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BLASTING TERMS AND ABBREVIATIONS 

 
  
Airblast (Overpressure) A sub-audible, low frequency (1-20 Hz) change of air 

pressure that radiates from blast sites, reducing at 
approximately 9 dBL with doubling of distance, 
measured as Decibels Linear 
 

Blast Vibration The combined effects of ground vibration and airblast 
 

dBL Decibels Linear 
 

Flyrock Rock fragments thrown from a blast site 
 

Front Row Burden The distance between a front row blast hole and the 
surface of a blast face 
 

Ground Vibration Elastic waves that radiate from a blast site through the 
ground, reducing with distance as logarithmic decay 
 

Inter-row Burden The separation distance between blast hole rows 
(perpendicular to the face) 
 

MIC  
(Maximum Instantaneous Charge) 

The maximum mass of explosives that detonates at an 
instant of time (i.e. ‘charge mass/delay’ or ‘charge 
mass/hole’) 
 

Newer Volcanics A geological region extending west of Melbourne to the 
South Australian border, characterised by near-surface 
flows of basalt from volcanic activity. 
 

Powder Factor Mass of explosives (kg) required to extract 1m3 of rock 
 

PPD (Peak Particle Displacement) The peak, non-permanent displacement of a surface 
particle from the passing of elastic ground vibration 
waves  
 

PPV (Peak Particle Velocity) The peak velocity a surface particle reaches from 
passing ground vibration waves, measured in terms of 
millimetres per second (mm/s), i.e. “ground vibration” 
 

Spacing The separation distance between blast holes along a 
blast row (parallel to the face) 
 

Stemming Stone aggregate material used to provide confinement 
above an explosives column. 
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BLAST IMPACT ASSESSMENT FOR THE PROPOSED 
WILLATOOK WIND FARM QUARRY (WA007920) 

 
 
 

1 INTRODUCTION 

Terrock Consulting Engineers was engaged by Willatook Wind Farm Pty. Ltd. to assess the 
potential impacts of blasting at a proposed hard rock quarry at Old Dunmore Road, Orford, 
Victoria. This report informs the proposed operation’s Work Plan as required to develop the site 
as a hard rock quarry under Work Authority No. 007920 (WA007920). 
 
The proposed quarry site overlies Newer Volcanics basalt that would be extracted by blasting and 
crushed to supply road base and stone aggregate needed for construction and maintenance of 
the Willatook Wind Farm (WWF), primarily for access tracks between turbine sites. Materials 
produced by the small-scale, temporary operation are solely for wind farm supply and blasting 
would be limited to the early phase of wind farm construction over a period of 1-2 years. 
 
Terrock understands the assessment and approval of the quarry is not directly related to 
WiIlatook Wind Farm approvals and is undertaken as a standalone process under the Mineral 
Resources (Sustainable Development) Act 1991 and the regulatory framework for extractive 
industries in Victoria. 
 
A site plan showing the work authority boundary, extraction area, public roads, proposed wind 
farm infrastructure and surrounding land use is shown as Appendix 1. The locations of the closest 
sensitive receptor is also shown. 

2 KEY ISSUES 

The primary blasting issues assessed in this report are: 
 

• Ground vibration levels generated by proposed blasting 

• Airblast (overpressure) levels generated by proposed blasting 

• Flyrock risk and control 

• Effect of blasting on local amenity 

• Blasting effects and associated risks to nearby infrastructure including wind 
turbines and transmission lines 

• Blasting effects and associated risks to native fauna and domestic animals 

mailto:terrock@terrock.com.au
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The subjects of slope stability (geotechnical risk), air quality (dust) and audible noise from whole 
quarry operations (including blasting) are largely outside the writers’ experience and may be 
addressed by qualified consultants in these fields. 

3 SURROUNDING LAND USE AND SENSITIVE SITES 

Work Authority WA007920 lies within the proposed wind farm boundary and is located on a wind 
farm host property. The proposed quarry and surrounding area consist of broadacre farmland 
primarily used for livestock grazing. The work authority is approximately 26 km north of Port Fairy 
and 4km north of the hamlet of Orford.    
 
The quarry site is considered remote with a single occupied dwelling (shown on Appendix 1 as 
“House 1”) located approximately 1,400m southeast of the proposed extraction area. Other 
residences in the wider area are located more than 3km from the proposed quarry, distances at 
which blasting effects would be imperceptible or negligible.  
 
Development plans show up to 14 wind turbines to be constructed within a 2km radius of the 
extraction area with the closest turbine foundation approximately 370m from the extraction limit 
and closest blasting. Due to this separation distance, risks to wind farm infrastructure can be 
appropriately managed as detailed in Section 9 of this report. 
 
Many medium to large scale wind farms in Australia and overseas have quarries with blasting 
located onsite or nearby for a local supply of construction and maintenance materials. Regional 
examples include the Stockyard Hill Wind Farm, Ararat Wind Farm and the recently approved 
quarry at Golden Plains Wind Farm. Terrock remains unaware of any adverse effects on turbines 
or other wind farm infrastructure from nearby quarry-scale blasting. Detailed studies of the 
structural response of wind turbines to ground vibration and airblast are currently unknown to 
Terrock but experience at other projects suggests wind farming and quarrying are compatible 
land uses and controlled blasting presents a low-level risk to wind farm infrastructure and 
operation. 

4 QUARRY, SITE GEOLOGY AND WORK METHOD 

Exploratory drilling conducted by BCA Consulting shows highly weathered to fresh Newer 
Volcanics basalt underlies the site. Many single bench quarries with similar geological structure 
operate in the Newer Volcanics region and blasting at the proposed quarry is not anticipated to 
present unique challenges for controlling blast impacts.  
 
The depth of overburden (clay and highly weathered rock) above the resource varies from the 
surface to around 3.6m. This material would be excavated mechanically and stockpiled for site 
rehabilitation works.  The floor of the quarry pit is shown to be a maximum of 13m below natural 
surface level which represents the maximum possible face/bench height for blasting. However, 
areas with greater depths of overburden would result in shorter blast faces of 9-10m. For quality 
control purposes such as producing higher-grade aggregates, there is provision for a single bench 
to be split to two working benches of 5-7m height to exploit the fresher basalt at lower levels.  
 
The proposed extraction area is 10.4 Ha with an estimated resource of 1 million cubic metres (2.7 
million tonnes), a quantity sufficient for construction of the wind farm including contingencies. 
 
The quarry’s production/blasting rate would vary with scheduling and progress of wind farm 
construction. The total number of blasts to be fired will ultimately depend on face height and the  
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number of blast holes drilled per blast. From standard blast design specifications (shown in Table 
2), indicative yields and potential blast frequencies for 13m face blasts are shown below in Table 
1. Reduced yield from short face blasts can be increased by drilling more blast holes if required. 
 
 

Table 1 – Potential blast yield and frequency for 1 million m3 (3.0m hole burden/spacing) 

 
No. 

holes/blast 
Volume/ 
blast(m3) 

Tonnes/ 
blast* 

Blast total  Blasts/year** Avg. 
blasts/month 

100 11,700 31,590 85 42-43 3-4 

150 17,550 47,385 57 28-29 2-3 

200 23,400 63,180 43 21-22 1-2 
               *Assumes nominal basalt density of 2.7 tonnes/m3 

               **Assumes a 2 year quarry life 

 
 

A quarry design plan (Figure 1) produced by BCA Consulting shows a mostly west to east 
extraction sequence commencing in the southern area of the quarry and extending to the 
southeast corner of the Work Authority. The proposed extraction sequence indicates blasts 
would face west, southwest, west then north for final extraction. Airblast levels and flyrock throw 
are greater directly in front of a blast face. The extraction sequence shows all blasts would face 
away from the closest receptor. 
 
 

 
 

Figure 1 – Willatook Wind Farm Temporary Quarry development plan (courtesy of BCA Consulting) 
 

A 25m wide buffer is shown between the proposed extraction limit and Work Authority 
boundary. This buffer would be largely effective to contain rock fragments from standard blasting 
within the quarry. 

5 ASSESSMENT CRITERIA 

Quarries with blasting are required to comply with ground vibration and airblast (overpressure) 
limits as part of the conditions specified in Work Plans. These limits are observed to help minimise 
disturbance to neighbouring residents and separate limits may also apply to protect critical 
infrastructure from damage caused by excessive levels of ground vibration. Compliance with 
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blast vibration limits is assessed through blast monitoring, where portable monitors with 
geophone and microphone attachments are installed at locations of concern. Blast vibration 
limits and other criteria that would apply to the proposed quarry operation are outlined in the 
following sections. 

5.1 Sensitive Sites 

Ground vibration and airblast overpressure from quarry blasting is currently regulated under 
Victorian state legislation by the Department of Jobs, Precincts and Regions. The Department’s 
Earth Resources Regulation (ERR) branch provides guideline limits for ground vibration and 
airblast overpressure from quarry blasting that are detailed in the ERR Guidelines and Codes of 
Practice; Ground Vibration and Airblast Limits for Blasting in Mines and Quarries. The limits apply 
at “sensitive sites” defined as “…any land within 10 metres of a residence, hospital, school, or 
other premises in which people could reasonably be expected to be free from undue annoyance 
and nuisance caused by blasting.”  
 
The only sensitive site within 3km of proposed quarry is House 1 as identified in Section 3. 
 

The current ERR Blast Vibration Limits for Sensitive Sites are:  
 

   Ground Vibration: 5 mm/s (95% of all blasts) 
10 mm/s (all blasting) 

  
   Airblast: 115 dBL (95% of all blasts) 

120 dBL (all blasting) 
 

The limits above typically become an operating condition for new quarries. The upper limits of 
120 dBL and 10 mm/s are provided as an allowance for the occasional, unexpected exceedance 
of the lower (95%) limits. However, the upper limits are not observed as a performance target by 
quarry operators and the lower 95% limits are considered the control for all blasting. 
Exceedances of the ERR limits are subject to investigation and failure to maintain compliance 
may result in penalties for quarry operators.  

It should be noted the ERR ground vibration and airblast limits are based on human comfort 
considerations and are below levels at which cosmetic damage to light-framed, residential type  
buildings is known to occur. Criteria used to determine ground vibration limits for preventing 
damage to buildings from AS 2187.2 (2006) are shown in Appendix 4.  

5.2 Blast Firing Times 

Another condition specified in a quarry’s Work Plan is a blast firing time window. Most quarries 
are restricted to firing blasts on business days (Monday-Friday), typically between the hours of 
10am to 4pm to help minimise disturbance at sensitive sites. A similar time window is appropriate 
for the proposed quarry and is likely to be included in the quarry’s Work Plan conditions. 

5.3 Wind Turbines 

A ground vibration (PPV) limit of 100 mm/s (measured at turbine footings) is known to apply at 
other wind farms in the Western District of Victoria. The managers of Golden Plains Wind Farm 
(under development near Rokewood, Victoria) have reported the 100mm/s limit is based on 
advice from turbine manufacturers. While the strains imparted to turbines from blast vibration 
are not known to have been locally assessed by structural design methodology, Terrock considers 
the 100 mm/s limit to be appropriate in consideration of the significant environmental loading 
turbines are designed to withstand.  
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For unoccupied structures of steel and concrete construction, AS2187.2-2006 recommends a PPV 
limits of 100mm/s, unless a higher limit is agreed to by the owner (Figure 2).    
 

