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Blast Management

Continuous Improvement makes successful change!

® Process ® Attitude
v" Proactive

Introduce change to . . ’s
@ \—> Test the idea [ Processg } v “DO It rlght tOday'
%7 v “Do it better tomorrow.”
and
ust where Repeat Cycle ‘

necsssary besed { vesemscatt |/ “Whatever you do. Track

on conclusions . -
metrics and pay attention

& d to details.”
[Analyze data and ]

make conclusions
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Blast Management

Details of Blast Design

Geology

Explosive

Hole diameter

Burden

Spacing

Bench height

Hole depth & inclination
Subdrill

Drill pattern

Stemming & Inert decking
Powder Factor

Energy Factor

Initiation sequencing
Hole timing

Environmental effects

v" Vibration and Air
Overpressure

v" Fumes & Dust
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Blast Management
Blast Design Variables
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Blast Management

Blast Design Variables

Controllable

EXPLOS'VE variable

Uncontrollable
variable

GEOLOGY

CONFINEMENT DISTRIBUTION
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Blast Management
Explosive — A controllable variable in blast design

® What explosive is chosen to be used.
v Density
v" Velocity of Detonation
v Energy
v~ Water Resistance

v Form

- Package

* Bulk
— Dry Blend/Free Flowing
— Wet Blend/Augerable
— Pumpable Blend
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Blast Management
Confinement — A controllable variable in blast design

® How the explosive energy is confined so that it can do
work.

v~ Amount of material surrounding the explosive in the drill
hole

- Material between the drill hole and any dynamic or static free
space.

v" Distance of the drill hole from an open face.
* Burden

v" Distance of drill holes relative to one another.
* Burden
« Spacing

v" Type and amount of stemming

SANDVIK
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Blast Management
Distribution — A controllable variable in blast design

® How the explosive energy is distributed throughout
the rock mass — vertically and horizontally.

v Diameter of the drill hole.
- Limiting the diameter of explosive.

v Diameter of the explosive.
* In the case of package explosives.

v" Depth of the drill hole and the amount loaded.
v Spacing of the drill holes

SANDVIK
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Blast Management
Geology - uncontrollable variable in blast design

® Properties of blasted rock mass can change: between
pits; within a pit; between bench levels; even within a
bench.

v" Density

v" Hardness

v Jointing

v Bedding

v" Mean Block Size
v Voids & Caves
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Blast Management

The Explosive Energy Balance

® In blasting work explosives are detonated releasing
their chemical energy. Energy must go somewhere.

v" Energy — Fragmentation

v Energy — Moving and Heaving the rock
v Energy — Ground Vibration

v Energy — Air Overpressure

SANDVIK
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Blast Management
Best Practice starting points for basic Blast Design

Quarrying Units Rules of Thumb Best practices
Burden (B) ft (range 25 to 35) x D, /12 ([P.x2/P.]+1.8) x D,
Spacing (S) ft (range 1to 1.8) xB 1.15x B
Bench Height (H) ft 10 x D, 3 x B (or greater)
Minimum Bench Height (H,,,) ft 2xB 2xB
Subdrill (J) ft (range 0.2 to 0.5) x B 0.2xB
Stemming (T) ft (range 0.7 to 1.3) x B 24x D, /12
Inert Decking (Tg44) ft 6xD, /12 (dry hole) 8xD. /12
Inert Decking (Tgy) ft 12 x D, /12 (wet hole) 16 xD./ 12
Bottom Charge (E;) ft [(range 0.3t0 0.5) xB] + J
Charge Length (C) ft H+]J-T [((H+J)/cosine Ay] - [J + T]
Powder Factor (PF) tons / 1b. 2.5t01.25 2.2
Where:
Diameter of charge (D.) in
Density of rock (P,) g/cc
Density of explosive (P, ) g/cc
Borehole Angle (Ay) ° off

vertical
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Blast Management
Keys to Optimizing Explosive Performance

® Choose Optimum Explosive Type.
® Optimize the distribution of the explosive’s energy.
® Optimize confinement of the explosive’s energy.
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Blast Management
Keys to Optimizing Explosive Performance

® Choose Optimum Explosive Type

v For Primer make-up and/or
Main Explosive Charge

Quarry Academy 2005

Critical diameter
Density

Sensitivity
Sensitiveness
Water resistance
Detonation velocity
Detonation pressure
Energy

Storage, Transportation and
Loading/Handling.

