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2 List of Terms and Abbreviations 
(After A Rustan, 1998) 

Air Blast Air blast is the airborne shock wave or transient generated by an 
explosion.  The most damaging cases of air blast are caused by 
unconfined surface charges.  The units for air blast are dB 
(logarithmic scale) or KPa (linear scale). 

ANFO ANFO is a balanced mixture of ammonium nitrate and fuel oil.  It is 
a non-water-resistant explosive ideally composed of about 94% 
ammonium nitrate and 6 % fuel oil. 

Compressive wave This is a vibration wave that has the direction of vibration, which is 
compression and rarefaction, parallel to the direction of travel. 

Decked charges Explosives charges that are separated from other charges in a hole 
by inert material or air. 

Detonating cord An initiating line with a core of high explosives that detonate on 
initiation. 

Emulsion/emulsion explosives Emulsion explosives are water-resistant explosives containing a 
super-saturated solution of ammonium nitrate that is mixed with 
oil and stabilisers to make an emulsion.  

Fly Rock Fly rock are any rock fragments thrown unpredictably from a blast. 

Fuel Oil Fuel oil is the fuel used in ANFO or other emulsion explosives 
product.  It is usually diesel or other oil that has a low volatility. 

Ground Vibration Ground vibration is the vibration of the ground induced by elastic 
waves emanating from a blast 

Heavy ANFO/blend Emulsion explosives that contain ANFO prills in it.  A Heavy ANFO 
normally contains more than 50% by weight ANFO.  A blend 
contains less than 50% by weight ANFO prills in it. 

PPV Peak particle velocity.  This is the peak velocity of a particle or the 
peak vibration amplitude in a vibration trace recorded by a 
geophone.  Units are mm/s 

Presplit A presplit is a vertical crack in the rock that has been created by a 
specialised blasting method.  This crack defines the back wall of a 
blast ad is aimed at producing a well-defines safe wall to work 
under. 

Stemming Stemming is an inert material such as drill cuttings, gravel, clay, 
screened aggregate etc. which is inserted into the collar of a 
blasthole after charging with the aim of sealing the hole 
temporarily in order to prevent the venting of gases, reduce air 
blast and contain fly rock. 
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Stoichiometric balance When an explosives formulation is stoichiometrically balanced, it 
means that the components that make up the product are mixed in 
the optimal ratios to make sure that there is sufficient carbon and 
hydrogen to mix with all the oxygen.  If there is excess oxygen, it 
will mix with free nitrogen to make poisonous nitrous fumes. 

Unconfined Charges An explosives charge placed on surface and surrounded by air.  
Explosives that are in blastholes that are over-charged or holes that 
do not contain stemming material are essentially unconfined. 

Unstemmed Holes Unstemmed holes are blastholes that do not contain any 
stemming. 
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3 Executive Summary 
 

An impact evaluation of blasting for the New Largo Project opencast mine has been conducted and is 
reported in this document.  The impacts related to blasting induced vibration, air blast, fly rock, dust, 
and fumes have been evaluated. Their impact on structures, people and animals has also been 
evaluated.  

It is clear that mitigation measures will be needed when mining comes to within 1200 m of the Wilge 
Village, which will be negatively impacted by vibration, air blast and dust.  This will occur between 2035 
and 2055.  Mitigation measures (management control) will be necessary for vibration and fly rock 
control, which will have the most severe negative impact under uncontrolled conditions.   

Road closures will be necessary when blasting at an unsafe distance from any public road. A risk 
assessment, fly rock mitigation measures and an assessment of their effectiveness will determine the 
safe distance.  Usually it is possible to reduce the distance of impact to 500 m if appropriate blasting 
techniques are used. 

With mitigating measures in place, as outlined in this report, all significance ratings will be low to 
insignificant for blasting impact. This includes an evaluation of negative impact on the following 
receptors that surround the proposed mine: 

• People 
• Buildings 
• N12 highway, R545, N4 
• Transnet infrastructure  
• Power lines and other Eskom infrastructure 
• The Phola-Kusile Coal Conveyor 

 

A number of management control measures have been proposed for mitigating the negative impact on 
blasting for each of the impacts (vibration, air blast, fly rock, dust, fumes and water pollution) that 
would otherwise result in a more severe significance rating. 

The integrity of boreholes further than 100 m from blasting will not be negatively impacted by blasting 
vibration.  This report does not cover the impact of blasting on the water table, as this receptor is not 
affected by blasting. 

An estimate of the costing for the required mitigation measures has been supplied to Anglo Coal.  
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4 Study Approach  

4.1 Study Methodology 
This report provides an impact evaluation for blasting of the opencast New Largo Colliery.  The report is 
based on specialist knowledge, and information provided in the literature concerning ground vibration, 
air blast, dust, fumes and fly rock and on the opencast strip mining method.  It is also based on the blast 
designs and bench heights for overburden and interburden provided in the information pack provided 
by Synergistics (Pty) Ltd (Synergistics).  

The work is a desk-top exercise that involves specifically the determination of the impact of blasting 
activities during the strip mining operations (overburden, interburden and coaling) during the 
operations phase of mining activities.  These are divided into the following blasting impacts: 

1. Vibration  
2. Air blast and fly rock  
3. Dust and fumes 
4. Water contamination 
 

The receptors that are considered are the existing infrastructure, houses and the people living in the 
area, graves and water sources in the area. 

Mitigation measures regarding blasting practice, monitoring and controls required to limit the impact of 
blasting on the surrounding areas is provided. 

 

4.2 Study Team and Qualifications  
The project team comprises A J Rorke.  His qualifications are as follows: 

B.Sc. (Eng.) Mining Geology (Wits) 

M.Sc. (Geology) RAU 

A CV is attached in Appendix 2 to this document.  

 

4.3 Assumptions, Exclusions and Limitations 

4.3.1 Exclusions 
During the Construction and Decommissioning phases of the mine, there will be no blasting activities, or 
they will be minor compared to the major overburden, interburden and coal blasting operations during 
the Operational Phase.  Decommissioning will involve demolition of all structures and this is highly likely 
to involve blasting of structures and foundations. 



Blasting Impact Assessment for the proposed New Largo Colliery based on New Largo Mine Plan 6 

A J Rorke AJR_NL001_2011 Rev 4 9 
 

This report therefore concentrates on the Operational Phase of the mining. 

The impact from the Phola-Kusile Coal Conveyor is not relevant to blasting, but the impact of blasting on 
this structure, other Eskom infrastructure, roads and the Transnet oil pipeline is addressed.  

Properties that fall within the planned mining areas are not considered in this report, as the mine will 
need to purchase these from their owners to allow for the mining. 

 

4.3.2 South African legislative and standards frameworks 
In South Africa, there is no specific legislation pertaining to blasting vibration, air blast and fly rock 
control.  However, limiting criteria on vibration published by the US Bureau of Mines (USBM) and the US 
Office for Surface Mining (OSM) are generally accepted. 

Currently, the South African DMR is drafting a set of guidelines and standards for vibration and air blast 
control in South Africa.  The standards will be closely aligned with international standards such as the 
USBM and OSM vibration limiting criteria. 

