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Understanding Regulatory Limitations
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Common Blasting Issues

® Productivity
v Minimizing drill/blast cost
v Maximizing production
v Reducing oversize/fines
v" Adjusting drill/blast program to optimize total pro ductivity

® Community Impact
v" Reduce complaints
v" Minimize barriers to expansion/permit renewal
v" 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
v Reduced overpressure
v Reduced ground vibration amplitude
v 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

® Electronic Initiation Systems
v" Precision
v Programmability
v Flexibility

® Vibration prediction processes
v" Active vibration cancellation
v Real time analysis
v' Alternative timing sequences

® Impact can be negated or blocked by regulatory limi ts
based on older technology
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Where It All Began.....
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USBM RI - 6151

® Published in 1963

® Measured vibration from single row shots at a single
location in lowa

v" 3 hole shots
v" 7 hole shots
v" 15 hole shots

® Holes detonated with Det Cord (no down hole dets)
® Holes delayed using 9ms and 17ms surface delays
® Delayed shots shows significant vibration reduction
® Scatter for electric seismic caps used was +/- 1 ms
® 8ms was listed as minimum delay
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Number Particle=velocity
Shor of Delay Interval,| Charge/delay, intercepte
holea | milllseconds pound s Radial |Vertical | Transverse
; e — | infsec | Infsec | infsec
... 1 0 100 = d.15 -
P 1 0 200 4.0 | 2.88 0.94
, [P 1 0 200 3.6z | .70 .98
18..... * 1 0 200 5.24 3.48 2.9
10, . . 1 0 200 b, 24 3. 4ds 1.12
- AP 3 0 GTE 10. 8 .76 2,28
Basnans i 0 1,400 23.9 17.9 3. 74
12.. L5 0 3,000 38.6 | 22.1 4.99
19.. . 3 9 200 6.bb 3.72 1.93
20 saans 7 9 200 &.53 %.35 2.35%
Zlescsas 15 G 200 8.24 6.33 3.60
Janaran 3 17 200 2.99 .16 2.05
- P 7 17 200 d.10 7046 2.42
11l.. 15 L7 200 &4, 83 4,61 2.14
B 3 34 200 5.81 | 3.90 1.45
fan 7 34 200 4.14 3.06 1.3
13.. | 15 34 200 6.41 4.71 1.61
27es- 13 17 800 14.4 12.3 3.79
. - P 21 17 1,218 18.2 12.7 4.8
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So what did this tell us???

® 0 delay does not work !!!!

® 9ms was never the lowest ppv

® 17ms was not lowest ppv in all cases
® 34ms was not lowest ppv in all cases

® O delay ppv did not increase proportionally to char ge
weight increases.
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Bulletin 656
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USBM Bulletin 656

® Published in 1971

® Not so much a research report but a summary of
previous work

® Single row shots and simple multi row shots

® Oms, 9Ims, 17ms and 34ms delays

® Set vibration limit of 2.00 ips

® Used Scaled Distance to maintain safe blasting limi ts

® 8 ms criterion again implied based on previous
research
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Scaled Distance

SD = d/(wt)2/2

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

® Electric Caps reduce vibration more compared to cor d

® Geology, rock type and orientation effects vibratio n
within Scaled Distance limits

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

® Mostly simple, single row shots

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

® Based on two assumptions

v" As distance increases, vibration decreases

v" As charge weight decreases, vibration decreases
® Neither assumption is always true

v Undershooting

v waveguides
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Scaled Distance

Where

SD=D/ Wiz

s} = Scaled Dastance

D = Dhstance from the blast to structure (ft.)
W = Maximum pounds per delay of detonated explosives

SMCRA 38CSE2-6.5.1. and West Virginia 199C5R1-3.6.h. stipulate minimum scaled
distance factors or maximum allowable PPV to be used for the protection of structures.