v" Initiation System
« Type signal
« Timing options
— Fixed

»  Number of delay
periods

— Programmability
* Accuracy/Precision

- Storage, Transportation
and Loading/Handling
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Blast Management
Keys to Optimizing Explosive Performance

® Explosive Energy Distribution Optimization

v" Increased distribution reduces overall rock fragment
size.

v Decreased distribution increases overall rock fragment
size.

v Even distribution achieves uniform fragmentation.

v Important to maintain even distribution from top to
bottom of bench.

v~ Widely spaced jointed rock mass requires reduced
patterns

SANDVIK
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Blast Management
Keys to Optimizing Explosive Performance

Explosive Distribution

Hole Diameter (in) 4 6 7 9
Bench height (ft) [H] 40 40 40 40
Burden (ft) [B] 10 15 17 21
Spacing (ft) 12 17 20 26
Stemming (ft) [T] 7 10.5 12 15
Subdrill (ft) 3 4.5 5 6.5
Explosive ANFO ANFO ANFO ANFO
Powder Factor (tons/lb.) 2.02 2.02 2.03 2.07
Bench Stiffness (H/B) 4 2.7 2.4 1.9
Explosive Distribution (1-T/H)x100 83 % 74 % 70 % 63 %
Energy Factor (kcal/ton) 200 200 199 195
Fragmentation F80* 25 inch 29 inch 29.5 inch 31 inch

Equivalent Powder Factor or Energy Factors 2= Equivalent Explosive Distribution

*more dramatic change in uniformity.
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Blast Management
Energy Distribution Comparison — Planar

9 inCh, 21ft X 26 ft 4 iIlCh, 10 ft X 12 ft %) Explosive Energy Distibution ;[gl_l

__________ Calculation Display |

—Scale
units: Iku:alis‘t j

[ = ID.EIDEI kcalist
|7.|snn_nnn ta |1 oo kealist

= .|1 000 ta |annn kealist
v

] |3nna ta |4nnn kealist

v . = |4nnn kealist

Equalise scale ranges |

Horizontal slices of
bench @ 32 ft
down from surface

| Redisplay Current Explosive Energy Distribution I

—Other Options
" Drawy point as pixel

. & Dravwy poirt 55 & filed rectangle
Equivalent overall

powder factors

[¥ Draw Holes Atter Contour

Close Dialog Help
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Blast Management
Keys to Optimizing Explosive Performance

® Explosive Energy Confinement Optimization

v Explosive Energy must be confined long enough after
detonation to establish fractures and displace rock.

+ Design timing to provide adequate relief without loss of
confinement.

v Control paths of least resistance for explosive energy
 load according to geology and face conditions
* use adequate and proper stemming materials
v Accurately layout and drill the blast pattern
v Remember:
 over confinement = excessive vibration
 under confinement = excessive air blast
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Blast Management

Explosive Types — Main Explosive Charge

® Bulk Explosive
v" Blasting Agent, 1.5 D (not detonator sensitive)

Quarry Academy 2005

- ANFO

+ Heavy ANFO Blend
— Water gel
— Emulsion

* Repumpable ANFO Blend
— Water gel
— Emulsion (available with field density adjustment)

* Repumpable
— Water gel

— Emulsion (available with field density adjustment and/or
homogenization)
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Blast Management

Explosive Types — Main Explosive Charge

® Package Explosive

v Explosive, 1.1 D (detonator sensitive)
+ Dynamite
« Emulsion
v Blasting Agent, 1.5 D (not detonator sensitive)
 ANFO, ANFO WR
- Water gel
« Emulsion

SANDVIK
[

Quarry Academy 2005




Blast Management

Explosive Types — For use in primer make-up

® Package Explosive
v Explosive, 1.1 D (detonator sensitive)
+ Dynamite
- Emulsion
- Cast Boosters

SANDVIK
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Blast Management

Explosive Types — Initiation System

® Electric

v Copper leg wires
v Millisecond delay period detonators
v Blasting Equipment

Standard Capacitor Discharge Blasting Machine
Sequential Capacitor Discharge Blasting Machine

® Nonelectric
v NONEL

Shock tube lead
Millisecond delay period detonators — surface and in-hole

v Miniaturized Detonating Cord/Nonel

Quarry Academy 2005

Low core load detonating cord
Millisecond delay period detonators — surface and in-hole
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Blast Management

Explosive Types — Initiation System (continued)

® Electronic
v Copper leg wires
v Field programmable precision delay detonators

v" Nonexplosive accessories
- Wire, connectors, controllers etc

v" Computer testing, programming and blasting equipment.