 

4.3.3 Equator Principles 
The impact of blasting covers the following Equator Principles: 

1. Principle 2: Social and Environmental Assessment  
2. Principle 4: Action Plan and Management System 
3. Principle 9: Independent Monitoring and Reporting 
 

4.3.4 Assumptions 
Attenuation rates for vibration are site-specific and depend on the geology.  Because no blasting has yet 
taken place on the mine, a scaled distance attenuation equation has been applied to estimate vibration 
amplitudes.  It is generally conservative in predicting vibration and has worked successfully for other 
operations in the Witbank area.  In reality, actual vibration amplitudes should be lower than those 
predicted for this study.  

 

4.4 Uncertainties and Knowledge Gaps 
Loud bangs have a negative impact on animals.  An example is the stress on pets from the noise of fire 
crackers going off.  Uncontrolled blasting that generates high air blast levels produces pressure waves in 
the atmosphere that is also likely have a similar effect of frightening farm animals.  In such uncontrolled 
situations, animals can be impacted up to distances of 10 km depending on wind direction and 
atmospheric conditions.  The effect of this impact on animals is not clear.  However, controlled blasting 
produces low air pressure amplitudes and the frequency of the air blast is usually low.  In other words, 
controlled blasting is a relatively quiet activity that should not impact on any animals.  The fact that an 
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animal’s feed project has been successful close to the Eikeboom and Middelburg Opencast Coal Mines 
suggests that blasting does not have a negative impact on animals.  

The negative impact on children will be the same as for adults.  To mitigate this, peak particle velocities 
(PPV’s) will need to be controlled to values that are below 7 mm/s where there are people.  The limits 
are described under baseline environment.   

 

4.5 Outstanding Issues  
 There are no outstanding issues. 
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5 Description of Baseline Environment 
Blasting generates short duration events that are noticeable by communities and individuals living in the 
immediate environment.  These events tend to be emotive because of structural response (resonance) 
to vibration and air blast and are easily recognized as being related to blasting. 

People living in the area are likely to be familiar with blasting activity at the nearby Vlakfontein and 
Klipspruit strip coal mines.   

A baseline crack survey determining the condition of each building within 1200 m of blasting will be 
required before blasting begins.  It is inadvisable to do this now, as many houses will deteriorate 
naturally between now and the time that blasting starts. 

6 Impact Assessment  

6.1 Project Impacts  

6.1.1 Receptors 
There are a number of sensitive receptors that will require management control in order to minimize 
the impact of blasting.  Of particular concern are structures and buildings within an approximate 1200 m 
radius of the areas where the opencast mining is to occur. The buildings and people within this zone will 
be most susceptible to high vibrations in uncontrolled mining. This is more critical in the areas where 
overburden blasting will be deepest as illustrated in Figure 1. 

6.1.2 Description of Project Impacts  

6.1.2.1 Influence of Blasting Practice on Vibration and Air blast 
 

A few basic factors influence ground vibration amplitudes.  These are: 

1. The charge mass fired per instance in time.  The larger the charge mass, the higher the 
amplitude of the ground vibration.  The charge mass can be limited by timing blasts so that 
holes fire one at a time or by reducing the blasthole diameters.  These practical measures 
have a marked influence on vibration amplitudes. 

2. The distance from the blast.  Vibration energy is attenuated in the rock through friction, 
reflections and increased distribution of the wave front as distance increases from a blast.  
Normally, structures that are farther from blasting experience lower amplitudes than those 
closer to blasting.   

Air blast is the air pressure wave generated by a detonation.  Air blast amplitudes are strongly 
influenced by the following factors: 
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1. Unconfined charges produce very high air pressure waves.  Unconfined charges are those 
that are not confined in a hole that is properly stemmed.  Examples are lay-on charges used 
for secondary blasting purposes and detonating cord that is sometimes used for connecting 
holes to time a blast.  The amplitude of the air blast is proportional to the mass and the 
surface area of the exposed charge.  Limiting the use of unconfined charges is important to 
controlling air blast amplitudes.  

2. Ineffective stemming material, unstemmed holes (often used in presplit blasts) and 
overcharged holes all create high air blast amplitudes and increase the risk of fly rock.  Blast 
designs and control during application are the two important factors in helping to combat 
excessive air blast levels from these sources.  Blasts that are the noisiest are usually coal or 
parting blasts that are improperly stemmed or presplit blasts that are normally fired 
unstemmed. 

3. High air blast levels can also be generated by insufficiently confined charges, such as 
blastholes that are under-burdened. 

4. Atmospheric conditions can amplify air blast amplitudes to damaging levels.  High wind 
velocities, thick cloud cover or temperature inversions are the main amplifying factors.  
Normally, well-designed and controlled blasts, where all holes are properly stemmed and 
the blast is correctly timed, amplification effects are insignificant.  However, these effects 
become very significant with poor control and air blast related damage, such as broken 
window panes or loosened ceilings, can occur as far as 10 km from a blast under certain 
atmospheric conditions. 

Air blast is more commonly a problem to nearby homeowners than vibration, because it is felt through 
response of large surfaces such as ceilings and windows.  Homeowners usually confuse these effects as 
being caused by ground vibration.  The result is that complaints are more frequent for noisy blasts that 
may be small, than for large well-controlled blasts. 

Attenuation and Prediction of Peak Amplitudes 

It is possible to predict, with a degree of confidence, the peak amplitude of the ground vibration wave 
by scaling the distance from the blast as a function of the charge mass fired per delay in the blast.  This is 
referred to as the scaled distance relationship (Equation 1) and takes the following form (Borg et.al., 
1987): 

    

Equation 1 

b

W
RaC
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Where C is the peak amplitude or peak particle velocity, R is the distance between the blast and the 
point of concern and W is the charge mass detonated per delay or instance in time.  The constants a and 
b are site-specific constants that are a function of the transmission properties of the rock mass.  The 
constants a and b are usually determined from vibration measurements at a specific site.  However, no 
data is available for the area, and general constants have been applied.  These constants do not have 
units. 

 

  a = 1143 

  b = -1.65 

 

These are conservative estimates, and it is likely that vibration amplitudes will be lower than predicted 
using these constants.   

 

6.1.2.2 Air Blast  
Due to varying atmospheric conditions, it is more difficult to predict air blast levels with certainty.  
Persson et al (1994) have published a general-purpose attenuation equation that can be used as an 
approximate guide: 

 

Equation 2 


















R
Wp

3
1

4107  

 

 

Where p is the predicted air blast amplitude in Pascals, W is the exposed charge mass per delay in kg 
and R is the distance from the source in metres. 

Equation 2 is only relevant for exposed charge masses.  Under normal blasting conditions, the charges 
will be confined and air blast levels will be much lower.  To limit disturbance to neighbours (humans and 
animals), air blast amplitudes must be lower than 128 dB at any monitored point.  

6.1.2.3 Influence of Blasting Practice on Fly Rock, Dust and Poisonous Fumes 
The factors that cause high air blast levels are the same as those that cause dangerous fly rock and 
excessive dust.  In well-controlled blasts where stemming lengths and quality are applied as per design, 
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and blastholes are not under-burdened, fly rock and dust will be easily contained to within the mining 
area. 

