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EXECUTIVE SUMMARY
The Bird in Hand Gold Project is situated on the historical Bird in Hand Gold Mine
which operated in the 1880’s. The gold deposit is located 30 kilometres southeast of
Adelaide and 2.7 kilometres from the township of Woodside, in the Adelaide Hills. The
main mineralisation zone is hosted by a folded sequence in the Adelaidean strata at
the transition between the Warrina and Heysen Supergroup. Terramin Australia
Limited (Terramin) propose to establish an underground mine designed to access the
reserves below the existing old workings. No processing will occur on site, with the
ore to be transported 35 kilometres to Terramin’s Angas Zinc Mine utilising the
existing infrastructure.
As part of the feasibility assessment, Saros (International) Pty Ltd has been engaged
by Terramin Australia Limited to investigate the effects of surface and underground
blasting operations that may be required during both the construction/development
and production phases of the mine. The focus of this study is on environmental
impacts induced by the blasting including ground vibration and air overpressure
effects, along with mitigation and safety measures.
Given the site is sensitive, compliance criteria for the purposes of this assessment
have been based on guidelines detailed in Australian Standard 2187.2 - 2006. The
guidelines are designed to limit human discomfort at a sensitive site and generally
form the basis for compliance criteria relating to long term blasting activities. The
recommended compliance limits are as follows:


Ground Vibration - 5mm/s for 95% blasts per year, with a 10mm/s maximum
unless agreement is reached with the occupier that a higher limit may apply; and



Air Overpressure – 115dBL for 95% blasts per year, with a 120dBL maximum
unless agreement is reached with the occupier that a higher limit may apply.

Initial geotechnical investigations indicate that some surface blasting may be required
during the construction phase of the project. This includes the development of the
boxcut and cuttings for the on-site access road. Given the depth of excavation,
modelling of the surface blasting has been based on 5 metre and 10 metre benches.
Access to the underground working will be via decline with portal facing to the
northwest. From the decline, a series of horizontal sublevel access drives will be
developed into the mineralisation zone providing access to the ore. Underground
mining will involve a cut and fill method which utilises development blasting
techniques retrieving one (1) lift at a time (four (4) lifts per sub level). As a result, the
scale of blasting will not vary between the development phase (developing the
decline) and the production phase (ore recovery) of the project.
Based on the modelling of ground vibration and air overpressure impacts, the
proposed blasting practices both at the surface and underground can be successfully
undertaken throughout the mine. Given the cut and fill method of mining utilises
development blasting techniques through all aspects of the mining method, vibration
impacts experienced at the surface will be reduced as the underground workings
progress deeper over the life of the mine.
Peak overpressure levels are expected during the construction and the initial portal
development. Tight controls over blasting practices will be required to control levels,
Commercial-in-Confidence
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with the possible requirement of external suppression measures during the initial
phases of the decline development. Blast induced overpressure will not be an issue
during production blasting activities and is commonly not considered a compliance
requirement for this type of underground operation.
It is important to note that regulatory compliance limits are based on human comfort
levels rather than damage thresholds. As a result, compliance with the licence
conditions will minimise human discomfort and prevent any likelihood of damage to
neighbouring structures.
Accurate blast design and monitoring records must be maintained and documented
for future reference. Monitoring of blasting during the construction phase will provide
an opportunity to obtain site specific vibration data which can be utilised to further
refine the predictive model. The blast management team should review results
following each blast, with continued improvement of blasting practices.
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1.

INTRODUCTION
The Bird In Hand Gold Project is a gold deposit situated on the historic Bird In Hand
Gold Mine. The site is located 30 kilometres southeast of Adelaide and 2.7 kilometres
from the township of Woodside. Critical to the mining process is the use of drill and
blast practices, required to facilitate the excavation of the rock. The blasting activities
have been divided into three phases of the project including:


construction phase (surface blasting)



decline development phase



production phase

Saros (International) Pty Ltd (Saros) has been commissioned by Terramin Australia
Limited (Terramin) to conduct an independent assessment of the effects of both the
surface (construction phase) and underground (development/production phases)
blasting activities and detail mitigation measures to achieve compliance with licence
conditions. The focus of this study is on ground vibration and air overpressure effects
from blasting activities and safety measures.
The information contained in this report has been based on the details and plans
provided by Terramin to Saros for review. Modelling of blasting impacts has been
based on data obtained from mining and blasting operations in Adelaidean sediments
and of comparable scale.

