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ABSTRACT:During the development and implementation of the Safety Case, to satisfy the requirements of 
the Major Hazard Facilities Victorian Regulations (Victoria is a State of the Commonwealth of Australia), a 
model of Risk Identification and Safety Assessment, (based on the regulations and current thinking in Risk 
Management), was successfully customized for Initiated Explosives Systems P/L in Deer Park.
 The Model was interpreted and extended to incorporate the needs not only of designers (Technical and 
Engineering staff), but also of operators of plant both line management and workers.
 The model is used to develop the Basis Of Safety (BOS) training and operational procedures for plant 
personnel, at every level. The model also has been extensively used in training of operators, as it is very 
clear way to show how Control Measures are linked to Hazards and hence a more conscious management 
of these hazards.
 The authors argue that the model is applicable to all the Chemical Process Industries (CPI’s) and 
adaptable for ANY hazardous process however simple or complicated.

1. INTRODUCTION

During the development and implementation of 
the Safety Case, to satisfy the requirements of 
the Major Hazard Facilities (MHF) Victorian 
regulations, a model of Risk Identification and 
Safety Assessment, was successfully customized 
for Initiated Explosives Systems P/L (IES) in Deer 
Park.
 The model uses a Control Measures based 
approach to risk management.
 The model was used to develop further an 
existing Basis Of Safety (BOS) training and 

operational procedures, for plant personnel, at every 
level. It has also been extensively used in training 
of operators, as it is very clear way to show how 
Control Measures are linked to Hazards and hence 
a more conscious management of these hazards.
The model incorporates a risk register, which is 
used as the knowledge depository/management tool 
to maintain the inherent/design safety and manage 
the residual risk of the plant design.
 The model is applicable to all the Chemical 
Process Industries (CPI) and adaptable for any 
hazardous process no matter how simple or 
complicated.
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2. RISK MANAGEMENT MODELS

2.1	 Traditional	risk	management

Hazard and Operability (HAZOP) studies have been 
used extensively in the Chemical Process Industry 
together with Failure Mode Analysis (FMA’s), 
Hazard Analysis (HAZAN’s), Quantitative Risk 
Assessment (QRA’s) and other tools. Risk and 
Process Engineers used these tools to design 
safety and operability into plants new and old, 
by identifying hazards and then applying the risk 
reduction strategies of the hierarchy of controls 
(Eliminate, substitute, minimize, manage, PPE 
etc). 
 These processes take place, usually, in a frame 
of what is technologically possible at the time and 
for the right price. This last point, “price”, always 
means a compromise in the Control Measures that 
are adopted and therefore the final risk that would 
be inherent in the design. 
 In the last decade, focus by businesses on “core” 

activities and now Globalization added to and 
compounded the problems of Risk Management at 
the Plant level.
– There is a steady loss of process/risk engineering  

& technology experience from high risk plants 
and therefore knowledge, by downsizing & re-
engineering

– The outsourcing of design, construction & 
commissioning of new plants / upgrades 
to different companies, (and a lot of times 
each function taking place at a different 
part of the world), the compromises on the 
control measures, (reliability, functionality, 
maintainability, survivability & availability), 
are now multiplied. Standards used might be 
different and the substitute of “equivalent” type 
control measures/components, without due 
regards to the original design assumptions

 HAZOP studies in particular are carried out in 
the design phase of plant or modifications to plant. 
Generally the context in which a control measure 

Figure 1. Bow-Tie diagram
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is chosen and possible alternative (but rejected) 
control measures is not well documented. The 
knowledge of a control measure’s criticality and its 
limitations (applicable operation range) rarely gets 
passed on to plant operations (managers, operators 
and maintenance staff).

2.2	 Control	measures	based	model	of	risk		
	 management

The MHF Victorian regulations and its model 
of Risk Identification and Safety Assessment 
(customized at IES as a control measures based 
approach to risk management) bridges the gaps that 
traditional and current models of Risk Identification 
and Safety assessment such as HAZOPS / HAZAN 
/QRA have, when applied in practice.
 “Understanding what parts of a facility are 
in fact control measures, and how they actually 
control or affect hazards and risks, is critical to safe 
operation, as only through this understanding will 
the Control Measures are maintained.”
 This concept is illustrated in Figure 1, also 
referred to as a Bow-Tie diagram.
 Control measures are the barriers between the 
hazards and the consequences/outcomes. Once we 

view the safety of the plant as the integrity of the 
control measures that were designed into it, then 
it also follows that the role and place of systems, 
(Design, Risk Management, Safety Management, 
Knowledge Management), becomes clearer. They 
are there to support the identification of control 
measures, their definition, their implementation and 
maintenance and of course their improvement. The 
concept is depicted in Figure 2.
 Here are some inferences/statements coming 
out of the model;
· If you did not design the Control Measure into 

the system, then it is not there to protect you
· If you took short cuts at the design stage, you 

better tell the operations people what they were
· If you, the operations engineer/operator/manager 

do not know what the Control Measures that 
protects you, ie, what were the assumptions 
of the design engineer, you bound to have an 
incident 

 Another strong message coming out of the 
model, when someone takes into account the 
complexity of modern CPI, is that the operator 
of plant needs a knowledge management system 
to help him maintain the control measures and 

Figure 2. WorkSafe Victoria guidance note GN 3 rev 0, Sep 2001.
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improve them. That system, must serve the needs 
of ALL the stakeholders i.e. designers/system 
managers /operations/ engineering maintenance 
and management at All levels.

2.3	 IES	customised	model

The IES Plant is one of several manufacturing 
facilities on the Orica Deer Park Site, which produce 
a range of industrial chemicals and products. Like 
the site, it is an old plant with various generations 
of explosives technologies meshed together over 
its 100 plus years of operation. IES forms part of 
the Orica Mining Services Group and produces 
initiating explosives for use in commercial mining 
operations. Materials used in the production of 
initiating explosives and posing the greatest risk 
within the facility are Explosives at various stages 
of manufacture, Nitric Acid and Acetone.
 As a result of the hazardous nature and quantities 
of these (MHF Schedule 1) materials, the plant is 
considered a major hazard facility (MHF) under the 
Major Hazard Facilities Victorian regulations.
 To successfully meet the requirements of 
the MHF regulations, the Victorian WorkCover 
Authority model of Risk Identification and 
Safety Assessment, was customized at IES, and 
incorporated into an existing Explosives Basis Of 
Safety corporate model that was developed also 
as response to low frequency high consequence 
events.
 The first stage of developing the model consisted 
of a comprehensive and consultative Hazard 
Identification (Hazid) and Safety Assessment 
(SA) review process. Like any other old CPI plant 
original design calculations/assumptions /hazard 
studies were not available and therefore much 

emphasis was placed on consultation with current 
and past operators and technical experts in the field 
from within the company but also from outside. 
Also personnel on site were trained in the Hazid/
SA process and participated in it when his/hers 
section were analysed. The process was aimed to 
identify and assess all scenarios associated with 
the MHF Schedule 1 materials that could lead to 
major incident. A total of over 3000 causes were 
considered out of which 2700 were linked to major 
incident scenarios. An example of the development 
of an incident scenario in the detonating cord 
spinning room together with the safety assessment 
is given in Table 1.
 Control measures in place to prevent or mitigate 
the escalation and/or consequences of each hazard 
scenario were listed and using traditional techniques 
(QRA, Probits, risk matrices etc.) a residual risk was 
determined. Alternative controls were considered 
and residual risk re-visited. Table 1 shows the listing 
of control measures for a particular scenario.
 The scenarios and associated control measures 
(actual and alternative) and residual risks were then 
compiled into a Risk Register, configured to show 
the direct link between hazard scenario, control 
measure and residual risk.
 That direct link was transposed into the Basis of 
Safety (BOS) checklists that are used to manage control 
measures on a day-to-day basis (see section 2.4).

2.3.1	 Model	used	as	the	key	to	risk	management

2.3.1.1	 Control	measures

For hazard scenarios involving explosives, a 
sequence of events takes place from a FISH 
(Friction, Impact, Static/Spark, or Heat) initiation 

Process/Process step Detonating cord spinning/semifuse take up spooling
Hazard Friction; (from a set of key words)

Scenario/cause Traverse mechanism fails, accumulation of cord semifuse on one side of the 
spool, jumping off the flange and getting tangled in the rotating shaft.

Consequence(s) Possible fire, leading to explosion.

Control measures
Plc monitored traverse stops process if mechanism fails, tension controlled 
emergency stop, slow speeds of take up spool, preventative maintenance on 

traverse mechanism, modification and clearance procedures.
Safety assessment Residual risk; level IV (extremely unlikely, single death)

Table 1. Example of Hazid/SA process and showing the listing of the control measures.
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event through to a full-scale detonation of bulk 
explosives. The event sequence starts when a 
FISH event occurs with sufficient stimulus in the 
presence of explosives to cause a “minor crack”. 
Propagation to a limited quantity of explosives may 
lead to a “Limited Explosion”, propagation to bulk 
explosives may lead to a “Major Explosion”. 
 The different stages involved in this progression, 
suggest natural control points to prevent or limit 
the escalation and consequences of accidental 
initiation. This can be shown in the following 
diagram (Figure 3), which depicts the escalation 
of an initiation event through to a major explosion.  
At every stage, a range of control measures can be 
employed to break the chain of events and/or limit 
the consequences. 
 A similar progression and range of control 
measures can be applied to hazard scenarios 
involving non-explosives materials. For example, 
in a fire scenario a loss of containment, combined 
with an ignition source, can start a local fire that 
can escalate fire that can escalate to a limited fire or 
onto a major fire. Again a range control measures 
can be employed to break the chain of events and/or 
limit the consequences.
 As a general rule more than a single layer of 
protection is implemented to break the chain of 
events and/or limit the consequences of a hazard 

scenario. Refer to Figure 1.  
 Control measures can be defined in three 
categories:
Preventative controls - 
Separate explosives from F.I.S.H. sources; 
– Physical separation from ignition sources, 

motors etc 
– Housekeeping and cleaning of explosive dusts 
– Engineering arrangements, (exclusion seals, 

vertical surfaces etc) 
– Plant maintenance
– Safety Management System and procedures, 

(Operator training & awareness, clearance and 
modification systems etc.)

– Packaging and containment of explosives
– Electrical and engineering practices, (design 

standards, storage separation distances, pressure 
relief valves, temperature controllers etc)

Control measures to minimise process potential;
– Soft materials
– Low speed of movement
– Low heights / Low mass
– Earthing/conductive materials and equipment, 

humidity control
– Temperature controllers, high temperature cut-

outs

Figure 3.



- 382 -

– Safety Management Systems & procedures, 
Operator Training & awareness, Clearance and 
Modification systems etc

– Local emergency, abnormal operation work 
instructions

– Plant maintenance
Mitigating controls - 
Engineering control or emergency response 
procedure that reduces the probability of 
propagation of a “minor event” into a “serious 
event” or “extremely serious event”.
– Elimination of propagation paths
– Physical layout to provide separation from bulk 

material
– Housekeeping and Cleaning
– Detonation traps, remote operations, blast walls
– SMS procedures, Operator training and 

awareness, clearance and modification systems
– Bunding, safety showers, fire fighting equipment, 

emergency procedures, etc
Generic controls -
Any general control measure that may affect the 
event frequency, process potential, probability 

of explosives or fuel or other hazardous material 
present, probability of propagation, and injury 
consequences.
– Hazard study system, modification procedure, 

clearance procedure or permit to work, unusual 
incident reporting system, maintenance, operator 
awareness, training work instructions, etc

2.3.1.2	 Critical	control	measures

For each hazard scenario identified one or more 
specific “critical” control measures are selected on 
the basis of their importance on reducing the risk 
level. Usually last line of defence measures such as 
blast walls and /or detonation traps would fall into 
this category, but also control measures that run 
across the preventative and mitigating divide such 
as housekeeping.

2.3.1.3	 Hazard	ID	/	risk	register

By identifying the link between hazard, control 
measures in place and residual risk a more conscious 
management of these hazards through maintenance 
of control measures can be achieved. To enable that 
link to be maintained and managed throughout the 

Figure 4.
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life of the plant a Risk Register was developed. The 
Risk Register takes the form of a relational database 
that links Hazards with the Control Measures that 
prevent or mitigate them, and Control Measures 
with their standards and KPI’s, on a scenario based 
approach. It also safety assesses the scenario and 
assigns a risk level to it.

