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EXECUTIVE SUMMARY
Blast Management & Consulting (BM&C) was contracted to provide a recommended blast design
for blasting operations and perform a review of possible impacts with regards to blasting operations
at the proposed Isundu sub station project. Ground vibration, air blast, fly rock and noise are some
of the aspects that could occur as a result from blasting operations. The report seeks to predict the
expected levels of ground vibration, air blast, fly rock and noise that may occur and the possible
influence on the surrounding private installations and sensitive Rainbow Chicken operations. The
report intends to provide information, calculations, predictions, possible influences and mitigations
of blasting operations for this project.
The concerns for blasting impact in the project area consisted of the location of Rainbow Chicken
operations towards the west of the project and further south west the African Bird of Prey
Sanctuary. The evaluation of effects yielded by blasting operations was evaluated for these points
of concern and others surrounding the project area.
Excavation work required is typical civil type blasting. Four areas were identified where blasting
operations will be required. Geotechnical reports provided indicated that these areas require the
establishment of platforms for construction beyond material that can be mechanically excavated.
The geology is such that drilling and blasting will be required. Specific blast designs were prepared
to achieve the required excavation levels. These designs were used for defining possible blast
impacts.
The expected ground vibration and air blast levels were calculated and evaluated. The levels of
ground vibration expected at nearest structures showed levels to be well within normal accepted
norms and standards. Levels are such that they will be barely experienced. The ground vibration
level at the nearest lay house of concern which is the second closest structure is significantly low
at 0.4 mm/s. This level is very low will definitely have no influence on structures. Based on the fact
that there is a concern on the wellbeing of chickens in the lay house the author considered a
vibration limit significantly lower than for structures at 6 mm/s. The author is not aware of any
information or research that can support vibration limits for laying chickens. The 6 mm/s is
expected to be low enough not to have any significant influence. Thus with the expected 0.4 mm/s
it can be assumed that possible influence will be insignificant with regards to ground vibration.
Air blast levels from blasting were also predicted. The levels of air blast are again lower than an
anticipated limit of 115 dBL at 94 dBL. It is however not normally air blast that could be problematic
but rather loud and sudden noises. Blasting has the possibility of creating such noises. The
designs make specific provision for increased controls to manage air blast and noise. Stemming
lengths are significantly longer than normal and only electronic initiation is prescribed as the
initiation system. The designs used were also evaluated for possible cratering and found to be
such that little to no surface effects can be expected. The blasting recommended concentrates on
breaking the harder non-rippable tillite material without creating major movement of material. The
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top layers of the geology for the blast areas are soft and machine excavation can be applied. Air
blast levels predicted were also converted to possible noise levels. This is however a new field with
limited evidence that can be applied to correlate data or to confirm the predictions. Based on
equations used and results from research work reviewed the estimated noise levels at the nearest
Rainbow Farm (L14) are predicted to be between 51 dBA to 92 dBA per blast. The average
expected for all installations around the project site is expected to range between 55 dBA and 69
dBA.
Recommendations and mitigations have been provided that can be followed to ensure even lower
levels than the predicted values. The predicted values are based on normal proper blast
preparations. These additional measures will only further assist to ensure that disturbance is well
and properly managed.
The possibility of fly rock was considered and based on normal blasting practices an unsafe zone
of 84 m was identified. No specific structures are of concern for damage within this unsafe range.
In terms of timeframes, a programme based on working on two platforms concurrently, will take
approximately 96 days over a 13.7 weeks period.
In addition it may be added that blasting operations can be conducted relatively anywhere. Blasting
is currently being conducted in Sandton within proximity of high-rise buildings, Gautrain tunnels
and other restrictions very effectively. It is a process of managing the blasting operations and
exercising proper controls.
From a blasting perspective there is no reason to believe that this development cannot take place.
The possible influences of blasting are significantly low and can be managed. However, they will
require experienced and active management and control to keep to the levels predicted in this
report but should be quite possible.
This concludes this investigation of possible impact from blasting operations at the proposed new
Isundu Sub station project.
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Acronyms and Abbreviations

List of Acronyms used in this Report
a and b

Site Constant

ANFO

Ammonium nitrate fuel oil

APP

Air Pressure Pulse

B

Burden (m)

BH

Blast Hole
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Blast Management & Consulting

Bs
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Distance (m)

D
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Expl.

Explosive Mass (kg)
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Environmental Impact Assessment

Freq.

Frequency
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Gas Release Pulse
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Interested and Affected Parties
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Maximum Throw (m)
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m (SH)
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Mc

Charge mass per metre column

N
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NE

North East
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North West
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PPD
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PPV

Peak Particle Velocity

PVS

Peak vector sum
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Rock Pressure Pulse

S
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S
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SDB
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SE

South East

SH

Stemming height (m)
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T

Blasted Tonnage

TNT

Explosives (Trinitrotoluene)

USBM

United States Bureau of Mine

W

West

WGS 84

Coordinates (South African)

WM

With Mitigation Measures

WOM

Without Mitigation Measures

List of Units used in this Report
%

percentage

cm

centimetre

dB

Decibel

dBL

Decibel Linear

dB(A)

Decibel A scale weighted

dB(B)

Decibel B scale weighted

dB(C)

Decibel C scale weighted

G

acceleration

g/cm

3

Hz

frequency

kg
kg/m

gram per cubic centimetre
kilogram

3

kilogram per cubic metre

kg/t

kilogram per tonne

km

kilometre

kPa

kilopascal

m

metre

m

2

metre squared

MJ

Mega Joules

MJ/m³

Mega Joules per cubic meter

MJ/t

Mega Joules per tonne

mm/s
mm/s

millimetres per second
2

millimetres per second square

ms

milliseconds

Pa

Pascal

ppm

parts per million

psi

pounds per square inch

θ
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5

Introduction

Eskom intends increasing its distribution network and is proposing to construct a new substation
with turn-in transmission lines. The location of the Isundu project site is amidst various installations
such as Rainbow Chicken operations, African Bird of Prey Sanctuary, the Lion Park and various
other private owned houses.
The site will require specific ground works to be able to establish the substation. In conducting
ground works there may be a requirement for drilling and blasting to achieve the correct excavation
depths. The ground conditions range from soft to medium hard Tillite material. Pre-test work
indicated that refusal on test pit were in the order of 2.6 m. Excavation requirements deeper than
this 2.6 m may require the use of drilling and blasting operations. It is the objective of this report to
consider the possible influence that may be expected from blasting operations and consider any
mitigation that may be required to conduct the process safely and efficiently.
Blast Management & Consulting has been contracted to provide this evaluation of possible blast
impacts. The evaluation considers the effects from blasting in the forms of ground vibration, air
blast, fly rock and noise. This report predicts, evaluate and make recommendations regarding
these aspects to facilitate and ensure that influence is restricted as best possible.
5.1

Scope of work

The required scope of work for the project can be summarised in the following bullet points. These
points were raised as possible concerns that need to be investigated in the Environmental Impact
Assessment:

Provide some indication of the typical frequency and size of blasting which can generally be
required for a construction project of this size and nature.

Provide an overview of alternative options should blasting not be feasible or desirable and if
these would be likely to have a greater noise or disturbance impact, in comparison to
blasting.




The noise specialist study has concluded that the noise from piling and drilling operations will
not exceed 60 dBA at the closest chicken houses. The measured residual (existing) noise
levels at 15 metres from these chicken houses were in excess of 50 dBA. Provide an expert
opinion on the potential of sudden noise levels from a typical blast to exceed these noise
levels and the feasibility of mitigation measures to ensure these noise levels are not
exceeded at the closest chicken house.
Provide an expert opinion on the potential of blast overpressure to potentially affect
surrounding chickens in these laying houses and the feasibility of mitigation measures to
ensure that no pressure shock waves affect or frighten the chickens.
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Provide an expert opinion on the potential of vibrations from blasting to potentially affect or
frighten the chickens in the surrounding chicken houses and the feasibility of mitigation
measures to ensure that vibration levels are kept to required or minimum levels.



Provide an opinion if any of the impacts identified and mitigated for the closest chicken farm
could still potentially affected the African Bird of Prey Sanctuary being in another direction
from Rainbow Farms.



Provide a summary of feasible mitigation measures that should be incorporated into any
environmental authorisation and tender documentation to ensure the appointed contractor is
legally bound to meet the required blast impact specifications.
Provide recommendations on monitoring options available during construction in order to
ensure that any claims or negative impacts can be verified.
Provide any additional input, issues or recommendations related to the stakeholder concerns
raised.




5.2

Methodology

The methodology applied for the investigation is as follows:
 Determine and identify location of the proposed substation with surrounding
structures.
 Review of the site plan and get an estimate of the type of blasting and size of blasting
likely to be required.
 Calculate expected levels of ground vibration, air blast, fly rock and noise from the
blast designs estimated.
 Evaluate the areas and installations surrounding the site for possible influence from
blasting operations.
 Conduct an impact assessment considering aspects of blasting operations.
 Provide review of alternatives and recommendations in order to conduct blasting
operations, if any, safe and efficiently.