1.1

Scope of Work
In order to assess the likely impacts of proposed blasting activities, this study is
focused on the following:



identification of sensitive receptors and critical infrastructure and assessment
of appropriate limits



review of proposed blasting configurations and geological setting



determination of appropriate predictive models



modelling of impacts from proposed blasting activities



contouring of vibration and air overpressure impacts from blasting activities






1.2

review of available literature and assessment of legislative requirements

recommendations of blast design criteria based on compliance with
environmental criteria imposed on the mining operation
blasting impact mitigation and safety measures
provide background information into human sensitivity and structural stability
with specific respect to ground vibration levels and air overpressure

Site Description
The Bird In Hand Gold Project is located 2.7 kilometres from Woodside. The region is
predominantly large rural lots with a relatively flat topographical and no significant
features.
Access to the site is via Pfeiffer Road which borders the northern side of the lease,
with Bird in Hand Road passing through the lease. The boxcut and portal will be
orientated to the northwest, with the decline development and underground workings
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progressing to the southest, under Bird in Hand Road, with the lease boundary further
to the south. Given the mineral processing is to be carried out off site, surface
infrastructure will be minimalised to workshop and office amenities, water storage and
treatment facilities and temporary rock storage (IML and ROM).

1.3

Geological Setting
The following regional geological description was provided by Terramin:
“Primary gold mineralisation at Woodside is located within a synclinal structure in
Adelaidean strata at the transition between the Warrina and Heysen Supergroup with
the fold axis plunging at an angle of about 45° to the east. The syncline is cut on the
eastern side by a major northsouth-striking, east-dipping Nairne Fault, along which
younger Cambrian metasediments of the Kanmantoo Trough were thrust over older
Adelaidean Strata. The majority of gold was mined from vein structures hosted by the
lower Umberatana Group. This group unconformably overlies clastic metasediments
of the Burra Group, which forms the upper part of the Warrina Supergroup. The Burra
Group contains only minor mineralisation in the Woodside area”.

2.

COMPLIANCE CRITERIA
The requirements detailed in Australian Standard AS2187.21 relate to the use of
explosives, and consequently also addresses both blasting activities and their
subsequent environmental effects. The provisions pertaining to ground vibration and
air overpressure have commonly formed the basis for compliance limits imposed on
blasting activities within Australia. For the purposes of this investigation, we have
utilised the recommended vibration and air overpressure limits which relate to
minimising human discomfort at a sensitive site for long term blasting operations, as
summarised in Table 2.1: Summary of Ground Vibration and Air Overpressure limits
to minimise human discomfort from long term blasting activities at a sensitive site
(Adapted from Tables J4.5(A) and J5.4(A) – AS2187.2 -2006.
Table 2.2: Summary of Ground Vibration and Air Overpressure limits to minimise human
discomfort from long term blasting activities at a sensitive site (Adapted from
Tables J4.5(A) and J5.4(A) – AS2187.2 -2006
Category

Type of Blasting
Operations

Parameter

Peaks Level

Sensitive
Site*

Operations lasting
longer than 12
months or more
than 20 blasts

Ground Vibration

5mm/s for 95% blasts per year, 10mm/s
maximum unless agreement is reached
with the occupier that a higher limit may
apply

Sensitive
Site*

Operations lasting
longer than 12
months or more
than 20 blasts

Air Overpressure

115dBL for 95% blasts per year,
120dBL maximum unless agreement is
reached with the occupier that a higher
limit may apply

*A sensitive site includes houses and low residential buildings, hospitals, theatres, schools etc,
occupied by people

1

AS 2187.2 – 2006, Australian Standard, “Explosives-Storage, transport and use Part 2: Use of explosives”
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There has been extensive international research into the effects of blast vibration and
overpressure on both personal amenity and the potential for structural damage. The
limits detailed in Table 1 are based on minimising human discomfort and are well
below the levels likely to produce structural damage. These human comfort levels
generally form the basis of compliance criteria for long term blasting activities.
With respect to potential for damage of commercial structures, the recommended
limits relate to the British Standard 7385-2 1993 guidelines which are based on the
type of structure and the frequency of the peak particle velocity and has been adopted
by AS2187.2. The chart presented in Figure 2.1 - BS7385-2 Transient Vibration Guide
Values for Cosmetic Damage details guide values for the prevention of minor or
cosmetic damage to structures.

