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Table 1: Legal Requirements for All Specialist Studies Conducted 

Legal Requirement Relevant Section in 
Specialist study 

(1) A specialist report prepared in terms of these Regulations must contain-  

(a)  details of-  

(i) the specialist who prepared the report; and i 

(ii) the expertise of that specialist to compile a specialist report including a 
curriculum vitae; 

Section 23 

(b)  a declaration that the specialist is independent in a form as may be specified 
by the competent authority; 

Section ii 

(c)  an indication of the scope of, and the purpose for which, the report was 
prepared; 

Section 4 

(d)  the date and season of the site investigation and the relevance of the season 
to the outcome of the assessment; 

Section 8 

(e)  a description of the methodology adopted in preparing the report or carrying 
out the specialised process; 

Section 6 

(f)  the specific identified sensitivity of the site related to the activity and its 
associated structures and infrastructure; 

Section 11 

(g)  an identification of any areas to be avoided, including buffers; Section 11 



BMC_Golder_SBPM_NOP_220217_EIA Report 

 Blast Management and Consulting (PTY) LTD Page 3 of 141 
 BBBEEE Level 2 Company  
 ISO9001:2015 Accredited  
 Directors: JD Zeeman, MG Mthalane  

 

Legal Requirement Relevant Section in 
Specialist study 

(h)  a map superimposing the activity including the associated structures and 
infrastructure on the environmental sensitivities of the site including areas 
to be avoided, including buffers;  

Section 11 

(i)  a description of any assumptions made and any uncertainties or gaps in 
knowledge; 

Section 9 

(j)  a description of the findings and potential implications of such findings on 
the impact of the proposed activity, including identified alternatives on the 
environment; 

Section 14 and 15 

(k)  any mitigation measures for inclusion in the EMPr;  Section 15.18 

(l)  any conditions/aspects for inclusion in the environmental authorisation; Section 19 

(m)  any monitoring requirements for inclusion in the EMPr or environmental 
authorisation; 

Section 18 

(n)  a reasoned opinion (Environmental Impact Statement)- Section 21 

as to whether the proposed activity or portions thereof should be authorised; 
and 

Section 21 

if the opinion is that the proposed activity or portions thereof should be 
authorised, any avoidance, management and mitigation measures that 
should be included in the EMPr, and where applicable, the closure plan; 

Section 21 

(o)  a description of any consultation process that was undertaken during the 
course of preparing the specialist report;  

Section 12 

(p)  a summary and copies of any comments received during any consultation 
process and where applicable all responses thereto; and 

Section 12 

(q)  any other information requested by the competent authority. None 
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1 Executive Summary 
 
Blast Management & Consulting (BMC) was contracted as part of the Environmental Impact 
Assessment (EIA) to perform review of possible impacts with regards to blasting operations for the 
development of the Opencast pit area for the proposed New Opencast Pit Project, Northwest 
Province in South Africa. Ground vibration, air blast, fly rock and fumes are some of the aspects 
resulting from blasting operations. The report concentrates on the possible influences of ground 
vibration, air blast and fly rock. It intends to provide information, calculations, predictions, possible 
influences and mitigation of blasting operations for the project.  
 
The evaluation of effects yielded by blasting operations was evaluated over an area as wide as a 
3500 m radius from where blasting will take place. The range of structures observed and considered 
in this evaluation ranged between houses, community housing, structures, buildings, offices, shops 
and schools. 
 
The distances between structures and the opencast pit area are the main contributing factor to the 
levels of ground vibration expected and the subsequent possible influences. 
 
The closest infrastructure to the opencast pit area is the houses, sports terrain, community housing, 
substation, tanks and buildings. The planned maximum charge evaluated showed that it could be 
problematic in terms of potential structural damage and human perception. Nearest infrastructure 
to the pit is the office building (Tag 383) which is 38m away. 
 
The closest structures from the opencast pit area where people may be present is the office building, 
a distance of 38 m which will experience ground vibration levels as intolerable. 
 
Ground vibration and air blast generally upset people living in the vicinity of mining operations. The 
nearest settlement of people to the opencast pit area is the community housing (Tag 340) at 50 m 
away. These and other settlements where people live are located such that the levels of ground 
vibration predicted may be acceptable. 
 
The nearest settlement (building/structure) (Tag 383) that will be affected by air blast is located 38 
m from the opencast pit area. 
 
A fly rock exclusion zone for safe blasting was also calculated. The absolute minimum unsafe zone 
is then the 159 m. This calculation is a guideline and any distance cleared should not be less. The 
occurrence of fly rock can however never be 100 % excluded 
 
When the box-cut is blasted in the construction phase the fly rock exclusion zone will be 167 m 
away. 
 
