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A Construction Case Study Using the Newest Bulk Explosives & Comparison
to the Ammonium Nitrate Fuel Oil{ANFO) and Emulsion Explosives
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2.1 Emulan® &4 % E4
(1) Emulan®] &4

- Critical diameter (+20TC)

e = 1.25g/cm’ , Unconfined > 50mm
. Confined < 40mm
- Detonation Velocity (+207C)
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Fig. 1. The manufacturing process of Emulan

(2) Emulan®} &4
Table 1. The specific property value of Emulan

© -15CA 500g Primer A}

Oxygen balance Density Gas volume Energy .
(%) (g/em’) (2 /ke) (keal/kg) Weight strength | Bulk Strength
0.81 1.13
-5.56 124 ~ 1.27 1,018 710 (rel ANFO) (rel ANFO)
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Fig. 2. Comparison between ANFO and Emulan
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Fig.3. Density, explosion energy, and bulk strength
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Table 2. Detonation velocity of Emulan for diameter

Unconfined (d=1.25 g/cm)

Confined (d=1.25 g/cm)

¢ 100mm : 4,700 ~ 5,200 "%
¢ 150mm : 5,200 ~ 5700 "

@ 50mm @ 4,600 ~ 5100 s
@ 100mm @ 5,200 ~ 5,700 "
¢ 100mm : 5600 ~ 6,100 "
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Table 3. Lay out of test blasts
ITEM Unit 1'st Test blast 2'nd Test blast
Drilling depth m 16.5 165
Hole space m 35 4.0
Burden m 2.0 2.0
Number of holes L 67 51
Volume of rock blasted m’ 7,739 6,732
Charging per hole kg/hole 787 73.7
Total ch K New Emulite Emulan New Emulite Emulan
otal charge g 425 4,850 190 3,570
Specific charge kg/m’ 0.68 056
Detonator system Nonel system
31 NIEAENE F518% #135%(2000. 9)




Fig. 5. Drilling using the crowler drill Fig. 6 charging using the hose (Emulan)

Table 4. Lay out of test blasting patterns

Class 1’ st Test blast 2’ nd Test blast
[+] [+] [+] [+ -] [+
l 3.5m 2.0m ; Burden
Drilling o o 0
Pattern Hole space
Burden
[} 1] o—r
Mé\'d\'v—n_“—v\
Charging | New Emulite 150 6.0 kg/hole New Emulite 150 1.0 kg/hole
Weight
per hole Emulan 75 ka/hole Emulan 42.0 kg/hole
Stemming : 2.0 m Stemming : 3.0 m
New Emuite150 : 1.0 m New Emulite150 : 0.5 m
Charging
Pattern EMULAN : 125m 185m EMULAN : 12.0m 18.5m
New Emulite150: 1.0 m y New Emulite150 : 1.0 m
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Table 5. Lay out of test blasts

. 1'st Test blast 2'nd Test blast
ITEM Unit ANFO EMULAN ANFO EMULAN

Bench wide m 32 32 32 32
Bench depth m 21 21 21 21
Bench height m 15 15 15 15
Number of holes fL 78 57 89 56
Drilling depth m 10.8 10.8 14.4 14.4
Hole space m 35 4 3.0 4
Burden m 2.5 3 2.5 3

Volume of rock blasted m’ 7371 7.387 9,612 9,677
Charging per hole kg/hole 215 40.25 424 64

Total charge kg 2,126 2,294 3.771 3.584
Specific charge ke/m’ 0.29 0.31 0.392 0.37