Poisonous fumes can occur when blasting.  These are mainly nitrous oxide fumes that are red or yellow 
in colour.  They occur when explosives do not detonate efficiently or when they are incorrectly 
formulated. 

6.1.2.4 Water Pollution 
ANFO is soluble in water resulting in higher concentrations of nitrates in the water.  This is a risk when 
water from the blast area or storage silos finds its way into the ground water or streams.  The most 
effective way of containing this risk is to use explosives that are water-proof.  Such explosives do not 
dissolve in water. 

 

6.2 Blasting Method Impact on Vibration (Mine Plan 6) 
The direction of mining is illustrated in Figure 1.  The deepest overburden mining occurs in 2018 to 2019 
for Dragline 1 and in 2045 for Dragline 2.  The increase in overburden depth will lead to increased hole 
depth and increased charge mass per hole.  From Equation 1, it is clear that and increase in charge mass 
per hole will result in an increased PPV.   

The designs that have been proposed by Crosby (2006) all assume the use of 311 mm holes in 
overburden and interburden blasting.  Mining depth has been used to calculate the charge mass per 
hole for 311 mm, 250 mm and 171 mm diameter holes and the vibration (PPV) at different distances 
from the blasting.  This information is presented in the charts in Figure 2, Figure 3 and Figure 4 for 
vibration amplitude of 7 mm/s, which is a maximum for human concern, but is well below damaging 
levels for brick and mortar houses and any other structures (Appendix 1).  The curves are useful because 
they show how the limiting vibration of 7mm/s extends further as overburden depth increases.  The 
interburden information has not been presented because it is overshadowed by the deeper mining 
depths of the overburden. 



Blasting Impact Assessment for the proposed New Largo Colliery based on New Largo Mine Plan 6 

A J Rorke AJR_NL001_2011 Rev 4 15 
 

 

Figure 1. Plan showing mining directions based on the planned mining sequence.  The deepest areas of 
overburden mining are shown and labelled as Max OB.  These areas will generate the highest vibration 
levels from blasting because of the increased charge mass needed in the longer blastholes. 

  

 

Figure 2.  Curves showing the distance at which a vibration peak (PPV – Peak Particle Velocity) of 7 
mm/s will occur with varying overburden depth over time.  These curves are plotted for Dragline 1.  The 
values of 311, 250 and 171 refer to different hole diameters in mm that can be used in blasting 
overburden. 
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Figure 3. Curves showing the distance at which a vibration peak (PPV– Peak Particle Velocity) of 7 mm/s 
will occur with varying overburden depth over time.  These curves are plotted for Dragline 2. .  The values 
of 311, 250 and 171 refer to different hole diameters in mm that can be used in blasting overburden. 

 

 

 

Figure 4. Curves showing the distance at which a vibration peak (PPV– Peak Particle Velocity) of 7 mm/s 
will occur with varying overburden depth over time.  These curves are plotted for the Truck and Shovel 
mining areas. .  The values of 311, 250 and 171 refer to different hole diameters in mm that can be used 
in blasting overburden. 
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Contour lines for the 7 mm/s limit are plotted in Figure 5 showing the approximate planned distances at 
which the limits will occur in plan. 

  

 

 

Figure 5.  Contours for 7 mm/s predicted PPV using Equation 1 and three different hole diameters.  
People, buildings and structures outside these contours will not have any significant negative impact from 
vibration.  The contour for 171 mm diameter holes assumes a full column charge.  The contour line will 
move much closer to the blasting areas when deck charges are used in the blastholes.  Deck charging 
will need to be designed at the time of mining to achieve the required vibration control. 
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6.3 Graves 
There are a few graves in the area and some will end up being quite close to the mining area.  Generally, 
the soil in old graves is well compacted and will not be impacted by vibration any more than the 
surrounding soil structure.  Any headstones that have survived natural degradation for a number of 
years should be able to withstand vibration amplitudes similar to or in excess of normal buildings.  At 
worst, soil compaction or liquefaction starts to occur at vibration amplitudes above 150 mm/s.   

 

6.4 Gas Emissions from Blasting 
When explosives detonate, they generate nitrogen, carbon dioxide and water vapour.  These are 
presented as proportions by mass of explosives used in Table 1.  These gasses are produced for 
explosives that are stoichiometrically balanced.   

Table 1.  Approximate proportions of explosives gas emissions from the explosives that have been 
specified in the blast design.  Note:  these values are approximate because they differ slightly depending 
on the specific formulation of the explosives product being used. 

 

ANFO  
(% by weight) 

Emulsion  
(% by weight) 

CO2 11 17 
N2 27 22 
H20 62 61 

 
100 100 

 

These gases are non-poisonous and therefore do not have an impact.  There are trace amounts of 
ammonia and nitrous fumes that produce the characteristic smell to blasting fumes just after a blast.  
These quickly dissipate and do not extend more than a few hundred metres from a blast. 

When explosives are not stoichiometrically balanced or poor blasting practices are applied, the amount 
of nitrous fumes can increase.  These are visible as orange to deep red fumes.  They are highly toxic and 
measures (addressed later in this report) will be needed to prevent nitrous fumes should they occur. 

 

6.5 Dust 
Dust generated by blasting can become a concern, especially dust generated by coal blasting. Residents 
living down-wind may experience an increased level of black dust settling in their houses.  This could 
also impact the Paint Shop noted in the Issues and Response Reports.  It should be noted, however, that 
the dust generated by blasting occurs for a short duration at blasting time as opposed to dust generated 
by dragline or coal loading operations. 

Based on the wind patterns, the highest wind velocities are east-west.  This will mean that the Wilge 
Village and Phola will be most affected by dust from blasting in unmitigated situations. 
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Dust is assessed in separate specialist report 

6.6 Impact of Blasting on Wells and Aquifers 
A literature review was conducted for the impacts resulting from blasting induced vibration, and this 
review showed that damage to the aquifers in the area is unlikely to result.  It has been established that 
vibration of earthquake magnitude and frequency is needed for damage to become apparent. 

6.6.1 Water oscillation 
The information provided in this Section is based on work published by Oriard (2005). 

It is possible for water in open wells to respond to seismic waves caused primarily by dilatation that 
occurs in the aquifer as a result of a passing vibration wave.  The factors that have an impact are: 

a. The dimension of the well and its construction detail 
b. The rock/soil formation (porosity and transmission properties) 
c. The period and amplitude of the seismic wave and its type 

 
In measurements, during some earthquakes, the water level fluctuated in response to the passage of 
the different wave forms, but did not produce long term or permanent changes. However, in a few cases 
strong earthquakes appeared to result in some permanent changes in the aquifers, but the physical 
effect that is responsible is not understood. 

Oriard is not aware of any such effects for lower level elastic vibrations that would be associated with 
blasting.  He notes that the strain levels from earthquakes are far greater and transmitted to far greater 
distances than blasting vibrations. He notes that the effects on aquifers seen from strong ground motion 
caused by earthquakes is not present where vibration particle velocities are lower than 20 mm/s 

The oscillation of the water is strongly dependent on the frequency of the vibration wave.  In 
earthquakes, very low frequencies are generated (periods greater than 10 seconds) which are similar to 
the resonant frequencies of aquifer systems, thus causing the water level fluctuations.  Blasting 
generates much higher frequencies (periods of a fraction of a second), and thus would not cause the 
water system in an aquifer to respond to the vibration. 