6

Study Area

The proposed location of the Isundu sub station is located on the farm Thorndale portion 1032/23
at Lat/Lon (WGS84) coordinates S29 39 48.7 E30 30 54.3. The site was reviewed using Google
Earth aerial imagery with information provided by ACER (Africa) Environmental Management
Consultants. A site visit was also conducted. The geographical location of the project is shown in
Figure 1. Figure 2 shows detail of the proposed site layout. Indicated on Figure 2 are the nearest
neighbouring installations and structures to the project site.

BM&C Report: Blast Impact Analysis
Page 12 of 58
Report
No.:
Isundu-BlastImpact160510EIAV01-1 (FINAL 26.06.2016)

Eskom Holdings (Soc) Limited
Proposed Isundu 765/400 kV Sub-Station And Turn-In Transmission Lines

Figure 1: Locality of the project area

Figure 2: Proposed area layout
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7

Site Review

7.1

Geotechnical Information

The project consists of establishing and construction of a platform to build the substation and its
various components. The construction plan indicates that there will be cutting and filling areas
required. The cutting areas are areas where blasting will be required. There is currently no specific
blasting plan. Only part of the total area identified will be used for actual substation infrastructure.
Figure 3 shows the footprint of the substation area. Indicated on this figure are areas where cutting
will be required. The site is located on the top of a small hill. Figure 4 shows various cross sections
taken over the area indicating the required depth profiles where cutting will be required and the
depths of such cuttings.

Figure 3: Footprint area
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Figure 4: Cross sections profiles
Data from the geotechnical report indicates that blasting will be required. The initial layers of
material are machine excavated followed by varying degree of hardness rippable by different size
machines. Seismic tests, test pits and laboratory testing were conducted on various areas of the
site. Data from the geotechnical report prepared by Drennan Maud was used to assist with
decisions on the blasting methodology and process. Figure 5 and Figure 6 shows summary of test
results reported in the geotechnical report.
Extracted from geotechnical report:
Inspection pitting indicated that colluvial, residual and completely to highly weathered tillite
classifies as “soft” excavation (SANS 1200D standards). ‘Soft’ excavation is generally expected to
an average depth in the order of 2.5m with an expected range of 2.0/3.0m below EGL.
‘Intermediate’ excavation, requiring hard ripping by D7/D8 plant is expected at an average depth of
between 2.5 and 3.5m with an expected range from between 2.0/3.0m to 3.0/4.0m below EGL.
‘Hard’ excavation requiring blasting is expected below an average depth of 3.5m with an expected
range between 3.0 to 4.0m below EGL. For ease of reference, areas likely to require blasting are
indicated on the site plan.
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Figure 5: Summary of seismic tests from the geotechnical report
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Figure 6: Summary of laboratory tests from the geotechnical report
Information provided indicates that there are mainly four areas that will required excavation by
means of drilling and blasting. These areas are shown in Figure 7 and identified in this report as
Platform 1, Platform 2, Platform 3 and Platform 4.
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Figure 7: Blasting areas for sub station platform on aerial image
The following section provides drilling and blasting operations that will be required for the different
platforms. Blasting will be typical civil blasting and only for a relative short period of time in the first
phase of construction.
7.2

Blasting Operations

A typical civil blast design that could be applicable is provided in Table 1 below. The following
notes are information considered in the designs and additional information that should be
considered.


0.15 m topsoil is removed.



Drill from top after topsoil has been removed to use the soft material height as part of the
stemming length.
Drill contractors will normally insist that a minimum depth must be drilled, thus the deeper
blast holes will be more accommodating.
Drilling only the hard non-rippable material will cause short blast holes to be drilled and this
will required hand drilling – jackhammers. This will change the prospect of the blasting
process as drilling will take longer, more blast holes will need to be drilled and all blasts will
need to be covered by at least 2 m of soil.






The powder factors were calculated for working depth. The working depth is the area that
requires breaking by blasting. The material on top of this is rippable / mechanically
removable.
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Working depth is the hard non rippable material.



The average (Avg.) depth is the depth according to the various sections provided that
crosses each platform.



Average (Avg.) softs are the average depth from sections for material to top of non –
rippable thus classified as rippable material.



Stemming length is the length remaining after charge loaded for the full blast hole depth.





A blast size of 600 blast holes were used as guide for blast holes per blast. This is
expected to be achievable with proper planning.
Planning will include pre-determined timing, quick loading of blast holes and stemming
material placed at each blast hole beforehand.
Stemming material is crushed aggregate with size: +8-12.



Blast layouts will need to be arranged on the longest section of the area intended to blast.



A platform is identified as the four different areas to be drilled and blasted. See Figure 11
for numbering.




Platform area taken from cad plans.
Quantity of blast holes calculated from the platform area divided by the area per blast hole
(burden x spacing).



Frequency of blasts estimated to be 3 blasts per week. This may be 2 per week depending
on the contractor’s capability. It will be imperative that a contractor with proper capability is
appointed for this work. The contractor will need to define his capability and able to provide
at least four drilling and blasting teams. A careful selection process will need to be done.
Standard size explosive charges were used.
All explosives to be cartridge explosives: either 1 or 2 cartridges per blast hole as per
design.







Vibrations were calculated for 4 blast holes detonating simultaneously.




No single blast hole firing will be required.
Electronic initiation and timing must be used. This will exclude any noises from the timing
system.

The information from this design was applied to determine the different areas of possible influence.
Table 1: Technical information for blast designs used
Rig Blasting 76mm
Cross Sections Used

Units

Platform 1

Platform 2

B&F

A, E & G

E

H

Platform Area

m2

11480.00

26830.00

6577.00

22926.00

Qty. Blast holes

ea.

4783.33

11179.17

2569.14

8428.68

Blast hole Area

m2

2.40

2.40

2.56

2.72

Avg. Tot. Depth
Avg. Tot. Depth

m
m

3.38
3.51

4.09
4.12

4.12
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Avg. Tot. Depth
Sect. Avg. Softs
Sect. Avg. Softs
Sect. Avg. Softs
Avg. Softs
Avg. Blast hole Depth
Actual Working Depth
Total Working Depth
Sub drill
Burden
Spacing
Hole Diameter

m
m
m
m
m
m
m
m
m
m
m
mm

2.58
2.69

4.19
2.45
2.61
2.34
2.46
4.7
2.3
2.3
0.6
1.50
1.60
76
AEL Magnum
Buster
Square
3.0
0.560
1.388
4.164
1.68

2.61
4.7
2.1
2.1
0.6
1.60
1.60
76
AEL Magnum
Buster
Square
3.0
0.560
1.388
4.164
1.68

2.58
4.6
2.0
2.0
0.6
1.60
1.70
76
AEL Magnum
Buster
Square
3.0
0.560
1.388
4.164
1.68

2.58
2.61

Drill Pattern
Cartridge Amount
Cartridge Length (50x560)
Cartridge Mass
Total Mass
Charge Length

m
kg
kg
m

2.64
4.1
1.4
1.4
0.6
1.50
1.60
76
AEL Magnum
Buster
Square
2.0
0.560
1.388
2.776
1.12

Stemming

m

2.9

3.1

3.1

2.9

Minimum Stemming
Stemming Ratio
Powder Factor
Blast holes per delay
Total Charge

m

2.6
38.6
0.81
4.00
11.10

2.6
40.3
0.76
4.00
16.66

2.6
40.1
0.77
4.00
16.66

2.6
38.3
0.76
4.00
16.66

2.42
3.89
40

2.33
3.75
38

10592.4
600
5.0
3
1.7
0.43

33557.0
600
15.0
3
5
1.25

Explosives (Typical)

kg/m3

Scaled Depth of Burial
Scaled Depth of Burial
Centre of Charge
Stemming BH Dia. Ratio

SDB
m

Total Meters Drilled
Blast holes / Blast
Qty. Blasts
Blast Frequency / Week
Qty. Weeks
Qty. Months per platform
Total Combined period

m

Months

2.49
3.50
39

2.43
3.90
40

Blast Planning
16495.9
46214.0
600
600
8.0
19.0
3
3
2.7
6.4
0.68
1.6
3.96

Ground Vibration and air blast predictions for 100 m distance increments
100.00
100.00
100.00
100 m Distance
m
4.2
5.8
5.8
PPV Prediction
mm/s
125
127
127
Air Blast Prediction
dBL

100.00
5.8

200.00

200.00

200 m Distance

m

200.00
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1.3

1.9

1.9

1.9

118

120

120

120

m
mm/s
dBL

300.00
0.7

300.00
1.0

300.00
1.0

300.00
1.0

114

115

115

115

400 m Distance
PPV Prediction
Air Blast Prediction

m
mm/s
dB

400.00
0.4

400.00
0.6

400.00
0.6

400.00
0.6

111

112

112

112

500 m Distance
PPV Prediction
Air Blast Prediction

m
mm/s
dBL

500.00
0.3

500.00
0.4

500.00
0.4

500.00
0.4

109

110

110

110

600 m Distance
PPV Prediction
Air Blast Prediction

m
mm/s
dBL

600.00
0.2

600.00
0.3

600.00
0.3

600.00
0.3

107

108

108

108

PPV Prediction
Air Blast Prediction

mm/s
dB

300 m Distance
PPV Prediction
Air Blast Prediction

The total area of the foot print is 443900 m2. The total area to be drilled and blasted is 67813.00
m2. This area is rather large and the time estimated to conduct the total of blasting operations is 4
months. The different areas can be done simultaneously to reduce the time period. The averages
used for the blast holes were taken over the full area of each platform. There may be minor final
areas that will not need drilling as final design on blast holes depths may just be too short. This is
expected to happen only on the edges of the areas.
However, it should also be recognised that contractor performance and capacity, inclement
weather or other site challenges could also extend this blasting programme for longer than four
months.