 
 

Figure 2 – Vibration damage criteria from AS2187.2-2006 Appendix J 
 
 

A PPV limit of 100 mm/s typically applies at tall steel structures such as high voltage transmission 
towers, and timber and concrete poles under order of asset owners. For wind turbines, the PPV 
limit may be subject to future review pending the need for further investigation or the 
emergence of relevant studies. 
         
Airblast limits at turbines and buried cables are not considered necessary for quarry-scale 
blasting. The risk to turbines presented by flyrock requires some consideration. More information 
about the effects of ground vibration and airblast, and risk posed by flyrock to nearby wind farm 
infrastructure is shown in Sections 9 and 10.  

5.4 Other Infrastructure 

Ground vibration limits typically apply for blasting operations near critical offsite infrastructure 
such as gas and water mains, and high voltage transmission lines, towers and poles.  
 
A high voltage transmission easement with steel pylons is located 1,500m south of the proposed 
extraction area. This separation distance is significant and compliance with the 100mm/s PPV 
limit that applies to towers is assured. There are no gas or water mains/pipes near the quarry, 
the closest being the SEAGas pipeline approximately 8.3km south. The effects of blasting on wind 
farm infrastructure are discussed in greater detail in Section 9. 

5.5 Control of Flyrock 

It is the responsibility of shotfirers and quarry operators to ensure rock fragments thrown from 
blast sites (flyrock) are fully contained within the boundaries of quarries at all times. Flyrock is 
largely prevented and controlled through industry-standard practice including laser face profiling 
and blast hole surveying that should be conducted prior to every blast. The residual risk 
presented by excessive flyrock (where rock fragments are thrown well beyond anticipated 
distances) is mitigated by establishing appropriate clearance zones and procedures at blast times. 
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The 25m buffer zone shown between the proposed extraction limit and Work Authority boundary 
would be generally sufficient to prevent flyrock crossing the site boundary. If normal flyrock 
throw is shown to be greater than anticipated, blast design modifications such as stemming 
height increases can be implemented for blasts close to the extraction limit to help reduce throw 
distance. However, due to the quarry’s remote location within the wind farm itself and wholly 
surrounded by a single title property, the consequence of a rock fragment crossing the boundary 
is arguably less serious than quarries that abut public land and/or residential properties. 
Establishing blast clearance on limited areas of the host property around blast sites would be 
relatively straightforward. Any wind farm construction activities within or near the clearance 
zone would be briefly suspended during blasting and all personnel would be moved to more 
distant safe locations. The host property landholder would be notified of scheduled blast times 
and clearance requirements, and would become familiar with routine clearance and firing 
procedures. More details on the nature of flyrock and blast clearance requirements are 
presented in Section 10.2. 

5.6 Quarry Buffer Zone (EPA) 

EPA Victoria recommends a minimum separation (buffer) distance of 500m between quarries 
and sensitive sites/receptors in accordance with EPA Guideline 1518: Recommended Separation 
Distances for Industrial Residual Air Emissions (2013). The guideline is in consideration of air 
quality impacts (e.g. dust and odour) from industrial sites including quarries with blasting. There 
are no sensitive sites within 500m of the proposed quarry. 

6 BLAST DESIGN SPECIFICATIONS 

The nominal blast designs shown in Table 2 are within the standard range of specifications used 
at single bench basalt quarries. Two designs are shown in consideration of the maximum 
potential face height of 13m, and the maximum face height of 7m for split bench/short-face 
blasts. 
 
 

Table 2 – Standard blast design specifications 
 

 Single bench Split bench 

Face height (max.) 13m  7m 

Sub-drill 1.0m 0.5m 

Blast hole length (max.) 14.0m 7.5m 

Blast hole diameter 89mm 89mm 

Blast hole angle 10° 10° 

Front row (face) burden 3.0m 3.0m 

Inter-row burden 2.7-3.0m 2.7-3.0m 

Spacing 2.7-3.0m 2.7-3.0m 

Stemming height (min.) 3.0m 3.0m 

Explosive column length (max.)  11m  4.5m  

Linear Charge mass 7.5 kg/m* 7.5 kg/m* 

Max. Instantaneous Charge (MIC) 82.5 kg/delay 33.8 kg/delay 

Powder Factor 0.65-0.80 kg/m3 0.50-0.61 kg/m3 
*based on average bulk emulsion explosives density of 1.2 sg 

 

While the designs above are considered appropriate for standard blasting, specifications for 
individual blasts may be modified by shotfirers as needed to maintain compliance with blast 
vibration limits, minimise blasting impacts, mitigate the risks of flyrock or improve blast 
performance (fragmentation and heave). 
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7 PREDICTIVE MODELLING METHODOLOGY 

Levels of ground vibration, airblast overpressure and flyrock throw distance from blasting can be 
estimated using predictive formulae. The following models have been developed from years of 
research and studies of blast vibration and flyrock observations conducted by Terrock and other 
Australian and overseas researchers. The models have proven reliable and are used to guide 
numerous mining, quarrying and other blasting operations across Australia and overseas. This 
section outlines the formulae used to predict the effects of blasting at the proposed Willatook 
Wind Farm Quarry.  

7.1 Ground Vibration  

Ground motions from blasting are measured in terms of their Peak Particle Velocity (PPV) in units 
of millimetres per seconds. PPV levels increase with increasing charge mass and reduce over 
distance as logarithmic decay. Geological structure and ground conditions between blast sites 
and receptors also influence PPV levels. A reliable model commonly used to predict ground 
vibration from blasting is the Scaled Distance Site Law developed by Nicholls et al (1971): 
 
      

  𝑃𝑃𝑉 = 𝑘𝑣 (
√𝑚

𝐷
)

1.6

 
 Where: PPV =  Peak Particle Velocity (mm/s)  

    m =  Charge mass-MIC (kg) 
    D =  Distance (m) 
   kv =  A site constant 

[1] 

  
The model’s site constant (kv) represents local ground structure and conditions that influence the 
transmission of vibration between a blast site and a receptor. Australian Standard AS2187.2 
(2006) Appendix J recommends a site constant of 1,140 be used in the predictive model for “hard 
rock in average conditions”.  
 
From experience, kv values around the Newer Volcanics region vary between sites depending on 
the depth and weathering of basalt flows and the nature of the ground underlying rock masses. 
At sites with underlying swamp deposits, PPV levels may be relatively high due to an effect where 
seismic velocities and ground motion frequencies reduce with increasing distance as vibration 
travels through the basement material. While Victorian Geological Survey maps show no swamp 
deposits beneath the proposed quarry, deposits are shown to occur in the broader area and this 
effect cannot be entirely discounted.  
 
Because the proposed quarry is a greenfield site, no local blast monitoring data is available for 
analysis. However, analysis of PPV data from sites with and without swamp deposits shows 2,000 
to be an appropriate conservative value for predicting maximum or “worst-case” ground 
vibration levels at nearby sensitive sites and infrastructure. 
 
The standard PPV models adopted for this assessment are therefore; 
 

Single Bench (13m face) 
 

Split bench (7m face) 

𝑃𝑃𝑉 = 2,000 (
√82.5

𝐷
)

1.6

                [2] 𝑃𝑃𝑉 = 2,000 (
√33.8

𝐷
)

1.6

                 [3] 

 
Blast monitoring data from early operations could be used to validate the assessment models or 
calibrate for model to better reflect site conditions, if required. This may be needed with respect 
to PPV limits at turbines. Due to the considerable separation distance between blasting and the 
occupied residences, the accuracy of preliminary models may be less important. 
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7.2 Airblast  

Airblast (overpressure) is a low frequency (<20Hz) , sub-audible change of air pressure that occurs 
as explosives energy radiates through the atmosphere around a blast site. Airblast is measured 
as decibels Linear (dBL), a separate measure than the audible component of a blast (“blast noise”) 
that can be heard by people and measured as dBA.  
 
Airblast levels are subject to regulation because they may cause a structural response resulting 
in disturbance to people inside buildings. Audible noise levels from blasting are not currently 
subject to regulation, though dBA levels can be estimated from airblast measurements by 
reducing dBL readings by 25. From AS2187.2-2006 Section J2.2, “For example, if a sound level 
meter measures an airblast level of 115 dBL,  the same meter would measure approximately 90 
dBA for the same event.” 
 
The Terrock airblast model (Richards and Moore) has been developed over many years of 
research and considers the confinement of explosives energy provided by stemming heights and 
face/front row burden specifications. This peer-reviewed model is considered reliable and is used 
to guide numerous quarry and mining operations around Australia and overseas. The model used 
in this assessment predicts the distance from a blast site to the 115 dBL level (i.e. the ERR airblast 
limit for 95% of blasts). 
 
 

𝐷115 =  (
𝑘𝑎  × 𝑑

𝐵 𝑜𝑟 𝑆𝐻
)

2.5

∙  √𝑚
3

 

 

Where: SH     =  Stemming height (mm) 
B       =  Front Row Burden (mm) 
m      =  Charge mass-MIC (kg) 
D115   =  Distance to 115 dBL level (m) 
d        =  Blast Hole diameter (mm) 
 ka     =  Site constant(s); 
              250 (front of face) 
              190 (behind/side of blast) 

[4] 

 
Airblast reduces at an approximate rate of 9 dBL with doubling of distance. The emission directly 
in front of a free-face blast is greater than the emission behind a blast site because airblast energy 
is projected horizontally through the face, while the energy behind a blast is projected vertically 
into the atmosphere. The emission in front of a blast is controlled by front row burden provisions. 
Behind and to the sides of a free face blast, emissions are controlled by stemming height 
specifications.  
 
From standard blast design specifications (Table 2), the airblast models used in this assessment 
are therefore; 
 
 

Front of Face - Single Bench (13m) Behind/side of Blast - Single Bench (13m) 

𝐷115 =  (
250 ×89

3000
)

2.5

∙  √82.5
3

                 [5] 

 

𝐷115 =  (
190 ×89

3000
)

2.5

∙  √82.5
3

              [6] 

 
 

Front of Face - Split Bench (7m) Behind/side of Blast - Split Bench (7m) 

𝐷115 =  (
250 ×89

3000
)

2.5

∙  √33.8
3

                 [7] 

 

𝐷115 =  (
190 ×89

3000
)

2.5

∙  √33.8
3

              [8] 
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The airblast model assumes flat terrain around a blast site without barriers to transmission that 
may be provided by landforms such as hills and gullies (i.e. topographic shielding). Because the 
proposed quarry and surrounding area is located on a plain, the effects of topographic shielding 
will be minimal. However, a modest degree of shielding may be provided by overburden 
stockpiles and bunds around the extraction area. 
 
Airblast is sensitive to minor changes in blast hole confinement (stemming height and face 
burden provisions), the characteristics of rock structure, and face direction. Airblast levels are 
also be influenced by weather conditions including wind speed and direction at blast times. 
Therefore, airblast levels vary somewhat between blasts of the same design. 
 