6.6.2 Damage to rock 
The pressure induced in an aquifer by the passage of a seismic wave can be determined as follows: 

Equation 3 

ܲ =  ܸܿߩ

 

P is the pressure in KPa,  is the density of the medium (soil or rock) in kg/m3, V is the particle velocity in 
mm/s and c is the compressive wave propagation velocity through the rock in m/s. 

Based on this relationship, the induced pressures for different particle velocities are provided in Table 2. 
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Table 2. Induced pressure in an aquifer as a function of particle velocity (vibration). This is based on a 
wave propagation velocity of 3000 m/s and a rock density of 2650 kg/m3. 

Particle Velocity 
(mm/s) 

Induced Pressure 
(KPa) 

1 7.95 
5 39.75 

10 79.50 
15 119.25 
20 159.00 

100 795.00 
200 1590.00 
300 2385.00 
400 3180.00 
500 3975.00 
600 4770.00 
700 5565.00 
800 6360.00 
900 7155.00 

1000 7950.00 
 

 

Weak rock begins to fail at particle velocities above 600 mm/s which are equivalent to a pressure of 
about 5000 KPa (Table 2). With reference to Equation 1, which provides an estimate of likely particle 
velocity amplitudes as a function of distance from blasting, the particle velocity will exceed 600 mm/s at 
distances closer than 100 m from blasting. Therefore damage to the aquifer host-rock by blasting 
vibration is very unlikely at distances greater than 100 m from blasting. 

 

6.7 Cumulative Impacts 
There may be concern from homeowners about the cumulative effects of vibration and air blast on 
cracking and fatigue in their homes.  Exhaustive research reported by Siskind et al (2000) has shown that 
buildings do not suffer cumulative effects for over 600 blasts at PPV’s above 12.7 mm/s.  During the life 
of the mine no privately-owned buildings are likely to be subjected to such high levels of vibration so 
frequently. 
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6.8 No-Go Areas 
As a summary, the following no-go areas should apply for vibration and fly rock. 

6.8.1 Transnet Pipeline and Pumping Station Infrastructure 
Vibration amplitudes should not exceed 25 mm/s and blasting should not encroach closer than 100 m to 
any Transnet pipeline.  This is specified by Transnet. 

The Transnet pipeline is mostly buried, but there are sections that are exposed in the vicinity of the 
pump-station. In these areas, fly rock mitigation will be important and under mitigation, blasting can be 
carried out as close as 100 m to exposed pipelines and the pumping station. 

6.8.2 Houses 
Vibration amplitudes at houses and buildings occupied by people should not exceed 7 mm/s.  Normally 
houses can withstand much higher amplitudes, but the response of people to vibration is a conservative 
limiting criterion to apply. 
 
At houses occupied by people, air blast amplitudes should not exceed 128 dB. 

There is no limit to how close blasting can come to houses, as long as fly rock, vibration and air blast 
levels are contained to the required limits. This would mean very stringent mitigation measures to 
achieve these limits when blasting in close proximity to nearby houses, such as the Wilge Village. 
However, with correctly designed blasts, blasting can safely come to within 200 m of houses.  Any 
blasting that occurs closer than a safe distance from houses will require evacuation of the houses for 
mitigating fly rock risk. 

6.8.3 Eskom Pylons 
The prescribed vibration limit by Eskom at any pylon is 75 mm/s.  This is a conservative limit and pylon 
damage is more likely to occur as a result of ground shift during blasting. 

Blasting can be carried out underneath Eskom power lines, as long as Eskom are aware of this and they 
have given their permission to continue.  To protect the pylons, a pillar needs to be left around each 
pylon.  Mining sequence underneath a power line must be designed with a view to preventing the risk of 
the pillars remaining around the pylons being displaced along horizontal bedding panes by reaction 
forces in blasting. 

6.9 Impact Tables 
The impact Tables in the following pages are based on the impact assessment methodology outlined in 
Appendix 3.
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Mitigating Measures Significance 
with 

Mitigation 

Vibration Impact         

Buildings within 1200 m of blasting 
A, B, C, D, G, I, K 

3 2 4 3 High Moderate Vibration limited to 7 mm/s and vibration 
monitoring at closest buildings to blasting 
activity 

Low 

Buildings outside 1200 m of blasting 
Phola, Kendal Forest Holdings, 
Farmsteads and farmworker housing 

3 2 2 2 Low Low   Low 

N4 3 2 1 2 Low Negligible  Negligible 
N12 3 2 1 2 Low Low Design blasts for vibration amplitudes 

below 150 mm/s at any part of the road 
Negligible 

R 545 3 2 1 2 Low Low Design blasts for vibration amplitudes 
below 150 mm/s at any part of the road 

Negligible 

Graves 3 2 1 2 Low Low   Low 

Phola-Kusile Conveyor 3 2 2 2 Low Low   Low 

Power Lines 3 2 4 3 High Moderate Blast according to ESKOM requirements Low 

Wells/boreholes 3 2 1 2 Low Negligible   Negligible 

Transnet pipeline 3 2 4 3 High Moderate Design blasts for vibration amplitudes 
below 25 mm/s at any part of the pipeline 

Negligible 

Other pipelines 3 2 4 3 High Moderate Design blasts for vibration amplitudes 
below 50 mm/s at any part of the pipeline 

Negligible 

Vlakfontein U/G oil storage facility  3 2 4 4 Extreme High Design blasts for vibration amplitudes 
below 150 mm/s at any part of the 
underground boundary pillar 

Low 
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Air Blast Impact         

Buildings within 1200 m of blasting 
A, B, C, D, G, I, K 

3 2 4 3 High High Apply air blast control measures including 
stemming control and use only of 
noiseless initiation systems 

Low 

Buildings outside 1200 m of blasting 
Phola, Kendal Forest Holdings, 
Farmsteads and farmworker housing 

3 2 4 3 High High Apply air blast control measures including 
stemming control and use only of 
noiseless initiation systems 

Low 

N4 3 2 1 2 Low Negligible   Negligible 

N12 3 2 1 2 Low Negligible   Negligible 

R 545 3 2 1 2 Low Negligible   Negligible 

Graves 3 2 1 2 Low Negligible   Negligible 

Phola-Kusile Conveyor 3 2 1 2 Low Negligible   Negligible 

Power Lines 3 2 1 2 Low Negligible   Negligible 

Wells/boreholes 3 2 1 2 Low Negligible   Negligible 

Transnet pipeline 3 2 1 2 Low Negligible   Negligible 

Other pipelines 3 2 1 2 Low Negligible   Negligible 

Vlakfontein U/G oil storage facility  3 2 1 2 Low None   None 
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Fly Rock Impact         

Buildings within 1200 m of blasting 
A, B, C, D, G, I, K 

3 2 5 4 Extreme Very High Apply fly rock control measures, including 
stemming control to limit fly rock to within 
mining area. 