Peak Particle Velocity (mm/s)

100

Type 1

10

1

Type 2

1

10

100

1000

Frequency (Hz)

Figure 2.1: BS7385-2 Transient Vibration Guide Values for Cosmetic Damage

The Type 1 structures relate to reinforced or commercial structures, whilst Type 2 is
representative of unreinforced or residential buildings. For frequencies between 4Hz
and 40Hz, guide values are reduced for Type 2 structures taking into account the
higher strains induced by lower frequency vibration of the same magnitude.
Transport infrastructure including roads and railway lines are capable of sustaining
much higher vibration levels. Vibration limits in the order of 100mm/s are commonly
adopted to ensure a high factor of safety is maintained.

2.1

Sensitive Receptors
The Bird In Hand Gold Project is located amongst rural properties with low number of
residential dwellings in close proximity to the mine. Commercial wineries are situated
to the east and west of the mine lease and including Bird in Hand and Artwine wineries
with part of and Petaluma winery within the mining lease. To the south, east and north
of the operational site, neighbouring residential properties include the Davis, Hisee
and Day residences and the Polo Club.
In addition, critical mine infrastructure including underground magazines and
ventilation fans have also been identified and assessed as part of this study.
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The locations of the neighbouring sensitive receptors in relation to the proposed
mining activities are presented in Figure 2.1.1: Bird In Hand – Sensitive receptors and
monitoring locations.

3.

BLASTING PRACTICES
Given the narrow, steeply dipping nature of the ore body, underground mining
methods will be utilised. The planned mining approach is through “cut-and-fill stoping”
where the ore is removed in horizontal slices. The ore is drilled, blasted and mucked
out. Once the stope is mined out, the waste material is used to backfill the voids.
The application of drill and blast practices is anticipated during each stage of the
mining process. Initial geotechnical assessments indicate surface blasting is likely to
be required during the construction phase both for the excavation of the boxcut and
in the cuttings for the access road on site.
Given the location of the portal and competency of the rock mass, blasting is also
anticipated from the early stages of the decline development. From the main decline,
a series of sub-level access drives will be developed providing access to the
mineralisation zone.
This section investigates the various phases of the mining operations and discusses
the likely blasting practices to be utilised.

3.1

Surface Blasting
Construction blasting practices are likely to be required within the boxcut and
potentially for at least one of the access road cuttings as a short term alternative to
longer term, noisier, dustier excavation methods (rock breakers etc). This process is
conducted on benches, with blastholes drilled vertically from a prepared surface. The
explosive product is loaded at the base of the blasthole and an inert material or
“stemming” (generally crushed aggregate) is used at the top or collar of the blasthole
to contain the energy.
Given the boxcut design, the excavation is deepest at the portal end (approximately
10 metres deep) and ramps up to the natural surface. The blasting configuration will
be controlled by the depth of excavation and amount of material that can be
mechanically dug. Similarly, the maximum depth in the road cutting is around 5
metres. For the purpose of the impact assessment, benching configurations have
been based on 5 metre and 10 metre benches utilising 76mm and 89mm blastholes,
respectively. Given this, maximum charge weights per blasthole would range from 12
up to 40 kilograms, typical for this scale of blasting.
This blasting should be very well controlled as it only needs to be designed specifically
to fracture the rock sufficiently to facilitate excavation.

