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Community Perception

Places significant limitations on blasting operations
Shot size
Number of shots
Bench heightBench height
Vibration levels
Weather conditions
Time of daTime of day



Community Perception

Places increased risk on entire operation
Regulatory limitations
Potential litigation
Public perception of companyPublic perception of company

All can result in increased cost of doing business



Causes of Increased Risk

Closer proximity of community 
NIMBY concept
CAVE concept
S th ti l l i tSympathetic legal environment
Increased community organization
Legal “specialists”g p









Causes of Complaints



Blasting Claims

2 types of complaints
Negligence

Failure to use care
Conduct below established standardsConduct below established standards
Allows for financial awards even if no damage claimed or proven

Strict Liability
Must prove cause and effect
Blasting = ultra hazardous activity
Allows for claims even if every rule and SOP followed correctly
Obligates property owner for all responsibilities of contractors



Risk Exposure is Rising

What does it add up to?????
Lawyer - $20,000.00 +
Legal logistics - $5,000.00+
Blasting Consultant - $7,500.00+
Structural Engineer - $5,000.00+
Your time???????
Increased insurance rates

Costs you pay regardless of if case is won, lost or settled out of court
Lawsuits are routinely won with no real evidence of causing damage

Improper documentation
Nuisance
Failure to respond



Minimizing Blasting Liability

Optimize blasting program
Utilization of blast/seismic technology

Regression
Signature hole analysis
Electronic detonators

Insuring proper documentation
Seismographs
Blast reports/paperwork

Immediate response to community concerns
Complaint response
Alternative monitoring techniques

Maintain constant communication with community 



Optimizing Blasting Operations

Understand how energy is utilized in blast
For any given blast…….

Specific volume of rock to be blasted
Specific amount of energy released in shotSpecific amount of energy released in shot
All energy will be utilized in one of four ways

• Fragmentation
• Heave• Heave
• Vibration
• Overpressure

Proper use of explosive energy can minimize transient vibrationProper use of explosive energy can minimize transient vibration



Optimizing Blasting Operations
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Optimizing Blasting Operations

Proper energy factors
Minimize subdrill
Accurate face data

BurdenBurden
Bench height

Proper energy distribution in front row
Proper explosive application for conditions

Water
Rock typeRock type



Utilize Technical Tools

Vibration Modeling and Prediction
Regression analysis
Signature hole analysis

Electronic DetonatorsElectronic Detonators



Regression Analysis

Simple
Provides site specific prediction formula's
Provides blaster with updated method of predicting blast results



Location Shot OFFSET DISTANCE VECTOR DISTANCE MAX CHARGE WEIGHT PPV
Acme 8/21/-1 1848 1848 332 0.15Acme 8/21/ 1 1848 1848 332 0.15
Bunnell 8/21/-1 2059 2059 332 0.07
Wooster 8/21/-1 2957 2957 332 0.07
Acme 8/21/-2 845 845 233 0.28
Bunnell 8/21/-2 1109 1109 233 0.08
Wooster 8/21/-2 2059 2059 233 0.08
Acme 8/9/-1 1796 1796 319 0.12
Bunnell 8/9/-1 2079 2079 319 0.05
Wooster 8/9/-1 2900 2900 319 0.06
Acme 8/9-2 943 943 258 0.13
Bunnell 8/9-2 1275 1275 258 0.08
Wooster 8/9-2 2143 2143 258 0.02
Acme 8/1-1 1795 1795 282 0.14
Bunnell 8/1-1 2095 2095 282 0.08
Wooster 8/1-1 2925 2925 282 0.11
Acme 8/1-2 771 771 222 0.35
Bunnell 8/1-2 1164 1164 222 0.18
Wooster 8/1-2 2050 2050 222 0.05
Acme 7/27/-1 1315 1315 247 0.1
Bunnell 7/27/-1 1856 1856 247 0.03
Wooster 7/27/-1 2746 2746 247 0.02
Acme 7/27-2 3117 3117 319 0.02
Bunnell 7/27-2 3519 3519 319 0.02
Wooster 7/27-2 4372 4372 319 0.02





SUMMARY OUTPUT

Regression StatisticsRegression Statistics
Multiple R 0.804071
R Square 0.646529
Adjusted R 0.644619
Standard E 0.244355
Observatio 187