Low 

Buildings outside 1200 m of blasting 
Phola, Kendal Forest Holdings, 
Farmsteads and farmworker housing 

3 2 1 2 Low Negligible   Negligible 

N4 
3 2 1 4 Low Negligible  Negligible 

N12 3 2 4 4 Extreme Very High Apply fly rock control measures, including 
stemming control to limit fly rock to within 
the mining area. Close roads when blasting 
closer than a safe distance from the road 

Negligible 

R 545 3 2 4 4 Extreme Very High Apply fly rock control measures, including 
stemming control to limit fly rock to within 
the mining area. Close roads when blasting 
at an unsafe distance from the road 

Negligible 

Graves 3 2 1 4 Low Negligible   Negligible 

Phola-Kusile Conveyor 3 2 4 3 High High Fly rock control measures, including 
stemming control to limit fly rock to within 
the mining area.   

Low 

Power Lines 3 2 4 4 Extreme Very High Apply fly rock control measures, including 
stemming control to limit fly rock.   

Low 

Wells/boreholes 3 2 1 2 Low Negligible   Negligible 

Transnet pipeline 3 2 1 2 Low Negligible   Negligible 

Other pipelines 3 2 1 2 Low Negligible   Negligible 

Vlakfontein U/G oil storage facility  3 2 1 2 Low None   None 
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Dust and Fumes         

Buildings within 1200 m of blasting 
A, B, C, D, G, I, K 

3 2 5 4 Extreme Very High Dust control measures including effective 
stemming lengths and corrective action 
when nitrous fumes are generated in a 
blast 

Low 

Buildings outside 1200 m of blasting 
Phola, Kendal Forest Holdings, 
Farmsteads and farmworker housing 

3 2 4 3 High High Dust control measures including effective 
stemming lengths and corrective action 
when nitrous fumes are generated in a 
blast 

Low 

N4 
3 2 1 4 Low Negligible  Negligible 

N12 3 2 2 4 High Negligible If dust and fumes have blown onto the 
road, keep road closed they have 
dissipated sufficiently  to allow clear 
visibility on the road 

Negligible 

R 545 3 2 2 4 High Negligible Keep road closed until dust and fumes 
have dissipated. 

Negligible 

Graves 3 2 1 3 Low Low Dust control measures including effective 
stemming lengths and corrective action 
when nitrous fumes are generated in a 
blast 

Negligible 

Phola-Kusile Conveyor 3 2 1 2 Low Negligible   Negligible 

Power Lines 3 2 1 2 Low Negligible   Negligible 

Wells/boreholes 3 2 1 2 Low Negligible   Negligible 

Transnet pipeline 3 2 1 2 Low Negligible   Negligible 

Other pipelines 3 2 1 2 Low Negligible   Negligible 

Vlakfontein U/G oil storage facility  3 2 1 2 Low None   None 
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Water contamination         

Buildings within 1200 m of blasting 
using boreholes and water for 
farming 
A, B, C, D, G, I, K 

3 2 3 4 High High Use water insoluble explosives and 
effective silo bunding for PPAN and 
emulsion 

Negligible 

Buildings outside 1200 m of blasting 
Phola, Kendal Forest Holdings, 
Farmsteads and farmworker housing 

3 2 3 4 High Moderate Use water insoluble explosives and 
effective silo bunding for PPAN and 
emulsion 

Negligible 

N4 3 2 1 2 Low Negligible   Negligible 

N12 3 2 1 2 Low Negligible   Negligible 

R 545 3 2 1 2 Low Negligible   Negligible 

Graves 3 2 1 3 Low Negligible   Negligible 

Phola-Kusile Conveyor 3 2 1 2 Low Negligible   Negligible 

Power Lines 3 2 1 2 Low Negligible   Negligible 

Wells/boreholes and streams 
downstream from storage and 
blasting areas 

3 3 3 4 High High Use water insoluble explosives and 
effective silo bunding for PPAN and 
emulsion 

Low 

Transnet pipeline 3 2 1 2 Low Negligible   Negligible 

Other pipelines 3 2 1 2 Low Negligible   Negligible 

Vlakfontein U/G oil storage facility  3 2 1 2 Low None   None 
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7 Mitigation, Management and Monitoring Measures  
The required mitigation measures are normal for blasting operations in sensitive areas, and do not 
present any technical challenges.  

7.1 Vibration 
The impact of vibration on people and buildings will be most severe in the Wilge area of the mine, 
where buildings will end up being very close to the mining operation.  The negative impact from blasting 
vibration will be felt unless the following measures are in place: 

 

1. All overburden blasting that occurs closer than 1200 m from any house should be designed 
to reduce the charge mass per delay and thus limit vibration to below 7.0 mm/s in these 
areas where people live.  This can be done by reducing hole diameters or introducing 
multiple charge decks into each hole or a combination of these two. 

2. Holes will need to be fired one at a time during a blast at distances closer than 2000 m from 
any third party structures.  This is best achieved using accurate detonators. 

The blasting designs of an experienced explosives engineer to control the vibration will have to be based 
on seismic characterization of the area during the early stages of mining in the north.  The explosives 
contractor will be able to assist in carrying out this work, which will provide site-specific attenuation 
curves and signature traces.  These tools are necessary for effective blast designs to control vibration. 

7.2 Air Blast 
Air blast control will be critical to maintain the goodwill of neighbours around the mine.  The areas 
where the risk of air blast is highest are: 

1. Coal blasting 
2. Presplit blasting 
3. Blasting of narrow parting layers between coal seams 
4. Over-charged blastholes 
 

The measures that are needed to contain air blast to acceptable levels are: 

1. Leave a layer of about 5 m of undisturbed softs above the top of the overburden blasts 
whenever possible.  This will act as a blanket to contain air blast, dust and fly rock.   

2. Stem all holes, except presplit holes to a minimum length of 20 hole-diameters. 
3. If air blast levels from presplit blasting exceed 128 dB at points of concern, introduce a 

stemming plug at the top of each presplit hole.  The stemming plug should be about 11 hole-
diameters in length.  Presplit holes should be fired with short inter-hole delays to limit the 
effects of amplification through constructive interference. 
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4. Remove explosives from the top of over-charged holes before the holes are stemmed. 
5. Apply a quality stemming material in all blastholes, including holes in coal blasts.  An 

example would be screened aggregate with a size being about 10% of the hole diameter. 
6. Do not use detonating cord surface lines and lead-in lines.  Only noiseless initiation systems 

should be used, such as shocktube systems or electronic delay detonators. 
7. Fire all holes, including presplit holes, with delay intervals between each hole in a blast. 
8. Match the hole diameter in coal and parting blasts to bench height to accommodate the 

necessary minimum stemming length of 20 hole diameters.  

 

7.3 Fly Rock 
Fly rock in strip mining needs to be controlled by providing adequate quality stemming in each blasthole 
as outlined for air blast control.  Strict control needs to be applied to prevent the occurrence of over-
charged holes. 

Under-burdened holes in the front of a blast must be avoided, and control will be necessary if fly rock 
extends further than the dragline spoil piles. 

For safety, it will be necessary to apply a safety distance from each blast during the blast.  This distance 
must be defined by management based on fly rock history in blasts further away and using third party 
expert advice. 

All public roads that are close to any blasting must be closed to a safe minimum distance during the 
blast. 

A safe distance must be determined through risk assessments in the early stages of mining where 
blasting will be far from any risk areas. 