3.2

Development Blasting
Development blasting relates to the excavation of material (generally in mullock)
required to gain access to the orebody and to provide space for underground
infrastructure (i.e. pumps, electrical systems etc). This includes the development of
the decline(s), sublevel drives required for drilling and ore extraction and ventilation
requirements. The scheduling and progress of the development blasting is critical to
the mine planning as it provides the access to mining horizons.
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An example of a development drill pattern is presented in Figure 3.2.1 Typical
Development Heading Design. Development headings generally utilise a 38mm to
51mm diameter blasthole. A series of larger dimeter reamer or uncharged relief holes
(89mm to 127mm) can also be used as part of the initial burn cut. Explosive product
can be blow loaded, pumped or in a packaged form. Lower energy or decoupled
charges are utilised in perimeter holes to control overbreak and minimise any damage
beyond the desired profile of the drive.
Dimensions of the development drives are approximately 5 metres wide by 5.5 metres
high and target an advance of around 4 metres per shot. With the use of an ANFO
product, maximum charge weights per blasthole are around 5 kilograms.
Development blasting can be conducted with the use of LP Series non-electric
detonators or electronic detonating systems which can provide increased flexibility
and accuracy with initiation timing. The duration of a typical development blast with
LP Series is fired within a 15 second window.

Perimeter holes

Blastholes

Reamer holes

Lifter holes

Figure 3.2.1: Typical Development Heading Design

3.3

Production Blasting
The cut-and-fill mining method is commonly used for steeply narrow dipping ore
bodies with high grade and good stability. This allows for selective mining improving
recovery of the high grade ore whilst leaving the low grade/waste material in situ.
The mine design at Bird In Hand is based on 20 metres vertical separation between
sub-levels with four (4) lifts per sub-level. One (1) lift is mined at a time, and
subsequently backfilled. This provides both stability within the stope and a working
platform to access the next lift above. The same equipment (Jumbo rig) utilised for
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the development headings, is also used for the production blasting. This small scale
mining method results in blasting practices being consistent for both the development
and production phases of the operation with maximum charge weights around 5
kilograms per blasthole.
Presented in Figure 3.3.1 Schematic of cut-and-fill stope blasting is a schematic of
the face drilling in a cut-and-fill operation as proposed for the Bird In Hand Project.

Figure 3.1.1: Schematic of cut-and-fill stope blasting

4.

ENVIRONMENTAL IMPACTS
The impacts of blasting activities detailed in this document relate specifically to that
of ground vibration and air overpressure. The following section discusses their
controlling factors and details safety and mitigation measures for future blasting
activities. The predictive modelling of ground vibration and air overpressure impacts
has been based on monitoring data obtained from mining and blasting operations
which possess comparable geological and or topographic conditions and utilise
similar scale blasting practices.

4.1

Ground Vibration
As the explosive detonates in a blasthole, the shock wave that is generated radiates
from the source and will attenuate in both amplitude and frequency. The rate of this
attenuation will vary depending on the ground conditions. Therefore, the level of
ground vibration measured at any point from the blast will be dependent on a range
of factors which include:


The maximum explosive quantity per blast hole



The distance from the blast to the monitoring point



The geological conditions the vibration is required to pass through



Confinement and coupling of the explosive within a blasthole

Ground vibration is measured in terms of velocity (mm/s). The most common method
for the prediction of vibration levels from blasting is the scaled distance equation which
Commercial-in-Confidence
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relates the level of vibration to the maximum instantaneous charge weight and
distance between the blast and the sensitive receiver. The ground conditions will
control the rate the vibration attenuates which can be determined for a given site.
In the absence of site-specific data, modelling has been based on a vibration
attenuation equation developed from blasting activities conducted in similar
Adelaidean sediments. Presented in Figure 4.1: Vibration regression analysis is plot
of measured vibration levels versus scaled distance (relationship between the
distance from the source and the instantaneous charge weight).
1000

PPV (mm/s)

100

10

1

0.1
1

10

100

1000

Scaled Distance (m/kg)
data points

Average

95 percentile

Figure 4.1: Vibration regression analysis

Equation 1 is based on a 95% confidence level has the following form:

PPV95%

Where PPV

 R 

 2325
 Q



1.60

……(1)

peak particle velocity in millimetres/second;

R

distance between source and point of measurement in metres;

Q

effective charge weight per delay in kg.

It should be noted that the predictions based on the 95 percentile are considered the
upper limit, with the average levels likely to be around 50 percent lower.