2.3.1.4	 Basis	of	Safety	(BOS)	checklists

The explosives industry is one of the oldest, one of 
the most hazardous and based on very unforgiving 
products and processes. A mistake involving 

explosives can be costly, and it can be the last one 
someone can make.
 The Explosives BOS concept was developed 
by ICI now Orica Explosives Group, in response 
to the number of causes of fatal accidents in the 
manufacture and handling of explosives. The 
concept assumes and accepts that there are a number 
of hazards / control measures / consequences (H/
CM/C) that are unique to every industry because of 
the nature of their products and processes.
 For explosives the H/CM/C are very well 
understood and known, and this is apparent from the 

Figure 5.
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fact that all incident investigations into near misses 
and fatalities fail to bring to the surface any new 
hazards or causes. In fact all incidents irrespective 
of industry follow a classic James Reason “Swiss 
Cheese” model of accident causation as depicted in 
Figure 4.
 The problem, as has been argued above, is that 
the holes in the control measures as well as the 
conditions/scenarios that will align them, must be 
in the mind/active memory of the person actually 
running the plant, the operator, and not only in the 
minds of engineers, technologists, or managers.
 Monitoring implementation and performance 
of individual control measures poses a considerable 
challenge given the large number of control measure 
/ scenario combinations. However this is achievable 
with little additional effort when incorporated into 
daily operator and maintenance activities.  
 Each plant area may be divided into process 
or other geographical or logical units for which a 
Basis of Safety (BOS) Checklist can be prepared. 
The checklists detail the critical maintenance and 
operational checks to be performed on a regular 
basis to ensure that control measures are in place 
and performing to required standards.
 An example of such a critical operational check, 
associated with a Friction Hazard, in the detonating 
cord spinning room, is given in Table 2 below;

Table 2.  Example of a critical operating check.

Control 
Description

Standard of control 
required Frequency

Spinning 
hopper 

adjustment

Spinning hopper must 
be aligned centrally 
with spinning die 

and have sufficient 
clearance from die 

so as not to touch the 
spinning yarns

Each lot

 The checklist then becomes a BOS performance 
standard for the process area and can be used for 
job cycle checks, audits, training etc.
Figure 5, is an example of bringing control 
measures and conditions that align them into the 
active memory of the operators during training and 
retraining.
 The example is associated with the one given 
in Table 2. The Hazard/Scenario is outlined, then 

the control measures, (preventative, mitigating 
and generic), are given, and finally the role of the 
operator in maintaining the control measure(s) are 
also given.
 For technical / design / management / 
operational / maintenance personnel (but also 
available for anyone who has a need to look at it), 
the hazard(s), the control measures, and the BOS 
checks, are linked in the Risk Register. 

2.3.1.5	 Risk	assessment	of	plant	modifications

Existing risk assessment methods of plant modifications 
can be upgraded to include a review of the Risk 
Register and control measures in place to ensure 
the existing control measures are not compromised 
or residual risk increased by the modification. Any 
additional controls used in the plant modification are 
reviewed and incorporated into the risk register. BOS 
safety checklist, training, etc.

2.3.1.6	 Portability	of	the	control	measures		
	 	 model

The Control Measures Risk Management model 
applies to all the H/CM/C situations simple or 
complicated from Manual Handling, Working at 
Heights, Storage of Dangerous Goods or Hazardous 
Substances, entry into Confine Spaces, to driving or 
cooking.
 All of the above processes assume that there are 
layers of Control Measures that make the operation 
safe and are specific to the hazards. The Controls 
Measures model can be used to explain why and to 
help reinforce in the minds of people who carry out 
these processes what keeps them safe. In the case 
of manual handling i.e. lifting of a heavy object, 
“bending your knees” might be the only Control 
Measure between a safe lift and a strained back.

3. CONCLUSIONS

A model using a control measures based approach 
to risk management was successfully customized 
and developed by Initiated Explosives Systems P/L 
in Deer Park.
 It bridges the gaps that traditional and current 
models of risk identification and safety assessment 
such as HAZOPS / HAZAN /QRA have, when 
applied in practice.
 The model shows the direct link between hazard, 
control measure and residual risk. Through training 
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this provides operators and line management with 
the knowledge of “What keeps them safe” and 
trough Basis of Safety (BOS) checks provides 
practical and ongoing monitoring of controls.
 The authors argue that the model is applicable 
to all the Chemical process Industries and adaptable 
for any hazardous process however simple or 
complicated. 
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Advancing public relations through simplifying communication

B.T. Lusk
University of Kentucky Mining Engineering Department, Lexington, Kentucky, USA

ABSTRACT: Commonly used units for reporting airblast measurements may be detrimental to quality 
public relations. Recent research has shown that the current practice of reporting airblast in decibels creates 
discomfort in residents living in proximity to blasting operations. The study briefly discussed in this paper 
utilized Likert Scaled Surveys to determine residents’ comfort levels with many different airblast report-
ing units including decibels, millibars, and pounds per square inch (PSI). The surveys were distributed in 
close proximity to several quarry operations in the Midwest United States, and results were analyzed based 
on location and demographics. The results were also compared to other groups of survey participants that 
did not reside near blasting operations. Analysis of the collected data shows that using similar surveys as 
a potential tool for proactive public relations shows promise. Using surveys to establish baseline commu-
nication levels with neighbours could advance public relations efforts for mining operations by providing 
insight and direction for site specific public relations programs.

1. DETRIMENTAL USE OF CONFUSING  
 UNITS FOR AIRBLAST REPORTING

In the past, extensive research has been undertaken 
on blast damage levels; however, this work has done 
little more than slow down the onslaught against the 
blasting industry. While it has been important work 
since it has provided the industry with certainty 
about what vibration and airblast levels are  
harmful to structures, a problem still remains.  
Although structurally safe levels have been 
met, complaints about blasting do not cease. At 
this point, the problem immediately transforms 
from a structural damage issue into one about  
abating complaints and fighting lawsuits. It should 
be obvious that the key or keys to this problem  
are somewhere else besides levels of vibration  
alone. Certainly the use of public relations in our 

industry is a relatively new idea and definitely 
making ourselves understandable to the public 
is a novel concept. Nearly twenty years ago, the  
blasting industry faced similar challenges as can 
be seen in a journal article by Petro and Anderson  
in 1986 (Petro 1986). The abstract begins “Blast 
vibration problems are often a matter of neighbour 
complaints rather than compliance with  
regulations.” (Petro, 1986). At the 2005  
International Society of Explosives Engineers 
(ISEE) Conference on Explosives and Blasting 
Technique, Spathis (Spathis, 2005) states, “It is also 
interesting to note that in certain circumstances a 
person can feel levels of ground vibration that are 
lower than human comfort limits and thus be  
disturbed even though there has not been an  
exceedance (of regulatory limits)”.   
 In order to clarify the problem faced at  
quarries forced to interface with numerous  
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neighbours, background information is necessary. 
Disturbances like blasts from nearby quarries  
instil worry in people. In many cases, residents 
will start looking for damage following blasts. 
They may encounter damage or defects in their 
homes that occurred prior to any blasting activity  
nearby. Many times, lawsuits are initiated against  
the mining company or blasting contractor for  
damage not caused by blasting. 
 The use of confusing units may be the root of 
many problems associated with neighbours in close 
proximity to blasting. The simple fact that residents 
may not understand the units used to report ground 
vibration and airblast data has been overlooked to 
date when considering public relations for mining 
and blasting operations.  
 Warneke (Warneke 2004) introduces the use 
of indicators to help in the creation of mining- 
related public policy. Through discussing the many  
definitions and characteristics of indicators, 
Warneke identifies a common thread among  
effective indicators. He states “characteristics  
necessary for effective indicators:… Simple to  
interpret, accessible and publicly appealing” 
(Warneke 2004). In the same way, blast reporting 
units are indicators of the success of a blasting  
program; thus, the units should follow the same 

characteristics.
 The use of the decibel scale for airblast report-
ing can be shown as possibly detrimental when the 
logarithmic nature of the scale is considered. Figure 
1 is a bar graph providing a visual comparison of 
the decibel scale and a linear PSI scale. The fig-
ure shows how a resident might be uncomfortable 
with the decibel scale because the values of a typi-
cal blast, the Office of Surface Mining (OSM) lim-
it, and the threshold for damage appear to be very 
close relative to the scale. In contrast, the PSI scale 
shows that the actual pressure values of these items 
are farther apart. The safety margin appears to be 
much larger when using the PSI scale.

2. COLLECTING SURVEY DATA FOR  
 ADVANCED PUBLIC RELATIONS

Beginning in the summer of 2004, a large amount 
of survey data has been collected from many dif-
ferent constituents in order to analyze the overall 
perception of reporting units for blast vibration and 
airblast. The surveys were administered by mail to 
several groups of people. A critical step in the re-
search process was to determine appropriate survey 
pools. Five distinct pools were identified. They are 

Figure 1. Comparison of logarithmic decibel scale and normal PSI scale. Corresponding values for kPA are 0.046 PSI = 
0.317 kPa, 0.013 PSI = 0.090 kPa, and 0.0029 PSI = 0.020 kPa.  (Lusk, 2006).



as follows:
− Alpha Group – Public in proximity to blasting 

operations 
− Beta Group – Control groups of the public who 

are not exposed to blasting 
− Gamma Group – Civil Engineers 
− Delta Group – Blasting Professionals 
− Epsilon Group – Local and State regulators and 

administrators 
 These survey pools were selected in order to obtain 
a view from each perspective involved in the  
regulation process. The residents living in close 
proximity to blasting operations were surveyed in 
order to find possible reasons for low comfort levels 
with blasting. A control group of residents who are 
not exposed to blasting were surveyed as a control 
group that is not affected by blasting. This could 
provide insight as to how certain public relations 
policies are working. Civil engineers are included 
to provide a strong scientific basis for damage  
criteria as these are the people who design and build 
the structures. A group of blasting professionals 
was also subjected to a survey to identify  
differences in their responses to the other groups 
as these are the individuals who would likely be 
the most comfortable with all units for reporting 
blast vibrations. Local and State regulators and  
administrators are a separate group because they 
will have different perspectives on the issues. They 
are ultimately responsible for politically dealing 
with citizens that complain about blasting.
 The example provided later in this paper  
describes analysis of data from the Alpha Group 
only. The Alpha survey questions are as follows, 
and future figures will refer to the question names 
listed below each question. Each survey pool was 
administered a similar survey; however, some 
groups were asked additional pertinent questions. 
Nevertheless, the core questions remained identical 
for each group.
 The Alpha Survey was designed for  
distribution to members of the public who reside 
within 1 mile of an ongoing blasting operation.  
In all cases for this research, the participants were 
selected who lived adjacent to surface aggregate 
quarries. The survey consisted of seventeen  
questions total. The initial five questions asked  
for general demographic data including home  
ownership, age, sex, working hours, and duration 
at the current residence. This information was used 
to partition the data into further groups. Not all of 

the information gathered here proved useful for  
this research; however, in future studies it may 
provide answers for questions not asked here. The 
remainder of the survey asked questions regarding 
blasting and reporting practices for ground  
vibration and airblast. Question #6 asked:
 6. How comfortable do you feel having a  
blasting operation within 1 mile of your home?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
This question was designed to determine how 
comfortable respondents were with blasting close 
to their home in general. For reading simplicity 
through the analysis of the data each question  
will be assigned a short name for reference through-
out the remainder of the dissertation. The above 
question #6 will be referred to as Alpha General 
Likert from this point forward. Question #7 asked:
 7. Based on good scientific research, the  
Federal Safety limit for air blast overpressure is  
133 decibels. How comfortable are you with a blast 
producing 120 decibels of air blast overpressure?
 1 Very Uncomfortable 
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
This question (Alpha Decibel Likert) begins a  
series of questions regarding airblast reporting.  
The series contains two more questions which are 
identical to Alpha Decibel Likert but utilize direct 
conversion of units to millibar and pounds per 
square inch (PSI). The other three questions in the 
series ask what the respondent associates with each 
unit. 
 The questions followed by their abridged names 
are as follows:
 8. What do you associate with decibels? 
(Alpha Decibel Association)
 9. The translated Federal Safety limit for  
air blast overpressure is 0.89 millibars. How  
comfortable are you with a blast producing 0.2  
millibars of air blast overpressure?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable

- 389 -



- 390 -

 5 Very Comfortable
(Alpha millibar Likert)
 10. What do you associate with millibars?
(Alpha millibar Association)
 11. The translated Federal Safety limit for air 
blast overpressure is 0.013 pounds per square 
inch (PSI). How comfortable are you with a blast  
producing 0.0029 PSI of air blast overpressure?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
(Alpha PSI Likert)
 12.  What do you associate with PSI?
(Alpha PSI Association)
 The above series of questions was designed  
to determine whether residents would be more 
comfortable with a reporting unit other than  
decibels. The qualitative association questions were 
an attempt to begin explaining why.  
 Three questions followed which addressed 
ground vibration reporting units. The following  
series of questions were identical except for the  
direct unit conversions using sinusoidal wave  
equations.  
 13. Based on good scientific research, the  
Office of Surface Mining and Reclamation  
Enforcement also has a regulated safety limit for 
ground vibration of 1.8 inches/second at 35 Hz. 
How comfortable are you with ground vibrations at 
your home with velocity in the range of 0.5 inches/
second at 35 Hz?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
(Alpha VF Likert)
 14. Based on good scientific research, the Office 
of Surface Mining and Reclamation Enforcement 
has a translated regulated safety limit for ground 
vibration of 0.00818 inches. How comfortable are 
you with ground vibrations of 0.00227 inches at 
your home?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
(Alpha Inches Likert)

15. Based on good scientific research, the Office 
of Surface Mining and Reclamation Enforcement  
has a translated regulated safety limit for ground 
vibration of 0.21 millimeters. How comfortable are 
you with ground vibrations of 0.06 millimeters at 
your home?
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
(Alpha mm Likert)
 Again, these questions were used to assess the 
respondent’s preference for reporting units, but  
these questions targeted ground vibrations.  
Questions eight through fifteen constituted the  
major scope of this research, and the majority 
of the data analysis is based on these questions.  
All five survey pools were asked these questions. 
Other group-specific questions were asked for the 
reason of looking forward to future research. The 
Alpha survey contained two more questions as  
follows:
 16. Have you ever lodged a complaint against a 
blasting operation?
 Yes  No
(Alpha Complaint)
 17. Federal safety limits are reasonable for  
public safety.
 1 Very Uncomfortable
 2 Uncomfortable
 3 Neutral
 4 Comfortable
 5 Very Comfortable
(Alpha Federal Likert)
 While analysis of the final two questions in the 
Alpha Survey is not necessary for reaching the goals 
of research, they do provide insight when planning 
for future studies. With these questions, evaluating 
relationships between comfort levels, complaints, 
and the potential use of federal blast vibration  
limits can be achieved.  
 Many conclusions were drawn from the  
analysis of the data. The following section  
provides one example of how the survey data  
could be used to target specific public relations 
efforts for individual operations. Future  
publications will present more results and other 
examples of how the data can be used. Extensive 
statistical validation was performed on the data; 
however, discussion of this process is beyond the 
scope of this paper.



3. EXAMPLE OF CONCLUSIONS DRAWN  
 FROM SURVEY DATA

It is technically and scientifically proven that blast 
vibrations already have accepted limits that are safe 
and preclude damage from blasting. The problem 
of complaints about blast vibrations is now one  
of annoyance levels and public relations.  
Public  relations overall offers the most fruitful  
path as zero annoyance will only occur when  
blast  vibrations are almost eliminated. Mining  
operations should create proactive public 
relations policies especially concerning the  
use of explosives at their mines. Surveys could  
be a pivotal tool for determining what types of  
information neighbours might like to see regarding 
blast vibration and airblast data. Baseline surveys 
could determine a level of education that is  
currently found amongst the majority of its  
neighbours. This provides an excellent starting 
point for developing quality public relations. A 
short example of how survey data could be used to 
target issues follows.
 A simple comparison of average comfort  
values at two separate quarry locations shows 

that the survey information could be used as an  
effective public relations tool. Table 1 shows average  
comfort values for a partitioned data set for an 
Ozark, Missouri, quarry that was specifically  
surveyed as compared to the partitioned data set  
for a Little Rock, Arkansas, quarry similarly  
surveyed. These two locations were chosen for 
the example analysis due to a visible difference 
in the aesthetics of the neighborhoods. In Ozark, 
the homes were newer construction and higher  
property-value homes than those around the Little 
Rock quarries.  The averages summarized in Table 
1 show that there is a difference in comfort levels 
for the two locations.
 It can easily be seen that comfort levels are 
much lower from the Little Rock respondents. 
Trends found in the analysis of the entire Alpha 
Survey group showed PSI as the preferred unit 
for airblast and mm displacement the preferred 
unit for ground vibration, thus the partitioned data 
agrees. The values themselves do not provide any 
aid as to how to handle the distinctly lower comfort 
values; however, taking a closer look at both the  
demographic information and the answers to the 
qualitative questions in the survey provides some 
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Partitioned Location General Likert dB Likert millibar Likert PSI Likert
Ozark 2.00 2.00 2.44 2.50

Little Rock 1.67 1.83 2.00 2.50

Partitioned Location VF Likert inches Likert mm Likert Federal Likert
Ozark 2.24 2.34 2.28 2.90

Little Rock 2.09 2.00 2.18 2.64

Table 1. Summary table for comparison of Ozark quarry and Arkansas quarries.

Partitioned Location dB Association millibar Association PSI Association
Ozark 72% Sound 32% Pressure 69% Pressure

 25% Don’t Know 
or No Answer

44% Don’t Know  
or No Answer

25% Don’t Know  
or No Answer

Little Rock 83% Sound 83% No Answer  
or Don’t Know

83% No Answer  
or Don’t Know

 17% Don’t Know  
or No Answer

8% Pressure 17% Pressure

Table 2. Summary table of association analysis of partitioned data for Ozark, Missouri quarry and Little Rock,  
Arkansas quarries.
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direction. Table 2 shows the results of a simple 
analysis of the association questions asked in 
the survey about units for airblast measurement. 
The table values do not add up to 100% for each  
question due to the fact that some answers did not 
fall into the major categories summarized.
 The summary table above provides insight for 
the lower comfort values from respondents in the 
Little Rock area. Specifically, 83% of respondents 
did not have an answer or replied ‘Don’t Know’ for 
the questions regarding what they associate with 
both millibar and PSI. This is particularly higher 
than the percentages responding ‘Don’t Know’ in 
the Ozark area. This suggests that education of the 
neighbours on something as simple as the units for 
pressure might help raise their comfort levels with 
reporting units for airblast.
 Much could be learned about what residents 
find annoying about any specific operation with  
quality surveys. Findings could reveal that  
blasting is not the most annoying factor involved  
in the mining process. Crusher noise, dust, backup 
alarms, and truck traffic could all have adverse  
effects on the image of an operation. Expansion of 
the survey questions could address many of these 
issues.
 Gathering demographic and qualitative data 
will enhance an operator’s ability to communicate  
and, thus, circumvent complaints. The key to  
positive public relations is to give neighbours  
what they want without creating undue financial 
burden on the operation. For example, learning 
that the majority of neighbours do not understand 
anything about blast vibrations could prompt local 
meetings to discuss these issues. Likewise, sur-
veys could show that neighbours are well educated 
in terms of blast vibrations and airblast, and thus  
another avenue must be chosen.

4. ADVANCES IN PROACTIVE PUBLIC  
 RELATIONS

Many situations where quarries are surrounded 
by development can be found all over the United 
States today. Favorable public relations are an in-
creasing problem for quarries and mines in areas of 
rapid growth. In the past, the explosives and blast-
ing industry has taken a soft-spoken approach with 
the public. The idea of ignoring public relations in 
hopes that complaints will eventually go away is no 
longer effective.  

 Already, many people harbor ill feelings  
toward blasting operations. Positive public  
relations are necessary. However, the blasting  
and mining industries in general are way behind  
in creating a positive image in their communities.  
It is imperative that over the next several years, the 
aggregate industry follows the lead of industries, 
such as plastics, in educating the public about the 
good things that are created through the use  
of explosives and mining. Already, the mining  
industry is well versed in public relations  
regarding environmental concerns with mine  
closures and pollution. The expertise obtained 
through cleaning up the mining industry’s environ-
mental image could be directly applied to the issues 
with blasting complaints.
 The first step in achieving positive public  
relations is educating the public on how  
blasting operations conduct business, and how  
these operations affect the public. People are  
naturally uncomfortable with events that they  
perceive as potentially dangerous to their homes. 
Current reporting practices leave much to be  
desired when considering that the public must  
understand what is actually happening when  
blasting takes place. In order for the blasting  
industry to sustain positive public relations, the  
information that is reported about each particular 
blast not only must be easily understood by the  
public, policy makers, and explosives users alike, 
but it is imperative that they also have a good  
comfort level with these numbers. Survey results 
similar to those described in this paper are a first  
attempt at locating a proper medium for transfer-
ring seismograph data to the public in an easily  
understandable format.
 Recently the Mississippi Valley chapter of the 
ISEE entertained discussions about appointing 
or electing a public-relations representative. The 
idea has not been totally accepted by all members;  
however, the idea is intriguing. Many times media 
coverage will interview neighbours of blasting  
operations and make statements that are  
unchecked and for the most part wrong. A pub-
lic-relations representative for the chapter would  
be responsible for quickly responding to such  
media. Once the media is informed that such a  
person exists, it is hoped that their opinion would 
be solicited when coverage of such events are  
imminent. The use of such a representative would 
allow the blasting industry an opportunity to protect 
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its image when slandered by angry residents during 
media coverage. While this public-relations effort 
is somewhat reactive, it does present an interesting 
idea of creating publicity for the positives produced 
from explosives and blasting.  

5. CONCLUSIONS

Over the past several decades, extensive research 
has been undertaken involving airblast and ground 
vibrations due to blasting. While much quality  
work has been done, a key piece to the public- 
relations puzzle has been left out of the research. 
This key piece is “What does the public think  
about blasting?” This generalized question has been 
answered qualitatively thousands of times at the  
informal discussions of many conferences.  
However, the question has never been answered 
quantitatively, and further, it has never been  
correlated to reporting practices within the blasting 
industry until the research briefly described in this 
paper was performed. The research discussed here 
provides new concepts for the blasting industry. 
 With the data collected, the industry stands to 
seize an opportunity to take public relations to a new  
level. The data begins to tell a story about what  
people want to know about blasting. It also shows 
that quarry neighbours are not comfortable with 
blasting near their homes. By utilizing the most 
easily understandable units for reporting ground 
vibration and airblast data to the public, there  
is potential for improving comfort levels with  
blasting in general.  
 Creating industry standards for discussing 
ground vibrations and airblast with easy-to-under-
stand terms and units would make public-relations 
efforts much easier. Consider the compound effect 
of communication. While discussing this research 
with industry members, one vibration consultant 
claimed to be very capable of explaining the  
technical aspects of blast vibrations to any quarry 
neighbour during seismograph setup and  
measurement. The question is:  can the quarry 
neighbour then effectively explain the issue to  
other neighbours? The use of simple units would 
increase this neighbour’s ability to do so.
 In general, the blasting industry will have to 
be very creative and novel in order to deal with 
this emerging problem effectively. Major changes  
will need to take place in order for quarries and 
residential neighbours to continue living together 

without serious issue. The mining and blasting  
industry will be ultimately responsible for bridging 
the communication gap.
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ABSTRACT:The impact of increasing safety and environmental legislation, greater interaction with the 
community and increasing explosives security requirements demand that blasting operations should be 
managed by shotfirers and engineers who are competent in all facets of explosives usage.  
 Generally speaking, qualified shotfirers should have adequate knowledge, training and experience to 
handle and charge explosives and to supervise persons servicing the blast. However, a qualified shotfirer 
may not be proficient in addressing some allied and fringe aspects of blasting such as computer design 
options, ground vibration control, cost options, complying with statutory requirements, liaising with the 
community, environmental impact and improving overall outcomes. There is also another factor. It has been 
noticed that occasionally shotfirers become quite blasé after handling explosives for many years and take 
some risky shortcuts. A periodic reminder of safety aspects, citing accidents due to careless practice, may 
have positive outcomes.
 Conversely, many mining engineers or blast engineers have university training but may lack sufficient 
practical training and experience to adequately interface with the shotfirer and his team. In the opinion of 
the authors, all engineers engaged in blasting operations (mainly in mining, civil and structural disciplines) 
should undergo competency based training of about five days duration, covering the essentials of blasting 
operations. An essential outcome of such a course would be the acquisition of knowledge and application 
of the legislative requirements relating to explosives usage. It is proposed that this type of course should 
be repeated at least every five years by all personnel involved in blasting operations so that up-to-date 
knowledge is disseminated. This practice, in time, should translate into fewer explosives related accidents.
 It is proposed that such a course would be competency based and would include attendance at lectures, 
blast site visits, hands-on experience and reference to notes, legislation and standards. The level of knowledge 
acquired by each course participant would be assessed by oral and written tests and the completion of a 
blasting assignment.
 The course attendees would benefit by the acquisition of additional skills and practical training to deal 
with complex blasting issues and management of blasting systems.
 Historic data suggests that blast exclusion zone breaches, flyrock and misfires are the most common 
blasting related incidents. Detailed investigations into many such incidents have identified inadequate 
training as a contributing factor in many instances.
 The legislative requirements for training and appointment of shotfirers in Australia are examined with 
particular respect to the state of Queensland, and some industry-wide training issues are explored with 
proposed solutions offered.
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1. INTRODUCTION