7.3 Flyrock  

The maximum throw of rock fragments under a blast’s design specifications can be calculated 
using the Terrock Flyrock Model. The model has proven useful for helping determine minimum 
clearance distances around blast sites and is used for blast planning at numerous quarries and 
mines around Australia. The model is conservative and provides an allowance for minor 
inconsistencies in the face structure and minor errors that may occur during blast hole loading.  
 
The Terrock Flyrock Model was reviewed in 2007 by Dr. Peter Lilly (former CSIRO Chief Officer of 
Exploration and Mining) who concluded “Terrock’s flyrock model greatly simplifies what is 
dynamically a very complex in physics. However, the algorithm is likely yield broadly conservative 
outcomes and is therefore considered to be appropriate by the writer.”  

 
For the purpose of this assessment, “flyrock” is defined as the maximum distance rock fragments 
may be thrown under design specifications. Events where rock fragments are thrown well beyond 
anticipated distances are referred to as “excessive flyrock”. 
 
The maximum throw in front of a blast face (Lmaxf) can be calculated with the Terrock model: 

 

 

𝐿𝑚𝑎𝑥𝑓 =  
𝑘𝑓

2

𝑔
(

√𝑚

𝐵
)

2.6

 

[9]     Where: m = 
B = 

Lmaxf = 
g = 
kf = 

charge mass, kg/m                       
front row burden (m) 
maximum throw in front of face (m) 
gravitational constant (9.8) 
a site constant (27 conservative) 

 
Behind a blast, the maximum throw (Lmaxr) is calculated by: 
 
 

 

𝐿𝑚𝑎𝑥𝑟 =  
𝑘𝑓

2

𝑔
(

√𝑚

𝑆𝐻
)

2.6

𝑆𝑖𝑛 2∅ 

[10] SH = 
Lmaxr =  

Ø = 
 

stemming height (m) 
maximum throw behind blast (m) 
launch angle = hole angle from horizontal     
+ a dispersal allowance of 10° 
(e.g. Hole angle + dispersal = 70° from horiz.) 

 
The flyrock models used in this assessment are therefore; 
 

Front of face throw (13m & 7m face) 
 

Behind/side of blast throw (13m & 7m face) 

𝐿𝑚𝑎𝑥𝑓 =  
272

9.8
(

√7.5

3
)

2.6

           [11] 𝐿𝑚𝑎𝑥𝑟 =  
272

9.8
(

√7.5

3
)

2.6

𝑆𝑖𝑛 2(70)       [12] 
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As with airblast, flyrock is largely controlled by blast hole confinement provided by face burden 
and stemming height. Studies of flyrock at hard rock quarries shows a site constant (kf) of 27 to 
be a conservative generic value for the model and throw distance at most quarries is usually well 
below maximum predictions. However, a cautious approach to flyrock and blast clearance is 
warranted due the high consequence of flyrock striking a person or property. The model can be 
calibrated to more accurately reflect the behaviour of localised rock masses under blasting 
through a program of flyrock monitoring, if required. 
 
Safety factors based on maximum throw calculations can be observed to determine appropriate 
blast clearance distances to protect people and property from excessive flyrock throw. The 
nature, causes and risks posed by flyrock, and approaches for determining blast clearance are 
discussed in Section 10.2.  
 

8 GROUND VIBRATION, AIRBLAST AND FLYROCK THROW PREDICTIONS 

To estimate ground vibration and airblast levels, and flyrock throw distance within and around 
the proposed quarry, the standard blast design specifications listed in Table 2 have been used as 
inputs for the predictive models detailed in the previous section. 

8.1 Ground Vibration Levels at Sensitive Sites 

Using the Site Law models [2] and [3], the distance to milestone PPV levels under standard design 
specifications are shown in Table 3. The attenuation of PPV levels over distance is also presented 
graphically in the regression analysis, Figure 3.  
 

 
Table 3 – Distance to milestone PPV levels  

 

 Distance from Blast (m) 

PPV (mm/s) 13m face (MIC 82.5 kg) 7m face (MIC 33.8 kg) 

10 249 159 

5* 384 246 

2 681 436 

1 1,050 672 

0.5 1,620 1,037 
                            *ERR Ground Vibration Limit (95% of blasts)  
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Figure 3 – Regression analysis of predicted PPV levels over distance 

 
 

 
At locations beyond 384m from standard 13m face blasts and 246m from 7m face blasts, ground 
vibration levels are shown to be below the ERR 5mm/s limit for human comfort. At the closest 
sensitive site 1.4 km from the quarry (House 1), PPV levels from the closest blasting are 0.63 
mm/s (13m face) and 0.31 mm/s (7m face). Such vibration levels are considered low and are at 
or near the threshold of human perception (considered to be 0.2-0.5 mm/s). As such, the peak 
ground vibration levels predicted at the closest residence can be described as barely perceptible. 
 
At distant receptors more than 3km from the quarry, PPV levels are at or below the threshold of 
human perception and it is likely that ground vibration from all blasting will not be felt by the 
residents. 
  
PPV levels in the surrounding area are presented visually by moving single blast contours around 
the proposed extraction limit and observing the locations of the 100, 50, 10, 5, 2, 1 and 0.5 mm/s 
levels (see Appendix 2). It should be noted the contours do not represent levels from a single 
blast but show the maximum PPV level at any location from the closest blast at the extraction 
limit. 
 

8.2 Airblast Levels 

Using the Terrock Airblast Model [4], the predicted distances to milestone airblast levels under 
standard design specifications are shown in Table 4. 
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Table 4 – Distances to milestone airblast levels  

 13m face (MIC 82.5 kg) 7m face (MIC 33.8 kg) 

Airblast 
(dBL) 

Front of face Behind/side 
of blast 

Front of face Behind/side 
of blast 

120 652 327 484 243 

115* 945 474 702 352 

110 1,370 687 1,018 510 

105 1,987 996 1,476 740 

100 2,881 1,444 2,140 1,073 
*ERR Airblast Limit (95% of blasts) 

 
The reduction of airblast levels over distance is shown in the regression analysis Figure 4.  
 

 

Figure 4 – Airblast Regression Analysis 
 

 
This assessment shows compliance with the ERR 115 dBL airblast limit will be achieved for all 
standard specification blasts at the proposed quarry regardless of face height or direction. 
Airblast is perceptible to people located inside buildings at blast times due to structural response. 
The threshold of airblast perception is considered to be 100-105 dBL. Because the closest 
sensitive site (House 1) would be exposed to lower, behind-blast levels, airblast at the closest 
house would be at or below the threshold of perception. Airblast would also be imperceptible at 
more distant receptors (>3km) regardless of face direction. 
 
The airblast levels in the surrounding area are presented visually by moving single blast contours 
around the proposed extraction limit and observing the locations of the 120, 115, 110, 105 and 
100 dBL contours (see Appendix 3). The contours do not represent airblast levels from a single 
blast but show the maximum level at any location from the closest blast.  
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8.3 Flyrock 

Under standard blast design specifications shown in Table 1, the maximum (i.e. worst-case) 
throw distance of rock fragments from blast sites has been calculated using the flyrock model 
{11] and [12] shown in Section 7.3. Because the flyrock model observes linear charge mass (7.5 
kg/m), the maximum throw distances for both blast designs are: 

 

  Maximum throw, front of face         =  59m 
  Maximum throw, behind/side of blasts    =  38m  
       

A schematic diagram of the maximum throw trajectories is shown as Figure 5.  
 

 
Figure 5 – Flyrock trajectory diagram (Front Row Burden & stemming = 3.0m) 

 
 
While the throw calculations are likely to be conservative (worst-case), an increase of stemming 
height could be required for a limited number of blasts (or blast holes) within 38m of the Work 
Authority boundary to prevent rock fragments being thrown outside the quarry. This could be 
achieved by increasing stemming from 3.0m to 3.5m, thereby reducing the maximum throw to 
25m.  
 
The Terrock Flyrock Model can be calibrated to reflect the behaviour of local rock under blasting. 
This can be done with video recordings both in front and behind blasts with distance markers, 
and/or measuring the actual maximum throw distance immediately after a blast with hand-held 
GPS .  
 
The relationship between stemming height and maximum throw distance behind blasts is shown 
in 12.3. Maximum throw calculations can be used to determine appropriate blast clearance 
distances as discussed in Section 10.2. 
 

9 BLAST VIBRATION AND INFRASTRUCTURE 

The items of immediate interest are: 
 

• Wind turbines within the Willatook Wind Farm (to be constructed) 

• Buried electricity transmission cables between wind turbine sites 
 

Ground vibration levels are the primary consideration for blasting near infrastructure.  
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9.1 PPV Levels Close to Blast Sites 

PPV levels within 500m from standard blast sites have been determined using the Site Law Model 
[2] and [3] and are shown in Table 5. 

 

Table 5 – PPV levels at 10 to 500m from blasting 

 PPV (mm/s) 

Distance from 
blast (m) 

PPV (mm/s) 
13m face  

PPV (mm/s) 
7m face  

25 396 194 

38 203 100* 

50 131 64.0 

59 100* 49.1 

100 43.1 21.1 

150 22.5 11.0 

200 14.2 7.0 

300 7.4 3.6 

375# 5.2 2.6 

400 4.7 2.3 

500 3.3 1.6 
    * Turbine PPV limit 
   # Distance to closest turbine tower (assumed) 

 

9.2 Wind Turbines 

At Willatook Wind Farm, the primary concerns regarding ground vibration are: 
 

• Effect on curing concrete (construction phase) 

• Effect on turbine structures (if blasting occurs during wind farm operations phase) 
 

9.2.1 Effect of Ground Vibration on Concrete Turbine Foundations 

Construction of the Willatook Wind Farm is anticipated to occur over 2-3 years. Should turbines 
be constructed close to the quarry prior to the completion of blasting, the effect of ground 
vibration on freshly poured concrete foundations may need to be considered.  
 
The effect of blast vibration on newly poured concrete has been well researched by the 
Tennessee Valley Authority (TVA) who apply the vibration limits shown in Table 6 to their projects 
requiring mass concrete pouring (ref: Oriard, 2002). 
 

Table 6 – TVA mass concrete damage criteria (after Oriard) 
 

Concrete Age 
from Batching 

Allowable PPV 
(mm/s) 

Effective PPV 
(mm/s) 

Distance Factor 

DF Distance (m) 

0 – 4 hours 100 x DF 100 1.0 0 - 15 

4 hours – 1 day 150 x DF 120 0.8 15 – 46 

1 – 3 days 225 x DF 156 0.7 46 – 76 

3 – 7 days 300 x DF 180 0.6 76+ 

7 – 10 days 375 x DF 225 - - 

10 or more days 500 x DF 300 - - 
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The TVA ground vibration limits used to protect curing concrete are high, and after 4 hours are 
above the recommended limit of 100 mm/s from AS2187.2-2006 for unoccupied concrete and 
steel structures. 
 
It is important to note that ground vibration waves are elastic waves and the ground returns to 
its original position after blast wavefronts pass. The area of permanent ground deformation from 
quarry blasting is limited the fracture zone within a few metres each blast hole. Therefore, 
quarry-scale blasting presents no risk of permanent ground displacement or subsidence beyond 
the blast site. 