4.1.1

Mitigation Measures for Controlling Ground Vibration

The critical factors with respect to the control of ground vibration are the amount of
explosive detonated per delay and the distance from the blast to the sensitive
receiver. Therefore, as blasting activities approach the neighbouring residences, a
reduction in effective charge weights may be required. This can be achieved by
various modifications to the blast design which can include:


A reduced cut length



A reduced blast hole diameter
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Lower density explosive products



Downloading blast holes (decoupled charges)



The use of electronic detonators to provide greater flexibility and accuracy in
initiation timing, minimising the likelihood of vibration enhancement from
multiple blast holes

Once explosive quantities have been determined for a specified blast, it is critical that
accurate quantities be loaded into each blast hole and checked against the design
plan. It is also important that the initiation sequence be designed to ensure there is
adequate delay between blastholes, minimising the effect of vibration enhancement
and reducing peak levels. In recent years, the use of electronic detonators has
become more prevalent. This initiation method allows for greater flexibility and
accuracy over initiation timing providing greater control.

4.2

Air Overpressure
Air overpressure relates to the air borne vibration produced from the blast. It is less
affected by the charge weight and geological conditions, but is significantly influenced
by the following factors:


The degree of explosive confinement



Topographic relief



Orientation of the blast



Initiation timing



Atmospheric conditions

Similar to vibration prediction, a scaled distance equation is the most common method
for prediction of air overpressure impacts. Given the variability in blast orientation and
atmospheric conditions, modelling and prediction of air overpressure impacts is more
difficult than ground vibration.
In relation to surface blasting activities, measured data has been used to establish
Equation 2 for the prediction of peak air overpressure levels:

 R 

dBL  166  24 log
 3 Q


Where dBL

….(2)

Peak overpressure in dB(Linear);

R

distance between source and point of measurement in metres;

Q

effective charge weight per delay in kg.

With respect to the underground blasting activities, impacts relating to air
overpressure are only anticipated in the initial stages of the decline development close
to the portal. Monitoring data measured both in the near and far field from
development blasting close to the portal has been used to Equation 3 which has the
following form:

dBL  165  19.9 log R 
Where dBL
R
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The above attenuation equation is based on “favourable” blasting conditions with
added control measures as detailed in section 4.2.1.
Overpressure levels will attenuate as the decline progresses underground. Previous
investigations have indicated that levels can reduce by around 5dB(L) when 300
metres down the portal. Once the underground operation is established and blasting
is occurring well down in the workings, air overpressure from production blasting
should pose no issues and is unlikely to reach the surface.

4.2.1

Mitigation Measures for Controlling Air Overpressure

The sources of air overpressure include the vibration of the rock mass, the movement
of the rock at the bench face and the venting of gases through the collar or free face.
Peak levels resulting from venting of gases can be minimised with the implementation
of tight controls over blast loading practices. The impact of the vibration of the rock
mass or movement of the face will require modifications to the blast design. In order
to address this it may include one or more of the following measures:


Increased confinement through increased burdens and/or stemming



Reduction in the surface area of the free face



Reduction in blasthole diameter



Reduction in charge weights



Reduction in cut length



Modifications to initiation sequencing

It should be noted that whilst such modifications will assist in reducing environmental
impacts, there may also be a detrimental effect in terms of blast performance and
efficiency.
Peak overpressure levels are likely to result from the initial development phase of the
decline when blasting is close to the surface. This may require the use of added
suppression methods which can include one or a combination of the following:

4.3



Shields at the portal



Blast curtains



Physical barriers in the decline



Insulation

Safety Measures
Blasting practices require some movement of rock to facilitate the excavation process.
The extent of movement is dependent on the scale and type of operation. The surface
blasting proposed for the Bird In Hand Project would be in line with a construction or
small scale quarrying operation and is only very short term during the initial
construction phase. Key design and implementation factors include the following:


adequate confinement of explosives with respect to both stemming heights
and burdens to be maintained at all times



downloading of blastholes if minimum burden requirements are not met



accurate loading of charge weights ensuring holes are not overloaded



appropriate distribution of the energy within the blast

Commercial-in-Confidence
© Copyright Saros (Australia) Pty Ltd – 2017

p.10
TA-14 - Bird In Hand Gold Project Blasting Impact Assessment v1.0.docx

Terramin Australia – Bird In Hand Gold Project Blasting Impact Assessment



depth to the top of the explosive column to be checked with explosive product
to be removed from overloaded holes prior to adding stemming material



use of appropriate stemming material



additional control measures to be applied when assessed as necessary

The processes which control air overpressure levels and flyrock are the same and
therefore, the restrictions imposed to blasting activities based on regulatory
compliance requirements should in turn act as a safety control, restricting the extent
of rock displacement.
Should blast clearance zones extend to the location of identified receptors, timely
notification of blasting activities should be supplied. This should include a clear plan
indicating the blast location, proposed time and extent of blast clearance area.
Consistency in the firing times where possible can also minimise inconvenience and
disruption.

