Lighten Up ... Your Blasting Results
Signature Hole Analysis for Minimizing Community
Perception of Blasting
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Agenda

What is Signature Hole Analysis (SHA)?
How it works

What it can do

What it can’t do

How to collect data

How to analyze data

Troubleshooting
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What Is SHA

® Allows for modeling seismic effects of any blast de sign
v’ Site specific
v Sensitive to changes in shot designs

® Can determine optimum firing sequences for minimizi ng off site
Impact

v" Reduced low frequency amplitude
v Reinforce high frequency spectra
® Can determine optimum shot geometry
v" Number of holes/row
v" Number of rows
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How SHA Works

® Uses superpositioning of waves
v Waves can be added together
v Relative position to each dictates the resulting, c omplex waves
® Done by digitizing seismic data
® Digitized wave data is summed to represent multiple hole
detonations

® Critical for use with electronic detonators
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Linear Superpositioning

Individual Uaves

Combined Uaves
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Linear Superpositioning

Individual Uawves

Combined UWawves

No delay
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Linear Superpositioning

Individual Uaves

Combined UWawves

8 ms delay
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Linear Superpositioning

Individual Wawves

Combined UWaves
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67 ms delay
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Linear Superpositioning

Individual Waves

Combined Waves

42 ms delay
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Linear Superpositioning

Individual Waves

Combined UWaves
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92 ms delay
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Linear Superpositioning

Individual Uaves

Combined Wawves

115 ms delay
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Linear Superpositioning
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Linear Superpositioning
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5 holes — O delay
0.878 Ips
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Linear Superpositioning

Dietzne 9, Fosee Delay: 67, D Delay: O

v w 5 holes — 9ms delay
0.597 ips
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5 holes — 17ms delay
0.430 ips
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Linear Superpositioning

Srmulation Grapis
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5 holes — 25ms delay
0.246 ips
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Linear Superpositioning

Simulation Grapbes
Fore 10 5 Holes:
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5 holes — 34ms delay
0.251 ips
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Linear Superpositioning

Hole R \ T RHz VHz THz
37 0.179 0.134 0.087 3.75 8 4
38 0.181 0.143 0.089 3.75 7.75 3.75
39 0.202 0.158 0.098 22.75 7.75 3.75
36 0.207 0.143 0.087 3.75 8 4
29 0.225 0.175 0.096 4 5.25 4
28 0.227 0.172 0.101 4 5.25 4
27 0.228 0.167 0.107 4 5.25 4
35 0.229 0.155 0.083 3.75 9.25 4
40 0.23 0.176 0.105 22.75 24 3.75
26 0.231 0.19 0.11 4 5.25 4
32 0.238 0.174 0.081 4 5 4
30 0.242 0.176 0.091 4 5.25 4
31 0.245 0.177 0.085 4 5 4
25 0.246 0.219 0.111 4 5.25 4
33 0.25 0.168 0.081 3.75 5 4
34 0.251 0.16 0.078 3.75 3.75 4
41 0.261 0.194 0.111 22.5 24 7
24 0.263 0.245 0.127 4 5.25 4
23 0.275 0.269 0.14 4 5.25 4
22 0.28 0.29 0.151 4 55 4
42 0.299 0.207 0.114 22.5 21.75 7
21 0.281 0.305 0.159 4 55 4
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Linear Superpositioning
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What SHA Can Do

® Eliminate “train wreck” delay choices
® Assist in meeting regulatory limits
® Reduce structure response in neighboring structures
v" Reduce human perception of event
v" Reduce complaints
v" Minimize risk of litigation
® Assist in blast program development
v Project effects for different shot sizes
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WHAT SHA Cannot Do

® Predict actual ppv values
® “Shift” energy to higher frequencies
® Take into account confinement or other blast variab les
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Other Effects of SHA

® By optimizing for use of electronic detonators...
v" Reduce oversize (axial priming)
v Improve overall fragmentation
v Customize muckpile profile
v Enhance crusher throughput
v Improve cycle times

® Allows you to use your loading equipment for altern ative
chores...
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The SHA Process

Determine current and future mining areas of concer n
|dentify critical and/or regulatory structures of i nterest
Develop test hole program

Determine seismic arrays

Document locations
v Test holes
v' Seismographs

Load and shoot test holes

Process raw seismic data
® Analyze shot designs
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Determine Hole Locations