When blasting at the opencast pit area, the road is in the vicinity of the project area, then it needs 
to be ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ ǊƻŀŘ ǎƘƻǳƭŘ ǘƘŜƴ ōŜ ŎƭƻǎŜŘΦέ {ǘƻǇ ŀƴŘ Dƻέ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ ǿƘŜƴ ōƭŀǎǘƛƴƎ ƛǎ 
done within 500 m from these roads. Road closure will be required with inspection for after blast 
fly rock. 
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The current proposed stemming lengths at least must be maintained to ensure some form of fly 
rock control. Specific designs where distance between point of concern and blast is known should 
be considered with this. It may be required to increase stemming lengths for additional control to 
reduce the fly rock from 159 m. 
 
The option of photographic survey of all structures up to 500 m from the opencast pit area is 
recommended. This will give advantage on any negotiations with regards to complaints from 
neighbours. This process can however only succeed if done in conjunction with a proper monitoring 
program. 
 
Recommendations were made and should be considered. specific actions will be required for all pit 
areas such as Mine Health and Safety Act requirements when blasting is done within 500 m and 100 
m from private structures. 
 
In view of the data evaluated it is the opinion of the author that the New Opencast Pit can be 
executed successfully with proper management and control on the aspects of ground vibration, air 
blast and fly rock. Recommendations were made on recommended mitigations. 
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2 Introduction 
 
The Siyanda Bakgatla Platinum Mine (SBPM), New Opencast Pit Project is located southwest of 
Swartkoppies in the Northwest Province.  
 
As part of Environmental Impact Assessment (EIA), Blast Management & Consulting (BMC) was 
contracted to perform a review of possible impacts from blasting operations for the proposed two 
options for the new opencast mining operation. Ground vibration, air blast and fly rock are some of 
the aspects that result from blasting operations and this study considers the possible influences that 
blasting may have on the surrounding area in this respect. The report concentrates on ground 
vibration and air blast and intends to provide information, calculations, predictions, possible 
influences and mitigating aspects of blasting operations for the project. 
 
3 Objective 
 
The objective of this document is to outline the expected environmental effects that blasting 
operations at the New Opencast Pit Project could have on the surrounding environment and to 
propose specific mitigation measures, if required. This study investigates the related influences of 
expected ground vibration, air blast and fly rock. These effects are investigated in relation to the 
blast site area and surrounds and the possible influence on nearby private installations, houses and 
the owners or occupants. 
 
The objectives were dealt with whilst taking specific protocols into consideration. The protocols 
apǇƭƛŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ŜȄǇŜǊƛŜƴŎŜΣ ƎǳƛŘŜƭƛƴŜǎ ǘŀƪŜƴ ŦǊƻƳ ƭƛǘŜǊŀǘǳǊŜ 
research, project applicant requirements and general indicators in the various appropriate pieces of 
South African legislation. There is no direct reference in the following acts regarding requirements 
and limits on the effect of ground vibration and air blast and some of the aspects addressed in this 
report: 

Á National Environmental Management Act, 1998 (Act No. 107 of 1998) (NEMA)  
Á Mine Health and Safety Act, 1996 (Act No. 29 of 1996)  
Á Mineral and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002) 

(MPRDA)  
Á Explosives Act, 2003 (Act No. 15 of 2003) 

 
The guidelines and safe blasting criteria are based on internationally accepted standards and 
specifically criteria for safe blasting for ground vibration and recommendations on air blast 
published by the United States Bureau of Mines (USBM). There are no specific South African 
standards and the USBM is well accepted as a standard for South Africa. Additional restrictions are 
also considered where necessary. Specifically, where a structure of lesser integrity is observed i.e. 
traditional built structures.  
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4 Scope of Blast Impact Study 
 
The scope of the study is determined by the terms of reference to achieve the objectives. The terms 
of reference can be summarised according to the following steps taken as part of the EIA study with 
regards to ground vibration, air blast and fly rock due to blasting operations. 
 
