1.26|3.14 | 0.67 2 |15 | 73755 | 380 | 563 |25 |42 |4781.7 |0.15 |0.14 50.6 | 1.2
B74 35| 115|461 105 |44 |6.1 1.31 | 1.26 | 3.00 | 0.72 2 | 16 | 819.68 | 250 | 599 |17 |42 | 45644 |0.18 | 0.15 323123
B75 30| 11540105 |40 |65 | 1.33]1.33]3.50|0.62 2 | 17 |920.89 |200 | 59.0 | 17 |42 | 3780 0.24 | 0.20 26.0 | 3.1
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A.4: Validation data set for quarry A

Blast_ |[B |D |S |H T |CC|S/ |T/ |H/ |T/C N | Qe CP |Di |H |R |Vr PF | SD | PP | PCA | SSE | SR | PC | SS
ID L B |B |B |CL h D DD \ - - E A- | E-

PPV | PP PF | PF

Vv

B1 3. |15 |4. |10. [ 4. |5 |1. |1 |3. |0.82 1 | 1108 |74. |26 |4 |6 |5472. | 0.2 |30. 27|26 |35 |08 |02 |02
8 |0 |8 |0 5|5 |3 |2 |3 7 | .4 8 0 |2 |5]0 0 1 8 4 5 5 0 1

B2 4, |15 5. 710.|3.|6. | 1. |0. |3. |0.59 1 |934. |81. |30 |2 |4 |5400. {0.1 33.18 |17 |24 |16 |02 |0.2
0O |0 |0 |O 7 |3 |3 |9 |3 5|5 3 0 |[51]2]0 7 3 1 6 7 1 1 2

B3 4, |15 5. 110.|4. |5 |1 |1 |3. (072 2 | 1380 |82. |27 |4 |6 |8800. |0.129. |27 |26 |39 (08|01 |01
0 |0 |5 |0 2 |8 |4 |1 |3 5 3 0 (2 |5]0 6 8 8 0 2 5 9 6

B4 4, |15 5. (10.|4. |5 |1 |1 |3. (079 1 |946. |79. |31 |2 |4 |6682. {01 34.118|19 |24 |16 |01 |01
510 |5 |0 4 |6 |2 |0 |3 5|5 5 0O |5 ]2 |5 4 8 5 4 1 1 5 7

B5 4. |15 5. 110. |4. |5 |1 |1 |3. (075 2 |1084 |82. {40 |4 |4 |8316. |0.1 |44. /09|10 |15 |16 |01 |01
2 |0 |5 ]0 317 |3 |0 |3 4 | .8 2 0 |2 ]2 ]0 3 1 5 0 5 1 8 7

B6 3. |15 |5. |10. [ 4. |5 |1. |1 |3. |0.69 2 | 1520 | 86. |27 |2 |4 |7904. |0.129.132 |31 |43 |16 |02 |01
8 |0 |2 |0 119 |4 |1 |3 7 |.1 2 0 |[51]2]0 9 1 6 6 0 1 1 8

B7 3. /11 |5 |95 (3. |6. [1. |0. |5 |051 2 | 1320 |61. |30 |2 |4 |7315. |01 (38.|23 |21 |28 |16 |01 |01
5|10 |5 2 |3 |6 |9 |5 6 |.5 2 0 |[51]2]0 8 3 1 5 7 1 6 6

B8 3. |11 |5 |10. |3. |6. | 1. |1. |5 |054 1 |743. |55. |28 |4 |6 |6359. |01 37.]13 |11 |18 |08 0.1 |0.2
4 ([0 |0 |O 5|5 |5 |0 |O 8 |4 2 0 (2 |5]0 5 7 2 2 1 5 6 0

B9 4, |15 5. 110.|4. |5 |1 |1 |3. (082 3 |2142 |68. |30 |4 |6 |11550|0.1 |36. |26 |44 |51 (08|02 |01
2 |0 |5 ]0 5|5 |3 |1 |3 5 5 0O (2 |5].0 9 2 5 4 3 5 1 0