8

Legal Requirements

The objectives are investigated taking specific protocols into consideration. The protocols applied
in this document are based on the author’s experience, guidelines from literature research, client
requirements and general indicators from the various acts of South Africa. There is no direct
reference in the following acts with regards to requirements and limits on the effect of ground
vibration and air blast specifically and some of the aspects addressed in this report. The acts
consulted were: National Environmental Management Act (Act No. 107 of 1998), Mine Health and
Safety Act (Act No. 29 of 1996), Mineral and Petroleum Resources Development Act (Act No. 28 of
2002) and the Explosives Act Explosives Act (Act No. 15 of 2003).
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The guidelines and safe blasting criteria are according to internationally accepted standards and
specifically applied in this document is the United States Bureau of Mines (USBM) criteria for safe
blasting for ground vibration and recommendations on air blast. There is no specific South African
standard and the USBM is well accepted as standard for South Africa. Additional criteria as
required by various institutions in South Africa i.e. Eskom, Telkom, Transnet, Rand Water Board
etc. was also taken into consideration.
The protocols and objectives will fall within the broader spectrum as required by the various Acts.

9

Consultation process

Afrisand operates a quarry about 6 km south of the proposed project area. This quarry is also
located within 500 m of existing Rainbow Chicken operations, although these are broilers not
layers. Telephonic discussion was held with the quarry manager, Mr. Prince Khwela. Indication
was given that blasting operations at the quarry has little influence on the surrounding areas.

10

Season Restrictions

Blasting operations are not bound to a specific season.

11

The expected effects from blasting operations

The following section describes the expected effects from blasting operations. These effects are
addressed with definitions, predictions, limits, influence and perceptions.
11.1 Ground vibration
Explosives are used to break rock through the shock waves and gasses yielded from the
explosion. Ground vibration is a natural result from blasting activities. The far field vibrations –
vibrations experienced beyond the blast area are inevitable, but un-desirable by products of
blasting operations. The shock wave energy that travels beyond the zone of rock breakage is
wasted energy - does not contribute to rock breakage and movement - and could cause damage
and annoyance. The level or intensity of these far field vibrations is dependant on various factors.
Some of these factors can be controlled to yield accepted levels of ground vibration and still
produce enough rock breakage energy. Ground vibration from blasting operations is measured in
velocity and units applied are mm/s.
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Factors influencing ground vibration are the charge mass per delay, distance from the blast, the
inter hole timing period and the geometry of the blast. These factors are controlled by planned
design and proper blast preparation.
The larger the charge mass per delay - not the total mass of the blast, the greater the vibration
energy yielded. Blasts are timed to produce effective relief and rock movement for successful
breakage of the rock. A certain quantity of holes will detonate within the same time frame or delay
and it is the maximum total explosive mass per such delay that will have the greatest influence. All
calculations are based on the maximum charge detonating on a specific delay period.

Secondly is the distance between the blast and the point of interest / concern. Ground vibrations
attenuate over distance at a rate determined by the mass per delay, timing and geology. Each
geological interface a shock wave encounters will reduce the vibration energy due to reflections of
the shock wave. Geological interfaces can be changes in topography, different types of material,
interfaces with rivers of streams, interfaces with open areas – trenches or previously excavated
areas to name a few. Closer to the blast will yield high levels and further from the blast will yield
lower levels.
Thirdly the geology of the blast medium and surroundings has influence as well. High density
materials have high shock wave transferability where low density materials have low transferability
of the shock waves. Solid rock i.e. norite will yield higher levels of ground vibration than sand for
the same distance and charge mass. The precise geology in the path of a shock wave cannot be
observed easily, but can be tested for if necessary in typical signature trace studies - which are
discussed shortly below.
11.1.1

Ground vibration limitations

Structures:
Limitations on ground vibration are in the form of maximum allowable levels for different
installations and structures. These levels are normally quoted in peak particle velocity or as ground
vibration in millimetres per second (mm/s). There is unfortunately no exact South African standard.
Thus currently the United States Bureau of Mines (USBM) criterion for safe blasting is applied
where private structures are of concern. This is a process of evaluating the vibration amplitudes
and frequency of the vibrations according to set rules for preventing damage. The vibration
amplitudes and frequency is then plotted on a graph. Figure 8 shows an example of a USBM
analysis graph. The graph indicates two main areas:


The Safe Blasting Criteria Area

 The Unsafe Blasting Criteria Area
When ground vibration is recorded and the amplitude in velocity (mm/s) is analysed for frequency it
plots this relationship on the USBM graph. If data falls in the lower part of the graph then the blast
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was done safely. If the data falls in the upper part of the graph then the probability of inducing
damage to mortar and brick structures increases significantly. There is a relationship between
amplitude and frequency due to the natural frequencies of structures. This is normally low - below
10 Hz - and thus the lower the frequency, the lower the allowable amplitude. Higher frequencies
allows for higher amplitudes. The extra lines on the graph are more detailed for specific type walls
and structure configurations. Locally we are only concerned with the lowest line on the USBM
graph. Due to possible lesser structural integrity structures in the area an additional 6 mm/s and
12.5 mm/s limit lines were added. Figure 8 shows an example of a USBM analysis graph with the 6
mm/s and 12.5 mm/s guidelines added.
The USBM graph for safe blasting was developed by the United States Bureau of Mines through
research and data accumulated from sources other than their own research.

Isundu Sub Station
Structure Ground Vibration Limits
1000
Above Limit Zone

Ground Vibration (mm/s)

100

10

12.5

12.5

6

6

Safe Blasting Zone
1

0.1
1

10

100

Frequency (Hz)

Figure 8: USBM Analysis Graph
Additional limitations that should be considered are as follows, these were determined through
research and various institutions specific requirements:


National Roads/Tar Roads: 150mm/s




Steel pipelines: 50mm/s
Electrical Lines: 75mm/s
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Railway: 150mm/s



Concrete aged less than 3 days: 5mm/s




Concrete after 10 days: 200mm/s
Sensitive Plant equipment: 12mm/s or 25mm/s depending on type – some switches
could trip at levels less than 25mm/s.

Considering the above limitations, BM&C work in general is based on the following:
 USBM criteria for safe blasting
 The additional limitations provided





11.1.2

Consideration of private structures
Should these structures be in lesser structural integrity the basic limit of 25 mm/s
reduced to 12.5 mm/s or even when structures indicate less resistance to the effects
of ground vibration limits will be restricted to 6 mm/s
We also consider the input from other consultants in the field locally and
internationally.

Ground Vibration Prediction

The extent of ground vibration can be predicted using standard accepted scaled distance equation.
Accepting the blasting design and the worst case probability the level of ground vibration can then
be calculated.
The utilization of the scaled distance prediction formula is standard practice.
Equation 1:

Where:
PPV = Predicted ground vibration (mm/s)
a = Site constant
b = Site constant
Dist. = Distance (m)
Expl = Explosive Mass (kg)
Applicable and accepted factors a&b for new operations is as follows:
Factors:
a = 1143
b = -1.65
The designs reported in Table 1 are expected to be used in the blasting for the project. Two
charges are planned following the proposed blast designs. A 2.766kg charge will be loaded as per
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one design and 4.164 kg will loaded for the rest of the designs. Based on a typical timing that could
result in 4 blast holes detonating simultaneously the maximum charge mass per delay will be 11.1
and 16.66 kg. Table 2 below shows the expected levels of ground vibration calculated that will
span distances of 100 m, 200 m, 300 m, 400 m, 500 m and 600 m.

Table 2: Expected Ground Vibration at Various Distances from Charges Applied in this Study

No.