5.

BACKGROUND MONITORING
As part of the baseline monitoring program, Terramin undertook a series of
background vibration measurements over a 12 month period from May 2016, through
to April 2017. This was conducted at two locations adjacent to the eastern boundary
of the mine lease. This included Location 1 – South and Location 2 – North, as
indicated in Figure 2.1.1: Bird In Hand – Sensitive receptors and monitoring locations.
More recently, air overpressure monitoring has also been conducted at Location 1 –
South. Results of the baseline monitoring are summarised in Table 5.1: Summary of
baseline ground vibration and air overpressure results measured at BIH between May
2016 to April 2017.
Table 5.1: Summary of baseline ground vibration and air overpressure results measured at
BIH between May 2016 to April 2017
Location

Vibration Unit

Location 1 - South

BE12247

Location 2 - North
Location 2 - North

Vibration (mm/s)

Start

End

1/05/2016

4/05/2016

BE13865

1/05/2016

23/05/2016

0.11

0.11

BE13865

16/06/2016

9/07/2016

0.11

0.11

Location 2 - North

BE13865

15/07/2016

22/08/2016

0.11

0.11

Location 2 - North

BE13865

2/09/2016

26/09/2016

0.11

Location 2 - North

BE13865

21/12/2016

14/01/2017

Location 1 - South

BE12247

4/04/2017

27/04/2017

Overpressure dB(L)

99.9%

99.8%

99.5%

99.0%

99.9%

0.10

0.10

0.10

0.08

not recorded

99.0%

0.11

0.11

not recorded

0.11

0.11

not recorded

0.11

0.11

not recorded

0.11

0.11

0.11

not recorded

0.11

0.11

0.11

0.11

0.32

0.29

0.25

0.22

95.0%

not recorded
116.10

109.50

101.90

Percentages refers to the level that the recorded peaks were equal to or lower than

The vibration and air overpressure levels detailed in Table 5.1 relate to the upper limit
of the respective percentile band. The analysis indicates that ground vibration levels
at Location 2 - North did not exceed 0.11mm’s second on 99.9% of the monitoring
period. Ground vibration levels of this magnitude are considered to be within noise
floor of the monitoring instrumentation. A time series plot of the peak vibration levels
recorded at Location 2 - North is presented in Figure 5.1: Histogram plot of peak
background vibration levels recorded at Location 2 – North. Whilst the data indicates
very low background levels, random localised vibration peaks are evident in the data
with a maximum level of 0.69mm/s.
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More recent monitoring at Location 1 – South has seen evidence of occasional
elevated levels, with a 99.9% level of 0.32mm/s. This may be a result of the closer
proximity to Bird in Hand Road.
Air overpressure levels recorded at Location 1 – South during the month of April 2017
highlighted the potential for extraneous sources to influence peak levels. The data
indicates that 0.1% of the measured peaks were above 116dB(L) which exceeds the
recommended compliance limit relating to blast induced overpressure. It is likely these
peak levels have been driven by environmental factors such as wind.

Figure 5.1: Histogram plot of peak background vibration levels recorded at Location 2 - North

6.

BLASTING IMPACTS IN PERSPECTIVE
There has been extensive international research into the effects of blast vibration and
overpressure on both personal amenity and the potential for structural damage.
Similarly, the community, fauna and structures are subject to both vibration and air
overpressure resulting from non-blast related sources on a regular basis.