The construction, quarry and mining industries 
combined account for 97.5% of high explosives 
usage in many countries including Australia and the 
USA(Verakalis & Lobb, 2007). It is recorded (Wallace et al, 2006) that 
blasting related accidents have claimed the lives of 
more than a thousand people around the world since 
the turn of the Millennium. A large portion of these 
accidents has been caused not by failure of design, 
but by human failure. It has been established that 
much of the human failure can be due to the lack 
of competencies, skills and adequate training of the 
people involved. Explosives being an inherently 
high risk activity, it is no surprise that the spotlight 
is held on training for occupations in this industry, 
perhaps to a greater extent than some others.
 Consistent with trends in other jurisdictions 
in Australia and other countries (eg USA(Verakalis 

& Lobb, 2007) ), the major types of explosives related 
incidents are breaches of blast exclusion zones, 
flyrock and misfires.  Investigations into many cases 
have identified inadequate training as a common 
contributing factor. 
 It is the authors’ belief that this kind of mishap 
could be reduced, at least to some extent, if the quality 
and take-up of training, particularly with respect to 
the design and management of blasts was improved. 
The effectiveness of communication between blast 
engineers, shotfirers and drillers was another area 
highlighted for potential improvement.

2.  SCOPE

This article examines some of the commonly 
recurring explosives related incidents and the 
input that quality of training has to play in both 
their cause and subsequent strategies to improve 
blasting practices. Specific examples and trends 
are provided from Queensland, Australia, and 
although relating exclusively to open cut mining 
operations and quarries, many of the outcomes 
could be extrapolated to underground mining and 
civil construction arenas as well.

3. SOME POTENTIAL BLASTING MISHAPS

3.1 Flyrock

Detailed investigations into high potential flyrock 
incidents in Queensland, Australia commonly 

highlight poor communication between the 
technical services crew (bore tracking, face profiling 
etc), drillers, shot crew supervisor, shotfiring crew, 
contract explosives companies and site senior 
executives/mine managers as a contributing factor.
 It could be argued that occurrences of the three 
main incident types (flyrock, exclusion zone breaches 
and misfires) could be reduced by a combination of 
better blast design, including product selection and 
hook-up plan, more rigorous geotechnical studies, 
comprehensive risk assessments and joint sign off 
by blasting contractor and mine manager prior to 
firing.
 Resultant cases of flyrock are commonly 
accompanied by excessive ground vibrations and 
air blast overpressures. Whilst flyrock is the most 
significant incident type from a safety perspective, 
fortunately projected material is generally contained 
within the lease boundaries so of little consequence 
to neighbouring properties. However, particularly 
in relation to quarries operating near built up areas, 
the ground vibration and air blast effects often 
trigger complaints and level criticism against the 
industry.
 A spate of recent construction-related explosives 
incidents in Brisbane and in Canberra (Sen & Abrahams, 

2005) have highlighted deficiencies in individual 
training, the safety management system of blasting 
contractors and contravention of standard operating 
procedures. It is likely that these recent flyrock 
incidents could have been prevented by the proper 
use of blast mats and/or safety screen. Construction 
blasting in Townsville in Queensland conducted 
by a competent licensed shotfirer involved over 
100 blasts. Through careful planning of each shot, 
conducting detailed risk assessments and common 
use of false burden, no incidents were recorded, even 
when blasting within 3m of nearby residences.
 A recent paper (Bajpayee, et al, 2005) advocates the 
widespread use of blasting shelters, citing a number 
of fatalities and injuries that have been sustained 
by shotfirers who have remained inside or near the 
limit of the blast exclusion zone.  

3.2  Blast exclusion zone breaches

The same paper (Bajpayee, et al, 2005) proposes that one 
of a shotfirer’s greatest challenges is to accurately 
determine the blast exclusion zone. They list the 
following factors which need to be considered when 
determining any given blast exclusion zone:
– Geology or material to be blasted
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– Blast pattern
– Burden, depth, diameter and angle of holes
– Blasting experience of the mine
– Delay systems, powder factor and amount of 

explosives per delay
– Type and amount of explosive material  
– Type and amount of stemming material
 When using explosives in the demolition 
of a structure UK Health & Safety Executive 
recommends (Anon, 1995) that an exclusion zone is built 
up (from) OF four areas: a) Plan area, b) Designed 
drop area, c) Predicted debris area and d) Buffer 
area. The size of the exclusion zone is not only 
related to the height of the structure. The projection 
of any debris from explosive charges is a function 
of the energy of the explosion and the effectiveness 
of any blast protection.
 It is apparent that a particular shotfirer may not 
be competent to adequately assess ground conditions 
and predicted blast outcomes, particularly if he has 
no access to historic records of blasting at any site.  
Similarly, shotfirers may simply be required to tie 
in and fire a shot which was designed, drilled, and 
loaded by contract crews. The responsibilities are 
blurred in such cases, but such examples highlight 
the need for clear and complete communication 
between all parties from drill and blast engineer, 
mine geologist, surveyors, drillers, explosives 
manufacturing contractors, right through to the shot 
crew and ultimately the shotfirer.
 Commonly, modern explosives legislation 
requires a shotfirer to be proficient in design, 
calculating powder factors etc, yet in many cases 
it is not the direct responsibility of the shotfirer to 
do so. Interacting parties have a joint responsibility 
to ensure that all the information they need is 
exchanged. This is an area on which the authors 
believe more attention should be focussed during 
initial training, refresher training and during actual 
operations.
 The authors (Bajpayee, et al, 2005) highlight the fact 
that while blast exclusion zones should vary from 
shot to shot, many operations work to a constant 
pre-defined exclusion zone without adequately re-
assessing the risk for each individual blast.
 A significant number of incidents have been 
reported from mines in Queensland, Australia in 
recent years arising from unauthorised entry (or in 
some cases inadequate clearance of) blast exclusion 
zones.  Despite the presence of administrative 
controls and often physical controls such as bunds, 

flagging or even gates, deliberate violation or 
inadequate enforcement of site rules is often the 
cause of such incidents.  Clearly this is a cultural 
issue that needs to be addressed. Another paper 
(Brulia, 1993) reports that approximately 80-90% of all 
accidents are caused by human factors. The five 
major elements contributing to such accidents 
include negligence, hasty decisions, inadequate 
instruction, overconfidence and lack of planning.
 The authors strongly concur with the proposal 
(Bajpayee, et al, 2005) which states that while a multi-faceted 
approach to safety (including training, standard 
operating Procedures, and engineering controls) 
is commonly adopted by many operations, a 
commitment to safety by all personnel involved is 
the most necessary ingredient.

4. ADDRESSING THE PROBLEM

4.1 Legislative requirements

Queensland’s explosives and mining legislation 
requires that any person working with explosives 
must be trained and competent for the activities they 
undertake. It is anticipated that these requirements 
would be similar in most other jurisdictions 
worldwide.
 Perhaps because a ‘shotfirer’ holds a statutory 
licence or occupies a statutorily appointed position 
on a mine or quarry, his/her qualifications are more 
closely scrutinised in this respect than those of 
others involved in blasting operations.
 Since the late 1990s the Queensland Explosives 
Inspectorate within the Department of Mines and 
Energy has placed a greater reliance on the national 
vocational education framework, with training 
now provided by nationally accredited Registered 
Training Organisations (RTO’s). By involving itself 
in both initial registration and ongoing monitoring 
audits as a technical advisor to the state training 
authority, the Explosives Inspectorate has been able 
to retain good control over the quality of providers 
and their training materials.
 Counterparts in other jurisdictions may 
accredit RTO’s in other states or territories, 
but under the national training regime, the 
candidate’s qualifications must be acknowledged 
in all Australian states. It is widely recognised that 
differences in rigour of audits conducted by other 
state or territory training authorities and explosives 
competent authorities may provide for some 
differences in training quality between different 
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jurisdictions. These differences need to be ironed 
out to an acceptable common denominator. This is 
one area being addressed by the recently formed 
Australian Forum of Explosives Regulators – a 
body seeking to harmonise explosives regulation 
throughout Australia.
 Similar progression in training regimes from 
the United Kingdom is also cited in a published 
paper (Turner, 2006). Interestingly, she refers to identified 
shortcomings in the examination-only method of 
assessing competence and highlights the need for 
candidates to demonstrate, in their own workplaces, 
the competency requirements defined in the relevant 
National Occupational Standard (NOS). Under 
this system, a candidate’s competency will be re-
assessed every five years. A similar system operates 
in Queensland, Australia with licensed shotfirers 
required to undergo a ‘recognition of competency’ 
process by a Registered Training Organisation prior 
to renewal of a maximum 5-year term licence. If 
successful in the recognition process, the candidate 
is issued updated statements of attainment for 
those competency units, which are the submitted in 
support of their application to renew their shotfirer 
licence.

4.2 Training modules

The essential modules of a blasting course should 
consist of the following:
a) Familiarisation of common types of explosives 

and accessories
b) Types and modes of initiation 
c) Blast design and calculation
d) Precautions to be taken before and after firing
e) Consideration of environmental factors
f) Dealing with misfires 
 Although a misfire does not occur very often, 
when it does, it is a potential hazard if it is not 
treated properly.
 A substantial section of this course should be 
conducted at a site. This practical component should 
comprise a small group for an effective impact on 
the participants. In the authors’ experience this 
group should not be more than ten participants. 

4.3 Training at mine sites

Whilst the responsibility for training lies with any 
given organisation, commonly such organisations 
do not possess sufficient expertise to facilitate in-
house training in all aspects of blasting operations.
 External training organisations are commonly 

used to directly deliver training and conduct 
assessment or to validate and sign off on in house 
training and assessment. The dramatic upturn in the 
mining sector in Australia has created an imbalance 
between the supply and demand for quality 
explosives trainers and assessors.