These requirements are:

Distance from blast to structure (£t Scaled Distance factor Maxmum PPV zllowed (ips)
0 - 300 30 1.23
301 — 3,000 33 1.00
5,000+ 63 0.73
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By D. E. Siskind, M. 5. Stagg, J. W. Kopp,

and C. H. Dowding

UNITED STATES DEPARTMENT
Cecil D, Andrus, Secretary

BUREAU OF MINES
Lindsay D. Norman, Director

US Department of Interior
Office of Surface Mining
Reclamation and Enforcamant

Eenncth K. Elbschilager

J‘f’_‘_& r-1ri'|-'_'Fl-'rt.'Irr Erglrers
\1& 3 Parkwagy Cenle

& “ ) le Aittszrgh, PA 15280
'?gu_ Brone 412507, 2164

"!’?

Fase 4175373012
Eatszokbgemes a2




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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APPENDIX B—ALTERNATIVE BLASTING LEVEL CRITERIA

Safe blasting vibration criteria were developed
for mﬂmﬂmﬂum having wo lrequency
ranges and a sharp discontinuiry a1 40 Hz (table
15). There are blass thal represent an inter-
medise frequency case, being higher than the
structure resonances (4 to 12 Hz) and kower than
40 Hi. The criteria of whle 13 ap hrnﬂ o

the ses and damage potentials are very
mwch different.

Using both the measured siructure amplifi-
cations (fig- 39) and damage summaries (figs. 52
and 54), & smosther set of criteria was devel-
oped, These criteria have more severe meas-
uring requirements, nvolving both displace-

a85-Hz and a 1 0-He ground vibratan gh ment and velody ifig. B-1).
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Figure 10.~—Summary of ground vibrations from all surface coal mines. The component H-1
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Scale Distance and 8ms

—
/g
QUARRY
ACADEMY

Improving Processes. Instilling Expertise.

DYNO ?SAN DVI I(.

Dyno Nobel




Vibration Prediction Formula

PPV = 160(SD)1*



Lets Start With the Basics

Charge weight = 750 |bs
Distance = 1000 ft

PPV = 160 (1000/\750)16
PPV = 160 (36.59)-16
PPV = 160 (0.00315)

PPV = 0.504
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How do we time It ??7?

Hole Rowr Charges Hole Rowr Charges
17 75 z 17 101 3
17 76 2 17 102 3
17 7 2 17 103 3
17 78 3 17 104 3
17 [ 3 17 105 3
17 80 3 17 106 2
i e 2 17 107 3
7 82 3 17 108 3
i 8 ? 17 109 3
17 24 3
17 110 z
17 a5 3
17 111 b
17 26 3
17 12 3
17 a7 3
17 113 3
17 28 3
17 os ) 17 114 3
17 a0 X 17 115 2
7 at 3 17 116 3
17 92 3 17 17 3
17 o3 ) 17 118 3
17 54 2 17 1189 3
17 85 3 17 120 3
17 56 3 17 121 3
17 87 3 17 122 3
17 58 2 17 123 z
w 9 : 17 124 2
IL% : 3 K 2
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Predicted PPV

Hole Row Charges Weight PPV

Delay Delay Bms 8ms infsec
17 715 3 2250 1.22
17 77 2 1500 0.28
17 83 3 2250 1.22
17 93 2 1500 0.28
17 94 2 1500 0.88
17 100 3 2250 1.22
17 101 3 2250 1.22
17 102 3 2250 1.22
17 109 3 2250 1.22
17 118 3 2250 1.22
17 118 3 2250 1.22
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How about 25ms???

Row

100

Charges
3

e L I % IR O TR (% D O R B O B o N % IR % S U TR S Ry S R L

LA IR L I . DL TR % B % R % B

Row
104
102
103
104
108
106
107
108
109
110
111
112
113
114
ARES
116
M7
118
119
120
121
122
123
124
125

Charges
3
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Predicted PPV

Hole Row Charges Weight PPV
Delay Delay ams ams infsec
23 a4 2 1200 0.88
23 92 1 720 0.21
23 100 3 2250 1.22
23 108 1 720 0.21
23 109 2 1200 0.88
23 117 1 720 0.21
23 125 3 2250 1.22
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So What do we have ??7?