Distance (m)

Expected PPV (mm/s) for 11.1 kg
Charge

Expected PPV (mm/s) for 16.66 kg
Charge

1
2
3
4
5
6

100.00
200.00
300.00
400.00
500.00
600.00

4.2
1.3
0.7
0.4
0.3
0.2

5.8
1.9
1.0
0.6
0.4
0.3

11.2 Air blast
Air blast is an inaudible pressure wave. Air blast is the direct result from the blast process. Air
blast is normally associated with frequency levels less than 20 Hz, which is the threshold for
hearing. The three main causes of air blast can be described as the pressure pulse directly from
the rock displacement, ground vibration causing pressure pulses some distance away from the
blast and blast holes venting or blowing out during the detonation process. Air blast levels yielded
may be influenced by external factors, wind strength, wind direction, meteorological conditions and
topography. Air blast is measured in pressure (Pa) but normally converted to a dBL scale for ease
of interpretation.
11.2.1

Air blast limitations on structures

The recommended limit for air blast currently applied in South Africa is 134dBL. This is specifically
pertaining to air blast or otherwise known as air-overpressure. This takes into consideration where
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general public is of concern. In case of schools and hospitals a recommended limit of 128dBL is
applicable. Air-overpressure is pressure acting and should not be confused with sound that is
within audible range (detected by the human ear). However, all attempts should be made to keep
air blast levels generated from blasting operations below 120dBL or less toward critical areas
where public is of concern. This will ensure that the minimum amount of disturbance is generated
towards the critical areas surrounding the blasting area.
Based on work carried out by Siskind et.al. (1980), monitored air blast amplitudes up to 135dBL
are safe for structures. Persson et.al. (1994) have published the following estimates of damage
thresholds based on empirical data (Table 3). Levels given in Table 3 are at the point of
measurement. The weakest point on a structure is the windows and ceilings.

Table 3: Damage Limits for Air Blast
Level

Description

>130 dBL

Resonant response of large surfaces (roofs, ceilings). Complaints start.

150 dBL

Some windows break

170 dBL

Most windows break

180 dBL

Structural Damage

This project may require further reduction in allowable air blast levels due to the sensitivity of some
of the surrounding enterprises.
11.2.2

Air blast limitations with regards to human perceptions

Considering the human perception and misunderstanding that could occur between ground
vibration and air blast, BM&C generally recommends that blasting be done in such a way that air
blast levels are kept below 120dBL. In this way it is certain that fewer complaints will be received
for blasting operations. At this level the effects on structures that startled people are significantly
less – thus no reason for complaining. It is the actual influence on structures like rattling of
windows or doors or large roof surface’s that startle people. These effects are sometimes
misjudged as ground vibration and considered as damaging to the structure.
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Initial limits for evaluating conditions in this project have been set at 120dBL, between 120dBL and
134dBL and greater than 134dBL. With considering the surrounding areas with Rainbow Chicken
operations it may be considered to lower the limit further to 115 dBL for this instance.
11.2.3

Air blast prediction

An aspect that is not normally considered as pre-operation definable is the effect of air blast. This
is mainly due to the fact that air blast is an aspect that can be controlled to a great degree by
applying basic rules. Air blast is the direct result from the blast process, although influenced by
meteorological conditions, the final blast layout, timing, stemming, accessories used, covered or
not covered etc. all have an influence on the outcome of the result.
Standards do exist and predictions can be made, but it must be taken into account that predictions
of air blast are most effective only when measured and calibrated according to the circumstances
where blasting is taking place.
A standard cube root scaling prediction formula is applied for air blast predictions. The following
Equation 2 was used to calculate possible air blast values in millibar. This equation does not take
temperature or any weather conditions into account.

Equation 2:

Where:
=
Air blast level (mB)
D=
Distance from source (m)
E=
Maximum charge mass per delay (kg)
A=
Constant
-B = Constant
The constants for A and B were then selected according to the information as provided in Figure 9
below. Various types of mining operations are expected to yield different results. The information
provided in Figure 9 is based on detailed research that was conducted for each of the different
types of mining environments1. In this report the data for Construction (highly confined) was

1

ISEE Blasters Handbook, 18th Edition, Little, January 2011, Ohio USA
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applied in the prediction or air blast. Highly confined selection is supported by the discussion on
scaled depth of burial in Section 13.3.

Figure 9: Proposed prediction equations
The air pressure calculated in Equation 2 is converted to decibels in Equation 3. The reporting of
air blast in the decibel scale is more readily accepted in the mining industry.

Equation 3:

Where:
=
=
=

Air blast level (dBL)
Air blast level (Pa (mB x 100))
Reference Pressure (2 x 10-5 Pa)

Although the above equation was applied for prediction of air blast levels, additional measures are
also recommended in order to ensure that air blast and associated fly-rock possibilities are
minimized as best possible. As discussed earlier the prediction of air blast is very subjective.
Following in Table 4 below is a summary of values predicted according to Equation 3 for the
different distances between 100 m and 600 m. The same charge masses are considered as used
for ground vibration prediction.
Table 4: Air Blast Predicted Values
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No.

Distance (m)

Expected air blast (dBL) for 11.1 kg
Charge

Expected air blast (dBL) for 16.66 kg
Charge

1
2
3
4
5
6

100.00
200.00
300.00
400.00
500.00
600.00

105.6
99.1
95.6
93.1
90.9
89.5

106.8
100.4
96.9
94.0
92.0
90.9

11.3 Fly Rock
Blasting practices require movement of rock to facilitate the excavation process. The extent of the
movement is dependent on the scale and type of the operation. For example, blasting activities
within large coal mines are designed to cast the blasted material much greater distances than in
hard rock operation. This movement should be in the direction of the free face, and therefore the
orientation of the blasting is important. Any rock travelling outside of this expected range is called
fly rock.
Fly rock from blasting can result from the following conditions:
 When burdens are too small rock elements can be propelled out of the free face area of the
blast,
 When burdens are too large and movement of blast material is restricted and stemming
length is not correct rock elements can be forced upwards creating a crater forming fly rock
from this,
 If the stemming material is of improper quality or too little the stemming is ejected out of the
blast hole and fly rock created.
Stemming of correct type and length is required to ensure that explosive energy is efficiently used
to its maximum and to control fly rock.
11.3.1

Fly rock predictions

The occurrence of fly rock in any form will have a negative impact if found to travel outside the safe
boundary. The safe boundary is determined by the blaster that prepared the blast. If a road,
structure, people or animals are within the safe boundary of the blast, irrespective of the possibility
of fly rock or not, precautions must always be taken to stop the traffic, remove people and / or
animals for the duration of the blast.
Calculations are used to help and assist determining safe distances. The method currently applied
by BM&C is according to the International Society of Explosives Engineers (ISEE) Blasters
Handbook. Using this calculation the unsafe distance can be determined. This area should be
cleared at least of people and animals specific and equipment as best possible. Figure 10 shows
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the result from the calculation. The worst case condition for the specific stemming length is 84 m.
This calculation is a guideline and any distance cleared as part of the unsafe zone should not be
less. The blaster has the responsibility to ensure safety when blasting is done and will determine
what safe distance must be. The occurrence of fly rock can never be excluded 100% even if best
practices are done. Fly rock can be mitigated but the possibility never eliminated.

Isundu Sub Station - Fly Rock
Maximum Throw Distance vs Burden/Stemming Height
Blast Design Stemming

Fly Rock Calc - ISEE

600

500

Throw Distance (m)

400

300

200

100

84

0
1

1.5

2

2.5

3

3.5

4

Burden / Stemming Length (m)