4.4 Training competencies available for use  
 by industry

Currently blasting competencies are embedded 
within a number of nationally accredited training 
packages.  These include military, transport, coal 
mining, quarrying, metalliferous mining, civil 
construction and agricultural training packages.
 With reference to courses available for 
blasting, the three nationally accredited mining 
training packages each contain units which outline 
competency requirements for topics from magazine 
keeping to blast design.  Currently the Resource 
and Infrastructure Industries Skills Council 
(RIISC) is managing a consolidation project aimed 
at rationalising duplication of similar competency 
units within several closely allied training packages. 
It is anticipated that the resultant common units will 
be released in late 2008, for use in metallferous and 
coal mining, quarrying and construction industries.
 All Australian Explosives Competent 
Authorities have undertaken to transition towards 
using these nationally accredited competency units 
as a basis for their respective shotfirer licensing 
regimes.  
 It is important to recognise that there is 
currently a ‘delivery gap’ between competency 
based courses designed for practitioners (magazine 
keeper, shotfirer’s assistant, shotfirer), and 
university-delivered explosives training courses 
normally included as a component of mining and 
occasionally in other engineering degrees. This gap 
covers critical topics such as establishing blasting 
systems and managing blasting activities.
 In Australia, nationally accredited units of 
competency have been developed to cover these 
areas. The units MNMG 406A (Manage Blasting 
Activities), MNMMSM626A (Establish a Blasting 
System) and MNMG 414A (Monitor and Control 
the Effects of Blasting on the Environment) are 
available from the Metalliferous Mining Training 
Package MNM 05 (refer to the National Training 
Information Service (NTIS) website at www.ntis.
gov.au. Other similar units are available from the 
national Quarry Training Package (MNQ 03), also 
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available from NTIS.
 Although these units of competency have been 
available for Registered Training Organisations to 
deliver for some years, it is the authors’ opinion 
that access to training courses for these units is very 
limited.  This may be due to lack of demand from 
clients, a lack of suitably qualified practitioners who 
want to enter the training industry or a combination 
of factors.
 Very few courses are currently offered in the 
subject areas of blast design and development 
of blast safety management systems, despite the 
availability of some national competencies for 
these topics. If this ‘delivery gap’ is addressed, and 
shotfirers and blast engineers receive competency 
based training at the upper level currently not 
serviced, there would likely be an improvement in 
the safety record.  

5. SOME OF THE MAJOR CHALLENGES 

5.1 Strategies employed to address incidents

Mine sites are required to investigate high potential 
incidents (HPI’s) and on the basis of the findings, 
modify standard operating procedures (SOP’s) 
and training materials accordingly. Possibly due 
to production pressures, it is likely that most sites 
either do not adequately investigate HPI’s, do not 
implement the recommendations arising from such 
investigations, or both.
 Statutory authorities issue numerous safety 
alerts and incident reports to industry stakeholders. 
The roll-out of such advice at mine sites is 
commonly via notice board or tool-box talks. It 
is not well understood to what degree the content 
of such safety notices is actually incorporated into 
reviewed versions of SOP’s and training programs.

5.2 Mining boom, skills shortage and aging  
 workforce

Australia is currently experiencing unprecedented 
growth and activity in the mining sector. Several 
new mines are coming on line each year, each with 
a demand for many hundreds or even thousands 
of skilled workers. This demand, combined with 
historic and current insufficient training outputs 
is one factor leading to the now widely accepted 
‘skills shortage’ within the industry. Queensland’s 
unemployment rate is at a record low level. 
Increasing average mine employee wages are also at 

record levels and staff turnover is reportedly as high 
as 50% in some jobs. Strategies such as interstate 
‘poaching’ of employees is not a viable option given 
the widespread nature of the boom within Australia, 
with some major explosives companies stating the 
same issues in USA and Canada. Many training 
organisations are also at full capacity, with demand 
for the provision of quality training continuing to 
outstrip supply capabilities. 

5.3	 Conflict	between	safe	work	practices	and	 
 production pressures

This is an area of increasing concern within the 
industry, where it appears that there are incidences 
where safety is often compromised in favour of 
continued or increased production. Production 
managers and shotfirers have approved equipment 
being left within blast exclusion zones and this has 
resulted in damage to the equipment from flyrock, 
albeit that the mine has accepted the risk prior to 
blasting.

5.4 Communication and coordination

In Australia, mining utilises a considerable 
percentage of contract labour and services (up to 
70% on some sites). Accordingly, there is a great 
need for mine operators to ensure that contractors 
are compliant with site procedure and legislation. 
This can be time consuming and costly for both 
parties to achieve. There is often a requirement 
for contractors to operate in accordance with the 
safety management system (SMS) of the principal. 
Not only can this necessitate training or sign-off of 
contract staff against standard operating procedures 
(SOP’s), but can cause conflict between two or 
more parties, who each believe their SMS to be of 
the highest quality. 

5.5 Security

A recently published paper(Hayward, et al, 2006) highlights 
increased explosives security requirements 
implemented in Queensland, Australia, following 
a case there where a person purchased explosives 
after falsifying documents and then used the product 
to manufacture improvised devices. It is widely 
recognised that due to recent terrorist acts across 
the world (9-11, Bali bombing, London backpack 
bombings etc) there is a heightened need for greater 
security of explosives throughout its lifecycle from 
manufacture, transport, storage to use. Most current 
training competency units focus on safety, but fail 



- 400 -

to adequately address explosives’ security. 

5.6 Ongoing review

It is recommended that shotfirers and blast engineers 
regularly conduct and review risk assessments 
to determine appropriate blast exclusion areas. It 
should be noted that if flyrock extends beyond the 
exclusion zone, then clearly the risk assessment 
and/or risk control measures in place are likely to 
have been inadequate.

6. CONCLUSIONS

Training and continuing professional development 
are very important mechanisms for increasing the 
underpinning knowledge and experience of those 
involved in blasting.
 These activities form part of a truly competency 
based training regime, over and above lectures and 
examinations. Developing a safety culture and 
professional attitude is also essential if the number 
of explosives related incidents is to be reduced.
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ABSTRACT: The hand-over of military areas for urban development or opening of the military areas for 
the public use requires clearance of contamination of the area from military activities, especially clearance 
of unexploded ammunition and other explosive items.
 Obsolete ammunition is a major problem in many countries and especially in war torn countries  
like Afghanistan, Iraq, Sudan and Lebanon. In order to restore peace it is imperative to dispose of the  
ammunition, as this will reduce the capabilities to continue the warfare.
 This article presents status for technologies, methods and standards for the clearance of explosives  
remnants of military training and wars. Munition-polluted sites and the environmental problems are  
described. Guidelines and technologies for the disposal of ammunition in an economical and environmental 
feasible way are presented together with practicable examples of ongoing demilitarisation projects in  
Afghanistan and Denmark.
 The contents of the article are based on the experiences gathered under the umbrella of the Research 
& Development (R&D) programmes WEAG EUCLID1  and EU LIFE , together with the study carried out 
for NATO Maintenance and Supply Agency (NAMSA), followed by field studies on ammunition stock pile 
destruction in mine action programmes. (1Western European Armament Group - European Cooperation for 
the Long-Term in Defence)

1. GENERAL NEED FOR THE CLEARANCE  
 OF LAND CONTAMINATED BY  
 MUNITIONS-RELATED ACTIVITY

In all countries and regions where there have been 
munitions-related activities, whether manufactur-
ing, storage, maintenance, training or conflicts there 
is considerable potential for historical contamina-
tion. The nature of the contaminants associated with 
these activities range from munitions and ordnance, 
to concentrations of residues originating from mu-
nitions and related equipment, such as may be as-
sociated with the various manufacturing, storage, 
usage or disposal activities. These various forms 

of contamination pose a risk both to the health and 
safety of people and to the environment. 
 The impact to the environment caused by chemical 
contamination from munitions-related activities has 
a number of parallels in other industries which utilise 
these or similar chemicals. The pollution arising 
from exploded or unexploded munitions is in many 
cases, however, much more difficult to assess and 
eliminate. The effect that explosions and the resulting 
build up of contaminants over time (e.g. particles  
of heavy metals) have on biotypes has not been  
examined in any detail. In particular, the long-term 
effects of such pollution on the ecological balance 
have not been fully examined.

Vienna Conference Proceedings 2007, P. Moser et al.
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The ever increasing demand of the development  
of ‘brown field sites’ to ‘green field sites’ and the 
pressure against the use of ‘green field sites’ for 
future developments means that land formerly 
used for munitions-related activities is becoming 
increasingly attractive, both financially and  
environmentally. This land does in the main,  
however, need to be rigorously assessed and where 
necessary cleared and reclaimed before it can 
be deemed suitable for use for housing, indus-
trial development, agriculture, public use or other  
non-military use. 
 The aforementioned risks to people and the  
environment, and the value of former military sites 
are strong driving forces for the clearance of land 
contaminated by munitions-related activity. An 
even stronger need for clearance exists, however, 
in those nations which still have legacies associated 
with mined areas dating back to the Second World 
War and other conflicts. The Ottawa Agreement, 
signed by all WEAO countries, has established  
a precedent by setting a target for the clearance 
of those areas polluted with land mines within  
10 years of the ratification of the agreement.  
 Since the end of the Cold War, military activity 
in the western world has been drastically reduced. 
In many countries, the armed forces have closed 
former training areas, depots, airfields and other 
sites, and have started to release the land for civil 
development. Much of this land is attractive to  
developers and has potentially a considerable value 
because of its close proximity to urban areas.
 It is widely recognised that survey, search and 
clearance activities in areas contaminated with  
munition items or land mines are very time  
consuming and costly. The identification of a site’s 
previous military or munitions-related activities is 
often difficult and costly due to either poor records 
of the inaccessible nature of the records. Detecting 
potential multi-contaminants (e.g. explosives,  
stabilisers, destruction products) is still cost-intensive. 
There are a wide variety of analytical tests to get 
complete information about the contamination.  
Especially quick and cost-saving detection  
techniques should be identified and evaluated.
 Significant costs can be incurred in remediation 
of a site with an unsuspected munitions-related past 
due to programme delays and changes in remediation 
strategies. Additionally the costs of the actual  
remediation may be over estimated due to a lack 
of knowledge of the materials present, thus making 

redevelopment or re-use of the site uneconomical.
 Recent clearance and remediation operations in 
Denmark, the UK and the Netherlands have proved 
to be difficult to plan and control, with concomitant 
consumption of time and money. In some European 
countries a number of recent development projects 
have been delayed due to either the presence of 
previously unidentified munition items or the  
suspected presence of munitions. In Germany there 
are experiences on the survey and remediation of 
former explosive production sites.
 Also recent wars since 1990 in Kuwait, Bosnia, 
Kosovo, Afghanistan and Iraq have clearly  
demonstrated the urgent need for consideration of 
environmental protection issues during military 
operations, as well as the post-war management of 
clearance of mines, unexploded ordnance (UXO) 
and the huge stocks of abandoned ordnance. 

2. TECHNOLOGIES, METHODS AND  
 STANDARDS

Military Explosive Ordnance Disposal (EOD) 
methods and technologies have been developed 
over the years and are well established. Recently 
significant effort, sponsored by the European 
Union (EU), has been put into the development of  
multi-sensor detectors for use in humanitarian mine 
clearance operations. 
 There are a number of techniques and protocols 
available for the detection and clearance of  
buried ordnance. A need exists, however, for industry 
and governments to be aware of the best currently  
available techniques and to have a protocol for 
the appraisal of future technologies. Regarding 
the survey / detection of diffuse munitions-related  
contaminations new quick sensor techniques should 
be evaluated in respect to soil matrix effects and 
cross sensitivities. 
 There are no commonly available management 
tools for the investigation, clearance and reclamation 
of munitions-polluted land. Current work on the 
clearance of mines and UXO is based on military 
Standard Operating Procedures (SOPs) which  
are not generally considered satisfactory as  
management tools. In particular methods for  
decision making, prioritisation of work, environ-
mental and health and safety management and 
quality control need to be developed. No officially 
accepted standards or specifications for the survey, 
search, clearance and documentation of UXO has 



been completed, and criteria for the successful and 
adequate reclamation of munitions-polluted land 
are also non-existent. However, extensive work in 
the ISO / TC 190 (Soil Quality) has been carried 
out in relation to standardization in relation to UXO 
and energetic components. Furthermore, discussion 
on standardization in the field of munition-polluted 
soil has been started in the CEN/TC 345 (Charac-
terization of Soils). Whilst the United Nations (UN) 
has developed international mine action standards 
(IMAS) for humanitarian de-mining operations, 
primarily in third world countries, these standards 
may not be acceptable for the clearance of mines 
and UXO in industrialised nations.
 The presence of buried munitions is often 
also associated with chemical pollution. Although 
most countries have developed procedures and  
guidance for the management of conventional  
pollution, most do not have well-developed safety  
and general management procedures designed to 
deal with mixed munition contamination and  
chemical pollution.
 The risks to the public on areas of former  
military activity can be classified into the following 
categories:
− Acute risks arising from possible detonation  
 or deflagration of unexploded ordnance
− Chronic risks arising from the toxic effects  
 of the chemical compounds associated with  
 explosive manufacture, processing, use and  
 destruction
 Before reclamation of the soil within a given 
area can take place, safe disposal of any unexplod-
ed ordnance is essential, including those that may 
be buried in the ground. The risk to, and safety of, 
personnel engaged in the detection and clearance 
of UXO has yet to be fully assessed. Therefore, the 
working methods can potentially be improved.
 The impact to the environment caused 
by chemical contamination from munitions- 
related activities has a number of parallels in other  
industries, which utilise these or similar chemicals. 
The pollution arising from exploded or unexploded 
munitions is in many cases, however, much more 
difficult to assess and eliminate. The effect that  
explosions and the resulting build up of contami-
nants over time (e.g. particles of heavy metals) 
have on biotopes has not been examined in any 
detail. In particular, the long-term effects of such 
pollution on the ecological balance have not been 
fully examined.

