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WHAT IS SUBDRILL?

Upper
* The portion of a blast hole that is drilled Bench
I i St
below the target grade elevation, and in 8H = Bench height
most cases loaded with explosives. . Su = Subdril
BH _Z'__E St = Stemming length

C =Charge length

WHY IS IT USED? -
- Vo B H Lower
24 % Bench
Su 33

* To enable efficient excavation to the lower
bench level.
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Equivalent Spherical Charge, Q,
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SUBDRILL DESIGN STANDARDS

0.61-B—
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0.3B 0.58 1.08
Length of Cylindrical Charge

Langefors

& Kihlstrom
(1963)

0.3xB

K, FREQUENCY

S =Spacing

Su = Subdrill

0 =Inverted cone angle of 10° to 30°
S

0.0-0.08 15
0.1-019 18
0.2-0.29 27
0.3-0.39 26
04-048 25
0.5-0.59 2
0.6-0.69 6
0.7-0.79 2
0.8-0.89 0
Total 125
Mean 0.28
Mode 0.24
Medium 0.27

Ash
(1963b)

0.3xB
(minimum)

Subdrill - The Underutilised Blasting Parameter | January 2020

Jimeno,
Jimeno, &
Carcedo

(1995)

0.3xB

Velocity of detonation (VoD)

Steady state VoD

Run up distance

T T
2 4

| I I
6 8 10

Number of hole diameters frominitiator

Hustrulid
(1999)

8xD&
0.3xB

e ey ey e e ey e ey e e

S P R R R R R R

2 Su

ISEE (2011)
0.2-0.5 x B




FIRST QUANTUM MINERALS | ISEE, 46th Annual Conference on Explosives and Blasting Technique, Denver, CO

SUBDRILL DESIGN RECOMMENDATIONS

» Use minimal subdrill and if the rock mass properties are favourable, use no subdrill at all.

« Negative effects of using long or excessive subdrill include:
« Wasting drilling and blasting time, resources and expenditure.
* Increasing ground vibration due to over confinement of explosives in the subdrill.
» Accentuated rock movement and displacement.
« Damage to the rock mass at and below the target floor elevation.

« Difficult drilling conditions in the underlying bench, including collaring, leading to problematic drilling
conditions.
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SENTINEL MINE e
€, JrRn,

B
» Located approximately 150 km (93 mi) west of the town of . G B l
Sentinel Mine A o 1|’

Solwezi in the North Western Province of Zambia. : (%‘“*Ji - 2
FEC, o N
RS ? ;._W_.'_ B '-"—(/j
/7

- Structurally modified, sediment hosted copper deposit. e 9= J‘ Fr:
 Mineralisation is primarily sulphide, with sheet like horizons of 9 CW = A
ore that dip from south to north at between 20 and 30 degrees. =/ o P
Sentinel Phyllite Upper Roan Lower Roan Mwashia repeated
Silts, sands, and Conglomerates or L.Roan??

(Mwashia] Carbonates

E Basement - Carbonaceous Phyllite
Gabbeo IB= CuMineralisation

I | | n L '
abbr
and Fiuigsed
f—//‘r/ ana Fu D Schist (q/biteid) |:| Carbonates B ninneralisation
gemarcating Mixed Sediments -
decollement? - Schist (qiz/bitTeld) ’:I sits and conglomerates IB= CoMineralisation
N S E Phylite - Intrusive (likely Gabbro) ‘ Younging Upwards
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SENTINEL MINE

* Annual material movement of 150 Mtonne (165 Mton)
and copper production of 230 ktonne (253 kton).

« Ultimate open pit of 5.4 km (3.4 mi), 1.5 km (0.9 mi)
and 375 m (1,230 ft) deep, mined in stages.

» Electric trolley assist used to optimise waste haulage.