Figure 10: Predicted Fly rock
11.3.2

Impact of fly rock

The occurrence of fly rock in any form will have an impact if found to travel outside the safe
boundary. Safe boundaries vary between the different types of operations. Quarries or large
opencast mines may have safe boundaries up to 500 m or even 1000 m. In civil blasting these
distances are significantly shorter. This may range may be as short as 100m or less. In this case it
is recommended that the range should not be less than 84 m. The appointed blaster makes the
final decision on the clearance distance that will be required. If a road or structure or people or
animals are closer than the safe boundary defined by the blaster from a blast irrespective of the
possibility of fly rock or not precautions should be taken to stop the traffic, remove people or
animals for the period of the blast. Fact is fly rock will cause damage to the road, vehicles or even
death to people or animals.
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11.4 Influence of blasting operations on animals and wildlife
There is also no direct code of practice, standard or regulation that gives guidelines for animals,
birds, wildlife etc. with regards to allowable ground vibration limits in South Africa. The guidelines
and research from other countries has been used and applied in good faith. The basic information
that is relevant is summarised as follows.
The information and proper study material of the occurrence of blasting operations near farming
communities with various animals, wild life areas and wild life in general is limited in exact detail.
Some work was done but much was related to impact from air blast in nuclear blasts or bombs
exploding. This was mainly indication of mid-air detonations occurring and the respective effect.
There is not much research done in the field of farm animals or wildlife in relation to blasting
operations specifically with regards to social interaction defects or changes or the influence on
wellbeing of animals. Information that was found is summed up in this section.
Presented here is information from the authors own experiences as observed on projects as well
as data from other researchers.
Cattle: Cattle seem to be very accommodating with regards to blasting operations. We have seen
that for a first time blast, the blast will upset them. Reaction is shown in taking fright and running a
short distance – maybe 10m to 20m – and then grazing continues. With the second blast they will
only lift their heads and carry on grazing. With the third blast no specific reaction is shown most of
the time.
Chickens: Chickens react to sudden noises. Chickens in a broiler will run to the opposite corner of
the broiler than the noise source and actually trample each other to death. Chickens in a broiler are
considered a problem when blasting is done in close proximity without specific mitigation
measures.
House animals: Dogs are far more sensitive to vibrations than humans. Significant vibration levels
will have them reacting in barking, getting anxious and possibly running away in opposite direction.
One can relate to what typically happens when crackers are fired over Christmas and Guy faux
days. Loud noises will certainly have an influence.
Noise affects wildlife differently from humans and the effects of noise on wildlife vary from serious
to non-existent responses in different species and situations. Risk of hearing damage in wildlife is
probably greater from exposure to nearby blast noise from bombs and large weapons than from
long-lasting exposure to continuous noise or from muzzle blast of small arms fire.
Direct
physiological effects of noise on wildlife, if present, are difficult to measure in the field. Behavioural
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effects that might decrease chances of surviving and reproducing could include retreat from
favourable habitat near noise sources and reduction of time spent feeding with resulting energy
depletion. Serious effects such as decreased reproductive success have apparently been
documented in some studies. Decreased responsiveness after repeated noises is frequently
observed and usually attributed to habituation. Military and civilian blast noise had no unusual
effects (beyond other human-generated noise) on wildlife in most studies, although hearing
damage was not an issue in the situations studied and animals were often probably habituated to
blasts.
The Animal Research centre at Onderstepoort, South Africa was contacted in the past for
information as well but no studies in this field exist at Onderstepoort. There have been claims in
the past from farmers stating that the reproductively of pigs were severely hampered due to mining
operations but no scientific evidence were presented for this.
Similarly, on dairy farms no scientific evidence could be found showing a deterioration of milk
production. However during previous projects done by BM&C in the vicinity of dairies, it was
considered possible that milk production could be hampered when blasting is done during the
milking process. In this instance no blasting was allowed prior to milking time. Thus blasting was
only done after the daily milking period. In this instance the quarry where blasting was done was
approximately 800m away from the dairy.
Specific information on raptors:
Specific work done by Holthuijzen et al (1990) where the effects from blasting were tested is the
most significant data that could be found.
The following is a summary abstracted from the report.
Four pairs of nesting prairie falcons were exposed to 24 explosions as part of construction
activities in south-western Idaho. Four other pairs were subjected to an average of 90 experimental
blasts during incubation and brood rearing. Falcons behaviourally reacted to blasting in 137 of 254
blasting events (54%). Incubating and brooding falcons flushed from aeries in 25 of 112 instances
(22%), but returned to their nests within 3.4 minutes (SE = 0.7). Falcons that showed a behavioural
reaction to blasting resumed pre-blast behaviour after an additional 2.5 minutes (range = 0-27
minutes). The behavioural repertoire of falcons exposed to experimental blasting was similar to
that of control pairs. All pairs exposed to experimental blasting and 2 of 4 pairs exposed to
construction blasting fledged young during the blasting year. All nesting territories exposed to
experimental blasting were occupied the year following blasting. In the second year following
blasting, 3 of 4 nesting territories in the experimental study location were vacant. We suggest that
blasting associated with limited human activities does not need to be restricted at distances >125
m from occupied prairie falcon aeries, provided that peak noise levels do not exceed 140 dBL at
the aerie and no more than 3 blasts occur on a given day or 90 blasts during the nesting season.
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David Klute a bird conservation coordinator from the Colorado Division of Wildlife recommended
buffer zones and seasonal restrictions for raptors. Similar South African data could not be found.
The main recommendations specific for encroachment are cited from the report here below. 2

Recommended buffer zones and seasonal restrictions for some of the birds considered in the
report:
BALD EAGLE
Nest Site: No surface occupancy (beyond that which historically occurred in the area; see
‘Definitions’ below) within ¼ mile (402 m) radius of active nests (see ‘Definitions’ below). Seasonal
restriction to human encroachment (see ‘Definitions’ below) within ½ mile (804 m) radius of active
nests from October 15 through July 31. This closure is more extensive than the National Bald
Eagle Management Guidelines (USFWS 2007) due to the generally open habitat used by
Colorado's nesting bald eagles.
GOLDEN EAGLE
Nest Site: No surface occupancy (beyond that which historically occurred in the area) within ¼ mile
(402 m) radius of active nests. Seasonal restriction to human encroachment within ½ mile (804 m)
radius of active nests from December 15 through July 15.
OSPREY
Nest Site: No surface occupancy (beyond that which historically occurred in the area) within ¼ mile
(402 m) radius of active nests. Seasonal restriction to human encroachment within ¼ mile (402
m) radius of active nests from April 1 through August 31. Some osprey populations have
habituated and are tolerant to human activity in the immediate vicinity of their nests.
RED-TAILED HAWK
Nest Site: No surface occupancy (beyond that which historically occurred in the area) within 1/3
mile (482 m) radius of active nests. Seasonal restriction to human encroachment within 1/3 mile
(482 m) radius of active nests from February 15 through July 15. Some members of this species
have adapted to urbanization and may tolerate human habitation to within 200 yards (182 m) of
their nest. Development that encroaches on rural sites is likely to cause abandonment.

2

David Klute, D. Recommended Buffer Zones And Seasonal Restrictions For Colorado Raptors,

Colorado Division of Wildlife, 6060 Broadway, Denver, CO 80216, Phone: 303-291-7320, Email:
david.klute@state.co.us
BM&C Report: Blast Impact Analysis
Page 34 of 58
Report
No.:
Isundu-BlastImpact160510EIAV01-1 (FINAL 26.06.2016)

Eskom Holdings (Soc) Limited
Proposed Isundu 765/400 kV Sub-Station And Turn-In Transmission Lines
PRAIRIE FALCON
Nest Site: No surface occupancy (beyond that which historically occurred in the area) within ½ mile
(804 m) radius of active nests. Seasonal restriction to human encroachment within ½ mile radius of
active nests from March 15 through July 15.
NORTHERN GOSHAWK
No surface occupancy (beyond that which historically occurred in the area) within ½ mile (804 m)
radius of active nests. Seasonal restriction to human encroachment within ½ mile (804 m) radius of
active nests from March 1 through September 15.
BURROWING OWL
Nest Site: No human encroachment within 150 feet (45 m) of the nest site from March 15 through
October 31. Although Burrowing Owls may not be actively nesting during this entire period, they
may be present at burrows up to a month before egg laying and several months after young have
fledged. Therefore it is recommended that efforts to eradicate prairie dogs or destroy abandoned
towns not occur between March 15 and October 31 when owls may be present. Because nesting
Burrowing Owls may not be easily visible, it is recommended that targeted surveys be
implemented to determine if burrows are occupied. More detailed recommendations are available
in a document entitled “Recommended Survey Protocol and Actions to Protect Nesting Burrowing
Owls” which is available from the Colorado Division of Wildlife
The limitations are rather applicable to the whole operation and only air blast and ground vibration.
It is noted that ground vibration at the distances described in the research was not considered a
problem. In summary of the data presented it can be summarised in the following limitations for
blasting.
Blasting associated with limited human activities should not be closer than 125 m occupied aeries,
provided that peak noise levels do not exceed 140 dBL at the aerie and no more than 3 blasts
occur on a given day or 90 blasts during the nesting season.

12

Baseline Results

There are no blasting operations current being conducted on site Baseline is considered zero as
no influence is currently possible.
12.1 General ground vibration and air blast information
The base line information for the project is based on zero influence with regards to blast impacts.
The project is currently not active with any blasting operations being done. As part of the baseline
all possible structures in a possible area of influence are identified. Figure 11 shows the nearest
installations or structures identified – these are indicated as POI’s.
Table 5 shows list of these POI’s with coordinates.
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Figure 11: Project area with POI
Table 5: POI list
(Coordinates listed – WGS 84 South African Grid)
Tag

Description

Y

X

L14
2
L2
L1
L15
B37
L13
L12
9
10
11
12
13
14
15

Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Structure
Structure
African Bird of Prey Sanctuary
Structures
Structure
Structure
Structure

47956
48015
48134
47972
48554
48869
48585
48984
47808
47909
47008
46870
46390
46212
46174

3283349
3283012
3282600
3282033
3281753
3282095
3283999
3283496
3282965
3282873
3284219
3283967
3283423
3283284
3283395
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16
17

13

Structures
Lion Park

45888
46218

3282376
3281774

Construction Phase Impact Assessment and Mitigation Measures

Blasting operations are only expected to occur during the construction phase of the project.
The area surrounding the proposed construction area was reviewed for structures, traffic, roads,
human interface, animals interface etc. Various installations and structures were observed. These
are listed in
Table 5. This section concentrates on the outcome of the evaluation and the possible effects of
ground vibration, air blast, fly rock and possible blast noise. In evaluation a typical civil blast charge
mass scenario is considered with regards to ground vibration and air blast. The proposed blast
design indicates two different charges masses that may be applicable. Both 11.1 kg and 16.66 kg
charge masses per delay were considered. Expected ground vibration and air blast were
calculated for distances between 100 and 600 m. Expected ground vibration and air blast levels
were calculated from the edge of the actual areas identified where blasting will be required.
This analysis is based on the proposed blast designs as given in Section 7.2. The data is based on
good practise applied internationally and considered very good estimates based on the information
provided and supplied in this document. The changes in topography found in the area will have a
positive reduction influence on the intensity or level of ground vibration. It can unfortunately not be
estimated without specific testing for the specific area.
13.1 Review of expected ground vibration and air blast
Presented herewith is the expected ground vibration and air blast for the various points of interest
identified. Table 6 below shows the expected levels of ground vibration and air blast at 100 m, 200
m, 300 m, 400 m, 500 m and 600 m respectively. Applying the charge mass per delay used the
expected levels of ground vibration and air blast was calculated for each POI. Table 7 shows
expected levels for ground vibration and air blast for each of the POI’s identified. Figure 12 shows
ground vibration and air blast calculated for the distances presented in Table 6 on the aerial map of
the footprint area and surroundings.
Table 6: Expected levels for distances between 100 and 600 m
No.