® Nonelectric Electronic
v Shock tube lead

v Factory programmed precision delay detonators
* In-hole
+ Surface Delay

Quarry Academy 2005
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Blast Management
Optimizing Explosive Energy Confinement

Adequate Confinement
Proper Face Movement
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Blast Management
Optimizing Explosive Energy Confinement

Inadequate Confinement
Improper Face Movement
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Blast Management

Flyrock Nomograph MAXIMUM RANGE OF FLYROCK
L i m t n VERTICAL FACE ANFO-LOADED HOLES IN LIMESTONE
estone o
ShlJ’lfl HE%ghg DEB’ICE Bugl‘gea R EEEEEEEEERE —
1 503 3.0 133 i \ 15
2 a7 57 142 (8 —
3 44 39 120 ! \ O\
Pog e |
BN e \ >
’ . : : =
g %5 268 1.1 ! = N
9 9.2 3.2 106 ! ; .
M 197 B7 114 ! S 12
1 13 381 116 ! g
12 133 395 10.3 ! > 100 \
13 106 428 9.3 | T \
14 3.5 49.8 113 ! = \
[ 10 0.6 02, & 34, X [N - . orrr ers s SR i iy =
= 4.5"
fin Burden 9.8 | frale 0.0 2 3 ,, o
Max Burden 34,8 | From file 6 —
g sl g R
Example:
5.5” diameter hole planned for 13 ft burden 10
2.5 7.5 125 17.5 225 27.5 32.5
@ 43 ft depth likelihood of ~450 ft flyrock ° 10 " 20 2 % %
di S‘[ance MINIMUM BURDEN TO FREE FACE
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Blast Management

y . g p MAXIMUM RANGE OF FLYROCK
G ra n I te VERTICAL FACE ANFO-LOADED HOLES IN GRANITE
1000 _—
\\ \\
|Shut Height Depth Burden ' EEEEEEEEEEREE [AN
.0
=— TRYTA
2 gl 53 162 :
3 60,1 7.3 19.% !
4 9.4 180 2.4 \
5 7.8 19.6 £9.3
6 4he 2.3 b u 5
7 3.1 24.3 2041 10}
3 0.6 26.8 171 Z |
9 380 2.4 15.9 =
10 36,8 30.6 14.3 X
" 36.0 3.4 15.3 8
12 32.9 4.5 1.9 T
13302 73 13 > 100 | W — P
14 .1 3.3 123 o \ \ \ L
15 2B BYB: 300 s ol = \ \ \ \ |
15 2.1 4.3 17.2 2 [ W A \ \
17 M4 463 20,5 Hin Burden 10.0 | fingle 0.0 S \ \ \
1% 17.8  49.7 5.7 Max Burden &2, ? From file < \ \
a0 87 538 39.0 4 R = 3 \
45"
o
Example: o
6.5 diameter hole planned for 16 ft burden o
. . 25 75 125 175 225 27.5 325
@ 37 ft depth likelihood of ~400 ft ﬂyl‘OCk 5 10 15 20 25 30 35
distance. MINIMUM BURDEN TO FREE FACE
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Blast Management

Stemming

Inert material loaded on
top of an explosives
column in a blasthole.
Stemming provides for
explosives energy
confinement and best ® 70% of the Burden

blasting resullts. v When using the same delay for the
top and bottom primer in a hole or
when initiating from the top of the

For stemming use angular

stone with mean size 12.5 column
% of diameter of the drill ® 50% of the Burden
hole. v~ When using a later delay in the top

of the column.

SANDVIK
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Blast Management

Stemming

The amount of broken
material in the bench top
needs to be accounted for
to maintain confinement
and control flyrock