B10 4. |15 |5. |10.|4.|6. |1. |0. |3. |0.67 1 1021 |80. (39 |1 |2 |6682. {01 44. 11|12 |13 |34 |01 |01
510 |5 |0 0O |0 |2 |9 |3 51.5 2 5 |7 |55 5 1 1 0 0 6 7 7

B11 4. |15 5. |10.|4. |5 |1 |1 |3. |(0.72 1 |1027 | 84. |25 |2 |4 |5616. {01 |27. 26|23 |34 |16 |01 |0.2
0O |0 (2 |0 117 |3 |0 |3 6 |.2 3 5 |5 ]2 ]0 8 8 4 6 1 1 8 0

B12 3. |11 |5 |10. |3. |6. |1. |1 |3. |0.64 3 |2131|70. |37 |2 |4 |9100. |0.2 |{44. 3.2 |33 |39 |16 |02 |01
510 (2 |0 9 |1 |5 |1 |3 6 |.2 2 0 [51]2]0 3 2 6 1 2 1 2 6

B13 4. |11 |5. (10.|4. |5 |1 |1 |5 |0.75 2 | 1146 |44. |35 |2 |4 |8800. |0.152.|12 |09 |12 |16 |01 |01
0O |0 |5 |0 317 |4 |1 |0 6 | .6 3 0 [51]2]0 3 6 1 1 4 1 4 2

197




B14 4. |15 |5. |10.|3.|6. |1. |0. |5 |0.54 2 | 1250 |50. |24 |4 |6 |8480. |0.1(33./29 |31 |35 |08|0.2 |01
0O |0 |3 |0 5|5 |3 |9 |0 5 2 0 (2 |5]0 5 9 5 6 9 5 1 5
B15 4. |15 5. |10.|4. |5 |1 |1 |3. (0.79 2 1943 |80. |29 |1 |2 |10890|0.2 |32. 38|46 |49 (34|02 |01
510 |5 |0 4 |6 (2 |0 |3 8 |.2 2 0O (7 |5].0 0 4 6 4 4 6 0 1
B16 3. |11 (4. |10. | 4. |6. [1. | 1. |5 |0.67 2 | 1176 |50. |32 |2 |4 |5414. |0.2 |45 |18 |17 |21 |16 0.2 |0.2
2 |0 |7 ]0 0O |0 |5 |3 |0 4 |.8 2 0O [51]|2 |4 2 2 8 7 3 1 0 1
B17 3. |11 (4. |95 (3. |6. [1. |1 |5 |0.58 1 |820. |52. |26 |4 |6 |4788. |01 35 (16|18 |25 |08 |01 |0.2
5|10 |8 510 |4 |0 |O 8 |8 7 0 (2 |5]0 7 8 2 3 4 5 7 1
B18 3. /11 |5 |10. {3. |6. [1. |1. |5 |0.61 2 | 1246 |40. |29 |2 |4 |7000. |0.2 |{45. 21|19 |23 |16 |01 |01
510 [0 |0 8 |2 |4 |1 |6 5 1.3 2 0 |[51]2]0 2 7 3 9 0 1 9 7
B19 4. |15 5. |10.|4. |5 |1 |1. |3. |0.69 1 |1012 |83. |30 |4 |6 |6000. {01 32. 16|17 |27 |08 |02 |0.2
0O |0 |0 |O 119 |3 |0 |3 7 |.5 5 0 (2 |5]0 8 8 1 0 7 5 0 1
B20 4. |15 5. |10.|4. |5 |1 |1 |3. |(0.72 2 | 1215 |82. |27 |4 |6 |8944. | 0.2 |29. |27 |28 |37 (08|02 |01
310 (2 |0 2 |8 |2 |0 |3 6 |.2 3 0 (2 |5]0 0 8 5 1 7 5 0 8
B21 3. |11 |5 |10. |3. |6. |1. |1 |5 |054 2 | 1163 |50. |35 |4 |6 |7000. |0.1 |49. |12 |08 |14 (08|01 |01
510 [0 |0 5|5 |4 |0 |O 7 |.7 2 0 (2 |5]0 7 4 1 2 5 5 9 9
B22 3. |11 (4. |10. [ 4. |5 |1. |1 |3. |0.72 1 |723. |56. |25 |4 |6 |4147. |01 33. 16|17 |24 |08 |01 |0.2
2 |0 |8 |0 2 |8 |5 |3 |1 6 |2 3 0 (2 |5 ]2 7 3 4 3 8 5 6 2
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A.5: Validation data set for quarry B