Á Site specific evaluation of blasting operations according to the following: 

o Evaluation of expected ground vibration levels from blasting operations at specific 
distances and on structures in surrounding areas 

o Evaluation of expected ground vibration influence on neighbouring communities 
o Evaluation of expected blasting influence on national and provincial roads surrounding 

the blasting operations if present 
o Evaluation of expected ground vibration levels on water boreholes if present within 500 

m from blasting operations 
o Evaluation of expected air blast levels at specific distances from the operations and 

possible influence on structures 
o Evaluation of fly rock unsafe zone 
o Discussion on the occurrence of noxious fumes and dangers of fumes 
o Evaluation of the location of blasting operations in relation to surrounding areas 

according to the regulations from the applicable Acts  

¶ Undertake an impact assessment and identify suitable mitigation measures 
 
5 Study Area 
 
The proposed project is located on SBPM prospective mining rights area, located in the Northwest 
Province in South Africa. A New Opencast pit is planned in this operation. Figure 1 shows the location 
of SBPM mine at following coordinates (Lat/Lon WGS84):  
 

¶ New Opencast Pit Project:  S24.940616 °; E 27.157764° 
 

Figure 2 shows the location map of the proposed New Opencast mining project.  
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Figure 1: Aerial view and location of SBPM.  
 

 
Figure 2: Layout map shows the New Opencast Pit. 
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6 Methodology 
 
The detailed plan of study consists of the following sections: 
Á Baseline influence: There are no blasting activities currently being done at the proposed 

mining area. The baseline is zero with no specific influence from blasting. 
Á Identifying surface structures/ installations that are found within reason from the project 

ǎƛǘŜΦ ! ƭƛǎǘ ƻŦ tƻƛƴǘ ƻŦ LƴǘŜǊŜǎǘǎ όthLΩǎύ was created that will be used for the evaluation.  
Á Site evaluation: This entails an evaluation of the planned mining, drilling and blasting 

operations and the possible influences from the blasting operations. The methodology 
includes the modelling of the expected impacts based on the expected drilling and 
blasting information provided for the project. Various accepted mathematical equations 
were applied to determine the attenuation of ground vibration, air blast and fly rock. 
These values were then calculated over the distance investigated from the site and 
shown as amplitude level contours. Overlaying these contours on the location of the 
various receptors gave an indication of the possible impacts and the expected results of 
potential impacts. Evaluation of each receptor according to the predicted levels further 
gave an indication of the possible mitigation measures to be applied. The possible 
environmental or social impacts were addressed in the detailed EIA phase investigation. 

 
7 Site Investigation 
 
A site visit was conducted for the New Opencast Pit Project. The info that was used was from a site 
visit and structure identification done on the 21st November 2021 ŀƴŘ ǘƘŜ άaŜƎŀ tƛǘ LƴǾŜƴǘƻǊȅ bƻмέ 
data supplied by the client. This site visit was done specifically to get an understanding of the 
location for the project and identifying the structures and installations surrounding the proposed 
open pit area. 
 
8 Season applicable to the investigation 
 
The drilling and blasting operations are not season dependent, therefore the investigation into the 
possible effects from blasting operations is also not season dependent.  
 
9 Assumptions and Limitations 
 
The following assumptions have been made:  
 
Á The project is a New Opencast Pit Project with no drilling and blasting operations currently 

active. 
Á The anticipated levels of influence estimated in this report are calculated using standard 

accepted methodology according to international and local regulations.  
Á The assumption is made that the predictions are a good estimate with significant safety 

factors to ensure that expected levels are based on worst case scenarios. These will have to 
be confirmed with actual measurements once the operation is active.  

Á Blast Management & Consulting was provided with a standard blast design for the initial 
box-cut and the design basics for production blasts to follow. Information from these designs 
was used. Changes in the blast designs going forward with the project will have influence on 
expected outcomes. This report is based on the designs provided. 
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Á ¢ƘŜ ǿƻǊƪ ŘƻƴŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘ 
applicant.  

Á An initial box-cut is planned and indicated in this report. The exact placement of this box-cut 
is not yet fixed and thus limited influence evaluation done. This box-cut is considered part 
of the construction phase.  

 
10 Legal Requirements 
 
¢ƘŜ ǇǊƻǘƻŎƻƭǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ŜȄǇŜǊƛŜƴŎŜΣ ƎǳƛŘŜƭƛƴŜǎ ŜƭƛŎƛǘŜŘ ōȅ 
the literature research, project applicant requirements and general indicators provided in the 
various applicable South African Acts. There is no direct reference in the consulted acts specifically 
regarding limiting levels for ground vibration and air blast. There is however specific requirements 
and regulations regarding blasting operations and the effect of ground vibration and air blast and 
some of the aspects addressed in this report. The acts consulted are:   
 
Á National Environmental Management Act, 1998 (Act No. 107 of 1998) (NEMA)  
Á Mine Health and Safety Act, 1996 (Act No. 29 of 1996)  
Á Mineral and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002) (MPRDA)  
Á Explosives Act, 2003 (Act No. 15 of 2003) 

 
There are no specific South African standards providing limiting levels regarding ground vibration 
and air blast. The guidelines and safe blasting criteria applied in this study are as per internationally 
accepted standards, and specifically the United States Bureau of Mines (USBM) criteria for safe 
blasting for ground vibration and the recommendations on air blast. The USBM is well accepted as 
a standard for South Africa. Additional criteria required by various institutions in South Africa were 
also taken into consideration, i.e. Eskom, Telkom, Transnet, Rand Water Board, etc. as well as 
specific limitations regarding traditional built structures where applicable. 
 