6.1

Sources of Vibration
The limits as recommended in AS2187.2 are based on minimising human discomfort
and are well below the levels likely to produce structural damage. It is important to
note that the likely vibration limits with which the Bird In Hand Gold Project will need
to comply with are amongst the most stringent international compliance requirements.
To highlight the conservative nature of these vibration limits, Figure 6.1 - Everyday
sources of vibration induced in residential dwellings details a range of common
vibration sources around the typical residential household.
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Figure 6.1: Everyday sources of vibration induced in residential dwellings

Activities such as jumping, slamming doors or hammering in a nail can produce
vibration levels in excess of compliance criteria. Similarly, daily temperature
fluctuations causing expansion and contraction within residential structures can
produce strains equivalent to vibration levels which are more than 7 times the 10mm/s
interim limits.

6.2

Sources of Air Overpressure
Air overpressure is simply the pressure difference, relative to “normal” or “ambient” in
air pressure. This means that it is not limited to blasting but is influenced by anything
that causes fluctuations in pressure which can include:


Wind



Lightning



Trucks



Trains



Fireworks

In order to demonstrate the influence of environmental factors on overpressure levels,
Saros undertook a study over a 1 month period by correlating wind speed
measurements with peak overpressure levels recorded adjacent to a large scale open
pit mine. Over the 1 month monitoring duration, in excess of 370,000 overpressure
measurements were obtained as illustrated in Figure 6.2 - Wind speed vs
overpressure measurements over a 1 month period. More than 4,500 (>1%) non-blast
related events exceeding the 115dBL level, with a maximum level in excess of
135dBL.
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Figure 6.2: Wind speed vs overpressure measurements over a 1 month period

Like ground vibration, overpressure decays rapidly with distance from the blast area,
however this decay depends greatly on the weather conditions at the time of blasting.
As with audible noise, wind tends to concentrate overpressure meaning the downwind
receivers will experience higher levels than receivers at the same distance up wind.
Overpressure travels through the air at a slower speed than ground vibration travels
through the ground and will therefore arrive at a location sometime after the ground
vibration (approximately 3 seconds for every kilometre from the source).
Overpressure interacts with structures as it passes and may cause rattling of
windows, doors etc. The level of overpressure required to cause damage to building
has been well researched and extremely high levels are required to cause minor
damage (i.e. broken windows >150dBL).

7.

MODELLING OF BLASTING IMPACTS
The modelling conducted by Saros of blast induced impacts including ground vibration
and air overpressure have been based on the attenuation equation as discussed in
Section 4. Predictive models have been developed for each phase of the mining
process based on the blasting practices to be implemented and the location of the
activities for that period. This section details the modelling procedures and results
which have been graphically represented as surface contour plots.

7.1

Surface Blasting – Construction Phase
Modelling associated with the initial construction phase has assumed a worst case
scenario with blasting required in both the boxcut and access road cutting. Design
have assumed blasting the full depth of excavation including both 5 metre and 10
metre benches.
Presented in Figure 7.1a: Bird in Hand – Extent of blast induced ground vibration
during the construction phase is the extent of the predicted peak vibration levels
generated from the construction blasting. Predicted vibration levels are not anticipated
to exceed 5 mm/s at any of the sensitive receptors.
Figure 7.1b: Bird in Hand – Extent of blast induced overpressure during the
construction phase details the extent of peak air overpressure levels generated from
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blasting activities during the initial construction phase. Given the extent of the
115dB(L) contour, this would indicate air overpressure levels would also be compliant.

7.2

Decline Development
The modelling of ground vibration impacts from the development of the decline have
been based on a typical development heading with a maximum charge per blasthole
of 5 kilograms and assuming an attenuation rate as defined by Equation 1. The
modelling also takes into consideration the increased depth of the decline as it
progresses underground. As presented in Figure 7.2a: Bird in Hand – Extent of blast
induced ground vibration from the decline development, the 5mm/s vibration contour
is contained within the mining lease. As the decline progresses to the southeast, the
increased depth of the underground workings provides sufficient separation with the
surface.
With respect to the development of the decline, prediction of overpressure impacts
have been based on Equation 3, assuming favourable blasting conditions with added
control measures. No allowance has been made for directionality based on the
orientation of the portal which should provide added conservatism in the modelling.
Illustrated in Figure 7.2b: Bird in Hand – Extent of blast induced overpressure from
the decline development is the extent of the predicted overpressure levels from the
decline development. It is important to note this is based on the initial blasting close
to the portal, with levels attenuating as the decline progresses underground.