 

9.2.2 Effect on Ground Vibration on Wind Turbines 

Wind turbine support towers are reinforced steel structures designed to withstand substantial 
loading from the forces of thermal expansion, strong winds and blade rotation. The height of the 
structures would result in a low natural frequency (<5 Hz) that would not align with the higher 
frequencies of short duration ground motions from blasting (>10 Hz) and there is little potential 
for dynamic resonance that could amplify PPV levels up the towers.   
 
At the PPV limit of 100 mm/s (from a ground motion frequency of 10 Hz) the brief surface 
displacement is 1,592 µm (1.592 mm) over a wavelength of 220m, resulting in negligible 
differential movement of the turbine footings as shown in the schematic diagram Figure 6. 

 

Figure 6 – Ground vibration wavelength and peak displacement at 100 mm/s PPV limit (not to scale) 

 
 
In the absence of formal studies, it is reasonably concluded that wind turbines and their 
components are not sensitive to blast vibration and Terrock is unaware of any instance of blasting 
operations at a nearby quarry causing adverse effects to wind farm infrastructure. 
 

 

9.2.3 Ground vibration levels at Willatook Wind Farm Turbine Sites 

The predictions shown in Table 5 indicate the 100 mm/s PPV limit for turbines would not be 
exceeded at any location beyond 59m from a 13m face blast, or 38m from a 7m face blast. While 
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the PPV models are conservative by design and actual levels can only be confirmed by blast 
monitoring, some caution may be required should a turbine be scheduled for construction within 
100m of blasting.  

Site development plans show a minimum separation distance of 375m between the closest 
turbine site and the proposed extraction area. At this distance, PPV levels from the closest blast(s) 
are 5.2 mm/s (13m face) and 2.6 mm/s (7m face). Maximum PPV levels at the nearest turbine 
are anticipated to be a small fraction of the 100mm/s limit for turbines.  

To ensure compliance with the stated limits, PPV levels can be measured and assessed by 
installing portable blast monitors on the ground surface beside turbine footings or at future 
turbine sites. Some monitoring is recommended during early stage blasting to help validate the 
findings of this assessment and calibrate the models if necessary. 

Concerns about the response of turbines and their components to ground motions from blasting 
could be assessed by installing sensors (strain gauges, geophones, accelerometers, etc.) at 
strategic locations on the structures as part of a formal engineering study, though this approach 
would only be warranted in the unlikely event that turbines are constructed close to active 
blasting areas and high PPV levels were expected. 

 

9.2.4 Effect of Airblast Overpressure on Wind Turbines 

Airblast is a sudden fluctuation of air pressure that occurs as residual explosives energy converts 
to overpressure waves that radiate through the atmosphere around a blast site. Wind speeds 
and air pressure levels have been converted to equivalent dBL (airblast) levels in Table 7. The 
approximate distances at which these airblast/air pressure levels would occur from a standard 
13m face blast are also shown as determined with the Terrock Airblast Model.  
 

Table 7 – Relationship between wind speed, air pressure and equivalent airblast levels 
 

    Distance from 13m face blast 

Wind Speed 
(m/s) 

Wind Speed 
(km/h) 

Air pressure 
(Pa) 

Airblast 
Equivalent 

(dBL) 

Front of face 
(m) 

Behind/side of 
blast (m) 

6.38 22.97 25 121.9 395 195 

9.03 32.50 50 128.0 250 125 

11.06 39.80 75 131.5 193 95 

12.77 45.96 100 134.0 160 80 

15.63 56.27 150 137.5 124 62 

18.06 65.00 200 140.0 103 52 

20.18 72.66 250 141.9 88 44 

22.11 79.60 300 143.5 79 40 

23.88 85.97 350 144.9 71 36 

25.53 91.91 400 146.0 66 33 

27.08 97.47 450 147.0 61 30 

28.54 102.76 500 148.0 57 28 

31.27 112.56 600 149.5 50 25 

 
 
At the minimum distance of 375m to the closest wind turbine, the maximum airblast level from 
a blast facing the tower is 122.6 dBL. In terms of real air pressure, this level is equivalent to a 23-
24 km/h wind gust, described as a “moderate breeze” on the Beaufort Wind Force Scale. 
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However, the air pressure change from blasting occurs more suddenly than wind and direct 
comparison with wind events is somewhat problematic. 
 
Regardless, the strain on turbines and their components from airblast is highly unlikely to exceed 
the working strains of structural elements, even at close distances. Common building 
components most sensitive to airblast damage are plasterboard sheeting and large glass window 
panes, though AS2187.2-2006 states that damage to window glass at airblast levels below 140 
dBL is “improbable”. Because turbine towers are reinforced steel structures with aerodynamic 
components and lack large, flat surface areas, the effect of any minor structural response caused 
by airblast is reasonably concluded to be negligible. It should be noted that airblast limits do not 
apply at other critical infrastructure including high voltage transmission towers with glass 
insulators.    
 
As with ground vibration, the risk to turbines from airblast may only require additional 
consideration in the unlikely event that turbines are to be constructed within 100m or so of the 
extraction area during the quarry’s operating life. 
 

9.3 Underground Transmission Cables  

Buried electricity transmission cables are proposed to be installed between turbine sites at the 
Willatook Wind Farm. The site plan (Appendix 1) shows the closest buried cable to be located 
approximately 38m south of the extraction limit. 
 
Buried cables and their PVC conduits are resistant to damage from ground vibration due to their 
high flexibility. Several studies on the effects of close blasting on fibre-optic cables have been 
conducted (ref. ACARP Study 14057) where cables and PVC conduits were exposed to PPV levels 
up to 347 mm/s with no adverse effects. The conclusion of these studies is that the only possible 
blast damage mechanism for buried cables and conduits is damage by permanent ground 
deformation, an effect known as “block movement”. Such movement can only occur in rocky 
areas where rock blocks at the trench wall are forced through the bedding material and damage 
a cable by shearing or compression. However, the zone of permanent ground deformation from 
quarry-scale blasting is limited to a few metres from blast holes. Beyond this zone the ground is 
naturally elastic and returns to its original position after vibration waves have passed. Therefore, 
blasting presents a negligible risk to buried cables close to the quarry. 
 
At the minimum distance of 38m to the closest length of cable, the surface PPV level from a 13m 
face blast is predicted to be 203mm/s (Table 6). Vibration damage to cables is not known to occur 
from such levels and damage from block movement is not possible beyond a few metres from 
blast sites. Additionally, PPV levels at buried cables would be lower than the surface PPV levels 
shown in this report because the movement of buried structures is constrained by the mass of 
the surrounding ground. At depths greater than one metre, PPV levels may be up to 50% lower 
than surface levels because the vibration wave type with the highest magnitude (Rayleigh or 
surface waves) only occur at the surface. 
 
The condition of buried cables and conduits at Willatook Wind Farm can be monitored by site 
management during close blasting if required. 

9.4 Overhead Transmission Lines, Towers and Poles 

A non-damaging PPV limit of 100mm/s also applies for blasting operations near steel 
transmission towers and concrete and timber poles under the order of asset owners/managers 
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such as AusNet Services, Powercor and Ausgrid. Concrete and timber poles in good condition 
have sufficient flexibility to accommodate strains from transport, erection, wind loads and 
ground motions from blasting, even where movement is amplified at the top of poles from low 
vibration frequencies. For a ground PPV of 100mm/s (at 10 Hz with a peak displacement of 
1.592mm), an amplification factor of 2 results in a brief displacement of 3.2 mm at the top of 
common poles that is well within natural and design tolerances (ref. ACARP Study 14057). Studies 
have also shown timber and concrete poles in good condition exhibit no adverse effects from 
exposure to ground PPV levels as high as 240 mm/s. 
 
At the high voltage transmission easement 1.5 km south of the proposed quarry, the maximum 
PPV level from blasting is predicted to be 0.57 mm/s, a small fraction of the 100 mm/s limit that 
applies to steel pylons. Compliance with the limit would also be achieved at any timber or 
concrete pole located more than 59m from 13m face blasts, or 38m from 7m face blasts.    

9.5 Quarry Infrastructure 

Quarry-owned infrastructure may be exposed to high PPV and airblast levels due to their 
proximity from blasting. However, structures such as crushing plants, conveyors, earthen dam 
walls, electricity supply structures are not sensitive to blast vibration and PPV limits are not 
warranted. Excessive flyrock does present a risk of damage to nearby quarry infrastructure. While 
incidents of flyrock damage to quarry infrastructure, mobile plant and equipment have occurred 
at some sites, such events are uncommon and are prevented with industry standard blasting 
techniques and practice.   

10 RISKS AND IMPACTS OF BLASTING 

Blasting at quarries is a highly regulated and controlled operation and improvements in blast 
design, face and hole surveying, loading procedures, licensing, training and explosives products 
over recent years have greatly reduced the risks presented by blasting in the past. Some of the 
remaining blasting risks and control measures are discussed in the following sections. 

10.1 Explosives Storage, Transport, Handling and Use  

Blasting at Victorian quarries is undertaken by experienced shotfirers who are trained and 
licensed to use blasting explosives by WorkSafe Victoria. Quarry blasting is conducted in 
accordance with National and State regulations and guidelines including;  
 
 

• Dangerous Goods (Explosives) Regulations – 2011 
 

• AS2187.2-2006: Explosives – Storage and Use, Part 2: Use of Explosives.  
 

• Earth Resources Regulation: Ground Vibration and Airblast Limits for Blasting in 
Mines and Quarries, Environmental Guidelines (Department of Jobs, Precincts 
and Regions).  

 

•  Occupational Health and Safety Act 2004 (OHS Act) 
 

• Australian Code for the Transport of Explosives by Road and Rail 2009 
 

• Mineral Resources (Sustainable Development) (Extractive Industries) Regulations 
2019. 

 
Blasts are typically designed and loaded by a team consisting of a licensed shotfirer, trained 
quarry personnel and/or technicians from the explosives supply company under contract. 
Procedures for blast design, site access and security, hole loading, blast clearance and firing that 
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must be followed are detailed in a quarry’s Blast Management Plan and documents pertaining to 
individual blasts. Safety Data Sheets and Risk Control documents for explosives products, and the 
handling and transport thereof are available from explosives supply companies. 
 
In line with current industry practice, no explosives shall be stored at the Willatook Wind Farm 
or the proposed quarry at any stage. All explosives products and accessories would be brought 
to site by an explosives supplier on blast day mornings and unused products returned to the 
supplier’s storage facility after blast loading is completed. 
 

10.2 FLYROCK RISK 

The greatest risk to the safety of people and property from blasting is excessive flyrock throw, 
where rock fragments from a blast site are thrown well beyond normal distances. Excessive 
flyrock events at quarries are increasingly uncommon due to advances in modern blasting 
practice. However, such events remain a possibility at all quarries though no injury to a person 
from flyrock is known to have occurred from quarry blasting in Victoria for several decades.  
 