® Depending on timing, we can have 1, 2 or 3 holespe r
8ms delay interval

v 750 Ibs/delay
v 1500 Ibs/delay
v 2250 Ibs/delay

® Using our formula, we would predict vibration value S
of ....

v 750 Ibs = 0.50 ips
v 1500 Ibs = 0.88 ips
v 2250 Ibs = 1.22 ips

® |s that what really happens when we blast??
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Lets change directions......

® Seismic Wave Interaction

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

v" To understand seismic wave interaction, we can look at
simple sound wave interaction

/RN
QUARRY
ACADLMY



Sound can be represented by waves

/

/

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

WA

One pure sound a fraction of a second after the next
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We get a single sound almost twice as
loud

Sum of two waves slightly out of phase
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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 dela vy
that provides optimum cancellation
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This concept has led to the development
of active noise cancellation applications

® Headphones
® Automobiles
® Electronics cabinets
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] QuietComfort® 15 Acoustic Noise
Cancelling® headphones

RN

m* 360° i Photos [ videos

Headphones m In the box Detailsfmanuals Accessories

Noise cancelling headphones

—— [l QuietComfort® 15 Acoustic Noise Cancelling®

headphones hﬂadphﬂnﬂﬁ
> QuietComfort® 3 ¢ Dur best headphones reduce more noise across a wider range of
headphones frequencies
> QuietComfort accessories ¢ Enjoy your music and movies even more, with clear and lifelike
sound

> Compare QuistComfort
headphones ¢ Comfortable, around-the-ear fit
« AAA battery: 35 hours averaoge life

Audio headph
el ¢ Ideal for frequent flyers

Aviation headsets ] )
The headphones that pioneered an industry are now ewven better.
Mobile solutions
GuietComfort 15 headphones feature exclusive Bose® advancements in noise

Cempare headphones reduction technology. You hear lesz noize than ever before, and even more of your

Eai by et m muslc and movies. With the guality sound vou e_)q:rE_ct fram Ecz—_ﬂ. And a I|ghtw_E|ght
fit that stavs comfortable for hours. It's a combination of benefite unmatched in the
industry.
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Toyota develops noise-cancelling

system for cars

Toyota develops noize-cancelling system for
Cars

speakers and sensors located around the cabin.
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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
compartment. The
system uses a complex
system of microphones,



The same technology has been
transferred to ground vibration control

® Record “background” vibration

® |mpact target with similar amplitude vibration out of
phase

® Up to ten times more effective than traditional iso lation
systems
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Semiconductor Manufacture

Erectm-ﬂamp@ Active Vibration Isolation Systems

Electro-Dampé Il PEPSE Il AccubDock™
Active Pneumatic Vibration Digital Precizion Electronic Precision Kinematic
Dramping System Positioning System Cocking System
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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 a
provide the out-of-phase signal

ctuators to



Active Vibration Cancellation

® |n blasting we use explosive column detonations to
cancel out vibrations from previous hole detonation
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To do this we need....

® Seismic data from single hole test shot
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To do this we need....

® Linear superpositioning software
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AND.......

® ELECTRONIC DETONATORS
v Flexibility
e 0to 20,000ms

v" Precision
e 1 ms +/-
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Waveform Prediction

® \We can also use this technique to predict effectso  f
any given delay (positioning of waves) for a blast
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| ets return to our first calculations

® 1000 ft to target

® Three charge weights
v 750 lbs
v 1500 lbs
v 2250 Ibs

® Three predicted vibration results
v 750 Ibs = 0.50 ips
v 1500 Ibs = 0.88 ips
v 2250 Ibs = 1.22 ips
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We can simulates these conditions using
actual seismic data

® Single hole blast with ppv of approx 0.53
® Time 3 row blast for 1, 2 and 3 holes per “delay”

® Compare results with our calculations based on scal
distance

® For now we will stick to standard Nonel delays
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Single Hole, ppv = 0.535 ips

Welocity Peaks and Freguencies Giraph Information

PPV Maximum: 0.535 infsec {0.0351 s=c) Dwration: -0.5300s To: 4.000 5

adial: 0. 190 infsec (i L&D infsec (0. 130 infsecid
Wertical: 0.535 infsec & 42 THz (0.035 s=c) Time Intervals: 0.30 sac
[Transverse: 0205 infsec @ 32.0Hz (0.0458 s=c)
Last Calibration Date: S/1272006
R o
'|.|'
T W
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Pick delays resulting in 1, 2 and 3 holes
per delay