Distance (m)

Expected PPV (mm/s) for 16.66 kg Charge

Air blast (dBL) for 16.6 kg
Charge

1
2
3
4

100.00
200.00
300.00
400.00

5.8
1.9
1.0
0.6

106.8
100.4
96.9
94.0
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No.

Distance (m)

Expected PPV (mm/s) for 16.66 kg Charge

Air blast (dBL) for 16.6 kg
Charge

5
6

500.00
600.00

0.4
0.3

92.0
90.9

Table 7: Expected levels at the specific POI’s
Tag

Description

Y

X

Specific
Limit
(mm/s)

2

Rainbow
Chickens

48015

3283012

6

584

0.3

Acceptable

90.9

Acceptable

9

Structure

47808

3282965

25

400

0.6

Acceptable

Acceptable

10

Structure

47909

3282873

25

527

0.4

Acceptable

94.0
92.0

11

African Bird of
Prey
Sanctuary

47008

3284219

12.5

888

0.2

Acceptable

86.0

Acceptable

12

Structures

46870

3283967

25

626

0.3

Acceptable

Acceptable

13

Structure

46390

3283423

25

488

0.4

Acceptable

14

Structure

46212

3283284

25

661

0.3

Acceptable

15

Structure

46174

3283395

25

699

0.2

Acceptable

16

Structures

45888

3282376

25

1267

0.1

Acceptable

17

Lion Park

46218

3281774

6

1237

0.1

Acceptable

89.5
92.0
89.5
89.5
83.5
83.5

48869

3282095

6

1726

0.1

Acceptable

80.0

Acceptable

47972

3282033

6

944

0.1

Acceptable

86.0

Acceptable

48984

3283496

6

1567

0.1

Acceptable

83.5

Acceptable

48585

3283999

6

1386

0.1

Acceptable

83.5

Acceptable

47956

3283349

6

532

0.4

Acceptable

90.9

Acceptable

48554

3281753

6

1582

0.1

Acceptable

83.5

Acceptable

48134

3282600

6

857

0.2

Acceptable

88.0

Acceptable

B37
L1
L12
L13
L14
L15
L2

Rainbow
Chickens
Rainbow
Chickens
Rainbow
Chickens
Rainbow
Chickens
Rainbow
Chickens
Rainbow
Chickens
Rainbow
Chickens

Distance
(m)

Predicted
PPV
(mm/s)

Structure
Response
@ 10Hz

Air
blast
(dBL)

Possible
People
Concern?
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Figure 12: Aerial and surface plan with distance lines for ground vibration and air blast levels.
13.2 Summary of ground vibration and air blast levels
The expected ground vibration and air blast levels were calculated and evaluated. The houses,
structures and installations found in the area were specifically evaluated as well. None of the
residential or industrial structures showed reason for concern with regards to ground vibration and
air blast in normal circumstances. The calculations used for predictions above are based on
standard drilling and blasting practices. The structures are located far enough away that the
influence from blasting will be too low to induce damage to structures. The levels of ground
vibration expected from the proposed blasting ranges between 5.8 mm/s at 100 m and 0.3 mm/s at
600 m for the maximum charge. The levels of air blast expected ranges between 90.9 dBL and
106.8 dBL for the same distances. The structures are located from about 400 and 1726 m away
from any of the areas to be blasted with corresponding levels of ground vibration expected ranging
between 0.6 mm/s and 0.1 mm/s. The air blast expected at the structures ranges between 80.0
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dBL and 94.0 dBL. Based on structure damage concerns and people’s perception the levels are
well lower than levels normally associated for concerns.
Review of the location of the Rainbow chicken installations the nearest installation is at POI 9 at
400 m. The expected level of ground vibration and air blast is 0.6 mm/s and 94 dBL. These levels
are well within all norms for safe blasting under normal circumstances. No significant influence is
expected. The nearest lay house (L14) is located at 532 m. The expected ground vibration is 0.4
mm/s and air blast 90.9 dBL. These levels arevery low and physical effects due to this level will be
very limited.
The African Bird of Prey Sanctuary is located significantly further away from the site and levels
expected significantly lower than for the Rainbow chicken lay house. The sanctuary is located 693
m away and expected levels are 0.2 mm/s and 86.0 dBL. These levels and particularly the air blast
are significant lower than the levels given as guidelines from the research of Holthuijzen and Klute.
No negative influence is expected at the sanctuary.
The proposed drilling and blasting designs are however not a standard process. Specifically in this
case the stemming lengths are significantly longer than normal. The normal ratio for stemming is
between 20 and 25 times the blast hole diameter. In this case the ratio is in the order of 37 times
the blast hole diameter. This means that stemming lengths are actually excessively long and will
add to additional control on air blast levels and fly rock. When cover blasting is done the air blast
levels can be reduced effectively by 30 dBL. Covering of the blast is not recommended here due to
the long stemming’s. It is estimated that for this process the quoted levels of air blast will be lower
than predicted.
13.3 Scaled Depth of Burial
To further review the proposed charging methodology a process of scaled depth of burial (SD) can
be applied. This process provides insight into the physical effects that may be expected from a
blast. The physical effects are fly rock and ground movement – in this calculation specific upwards
movement, surface effects, etc. The greatest control placed on air blast and fly rock is the
stemming length and stemming material used. The process of scaled depth of burial is based on
the cratering ability of charge. If the charge is closer to the surface certain level of cratering will be
experienced. If the charge is deeper, thus stemming length longer, less cratering will occur. Figure
13 shows ratios for scaled depth of burial. A 0.6 SD is associated with uncontrolled blasting and
significant fly rock and air blast. An SD value of 2.4+ is indicative of an over controlled blast with no
surface effects. The blast designs proposed were also evaluated for scaled depth of burial value.
Values calculated ranges between and SD of 2.33 and 2.49. These values are on the high end of
the scale with little to no surface effects expected. The proposed blast will be highly confined. This
contributes to the situation that the possibility of fly rock is almost zero and air blast predicted
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above will be significantly less. Restriction on rock movement during blasting will also restrict the
creation of free dust particles – less dust will be observed.

Figure 13: Scaled depth of burial scale
13.4 Expected Noise influence
The evaluation of possible influence done is this report is mainly based on the effects normally
measured from blasting operations. Ground vibration, air blast and fly rock. It is a known fact that
noise is also generated from blasting operations. Normally this noise component is very difficult to
measure yet alone to predict. There are a significant number of factors that do have influence on
the levels of noise. Noise evaluation considers similar aspects as for air blast evaluation with the
main difference is that air blast is the inaudible part of the noise function. The noise signal duration
is normally very short and difficult to be applied by noise specialists in any noise evaluation. Air
blast and noise make use of the decibel scale for reporting of values; however for air blast a
pressure is associated with the decibel level. Noise levels are also normally weighted to certain
scales, such as A, B and C weighted scales and each is applied differently for different types of
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applications. In order to manage the levels of noise or to get an understanding of noise levels from
the actual blasting process a conversion is applied to the predicted air blast (air blast is also known
as air over pressure). Following the Engineering Toolbox’s3 calculation Table 8 shows expected
noise levels associated with the sound pressure levels (or in this case air blast levels) predicted at
the nearest lay house (L14). Figure 14 showing the graphical response of the calculation. These
calculations have not been done or tested prior to this report by the author, but are included to try
and give some estimate of noise levels expected. The noise levels calculated in Table 8 give
indication of expected audible noise over the octave band of frequencies that may be presented
due to the blast based on calculated air blast. Noise measurements are normally done over a
range of frequencies. The exact frequency that noise from a blast will yield cannot be predicted. It
will be in the audible range above 20 Hz.
Table 8: Expected noise levels for air blast predicted
dB(A), dB(B) and dB(C) Calculation

Measured or Estimated Air Blast
Pressure Level dBL
Resulting noise level with dB(A)
filter
Resulting noise level with dB(B)
filter
Resulting noise level with dB(C)
filter

3

Octave Band Center Frequency (Hz)
125
250
500 1000 2000 4000

31.3

62.5

90.9

90.9

90.9

90.9

90.9

90.9

90.9

90.9

90.9

51.5

64.7

74.8

82.3

87.7

90.9

92.1

91.9

89.8

73.9

81.9

86.9

89.9

90.9

90.9

90.9

89.9

87.9

87.9

90.1

90.7

90.9

90.9

90.9

90.7

90.1

87.9

http://www.engineeringtoolbox.com/decibel-d_59.html
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Sound Pressure to Noise Conversion
Measured or Estimated Sound Pressure Level dB
Resulting with dB(A) filter
Resulting with dB(B) filter
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Figure 14: Expected noise levels for air blast
In addition to the above calculation and supporting the values up to 125 Hz, two research papers
for work done in this field indicated that there is an approximate 25 dB difference between
measured air overpressure or air blast (dBL) and audible noise measured on the dB(A) scale4,5.