* In pit crushing and conveying strategy to minimise ore
rehandling and lower operating costs.
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CHALLENGING GEOLOGY VS.
STANDARD SUBDRILL PARAMETERS

High Lar
: ge : Blocky & Crusher
p\r/g?uurﬁtel(;n production Standard Cgtfﬂgﬂﬁglg slabby blockages,
requiring drills and blast design orientation fragmentation bridging and
larae sized large hole parameters and spacin in stemming reduced
9 diameters P 9 region throughput

fleet
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CHALLENGING GEOLOGY VS.
STANDARD SUBDRILL PARAMETERS

e e R S o ]
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STANDARD DESIGN STRATEGIES

Burden Burden Burden

[ L © [

Spacing L Spacing o L Spacing o ® Production holes
© Stab holes

o o © o BH = Bench height

''''''''''''''''''''''' Su = Subdrill

St St =Stemming length
C =Charge length
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STAB HOLE TECHNIQUE

Burd Burden
P P 0 ADVANTAGES
o + Better fragmentation of the top of the bench.
Spacing ® Spacing o o 7
- \\
@ DISADVANTAGES
. . 0 \‘\ i gy . .
e e i » An extra drilling stage is required for the stab holes.
st st « Stab holes need to be manually loaded due to small
st st diameter.
| I » Three times the number of holes and twice the
o : : B ® Production holes amount of drilling required.
: : ®  Stab holes - The pattern is very hard to navigate with machinery.
1 |c il _ . .
: : : BH = Bench height  Increased risk of flyrock and larger exclusion zones
: : : Su = Subdrill i
- : < m n .
sy y" 2 : St =Stemming length for equipme t
& 2 i C =Charge length
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STEM DECK TECHNIQUE

Burden

Spacing [ )

St

St

o
o

o ADVANTAGES

« Better fragmentation of the top of the bench.
* No extra drilling required.

« Technique can be applied as required.

y \\
”

Production holes
Stab holes

BH = Bench height
Su = Subdrill
St = Stemming length

C

= Charge length
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DISADVANTAGES

Electronic initiating systems required.

Accurate loading of explosive and stemming decks
required.

Loading a hole requires multiple visits or passes.

Increased risk of flyrock and larger exclusion zones
for equipment.
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PRECONDITIONING TECHNIQUE

: 0 ADVANTAGES
Complete fragmentation of the top of the bench.
Spacing ° * Holes can be loaded in one pass.
* Non-electric or electronic initiation can be used.
Ve » Decreased risk of flyrock, smaller exclusion zones.

Su St

@ DISADVANTAGES

 Drilling through wet, broken ground is challenging.
» Rotary drilling is more successful than percussive.
* The preconditioned rock can become unstable and

BH
@® Production holes

© Stab holes

c BH = Bench height

_ collapse.
Su = Subdrill ] ] .
: i Su” = Subdrill from upper bench * Preservation of hole depths is critical.
5 .- .- St =Stemming length . . . .
B : C = charge length Over mining the bench is easier for the excavators.
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PRECONDITIONING RESULTS

c
o}
g
e RN : 5w ; p = 3 99 99100
w'ﬁ,}‘f;;;, ‘ r_‘&; . b -~ : i 2 = : 100 . g -~ I'___.__._.—.-.
R g 8 | 3 % e . Comparison of s %
e . 3 S o
S/unit of rock e - &
80 o £ n
2 ) x
L0 § T N
£ @®© c c
X 5 5§ 8
% 50 s & £
2 Production Pattern | 1 x Stab | 21% o S =
g a0 o = x
5 S = 27.8%
e o Q
30 Production Pattern | 2 x Stab | 42% | 17% 09_ %
20 1€ 8
L4 €
10 Stem Deck Pattern | 10% | -9% | -22% %
0
10l Preconditioning Pattern | 9% | -10% | -23% | -1% 1000|39.4
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PROTECTING HOLE DEPTH

* To preserve hole depths a reusable
device, called a Collar Keeper™, was
iInvented to prevent collar rock and
drill cuttings entering the hole during:

* Drilling the pattern;
» Adjacent blasting;

* Priming; and

» Loading explosives.

e
Hom
3 -
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https://vimeo.com/367653263
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PROTECTING HOLE DEPTH

* To preserve hole depths a reusable
device, called a Collar Keeper™, was
Invented to prevent collar rock and
drill cuttings entering the hole during:

* Drilling the pattern;
» Adjacent Blasting;

* Priming; and

» Loading explosives.
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https://vimeo.com/360799727
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QUANTIFYING ENERGY IN BLASTING

Natural Upper

Surface . Bench
» Powder Factor I I e I
. BH = Bench heigh
» Ignores energy contributed by the e
subdrill of the previously fired bench. > : Su = Subdril from upper bench :
=>temming leng ::
* |If the upper and lower patterns are C = Charge length c
different the technique cannot be used. Llower | ower
Su : Benc .:.E .:. Benc
Upper:
. . . . Benc
 Vertical Distribution : I VD = (BH — St + Su’) /BH
« Explosive distribution calculated as a o Whee o
percentage Of the benCh he|ght BH ; ;E ;/E :;;ee::;;ar::;::?:;g of the explosives in the bench (%)
. St =stemming length (m/ft)
Ifthe Upper and Iower patterns are E ¢ :: Su” :zuirgmngnz:ffror:upper bench (m/ft), where present
different the technique cannot be used o Lower
) su EE _:_E Bench
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LINEAR POWDER/ENERGY FACTOR

STANDARD DESIGN SINGLE STAB HOLE DESIGN DOUBLE STAB HOLE DESIGN

1.66 kg/m? 2.801b/ys> 1.66 kg/m? 2.801b/ys> 1.66 kg/m? 2.801b/ys>
1.66 kg/m? 2.801b/ye* [N 1.66 kg/m? 2.801b/ye* [N 1.66 kg/m? 2.801b/ye* [N
1.66 kg/m? 2.80l1b/yc® [N 1.66 kg/m? 2.80l1b/yc® [N 1.66 kg/m? 2.80l1b/yc® [N

0 kg/m? 0 Ib/yd® 1.24 kg/m? 2.09b/ye: [N 1.86 kg/m? 3.13 by [

0 kg/m? 0 Ib/yd® 1.24 kg/m? 2.091b/yac | 1.86 kg/m? 3.131b/yd* [
2.90 kg/m? 4.891b/ya> | 2.90 kg/m? 4.89b/ye> I 3.52 kg/m? 5.93b/yd:
1.66kg/m* 2.801b/ye® 1.66kg/m* 2.801b/ye® 1.66kg/m* 2.801b/ye®
1.66 kg/m? 2.800b/yd® | 1.66 kg/m? 2.801b/yc | 1.66 kg/m? 2.801b/yc |
1.66 kg/m* 2.801b/yd> | 1.66 kg/m* 2.801b/yd> | 1.66 kg/m* 2.801b/yd> |
1.66kg/m* 2.801b/yes | 1.66kg/m* 2.801b/yes | 1.66kg/m* 2.801b/yes |
1.66 kg/m* 2.801b/yd> | 1.66 kg/m? 2.801b/yd> | 1.66 kg/m? 2.801b/yd> |
1.66 kg/m® 2.801b/yd> | 1.66 kg/m® 2.801b/yd> | 1.66 kg/m® 2.801b/yd> |
1.66 kg/m* 2.801b/yd> | 1.66 kg/m* 2.801b/yd> | 1.66 kg/m* 2.801b/yd> |
1.66 kg/m? 2.801b/ye* | 1.66 kg/m? 2.801b/ye® | 1.66 kg/m? 2.801b/ye® |
1.66 kg/m? 2.801b/yvd* | 1.66 kg/m? 2.801b/yvd* | 1.66 kg/m? 2801b/yd® |