DEPTH OF BROKEN, LOOSE, OR ANY
UNCONSOLIDATED MATERIAL

o RN AW =

DO b b e e e ek e e e e
S X AU A WN =D

STEMMING CONVERSION CHART
NORVAL STEVMING HEIGHT
4 5 6 7 8 9 10 11 12 13 14 15
5 6 7 8 9 10| 11 12| 13| 14| 15| 16
55| 6.5 7.5 85| 9.5 10.5| 11.5] 12.5| 13.5| 14.5| 15.5| 16.5
6 7 8 9 10| 11 12| 13| 14| 15| 16| 17
7 8 9] 10| 11 12 13[ 14] 15| 16| 17| 18
7.5 85 9.5| 10.5] 11.5( 12.5| 13.5| 14.5| 15.5| 16.5| 17.5| 18.5
8 9] 10| 11 12| 13 14 15| 16| 17 18] 19
9] 10| 11 12 13| 14| 15| 16 17| 18] 19| 20
9.5| 10.5( 11.5| 12.5| 13.5| 14.5| 15.5| 16.5| 17.5| 18.5| 19.5| 20.5
100 11 12) 13| 14| 15| 16| 17| 18] 19| 20[ 21
11 12| 13| 14| 15| 16| 17\ 18] 19| 20| 21| 22
11.5| 12.5 13.5| 14.5] 15.5| 16.5| 17.5| 18.5| 19.5| 20.5| 21.5| 22.5
12 13| 14| 15 16| 17) 18 19| 20{ 21| 22| 23
13 14 15| 16| 17| 18] 19| 20{ 21| 22| 23| 24
13.5| 14.5| 15.5| 16.5| 17.5| 18.5| 19.5| 20.5| 21.5| 22.5| 23.5| 24.5
14 15| 16| 17| 18] 191 201 21| 22 23| 24| 25
15 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26
15.5| 16.5| 17.5| 18.5| 19.5| 20.5| 21.5| 22.5| 23.5| 24.5| 25.5| 26.5
16 17] 18| 19| 20| 21| 22| 23| 24| 25| 26| 27
17 18] 19| 20{ 21| 22| 23| 24| 25| 26| 27| 28
17.5| 18.5| 19.5| 20.5| 21.5| 22.5| 23.5| 24.5| 25.5| 26.5| 27.5| 28.5
NOTE: STEMHEIGHIS FOR END HOLES SHOULD BE INCREASED
TO 100% OF THE BURDEN.
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Blast Management
Blast Vibration and Overpressure Control

® Monitor, Monitor, Monitor...Analyze, Analyze, Analyze

® Develop & maintain site constants for use in estimating
blast vibration.

® In vibration sensitive areas limit pounds per delay
v" Reduce borehole size
v Use multiple explosive decks in blast holes. (adjust pattern)
v Limit number of rows.

® Use quality stemming material, proper amounts and
stemming plugs to control overpressure.

® Avoid blasting in overcast, during temperature inversion or
other weather conditions that can increase overpressure.

Quarry Academy 2005 7% I SANDVIK
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Blast Management
Blast Vibration and Overpressure Control

® Limit total blast duration to less than 750ms.

® Map resultant vibrations in areas around perimeter of
property to identify anomalies.

® Use wave superposition models to develop and
evaluate alternative blast initiation sequences that will
shift wave frequencies and limit Peak Particle Velocity
(PPV)
v Consider electronic detonators to apply non
conventional blast design delays.

SANDVIK
]
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Blast Management
Blast Vibration i S e T R

---j--—-F-- EQUATION OF THIS LINE E
Oriard’s equations for NS v=s0sw 1218 i
estimating ground vibrations N G
(PPV) from typical blasting S e :1;.—}1‘;'_ e
. . F v=24Dw 2y R ‘ -
operatlgns using square root § 0 SR
scale distance. £ % \\
. z AN\
Scale Distance: 3 01
% s VAT S, e i
Distance in feet to seismograph "N 7
0.01 g H b i I“::::
P . -: EQUATION OF THIS LINE --:-i-
ounds of explosive per 8 ms - =EE
. ~v=amw ey A E
delay increment. { @ FroductionShoti [, . iy 4 4
L1 @ Stripping Shots ] R E. . ] .
0.001 U e i d phebHE b
1 10 100 1000
Scaled Distance (ffThd /1)
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Blast Management

Seismograph Record — Production Blast

Channels Inverted | Event: 012
; vent: s
. F\co.ustlc Dlake: 262005
W' Fladial 3
Vartical Tirme: 11:32
L} e Fradial: 0400 indseq @ 1.9 Hz
M| e Wertical: 01250 infsec @ 234 Hz
Westar Sum Transwerse: 00500 intsec @ 15.0 Hz
‘window Time Acoustic: 125 dB, 0.34 Mb, 0.0043 psi, 0.0340
I— I— kFa@ 23 H:z
2.0000 45000 Acoustic Trigger: 121 dB I
Soale Seizmic Trigger: 0.0160 infsec ;I I
020 e 125 dB
Diata Locator Bar F
| [N