ANOVA
df SS MS F ignificance F

Regression 1 20.20463 20.20463 338.3816 1.21E-43
Residual 185 11.04628 0.05971
Total 186 31.2509

Coefficientstandard Erro t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept 2.321713 0.189733 12.23675 1.31E-25 1.947395 2.696032 1.947395 2.696032
X Variable -1.67679 0.091154 -18.3952 1.21E-43 -1.85663 -1.49696 -1.85663 -1.49696

Mean Intercept 95% Intercept Slope log 95% Intercept
209.7554 646.2849 -1.67679 2.810424

Mean 95%
SD PPV SD PPV
377.8932 0.01 739.3072 0.01
6.140997 10 12.0142 10

1 209.7554 1 646.2849
1000 0 001956 1000 0 0060261000 0.001956 1000 0.006026



Distance (ft) Pounds per delay Scaled Distance PPV (Mean) PPV (95%)
1000 100 100 0 093 0 2861000 100 100 0.093 0.286
1000 125 89 0.112 0.345
1000 150 82 0.131 0.402
1000 175 76 0.149 0.458
1000 200 71 0 166 0 5121000 200 71 0.166 0.512
1000 225 67 0.183 0.565
1000 250 63 0.200 0.617
1000 275 60 0.217 0.669
1000 300 58 0.233 0.719
1000 325 55 0.250 0.769
1000 350 53 0.266 0.818
1000 375 52 0.281 0.867
1000 400 50 0.297 0.915



Distance (ft) Pounds per delay Scaled Distance PPV (Mean) PPV (95%)
200 275 12 3.225 9.936
250 275 15 2.218 6.834
300 275 18 1.634 5.034
350 275 21 1.262 3.888
400 275 24 1.009 3.108
450 275 27 0.828 2.551
500 275 30 0.694 2.138
550 275 33 0.591 1.822
600 275 36 0.511 1.575
650 275 39 0.447 1.377
700 275 42 0.395 1.216
750 275 45 0.352 1.083
800 275 48 0.315 0.972
850 275 51 0.285 0.878
900 275 54 0.259 0.798
950 275 57 0.236 0.729

1000 275 60 0.217 0.669



Signature Hole Analysis

Based on concept of linear superpositioning
Each hole creates similar seismic waves
The overall vibration event created by blast is determined by 
interaction of waves from each hole in blastinteraction of waves from each hole in blast
The sequencing of holes can radically impact transient vibration 
effects in the community







Si l h l t 3 500 ftSingle hole at 3,500 ft.



Signature Hole Analysis

Deploy seismographs at critical structures
Initiate single hole test shots at current/future mining areas
Test hole creates sound waves in ground
Sh f d d i i i di tl l t d t lShape of recorded seismic wave is directly related to geology 
between pit and critical structures
Utilize software to determine delays that create destructive 
i t f b t t d b h h l i d tiinterference between waves created by each hole in production 
blast



Radial: 0.6800 in/sec @ 15.5 HzRadial: 0.6800 in/sec @ 15.5 Hz

Vertical: 0.2550 in/sec @ 85.3 Hz

Transverse: 0.4150 in/sec @ 13.4 Hz

Signature Hole Seismogram



Radial: 1 7868 in/sec @ 14 2 HzRadial: 1.7868 in/sec @ 14.2 Hz

Vertical: 1.1459 in/sec @ 56.9 Hz

Transverse: 1.1379 in/sec @ 13.5 Hz

Synthetic Waveform for Current Design – 25ms/67ms



Analysis Software Predictions



Radial: 0.4270 in/sec @ 23.3 HzRadial: 0.4270 in/sec @ 23.3 Hz

Vertical: 0.4457 in/sec @ 51.2 Hz

Transverse: 0.4516 in/sec @ 30.1 Hz

Synthetic Waveform – 30ms/52ms



Radial: 0 5805 in/sec @ 13 8 HzRadial: 0.5805 in/sec @ 13.8 Hz

Vertical: 0.5021 in/sec @ 64.0 Hz

Transverse: 0.3490 in/sec @ 13.1 H

Synthetic Waveform – 20ms/110ms



Electronic Detonators

Radically increases efficiency of waveform analysis
Precision firing at desired delay intervals
Increases number of possible solutions

Effectiveness widely reportedEffectiveness widely reported
Sometimes critical to be using latest technology for community 
perception of operation