3. MUNITION-POLLUTED SITES

The reclamation of sites, which have been contami-
nated by munition-related activities, usually relates 
to the interest of the converting them into civil uses. 
These activities of demilitarisation/decontamina-
tion can be of different nature, resulting in different 
types of contamination: 
− Production at industrial sites
− Transport, handling, maintenance and storage 
− Demilitarisation of mines, UXO or discarded  
 munitions
− Testing munitions and training operations 
− Battle fields
 The primary ordnance-related activity will  
assist in determining the potential ordnance and  
explosive (OE) hazards at the site; for example, an 
impact area at a firing range will have predominantly 
unexploded ordnance (fuzed and armed), whereas 
munitions manufacturing plants should have only 
ordnance items (fuzed or unfuzed but unarmed). At 
all of these sites, a variety of munition types could 
have been used, potentially resulting in a wide array 
of OE items at the site. The types and quantities of 
munitions employed may have changed over time 
as a result of changes in the military mission and 
advances in munition technologies, thus increasing 
the variety of OE items that may be present at any 
individual site. Changes in training needs also  
contribute to the presence of different OE types 
found at former military facilities. The type of  
military activity previously performed in the site 
determines therefore both the potential chemical 
hazards and the potential explosive hazards that 
may be encountered at the site.

3.1 Industrial production sites 

Industrial production of explosives throughout 
history has generated explosive residues, i.e.  
substances containing explosive compounds that 
were released to the environment. In older times 
ammunition factories were often located close to 
military training and testing fields, and therefore 
old firing ranges might contain a certain amount of 
explosive waste from industrial production. More  
recently, production facilities are usually commercial 
sites that are not often co-located with military 
areas. Many of these facilities have contaminated 
soils and groundwater. Processing waters used 
during manufacture processes were in the past 
disposed of in unlined lagoons, leaving explosive 
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residues behind after evaporation. Red water, the 
effluent from TNT manufacturing was a major 
source of explosive waste in soils and groundwater 
at army ammunition plants. It is generally assessed 
that the pollution level is concentrated on localised 
hot spots, e.g. related to dump sites and sewage  
systems. Today military-related industry must  
follow rules on solid waste management and  
restrictions with the purpose of limiting the risk 
of polluting soil, air and water, and minimising 
waste to an acceptable level, according to national,  
regional and / or municipal regulation.

3.2 Handling, maintenance and storage facilities

Facilities for handling, maintaining and storing  
munition might be polluted depending on the  
specific activities. Inspection of explosives might 
cause spill of explosive material, and re-packing of 
munitions and explosives might cause explosive-
polluted packaging waste.

Figure 1. Demilitarisation process by OB/OD of tank am-
munition and rockets in Afghanistan.

3.3 Demilitarisation sites

Demilitarisation is the processing of munitions  
so they are no longer suitable for military use.  
Munitions are generally demilitarised because they 

are obsolete or their components are deteriorated.
 Demilitarisation of munitions involves several 
techniques, including both destructive and  
non-destructive methods. Destructive methods 
have been the most commonly used until recent 
strict environmental legislation. These methods 
include open burning (OB), open detonation (OD), 
shown in figure 1, and incineration. Non-destructive 
methods include the physical removal of explosive 
components from munition. Each of the demilitari-
sation techniques generates specific environmental 
problems derived form the processes carried out. 
For example in the demilitarisation operations  
conducted in the 1970s, explosives were removed 
from munitions with jets of hot water or steam. 
The effluent, called pink water, flowed into settling  
basins, and the remaining water was disposed of 
in unlined lagoons or pits, often leaving highly  
concentrated explosive residues behind. In more  
advanced demilitarisation operations developed in 
the 1980s, once the solid explosive particles settled 
out of the effluent, filters such as diatomaceous 
earth filters and activated carbon filters were  
employed to further reduce the explosive  
compounds, and waters were evaporated from  
lagoons or discharged into water systems.

3.4	 Testing	and	training	fields

A training range is used for conducting military 
exercises in a simulated conflict area or war zone. 
Training aids and military munition simulators such 
as training ammunition, artillery simulators, smoke 
grenades, pyrotechnics, mine simulators and riot 
control agents are used on the training range. While 
these training aids are safer than live munitions, 
they may still present explosive hazards.
 The sites for testing the specific munitions and 
explosives contain all kinds of explosive-related 
pollution. Even though testing sites might be a part 
of training and firing ranges, the munition used in 
the former is real, on the contrary to the simulation 
items used during training.
Firing and training fields are typical polluted by 
− explosion products from firing / launch of  
 munitions
− impact of detonating grenades, shells and  
 warheads
− impact of projectiles
− reaction products from smoke and pyrotechnic
− detonation of demolition charges



 The typical set-up of a live fire area military 
range consists of a central ‘impact area’, where fired  
munitions are supposed to land. Surrounding the 
impact area is a buffer zone that separates the  
impact area from the firing / release zone (area from 
where the military munitions are fired, dropped or 
placed). Within the live fire area, the impact area 
usually contains the greatest concentration of UXO. 
Buried munitions may be found in other areas,  
including the firing area itself.

3.5 Battle areas 
Former battle areas might contain many types of 
pollution like firing and training fields. The level of 
pollution depends of the activities and the intensity  
of the combat. Defence positions and strategic 
points might be exposed for impact of artillery and 
mortars causing pollution of detonation products 
and unexploded shells. It is assessed during the 
war in Kuwait in 1991, and in Kosovo in 1999, that  
up to 10% of all tube-launched and airdropped  
munitions did not function. The use of mines might 
result in a number of left mines, in some cases  
complete minefields. Depending on the speed  

of operations, considerable amounts of munitions 
might be left by the defeated part of the combatants.
 Abandoned ammunition in Iraq and Afghanistan  
(see figure 1) together with many other countries 
creates major problems, which need specific solutions. 

4. MANAGEMENT GUIDELINES

The Western European Armaments Organisation 
(WEAO) has developed the European Co-operation  
for the Long Term in Defence (EUCLID) pro-
gramme, involving industry and research institutes, 
in order to strengthen the European position in  
Defence Research and Technology.
 From July 2002 to December 2006 the project 
Reclamation of Land Contaminated by Munitions-
related Activity has been conducted under Contract 
no.02/EF 14.12/001, within the framework of the 
EUCLID Programme.
 The primary objective of the project was  
the development of guidelines, management 
tools and analytical measuring techniques for the  
investigation, clearance and reclamation of land  
that has been contaminated by munitions-related 
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Figure  2. Contents of the electronic Handbook on Reclamation of Land Contaminated by Munitions-related Activity.
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activities in Western European countries. These 
tools and techniques will de designed to render 
the land suitable for public open space, residential,  
industrial or agricultural use. The industrial  
consortium who is in charge of the execution of 
the project, was composed of NIRAS DEMEX  
(Denmark), Fraunhofer Institute for Chemical  
Technology (Germany), SARICON (The Nether-
lands) and the Netherlands Organisation for Applied  
Scientific Research TNO (The Netherlands). 
 The project addressed the practical and cost  
effective solutions for the clearance, and subsequent 
remediation and reclamation, of land contaminated 
by munitions-related activity. Particular emphasis 
is placed upon the development of an adaptable  
database methodology for the identification and 
quantification of polluted sites. Additionally quick 

and cost-saving detection methods for munitions-
related contamination are analysed. Techniques for 
the assessment of the risk and impact associated 
with pollution by munitions, and for clearance  
activities are reviewed and developed. Procedures 
and methods potentially suitable for the survey  
detection of contamination and its subsequent  
removal are identified and their applicability  
established. Finally, the concept of an integrated  
management system for the planning, imple-
mentation and quality assurance of clearance and  
reclamation activities will be developed and  
suitable tools described.
 The main outcome of the project is an electronic 
handbook in five general parts as listed in figure 2. 
The handbook is available as a part of the software 
programme EOD IMS, including guidelines, text 

Figure 3. Generic ‘European Model’ of work processes in reclamation projects, presented in the Handbook 
Reclamation of Land Contaminated by Munitions-related Activity.
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of the handbook, links to databases, templates for 
reports, standard operation procedures etc. 
The Handbook describes a generic ‘European  
Model’ of the total work process cycle of a  
reclamation project, as shown in figure 3. The  
model and work flow has formed the basis of the  
Integrated Management System. It must be noted 
that the workflow and decisions may vary form 
project to project. It must also be noted that the work  
process used for the generic Integrated Management  
System has a different appearance. However, the 
principles of processes and decisions are the same. 
 Based on the experiences gathered in Denmark, 
Germany and The Netherlands, a database and 
software tool was developed for the application 
of the UN Information Management System for 
Mine Action (IMSMA) to the clearance of UXO.   
Furthermore, software tool EOD Integrated  
management System (EOD IMS) was developed by 
Bruhn NewTech on basis of the existing software 
program EOD Frontline.

5. CONCLUSIONS

Today the pollution of the explosive s ubstances in 
the soil and the impact of military demilitarisation 
processes must follow the general rules and legisla-
tion of environmental protection. OD and OB dis-
posal of munitions should be replaced with indus-
trial demilitarisation processes in order to minimize 
the load on the environment. 
  The WEAG EUCLID project on Reclamation of 
Land Contaminated by Munitions-related Activity 
contributes to the improvement of the management 
of the demilitarisation processes. The state-of-the-
art and guidelines for demilitarisation are presented 
in a comprehensive handbook, which is organised 
in a simple software programme.    
 The results of the research and development 
project including the developed UXO integrated 
management system and the electronic handbook 
will be tested in Denmark and other countries. It is 
the hope of the Danish, German and Dutch project 
partners that the outcome of the project will  
contribute to the reclamation of land contaminated 
by munitions-related activity focusing on qual-
ity, environmental protection and highest possible  
safety to the people involved in the processes.
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Economical aspects on contamination levels in blasted material with SSE 
in tunnel operations 

M. Ganster
Austin Powder G.m.b.H, Austin Powder International, St. Lambrecht, Austria

1. INTRODUCTION

The Nassfeld pump storage scheme was created 
in one of Austria’s most popular leisure centres. A 
large skiing area as well as a famous health spa are 
positioned in the catchment area of the construction 
site.The total volume of blasted material of 160,000 
m3 had to be handled within 4 months, this implied 
5000 kg of explosives would need to be loaded 
every day. This means that only the use of bulk 
emulsion would deliver the required productivity.
 The very short construction time had to be kept 
and the environmental protection was paramount and 
included the preservation of the quality of drinking 
water. There was no rock reinforcement such as 

shotcrete, so that the results of the investigations 
that were carried out were not complicated by 
external sources. The measured contamination of 
the blasted material could only be produced by the 
machines working in the tunnel and the explosives 
used.
 The federal refuse economy plan 2001 was 
used as basis for the classification of the blasted 
material. Whereas water samples were taken from 
a water cleaning station, rock samples were taken 
directly from the blasted material. 

