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Common Blasting Issues

e Productivity
— Minimizing drill/blast cost
— Maximizing production
— Reducing oversize/fines
— Adjusting drill/blast program to optimize total productivity

« Community Impact
— Reduce complaints
— Minimize barriers to expansion/permit renewal
— Reduce/eliminate litigation costs

« Community Impact may represent most serious challenge to an operations long
term viability
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Minimizing Community Footprint

Reduce community perception of blasting
— Reduced overpressure

— Reduced ground vibration amplitude

— Improved frequency spectra

Technology available to meet needs
Can be impacted by regulatory barriers
Can be negated by lack of understanding of process
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Improved Blasting Designs

e Electronic Initiation Systems
— Precision
— Programmability
— Flexibility

« Vibration prediction processes
— Active vibration cancellation
— Real time analysis
— Alternative timing sequences

e Impact can be negated or blocked by regulatory limits based on older
technology
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USBM RI - 6151

e Published in 1963

 Measured vibration from single row shots at a single location in lowa
— 3 hole shots
— 7 hole shots
— 15 hole shots

 Holes detonated with Det Cord (no down hole dets)
 Holes delayed using 9ms and 17ms surface delays
e Delayed shots shows significant vibration reduction
e Scatter for electric seismic caps used was +/- 1 ms
 8ms was listed as minimum delay
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So what did this tell us???

0O delay does not work !!!!

 9ms was never the lowest ppv

e 17ms was not lowest ppv in all cases

 34ms was not lowest ppv Iin all cases

* 0O delay ppv did not increase proportionally to charge weight increases.
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USBM Bulletin 656

e Published in 1971

 Not so much a research report but a summary of previous work
e Single row shots and simple multi row shots

« Oms, 9ms, 17ms and 34ms delays

e Set vibration limit of 2.00 ips

 Used Scaled Distance to maintain safe blasting limits

8 ms criterion again implied based on previous research

/RN
QUARRY
ACADEMY



Scaled Distance

SD = d/(wt)1/2

Where:
d = distance to dwelling
wt = max charge per 8ms delay
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What else does it say 7?7?77

« Electric Caps reduce vibration more compared to cord (accuracy)
« Geology, rock type and orientation effects vibration within Scaled Distance limits

e Seismographs, not scaled distance is recommended to insure safe blasting limits
are maintained
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Summary of Early Research

e Mostly simple, single row shots

e Simple delay timing achieved with surface delays
« 8 ms criterion simply because 9ms caps available
* No consideration of frequencies

 Based on two assumptions

— As distance increases, vibration decreases
— As charge weight decreases, vibration decreases

* Neither assumption is always true
— Undershooting
— waveguides
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Scaled Distance

sSD =D /W2
Where
=) = Scaled Dastance
D = Dhastance from the blast to structure (ft.)
W = Maximum pounds per delay of detonated explosives

SMCREA IBCSR2-6.51. and West Virginia 199C5EK1-3 6 h. stipulate minimum scaled

distance factors or maximum allowable PPV to be used for the protection of structures.
These requirements are:

Dhztance from blast to structure (ft) Scaled Distance factor MMaximum PPV allowed (ips)
0 - 300 S0 1.25
301 — 5,000 335 1 .00
3,000+ 63 0.75
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Rl - 8507

Documented importance of frequency in structure response to blasting
Created frequency based safe blasting limits

Used regression to develop vibration prediction formulas

Still promoted scaled distance concept
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So where do we stand now ??7?

 RI 8507 provides documented, safe blasting criteria
« Still pays homage to scaled distance concept
* Predicted PPV using SD varies widely, not a good predictor at all
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So where do we stand now ??7?

How can we change SD to impact vibration?
— Smaller hole size

— Reduced pattern

— 1 hole per “delay”

— Decking

Most have impact on cost

Not very effective tool for reducing vibration
Other options available

/RN
QUARRY
ACADEMY



Vibration Control



Vibration Control

 Passive
— Reduced charge weights per hole
— Decking
— Smaller patterns
— Smaller hole diameter
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Vibration Control

e Active
— Linear Superpositioning
« Established concept

 Enhanced by accuracy of electronic detonators
« Advanced by new concepts in software design
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Linear Superpositioning

e Seismic Wave Interaction

— Acts as sound waves in the ground
« Compression waves
* Lower frequency with distance
 Waves can be influenced by other waves

— To understand seismic wave interaction, we can look at simple sound wave
Interaction
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Sound can be represented by waves

/

S/

Simple sine wawve for single sound frequency
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When two similar sounds are combined that
are only slightly out of phase...