7.4 Dust and fumes 
The measures provided for air blast and fly rock control also apply to dust control. 

Should any nitrous oxide fumes be observed during a blast, blasting activity should be halted and the 
cause of the fumes identified and corrected.  Causes include poor charging practices, incorrect 
explosives formulation or holes that are too close together in softer formations. 

7.5 Water pollution 
Water pollution occurs from dissolved explosives salts.  To prevent this occurring, the following 
measures should be applied: 

1. Use water-proof explosives. This includes pure emulsion explosives and heavy ANFO blends 
that contain more than 50 percent emulsion.  This excludes ANFO, which is less commonly 
used in South Africa coal mines.  Heavy ANFO’s are more energetic than ANFO and therefore 
will ultimately lower the cost of drilling and blasting compared to the use of ANFO. 
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2. Provide effective bunding to contain spillages of explosives from storage silos and when 
transferring explosives materials to and from the silos. 

 

7.6 Legal Requirements 
The installation of storage silos for explosives materials and magazines require specific environmental 
impact assessment and authorization from the Department of Minerals and Energy and Chief Inspector 
of Explosives.  This is normally the responsibility of the explosives company contracted to supply the 
explosives, but will depend on the contractual agreement between the mine and the explosives 
supplier. 

 

7.7 Monitoring programme for implementation 
Vibration and air blast monitoring will be needed for all blasts to make sure that the limits are being 
achieved and to provide an indication of when modifications are needed to the blasting method to 
correct for increased vibration and air blast levels.   

The best method is to have permanent vibration stations installed at strategic positions that are 
maintained and monitored by a third party.  A minimum of three stations will be needed, these being at 
the western boundary of Phola, the northern boundary of Kendal Forest Holdings and at the closest 
house to blasting in the Wilge Village.  Although vibration amplitudes are likely to be well below the risk 
of any damaging levels at Phola and Kendal Forrest Holdings, the risk of complaints from air blast may be 
high if air blast control measures are not being properly applied.  Blasting seismographs measure 
vibration and air blast, and management will need to take corrective action if air blast levels become too 
high. 

It will also be necessary to monitor vibration and air blast at any farmstead or building that is closest to 
the current blasting. 

 

7.8 Pre-blast house surveys 
It will be important to carry out pre-blast crack surveys of each house or permanent building that is 
located closer than 1200 m from the proposed blasting.  Even though damage is unlikely at such 
distances, it engenders a sense in the community that the mine cares about the condition of homes and 
protects both the owners of the structures and the mine in the case of litigation.   

Pre-blast crack surveys should be done before blasting starts.  It may be necessary to repeat this survey 
at annual or bi-annual intervals to track the changes in cracks and other damage with time. 

It is inadvisable to carry out a baseline pre-blast crack survey too long before mining starts because 
many houses will deteriorate with time due to natural forces such as daily temperature variations and 
changes in water content in the ground. 
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7.9 Limiting permanent ground displacement 
Apart from ground vibration and fly rock control, special precautions will be needed to contain the risk 
of permanent rock displacement.  This occurs commonly in coal mining areas, where blasting next to an 
overburden pillar (Figure 6) can result in the pillar displacing horizontally along the coal seam and 
damaging any structure running across the pillar such as roads, power lines and pipelines.  Pillar 
geometries must be identified before blasting occurs on any side of the pillar and expert advice sought 
to prevent the risk of displacement occurring. 

 

 

Figure 6. Cross-sectional illustration of how reaction forces in a blast can result in permanent 
displacement of an overburden pillar (bold arrow) and cause damage to structures on top of the pillar 
such as roads, pylons, pipelines and conveyor lines. 

8 Conclusions and Key Findings  
The most important findings of this report are: 

1. The Wilge Village will suffer the highest negative impact for blasting related vibration, fly rock 
risk, dust and fumes.  The farmsteads within 1200 m of mining will also have a high negative 
impact significance from the same causes.  Mitigation measures will need to be applied 
consciously to keep the negative impact significance to Low when blasting closer than 1200 m to 
these structures.   

2. Mitigation measures will be needed to control vibration to within specified limits when mining 
within 500 m of the Transnet Pipeline and Eskom infrastructure such as power lines, pipelines 
and the Phola Kusile conveyor. 

3. The Phola Township and the Kendal Forest Holdings will not be subjected to any vibration risk, 
but they will be subjected to air blast and possible fly rock risk (north part of Kendal and west 
side of Phola), and mitigation measures will be needed to keep the negative impact significance 
to Low. 

4. Graves and wells are unlikely to be impacted by blasting vibration. 
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5. Public roads (N12, R545) will not be impacted negatively by vibration, but will have a High 
negative impact significance for fly rock and dust.  This will become Low when applying the 
specified mitigation measures. 
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10 Appendix 1 Standards and guidelines 

10.1 Ground Vibration Limits 
2.1.1 Building response to ground vibration 

Although there are no formalized limits to vibration, the US Bureau of Mines limits are commonly 
applied in South Africa.  The limiting curve is shown in Figure 7 and has been developed from empirical 
studies (Siskind et.al. 1980). 

The limiting curve in Figure 7 represents the limit for potential cosmetic damage to a house.  The 
maximum ground vibration amplitudes are frequency dependent with higher frequencies allowing 
higher peak amplitudes.  Most modern blasting seismographs will display the vibration data in terms of 
the USBM limiting criterion.  In general, at lower frequencies, the ground vibration should not exceed 
12.7 mm/s, but at higher frequencies, the limit can increase to 50 mm/s.   

 

10.1.1 Human response to ground vibration 
Although buildings can withstand ground vibration amplitudes of 12.7 mm/s or more, depending on the 
frequency, human beings are easily disturbed at lower levels.  Table 3 provides typical human response 
to ground vibration 

Ground vibration levels received at a structure of 0.76 to 2.54 mm/s are quite perceptible, but the 
probability of damage is almost non-existent.  Levels in the 2.54 to 7.6 mm/s can be disturbing and 
levels above 7.6 mm/s can be very unpleasant, although permanent damage is unlikely. 

Human perception is also affected by frequency.  The approximate human response curves are 
combined with the USBM limiting curve for damage in Figure 8.   These curves slope in the opposite 
direction.  In other words, humans are more tolerant to low frequency vibrations.    

To avoid damaging buildings, the USBM limiting curve should be applied.  However, to avoid constant 
complaints and possible litigation from neighbours, the vibration should preferably be kept beneath the 
unpleasant curve and definitely be kept beneath the intolerable curve.  A limit of 7 mm/s is 
recommended.  This limit should restrain complaints and will prevent the risk of blast induced damage 
to most buildings, including informally constructed buildings that are very common in the area1. 

                                                             
1 Most informally constructed buildings usually suffer damage as a result of naturally induced strains from 
temperature changes and humidity changes.  Naturally induced strains are commonly much higher than blast 
induced strains, so the mine should be aware of the likelihood of this type of damage and bring it to the attention of 
homeowners before blasting by carrying out pre-blast crack surveys. 
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Figure 7. USBM curve that is generally used in South Africa.  (After Chiappetta, March 2000). This is a 
very conservative limit as it applies to structures build with timber frames and dry walls. Brick and mortar 
buildings are much stronger and will withstand much higher vibration amplitudes without damage. 