10.2.1 The Nature of Flyrock 

Quarry blasting is undertaken to fracture and displace rock for crushing into useable grades of 
aggregate. Fragments of shattered rock form a “muck pile” in front of the blast site from where 
it is loaded into haul trucks and transported to a crushing and screening plant for processing. 
Sometimes rock fragments are thrown beyond the normal area of the muck pile or behind blast 
sites. The mechanisms for this are discussed in the following section.  
 
The furthest throw in front of a blast occurs within a 90° arc perpendicular to the face and consists 
of 100-200mm diameter fragments that are launched at a 45° angle. Smaller fragments are not 
thrown as far due to wind resistance, and the distance larger fragments may be thrown is limited 
by their mass.  
 
The furthest throw behind and to the sides of a blast are typically small fragments of ejected 
stemming material and loose rock from around hole collars. The fragments are launched at the 
blast hole angle (typically 10° from vertical) and may disperse a further ± 10°. Due to the smaller 
size of fragments, steep launch angles and lower velocities on landing, rock fragments thrown 
behind blast sites generally present a lower risk of serious injury to people than the risk posed by 
flyrock in front of a blast.  
 

10.2.2 Causes of Flyrock  

Excessive flyrock events can be attributed to human error, usually when inadequate face burden 
(under-burdening) is not identified prior to firing. Flyrock may also occur from stemming 
ejections or cratering events where one or more blast holes are loaded with an insufficient 
quantity (or poor quality) of stemming material.  
 
Excessive flyrock throw may also occur from unidentified structural weaknesses in the face rock 
where cavities, clay seams, wide joints or pockets of naturally fragmented rock compromise the 
confinement of explosives energy. Cavities in the rock mass can also result in bulk explosive 
pumped into blast holes filling voids, resulting in overcharging that can compromise the 
effectiveness of confinement provisions. 
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10.2.3 Preventing Flyrock 

Under-burdening is usually identified by laser face profiling and Boretrak surveys that measure 
the true burden between the face and front row blast holes, and hole depth and hole deviation. 
If surveying show true burden to be less than design burden, affected blast holes should be 
loaded in a manner that prevents explosives from being placed in the under-burdened section. 
Treatment methods include loading the under-burdened section of affected holes with stemming 
material and placing a quantity of broken rock against the face to improve confinement. Where 
under-burdening is significant and widespread, affected holes may be filled entirely with 
stemming material (i.e. uncharged) and in some cases holes may bed redrilled. Face profiling and 
Boretrak surveys are recommended to be a standard part of the blasting process at the proposed 
quarry. 
  
Structural weaknesses in blast faces cannot be detected with laser profiling and are identified by 
thorough visual inspection of blast sites by an experienced shotfirer who is familiar with the 
characteristics of a quarry’s rock. Driller’s logs, where the behaviour and progress of the drill bit 
is recorded by the rig operator during drilling also helps to identify potential weaknesses and 
inconsistencies in the rock mass. These records are carefully reviewed by shotfirers as part of the 
blast design process. Procedures for identifying and treating under-confined blast holes are 
typically detailed in a quarry’s Blast Management Plan. 
 
Flyrock behind blast sites from stemming ejections is prevented by using a sufficient quantity of 
stemming material. Stemming must be quality stone aggregate of a grade at least 1/10th the blast 
hole diameter. 10-14mm aggregate is optimal for use in standard 89mm blast holes and should 
be used for all blasting at the proposed quarry. If the quantity of explosives pumped into a blast 
hole exceeds design specifications, excess explosive should be removed using an approved tool 
to allow the correct stemming height to be accommodated. 
 

Modern techniques for identifying under-burdening, structural weakness and overcharging, and 
standard methods for treating under-confined blast holes have greatly reduced the occurrence 
of excessive flyrock events at quarries. The residual risk is mitigated by establishing adequate 
blast clearance distances that  account for the possibility of human error.  
 

10.2.4 Flyrock Risk to Wind Turbines 

From the (conservative) Terrock Flyrock Model, the maximum throw of rock fragments from 
standard design specifications is calculated to be less than 60m. If an excessive flyrock event was 
to occur, the highest risk zone would be directly in front of the blast. While such events are 
possible at all quarries, from previous investigation of significant flyrock events, it is improbable 
that rock fragments would be thrown beyond 200-300m and due to the deceleration and 
dispersal of rock fragments over distance, significant contact with part of a distant wind turbine 
structure is highly unlikely. The consequence of a 200mm diameter rock fragment striking part 
of the wind turbine structure is unknown to Terrock, though it is assumed to be relatively minor 
and unlikely to result in damage that would compromise the integrity of the turbine structure or 
its operation.   
 
At the closest turbine (indicated to be 375m from the extraction limit) the safety factor from 
maximum throw calculations is 6.3 (front of face) and 9.9 (behind blast sites). 
 
The risk posed to turbines by flyrock could be assessed in greater detail once the construction 
schedule and locations of the closest turbines are clearly defined and by observing the behaviour 
of rock under early blasting operations, if required. 
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10.2.5 Blast Clearance Zones 

A recommended approach for determining minimum blast clearance distances is to observe 
safety factors based on conservative throw calculations. This approach has been adopted at 
numerous mines and quarries around Australia and has proven effective to protect people and 
property at blast times. The minimum safety factors Terrock recommends for blast clearance at 
quarries are; 
 

• Safety Factor 2 – Quarry Plant, Equipment & Wind Farm Infrastructure 

• Safety Factor 4 – Quarry Personnel and Public 
 
Under this method, the minimum blast clearance distances recommended for standard blasting 
at Willatook Wind Farm are: 
 

 

 Front of Face Behind Blast 

Maximum Throw 59m 38m 

S.F. 2 – Plant & Equipment 118m 76m 

S.F. 4 – Quarry Personnel & Public 236m 152m 

 
The shape of the clearance zone is formed by combining the front and behind radial distances 
(Figure 7). This can be produced as a scaled transparent overlay to be used with site maps during 
blast planning, if required.   
 

 
Figure 7 – Recommended Minimum Blast Clearance Distances (Standard Specification Blasts) 
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The clearance distances above should be considered a minimum provision and may be used to 
guide the locations of the shotfirer and blast guards and firing time. It is recommended that all 
other quarry and wind farm personnel be evacuated to greater distances. 
 
Establishing adequate clearance around blast sites is ultimately the responsibility of shotfirers 
and quarry managers. Clearance distances around individual blasts may be increased by the 
shotfirer at any time on consideration of a blast’s design, blast hole survey results, modified hole 
loadings, localised rock structure and previous flyrock observations. For example, if true front 
row burden is shown to be less than the design specification of 3.0m, the minimum clearance in 
front of the face should be increased in accordance with the Terrock model. With an effective 
front row burden of 2.7m, a clearance distance of 380m should be observed (based on an 
increased maximum throw of 77m x Safety Factor 4). The relationship between blast hole 
confinement provisions (burden and stemming) and maximum throw is shown in Section 12.3. 
 
It is now standard practice at most quarries to evacuate all site personnel from the pit and 
adjacent working areas at blast times and position guards at access points to the blast site. Due 
to the limited number of personnel that would be within the quarry and adjacent land areas, 
clearance zones of 300m or more would be simple to establish and secure.  
 
The relatively small size of the extraction area would result in parts of the clearance zone 
extending outside the Work Authority boundary for most (if not all) blasts. Information regarding 
clearance requirements and firing procedures must be provided to wind farm personnel and 
contractors on site, and the host property’s landholder and occupants prior to blasting. Guards 
positioned at or near the work authority boundary with UHF radio would ensure that any part of 
a clearance zone that extends onto adjacent property is free of people and animals at blast times. 
No blast may be fired until the shotfirer receives confirmation from all guards that the clearance 
area is free of people and it is safe to fire the blast. 
 
It is recommended any livestock within a blast’s designated clearance zone is also moved to a 
safe distance. Effective coordination of activities on and near the quarry will be relatively 
straightforward given the close relationships between the landholder, Willatook Wind Farm 
management, wind farm contractors and the operator of the quarry. 
 
Details of blast clearance and firing procedures to be followed (including the quarry’s emergency 
assembly areas and procedures) should be specified in the quarry’s Blast Management Plan and 
relevant information included in documentation pertaining to individual blasts such as Risk 
Assessments, blast plans, SWMS, etc. 
 
The graded section of Old Dunmore Road terminates at the quarry entrance to the west and this 
is understood to be the closest section of public road. Movements on this section of the road 
would be limited to quarry and wind farm personnel, and possibly residents or workers on 
neighbouring properties.  
 
The minimum distance from the western extraction limit to Old Dunmore Road is approximately 
175m and a small section of the road reserve would fall within the clearance area of a limited 
number of early, west-facing blasts. As a precaution, a blast guard should be positioned on the 
road 600m south of the quarry entrance to prevent vehicles entering the clearance area. It is 
unlikely this would cause any inconvenience in the small chance that a road user approaches the 
quarry at blast times.  
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Traffic control is not warranted for blasts beyond 236m from the road reserve, though locating a 
blast guard on the road could be adopted as a routine procedure for all blasting to help prevent 
unauthorised access to the quarry at blast times. 

10.3 RISK OF DAMAGE TO BUILDINGS 

Buildings can be damaged if exposed to very high levels of airblast and ground vibration. 
However, such damage is rare and levels at which damage may occur to light-framed, residential 
type buildings are above the regulatory limits that apply to blasting at Victorian quarries.  
 
Australian Standard AS2187.2-2006 contains frequency-dependent criteria from overseas 
standards and research that may be used to establish PPV limits to prevent vibration damage to 
buildings. From British Standard BS7385.2-1993, at a typical blast frequency of around 10 Hz the 
recommended limit to prevent threshold/cosmetic damage is around 18 mm/s above which 
there is “an increasing possibility of damage”. The recommended limit to prevent 
major/structural damage is four times the cosmetic damage limit (i.e. 72mm/s). Australian 
research on the effects of blasting has shown PPV levels below 70mm/s to be non-damaging to 
double storey, brick veneer houses (ref. ACARP Study C9040). 
 
The building element most sensitive to airblast are glass window panes. From AS2187.2-2006, 
the recommended airblast limit to prevent damage to houses is 133 dBL. The standard also notes 
that such damage “is considered improbable at below 140 dBL”. The conservative damage limit 
of 133 dBL (89 Pa) is an >8-fold increase of real air pressure from the ERR 115 dBL (11.2 Pa) human 
comfort limit.  
 
At a minimum distance of 1,400m from the extraction area to House 1, the maximum PPV level 
from the closest standard blast is predicted to be 0.31-0.63 mm/s. These levels are around one-
tenth of the ERR 5 mm/s limit and around 3% of the threshold for cosmetic damage shown in 
AS2187.2 (2006). Therefore, the risk of damage at House 1 or more distant sensitive sites is 
negligible.  
 
Some people living within a few kilometres of a quarry believe that blast vibration is the cause of 
cracks and other defects that develop over time in plasterboard, cornices, masonry and concrete 
slabs on their properties. However, such cracking is widespread around Victoria and is caused by 
common mechanisms including; 
 

• Foundation soil movement, most often seen in areas where reactive clay soils are 
subject to movement by seasonal expansion and shrinkage.  
 