Orientation of benches
Changes in rock characterization
Prominent localized geologic conditions

Significant changes in elevation
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Determine Seismograph Locations

® Criterion
v' Regulatory interest
v' Complaint interest
v" Distance from test holes
v Orientation relative to test holes
® Create array if needed
v Near field — guaranteed data
v" Mid field — probably “good” data
v Far Field — closest to structure that will trigger u nit
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Document Locations

® Use GPS to record test hole locations
® Use GPS to record seismograph locations
® Critical to keep data straight
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Type Description Distance to Active Po s Sy
Hole Top Bench - west 23195t
Hole Levell - west 120,75 ft
Haole Level 2 - south MBIt "o5L-Z
Hole Level 2 - west 25170 ft D
Hole Level 5 - west 0ft Sk T sL-10
Seismogram 55 Vintage Rd 2849435 ft e ,_!J':'_liﬂz',_gi__g
Seismograph 76 Vintage Rd 3559.73 ft | THA
Seismograph 78 Vintage Rd 368110 ft
Seismograph  Farm @ 102 Vintage Rd 444327 ft
Seisrnograph  Wils Residence, Vintage Rd 5475.36 ft ‘ o 5L -12 Bl
Seismmograph 788 Strausburg Rd - farm drive 461593 ft sk ‘
Seismograph  92-96 Mdlvane Rd driveway 1918.05 ft
Seismograph 34 Mcllvane Rd 132402 ft i Gl o3
Seismograph 829 Strasburg Rd 548166 ft o
Seisrnograph 54 Vintage Rd 175891 ft
Seismograph  Hess Mills Parking lot 1977.79 ft
Seismograph 27 Vintage Rd 235859 ft
Seismograph  Smith Residence Mcilvane Rd 1438.08 ft o 5L -8
e S5L-8
o G = 5I-13
500 ft
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Load test holes

Nominal burden

Nominal depth

Nominal hole diameter
Nominal subdrill

Nominal explosive loading

Single initiation source
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Deploy Seismographs

® [nsure good coupling of geophones
v Buried
v Spiked and sandbagged
v Never use spikes only!!!
® Synchronize internal clocks
v Aids in assigning event data to specific shots
v All shots might not trigger all seismographs

® Settrigger levels to 0.05 ips
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Setup Basics

® Date and time correct
® Adequate recording duration for air blast capture
v" Rule of thumb - 1 second per 1,000 ft of distance fr om shot
® [ ocation of unit
® Proper coupling of geophone critical

v Correct amplitude values
v" Correct frequency spectra
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Production Shot — Geophone Buried

Date: 11/2/2005 - YWulcan Matenals Compary
Time: 16:48 Kennesaw Guamy
Acoustic: 121 dBL @ 5.6 Hz (0.8076 sec) Austin Production Shot
Radial: 0.455in/sec @ 56.9 Hz (0.2831 se median by haul road
Vertical: 0.370in/sec @ 51.2 Hz (0.3086 5 geophone buried
Tranzsverse: 0805 in/zec @ 51.2 Hz (0421 ™
F T 2

<]

[t=kacity

%

-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00 350

FFT Tools Frequency Range |_1| to |1'3':| Hz Fixed Scale Apply ¢ Saveas Tet Power Spectrum

Fadial [W&l] “artical [wel] Transwerse [Wel]
22.63 He 32.38 Hz 20.253 Hz

1
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Production Shot — Geophone Spiked

Date: 11/2/2005 -
Time: 16:50

Acoustic: 123 dBL @ 3.6 Hz (0.8066 sec)
Radial: 0.7600in/sec @ 46.5 Hz (0.3037 =

ulcan Materials Compary
Kennesaw Guamy

Pustin Production Shot
median by haul road

@ | |
Save Heading |
with Record

Werical: 0.6200 in/sec @ 73.1 Hz (0.4375 geophone spiked
Transverse: 0.9600in/sec @ 393 Hz (017 ~
1 n r [~ Show Locator Values
]
I\II‘I:" E
ol o
- i L
[ I I [ I I
-1.50 0.00 .50 1.00 250 300 350
FFT Tools  Frequency Range |_1| to |ﬁ| Hz Fixed Scale Apply ¢ saveas Text  Power Spectrum
Fadial (W] Transwerse [Wel)
34,23 Hz 3338 Hz
1 n o 1 n T
y/gR
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Test Hole — Geophone Buried