 

Table 3. Human response to vibration (Chiappetta, 2000) 

Effects on Humans Ground Vibration Level 
mm/s 

Imperceptible 0.025 – 0.076 

Barely perceptible 0.076 – 0.254 

Distinctly perceptible 0.254 – 0.762 

Strongly perceptible 0.062 – 2.540 

Disturbing 2.540 – 7.620 

Very disturbing 7.620 – 25.400 
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Figure 8. Human response curves compared with potential damaging limits.  (After Chiappetta, 2000) 

  

10.1.2 Vibration on other Structures 
Vibration limits have been published in the literature for different types of equipment and structures. 
Although these may differ slightly from application to application, the guidelines by Bauer and Calder 
(1977) are based on empirical information.  These limits are provided in Table 4. 

Table 4. Vibration amplitudes for structures and equipment other than buildings. 

Type of Structure Type of Damage PPV at which 
Damage starts 
(mm/s) 

Rigidly mounted mercury switches Trip-out 12.7 
Concrete blocks (e.g. floor slabs) Hairline cracks in concrete 203 
Cased drill holes Horizontal offset 381 
Mechanical equipment (e.g. pumps and 
compressors) Shaft misalignment 1016 

Prefabricated metal buildings on concrete 
pads 

Cracked floor, building twisted and 
distorted 1524 

 

10.1.2.1 Eskom Power Lines 
Eskom places a limit of 75 mm/s at its pylons.  This is a conservative limit as the steel structure of each 
pylon and the concrete foundation blocks can both withstand significantly higher vibrations. 
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10.1.2.2 Public Roads 
For public roads, such as the R545, the N4 and the N12, risk of desegregation of the road material will 
start to appear at vibration amplitudes of the vertical component above 150 mm/s.  Vibration levels at 
these structures need to be kept below 150 mm/s. 

10.1.2.3 Telkom Relay Tower 
Structurally, towers will be able to withstand relatively high vibration at frequencies above 5 Hz.  
However, the electronic circuitry will be more sensitive, and a ground vibration limit of 10 mm/s is 
applicable. 

10.1.2.4 Pipelines (Water and Transnet) 
The limit at which pipelines will start to become damaged is high.  Blasting near pressurized steel 
pipelines has taken place safely at PPV’s in excess of 50 mm/s in South Africa. Unless the pipelines are in 
very poor condition or made of old concrete/asbestos, a level of 50 mm/s will be safe. 

Transnet has prescribed a limit of 25 mm/s on their pipeline that runs close to blasting operations along 
the N12 highway. 

10.1.2.5 Conveyors 
The steel conveyor structure will withstand very high vibrations and the concrete plinths will remain 
undamaged by ground vibration up to 200 mm/s. 

 

10.2 Air Blast Limits 
Based on work carried out by Siskind et.al. (1980), monitored air blast amplitudes up to 135 dB are safe 
for structures, provided the monitoring instrument is sensitive to low frequencies (down to 1 Hz).  
Persson et.al. (1994) have published the following estimates of damage thresholds based on empirical 
data (Table 5). 

Table 5. Damage limits for air blast 

120 dB Threshold of pain for continuous sound 
>130 dB Resonant response of large surfaces (roofs, ceilings).  Complaints start. 
150 dB Some windows break 
170 dB Most windows break 
180 dB Structural Damage 

 

Although an air blast level of 135 dB is safe for structures, it is recommended that a limit of 128 dB be 
applied at any monitoring point. 
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I am a Blasting Specialist and the Director of Blasting Technology at BME.   

I have operated as a consultant in blasting since 1990.   

I live in Johannesburg, South Africa.   

My expertise include blast optimisation for mining and environmental control, blasting related 
environmental studies, development of technologies for blasting (example software and precise 
detonators) and blasting consultancy 

11.1 Experience 
 

1990–Current 
Blasting Consultant 
 Supply a blasting consultancy services to surface and underground mining operations.  This 

work included blast auditing, blast monitoring and optimisation, designs for complex blasting 
problems and wall control.  Modern blast monitoring equipment is used for monitoring of blast 
performance and vibration. 

 Carry out environmental impact studies related to blast induced vibration, noise and dust. 
 Act as an expert witness in litigation cases related to vibration, blast control problems and 

blasting damage 
 Generate blast design software for surface and underground blasting operations.  A number of 

blasting codes have been developed that are being used by the mining industry.  Main 
achievement: The development of the BlastMap blast design software that is used by most BME 
clients. 

 Supervise the development of new technologies in blasting such as BME’s new electronic delay 
detonators 

 Supervise and carry out blasting research projects for underground mines, surface hard rock 
mines and coalmine operations. 

 Develop and provided training courses in underground and surface blasting 
 
During this period, I have consulted to many of the mining and civil contracting operations in South 
Africa, Namibia, Zimbabwe, Zambia, Tanzania, Mali, Botswana, Malawi, Ethiopia, Ghana, 
Mauritania and Guinea.  I have also provided advice for operations in the Philippines, China and the 
UAE. 
In the early 90’s, I formed a private consultancy company, Blastech (Blasting and Geotechnologies 
(Pty) Ltd), that provided a high-tech consultancy and monitoring service to South African mining and 
civil engineering operations. 
I have had numerous papers on blasting technology published at local and international blasting 
conferences.   
I have wide experience in blasting technology in strip coal mines and I have a strong knowledge of 
techniques in blasting to maximise coal exposure rates whilst containing vibration, air blast and fly 
rock. 
 
1987 - 1990 Chamber of Mines Research Organization, Johannesburg 
Research Project Manager 
 Planned and managed a rock de-stressing project for deep level gold mines. 
 Applied sophisticated drill and blast methods and fluid injection methods to relieve stress in 
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rockburst prone areas. 
 
 
1985–1986 AECI Ltd, Johannesburg 
Blasting Physicist 
 Provided blasting consultancy service mainly to open cast mines. 
 Involved in blast simulations and numerical modelling of blasts. 
 Set up a rock testing lab and rock testing procedures for input into blast models. 

 
1979–1985 Chamber of Mines Research Organization, Johannesburg 
Research Engineer 
 Conducted research in rockburst source mechanisms. 
 Managed a number of seismic projects on different deep-level gold mines for measuring rock 

burst phenomena. 
 Involved with computer coding to analyse seismic data. 
 

1976–1978     Kloof Gold Mining Company, Johannesburg 
Learner Miner 
 Production miner and shift boss in tunnelling and stoping projects 
 Learner miner. 
 
 
 

11.2 Education 

1982-1983 Rand Afrikaans University, Johannesburg 
 MSc degree in Geology focusing in Seismology (With distinction) 

1970-1975 University of the Witwatersrand, Johannesburg 
 BSc (Mining Geology) degree in Engineering. 
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11.3 Recent Publications  

A J Rorke, 2007, An evaluation of precise short delay periods on fragmentation in blasting, 
EFEE Conference, Vienna, Austria. 