• Inadequate drainage provisions around a house that result in differential moisture levels 
and movement of foundation soils.  

 

• Uplift of house footings or soil shrinkage from the roots of trees planted within 5-10m of 
houses. 
 

• Sub-standard house design, poor workmanship, inadequate compaction of foundation 
soils prior to construction and the use of low-quality construction materials. 

 

• The normal settlement of house foundations, footings and structural members that may 
continue for many years after construction. 

 

• Normal ageing and weathering processes where cracks and other common defects 
develop over time due to natural forces and internal loads. Such defects are usually 
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cosmetic and can be addressed by routine house maintenance such as painting and 
filling every 10-20 years. 

 
Despite the causal mechanisms for cracks and other defects in houses being well known to 
structural engineers and the construction industry, quarry operators may occasionally receive a 
damage claim from a resident, regardless of the PPV and airblast levels that occur. However, PPV 
and airblast levels from the quarry would be at or below the threshold of perception at houses 
and it is unlikely that any damage concerns would arise. In the event of a concern or damage 
claim arising, experience structural engineers can be engaged by the quarry to investigate.  
 

10.4 RISK TO LOCAL AMENITY & PUBLIC HEALTH 

The impact of proposed blasting on the amenity of the surrounding area is considered low 
because the combined effects of ground vibration and airblast have short durations of around 2-
5 seconds per event and PPV and airblast levels at the closest house are anticipated to be very 
low if perceptible. Additionally, blasting would be limited to weekdays during business hours 
when people are less likely to be inside their houses.  
 
Blasting at the quarry would likely occur no more than twice per month and the quarry has a 
short proposed lifespan of around two years. Beyond a few metres from a blast site, the ground 
is naturally elastic and returns to its original position within a few seconds of ground vibration 
wave arrival. Therefore, blasting causes no lasting change to the amenity of the environment 
outside a quarry. 
 
Blast vibration at regulated levels does not cause physiological harm to humans. While the effect 
of dust on human health is outside Terrock’s qualifications, dust loads from blasting are short-
lived and present a small fraction of potential loads from whole quarry operations and nearby 
agricultural activities. There is likely to be substantial dissipation of dust loads from blasting over 
the significant separation distance between the quarry and closest receptors. 
 
Blasting produces NOx (nitrogen dioxide) fumes that at high concentrations may be harmful to 
human health. High levels of NOx are typically produced by a reaction between some explosives 
products and water in blast holes, or when inadequate mixing of ammonium nitrate and 
sensitising agents occurs during hole loading from bulk delivery systems (bulk explosives trucks). 
The presence of high concentrations of NOx from a blast can be identified by the bright yellow-
orange fumes that are produced. 
 
High concentrations of NOx from quarry-scale blasting have become uncommon due to 
improvements in explosives products and blast hole charging equipment. NOx emissions are not 
subject to monitoring or regulation under current Victorian extractive industry guidelines. As a 
precaution, shotfirers are required to wait a few minutes after blast times to allow NOx emissions 
to dissipate before inspecting the blast site. 
 

10.5 EFFECT OF BLASTING ON NATIVE FAUNA AND DOMESTIC ANIMALS 

Most quarries are located in rural or semi-rural areas with livestock, pets and native animal 
habitat on adjacent properties and reserves.  To date, Terrock is unaware of any confirmed case 
of quarry blasting affecting the health or wellbeing of an animal species. In the absence of formal 
studies on the effects blast vibration on animals, the following information is based the 
experience and observations of Terrock, shotfirers and quarry personnel over many years.  
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10.5.1 Native Fauna 

Native species inhabit active work authorities and adjacent land areas. Wallabies, koalas, 
wombats, echidnas, snakes, goannas and other species are regularly seen in habitat areas within 
and around many Victorian quarries. Kangaroos can be found at quarries throughout Australia. 
Their ongoing presence indicates that outside the immediate area of disturbance, native animals 
acclimatise to quarry operations and are not deterred by brief ground vibration and airblast 
events on blast days. 
 
The behaviour of birds near blast sites has been observed by Terrock over many years. Birds 
located within 100-200m of a blast site typically fly away in response before returning to the area 
after a few minutes when the perceived danger has passed. Many quarries have significant 
populations of waterbirds residing in dams and ponds on pit floors. At an active, single-bench, 
basalt quarry near Colac, ducks, swans, herons and other waterbirds can be found at the quarry’s 
dams. Swallows and peregrine falcons can be observed nesting on the faces of worked out areas 
within active quarries. Raptors are a common site at quarries, preying on small mammals and 
other bird species.  
 
While Terrock is unaware of any formal studies of the effect of overpressure from blasting on 
bird physiology and behaviour, a comparison can be made with the effects of natural 
overpressure that occurs during thunderstorms. A proportion of the energy from thunder is sub 
audible to humans (<20 Hz) and Terrock blast monitors have recorded overpressure from 
thunder at levels above 125 dBL. While thunderstorms may last for tens of minutes or more, 
overpressure from a quarry blast occurs for a few seconds which (at the proposed quarry) would 
be limited to 2-3 times per month. Animals have evolved to tolerate high levels of overpressure 
from storms and it is reasonably concluded that airblast from occasional quarry blasting has little 
to no impact on the wellbeing of birds and other animals in the surrounding area. In the audible 
spectrum, beyond a few hundred metres of a blast site, blast noise can be likened to a brief, 
distant clap of thunder.  
 

10.5.2  Brolgas 

Terrock was requested to consider the impact of blasting on Brolgas (Antigone rubicunda) that 
are known to breed and forage in wetland areas of the Western District including areas near the 
proposed quarry. Three historical and recent brolga nesting sites have been identified 
approximately 2,100m to the north, 2,400m to the east and 4,000m south of the proposed 
quarry. The closest breeding habitat areas are shown on the site plan (Appendix 1). The proposed 
quarry is wholly located outside a buffer zone that has been established to prevent disturbance 
to brolgas at these sites. 
 
For blasts with 13m (maximum) faces, ground vibration levels at the breeding sites would range 
from 0.12 to 0.33mm/s, levels that are below the threshold of human perception. Airblast levels 
would range from 81-102 dBL (depending of face direction), with audible noise levels of 56 to 77 
dBA. Such levels would be barely perceptible to humans in still wind conditions and are likely 
imperceptible on windy days. 
 
While the sensitivity of brolgas to minute ground motions and low airblast and noise levels from 
distant blasting is unknown, based on observation and the presence of other bird species near 
regional quarries, it is likely that occasional blast events at the quarry would not cause 
disturbance to brolgas nesting or otherwise. Should a brolga be present within a few hundred 
metres of a blast site at firing time it would likely fly or walk a short distance away from source 
of the disturbance before resuming its normal activity. The likelihood of a brolga nesting within 



 

 

WWF-2021_BIA_Willatook WF.docx                                      25                                                               TERROCK PTY LTD 
 

a few hundred metres of the quarry may be low due to human presence and potential noise 
disturbances from other quarry activities such as crushing plants, vehicle and mobile plant 
operation.  
 
Known threats to brolgas around Australia include changes to land use and watercourses, legal 
and illegal use of firearms in wetland areas, and predation and habitat disturbance and loss from 
introduced species and human activity. In the opinion of the writers, a short rumble of low-level 
noise, overpressure and ground vibration two or three times per month does not pose a tangible 
threat to the health, wellbeing or habitat of brolgas.  
 
While there is no evidence that blast vibration alone presents a threat to the species, the 
potential impacts of blasting at the quarry could be reassessed with the emergence of relevant 
studies. As with many blast-related matters, concerns about the effects of blasting on animal 
species are commonly based on misconceptions of the nature of quarry blasting and the 
magnitudes of noise and vibration generated.   
  
Should a brolga be sighted near the quarry at blast time, it would be useful to observe and record 
the bird’s behaviour as the blast is fired. If blast vibration remains a concern for environmental 
regulators, quarry production could be scheduled to minimise blasting during the spring nesting 
and incubation period. 
 

10.5.3 Domestic Animals 

Regular observations around quarries taken over many years show that quarry blasting presents 
a negligible risk to the health and wellbeing of domestic animals including livestock. Many 
Victorian quarries have cattle and horses on neighbouring properties and the typical response of 
livestock near a blast site is to briefly raise their heads and look around for a few seconds before 
resuming grazing. Livestock located within 100m of blast sites may walk a short distance away 
from the source of the disturbance, through spooking or obvious distress has not been observed. 
As with birds, the impact of airblast to livestock on adjacent land can be likened with the response 
to a short rumble of distant thunder. 
 
Horse agistment, studs and riding clubs are found on properties neighbouring some Victorian 
quarries with no reported adverse effects to horses. Cows at dairies located near some Victorian 
quarries and large open-cut coal mines in the Hunter Valley (NSW) are regularly exposed to PPV 
levels up to 10mm/s and airblast levels up to  120 dBL with no reported effect on animal wellbeing 
or milk production. The response of sheep to blasting is not often observed by Terrock though it 
is not thought to differ from other livestock.  
 
Some dogs may become excitable and bark or howl around blast times, though this behaviour is 
a response to the quarry warning siren that is routinely sounded before and after each blast is 
fired. While some individual animals may have particular environmental sensitivities, there is no 
evidence that exposure to brief blast vibration events  causes harm to domestic or native animals.  

11 RISK ASSESSMENT 

The risks posed by blasting at proposed Willatook Wind Farm Quarry have been assessed in 
accordance with the Risk Matrix (Figure 8) contained in the document Preparation of Work Plans 
and Work Plan Variations: Guideline for Extractive Industry Projects (Earth Resources Regulation, 
October 2020). Blasting risks are rated as Low, Medium, High or Very High by consideration of 
their likelihood and potential consequence.  
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Figure 8 – Risk Matrix (ERR Framework) 

 
The primary risk consideration for blasting is flyrock and the hazard it presents to quarry 
personnel, people and property in the surrounding area including wind farm infrastructure. The 
risks and controls associated with transport and handling of explosives within quarries are 
required to be addressed in the quarry’s Blast Management Plan, Risk Assessments, blast plans 
and JSA’s produced prior to every blast, and documents provided explosives supply companies. 

11.1 RISK RATING 

The identified risks and their likelihood and consequence ratings based on interpretation of the 
ERR risk matrix and experience are discussed below. 
 

11.1.1 Flyrock (Risk to Quarry Personnel) 

While excessive flyrock throw (where rock fragments are thrown beyond anticipated distances) 
is a possibility at all quarries, fragments from such events are rarely thrown beyond active pit 
areas and are usually contained within the work authority or quarry title property. While 
preventative measures such as face/hole surveying and methods for treating under-burdened 
holes or face weaknesses have greatly reduced occurrences of excessive flyrock, (and clearance 
zones largely mitigate the remaining risk), the worst-case consequence remains serious injury or 
fatality regardless of the likelihood of a significant flyrock event occurring or the probability of a 
person being struck during such an event. 
 