One pure sound a fracbion of 3 second after the next
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We get a single sound almost twice as loud
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If the two sounds are perfectly out of
phase....

Sum of waves equals zero sound
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If the two sounds are perfectly out of
phase....there would be no sound

Sum of waves equals zero sound
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Critical Factors

 Determine phase delay to perfectly cancel waves

 The shape of the wave (wave period) determines delay that provides optimum
cancellation
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This concept has led to the development of
active noise cancellation applications

 Headphones
 Automobiles

o Aircraft
 Heavy equipment

)
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CEd QuietComfort® 15 Acoustic Noise
Canceling® headphones

= 360" Ex® Photos L] videos

Headphones “ In the box Details/manuals Accessories

MNoise cancelling headphones

_ LEd QuietComfort® 13 Acoustic Noise Cancelling®
» DQuietComfort® 15
headphones hEadPhﬂ“ES
» QuietComfort® 3 = Dur best headphones reduce more noise across a wider range of
headphones fregquencies
» QuietComfort accessories = Enjoy your music and mowvies even more, with clear and lifelike
sound

»iCompare QuietComfort
headphones = Comfortable, around-the-ear fit

= AAA battery: 35 hours average life
Audico headphones

.................................................................. = Ideal for fregquent flyers

------------------------------------------------------------------ The headphones that pioneered an industry are now ewven better.

QuietComfort 15 headphones feature exclusive Bose® advancements in noise
reduction technology. You hear less noise than ever before, and even more of your

music and mowvies. With the gquality sound yvou expect from Bose. And a lightweight
Factory-renewed products . . K X .
------------------------------------------------------------------ fit that stays comfortable for hours. It's a combination of benefits unmatched in the
industry.
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Toyota develops noise-cancelling
system for cars

Expanding on the same
concept used in noise-
cancelling headphones,
Toyota has developed a
noise cancelling
system for its
Japanese-market Crown
Hybrid that nearly
eliminates engine
sound within the

passenger
Toyota develops noise-cancelling system for compartment. The
cars system uses a complex

system of microphones,
speakers and sensors located around the cabin.
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The same technology has been transferred
to ground vibration control

 Record “background” vibration
« Impact target with similar amplitude vibration out of phase
e Up to ten times more effective than traditional isolation systems

)
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Semiconductor Manufacture

E.rectrn-ﬂamp@ Active Vibration Isolation Systems

Electro-Dampa I PEPZ®E I Acculock™
Active Pneumatic Wibration Diigital Precizion Electronic Precizion Kinematic
Damping Sy=stem Positioning System Docking Swystem
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Quiet Island®
Sub-Floor Platforms and Supports
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Tables for electron microscopes
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Active Vibration Cancellation

* In manufacturing, vibration is cancelled by using actuators to provide the out-
of-phase signal
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Active Vibration Cancellation

 In blasting we use explosive column detonations to cancel out vibrations from
previous hole detonations

x it
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Signature Analysis Basics

o Similarities
— All require seismogram from a single hole
— Waveform is digitized
— Wave is used over and over to simulate multiple hole shots
— Delays simulated by time lagging waves on X axis
— Waves are summed to represent delayed multiple hole shots

 ALL require use of electronic detonators to be effective
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Linear Superpositioning

Combined Waves
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Linear Superpositioning

No delay



Linear Superpositioning

Individwmal LWHawves

Combined LWawvesxs

8 ms delay
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Linear Superpositioning

Individwmal UWUawvesxs

Combined LWawvexs
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67 ms delay
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Linear Superpositioning

Indiwvidual Wawves

Combined Wawves

42 ms delay
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Linear Superpositioning

Indiwvidunal Wawves

Combined UWawves

92 ms delay
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Linear Superpositioning

Immdiwidwumal WUawve s

Combined LWlawves

115 ms delay
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Differences Between Programs

 Number of seismograms used
e Generic signature wave from production blast

e Shot design metrics
— Simple shots (holes and rows)
— More complex designs rows, number of holes per row
— Added complexity

» Import precise hole locations (GPS)
» Import seismograph locations (GPS)
» Import hole loading metrics

* Import rock properties

* Import p-wave velocity

» Utilize multiple signature holes

» Utilize existing production shot data
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Simple Linear Superpositioning

Signature Waveform - 5005201309111117076.dib

Quarry Pl'(% across from Goodsan
1.196 feet from shot
Testhole &1

Date: ¥11/201311:17AM Radial: 0.0300in/s Vertical: 0.0500 in’s Transverse: 0.0800 in's

Radial ”