4

Richards A.B., Prediction And Control Of Air Overpressure From Blasting In Hong Kong, Geo
Report No. 232, The Government Of The Hong Kong Special Administrative Region First
Published, August 2008.
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Considering that a 25 dB reduction is observed from measured air blast the following Table 9
shows the predicted air blast values with correction for audible noise dBA values.
Table 9: Predicted air blast levels corrected with 25 dB
Tag
9
13
10
L14
2
12
14
15
L2
11
L1
17
16
L13
L12
L15
B37

Description
Structure
Structure
Structrure
Rainbow Chickens
Rainbow Chickens
Structures
Structure
Structure
Rainbow Chickens
African Bird of Prey Sanctuary
Rainbow Chickens
Lion Park
Structures
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens
Rainbow Chickens

Distance (m)
400
488
527
532
584
626
661
699
857
888
944
1237
1267
1386
1567
1582
1726

Air blast (dB)
94.0
92.0
92.0
90.9
90.9
89.5
89.5
89.5
88.0
86.0
86.0
83.5
83.5
83.5
83.5
83.5
80.0

dBA
69.0
67.0
67.0
65.9
65.9
64.5
64.5
64.5
63.0
61.0
61.0
58.5
58.5
58.5
58.5
58.5
55.0

Considering the above predictions and values it is estimated that the audible noise at the nearest
Lay house (L14) could be in the region of 65.9 dBA per blast.

13.5 Expected fly rock review
Based on a standard blast process with a stemming length of 2.9 m an unsafe zone of 84 m can be
expected. This distance forms the minimum exclusion zone where clearing of people, animals and
equipment will be required. There are no privately owned installations or structures within this
distance. Figure 24 below shows the relationship burden or stemming length towards expected

5

Richards A.B., Aust F.I.E., Moore A.J., Blast Vibration Course Measurement - Assessment –

Control, Terrock Consulting Engineers, A.B.N. 99 005 784 841 P O Box 829 Eltham Vic 3095
Phone: (03) 9431 0033 Fax: (03) 9431 1810 Email: Terrock@Terrock.Com
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throw distance. Considering the scaled depth of burial information provided above it is expected
that fly rock will be effectively controlled. Proper stemming control needs to be considered
throughout the blasting process.

Isundu Sub Station - Fly Rock
Maximum Throw Distance vs Burden/Stemming Height
Blast Design Stemming

Fly Rock Calc - ISEE

600

500

Throw Distance (m)

400

300

200

100

84

0
1

1.5

2

2.5

3

3.5

4

Burden / Stemming Length (m)

Figure 15: Predicted Fly rock
13.6 Mitigations
The evaluations made shows limited possible influence. It is understood that there are currently
concerns with regards to blasting operations and the nearby Rainbow Chickens lay houses. The
blast designs proposed in this report considers all factors normally associated with strict controls
on blasting operations. The current designs and analysis indicates that additional mitigation will
not be required for the management of ground vibration, air blast and fly rock. In order to manage
the noise impact the blasting operations actions provided under recommendations in Section 18
must be considered. Under the current evaluation the best options are proposed.

14

Operational Phase Impact Assessment and Mitigation Measures

During the operation of the substation there are no blasting operations involved. Thus there is no
influence or impact.
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15

Closure Phase Impact Assessment and Mitigation Measures

During the closure phase no drilling and blasting operations will be required. Thus no specific
influence or impacts will occur.

16

Alternatives

Alternatives to blasting are limited. The geology inspections and review for the area indicates that
there is rippable material and non-rippable material that will need excavation. Thus unfortunately
blasting will be required for certain areas to establish proper platforms for construction. The use of
chemicals for a project of this size is not cost effective or logistically effective. The area to be drilled
and blasted is too big.

17

Monitoring

It is recommended that ground vibration and air blast monitoring be done using seismographs
when blasting is conducted. Monitoring should be done in such a way that the impacts at the
nearest Rainbow chicken structures, the Africa Bird of Prey Sanctuary and other relevant nearby
structures are monitored. In order to assist with ensuring that aspects of blasting are adhered to for
the wellbeing of neighbours a blast audit process can also be done to observe and record the
process. A third party should be appointed to conduct all monitoring operations. The use of video
cameras can be applied as well as video camera work during the blasting process. Six monitoring
positions are currently suggested. These positions are indicated on Figure 16.
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Figure 16: Suggested monitoring positions

18

Recommendations

The following information should be conveyed to blasters tendering for the blasting operations on
this project. These recommendations will further reduce the possibility of any impacts. In view of
the evaluation the following is recommended to be conducted during the construction phase:
18.1 Contractors Information
It is vital that a proper pre-tender meeting is held and the required standards and approach
conveyed to contractors.
18.2 Ground vibration



The blasts must be carefully planned and laid out.
Blasts must be done in blocks. No drilling and blasting of the whole area at once.



Charges must be pre-calculated not to exceed the mass used in this report.



Electronic initiation must be used to facilitate a silent blast situation with regards to initiation
systems.
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The maximum allowable charges are defined in the designs. Any changes from this will
require a complete re-evaluation.
The use of a smaller drill diameter than 76 mm drill hole used in this report can be
considered. Charging with cartridges instead of bulk products will help controlling the
charge masses loaded in the blast holes.
Blast area must be properly prepared. Excessive removal of softer material can create poor
drilling area. Drilling areas must be clean and level. Creating a level drilling area must be
achieved rather than to removing as much soft material as possible. This normally creates
“moon landscape” that adds to difficult drilling conditions and uneven surfaces with different
drill depths. This could cause difficulty in drilling and managing of blast results.

18.3 Air blast




No detonating cord initiation system or shock tube initiating systems should be used.
Initiation systems must be electronic systems.
Cover blasting is not anticipated but if small diameter / jackhammer drilling is to be done it
must be covered with at least 2 m cover. This will control air blast very effectively if done
correctly to almost no air blast at all.
Blast holes must be stemmed after charging with proper crushed aggregate of correct size
for the blast hole diameter used. Aggregate size +8-12.
Proper planning must be done for each day’s blasting so that there is no material left over
that must be destroyed.
No blast hole must be over charged.



Adhere to proper stemming rules with the appropriate stemming lengths to be used.



Keep proper records of each blast hole, charging mass, length and stemming lengths.






18.4 Fly rock




All blast holes should not have stemming length of less than 2.6 m. in the event of
jackhammer drilling and blasting, blasts must be covered with at least 2 m cover. This will
control air blast very effectively if done correctly to almost no air blast at all.
Blast holes must be stemmed after charging with proper crushed aggregate of correct size
for the blast hole diameter used. Aggregate size +8-12.
Proper planning must be done for each day’s blasting so that there is no material left over
that must be destroyed.
No blast hole must be over charged.



Adhere to proper stemming rules with the appropriate stemming lengths to be used.



Keep proper records of each blast hole, charging mass, length and stemming lengths.
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18.5 Notes
Attached in Appendix 1 is information to consider for a blast methodology statement.
18.6 Blast Methodology statement
A detailed drilling and blasting methodology statement must be prepared for the project with a blast
design revised for each blast to be done.
18.7 Blast Scheduling
There is a period where lay houses are unoccupied for cleaning and preparation for new lay hens.
It is recommended that blasting be scheduled during this period. The same controls on blast
preparation and execution given in this report to remain in place.
It is recommended that the drilling process be scheduled such that more than one platform can be
blasted simultaneously. Further details on possible programme schedules are contained in
Appendix 2.
18.8 Blast Design
A blast design must be prepared for each blast to be done. This design must consider the normal
legal requirements with specific attention to the following as well: drilling procedures, charging,
stemming and initiation procedures. For each blast the monitoring positions must be indicated and
the expected levels of ground vibration and air blast calculated.
18.9 Recommended ground vibration and air blast levels
The following ground vibration and air blast levels are recommended for blasting operations in this
area. This is a general recommendation and may need to be reviewed depending on the way
forward with the project. Table 10 below gives limits for ground vibration and air blast.