Inherent Risk Rating (uncontrolled)  Residual Risk Rating (with controls) 
Likelihood: Possible 

 
Likelihood: Unlikely 

Consequence: Critical Consequence: Critical 
Inherent Risk Rating: Very High         Residual Risk Rating: High 

 

11.1.2 Flyrock (Risk to Private Property, Wind Farm infrastructure and the Public) 

It is unlikely that rock fragments would be thrown across the quarry boundary into adjacent land, 
though the likelihood is somewhat increased for blasts at or near the extraction limit (i.e. blasts 
within 38-59m of the Work Authority boundary). The potential for this can be reduced by 
increasing blast hole confinement with additional stemming material or front row burden and 
also by developing an extraction sequence where most (if not all) blasts face toward the quarry 
and away from the closest section of the Work Authority boundary. The consequence of small 
fragments of broken rock and stemming material occasionally landing in the host property 
landholder’s paddocks beside the quarry boundary is not serious provided the throw distance is 
not substantial and adequate clearance is observed. 
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Excessive flyrock is prevented by standard techniques including laser profiling and treating under-
confined blast holes. Due to the remoteness of the quarry, the likelihood of a distant building or 
other structure being struck by flyrock is very low. As shown on preliminary site plans, the 
location of the closest wind turbine is well beyond the minimum clearance distance for people. 
The risk to transmission poles beyond 60m from blasting is also regarded to be low.  
 

 Inherent Risk Rating  Residual Risk Rating 
Likelihood: Possible 

 
Likelihood: Unlikely 

Consequence: Major Consequence: Minor 
Inherent Risk Rating: High  Residual Risk Rating: Low 

 

11.1.3 Blast Vibration Damage to Buildings & Infrastructure 

While very high blast vibration levels are potentially damaging to buildings, charge mass 
limitations for a maximum 13m bench height, mandatory compliance with ERR limits, and the 
large separation distances to the closest sensitive sites will ensure ground vibration and airblast 
are at non-damaging levels.  
 
The risk to wind farm and other infrastructure is also low due to the relatively high PPV limits 
that normally apply and the proposed separation distances between the extraction area, turbine 
sites and other structures. If infrastructure is to be required to be constructed within 60m of the 
extraction area, it may be beneficial to schedule construction for a time after the nearest blasting 
has been completed to reduce the risk from ground vibration and flyrock.   
 

Inherent Risk Rating  Residual Risk Rating 
Likelihood: Unlikely 

 
Likelihood: Rare 

Consequence: Moderate Consequence: Minor 
Inherent Risk Rating: Medium  Residual Risk Rating: Low 

 

11.1.4 Risk/Impact to Local Amenity 

The remoteness of the proposed quarry and small number of residents living within a few 
kilometres of the site will result in minimal impacts of blasting to the amenity of the surrounding 
area. The effects of blasting are brief (2-5 seconds per blast) and cause no permanent change to 
the surrounding environment. Should any blasting concerns arise, matters can be addressed by 
engaging with residents, providing personal blast notifications and general quarry information, 
conducting blast monitoring and seeking advice from independent consultants as required. 
 

Inherent Risk Rating  Residual Risk Rating 
Likelihood: Likely 

 
Likelihood: Unlikely 

Consequence: Minor Consequence: Minor 
Inherent Risk Rating: Medium  Residual Risk Rating: Low 

 

11.1.5 Risk/Impact to Domestic and Native Animal Species (including Brolgas) 

Observations over many years show native and domestic animals acclimatise to routine blasting 
operations and regulated, quarry-scale blast vibration is not known to have a detrimental impact 
to the health and wellbeing of animals. The effect of blast vibration on brolgas is not well known, 
though there is no evidence that suggests controlled blasting at the proposed quarry would 
adversely affect the species or its habitat.   
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Inherent Risk Rating  Residual Risk Rating 
Likelihood: Unlikely 

 
Likelihood: Rare 

Consequence: Minor Consequence: Insignificant 
Inherent Risk Rating: Low  Residual Risk Rating: Low 

 

11.2 RISK CONTROL AND MITIGATION 

The rating of the inherent risks presented by proposed blasting can be reduced by implementing 
the control and mitigation measures outlined in Table 8. It should be noted that most of the 
control measures listed form part of standard industry blasting practice and no additional control 
measured are deemed to be necessary at this stage. The need for additional blasting controls can 
be identified by the results of blast monitoring, flyrock observation and throw measurement, 
post-blast performance review and community feedback. 
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Table 8 – Risk rating and control measures for blasting impacts 
 

RISK INHERENT 
RISK RATING 

RISK CONTROL MEASURES RESIDUAL 
RISK RATING 

FLYROCK 
(Risk to 
Quarry 
Property and 
Personnel) 

 
HIGH to VERY 

HIGH 
 

Likelihood 
POSSIBLE 

 
Consequence 

CRITICAL 

- Laser Face Profiling & Boretrak survey conducted to 
identify under-burdening and hole deviation. 

- Shotfirer review of driller’s logs and visual 
inspection of blast face/site to identify structural 
weaknesses. 

- Hole loading specifications modified by 
shotfirer/blast designers in areas where 
incompetent face burden or structural weaknesses 
are identified. 

- Blast holes loaded to design specifications (including 
modified loading requirements). 

- Any required changes to blast design identified 
during hole loading are subject to approval from 
shotfirer/blast designers. 

- Height of explosives column measured to ensure 
minimum stemming height is loaded. 

- Correct stemming material (quality 10-14mm stone 
aggregate) used in all blast holes. 

- Shotfirer review of all hole loading records and 
visual inspection of charged blast site and surface 
delay connections. 

- Blast signed off by shotfirer and pit manager or 
licenced blast technician.  

- Clearance Zones established inside quarry and 
personnel evacuated to designated areas (refer to 
procedures in Blast Management Plan). 

- Blast guards with UHF radio positioned on access 
tracks to the blast site/clearance area. 

- Blasting may only proceed when the shotfirer 
receives confirmation that all people are located at 
a safe distance outside the clearance zone. 

- Blast performance and flyrock observations 
recorded (including video record) as part of ongoing 
performance review process. 

- All documentation pertaining to individual blasts to 
be retained by quarry management. 

- The cause(s) of excessive or reportable flyrock to be 
investigated by independent consultants. 

- Blast design modifications adopted for further blasts 
to reduce potential throw distances, if required. 
 

 
HIGH 

 
Likelihood 
UNLIKELY 

 
Consequence 

CRITICAL 

FLYROCK  
(Risk to 
Private 
Property and 
Public Areas) 

 

HIGH 
 

Likelihood 
UNLIKELY 

 
Consequence 

CRITICAL 
 

- Standard blast controls implemented (see above). 
- Clearance Zones (minimum Safety Factor 4) 

established on adjacent areas of neighbouring 
property. 

- Blast guards positioned at work authority/quarry 
boundary or on adjacent land with clear view of 
surrounding area. 

 

 

MEDIUM 
 

Likelihood 
RARE 

 
Consequence 

MAJOR 
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Table 8 (Continued) 
 

BLAST VIBRATION 
DAMAGE TO 
BUILDINGS & 
INFRASTRUCTURE 

 
MEDIUM 

 
Likelihood 
UNLIKELY 

 
Consequence 
MODERATE 

 

- Standard blast controls implemented. 
- Blasts designed to maintain compliance with 

ERR Ground Vibration & Airblast Limits; 
                                    <5 mm/s 
                                   <115 dBL 
- Height of explosives column measured to 

ensure design MIC and minimum stemming 
height is loaded. 

- Quality stemming material (quality 10-14mm 
stone aggregate) used in all blast holes. 

- Blast monitoring conducted by competent 
persons at designated locations, as needed, 
to assess compliance with ERR limits. 

- Any exceedance of ERR limits or damage 
claim to be investigated by independent 
consultant. 

- Blast design modifications adopted for 
further blasting based on results of 
performance review, if needed.  
 

 
LOW 

 
Likelihood 

RARE 
 

Consequence 
MINOR 

 

LOCAL AMENITY 
& PUBLIC HEALTH 

 
MEDIUM 

 
Likelihood 
POSSIBLE 

 
Consequence 

MINOR 
 

- Standard blast controls implemented. 
- Maintain Compliance with ERR Ground 

Vibration & Airblast Limits (see above). 
- Fire all blasts within approved time window 

(refer to Work Plan conditions). 
- Establish Blast Notification System for 

subscribing community members. 
- Maintain Complaints Register and follow up 

concerns in a timely manner. 
- Provide community members with quarry 

information (progress updates, monitoring 
results, etc.) on request. 

- Engage independent consultants to 
investigate damage claims and provide 
general blasting information, as needed. 

 

 
LOW 

 
Likelihood 
UNLIKELY 

 
Consequence 

MINOR 
 

IMPACT ON 
DOMESTIC AND 
NATIVE ANIMALS 

MEDIUM 
 

Likelihood 
POSSIBLE 

 
Consequence 

MINOR 
 

- Standard blast controls implemented. 
- Maintain Compliance with ERR Ground 

Vibration & Airblast Limits (see above). 
- Livestock to be cleared from blast clearance        
zone prior to firing. 
- Behaviour of nearby animals (including 
brolgas) during blast firing to be observed and 
recorded where possible. 

LOW 
 

Likelihood 
RARE 

 
Consequence 

INSIGNIFICANT 
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12 REDUCING AND CONTROLLING BLAST IMPACTS 

12.1 Reporting and Contingencies 

Blasting impacts at the proposed quarry are assessed to be well within the acceptable limits and 
the quarry would be able to conduct blasting operations safely and with minimal impact on 
sensitive sites, infrastructure and the surrounding environment. Due to the substantial 
separation distance between the quarry and sensitive receptors, additional controls are unlikely 
to be required. However, in the event of an exceedance of the ERR ground vibration or airblast 
limits, the following steps should be taken with further advice provided by the Authority: 
 

• The industry authority (Earth Resources Regulation) shall be immediately 
notified of the exceedance by quarry management. 

 

• An investigation shall be undertaken by an independent, qualified, consultant to 
determines the cause(s) of the exceedance and provide recommendations to 
prevent reoccurrence.  

 

• Appropriate blast design modifications, or improved blasting practices shall be 
adopted for further blasts. Evidence that this has been undertaken shall be 
provided to the Authority on request. 
 

• Further blasting may only proceed if the Authority is satisfied that all steps 
required to prevent further exceedances have been implemented. 
 

• A detailed post-blast performance review shall be conducted by the shotfirer and 
quarry manager to evaluate the effectiveness of modified blast design or blasting 
practice. 

 
Flyrock events must reported immediately to both ERR and WorkSafe Victoria. Reportable events 
are: 
 

• When rock fragments are thrown outside a blast’s designated clearance zone. 
 

• When flyrock results in injury to a person or presented a high risk to people or property 
(a near miss). 

 

• When flyrock results in damage to public or private property (including livestock), or 
nearby infrastructure. 

 
In the case of reportable flyrock events, a joint investigation is launched by ERR and WorkSafe 
Victoria to determine the cause(s) of the incident and establish a course of action to prevent 
reoccurrences. 
 

