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Figure 15.16. Room-and- Pillar Millisecond Delay V Cut Round.
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Large hole diameter Small hole diameter Burden Centre-to-centre
distance
mm mm mm mm

2 X 76 32 106 160
2 X76 45 106 167
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100 51 70 146

125 51 88 176
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Figure 15.11.  Practical Advarice per Round for Parallel Burn Curs (Langefor's Chart).



Adapted from Rock Biasting, 1963.
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. 3" Dia. Empty Center Hole Jack Leg Drill Holes 1-5/8" Dia.

@ 1 3/4" Dia. Loaded Hole Depth 8’ Maximum
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RECOMMENDED EXPLOSIVE CARTRIDGE DIAMETER
Hole Diameter Cartridge Diameter
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38 11/2 29 11/8
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57 21/4 44 13/4
64 11/2 51 2
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1.3 rmirmin

drilling rate 2.5 mdmin

net driling tme B0 sec 121 sec
round length 42 h 34 h
heading performance 13.3 miday 7.6 miday

Fiz. 1: Worang cyele m the Altenberg Tunnel i caleu-

lation and final construction. Effects of mereased dnlling
fime on the performance of the tunnel heading
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Large tunnels are blasted for road and railroad
construction, hydroelectric power stations, top
headings for underground storage caverns etc.

Large hole diameter is suggested to 89 mm with 3
large holes In the cut.

Suitable explosives: ANFO ,emulsion explosives
or pumpable emulsion explosives

Initiation Systems :electric detonators, non-electric
detonators, 40 — 80 gr/m detonating cord.



a (4 a J o
M3 321NN Az 521N INaAIaNIN (Advanced Heading

with Enlarged Blasting)

L ¢ q o
- 1HINZAUM 312 IIANHVINAEAUHIGUENA T HYINI 10 10A5 AWHUIVD
J Y a o o A
alusaraniiozszidiarilineuervegludmisnouuy neunal vse noUa1V0
J 1'%
luenn g

1A a\ o Y = a d' 19 (=) &, d' 4 ?:, U
— !mmmmiizmﬂuﬂﬂﬂauﬂ@‘usnmﬂa‘mm !Wi’)ﬁjuﬂ1§!ﬂﬂwuﬂ1‘ﬁﬁnﬂ§ﬂﬂ1ﬂu
' Yy [V d < o Y a J
mmlmmmu"l’m@u 11’aQmmmz?ﬂmﬂelmmmﬂmvlﬂum miizmﬂﬂlmﬂqiuﬁﬂ
Y I 4 YA a\ . . . A AaA a
Gh‘imm‘m“l ?)“liﬂ“mﬁizg‘lJﬂaanalmmaﬂlJ (Horizontal Stl‘lpplng) N30 IBITIUAUUD
TuiulaluuuIfg (Benching)

Y d'! du A Y]
-Tin3ea01zglusnduRe N



A A Y, L~ 9 o a 1
ﬂﬁ'ﬂ!ﬂ‘l’iTCNﬂ"IQIEJQ?]L‘]J%E‘]JI?NEJ%fﬂ%ﬂ?ﬂﬁi%mﬂﬁ’n&
) - ) A & )
Iﬂfm‘L!ﬂ@uﬁ”IﬁJﬂ’JfJﬂﬁ’i&‘]Jﬂqﬁjl!@l!!;Lﬁ%qﬁj@]ﬂﬂullﬂﬂ’JTiJ

4 ~ Y o
qau09g luea muneenuun 13 a3l




Drilling a bench round with horizontal “Lifter” holes
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FIGURE 1.17 Mining with cut and fill

FIGURE 1.18 Face drilling in cut-and-fill stog
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Overhand stoping in whic
ping hthe ore is blasted from below by means of vertical boreholes.
Overhand stoping in which the ore is blasted from below utilizing horizontal boreholes.
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Figure 16-O. An example of a V cut round used in the production blasting of limestone.
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Figure 16-Q. An example of a fan cut round used in the production blasting of gypsum.
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Figure 16-P. An example of a machine cut round used in production blasting of potash.
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Figure 16-R. Slabbing to open heading reduces powder factor and improves fragmentation.




Figure 16-T. Where roof control is no problem, this setup removes pillar compietely.
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Sublevel

Parallel
Long Holes

Figure 15.27.  Parallel Long Holes to Open Sublevel Stope.