0.0 1.0[1.7 2.0/3.4 3.0/5.1 4.0]6.7 0.0 1.0[1.7 2.0/3.4 3.0/5.1 4.0]6.7 0.0 1.0[1.7 2.0/3.4 3.0/5.1 4.0]6.7
Powder Factor (kg/m?|lb/yd?®) Powder Factor (kg/m?|lb/yd?®) Powder Factor (kg/m?|lb/yd?®)
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LINEAR POWDER/ENERGY FACTOR

STANDARD DESIGN STEM DECK DESIGN PRECONDITIONING DESIGN

1.66 kg/m? 2.801b/yc> [ 1.66 kg/m? 2.801b/yc> [N 1.66 kg/m® 2.801b/ye [
1.66kg/m® 2.801b/ydc | 1.66 kg/m? 2.801b/yc> [N 1.66 kg/m® 2.801b/ye® [
1.66 kg/m? 2.800b/ys® [N 1.66 kg/m? 2.801b/ya® N 1.66 kg/m? 2.801b/ye |
0 kg/m? 0 Ibfyd® 0 kg/m? 0 Ib/yd® 1.66 kg/m? 2.80b/yd: N
0 kg/m? 0 Ib/yd® 1.66 kg/m? 2.80 by [N 0.00 kg/m? 0.00ib/yd* [N

2.90 kg/m? 4.891b/ye> I 0 kg/m? 0 Ib/yd® 1.66 kg/m? 2.80 Ib/yd?
1.66 kg/m? 2.801b/ye® 1.66 kg/m? 2.801b/ye | 1.66 kg/m® PR |
1.66 kg/m? 2.800b/yd® | 1.66 kg/m? 2.801b/ye | 1.66 kg/m? 2.801b/ye |
1.66 kg/m? 2.800b/yd® [ 1.66 kg/m? 2.801b/ye® | 1.66 kg/m? 2.801b/ye |
1.66 kg/m? 2.800b/ye® [ 1.66 kg/m® 2.801b/ye | 1.66 kg/m? 2.80ib/ye |
1.66 kg/m? 2.801b/yd> | 1.66 kg/m? 2.801b/yc® NN 1.66 kg/m® 2.80ib/ye |
1.66 kg/m® 2.801b/yd> | 1.66 kg/m? 2.801b/yd® | 1.66 kg/m® 2.80ib/ye [
1.66 kg/m* 2.801b/yd> | 1.66 kg/m? 2.80lb/yc® NN 1.66 kg/m® 2.801b/ye® NN
1.66 kg/m? 2.801b/yd* | 1.66 kg/m* 2.80b/yd® NN 1.66 kg/m? 2.801b/ye: |
1.66 kg/m? 2.801b/yd® | 1.66 kg/m? 2.801b/yd® | 1.66 kg/m? 2.80ib/ye |

0.0 1.0/1.7 2.0]/3.4 3.0|5.1 4.0|6.7 0.0 1.011.7 2.0]3.4 3.0|5.1 4.0|6.7 1.66kg/m? 2.80lb/yd?

g Y
Powder Factor (kg/m?|lb/yd?®) Powder Factor (kg/m?|Ib/yd?®)
0.0 1.0|1.7 2.0/3.4 3.0|5.1 4.0]6.7

Powder Factor (kg/m?|Ib/yd?®)
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KANSANSHI MINE

» Located 10 km (6 mi) north of the town of Solwezi in the
North Western Province of Zambia.

* Mineralisation in sub-vertical veins, select lithologies and
occasional fault breccia zones in the “Domes Region of N . (M e
NW Zambia. SO L oo o

Intermediate Intrusive

« Two large open pits producing approximately 230 ktonne
of copper and 130,000 ounces of gold annually.