Blast D H |T |CcC|S/ |T/ |H |T/C |[Nr [N [Qe |CP |Di |H |R |Vr PF | SD | PP | PCA- | SSE- | PCA- | SSE | SR

_ID L |B |B |B |CL D D |D \Y PPV | PPV | PF -PF | E

B1 1 10 |3. |65 (1. | 1. |2. [054 |2 |18 |92 (398 |15 |17 |25 |525 |02 |23. |3.6 |34l 266 |024 023 |27
1 0 15 67 | 00 | 86 1.6 |5 0 00 |3 76 | 8 9
5

B2 1 10 | 4. |58 1. (1. (3. 1072 |2 |17 |77 (333 |17 |17 |25]405 |01 [29. |29 |319 |3.21 0.18 |0.19 | 2.0
1 0 12 50 | 30 | 33 0.1 |6 0 00 |5 43 |0 4
5

B3 1 10 |3. |62 |1. |1. |3. 061 |3 |25 |11 [414]20 |17 |25|540 |02 |31. |18 [230 |286 |020 |024 |18
1 0 |18 41 |27 | 33 78 |0 0 00 |2 08
5

B4 1 10 | 4. |60 | 1. | 1. |3. |0.67 |2 15 {69 | 472 |30 |17 |42 |388 |0.1 |43. |09 |1.17 |2.55 0.16 | 0.17 | 1.1
1 010 29 125 |13 38 |6 0 80 |8 64 |5
5

B5 1 9. 3. |60 1. |1. |2 [058 |2 |16 |72 |472 |15 |17 |25 (448 |0.1 |21. [2.7 258 |3.09 |0.16 |0.23]3.1
1 5 |5 43 |1 00 | 71 42 | 6 0 88 |6 82 |6 7
5

B6 1 10 | 4. |55 (1. (1. (2. |08 |3 |26 |11 (375|31 |17 |25]700 |01 [50.]19 |239 |3.66 |020 |0.20 |09
1 0 15 56 |29 | 86 00 |2 0 00 |6 61 |6 1
5

B7 1 9. 3. |60 1. |1. |2 [058 |3 (24 |11 |421 |16 |17 |25(492 |02 |24. 3.1 |2.58 |288 |0.23 023 | 2.6
1 5 |5 50 |09 |97 58 |5 0 48 |4 64 |8 5
5

B8 1 10 | 4. |60 | 1. | 1. |3. |0.67 |2 15 73 | 412 |29 |17 |25 |364 |02 |45 | 1.1 | 125 [226 |024 |026 (1.0
1 010 29 |33 |33 88 |5 0 50 |0 15 |6
5

B9 1 10 |3. |65 1. | 1. |2, [054 |2 17 |86 | 472 |21 |17 |25 |525 | 0.1 |30. |24 |265 322 1017 |023 |19
1 0 |5 67 | 00 | 86 05 |6 0 00 |6 55 |9
5

B10 1 9. 3. |60 1. |1. |3. [058 ]2 16 |76 | 30524 |17 |25|346 |02 |43. |16 | 1.88 1.86 | 022 |0.27 | 1.1
1 5 |5 29 | 17 | 17 0 8 0 28 |2 40 |6 5
5