Ring Drill
Long Holes
Sublevels

Figure 15.28.  Ring Drill Pattern to Open Sublevel Stope.




FIGURE 1.9 Sublevel open stoping FIGURE 1.10 Longhole rig with slide positioning, remote control, and
tube carousel, Williams gold, Canada
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FIGURE 1.15 |ITH drilling, 165 mm blast holes, INCO, Canada
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Plan View ’

4 Section View
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4
Direction of Mining Cycle Up

Figure 15.25.  Typical Shrinkage Stope.
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Figure 11.7. Principle for the VCR blasting method [from Lang, 1981a]
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Figure 15.22.  Tuvpical Crater From Indicaied Charge Placement.

Figure 15.23.  Vertical Crater Retreat (VCR): Drop Raise Pattern; Millisecond Delay; 6'-in.
Diameter Holes.
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Yigure 15.26. Vertical Crater Retreat.

Underground Mining Methods and Applications

FIGURE 1.14 VCR mining, primary stopes
FIGURE 1.16 VCR mining, recovery of secondary stopes
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FIGURE 1.22 Mining by sublevel caving



FIGURE 1.24 Block caving with finger raises, grizzly treatment and
chute loading
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2. N19NLUNRINARINNITANEYW (Supported Opening)

-Cut and Fill Stoping
-Square Set and Fill Stoping
-Long Wall and Shot Wall Mining
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FIGURE 1.5 Mining a narrow vein with steep dip

FIGURE 1.6 Small size drill jumbo, Dome mine, Canada
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tgure 15.1. Rooni-and-Pillar Method with Regular Pillars.

gure 15.2. Roowm-and-Pillar Method with Random Pillars,
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FIGURE 1.8 Shrinkage stoping with cross-cut loading
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FIGURE 1.9 Sublevel open stoping FIGURE 1.10 Longhole rig with slide positioning, remote control, and
tube carousel, Williams gold, Canada
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Figure 15.7.  Square-Set Stope.
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Sublevel Caving
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Figure 15.8.  Typical Sublevel Caving Operation.
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Figure 15.9.  Block Caving.
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104 Blastholes
52 Trim Holes
156 Total Holes

Shallow Shaft Round With Pyramid Cut
(Large Civil Shaft for Access to Underground Rail Station)
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Figure 20-K. Benching illustrated above is  Figure 20-L. Typical pattern with large-
a most efficient shaft sinking method. diameter calyx drill hole offering relief.
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Trenching or Trench excavation

Trenches are excavated for installation of oll,
water and sewage pipelines as well as for cables

Blasting of trenches differs from common bench
blasting because the width of the blasting round
IS considerably smaller than its length.

Trench blasting is defined as rounds with a width
of less than 4 m. A trench blast is more
constricted than a normal open pit blast which
results in higher explosives consumption per
cubic meter of blasted rock



The diameter of the blast holes is normally
smaller which provides better distribution of the
explosive In the rock and avoids excessive over
break outside the theoretical contour

As a rule of thumb, the hole diameter should be
1/60 of the width of the trench, so If the width Is
2.0 m the diameter of the hole should be 0.033 m
or 33 mm



Traditional trench blasting ,the middle
hole/holes are placed in front of the lateral

holes. All holes are charged with the same
amount of explosives
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Table 33. Trench blasting with & 32 mm holes and an inclination of 3:1. (B =trench bottom

width).

Depth of
trench

K
(m)

Depth of
holes

H
(m)

Burden
\%

(m)

Bottom charge per hole

(ka)

B =07
or
B =1.0

B=15
or
B =20

(kg)

Column charge
per hole
(at 0.25 ka/m)

03
0.6
0.9
12
1.5
1.8
2.4
3.0
3.6
4.2

0.5
0.8
1.1
1.4
1.8
21
2.7
3.5
42
4.8

0.4
0.6
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.7

0.05
0.10
0.12

0.05
0.10
0.20
0.25
0.30
0.35
0.40
0.55
0.70
0.90

0.08
0.15
0.25
0.30
0.40
0.60
0.70
0.80

R

Table 34. Trench blasting with 8 50 mm and & 62 mm holes with an inclination o

(B = trench bottom width).