Irorslones

kilometers .— %
o

* Mining occurs in 5 m (16.4 ft) and 10 m (32.8 ft) benches.
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KANSANSHI MINE
5m BENCH TO 10m BENCH 10m BENCH TO 10m BENCH

1.16 kg/m? g 1.96b/yd® I 1.43 kg/m? 2,40 Ibfyd?
0 kg/m? 0 Ibfyd? 0.29 kg/m? 0.481b/ya> [ 3 2 %
0 kg/m? 0 Ib/yd? 0 kg/m? 0 Ib/yd?
ot 0N ) I’ 2 ot 0N ) I’ 2
oTERET 7 % o e 7 %
1.43 kg/m? ’; 240b/yac NG 1.43 kg/m? ’; 240b/yac NG
1.43 kg/m? 3 240b/ye® NG 1.43 kg/m? 3 240b/ye® NG
£y 2 £y 2
1.43 kg/m? : 2.401b/ye 1.43 kg/m? : 2.401b/ye
1.43 kg/m? , i 2400b/ye: N 1.43 kg/m? , i 2400b/ye: N
1.43 kg/m? 3 ; 240y NN 1.43 kg/m? 3 ; 240y
1.43 kg/m? 2 240b/ye: NG 1.43 kg/m? 2 240b/ye: NG
1.43 kg/m? : 2400b/ye: N 1.43 kg/m? : 2400b/ye: N
I = 7 2
1, L 1, L
0.29 kg/m* 0.48 Ib/yd® | 0.29 kg/m* 0.48 Ib/yd® |
0.0 0.5]0.8 1.0/1.7 1.5]2.5 2.0|3.4 0.0 0.5]0.8 1.0/1.7 1.5]2.5 2.0|3.4
Powder Factor (kg/m?| Ib/yd®) Powder Factor (kg/m?| Ib/yd®)
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KANSANSHI MINE - NEW DESIGN
5m BENCH TO 10m BENCH 10m BENCH TO 10m BENCH

142 g/ H _ 2a0ibye' 143 kg/m? 2401b/yd?
0.28 kg/m? 0.481b/yd> [ 0.29 kg/m? 0.481b/ya> [ O %
0 kg/m? 0 Ib/yd? 0 kg/m? 0 Ib/yd?

Fa W XN £ 3 Fa W XN £ 3
eF ket 3 . eF ket 3 .
1.43 kg/m? ’; 240b/ye: NN 1.43 kg/m? ’; 240b/ye: NN
1.43 kg/m? : 240b/ye: NN 1.43 kg/m? : 240b/ye: NN

£y 2 £y 2
1.43 kg/m? : 2.401b/ye 1.43 kg/m? : 2.401b/ye
1.43 kg/m? , i 2400b/ye: N 1.43 kg/m? , i 2400b/ye: N
1.43 kg/m? 3 ; 240y NN 1.43 kg/m? 3 ; 240y
1.43 kg/m? 2 240b/ye: NG 1.43 kg/m? 2 240b/ye: NG
1.43 kg/m? : 2401y 1.43 kg/m? : 2401y

I = 7 2

1, L 1, L
0.29 kg/m* 0.48 Ib/yd® | 0.29 kg/m* 0.48 Ib/yd® |

00 05]0.8 1.0]1.7 1.5]2.5 2.0|3.4 00 05]0.8 1.0]1.7 1.5]2.5 2.0|3.4
Powder Factor (kg/m?| Ib/yd®) Powder Factor (kg/m?| Ib/yd®)
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KANSANSHI MINE - NEW DESIGN

Layér “of - /

_Precon’d" t] onlng

——---
—————--——_-—l——-
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SUMMARY

Subdrill is not only a parameter for achieving the target bench level.

Subdrill is essential in preconditioning the top of the underlying bench.

Remember to consider the impact of subdrill on the underlying bench

Preserving hole depths through the full life of a hole is critical for success.

Linear powder factor can be used to better compare and communicate energy in a bench
blast.
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QUESTIONS?

THANK YOU
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