BI1 1 10 |4. |60 | 1. |1. |2. 067 |3 |27 |11 (417 |15 |17 |25|700 |01 |23. |34 |38 |392 |0.16 |0.20 |28
1 010 67 | 14 | 86 38 |0 0 00 |6 23 |3 9
5
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B12 3. |1 10 | 4. |55 1. | 1. |3. ]0.82 34 |14 | 444 |26 |17 |25 |675 |02 |38 |21 |190 |352 |0.21 021 |13
0 |1 0 |5 29 | 50 | 33 03 |8 0 0.0 1 98 | 6 4
5
B13 3. |1 10 |4. |60 1. | 1. |2. |0.67 17 |76 | 444 |32 |17 |42 |525 | 0.1 |47. | 1.6 | 215 330 | 0.17 |0.23 |09
5 |1 010 67 | 14 | 86 94 |8 0 00 |5 98 9
5
B14 3.1 9. 3. |60 1. 1. |3. 058 16 |73 | 333 |16 |17 |25 346 |02 |27. |3.1 |257 |213 0.23 027 | 2.2
0 |1 5 |5 29 | 17 | 17 92 |6 0 2.8 1 70 |3 3
5
B15 3.1 9. 3. |60 1. |1. |2 |]0.S58 25 |11 | 465 |15 |17 |25 | 665 |0.1 |21. |33 |3.18 | 3.81 0.18 | 0.21 | 3.1
5|1 5 |5 67 | 00 |71 25 |2 0 00 |7 99 |8 3
5
B16 3.1 10 | 4. |55 1. | 1. |3. ]0.82 26 |10 | 343 26 |17 |42 540 (02 |44. |16 |236 |3.07 |[020 |023 1.1
0 |1 0 15 41 | 50 | 33 99 |0 0 00 |0 39 |3
5
B17 3. |1 10 |4. |60 1. | 1. |3. |0.67 16 |76 |333 |25 |17 |25 |388 |02 [43. |15 | 198 [224 |022 |025 (1.1
2 |1 010 29 125 |13 0 6 0 80 |0 28 |2
5
B18 3. |1 10 |3. |65 1. | 1. |2. |054 15 |78 | 472 |31 |17 |25 |472 | 0.1 |45 |09 | 131 2.65 0.15 023 | 1.0
5 |1 0 15 43 |1 00 | 86 75 |5 0 50 |7 10 |5
5
B19 3. |1 10 | 4. |55 1. | 1. | 2. |0.82 24 110 | 32119 |17 |42 |630 |0.1 |33. |35 374 |388 |0.21 0.20 | 1.6
5|1 0 |5 67 |29 | 86 38 |5 0 00 |6 51 |7
5
B20 3.1 10 |4. |60 1. | 1. |3. |0.67 35 |16 | 444 |18 |17 |42 ]675 |02 |26. |22 |18 |3.08 |024 |021 |23
0 |1 010 29 |33 |33 85 |8 0 00 |5 99 |2 1
5
B21 3.1 9. 3. |60 1. 1. |2 ]0.358 15 |76 |305 |21 |17 |25 |448 (0.1 |37. |26 |3.06 |289 |0.19 [023 |14
5|1 5 |5 67 | 00 |71 8.8 |8 0 88 |7 98 |7
5
B22 3.1 10 | 4. |60 1. | 1. |3. |0.67 26 |11 | 305 (32 |17 |25 |540 (02 |57. |16 | 145 |232 |0.23 023 | 0.7
0 |1 010 29 |33 |33 75 | 8 0 00 |2 87 |3 5
5
B23 3. |1 10 |4. |60 1. | 1. |2. |0.67 16 | 68 |43.0 |30 |17 |25 |472 | 0.1 |45 |14 | 191 298 |0.15 023 |10
5 |1 010 43 | 14 | 86 99 |0 0 50 |5 75
5
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A.6: Validation data set for quarry C