In view of the acts consulted the following guidelines and regulations are noted. Only parts of the 
acts were extracted:  
Á Mine Health and Safety Act, 1996 (Act No. 29 of 1996) 
(Gazette No.17242, Notice No. 967 dated 14 June 1996. Commencement date: 15 January 1997 for 
all sections with the exception of sections 86(2) and (3), which came into operation on 15 January 
1998, [Proc.No.4, Gazette No. 17725]) 
 
Mine Health and Safety Regulations 
Precautionary measures before initiating explosive charges 
4.7 The employer must take reasonable measures to ensure that when blasting takes place, air and 
ground vibrations, shock waves and fly material are limited to such an extent and at such a distance 
from any building, public thoroughfare, railway, power line or any place where persons congregate 
to ensure that there is no significant risk to the health or safety of persons. 
 
General precautions 
4.16 The employer must take reasonable measures to ensure that: 
4.16(1) in any mine other than a coal mine, no explosive charges are initiated during the shift unless 
ς 
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(a) such explosive charges are necessary for the purpose of secondary blasting or reinitiating the 
misfired holes in development faces; 
(b) written permission for such initiation has been granted by a person authorised to do so by the 
employer; and 
(c) reasonable precautions have been taken to prevent, as far as possible, any person from being 
exposed to smoke or fumes from such initiation of explosive charges; 4.16(2) no blasting operations 
are carried out within a horizontal distance of 500 metres of any public building, public 
thoroughfare, railway line, power line, any place where people congregate or any other structure, 
which it may be necessary to protect in order to prevent any significant risk, unless: 
(a) a risk assessment has identified a lesser safe distance and any restrictions and conditions to be 
complied with; 
(b) a copy of the risk assessment, restrictions and conditions contemplated, in paragraph (a) have 
been provided for approval to the Principal Inspector of Mines; 
(c) shot holes written permission has been granted by the Principal Inspector of Mines; and 
(d) any restrictions and conditions determined by the Principal inspector of Mines are complied 
with. 
 
Á Mineral and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002) 
(Gazette No. 23922, Notice No. 1273 dated 10 October 2002. Commencement date: 1 May 2004 
[Proc. No. R25, Gazette No. 26264])  
 
Mineral and Petroleum Resources Development Regulations  
67. Blasting, vibration and shock management and control  

(1) A holder of a right or permit in terms of the Act must comply with the provisions of the Mine 

Health and Safety Act, 1996, (Act No. 29 of 1996), as well as other applicable law regarding blasting, 

vibration and shock management and control.  

 

(2) An assessment of impacts relating to blasting, vibration and shock management and control, 
where applicable, must form part of the environmental impact assessment report and 
environmental management programme or the environmental management plan, as the case may 
be. 
 
11 Sensitivity of the Project 
 
A review of the project and the surrounding areas is done before any specific analysis is undertaken 
and sensitivity mapping is done, based on typical areas and distance from the proposed mining area. 
This sensitivity map uses distances normally associated where possible influences may occur and 
where influence is expected to be very low or none. The |New Opencast Pit Project area was 
identified as an opencast pit in this regard: 
ω A highly sensitive area of 500 m around the pit area. Normally, this 500 m area is considered 

an area that should be cleared of all people and animals prior to blasting. Levels of ground 
vibration and air blast are also expected to be higher closer to the pit area.  

ω An area 500 m to 1500 m around the pit area can be considered as being a medium sensitive 
area. In this area, the possibility of impact is still expected, but it is lower. The expected 
level of influence may be low, but there may still be reason for concern, as levels could be 
low enough not to cause structural damage but still upset people.  
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ω An area greater than 1500 m is considered low sensitivity area. In this area it is relatively 
certain that influences will be low with low possibility of damages and limited possibility to 
upset people.  
 

Figure 3 shows the sensitivity mapping with the identified POIs in the surrounding area for the 
proposed New Opencast Pit Project.  



BMC_Golder_SBPM_NOP_220217_EIA Report 

 

 Blast Management and Consulting (PTY) LTD Page 18 of 141 
 BBBEEE Level 2 Company  
 ISO9001:2015 Accredited  
 Directors: JD Zeeman, MG Mthalane  

 

 
Figure 3: Identified sensitive areas for the New Opencast Pit 
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12 Consultation Process 
 
Golder Associates Africa (Pty) Ltd, as the lead consultant is responsible for the consultation process 
throughout the EIA.  
 