Vertical
M”I!F"“'l'”'lu"' L T ST n n_n - o PR = L L L

Transverse ““ N L m
I | | | | | |

-0.50 05D 150 250 350 450 550
Fast Founer Transform (FFT)
Radial: 17.75 Hz Vertical: .63 Hz Transverse: 19.63Hz

1 10 100 1

Frequency (Hz)




Simple Linear Superpositioning

Alpha-Blast - Evaluate Delays =]
Cancel I
Row Holes Delay Between Holes Delay Between Rows Delay Between Decks
1 21 Mumber 0
3 | Starting Delay {ms) 10 Starting Delay {ms) 50 Starting Delay ms) 0
21 Ending Delay (ms) 25 Ending Delay (ms) 125 Ending Delay {ms) 1]
b _ Resolution {ms) 1 Resolution {ms) 10 Resolution {ms) 1
& [ Accept ] I Close I
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Simple Linear Superpositioning

Hole Riow Deck Charges Peak Radial Vertical Transverse Graphs RHz WHz THz FFT

1 50 0239 0225 0.181 0239 \ildAsm— -t 300 225 238 Jm
I I_I_I_LLLLI.I_I_LLLLLI.

1 10 100

16 30 0.248 0.246 0.226 0.248 t: 1075 1038| 6138 m
I_LLLLLLLI_LLLLLLl.

1 10 100

15 70 0252| 0238 0.252 0196 %w-—w 238| 225 238 m
“ L vl v

1 10 100

15 20 0.254 0.254 0.227 0222 %——.- 238  225| 23 MM
I_I_I_LLLLI.I_I_LLLLLI.

1 10 100

13 70 0263| 0225 0.263 0.247 W—w 238 225 238 m
1 10 100




More Complex

Seismograph Stations
Station  «  UTM Morth UTM West Description
m 395843643 53686377 | near Goodson
A0 3558316.48 h3I6898 .92 |near Hastings
Campbell 35958633. 34 536852.33 | Campbell
Femell 3558022.55 53631275 | Femel
Good 395848647 536346.35 | Goodson
Hastings 355834563 h36534 62 | Hastings
Lindsy 355888546 536802.83 | Lindsy
Super 355858787 h36816.44 | near Campbell
Vitch 355738264 536652 56 | lvy Vitch
Wetmore 3558575.06 535947 27 | Wetmore
'
Ez# Date/Time .  Holes Twm%t a:g: Location I;gﬁhm m Eu-m
::: [RER 3 15120 450 [Bench 2 [+ 39582366 | 53657251
312 11/28/2012 12:00 FM a5 8276 573 |Bench 4 |~ 3558468.43 53630942
1 1/9/201312:00 PM 35 15304 5515 |Bench2 |- 3958303.33 53661743
2 1/21/201312:00 FM 73 12085 1656 |Bench 3 | = 3558446 4 536345 66
& 27152013 12:00 FM 21 11059 5266 |Bench2 |- 3958252.28 536626.51
] 2/19/201312:00 FM 1 42 412 |Bench 2 |- 3358403.37 536671.25
10 /52013 12:00 PM 25 9964 3986 |[Bench 3 |- 3958280.85 53654521
1 3/5/201312:00 FM 23 7152 327 |Bench1 (= 3358425 56 536671.16
13 3/20/201312:00 FM 14 7250 5179 |Bench2 |- 3958258.93 536608.57
14 327,213 12:00 FM 26 10060 3869 |Bench 3 |- 3958336.42 5365721
Y
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More Complex

Blast Mo. DateTime -
3612 11/14/2012 12:00 PM
3712 11/28/2012 12:00 PM
1 192013 12:00 PM
2 172172013 12:00 PM
& 2/15/2013 12:00 PM
10 3/5/201312:00 PM
1 3/5/2013 12:00 PM
13 3/20/2013 12:00 PM
14 272031200 PM
15 5/3/201312:00 PM
20 514/2013 12:00 PM
21 5/28/2013 12:00 PM
24 61172013 12:00 PM
25 6/20/2013 12:00 PM
26 7272013 12:00 PM
28 8/6/201312:00 PM
29 8/6/2013 1:00 FM
0 8/8/201312:00 PM
H 82072013 12:00 PM
32 8/28/2013 12:00 PM
33 9/4/201312:00 PM
36 51172013 12:55 PM
37 5/18/2013 12:00 PM
18 5 PM

Station Distance: Ds Radial Wertical Transverse Acoustic Radial Hz Wertical Hz Transverse Hz