Blast |[B |D |S |H |T|C |S_|T_|H |TC N | Qe Di |[CP|H |[R |Vr |PF |SD | PP | PPV- | PPV- | PF- | PF- | SR

_Id CL|B |B |B |CL h D (D |D V |PCA |SSE |PC |SSE | E
A

B1 3 |11 |4 |11 |4 |65 1. |1.2|3. |0.69 16 | 800 36 | 54. |17 |42 | 356 |02 |48. | 1.6 | 1.70 .72 |1 026 | 0.22 | 1.5
5 5 33 |8 67 0 2 4 2 8 |5 1

B2 3. 11 | 4. | 10.|4. |62 |1 |12|3. |0.69 37 | 2114. |32 | 62. | 17 |25 |826 |02 |40. |14 | 136 |274 |026]025 |18
5 |5 5 |5 3 29 |3 00 55 0 1 88 |6 60 |1 3

B3 4 |15 |5 11 |4. /67 |1. |1.0]2. |0.64 27 | 2142. |22 | 89. |17 |25 880 | 0.2 |23 |31 319 |339 |022|0.24 |3.1
0 3 25 | 8 75 45 5 3 0 4 82 |2 4

B4 3. |15 |4 |10 |4. |56 1. |1.1|2. |0.79 16 | 1108 |43 | 84. |17 |25 502 | 0.2 |46. | 1.5 |2.02 1.16 |0.18 | 0.19 | 1.5
8 |0 9 4 29 | 6 63 0 2 74 |2 86 | 6 8

BS5 3. |15 |5 10 | 4. |55 1. | 1.1 ]2 |082 26 | 1826. |25 | 84. |12 |30 (780 | 0.2 |27. |2.6 280 |3.12 |0.21 |0.23 |27
9 10 5 28 | 5 56 5 0 3 0 3 23 |1 4

B6 4 |15 |5 10 | 4. |59 | 1. |1.0]2. |0.69 18 | 1281. | 50 [ 90. |17 |25 | 600 |02 |52. | 1.0 |1.73 052 |0.18 1 0.19 | 14
0 1 25 |3 50 42 0 1 0 1 67 |8 0

B7 4 |15 |5 10 |4 |6 I. 11.0]2. |0.67 17 | 1262. |29 | 92. |14 |42 | 600 | 0.2 | 30. |34 |3.51 1.93 0.19 | 0.18 | 2.4
0 2510 50 76 0 2 0 1 21 |2 7

B8 3 |11 |4 |10.|4. |63 |1 |14|3. |0.67 26 | 1199. |42 | 51. |17 |25 | 504 | 0.2 |58. | 0.7 | 0.80 1.31 026 | 0.21 | 1.2
5 5 2 33 10 50 12 0 1 0 4 77 |6 5

B9 3. 011 | 4. | 10.|4. |61 1. |12|3. |0.72 27 | 1461. | 50 | 58. |17 |25 676 |02 |65 |0.6 |058 |090 |022|022 1.1
5 |5 6 |5 4 31 | 6 00 24 0 4 2 2 44 |1 2

B10 3. |11 | 4. |10. 4. |6 I. |1.2(3. ]0.75 48 | 2466. |45 |54 |17 |42 109 |02 |61. |09 | 1.06 |2.10 | 030027 |12
5 |5 5 |5 5 29 19 00 72 0 15 5 24 |5 0

BI1 3.0 11 |4 |11 |4. |66 | 1. |12 3. |0.67 15 | 857.7 |41 | 62. |17 |40 | 498 | 0.1 |52. | 1.6 |2.28 1.21 0.19 1 0.18 | 1.4
5 |5 8 4 37 16 14 0 1 96 |7 02 |4 2

B12 3 |11 |4 |11 |4. |65 1. |1.5|3. |0.69 24 | 1320 |28 |64 |17 |42 [ 498 |02 |35 |22 214 |298 |026 024 |21
5 2 5 40 1 0 67 0 96 |6 00 2