13 Influence from Blasting Operations 
 
Blasting operations are required to break rock for excavation to access the development of the 
opencast pit area. Explosives in blast holes provide the required energy to conduct the work. Ground 
vibration, air blast and fly rock result from the blasting process. Based on the regulations of the 
different acts consulted and international accepted standards these effects are required to be within 
certain limits. The following sections provide guidelines on these limits. As indicated, there are no 
specific South African ground vibration and air blast limit standards.  
 

13.1 Ground Vibration Limitations on Structures 

Ground vibration is measured in velocity with units of millimetres per second (mm/s). Ground 
vibration can also be reported in units of acceleration or displacement if required. Different types 
of structures have different tolerances to ground vibration. A steel structure or a concrete structure 
will have a higher resistance to vibrations than a well-built brick and mortar house. A brick-and-
mortar house will be more resistant to vibrations than a poorly constructed or a traditional built 
mud house. Different limits are then applicable to the different types of structures. Limitations on 
ground vibration take the form of maximum allowable levels or intensity for different installations 
or structures. Ground vibration limits are also dependent on the frequency of the ground vibration. 
Frequency is the rate at which the vibration oscillates. Faster oscillation is synonymous with a higher 
frequency and lower oscillation is synonymous with a lower frequency. Lower frequencies are less 
acceptable than higher frequencies because structures have a low natural frequency. Significant 
ground vibration at low frequencies could cause increased structure vibrations due to the natural 
low frequency of the structure and this may lead to crack formation or damages to occur. 
 
Currently, the USBM criteria for safe blasting are applied as the industry standard where private 
structures are of concern. Ground vibration amplitude and frequency is recorded and analysed. The 
data is then evaluated accordingly. The USBM graph is used for plotting of data and evaluating the 
data. Figure 7 below provides a graphic representation of the USBM analysis for safe ground 
vibration levels. The USBM graph is divided mainly into two parts. The red lines in the figure are the 
USBM criteria: 

¶ Analysed data displayed in the bottom half of the graph shows safe ground vibration levels; 
and 

¶ Analysed data displayed in the top half of the graph shows potentially unsafe ground 
vibration levels.  

 
Added to the USBM graph is a blue line and green dotted line that represents 6 mm/s and 12.5 
mm/s which are additional criteria that are used by BMC. The 6 mm/s is used for informal housing 
and 12.5 mm/s is used for structures that are considered being of lesser structural integrity than 
brick and mortar structures built according to building regulations. 
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Figure 4: USBM Analysis Graph 

 
Additional limitations that should be considered were determined through research and prescribed 
by the various institutions; these are as follows: 
 

Á National roads/tar roads: 150 mm/s 
Á Steel pipelines: 50 mm/s (Rand Water Board) 
Á Electrical lines: 75 mm/s (Eskom) 
Á Sasol Pipelines: 25 mms/s (Sasol) 
Á Railways: 150 mm/s 
Á Concrete less than 3 days old: 5 mm/s 
Á Concrete after 10 days: 200 mm/s 
Á Sensitive plant equipment: 12 mm/s or 25 mm/s, depending on type. (Some switches 

could trip at levels of less than 25 mm/s.) 
Á Water wells: 50 mm/s 

 
Considering the above limitations, BMC work is based on the following: 
Á USBM criteria for safe blasting. 
Á The additional limits provided above. 
Á Consideration of private structures in the area of influence. 
Á Should structures be in poor condition the basic limit of 25 mm/s is halved to 12.5 mm/s or 

when structures are in very poor condition limits will be restricted to 6 mm/s. It is a standard 
accepted method to reduce the limit allowed with poorer condition of structures. 

Á Informal/Traditional built mud houses are limited to 6 mm/s. The 6 mm/s limit is used due 
to unknowns on how these structures will react to blasting. There is also no specific scientific 
data available that would indicate otherwise. 

Á Input from other consultants in the field locally and internationally. 
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13.2 Ground Vibration Limitations and Human Perceptions 

A further aspect of ground vibration and frequency of vibration that must be considered is human 
perceptions. It should be realized that the legal limit set for structures is significantly greater than 
the comfort zone of human beings. Humans and animals are sensitive to ground vibration and the 
vibration of structures. Research has shown that humans will respond to different levels of ground 
vibration at different frequencies. 
 