Curves

{+ USEMRIS507 T
£ hotActivated —‘MM""'P[\,M{\’W—WW\

0 hotActvated

Frequency Range A
|]1 o100 | Hz

Farticle Velocity Wersus Frequency - USERN Limits [R18507, 1980)

000 Fadial 1000 Wertical 1000 Tranzuerse

PPV

[
0.14 ips T i,
4 HEE # o L
E M ! u E:HE:-:M E # KE W E P "
E g " g E BRI R E :,: 4
B R B C @x oy C 3 »F un T onk
om [ | o Lol Loafy om Lorril f ik
1 jil] i1 100 1] 00
Frequency [Hz) Frequency [Hz] Frequency [Hz)
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Blast Management

Seismograph Record — Single Blasthole

Charninels Irverted
W Acoustic
v Fadial
v Wertical
v Transwerse
Wector Sum

Window Time

IU.UUUU |4.5UUU

Scale

[0z inizes  [120 dB
Ll v

Diata Locator Bar
Jo.0000

Curves
(% USEM RI8507

€| ot Aotivated
£ ot A ctivated

Ewent: 213 Py
Diate: 21242005

Time: 11:04

FRadial: 0.0975 infsec @ 20.4 Hz

Vertical: 01500 indzec & 196 Hz

Transverse: 00300 infsec @ 23.2 Hz
Acoustic: 10 dE, 006 Mb, 00003 psi, 0.00&0
kPa@ 138 Hz

Acoustic Trigger: 19 dB

Seismic Trigger: 0.0300 indsec

B

Frequency Range L,
’Vh— o B e o penk (LT e PO P ST T W DI TP PR S ¥ S S S S
Particle Welocity Werzus Frequency - USEM Limits (Rl 2507, 1230)
000 _ Radial 0o _ Wertical w00 _ Transwerse
100 100 100

0.15ips

Frequency [Hz)

Frequency [Hz)

oo § ool % oo 2
E PR A E iy E PR
E E E "o *a o T s
r % C L » Fa g ¥
wu i
o Lol & Fyimim oo Lol T R ORI oo Lo oy B
10 oo 10 100 10 0
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Blast Management
Synthesized Seismograph Records — Model Outputs

HoiShot Simulation
1Bms inter hole delay
125ms inter row delay between rows 1-2
89 ms inter row delay hetween rows 2-3
Signeture File: FORSYTHE 1 DTS Event Hommber:  Defe! 8/18/2005 Time: 11:04
Acoustic Trigeer: 11948 Seiemedc Trigeer: 0 0330k 07600mt  Seril Himber: 724

Simulated Anplitudes and Freguencies
Pradial o 1264 3 2lmmis 338 SH

Vertical 0 133 Links 33790mmt @ 38 5Hs
[Pramsverse () 124 1y 315 Mimads @ 17 OHs

Craph Information
a0 000 pec To: 4 508 sec
ismic Srale:

e Limes af ] 00 sec ingermals

1500 {0 0F2 5mvsidir ) 3 3003mms (0 £2 Someedar

MNOMEL Simulation
25ms inter hole delay
92 ms inter row delay

Jigranme Fik. FOESTTHE 1DTE  Eret Mimber.  Date: 871002005 Time: 11:04
Accactic Trigger: 119 dE  Selmdc Trigger 0 03ink 0. 762m0%  Seral Hunber: 724

$imulated Amplitudes and Freyuencies
[Eadiaiog 17 15 4 364 S @ 9 5Hs

[Fonianl 02007 ind 5 1403m i3 30 5Hs
ramsver e 0 125k 3 1805 @ 500Hs

Graph Information
30 () 00 £e¢ T & FO8 set
mswdr Srale:
W0 0 05002 iy 5 0B lmm (12Tt i |
e Tl & 00 gac EEamals
SN TR

-
R

wah R
irmasssimins
N .

f i;

. " K I!r Iir Il\. I'J I||| I"'l I:l
| B Ll ol A L ] ] & Youn Analysi .‘l‘.'pﬂh:l.l Spectrum - m:l.lﬂuw}
Fourier Amalyzis (Amplitude Specirum - Box Window) Radial: i - Vertical: Transverse
Ratial. Viertiical Transverse: 1040 Hx 1054 He 104 e
55 44 Mz 5581 He 954 H:
; - sz ir ir 1
' 8 . o ] T T R T m L T 188
! mm:: B ! Mwlnf-.-.n;- e ﬁl-]rn:-.-:E- e Eeymizt il iy (Bl Fisquac (Ha
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