Depth of
trench

K
(m)

Depth of
holes

Burden V

Bottom charge
per hole (kg)

Column charge

(kg)

H
(m)

@ 50 mm

{m)

2 62 mm
(m)

2 50

mm

B=1.1m
B=15m

@ 62 mm
B=14m
B=20m

d=50 mm

d =62 mm

0.6
0.9
12
1.5
1.8
24
3.0
36
4.2

48

08
1.1
1.4
1.8
2.1
2.7
35
42
48
54

0.6
0.9
1.1
12
1.2
1.2

1.2
1.2
11
1.1

0.7
1.0
1.2
15
15
15
1.5
1.4
1.4
; 1.3

0.25
0.30
0.40
0.50
0.60
0.80
0.90
1.10
1.40
2.00

0.35
0.50
0.50
0.80
0.80
1.00
1.25
1.50
1.75
2.00

0.10
0.20
0.45
0.60
0.90
1.35
1.70
2.00
2.30

0.75
0.40
0.70
1.00
1.80
2.30
2.80
3.20

F:3:7;
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Fig. 16.1.1

Drill hole charging can be carried out according to the table below:

Size of Thickness Drilling Number of Charge
boulder depth drill holes
m3 m m kg/hole

0.5 0.8 0.44 0.05
1.0 1.0 0.55 0.10
2.0 1.0 0.55 0.10
3.6 1.5 0.87 0.15

The table is calculated for a specific charge of 0.1 kg/m?® (see Fig. 16.1.1).
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n19szilinBiulmain (Under Water Blasting)
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n19szilinBiulmain (Under Water Blasting)
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Drill Tower

Hose Reel
Platform
& Stairs Loadi
oadin Oetonating wires
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Wilden Pump
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Drill rod
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‘““Pourvex”’
“Extra’’
This drawing details the drilling setup pictured on the previous page. Drilling costs in
submarine blasting are naturally higher than land operations. But ‘“Pourvex Extra”,
which can be pumped through the Kelly Bar or sand pipe, offers some unique advantages.

Figure 72. Overburden method (OD) for submarine drilling and blasting.

Rock Fall specialises in underwater
drilling and blasting.




Drillhole  Bench Hole Water Burden Hole Charge  Theoretically
diam. height  depth  depth spacing . necessary
mm m m m m m kg kg/m kg/m3

51 20 32 20-100 120 120 50 26Y) 1.16
30 45 20-100 150 1.50 104 26 1.19
50 65 20100 1.45 145 156 26 125
10.0 115 2.0--100 1.35 1.35 260 26 1.40

2.0 3.2 2.0-10.0 1.20 1.20 10,0 492) 1.16
3.0 45 20--100 1.50 1.50 19.0 4.9 1:19
5.0 70 2.0--10.0 1.95 1.95 304 49 1.25
10.0 119 2.0--10.0 1.85 1.85 554 49 1.40
100 118 200 1.80 180 554 49 1.50
1s.0 167 200 1.70 1.70 789 49 1.65

20 32 50-100 120 120 160 6.43) 1.16
30 45 50-100 150 150 237 64  1.19
50 7.3 50-100 225 225 422 64 125
100 121 50--10.0 210 210 730 64 140
150 17.0 50—10.0 200 200 1037 64 155
150 170 200 195 195 1037 64 165
200 219 250 185 185 1363 64 185
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Exploration)
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Figure 16.1. Simplified Seismic Setup.

Figure 16.2 ) “ires for Seisnii
J 3.2. Shothole Fires for Seismiic Instrumentation in Ceniral Oregon



Coyote Blasting
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EXPLOSIVES IN AGRICULTURE

stemming
material

charge

Fig. 76. Typical charge placement for small tree stumps.

stemming

X material
charge

Fig. 77. Typical charge placement for tree stump with asymmetrical root patiern. charge " tap root

detonator

detonator

charges

Fig. 78. Typical charge placement for large tree stumps with large lateral root system.

Fig. 80. Typical charge placement for hollow tree stumps.
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Fig. 82. Snakeholing a boulder.
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smooth blasting

Smooth blasting was developed in Sweden
during the 1950°’s and 60’s. Closely spaced
holes are drilled in the contour which are
charged with small diameter light charges
producing relatively low detonation velocity
and low gas content

-Surface applications like road cuts, cuts for
foundations etc

-Underground applications like tunneling,
underground chambers etc.



Pre splitting
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Buffer Row
(8m Collar)

Normal Production
Blost in?
(5m Stemming)
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