2. GEOLOGY

The tunnel face was opened in the penninic 

ABSTRACT: The increase in the use of ‘site sensitized emulsion’ in the Austrian tunnelling and power 
plant construction segment of the industry has focussed attention on possible contamination levels in blasted 
material. Both International and National refuse economy plans (Federal Refuse Economy Plan 2001) are 
required by the European Union. The Federal Refuse Economy Plan evaluation method is based on the 
OENORM S 2121 or OEN 2123-1 (sampling at the blasted material site). The current investigations are 
based at a power station pumping chamber construction site, located within the Tauern Window formation 
in the protected region of the Austrian Alps. The power station excavation was opened in a granite rock 
mass with relatively little presence of ground water inflow. Rock reinforcement is limited to the placement 
of Swellex bolts. The absence of shotcrete use at the site means that explosive use and machinery exhaust 
/ residue are the only sources of environmental contaminants. For all investigations described in this paper 
the examination of eluate was conducted according to regulations, as soon as safely possible, following the 
firing of each blast.

Vienna Conference Proceedings 2007, P. Moser et al.
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basement unit of the Tauern window. These 
units are situated within an epidote-amphibolite 
metamorphic series within the Habach complex and 
a migmatite/amphibolite grade series in the Storz 
and Stubach complexes (Grundmann 1989, Vavra 
& Hansen 1991). Both formations have varying 
degrees of intrusion by the Variscan granites and 
have been transformed into the Central Gneiss 
by Cenozoic tectonothermal events. The local 
granite-gneiss complex may be rated as very tough 
and abrasive and are very difficult to blast. The 
groundwater inflow was nearly zero, which means 
that the measured contamination was not influenced 
by percolation water.
 In all there were perfect conditions to evaluate 
the influence of site sensitized emulsion explosives 
on the environment.

Figure 1. Layout plan of the Nassfeld pump storage scheme.

3. BLASTING OPERATIONS

3.1 Drilling pattern

The pattern was drilled with a programmable 
drilling machine from Atlas Copco. The  location 
of the drill holes was very accurate.
− Cross Section: ~90 m2

− Average number of holes: 178
− Drilling diameter: 51 mm
− Pattern: 1,10 m x 1,10 m
− Parallel Cut with 4 empty holes

− Length: 3,50 m
− Explosives per round: ~750 kg
− Booster: APG Booster 20 gram
− Detonator: Indetshock, MS and TS
− Volume blasted: ~315 m3

Figure 2. Full face firing pattern at Nassfeld.

3.2 Explosive characteristics

The site sensitized emulsion was pumped with 
two M.O.R.S.E. units. The final product was a 
gassed emulsion produced from a matrix supplied 
from Austin Powder G.m.b.H with following 
characteristics: 
− Average product density: 1,10 g/cm3

− Energy: 3 MJ / kg
− VOD: 4800 – 5000 m/s (diameter 51 mm)
− Loading density: 2,20 kg/m

Table 1. Chemistry of the bulk emulsion – Lambrex 
WP-G.

Parameter Nitrates Oil Emulsifier
Content ~ 78-83 % ~ 5-8 % ~ 1- 4 %

4. SAMPLING

Immediately after the blast, during the excavation 
of the rock, sampling was conducted. In each 
sampling cycle 10 samples were taken out of 
8 truck loads and each sample was placed in a 
separate bucket. Rock fragments with a size of 
more than 12 cm were excluded. In order to make a 
homogenous sample the 10 excavator buckets were 
mixed and then divided into two samples. One 
part was given to the analysis laboratory, the other 
part became a retention sample and was kept by 
the local construction supervision. The excavated 
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material had a high proportion of blocks and stones 
so that the sampled part with a fragment size of < 
12 cm was only an estimated 20 % of the  volume 
of the blasted material.

4.1 Results, aqueous eluate

Measured values for the ammonium ion  were found 
to be up to 4 times higher than the limit value. This 
implies that the explosives could not be discounted 
as a source of the ion. The practice of restricting 
the sample fragment size to the sub-12 cm fraction 
creates a distortion (upwards) of the measured 
ammonium ion concentration. The measured 
values are not representative of the total volume of 
blasted rock. The remaining nitrogen ions  (nitrite 
and nitrate) limit values were not exceeded (refer 
to Table 2).

4.2 Results, solid analysis

For all samples which were analysed, also detailed 
solid analysis were done. The results for the 
hydrocarbon – sum are shown in Table 3. With 
one exception the values that were determined lie 
below the permitted limit values of the Austrian 
Federal Refuse Economy plan. By calculating back 
the hydrocarbon – sum value, found in Gast1 we 
came to the conclusion, if the whole amount of 
the hydrocarbon comes out of the explosives, 99.2 
% of the explosives mustn’t detonate. Because of 
the excessive Hydrocarbon-Sum-value, found in 
the sample Gast1, further investigations had to be 
started to clarify the reason of the high hydrocarbon 
value.
 The Austin Powder Company, producer of 
the used explosives, often involved in engaged 
to this topic, decided to assign a research project 

Parameter Ammonium - ion 
[mg/kg DS]

Nitrate - ion [mg/
kg DS]

Nitrite - ion [mg/
kg DS]

Total Organic 
Carbon        [mg/

kg DS]
Limit Value 

according to ZI. 
21601-954/74-2004

8 100 2 200

Gast 1 (chamber 4, 
station 57) 35.3 79.6 0.32 <27.1

Gast 2 (chamber 2, 
station 25) 20.4 49 0.27 <27.1

Gast 3 (chamber 2, 
station 106) 25.9 32 0.2 <26.3

Gast 4 (chamber 4, 
station 254) 20.5 26.4 0.26 <25.5

Gast 5 (chamber 4, 
station 307) 14.6 29.1 0.4 <27.3

Gast 6 (chamber 5, 
station 275) 12.6 23.5 0.35 <27.1

Gast 7 (chamber 2, 
station 267) 22.6 38.9 0.49 <27.2

Gast 8 (chamber 1, 
station 255) 19.1 31.8 0.26 <27.3

Gast 9 (chamber 2, 
station 306) 7.3 16.3 0.42 <27.1

Table 2. Overview of aqueous eluate results.
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to the Mining University of Leoben, Department 
of Applied Geosciences and Geophysics, Chair 
Prospecting and Applied Sedimentology. 

Table 3. Overview results, solid analysis.

Parameter Hydrocarbon - Sum 
[mg/kg DS]

Limit Value according to 
ZI. 21601-954/74-2004 20

Gast 1 (chamber 4,  
station 57) 49.8

Gast 2 (chamber 2,  
station 25) 14

Gast 3 (chamber 2,  
station 106) 4.8

Gast 4 (chamber 4,  
station 254) 7

Gast 5 (chamber 4,  
station 307) 6.2

Gast 6 (chamber 5,  
station 275) 4

Gast 7 (chamber 2,  
station 267) 4

Gast 8 (chamber 1,  
station 255) 7

Gast 9 (chamber 2,  
station 306) 6

5. GC / MS ANALYTICS

The present study illustrates the results of an 
approach to clarify the point of origin of these 
hydrocarbons by chemical fingerprints.
 The results show that the sample Gast1 
exceeds the limit value. This fact leads to a 
discussion concerning the possible sources of these 

hydrocarbons. One possibility is the presence of 
undetonated explosives and the second is fuel, 
hydraulic oil or lubricant associated with the 
construction site equipment.

5.1 Samples and methods

Sample preparation was done on air dried samples 
by sizing them into plus and minus 8 mm. This 
was achieved by sieving (see Table 4). The minus 
8 mm fraction was used for organic chemistry 
determination. Hydrocarbons recovered from 
the rock samples were analyzed to determine the 
presence of the process oil and the emulsifier, 
contained in the explosives. 
 To enable presence of the process oil and 
emulsifier to be confirmed, samples of the specific 
explosive raw materials were also analyzed to 
determine their signature. 
 To determine the organic compounds, the 
minus 8 mm sample fraction was washed with 
dichloromethane. The samples were filtered and 
evaporated to a 1 ml sample size in a Zymark 
TurboVap 500 closed cell concentrator. The samples  
were analyzed in a gas chromatograph equipped 
with a 30-m DB-5MS fused silica capillary column 
(i.d. 0.25 mm; 0.25-µm film thickness) coupled to a 
Finnigan MAT GCQ ion trap mass spectrometer.
 The oven temperature was programmed to 
increase from 70° C to 300° C at a rate of 4° C per 
minute followed by an isothermal period of 15 min. 
Helium was used as carrier gas. The sample was 
injected with the injector temperature of 275° C. The 
mass spectrometer was operated in the EI (electron 
impact) mode over a scan range from m/z 50 to m/
z 650 (0.7 s total scan time). Data was processed 
with the Finnigan data system. Identification of 
individual compounds was accomplished based 
on retention time in the total ion current (TIC) 
chromatogram and comparison of the mass spectra 
with published data.

Sample Total [kg] < 8mm [%] Sample Total [kg] < 8mm [%]
Gast1 5.78 10.39 Gast6 4.88 16.24
Gast2 6.63 6.32 Gast7 5.89 4.05
Gast3 5.46 8.09 Gast8 5.41 7.01
Gast4 5.14 4.74 Gast9 4.90 1.93

Table 4. Size fraction of the samples.
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5.2 Results of GC / MS Analytics

The results are represented as the total ion current 
(TIC) chromatograms shown in the Figures below. 
In addition to the TIC chromatograms, the selected 
(m/z 85) chromatogram, representing the n-alkane 
distribution is also plotted. The specific n-alkanes 
and the diagnostic isoprenoids pristane (Pr) and 
phytane (Ph) are identified by their carbon number. 
In comparison note the different relative intensities 
especially in the TIC chromatograms. The following 
selected chromatograms are discussed in detail. 

5.2.1 Oil Phase (process oil), Lambrex WP-G

The chromatograms of the oil phase represent 
a normal n-alkane distribution up to the range of 
24 carbon atoms. The pristane/phytane ratio is 
approximately at 1.1. In the TIC chromatogram 
at retention time of 38:17 min there is a still 
unidentified compound. This compound, marked 
by an arrow, has also been detected in the samples 
Gast6 to Gast9 in a remarkably high concentration. 
The peak at retention time 38:04 is caused by a 
compound of high molecular weight.

Figure 3. TIC chromatogram of the oil phase (process oil), 
Lambrex WP-G.

5.2.2	 Emulsifier,		Lambrex	WP-G

The TIC chromatogram of this sample shows two 
groups of related carbon compounds. The first 
group shows two distinct compounds. These peaks 
are most possibly identified as C15H28-compounds. 
The second group is also marked by some distinct 
peaks, their compound classification has yet not 
been possible. The pristane / phytane ratio is in the 
same order as in the process oil.

Figure 4. TIC chromatogram of the emulsifier, Lambrex 
WP-G.

5.2.3 Samples Gast1 – Gast9

The TIC chromatogram of all samples is more 
or less described by the group of high molecular 
weight compounds. Except in Gast6 and Gast7 
all samples are contaminated by phthalate, (a 
plasticizer used in plastics) attributed to the buckets 
used for the samples. The samples Gast1, 6, 7 and 
9 shows before the phthalate peak a compound that 
could neither be detected in the oil phase (process 
oil) or in the emulsifier. This compound is marked 
by a circle and cannot be attributed to the oil phase 
(process oil) or emulsifier.
 Following the phthalate peak a series of peaks 
labeled by the letters a - h has been detected. These 
peaks represent still yet unidentified compounds 
and cannot be part of the oil phase (process oil) or 
emulsifier.

Figure 5. Comparison emulsifier – Gast9.
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 In the Gast samples, the n-alkane chromatograms 
show a distribution ranging from n-C13 up to n-C31 
and are characterized by a pristane/phytane ratio 
about 0.6 – 0.7 different to the n-alkane distribution 
and the pristane/phytane ratio of the oil phase. The 
ratios described are different from those observed 
for oil phase (process oil) and emulsifier and thus 
represent a different source of the hydrocarbons.

Figure 6. Comparison oil phase – Gast1.

Figure 7. TIC chromatogram Gast6 & Gast7 shows the 
unidentified peak in front of the phthalate anomaly.

Figure 8. TIC chromatogram Gast2 & Gast3.