Hale Ronwr Charges Hole Row Charges
25 75 3 25 101 3
25 78 3 25 102 3
25 7 3 25 103 3
25 [ 3 25 104 2
25 8 2 25 105 2
2 &0 2 25 108 2
25 81 2 25 107 2
25 B2 2 25 108 1
25 &3 1 25 108 2 <
25 B 2 25 110 2

g g
= & : 25 11 2
=
= % 2 25 112 2
=
= & 2 25 113 2
25 28 2
25 114 2
25 29 2
25 115 2
25 30 2
25 116 2
25 g1 2
25 17 1
25 42 1
25 118 z
25 83 2
25 113 2
25 g4 2
]
2 . ) 25 120 2
:.
a o ) 25 121 2
C
25 g7 3 e 122 :
1=
2 o 5 25 123 3
2 59 2 25 124 3
- 100 2 25 125 3
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25ms/holes, 92ms/rows (1 hole/delay)

Velocity Pesks and Freguencies
PP Maximuem: 0.7450 infsec {0.3625 s=C)
sdizl 04730 infsec @ 42 THz (0.8387 ==}
[ertical: 0.7450 infsec & 35 4Hz {0.5625 =)
[Transverse: 04750 in/sec @ 51.2Hz (053732 s=c)

Girzph Information
Diwration: -0, 3005 To: 1.385s

Semic Scale: 080 infsec (0200 in/secd)

Time Inmtarvals: 0,50 s=c

1 " "
b | -
0. 50 I-:'.-:*E' '-E'.Er:' E 0D 1.30

ppv = 0.75 Ips



25ms/holes, 109ms/rows (2 holes/delay)
Velooity Pesksand Freguencies Gragh Information

PP Mascimum; 08170 infsec {0.6258 ey Diwration: -0.500s To: 1.6185

Radizl: 04440 in/sec @ 48 3Hz (03770 sac) Seismic Scale! 1,200 sec {00300 infsecidv)

[Warticel: 03170 inf sec @ 35 4Hz {05288 s=c) Time Intervals: §.50 s=c

Transverse: 03860 infsee & 51 2Hz (D 5166 sac)

: r PP .02 1P
L)

"II Y. T 7.1
1y b

T = A

ﬂ-‘-—‘-" mh'ﬁl ) 0.00 LD .00 150
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25ms/holes, 100ms/rows (3 holes/delay)

“elocity Pesksand Frequencies Graph Information =
PPV Maxdimum: 1.5550 infsec {0.4131 =) Druration: -0.500s To: 1.601.5
F=dil: 1.0380 infsec @ 51.2Hz (0.4775 520 Seismic Scale: 2.000n's=c {0300 infsecidy)
flermical: 1.8580mfsec @ 42. THz {04131 s=c) Time Intenvals: 0.30 s=¢
Trensverse: 10770 infsec & 51 2Hz {04356 ser)
- ppv = 1.96 Ips
L
- panne
T i P
05D LR .50 1.00 1.5
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Summary of results

25/92 0.51 0.75 +47%
25/109 2 0.88 0.82 - 7%
25/100 3 1.22 1.96 + 61%
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So what does all this tell us

® Actual vibration amplitude does not follow predicti ons
based on holes per delay

® Multiple holes per delay can result in higherorlo  wer
ppv values DEPENDING ON HOW THE INDIVIDUAL
WAVES FROM EACH HOLE MATCH UP
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Using this concept, we can find optimum
delays

® Record seismic waveform from single charge
® Use wave cancellation algorithms to predict results

® Find sequences resulting in the lowest vibration
results
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Hale Fow Charges