12.2 Mitigating Impacts Through Blast Design 

Ground vibration levels, airblast levels and flyrock are controlled through blast design 
specifications. For efficient blasting at quarries, design parameters fall within a standard range 
of specifications that may be adjusted, where needed, to reduce PPV levels, airblast levels, 
flyrock, or improve blast performance. Quarry operators must therefore adopt designs that will 
achieve efficient blast outcomes while minimising blast impacts and maintaining compliance with 
regulatory requirements.  
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Significant changes to standard blast design specifications may greatly increase production costs 
from reduced blast efficiency, where blasts result in poor fragmentation, low heave and 
increased crushing and secondary breaking requirements. Where over-confinement occurs from 
excessive face burden or stemming, blasting may produce large, oversize blocks cannot be moved 
without secondary breaking. Oversize rock also presents a significant hazard to quarry personnel, 
particularly loader operators, as blocks may roll unexpectedly during muck pile digging. 
 
All blast designs adopted at the proposed quarry will be guided by the following considerations; 
 

• Maintaining compliance with ERR ground vibration and airblast limits at sensitive sites. 
 

• Achieving compliance with PPV limits that may apply at nearby infrastructure.  
 

• Blasting practice that results in minimal impact to native species and habitat. 
 

• Preventing excessive flyrock throw and minimising the normal throw distance of rock 
fragments. 
 

• Achieving adequate blast performance (good fragmentation and heave, viable drill and 
blast costs, minimal secondary breaking and overall efficiency). 
 

If ground vibration levels, airblast levels or rock throw distance need to be further reduced at any 
stage, some of the following measures may be adopted.  
 

12.3 Reducing Ground Vibration Levels 

The ground vibration levels from blasting are primarily a function of a blast’s MIC, distance from 
the blast site, and the characteristics of underlying geology. Therefore, PPV levels may only be 
lowered by reducing a blast’s MIC. This can be achieved by; 
 

 

- Reducing bench height and/or blast hole depths 
 

- Increasing stemming height or reducing sub-drill , thereby reducing the length and 
mass of the explosives column 

 

- ‘Deck loading’ of blast holes, where each hole contains two separate charges 
separated by a column of inert material and fired with a separate delay. 

 

- Reducing blast hole diameter 
Note that deck loading and the use of hole diameters < 89mm may result in substantially 
increased blasting costs and should only be considered where PPV levels may exceed allowable 
tolerances. 
 
The relationship between MIC and the distance to the 5 mm/s (D5mm/s) and 100 mm/s (D100mm/s) 
level (the ERR limit and wind turbine/fresh concrete limit respectively) are shown in Table 9. This 
information may be used as a guide for blast designers if ground vibration levels need to be 
reduced at sensitive sites or GPWF infrastructure at any stage. 
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Table 9 – Charge mass (MIC) vs Distance to 5mm/s and 100 mm/s levels (kv 2000) 
 

Charge Mass/MIC (kg) D5mm/s (m) D100mm/s (m) 

100 423 65 

82.5* 384 59 

75.0 366 56 

50.0 299 46 

33.8# 246 38 

25.0 211 33 
*Standard MIC for 13m face 
#Standard MIC for 7m face 

 

12.4 Reducing Airblast Levels 

Airblast levels are a function of a blast’s MIC and the confinement of explosives energy provided 
by front row burden and stemming height. If required, airblast levels can be reduced by; 
 

- Additional confinement i.e. increasing standard front row burden and stemming height 
 

- Charge mass reduction (see previous section) 
 

- Configuring blasts/benches to face away from sensitive sites 
 

- Topographic shielding 

 
Airblast levels are most effectively reduced by increasing the front row (face) burden and 
stemming height. Increasing the length of the stemming column also provides a charge mass 
reduction that results in a modest decrease of PPV levels.  
 
The sensitivity of airblast levels to changes in burden and stemming is shown in Figure 9. It should 
be noted that front row burden and stemming heights greater than 3.5m typically result in 
reduced blast performance (i.e. oversize rock and reduced heave) and are not recommended 
unless needed to meet compliance with regulatory airblast limits. 
 

 
Figure 9 – Relationship of D115 to burden/stemming provisions (13m face only) 
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12.5 Reducing Throw Distance of Rock Fragments 

The throw distance of rock fragments is primarily a function of charge mass (per linear metre of 
explosives column), front row burden (throw in front of a blast) and stemming height (throw 
behind and to the sides of a blast). Charge mass (per metre) is fixed by blast hole diameter and 
increasing confinement is therefore required to reduce throw distance.  
 
The relationship between maximum throw distance and blast hole confinement (front row 
burden and stemming) is shown in Figure 10.  
 

 
Figure 10 – Relationship of maximum throw distance to hole confinement provisions 

 

 
While the throw calculations are conservative (i.e. worst-case, pending field observations), 
stemming height could be increased from the standard 3.0m to 3.5m to reduce maximum throw 
to 25m to reduce the potential for rock fragments crossing the Work Authority boundary. 
However, a few rock fragments landing a short distance away in the quarry’s title property does 
not present an increased risk to people or property provided adequate clearance distances and 
procedures are observed. 

13 BLAST MANAGEMENT 

13.1 Blast Management Plan 

Control measures for mitigating the risks and impacts posed by blasting are contained in a Blast 
Management Plan (BMP) that forms part of a quarry’s approved Work Plan. A BMP must detail 
the procedures and controls required to conduct blasting operations safely and achieve 
compliance with standards and thresholds set out in regulations, policies and guidelines. 
Guidance on the requirements of a BMP can be taken from Australian Standard AS 2187.2 (2006) 
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Appendix A - Blast Management Plan and Records. A BMP must include (but is not limited to) 
details of; 
 

• Roles and responsibilities of personnel involved with blasting operations. 

• Considerations that inform blast design, including the locations of sensitive sites and 
structures. 

• Details of the Risk Assessments procedure required for every blast.  

• Blast site access and security controls. 

• PPE requirements and site communications systems.  

• Blast hole loading procedures, including treatment methods for under-confined holes and 
weak rock structure. 

• Blast clearance and firing procedures. 

• Emergency contacts and emergency assembly areas. 

• Misfire procedures. 

• Blast monitoring and reporting requirements. 

• Blast notifications system and complaints register. 

• Record keeping requirements. 
 

13.2 Record Keeping 

A detailed record of all blasting operations to be retained by quarry management. This record 
assists with the planning of future blasts, identifies any design modifications that may be required 
for further blasting, and provides essential information for investigating exceedances of ERR 
limits, flyrock events and complaints. Records may include; 
 

• Names, contact details and roles of all blast crew personnel. 

• Blast design and drill plans, signed off by shotfirer & blast crew/technician. 

• Laser face profile and Boretrak survey reports. 

• Driller’s logs. 

• Risk Assessments for individual blasts. 

• Details of modified hole loadings. 

• Cart notes showing quantity of explosives used. 

• Blast performance observations (e.g. fragmentation, heave, oversize, flyrock). 

• Blast video files. 

• Blast monitoring reports. 
 

13.3 Blast Monitoring 

Routine blast monitoring is usually required at quarries with sensitive sites less than 500m from 
blasting operations to assess compliance with regulatory blast vibration limits. Due to the 
remoteness of the proposed quarry, routine blast monitoring may not be required though some 
monitoring is recommended should complaints or concerns be raised by one or more residents. 
While blast monitoring may not be a condition of the quarry’s work plan approval, ERR may 
request some monitoring is conducted if complaints are raised with the authority.  
 
Blast monitoring at the proposed quarry is recommended during the first few blasts to validate 
the findings of this assessment and confirm the quarry operation is able to comply with 
prescribed criteria. Monitoring results can also be used to calibrate predictive ground vibration 
and airblast models to account for local conditions and other variables if needed. Relevant data 
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could be obtained at or near the closest house (House 1) and at the sites of the closest wind farm 
infrastructure that may be installed during the life of the quarry. The need for further monitoring 
at wind farm infrastructure is at the discretion of the wind farm owners and management. 

13.4 Addressing Blasting Complaints 

Quarries with blasting must maintain a register of complaints to record the details of any 
concerns that arise from community members. If a complaint is raised, the name and location of 
the complainant, time date of the blast, and nature of the concern must be recorded.  
 
Quarries are advised to address complaints from residents through formal discussions and 
providing information about blasting and evidence of compliance with relevant regulations. If a 
complaint cannot be resolved by quarry management, experienced consultants can be engaged 
to provide independent advice. Due to the distant locations of receptors and local support for 
development of the wind farm, blasting complaints are not anticipated and any concerns or 
queries that may arise can be addressed by quarry or wind farm managers. 

14 CONCLUDING COMMENTS 

This assessment demonstrates that blasting can be conducted at the proposed Willatook Wind 
Farm Quarry at Old Dunmore Road, Orford (WA007920) in compliance with ERR blast vibration 
criteria for human comfort and PPV limits that apply to protect infrastructure including wind 
turbines, transmission pylons and poles. Blasting can be conducted safely with flyrock adequately 
controlled through standard industry practice including laser face profiling, appropriate 
treatment of under-confined blast holes and observing safe clearance distances at blast times.  
 
The proposed quarry site is remote and standard blasting would result in minimal blast vibration 
effects with low level perceptible effects limited to one sensitive site (House 1).  
 
The impact of blasting to the amenity of the surrounding area is considered minimal because; 
 

• The separation distance to closest residence is significant (min. 1,400m). 
 

• The proposed extraction area is relatively small. 
 

• Blasting at the quarry would be limited to a period of less than 2 years. 
 

• If perceptible, blasting effects have short durations (2-5 seconds per event), are limited 
to business hours, and are unlikely to occur more than 2 or 3 times per month. 

 

• Quarry-scale blasting does not cause permanent change to the surrounding environment 
and is not known to cause adverse effects to the health and wellbeing of native and 
domesticated animals.  

 
Potential concerns and complaints from people in the community can be mitigated by providing 
personal blast notifications, information about quarry activities, blast monitoring and other 
environmental performance results, and responding to resident concerns in a timely manner.  
 
Modelling also indicates blasting would comply with PPV limits known to apply to wind turbines 
and other electricity transmission infrastructure provided surface structures are located at least 
60m from blast sites. Calculations show turbines would also be safe from the normal throw of 
rock fragments at locations beyond 60m (front of face) and 39m (behind and to the sides of blast 
sites). If required, throw distance can be reduced by increasing blast hole confinement. 
 



 

 

WWF-2021_BIA_Willatook WF.docx                                      37                                                               TERROCK PTY LTD 
 

Quarries are found within wind farms around the world and blasting is not known to have 
detrimental effect to nearby wind farm infrastructure and operation. This conclusion may be 
subject to further investigation at the discretion of Willatook Wind Farm management or the 
emergence of relevant studies. 
 
If blasting impacts are of concern to the area’s residents, Willatook Wind Farm management, ERR 
or other stakeholders at any stage, the results of blast monitoring and flyrock observation and 
measurement can be used to guide any blast design modifications needed reduce PPV levels, 
airblast levels and the throw of rock fragments from blast sites.  
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APPENDIX 1 – WILLATOOK WIND FARM SITE PLAN (BLASTING) 
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APPENDIX 2 – GROUND VIBRATION CONTOUR ASSESSMENT 
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APPENDIX 3 – AIRBLAST OVERPRESSURE CONTOUR ASSESSMENT 

 