7.3

Production Blasting
Based on the cut-and-fill mining method for ore recovery, the blasting practices for
the production phase are consistent with the development blasting. The modelling of
the production blasting has been based on a 4 metre advance, with a maximum
charge per blasthole of 5 kilograms. Figures 7.3a to 7.3e detail the extent of the
vibration contours based on each year of production over a five (5) year period from
2019 through to 2023. Over the course of the five (5) year production phase, peak
vibration levels 5mm/s are not anticipated to reach the surface. The contour plans
illustrate the reduction in the impacts at the surface as the mine progresses
underground.
Given the depth and network of the underground workings during the production
phase of the mine, air overpressure levels from the production blasting are not
anticipated to impact on the surface.

7.4

Underground Infrastructure
In addition to the neighbouring sensitive receptors, modelling of blasting impacts was
also performed for critical underground infrastructure. This included the underground
magazine and primary ventilation fans. A reverse modelling exercise was conducted
to establish the extent of peak vibration levels at the critical infrastructure for various
sections of the decline development. Figures 7.4a Vibration levels generated from
development blasting on the underground magazine details the predicted peak
vibration level generated at the magazine for various sections of the decline. The
modelling indicates that not much separation is required for the vibration levels to
attenuate significantly.
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Figure 7.4a: Vibration levels generated from development blasting on the underground
magazine

Similarly, Figure 7.4b: Vibration levels generated from development blasting on the
primary vent fan details the predicted vibration impacts on the primary vent fans from
subsequent development blasting. Once again, the impacts are considered minimal
with vibration levels quickly dropping below 10mm/s and should not pose any
concerns to this critical infrastructure.

Figure 7.4b: Vibration levels generated from development blasting on the primary vent fan
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8.

MONITORING PROGRAM
It is important that a comprehensive blast monitoring program be established to
assess compliance and provide a platform for the ongoing management and
improvement of blasting practices. The monitoring program should includes the
following:


measurement of ground vibration and air overpressure levels (where required
in initial construction phase)



blast design and loading details



blast location



geological and ground conditions

Compliance monitoring program is to be undertaken adjacent to or at the closest
sensitive receptors. Monitors are configured to record waveform events and/or
continuous peak levels to allow for the verification of results and determine the
influence of extraneous factors including localised activity and environmental factors.
In the case where a registered complaint is received, monitoring should be conducted
at the complaint location for a sufficient period of time to check compliance.
All relevant blast design and monitoring information is maintained in a consistent
format and within a database that is easily accessible to all personnel responsible for
the design and loading of blasting practices.

9.

CONCLUSIONS
The blasting impact assessment has been undertaken for each phase of the mine
development including the surface construction, decline development and production
phases. Analysis and modelling of vibration and air overpressure impacts has been
based on site data measured from representative blasting practices and geological
conditions. The key findings from the study are as follows:














Surface blasting associated with the construction phase is likely to be
restricted to the boxcut and road cuttings for the access road
Given the cut-and-fill method of mining proposed for the Bird In Hand Gold
Project, underground blasting practices are consistent for both the
development and production phases and are considered to small scale
The modelling indicates blast practices during all three phases of the mine
(construction, development and production) can be conducted safely and
maintain compliance with regulatory limits
The extent of the 5mm/s vibration limit is expected to be contained within the
mining lease boundary during development blasting.
Vibration impacts at the surface will reduce over the life of the mine with the
increased in depth of the mining operations
Air overpressure impacts are only anticipated during the early stages of the
project, including construction blasting and the initial decline development
Once the mine has progressed to the production phase, air overpressure
impacts from blasting are not anticipated to impact on the surface
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Vibration levels induced by subsequent underground blasting including the
continuation of the decline development and production activities are not
anticipated to pose any concerns key underground infrastructure
Recommendation for consistent blast firing times where possible and timely
notification to neighbouring sensitive receptors that may be directly affected
by the blasting activities
Regulatory compliance limits are based on human comfort levels rather than
damage thresholds, and therefore, compliance with the licence conditions will
minimise human discomfort and prevent any likelihood of damage to
neighbouring structures
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