» Camphbell 1153 64.9 0.159% 017 0.21 (116 35.0 340 35
Good 1085 611 010 0134 0125 (114 270 340 27
Hastings 951 533 0.146 0118 0.0857 118 370 300 154
E 1525 255 0.046 0.028 0.044 121 270 450 24
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More Complex

Alpha-Blast - Evaluate Delays

Row Holes = | Delay Between Holes
1 16
2 10 || Starting Delay {ms)
3 10 Ending Delay imz)
4 4 - | Resoldtion (ms)
-

10
25

E

_ | Cancel

Delay Between Rows

Starting Delay (ms)
Ending Delay (ms)

Resolution {ms)

50
125
10

Delay Between Decls

Mumber 0
Starting Delay (ms) 0
Ending Delay (ms) 0
Resolution {ms) 1
[Accept l [ Close ]




QUARRY

ACADEMY

More Complex

Haole Flow Deck Charges Peakk =« Radial Vertical Transverse RHz WHz THz
15 80 0 2 0.258 0.229 0.258 0.257 225 6.25 2.00
11 50 0 4 021 0.251 0.253 031 225 2.00 2.00
20 50 0 2 031 031 0.307 0.286 225 2.00 2.00
17 80 0 3 0.314 0.283 0.314 0.277 60.75 2.00 2.00
17 50 0 2 0.316 0.265 0.226 0.316 5.50 2.00 56.25
11 110 0 2 0.321 027 0.321 0.264 5.50 7.00 675
13 70 0 2 0.327 0.291 0.327 0.256 225 6.50 2.00
22 60 0 2 0.328 0.246 0.27 0.328 225 2.00 2.00
16 70 0 3 0.329 0.308 0.282 0.325 225 6.50 2.00
22 120 0 2 0.33 0.323 0.33 0.31 4250 7.00 675
13 60 0 3 0.332 0.302 0.332 0.326 225 6.50 2.00
21 80 0 2 0.333 0.309 031 0.333 4375 6.50 4325
22 100 0 2 0.335 0.335 0.304 0.29 9.75 6.25 46.50
16 60 0 2 0.337 0.255 0.337 0.328 225 6.50 2.00
11 60 0 3 0.342 0.342 0.306 0.287 225 2.00 2.00
17 60 0 2 0.342 0.255 0.269 0.342 225 6.50 2.00
22 80 0 2 0.345 0.337 0.266 0.345 35.00 6.50 4550
21 50 0 2 0.346 0.289 0.242 0.346 43.00 6.50 4550
18 80 0 2 0.348 0.289 0.206 0.348 225 2.00 5425
23 100 0 2 0.353 0.353 0.307 0.319 41.00 40.75 4400
10 50 0 3 0.354 0.274 0.354 0.278 225 2.00 2.00
11 100 0 2 0.356 0.356 0.258 0.323 89.50 725 8.00
14 120 0 2 0.356 0.356 0.35 0.256 75.00 6.50 6.50
10 100 0 2 0.358 0.205 0.358 0.25 5.50 725 8.00




Advanced Technigues

e Have not hit mainstream industry
e Testing new concepts
 ALL require use of electronic initiators
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Multiple Seed Waveform

e Multiple Seed Wave (MSW)
— Extension of Standard Method

e Can’t Measure Everywhere
— Establish Local Variability
— Interpolate Between Measured Sites

e« Some Locations Are Shielded
— By Broken Rock
— By Open Face
— Develop Local Shielding Parameters
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Multiple Seed Waveform

e Waveforms for Measured Sites

— Existing Single-hole Data P -

 New Location Becomes Critical e
— Complaints
— New Construction
 Technique Resolves Problem
— Use Existing Data
— “Average” the Waveforms
— No Need for Additional Holes
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Silva — Lusk Method

« Variation Between Signatures
« “Monte Carlo” Technique

— Random Signatures

— Fit to Existing Signatures

0.3 —

Particle velocity (in/s)
4
o

>
;TL
Y
\‘1{}.‘
/
j//J
%
((J
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Silva — Lusk Method
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Silva — Lusk Method

 Use an Array of Randomized Signatures

Find out the Bounds of Vibration
— What is the “Worst” you might get?
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Wavelet Transform

Analyzing Blast Performance from Seismograph Data
Use Existing Compliance Records

e Perform “Wavelet Transform”
e Shows Detalls of Shot Performance

— “Buried” in Complex Waveform

05—

L5 b=
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Wavelet Transform

 Wavelet Transform
 High Peaks in Background Due to Geology

 Low Peaks in Foreground Due to Detonations
— Hole Firings Marked by Arrows!

— 0
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