Date: 11/2/200% . Vulcan Matenals Company R
Time: 16:44 Kennesaw Quamy @ Ty
Acoustic: 131 dBL @ 14.6 Hz (0.2275 sec Quary Academy Test Shot Save Head D
Radial: 0.420in/sec @ 56.8 Hz (0.0059 s rear of siripping area a;t’ﬁﬂea Qg
Vertical: 0.820in/sec @ 46.5 Hz (0.0264 5 geophone buried i neco
Transverse: 0.680in/sec @ 56.8 Hz (0.011 =

{ L} ' | Show Locator Values

4]
B

13 ,\‘m&

TTT LT T
__—:—??—.
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l“»",_ —

&

.50 IEI.IIIIJ 0.50 1.00 150 2.0 2.0

FFT Tools  Frequency Range I_l‘ to ’m‘ Hz Fixed Scale Apply  « SaveasText Power Spectrum

Radial [wel] Wartical [Wel] Transwerse [yel]
£4.75 Hz 42.73 Hz 76.00 He

1
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Test Hole — Geophone Spiked

Date: 11/2/2008 . Vulcan Materials Company I
Time: 16:46 Kennesaw Quamy @ '
Azoustic: 131 dBL @ 10.4 Hz (0.2266 sec Guary Academy Test Shot Save Head |
Radial: 0.565in/sec @ 46.5 Hz (0.0342 se rear of stipping area a;;: Hea l'_gg
Vetical: 1.100in/sec @ 35.3 Hz (0.0264 5 geophone spiked Wi Reco
Transverse: 0.660in/sec @ 46.5 Hz (0.02:
1 m f [ Show Locator Values
(]
Ty
:PL Jﬁ]{\r«s‘w
3 %
i f
- [ [ [ [ [ [
-150 0.00 050 1.00 150 200 2 Al

FFT Tools  Frequency Range |_l‘ to ’ﬁ‘ Hz Fixed 5cale Apply ¢ SaveasText Power Spectrum

Radial [\al) hartical [wiel] Tranzwerze [Wel]
59.30 Hz 4379 Hz 4.73 Hz

h——//\'\ -l . o — .

b

1
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Production Shot — Geophone Buried

Date: 11/2/2009 - ‘ulcan Materials Company
Time: 16:43 Kennesaw Quamy @
Acoustic: 126 dBL @ 6.6 Hz (0.6299 s=c) Austin Production Shot Save Head
Radial: 0.405in/sec @ 32.0 Hz (0.0557 se rear of stipping area a;t’ﬁ Hea Qg
Vertical: 0.600in/sec @ 73.1 Hz (039845 geophane buried i Reco
Transverse: 0.255in/sec @ 46.0 Hz (0.25, ~
{ L} ' [ Show Locator Values
4
Py

: o e —

%

|

LI
®

.50 0.00 0.50 1.00 1.50 2.00 250

FFT Tools  Frequency Range I_l‘ to |ﬁ| Hz Fixed Scale Apply ¢« Saveas Text  Power Spectrum

Radial [wel] Whartical [wiel] Transwerse [Wel]
93.23 Hz £3.30 Hz 20.30 Hz
1
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Production Shot — Geophone Spiked

Date: 11/2/2009
Time: 16:50

14

4]

1

Acoustic: 126 dBL @ 6.4 Hz (06328 s=c)
Radial: 0.620in/sec @ 30.1 Hz (0.0605 52
Verical: 0.740 in/sec @ 64.0 Hz (0.2538 5
Transverse: 0.420in/sec @ 64.0 Hz (0.40: *

b

Wulcan Matenals Company
Kennesaw GQuamy

Austin Production Shat
rear of stipping area
geophone spiked

@

Save Heading
with Record

[ Show Locator Values

FFT Tools  Frequency Range |_1| to |ﬁ| Hz Fixed Scale

Apply

o Saveas Text  Power Spectrum

o )
i) V\MMWWWVWWW
1"" W
- | | | | |
050 000 050 100 50 200 251

Fadial [Wel]
39.25 Hz

hertical [l
£5.50 Hz

Transwerse [Wel]
£5.25 Hz

1

A
QUARRY
AOALLAY




Summary

I I A T T

production buried 0.51

production spiked 0.96 54 65 39
Test hole buried 0.82 65 43 76
Test hole spiked 1.10 59 49 46
production buried 0.60 85 66 21
production spiked 0.74 39 66 66
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Signhature Hole Analysis