Ground vibration is experienced at different levels; BMC considers only the levels that are 
ŜȄǇŜǊƛŜƴŎŜŘ ŀǎ άtŜǊŎŜǇǘƛōƭŜέΣ ά¦ƴǇƭŜŀǎŀƴǘέ ŀƴŘ άLƴǘƻƭŜǊŀōƭŜέΦ ¢Ƙƛǎ ƛǎ ƛƴŘƛŎŀǘƛǾŜ ƻŦ ǘƘŜ ƘǳƳŀƴ 
ōŜƛƴƎΩǎ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ƎǊƻǳƴŘ ǾƛōǊŀǘƛƻƴ ŀƴŘ ŎƭŜŀǊƭȅ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƘǳƳŀƴǎ ŀǊŜ ǎŜƴǎƛǘƛǾŜ to ground 
vibration and humans perceive ground vibration levels of 4.5 mm/s as unpleasant (See Figure 5). 
This guideline helps with managing ground vibration and the complaints that could be received due 
to blast induced ground vibration.   
Indicated on Figure 5 is a blue solid line that indicates a ground vibration level of 12.5 mm/s and a 
green dotted line that indicates a ground vibration level of 6 mm/s. These are levels that are used 
in evaluation.  
 
Generally, people also assume that any vibration of a structure - windows or roofs rattling - will 
cause damage to the structure. Air blast is one of the causes of vibration of a structure and is the 
cause of nine out of ten complaints. 
 

 
Figure 5: Ground vibration and human perception 
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13.3 Air Blast Limitations on Structures 

Air blast or air-overpressure is a pressure wave generated from the blasting process. Air blast is 
measured as a pressure in pascal (Pa) and reported as a decibel value (dBL). Air blast is normally 
associated with frequency levels less than 20 Hz, which is at the threshold for hearing.  Air blast can 
be influenced by meteorological conditions, the final blast layout, timing, stemming, accessories 
used, blast covered by a layer of soil or not etc. Air blast should not be confused with sound that is 
within the audible range (detected by the human ear). A blast does generate sound as well but for 
the purpose of possible damage capability we are only concerned with air blast in this report. The 
three main causes of air blasts can be observed as:  
Á Direct rock displacement at the blast; the air pressure pulse (APP). 
Á Vibrating ground some distance away from the blast; rock pressure pulse (RPP). 
Á Venting of blast holes or blowouts; the gas release pulse (GRP).  
 
The general recommended limit for air blast currently applied in South Africa is 134 dBL. This is 
based on work done by the USBM. The USBM also indicates that the level is reduced to 128 dB in 
proximity of hospitals, schools and sensitive areas where people congregate. 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. Persson et al. (1994) have 
published estimates of damage thresholds based on empirical data (Table 2). Levels given in Table 
2 are at the point of measurement. The weakest points on a structure are the windows and ceilings. 
 
Table 2: Damage Limits for Air Blast 

Level Description 

>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 

 
All attempts should be made to keep air blast levels from blasting operations well below 120dB 
where the public is of concern.  
 

13.4 Air Blast Limitations and Human Perceptions 

Considering human perceptions and the misunderstanding about ground vibration and air blast, 
BMC generally recommends that blasting be done in such a way that air blast levels are kept below 
120 dB. This will ensure fewer complaints regarding blasting operations. The effect on structures 
that startle people will also be reduced, which reduces the reasons for complaints. It is the effect on 
structures (like rattling windows, doors or a large roof surface) that startles people. These effects 
are sometimes erroneously identified as ground vibration and considered to be damaging to the 
structure.  
 
In this report initial limits for evaluating conditions have been set at 120 dB, 120 dB to 134 dB and 
greater than 134 dBL. The USBM limit for nuisance is 134 dBL. 
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13.5 Fly Rock  

Blasting practices require some movement of rock to facilitate the excavation process.  The extent 
of movement is dependent on the scale and type of operation. For example, blasting activities at 
large coal mines are designed to cast the blasted material over a greater distance than in quarries 
or hard rock operations or a decline shaft as in this project. The movement should be in the direction 
of the free face. The orientation of the blast and expected movement direction is important. 
Material or elements travelling outside of a planned or expected range would be considered fly rock. 
Error! Reference source not found. shows a schematic representation of the following fly rock d
efinitions. 
 
Fly rock can be categorised as follows: 
Á Throw - the planned forward movement of rock fragments that form the muck pile within 

the blast zone. 
Á Fly rock - the undesired propulsion of rock fragments through the air or along the ground 

beyond the blast zone by the force of the explosion that is contained within the blast 
clearance (exclusion) zone. When using this definition, fly rock, while undesirable, is only a 
safety hazard if a breach of the blast clearance (exclusion) zone occurs. 