B13 3 |11 |4 |11 |4. |67 1. |14|3. |0.64 16 | 789.2 | 32 | 54. |17 |42 | 356 | 0.2 |43. |19 |2.11 1.86 | 025020 | 1.7
5 3 33 |3 67 8 0 2 4 2 46 | 6 0

B14 3. |11 | 4. |10. 4. |63 |1 |12|3. |0.67 26 | 1335. | 50 | 56. |17 |42 | 661 | 0.2 |66. |0.7 | 0.69 |0.54 |024|0.19 | 1.1
5 |5 5 |5 2 29 |0 00 36 0 3 5 0 63 0

B15 3. |11 | 4. | 10.|4. |61 1. |1.2]|2. |0.69 45 | 2257. | 34 | 56. |17 |25 | 101 |02 |46. |13 |1.16 |2.63 0.25 1023 | 1.6
5 |5 7 |3 2 34 10 94 65 5 2 66 2 03 |2 1

B16 3. |11 |4, |10. 4. |62 1. |12|2. |0.68 18 | 888.6 | 27 | 54. |17 |25 491 | 0.1 |37. | 2.6 |2.88 1.88 | 0.20 | 0.18 | 1.9
5 |5 5 |4 2 29 |0 97 6 5 4 4 8 29 |8 9
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B17 3 |11 |4 |10 |4 |59 |1 |13|3. |0.69 18 19999 |34 |61. |17 |42 | 360 |02 |43. | 1.9 | 1.68 1.82 1026 | 0.23 | 1.7
5 1 33 |7 33 0 2 0 8 45 |1 0
B18 3 |11 |4 |10 |4 |6 1. |13 (3. |0.67 16 | 900 49 160. |17 |42 | 324 |02 |63. |06 | 062 |050 |026|0.20 |1.1
5 33 |3 33 0 3 0 8 13 |3 6
B19 3 |11 |4 |10 |4 |56 |1 |14|3. |0.79 24 | 1277. | 44 | 58. | 17 |25 (432 |03 |57. | 0.6 | 0.38 147 1026|023 | 1.2
5 4 33 |7 33 04 0 2 0 0 68 |5 8
B20 3.0 11 |4 |11 | 4. |67 1. |1.2|3. |0.64 17 | 892.5 | 50 | 59. |17 |42 | 519 | 0.1 |65 |12 |1.23 028 |0.22|0.18 | 1.1
5 |5 5 3 29 |13 14 0 1 75 |7 02 |1 3
B21 3 |11 |4 |11 |4 |65 |1 |1.5|3. |0.69 18 | 924.6 |45 | 55. |17 |25 396 |02 |60. | 1.0 | 0.86 1.16 025024 |12
5 5 33 10 67 6 0 1 0 3 63 |2
B22 3 |11 |4 |10 |4. |58 |1 |14|3. |0.72 24 | 1251. |40 |56 |17 |25 (432 |02 |53. [1.0 | 0.83 1.57 026|022 |13
5 2 33 10 33 6 0 0 9 45 |2
B23 3. 11 |4 | 10.|4. |62 |1 |12|3. |0.69 18 | 891 34 154,117 |25 |529 | 0.1 |46. | 2.1 |2.60 1.60 | 0.17 | 0.20 | 1.5
5 |5 8 |5 3 37 |3 00 5 1 2 7 90 |5 8
B24 3. 011 | 4. | 10.|4. |61 1. |12|3. |0.72 16 | 800 20 | 52.| 17 |42 | 416 (0.1 |27. | 3.0 |3.16 |232 |023]0.17 |27
5 |5 2 |5 4 20 | 6 00 0 3 75 |9 65 |9 0
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A.7: Sequential screenshots of SSE method
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A.8: MLR technique after feeding the blasting design parameters
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