® Shape of waveform provides essence of geophysical p roperties
of site

® |ncorrect data will result in timing sequences desi gned for
geophone response, not geology
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SHA — Buried vs Spiked

Selected Signature Waveforms

2341 20091 1021644056 it
Fadial Yertical Transverse Radial FFT Yertical FFT Transverse FFT
D420infzec 0820infsec 0680 infzec G600 Hz 4300Hz TT00Hz

2733200911 021648073 ot
Radial Yerical Tranaverse Fadial FFT Verical FFT Tranaverae FFT
(1565 infsec 1100infsec (1 BE0 infsec EOO0Hz 4400 Hz 4500 Hz
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Fire Signature Holes

Determine order of firing

Shoot from bottom of pit to top

If possible, separate detonations by several minute s
Record shot times
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Process data for analysis

® Download data asap
® Check waveforms for conformity

® Place all needed data in headings and save with eve nt
v" Test hole number or location
v Seismograph location
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Analyze for shot

® Limitations of software
v Single inter hole delay
v" Single inter row delay
v" Variable holes per row
® Must determine order of initiation to define holes and rows

® \/-cut shots are problematic
v" Must maintain inter hole timing
v Results in doubled actual delay between holes on ea  ch side of shot
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Defining Rows

Toe burden 38 - 45

Open face
Toe burden 14
l Toe burden 32

@ Paired holes
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Defining Rows

\ﬁ-_h._ r _,,J—'""f \

100 \ED/ <25

() ) () 14 0 17
O O O O O QO
167 142 Hie—  §2 &7 42
o o o ©
259 234 209 134 Row 1 — 7 holes

Row 2 — 7 holes
Row 3 — 4 holes
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Defining Rows
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Run analysis

® \With electronic detonators, optimum sequences can ¢ hange shot
by shot

® \With properly set up data, analysis for each shoti s possible
® Removes need to maintain exact shot patternto be e  ffective
® Using correct data file, run analysis for shot spec Ific design
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First Mission (easy).........

@ New Memo @l Reply @' Forward EB' Delete '@' Folder ") Send 'E'} Send and File '@j Copy into e‘ Tools

Glenn Barton . [Mtony sheffield@am.dynonobel com” <tony.sheffield@am.dynonobel.com=
<gbarton@borencom To

panies_com> o [Stuart Brasher <stuart brashear@am.dynonobel com?>

11032010 028:16 AM Subject Delay

Food morning

Can you recommend a delay pattern that will allow one hole per delay
at the coal mine? Up to 8 rows across the pit and 20 holes down the
face. T know from a ppv standpoint it does not matter. Current lewvels
below 0.15. From lawyer and jury point of wview one hole sounds better
even with electronics.
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Shot Geometry
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Second Mission (harder)

@ New Memo @l‘ Reply @ Forward @ Delete @ Folder ") Send @ Send and File @ Copy into Q Tools

yofgs) Stiawh Sullran To: [Stuart Brashear/ DNAJAM/Dynolnd@Dynalnd
TIRM2010 110540 cc: |Dave BeckwithDNA/AM/Dynolnd@Dynolnd
OPERATIONS Subject: |Eat5 Kingston

Stuart

| have a shottomorrow on the plant side lower Eastwall, three rows thiteen holes per row 13 x 9 front row and 10 x 10 back rows. There is an open
comer, however | will be opening on the fourth hole in due to the screen towers being directly off the open end.

Bestregards,
Shawn R. Sullivan
Site Manager

Dyno Nobel Inc.

Mortheast Region, Dyno Mobel Inc, PO Box 117 South Bethlehem, NY 12161 USA
Office: 518 767 0233/ Fax: 518 767 0251/ Mobile: 518 225 1735

mailto: shawn sullivan@am.dynonobel.com

http:/fwww. dynonobel.com
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Shot Geometry
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Troubleshooting

® Are you using the correct signature waveform ?

® Do you have the right design ?
v" Holes per row
v Rows
® Has something changed at the quarry ?
v Distance to seismograph
v" Geology between shots and seismograph

® Are sound blasting practices still being employed ?
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