Á Wild fly rock - the unexpected propulsion of rock fragments that travels beyond the blast 
clearance (exclusion) zone when there is some abnormality in a blast or a rock mass. 

 

 
Figure 6: Schematic of fly rock terminology 

 
Fly rock from blasting can result under the following conditions: 
Á When burdens are too small, rock elements can be propelled out of the free face area of the 

blast. 
Á 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.  
Á If the stemming material is of poor quality or too little stemming material is applied, the 

stemming is ejected out of the blast hole, which can result in fly rock.  
 
Stemming of correct type and length is required to ensure that explosive energy is efficiently used 
to its maximum and to control fly rock. 
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The occurrence of fly rock in any form will have impact if found to travel outside the safe boundary. 
If a road or structure or people or animals are within the safe boundary of 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. The fact is that fly rock will cause damage to the road, vehicles 
or even death to people or animals. This safe boundary is determined by the appointed blaster or 
as per mine code of practice. BMC uses a prediction calculation defined by the International Society 
of Explosives Engineers (ISEE) to assist with determining minimum distance. 
 

13.6 Noxious Fumes  

Explosives used in the mining environment are required to be oxygen balanced. Oxygen balance 
refers to the stoichiometry of the chemical reaction and the nature of gases produced from the 
detonation of the explosives. The creation of poisonous fumes such as nitrous oxides and carbon 
monoxide are particularly undesirable. These fumes present themselves as red brown cloud after 
the blast has detonated. It has been reported that 10 ppm to 20 ppm can be mildly irritating. 
Exposure to 150 ppm or more (no time period given) has been reported to cause death from 
pulmonary edema. It has been predicted that there is a 50 % chance of death following exposure to 
174 ppm for 1 hour. Anybody exposed must be taken to hospital for proper treatment.  
 
Factors contributing to undesirable fumes are typically: poor quality control on explosive 
manufacture, damage to explosive, lack of confinement, insufficient charge diameter, excessive 
sleep time, water in blast holes, incorrect product used, or product not loaded properly, and specific 
types of rock/geology can also contribute to fumes. 
 

13.7 Vibration impact on provincial and national roads 

The influence of ground vibration on tarred roads are expected when levels is in the order of 150 
mm/s and greater or when there is actual movement of ground when blasting is done to close to 
the road or subsidence is caused due to blasting operations. Normally 100 blast hole diameters are 
a minimum distance between structure and blast hole to prevent any cracks being formed into the 
surrounds of a blast hole. Crack forming is not restricted to this distance. Improper timing 
arrangements may also cause excessive back break and cracks further than expected. Fact remain 
that blasting must be controlled in the vicinity of roads. Air blast from blasting does not have 
influence on road surfaces. There is no record of influence on gravel roads due to ground vibration. 
The only time damage can be induced is when blasting is done next to the road and there is 
movement of ground. Fly rock will have greater influence on the road as damage from falling debris 
may impact on the road surface if no control on fly rock is considered. 
 

13.8 Vibration will upset adjacent communities 

The effects of ground vibration and air blast will have influence on people. These effects tend to 
create noises on structures in various forms and people react to these occurrences even at low 
levels. As with human perception given above, people will experience ground vibration at very low 
levels. These levels are well below damage capability for most structures. 
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Much work has also been done in the field of public relations in the mining industry. Most probably 
one aspect that stands out is to άtǊƻƳƻǘŜ good neighbourlinessέΦ ¢Ƙƛǎ ƛǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ 
communication and more communication with the neighbours. Consider their concerns and address 
in a proper manner.   
 
The first level of good practice is to avoid unnecessary problems. One problem that can be reduced 
is the public's reaction to blasting. Concern for a person's home, particularly where they own it, 
could be reduced by a scheme of precautionary, compensatory and other measures which offer 
guaranteed remedies without undue argument or excuse.  
 
In general, it is also in an operator's financial interests not to blast where there is a viable alternative. 
Where there is a possibility of avoiding blasting, perhaps through new technology, this should be 
carefully considered in the light of environmental pressures. Historical precedent may not be a 
helpful guide to an appropriate decision.  
 
Independent structural surveys are one way of ensuring good neighbourliness. There is a part of 
inherent difficulty in using surveys as the interpretation of changes in crack patterns that occur may 
be misunderstood. Cracks open and close with the seasonal changes of temperature, humidity and 
drainage, and numbers increase as buildings age. Additional actions need to be done in order to 
supplement the surveys as well.  
 