A J Rorke, 2005, Wave interference patterns: predicting vibration concentrations from blasting 
using precise detonators, EFEE Conference, Brighton, UK 

A J Rorke, S Thabethe. 2004, Large-hole blasting next to a pillar supporting a public road.  23rd 
ISEE Symposium, New Orleans, USA  

A J Rorke, 2002, Strict Blasting Control in a High Production Hard Rock Mine, Seventh 
International Symposium for Rock Fragmentation by Blasting, Beijing, China 
A J Rorke. 2000, The effectiveness of electronic detonators in surface blasting.  BAI 2000 
International High Tech Blasting Seminar, Orlando, USA. 

A J Rorke and J Botes. 2000, Highwall control measures at Optimum Colliery.  BAI 2000 
International High Tech Blasting Seminar, Orlando, USA. 

A. M. Milev  S. M. Spottiswoode M. W. Hildyard A. J. Rorke and G. J. Finnie.  2000, Simulated 
rockburst – source design, seismic effect and damage. ISRM Symposium, Seattle, USA. 

A. J. Rorke and A. M. Milev.  1999, Near field vibration monitoring and associated rock 
damage.  Sixth International Symposium for Rock Fragmentation By Blasting, Johannesburg, 
South Africa. 
 
 

11.4 Affiliations 

Associate Member of the International Society of Explosives Engineers 

Fellow of the Institute of Quarrying 

Organising Committee, Fragblast 6 

 

11.5 Personal Details 

Name:   Anthony John Rorke 

Age:   59 
Address:  15 Morgenster Crescent, Lonehill Ext 8, South Africa, 2062 

Phone Work:  +2711 709 8765 

Home:  +2711 467 9414 

Mobile:   +2783 676 1408 

Fax  Work:  +2711 463 3023 

Home:  +2711 467 9414 

E-mail Work:  tony.rorke@telkomsa.net 
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 Private: tony.rorke@telkomsa.net 

Married Status: Married 

Wife’s Name:  Janice (Janey), aged 54 

Children:  Nichola (31), Bronwyn (27) and Simon (21) 

Dependents:  2 (wife and Simon) 

Health:   Excellent 

Hobbies:  Photography, Computers, Sailing, Wine Collecting, Model Aircraft 

Sporting Activities: Gym, Hiking 
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12 Appendix 3 – Risk Assessment Methodology 
The first stage of risk/impact assessment is the identification of environmental activities, aspects and 
impacts. This is supported by the identification of receptors and resources, which allows for an 
understanding of the impact pathway and an assessment of the sensitivity to change. The definitions 
used in the impact assessment are given below. 

1. An activity is a distinct process or task undertaken by an organization for which a responsibility 
can be assigned. Activities also include facilities or pieces of infrastructure that are possessed by 
an organization.  

2. An environmental aspect is an ‘element of an organizations activities, products and services 
which can interact with the environment’2. The interaction of an aspect with the environment 
may result in an impact. 

3. Environmental risks/impacts are the consequences of these aspects on environmental 
resources or receptors of particular value or sensitivity, for example, disturbance due to noise 
and health effects due to poorer air quality. Receptors can comprise, but are not limited to, 
people or human-made systems, such as local residents, communities and social infrastructure, 
as well as components of the biophysical environment such as aquifers, flora and palaeontology. 
In the case where the impact is on human health or wellbeing, this should be stated. Similarly, 
where the receptor is not anthropogenic, then it should, where possible, be stipulated what the 
receptor is. 

4. Receptors comprise, but are not limited to people or man-made structures. 
5. Resources include components of the biophysical environment. 
6. Frequency of activity refers to how often the proposed activity will take place. 
7. Frequency of impact refers to the frequency with which a stressor (aspect) will impact on the 

receptor. 
8. Severity refers to the degree of change to the receptor status in terms of the reversibility of the 

impact; sensitivity of receptor to stressor; duration of impact (increasing or decreasing with 
time); controversy potential and precedent setting; threat to environmental and health 
standards. 

9. Spatial scope refers to the geographical scale of the impact. 
10. Duration refers to the length of time over which the stressor will cause a change in the resource 

or receptor. 

The significance of the impact is then assessed by rating each variable numerically according to defined 
criteria as outlined in Table 6. The purpose of the rating is to develop a clear understanding of influences 
and processes associated with each impact. The severity, spatial scope and duration of the impact 
together comprise the consequence of the impact and when summed can obtain a maximum value of 
15. The frequency of the activity and the frequency of the impact together comprise the likelihood of 
the impact occurring and can obtain a maximum value of 10. The values for likelihood and consequence 

                                                             
2 The definition has been aligned with that used in the ISO 14001 Standard. 
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of the impact are then read off a significance rating matrix (Table 7), and Table 8 is used to determine 
whether mitigation is necessary3.   

The assessment of significance should be undertaken twice. Initial significance is based only on natural 
and existing mitigation measures (including built-in engineering designs). The subsequent assessment 
takes into account the recommended management measures required to mitigate the impacts. 
Measures such as demolishing infrastructure, and reinstatement and rehabilitation of land, are 
considered post-mitigation.  

The model outcome of the impacts is then assessed in terms of impact certainty and consideration of 
available information. The Precautionary Principle is applied in line with South Africa’s National 
Environmental Management Act (No. 108 of 1997) in instances of uncertainty or lack of information by 
increasing assigned ratings or adjusting final model outcomes. In certain instances where a variable or 
outcome requires rational adjustment due to model limitations, the model outcomes are adjusted.   

Table 6. Criteria for assessing significance of impacts 

Severity of impact RATING 
Insignificant / non-harmful 1 
Small / potentially harmful 2 
Significant / slightly harmful 3 
Great / harmful 4 
Disastrous / extremely harmful 5 

 

Spatial scope of impact RATING 
Activity specific 1 
Mine specific (within the mine boundary) 2 
Local area (within 5 km of the mine 
boundary) 

3 
Regional 4 
National 5 

 

Duration of impact RATING 
One day to one month 1 
One month to one year  2 
One year to ten years 3 
Life of operation 4 
Post closure / permanent 5 

 

  

                                                             
3 Some risks/impacts that have low significance will however still require mitigation 

CONSEQUENCE 
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Frequency of activity/ duration of aspect RATING 
Annually or less / low 1 
6 monthly / temporary 2 
Monthly / infrequent 3 
Weekly / life of operation / regularly / likely 4 
Daily / permanent / high 5 

 

Frequency of impact RATING 
Almost never / almost impossible 1 
Very seldom / highly unlikely 2 
Infrequent / unlikely / seldom 3 
Often / regularly / likely / possible 4 
Daily / highly likely / definitely 5 

 
 

Table 7. Significance Rating Matrix 

CONSEQUENCE (Severity + Spatial Scope + Duration) 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 

7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 

8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 

9 18 27 36 45 54 63 72 81 90 99 108 117 126 135 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

 

  

LIKELIHOOD 
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Table 8. Positive/Negative Mitigation Ratings 

 

Significance 
Rating 

Value Negative Impact Management 
Recommendation 

Positive Impact 
Management 

Recommendation 

Very high 126-150 Improve current management Maintain current 
management 

High 101-125 Improve current management Maintain current 
management 

Medium-high 76-100 Improve current management Maintain current 
management 

Medium-low 51-75 Maintain current management Improve current 
management 

Low 26-50 Maintain current management Improve current 
management 

Very low 1-25 Maintain current management Improve current 
management 

 

 