Insure Proper Documentationp

Insure seismic data collection for EVERY shot
Closest non-company owned structure

Definition varies by state
• Inhabited structureInhabited structure
• Road, bridge highway or structure
• Any type of non-company owned building

Make sure data is correctMake sure data is correct
Date/Time
Location/Distance

Many monitoring systems available













Insure Proper Documentation

Shot Reports
Considered the most important documentation by courts
Are the most highly scrutinized documents in litigation
Considered a business recordConsidered a business record
Will be subject to discovery in litigation

A large number of blast litigation cases are won or lost on 
accuracy of shot reportsaccuracy of shot reports



Insure Proper Documentation

Shot Report has three parts
Prediction

How is shot designed ?
How is effect on community calculated BEFORE drilling and loadingHow is effect on community calculated BEFORE drilling and loading 
shot ?
What precautions are taken to insure shot is loaded correctly ?

ApplicationApplication
What controls are in place to insure shot loaded correctly
What modifications were required to meet changing conditions?

Confirmation and Comments
Special conditions, concerns ?







Insure Proper Documentation

Shot report train wrecks
Erasures, improper corrections
Date on SR does not match seismogram
Time on SR does not match time on seismogramTime on SR does not match time on seismogram
Location printed on seismogram from another quarry
Distance from shot to closest structure never changes
No seismograph dataNo seismograph data



Insure Proper Documentation

More issues…
Number of detonators doesn’t match number of holes
Pounds used per hole does not match total used in shot
Pounds used for shot does not match bulk truck weigh ticketPounds used for shot does not match bulk truck weigh ticket
Booster and detonator count does not match



Immediate Response to Community 
Concerns

First Response is critical
Sense of being ignored always creates heightened tension
Follow up often requred
All ti t b d t dAll actions must be documented





Immediate Response to Community 
Concerns

Alternative monitoring methods can provide remediation to 
complaints

Split cable monitoring
Long term monitoringg g
Autonomous crack monitoring

Aids in perception of response to community concerns
Add t d t ti f bl ti ff t t tAdds to documentation of blasting non-effect on structure



Alternative Monitoring Techniques

Split Cable Monitoring
Determines structure response from ground vibration and/or over 
pressure
Modified seismograph

• Microphone and single transducer on exterior
• One or more transducers on interior

Allow for comparison of multiple locations with the same time history p p y
reference





Alternative Monitoring Techniques

Long term monitoring program
Installation of continuous recording seismograph on the interior of 
target structure

• Does not replace regulatory monitoring
• Records structure response to blast events
• Records localized vibration from household activities

Effective in responding to complaints
• Compares blasting to regular events
• Requires continuous contact with property owner
• Provides monitoring where property owner is concerned, in the structure



Alternative Monitoring Techniques

Autonomous crack monitoring
Relatively new technique
Similar to long term monitoring program
Measures actual movement of existing cracks over timeMeasures actual movement of existing cracks over time
Documents none blast impact on cracks in structures











Maintain Communication….

Proactive approach
Once complaints begin, reaching a consensus with community 
becomes difficult

Emotionally charged communicationEmotionally charged communication
Lack of trust
All responses will be viewed as means of pacifying community

Ti t th f t id ill l b fitTime spent on the front side will always pay benefits



Maintain Communication….

Adopt a school
Employee mentoring/tutoring
Sponsor a  science room
Assist with athletic field developmentAssist with athletic field development

Open door policy with neighbors
Invite to view blast
Sponsor Open House























Putting It All together

With increased scrutiny in many communities, just doing it right 
is not enough.
Liability risks from blasting can be a company killer, shortcuts 
cannot be tolerated on the bench.
Accuracy in documentation is often the difference in winning 
lawsuits or deflecting potential litigation.
We can no longer hide behind the berms A commitment to beWe can no longer hide behind the berms. A commitment to be 
active in the community will always pay dividends far beyond the 
cost of proactive programs.



Putting It All together

“There are few issues or costs that can override theThere are few issues or costs that can override the 
ability of any operation to be profitable and successful.
The only thing that can force us to lock the front gate 

- Jim Smack President – Vulcan Materials’ Mid-East Division

Is the people who live around us”

- Jim Smack, President – Vulcan Materials  Mid-East Division
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