Detonator system Nonel system

Table 6. Lay out of test blasting patterns

Class 1’ st Test blast 2’ nd Test blast
° o ) 0 o °
3.0m EB g 3.0m EB g
¢ Burden ¢Burden
Drilling o o ° °
Pattern Hole space Hole space
o o o o o oA
4.0m Iaom 4.0m 3.0m
Charging | oy emuite 150 1,25 kg/hole New Emuiite 150 1.25 kg/hole
Weight
per hole Emulan 64.0 kg/hole Emulan 39.0 kg/hole
Y Y
Stemming : 3.5 m Stemming : 3.0 m
Charging
Pattern 14.4m 10.8m
EMULAN : 10.4 m EMULAN : 7.3 m
New Emulite150 0.5m y New Emulite150 0.5 m y
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Table 7. Lay out of test blasts
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Class Unit 1'st Test blast 2'nd Test blast
Drilling depth m 14.4 10.8
Number of holes 1L 29.0 42.0
Burden m 3.3 3.3
Space m 43 4.3
Drilling Area m' 4115 569.0
pattern Volume of rock blasted m 5,925 6,436
Time per hole hr 0.5 0.375
Total hr 7.3 79
Cost per m won 1,653.0 1,653.1
Total won 928,387.0 749,851.0
Charging Load charging weight Kg 1,780.0 1,810.0
Detonators EA 60.0 69.0
Pattern Specific charge Kg/m’ 0.3 0.28

Table 8 Lay out of test blasting patterns

Class 1’ st Test blast 2’ nd Test blast
-] Q (-] [-] (-] [+ ]
3.3m 8 3.3m aurd
< urden «Burden
Drilling I: ; ° o o [
Pattern Hole space Hole space
o -3 o ° ° oA
4.3m ' 3.3m 4.3m 8.3m
Charging | \ey, emuiite 150 1.0 kg/hole New Emulite 150 1.0 kg/hole
Weight
per hole Emulan 60.4 kg/hole Emulan 42.0 kg/hole
+ ¥
Stemming : 3.5~ 4.0 m Stemming : 3.0 m
Charging
Pattern 14.4m 10.8m
EMULAN : 9.9 m~10.4 m EMULAN : 7.3 m
New Emulite150 0.5m y New Emulitet50 0.5 m y
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Fig. 8. Scene of a detonation
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Table 9. Comparison of economic results using

different explosives

Using Explosives

Class Unit Dynamite | New Emulite I?MULAN 8009
1zt 23}
Drilling depth m 10.8 10.8 14.4 10.8
Burden m 2.3 23 3.3 3.3
Drilli Space m 35 35 4.3 4.3
THNE T Number of holes £ 69 69 29 42
Pattern [y 1ime of rock blasted | m 5998.86 5998.86 5925.74 6436.58
Drilling Per hole hr 0.375 0.375 05 0.375
thme Total hr 12.94 12,94 7.25 7.31
Charging | Per hole kg 18 15 61.38 43
Charging| weight Total kg 1,242 1,035 1,744 1,810
Pattern Detonators ea 69 69 60 78
Specific charge kg/m’ 0.21 0.17 0.3 0.28
Per m ¥/m 1653.1 1653.1 1653.1 1653.1
Drilling 3
Cost Per m W/ m 205.4 205.4 116.5 108.2
0S
Total W 1,231,898 1,231,898 690,339 696,290
Explosives W 3,167,100 2,297.700 2,647,680 2,758,200
Explosive | Detonator W 112,470 112,470 234,580 276,840
A Cost Per m* w/m 546.7 401.8 486.4 4715
H] & Total -2 3,279,570 2,410,170 3,338,019 3,454,490
Drilling + Explosives W 4,511,468 3,642,068 3,572,599 3,731,330
More and Less Standard - 869,400 - 038,869 - 780,138
Rate (%) 100 80.7 79.2 827
Production cost W 752.05 607.13 602.89 579.71
More and Less Standard 144.92 149.16 172.34
Rate (%) 100 80.7 80.2 77.1
100 100 —
— E
% 200 E
€ 2
$ E
"~E4 150 g
2 100 §
% i
o 8
g 50 g
s
o namite ' Eulslon mulan Dymamite Emulsion Emulan
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Fig. 13. Comparison of drilling cost per m®
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