BM&C Report: Blast Impact Analysis
Page 49 of 58
Report
No.:
Isundu-BlastImpact160510EIAV01-1 (FINAL 26.06.2016)

Eskom Holdings (Soc) Limited
Proposed Isundu 765/400 kV Sub-Station And Turn-In Transmission Lines
Table 10: Recommended ground vibration air blast limits
Structure Description

Ground Vibration Limit
(mm/s)
150
75
150
25
50
50

National Roads/Tar Roads:
Electrical Lines:
Railway:
Transformers
Water Wells
Telecoms Tower
General Houses of proper construction – include
structures build according to NHBRC regulations
USBM Criteria or 25 mm/s
which include schools, government buildings
etc.
Houses of lesser proper construction
12.5
Rural building typically found in the project area
6
and traditional mud houses
Rainbow Chicken Installations
6
African Bird of Prey Sanctuary
12.5

Air Blast Limit (dBL)
N/A
N/A
N/A
N/A
N/A
134

Shall not exceed 134dBL at
point of concern but 120dBL
preferred

115 dBL
120 dBL

18.10 Weather
No blasting to be done during inclement weather. The effects of blasting may be enhanced and
result in excessive levels.
This blasting process will be sensitive and rainy weather will add unnecessary strenuous
conditions to the process.
18.11 Third party monitoring
Third party consultation and monitoring should be considered for all ground vibration, air blast and
noise monitoring work. Monitoring should include setting up a seismograph/s and noise meters at
point/s considered to be important to ensure compliance when a blast is done. This will bring
about unbiased evaluation of levels and influence from an independent group.
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Knowledge Gaps

Considering the stage of the project, the data observed was sufficient to conduct this study. The
study intended to address all aspects regarding the drilling and blasting process. Assumptions
where needed are made based on best practice specifically for ground vibration, air blast and fly
rock. These factors can be controlled and are manageable. The exact levels of noise are more
difficult to predict but estimated indications of anticipated noise levels have been provided. It must
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be considered that surface surroundings change continuously and this should be taken into
account prior to any final blast design and review of this report. This report is based on data
provided and internationally accepted methods and methodology used for calculations and
predictions.
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Terms of Reference Confirmation

The following table shows the terms of reference and where it has been addressed in the report.

Table 11: Terms of reference
ToR

Achieved and reference

 Provide some indication of the typical frequency and size of  Yes section 7.2
blasting which can generally be required for a construction
project of this size and nature.
 Provide an overview of alternative options should blasting not  Yes section 16
be feasible or desirable and if these would be likely to have a
greater noise or disturbance impact, in comparison to blasting.
 Provide an expert opinion on the potential of sudden noise  Yes Section 13
levels from a typical blast to exceed these noise levels (60dBA
at the nearest chicken house) and the feasibility of mitigation
measures to ensure these noise levels are not exceeded at the
closest chicken house.
 Provide an expert opinion on the potential of blast overpressure  Yes Section 13
to potentially affect surrounding chickens in these laying houses
and the feasibility of mitigation measures to ensure that no
pressure shock waves affect or frighten the chickens.
 Provide an expert opinion on the potential of vibrations from  Yes Section 13
blasting to potentially affect or frighten the chickens in the
surrounding chicken houses and the feasibility of mitigation
measures to ensure that vibration levels are kept to required or
minimum levels.
 Provide an opinion if any of the impacts identified and mitigated  Yes Section 13
for the closest chicken farm could still potentially affected the
African Bird of Prey Sanctuary being in another direction from
Rainbow Farms.
 Provide a summary of feasible mitigation measures that should
be incorporated into any environmental authorisation and tender
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documentation to ensure the appointed contractor is legally
bound to meet the required blast impact specifications.
 Provide recommendations on monitoring options available
during construction in order to ensure that any claims or
negative impacts can be verified.

 Yes Section 17

 Provide any additional input, issues or recommendations  Yes Section 18
related to the stakeholder concerns raised.
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Conclusion

Blast Management & Consulting (BM&C) was contracted to provide a recommended blast design
for blasting operations and perform a review of possible impacts with regards to blasting operations
at the proposed Isundu sub station project. Ground vibration, air blast, fly rock and noise are some
of the aspects that could occur as a result from blasting operations. The report seeks to predict the
expected levels of ground vibration, air blast, fly rock and noise that may occur and the possible
influence on the surrounding private installations and sensitive Rainbow Chicken operations. The
report intends to provide information, calculations, predictions, possible influences and mitigations
of blasting operations for this project.
The concerns for blasting impact in the project area consisted of the location of Rainbow Chicken
operations towards the west of the project and further south west the African Bird of Prey
Sanctuary. The evaluation of effects yielded by blasting operations was evaluated for these points
of concern and others surrounding the project area.
Excavation work required is typical civil type blasting. Four areas were identified where blasting
operations will be required. Geotechnical reports provided indicated that these areas require the
establishment of platforms for construction beyond material that can be mechanically excavated.
The geology is such that drilling and blasting will be required. Specific blast designs were prepared
to achieve the required excavation levels. These designs were used for defining possible blast
impacts.
The expected ground vibration and air blast levels were calculated and evaluated. The levels of
ground vibration expected at nearest structures showed levels to be well within normal accepted
norms and standards. Levels are such that they will be barely experienced. The ground vibration
level at the nearest lay house of concern which is the second closest structure is significantly low
at 0.4 mm/s. This level is very low will definitely have no influence on structures. Based on the fact
that there is a concern on the wellbeing of chickens in the lay house the author considered a
vibration limit significantly lower than for structures at 6 mm/s. The author is not aware of any
information or research that can support vibration limits for laying chickens. The 6 mm/s is
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expected to be low enough not to have any significant influence. Thus with the expected 0.4 mm/s
it can be assumed that possible influence will be insignificant with regards to ground vibration.
Air blast levels from blasting were also predicted. The levels of air blast are again lower than an
anticipated limit of 115 dBL at 94 dBL. It is however not normally air blast that could be problematic
but rather loud and sudden noises. Blasting has the possibility of creating such noises. The
designs make specific provision for increased controls to manage air blast and noise. Stemming
lengths are significantly longer than normal and only electronic initiation is prescribed as the
initiation system. The designs used were also evaluated for possible cratering and found to be
such that little to no surface effects can be expected. The blasting recommended concentrates on
breaking the harder non-rippable tillite material without creating major movement of material. The
top layers of the geology for the blast areas are soft and machine excavation can be applied. Air
blast levels predicted were also converted to possible noise levels. This is however a new field with
limited evidence that can be applied to correlate data or to confirm the predictions. Based on
equations used and results from research work reviewed the estimated noise levels at the nearest
Rainbow Farm (L14) are predicted to be between 51 dBA to 92 dBA per blast. The average
expected for all installations around the project site is expected to range between 55 dBA and 69
dBA.
Recommendations and mitigations have been provided that can be followed to ensure even lower
levels than the predicted values. The predicted values are based on normal proper blast
preparations. These additional measures will only further assist to ensure that disturbance is well
and properly managed.
The possibility of fly rock was considered and based on normal blasting practices an unsafe zone
of 84 m was identified. No specific structures are of concern for damage within this unsafe range.
In terms of timeframes, a programme based on working on two platforms concurrently, will take
approximately 96 days over a 13.7 weeks period.
In addition it may be added that blasting operations can be conducted relatively anywhere. Blasting
is currently being conducted in Sandton within proximity of high-rise buildings, Gautrain tunnels
and other restrictions very effectively. It is a process of managing the blasting operations and
exercising proper controls.
From a blasting perspective there is no reason to believe that this development cannot take place.
The possible influences of blasting are significantly low and can be managed. However, they will
require experienced and active management and control to keep to the levels predicted in this
report but should be quite possible.
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This concludes this investigation of possible impact from blasting operations at the proposed new
Isundu Sub station project.
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Appendix 1
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Appendix 2: Schedule of blasting

In order to evaluate the time required to conduct blasting operation the following is presented on
scheduling the blasting on the different platforms. This schedule is not in detail for all actions to be
done but gives idea on time frames that may be required. In order to accommodate standing time
in the form of rain days, pay weekends, any other delays that may occur blasts were scheduled to
occur every 3 days. This excludes weekend days. The total time for required for blasting will then
take 5.89 months. However, if two platforms are done concurrently this timeframe could be brought
down to approximately 86 days over a 12.3 week period (i.e. 4.3 months). The following table
shows the basic schedule calculation followed by table that gives the schedule on MS Project
software. This is a reasonable conservative estimate.
The following proposed blast quantities per platform.
Rig Blasting 76mm

Platform 1

Platform 2

Platform 3

Platform 4

Qty. Blasts

8.0

19.0

5.0

15.0

Blast Frequency / Week

2

2

2

2

Qty. Weeks

4

9.5

2.5

7.5

Qty. Months per platform

1

2.38

0.63

1.88

Total Combined period

Units

Months

5.89

Platform Blast sequence proposed is as follows:
Duration
Days

Duration Weeks

Start

Finish

86

12.3

Mon 16/06/27

Mon 16/10/24

5

0.7

Mon 16/06/27

Fri 16/07/01

24

3.4

Mon 16/07/04

Thu 16/08/04

Platform 4

45

6.4

Mon 16/07/04

Fri 16/09/02

Platform 2

57

8.1

Fri 16/08/05

Mon 16/10/24

Platform 3

15

2.1

Mon 16/09/05

Fri 16/09/23

Task Name
Isundu
SubStation
First Blast Pre
drilled
Platform 1

Sequence

Start
Start with
Platform 1
After
Platform 1
After
Platform 4

Adding 3 days per month for rain delays will add an additional 9 to 10 days to the project schedule.
The total project blasting days will then be 96 days – 13.7 weeks. This schedule is preliminary and
will need to be finalised during tender stage.
Figure below shows the location of the platforms identified for drilling and blasting.
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