19 105 2
R ;
19 107 3
13 1 ]
12 10 ]
e 5 ; Analysis Parameters
19 24 2
19 104 2
" 2 3 rows of 15 holes
15 TR 3 .
i 57 : 10 — 25 ms inter hole
18 20 2 .
2 % 2 75 — 150 ms inter row
i " ; Approx 1200 possible
. . : sequences
. . ;
18 23 3
19 11 ]
17 74 ]
R ;
19 23 3
12 a7 ]
Nﬁl 12 101 5
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19ms/holes, 105ms/rows — 2 holes/delay
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‘Welocity Pesks and Freguencies

PP Maximum: 0.3280 infsec {04033 s=c)

sdizl 0.2430 infsec @ 42 THz [0.3526 s=c)
[Vertical: 03260 infsec @@ 36 5Hz (04033 s=c)

T ransverse: 0L.2070 infsec & 48 SHz (0. 18680 sec)

Girzph Information
Dwration: -0.300s To: 1.326s

Sesmic Scale: 040 infsec (00100 infsecid)

Time Intervals: 025 sec

R
| |
; I

i | [T
I | Ll
1] |13

i {

- |

I | !

T R otd ||

i |

050 -0.25 0.00 0.23 0.50 0.73 1.00 1.23

ppv = 0.33 Ips

calculated = 0.88 ips



13ms/holes, 111ms/rows — 3 holes/delay

elooity Peaks and Fregusncies

Radizl: 0.2280 infsec @ 73.1Hz {05430 s=c)
[Wertical: 0.3280 infsec @ 38 5Hz (0.4883 s=c)
[Trarsverse: 0.3350 infsec & 73, 1Hz (0. 5045 sec)

Graph Information
Duration: 203005 To: 1.435s
Acoustic Scale; 126 dBL

Sesmic Scale: 040 infsec (0100 infsecidv)

Time Intervals: 0.25 5=
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ppv = 0.33 Ips

calculated = 1.22 ips



18ms/holes, 134ms/rows — 1 hole/delay

elooity Peaks and Fregusncies
PPV Maximum: 0.3830 infsec (02538 sac)
\hcoustic: 115 dBL & 0.0 Hz (0. D00 s=c)
Radizl: 0.18230infsec @ 31.2Hz {02345 s=c)
[Wertical: 0.3630 infsec @ &4.0Hz (0.2538 s=ac)
[Trarsverse: 0.2250 infsec & 35 4Hz (0.5381 sec)

Graph Information
Duration: 20,3005 To: 1.570s
Acoustic Scale; 126 dBL

Sesmic Scale: 040 infsec (0100 infsecidv)

Time Intervals: 0.30 5=
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T ‘
0. 50 0,00 0.30 00 =]

ppv = 0.33 Ips

calculated = 0.51 ips



Important !! “Bad” delays have opposite
effect

elooity Peaks and Fregusncies Graph Information
PPV Mamimum: 05410 infsec (08523 s} Diwration: -0.500s To: 1.887 5
\hcoustic: 115 dBL & 0.0 Hz (0. D00 s=c) Acoustic Scale: 126 dBL
Radizl: 0.2820 infsec @ 51.2Hz {08018 s=c) Ssmic Scale: 1.200nfsec (00300 in/secidv)
[Wertical 03410 infsec @ 42 THz (0.8523 =) Time Intervals: 0.50 sec
[Trarsverse: 0.3520 infsec & 35 4Hz (0.5535 sec)

25ms/holes,
133ms/rows

i | ™ 1 hole/delay

ppv = 0.94 ips

calculated = 0.54 ips
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What conclusions can we draw ??7?

® [t is clear that scaled distance alone cannot be
considered an accurate means of determining off sit e

Impact
® [t is wave interaction that is decisive In determin Ing
vibration amplitude

® Only through the use of programmable electronic
detonators and waveform analysis can true vibration
control be attained
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Where do we go from here ??

® Understand limitations of scaled distance

® Scaled distance based regulations may impair abilit vy
to further reduce off site effects

® Shot designs should be based on reducing vibration,
not reducing charge weight per delay

® Seismic data is the only means of insuring conformi ty
with safe blasting limits

/RN
QUARRY
ACADLMY



www.quarryacademy.com

—
/g
QUARRY
ACADEMY

Improving Processes. Instilling Expertise.

DN REARO

Dyno Nobel