The means of controlling ground vibration, overpressure and fly rock have many features in 
common and are used by the better operators. It is said that many of the practices also aid cost-
effective production. Together these introduce a tighter regime which should reduce the incidence 
of fly rock and unusually high levels of ground vibration and overpressure. The measures include 
the need for the following: 

¶ Correct blast design is essential and should include a survey of the face profile prior to 
design, ensuring appropriate burden to avoid over-confinement of charges which may 
increase vibration by a factor of two, 

¶ The setting-out and drilling of blasts should be as accurate as possible and the drilled holes 
should be surveyed for deviation along their lengths and, if necessary, the blast design 
adjusted, 

¶ Correct charging is obviously vital, and if free poured bulk explosive is used, its rise during 
loading should be checked. This is especially important in fragmented ground to avoid 
accidental overcharging, 

¶ Correct stemming will help control air blast and fly rock and will also aid the control of ground 
vibration. Controlling the length of the stemming column is important; too short and 
premature ejection occurs, too long and there can be excessive confinement and poor 
fragmentation. The length of the stemming column will depend on the diameter of the hole 
and the type of material being used, 

¶ Monitoring of blasting and re-optimising the blasting design in the light of results, changing 
conditions and experience should be carried out as standard. 

 

13.9 Cracking of houses and consequent devaluation 

Houses in general have cracks. It is reported that a house could develop up to 15 cracks a year. 
Ground vibration will be mostly responsible for cracks in structures if high enough and at continued 
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high levels. The influences of environmental forces such as temperature, water, wind etc. are more 
reason for cracks that have developed. Visual results of actual damage due to blasting operations 
are limited. There are cases where it did occur, and a result is shown in figure 10 below. A typical X 
crack formation is observed.  
 

 
Figure 7: Example of blast induced damage. 

 
Observing cracks of this form on a structure will certainly influence the value as structural damage 
has occurred. The presence of general vertical cracks or horizontal cracks that are found in all 
structures does not need to indicate devaluation due to blasting operations but rather devaluation 
due to construction, building material, age, standards of building applied. Proper building standards 
are not always applied or else stated was not always applied in the countryside when houses were 
built. Thus, damage in the form of cracks will be present. Exact costing of devaluation for normal 
cracks observed is difficult to estimate. A property valuator will be required for this and I do believe 
that property value will include the total property and not just the house alone. Mining operations 
may not have influence to change the status quo of any property. 
 

13.10 Baseline Results 

Baseline work for this report normally consists of two parts. The first part is monitoring of blasting 
operations if the mine is operational. The second part of baseline work done is familiarising oneself 
with the surroundings and the typical structures that are found in the area of the project. The 
information for this is presented below.  
 

13.11 Baseline influence 

New Opencast Pit Project is not operational and do not have any specific influence currently that 
we are aware of.  
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13.12 Structure Profile 

As part of the baseline, all possible structures in a possible influence area are identified. The site 
was reviewed using Google Earth imagery. Information sought during the review was to identify 
surface structures present in a 3500 m radius from the proposed opencast pit area, which will 
require consideration during modelling of blasting operations, e.g., houses, general structures, 
power lines, pipelines, reservoirs, mining activity, roads, shops, schools, gathering places, possible 
historical sites, etc. A list was prepared of all structures in the vicinity of the opencast pit area. The 
list includes structures and POI within the 3500 m boundary ς see Table 3 below. A list of structure 
locations was required to determine the allowable ground vibration limits and air blast limits. Figure 
11 shows an aerial view of the opencast pit area and surroundings with POIs. The type of POIs 
ƛŘŜƴǘƛŦƛŜŘ ƛǎ ƎǊƻǳǇŜŘ ƛƴǘƻ ŘƛŦŦŜǊŜƴǘ ŎƭŀǎǎŜǎΦ ¢ƘŜǎŜ ŎƭŀǎǎŜǎ ŀǊŜ ƛƴŘƛŎŀǘŜŘ ŀǎ ά/ƭŀǎǎƛŦƛŎŀǘƛƻƴέ ƛƴ Table 3. 
The classification used is a BMC classification and does not relate to any standard or national or 
international code or practice. Table 3 shows the descriptions for the classifications used. 
 
Table 3: POI Classification used 

Class Description 

1 Rural Building and structures of poor construction 

2 Private Houses and people sensitive areas 

3 Office and High-rise buildings 

4 Ruins 

5 Animal related installations and animal sensitive areas 

6 Industrial buildings and installations 

7 Earth like structures ς no surface structure 

8 Heritage sites (buildings, infrastructure, activity, graves) 

9 Graves 

10 Water Borehole 

11 Water Resources Surface 

12 Pipelines Buried 

13 Powerlines / Telephone Lines / Towers 
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Figure 8: Aerial view and surface plan of the proposed opencast pit area with points of interest identified 




































































































































































































