 The TIC chromatograms of Gast4, Gast5, 
Gast7 and Gast8 are similar to Gast2 & Gast3. 
As has been demonstrated by the report above 
it is possible to detect very low hydro¬carbon 
content in different material, but the diagnostics 
of a specific compound is often complicated and 
time consuming. One option to solve this problem 
is to sample the different hydrocarbon sources 
like hydraulic oils and determine their individual 
signatures. In this way it is simple to compare the 
different hydrocarbon fingerprints and to identify 
the source.

Figure 9. TIC Chromatogram of boiled diesel 
fuel (diesel fuel removed of low boiling point 
hydrocarbons) and lubricant oil (Akiyama 2006).



- 415 -

Figure 10: Typical TIC example of diesel exhaust particle 
extract (Akiyama 2006).

6. SUMMARY & CONCLUSIONS

In all samples which were analyzed the Ammonium 
ion content was high. This Ammonium ion content 
is probably associated with the explosive. As Table 
2 shows, the ammonium ion content was variable. 
This variation depends on two important factors, 
the loading process, which include the amount of 
explosive that is spilt in the heading and the drilling 
pattern or the distances from hole to hole that may 
be responsible for a possible cut off of loaded holes. 
The lowest Ammonium ion values shown in Table 
2 could not be correlated with the Nitrite or Nitrate 
values. 
 Hydrocarbon analysis indicated, the oil phase 
(process oil) has a distinct pristane/phytane ratio 
and does not show the unidentified compounds 
identified as having high molecular weights. 
Furthermore the pristane/phytane ratio ~ 1.1 in the 
oil phase cannot be changed to values of the order 
of 0.6-0.7 by the process of detonation. 
 Therefore another source of these hydrocarbons 
must be assumed.
 The signatures of the oil phase (process oil) and 
emulsifier are unique and distinctive, furthermore 
both are different from the signatures of the 
unidentified hydrocarbon compounds detected in 
the samples. This implies that the hydrocarbon 
content in the Gast samples must be related to other 
sources such as lubricants and hydraulic fluids used 
in construction machines.
 The Austrian Regulations in this matter refer 
to sampling procedures that exclude all fragments 
in access of 12 cm in size. This standard does not 
take into account the effect of particle size and 
therefore total surface area. The effect of this is 

to distort the values reported by the analyses. The 
distortion is probably to elevate the values reported 
by a significant amount. At present it is not possible 
to quantify the effect of the sampling procedure and 
additional investigation is required.
 Rock and operation drainage water 
contaminated in excess of national regulations will 
require segregation or treatment to meet standards. 
Remediation is known to have high cost and would 
severely impact the ability of explosive companies 
to provide products that will meet the standards. 
Inability to meet these standards will imply that 
contractors will increasingly adopt mechanical 
mining methods.
 The development of explosives solutions that 
allow the adequate fragmentation and removal 
of rock, while maintaining levels of associated 
contaminants within limits specified by National 
and Community standards, will provide a major 
contribution to the economic viability of both 
mining and civil projects. 
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ABSTRACT: Over the past three years the UK together with Sweden, Norway, Finland and Italy  
have been taking part in a EU funded Leonardo Da Vinci programme. More recently EFEE have  
participated in the project known as the EU Excert project which is aimed at addressing the perceived loss of  
explosives expertise in several EU nations. This could have implications for explosives safety and industrial  
competitiveness. The paper outlines the work that has so far been done in phase 1 and describes the work 
planned for the second phase of the project. The paper will describe work in the UK to develop competencies 
for all explosives workers in both the civil and defence sectors. These competencies in the form of National 
Occupational Standards have now been approved in the UK and are accompanied by a range of 24 new 
National Vocational Qualifications launched in May 2006. The paper will show how the standards define 
knowledge and skills and how these form the basis for vocational qualifications as well as higher education 
awards and professional qualifications. This UK initiative is now being considered in other EU countries 
and the project has now been extended to also include Germany, France, Spain, Poland, Czech Republic 
and Estonia. To support the occupational standards and qualifications work is also being carried out to  
improve learning provision in the explosives area. In addition to formal educational and conventional  
training courses a series of workplace learning initiatives are being pursued as well as internet learning 
packages. Examples of these initiatives will be given.

1. INTRODUCTION

Since the turn of the Millennium there have been 
a number of well publicised explosives accidents 
around the world. One of the characteristics 
of these accidents is that they frequently have  
catastrophic consequences. In Lagos, Nigeria an 
ammunition dump exploded, the explosion created 
mass panic which subsequently led to the death of 
nearly 1000 people, most of whom were children. 
Another explosives accident aboard the Russian 

submarine led to the loss of 118 sailors, a loss of 
significant defence capability and serious political 
destabilisation of the Putin Government. In Holland 
an explosion involving fireworks destroyed 200 
houses and killed 22 people, whilst in France an 
explosion involving ammonium nitrate destroyed 
a major industrial facility, killed 30 people and  
injured around 2000. The consequence of  
explosives accidents is frequently serious in  
human, economic and political terms.
 Examining the cause of explosives accidents 
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invariably reveals that human error or failure is  
a major contributory factor. The Enschede inci-
dent in Holland was initiated by a deliberate act  
by a malcontent. However the catastrophic  
consequences were also a result of management 
failure, breaches of the explosives regulations  
and a failure to understand that storing fireworks 
inside steel iso-containers generates sufficient  
confinement to maximise the violence of the event.
 One of the torpedos loaded on the Kursk is 
known to have been dropped prior to embarka-
tion and this may be linked to the torpedo explo-
sion which, the official report suggests, led to the 
loss of the submarine and its crew. In both cases 
it was the actions of individuals or the failure to 
act in an appropriate way which contributed to the  
accident. Effective explosives safety depends 
on people making the right decisions at the right 
time. It depends upon people having the necessary 
competence to carry out their jobs properly.  
The concept of competence is well recognised 
in UK safety management. Much of UK safety  
legislation calls for “competent people” in roles 
that affect safety. In the case of explosives,  
this will be in all stages of life, from the formulation 
of new explosives in the laboratory, through  
manufacture, storage, transportation, use and  
disposal.  
 Whilst the stove-piping of organisations in the 
European and UK explosives business has had an 
impact on the breadth of experience, the general 
contraction of the explosives business in Europe 
and the UK has had a major impact on the numbers 
of skilled specialists. Added to this many of the  
specialists were recruited in during a growth period 
in defence science and technology in the 1970s and 
are approaching retirement. A lack of recruitment 
in the late 1970s and 1980s has left a demographic 
trough, wherein there are insufficient skilled  
explosives specialists to replace those who will be 
leaving government service in the next few years. 
Figure 1 illustrates the typical problems faced by 
the European countries with respect to the loss of 
expertise, if you assume that the ‘experts’ are those 
who are of the age 50+

2. EUEXCERT 

Four years ago Cranfield University together with 
KCEM, a Scandinavian explosives competence 
organisation, joined with other EU partners in a 

project funded by the European Union Leonardo da 
Vinci programme. This programme of work (called 
EUExcert) was aimed at replenishing explosives 
expertise, through vocational training and  
education across the EU with a view to setting up 
a European qualifications framework in order to 
award a European certificate for workers in the  
explosives sector. The purpose was not only to 
ensure the supply of specialists in key explosives 
safety functions, but also to maintain European 
competitiveness in the ordnance and explosives  
industrial sector. At the last EFEE conference  
which was held in the UK in 2005, the follow-
ing objectives were identified as the keys aims of  
EUExcert (Wallace et al 2005):
− Identify the competencies required to sustain a 

safe and competitive explosives industry in the 
EU

− Establish the current and future needs for these 
competencies in the EU

− Develop training and educational programmes 
designed to develop this range of competencies

− Develop a range of novel education and training 
packages that form part of the programme

− Develop explosives qualifications which will be 
recognised and accepted across Europe

− Reverse the decline in expertise, knowledge and 
skill in European explosives business

 In October 2006 the first phase of EUExcert 
was completed with the submission of a final report 
to the Leonardo da Vinci programme office. All 
the objectives above were achieved except for (6) 
which will take some time to achieve. Below are 
highlights of some of these achievements.

2.1 Competencies 

A functional map and competency framework was 
developed in the UK for workers in the explosives 
sector. 13 key roles were identified and 440  
National Occupational Standards (NOS) were 
written and validated in the UK (5 key roles were 
validated by the European partners). From these 
440 NOS; 24 National Vocational Qualifications 
(NVQs) were developed. Table 1 gives details of 
the 13 key roles.
 Details of the 440 competencies can be found 
on the following web link http://www.qca.org.
uk/610.html under explosives substances and ar-
ticles (ESA).



2.2 Current and future needs

Details of existing education programmes in 
explosives which are provided by training  
organisations in the EUExcert partners were  
identified. There was found to be no external  
training courses for workers in explosives in  
Finland and Norway, it is possible that their  

training is either carried out in-house or supplied 
by the other Scandinavian countries. A catalogue of 
existing training and education provision material 
for the UK, Sweden and Italy is given in table 2.

2.3 Qualification framework

A qualification framework has been developed in 
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Key Role

1. Research design and develop explosive substances and articles
2. Develop and manage explosives safety

3. Test and evaluate explosive substances and articles in field trials
4. Manufacture explosive substances and articles

5. Maintain and repair explosive substances and articles
6. Procure explosive substances and articles

7. Store and move explosive substances and articles
8. Transport explosive substances and articles

9. Manage explosives facilities
10. Prepare and use explosive substances and articles for engineering and entertainment purposes

11. Dispose of explosive substances and articles
12. Enable the public and armed services to continue their regular activities in peace and  

war by controlling and removing munition threats
13. Support the explosive substances and articles function

Table 1. Thirteen key roles for workers in the explosives sector.

Table 2. Details of existing education programmes in explosives within EUExcert partner countries.

Country Training Provider
UK http://www.cranfield.ac.uk/prospectus/shrivenham/index.cfm

http://www.issee.co.uk/explosives.php
http://www.ribbands.co.uk/svcpages/training.htm

http://www.isee.org/education/default.htm
http://www.uec.ac.uk/csm/short-courses/quarry/shotfiring-explosives-supervisor.shtml

http://www.chss.info/ourcourses.html#sho
http://www.don.ac.uk/Default.aspx?page=652

http://www.epicltd.com/page_view.asp?InfoID=209
Sweden http://www.masugnen.se/utbildning/kurser/ky.htm

http://www.fex.se/default.asp
http://www.srv.se/templates/SRV_Page____672.aspx

Italy http://www.nitrex.it/corsi/index.asp
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the UK incorporating the 24 NVQs and 440 com-
petencies. These qualifications are divided into 3 
levels. Level 2 is the operator level, level 3 is the 
supervisor level and level 4 is the manager level. 
Details of this framework are presented in table 3.

2.4 Education and training

The 24 NVQ qualifications have been underpinned 
by a flexible educational and training programme, 
with vocational training as the main part of  
the learning objectives together with workplace 
training and e-learning based on CD-Rom and 
the internet. Online e-learning lessons have been  
developed in ‘Introduction to Explosives’,  
‘Burning and Detonation’, ‘Initiation’ and  

‘Management and Legislation’.

3. EUEXCERT AND THE FUTURE

The Leonardo da Vinci programme office recently 
awarded EUExcert with a further two years fund-
ing in order to continue this programme of work. 
The objectives of this new programme of work is to  
improve the skills and competencies of workers in 
the explosives industries by building on the work 
completed in the previous EUExcert project on 
competencies and qualifications, and transferring 
this to a European competency and qualification 
framework for the explosive sector. It is intended to 
set-up a Foundation which will be able to regulate 

Key Role Description NVQ level
Research, Design  
and Development

Research into Explosive Substances and/or Articles Level 4

Design and/or Development of Explosive Substances and/or Articles Level 4

Research, Design and Development of Explosive Substances and/or Articles Level 3

Safety Management Explosives Safety Management and/or Advice and/or Regulation Level 4

Test & Evaluation Test and Evaluation Management of Explosive Substances and/or Articles Level 4

Test and Evaluation Supervision of Explosive Substances and/or Articles Level 3

Test and Evaluation Operations of Explosive Substances and/or Articles Level 2

Manufacture Explosive Substances and Articles Manufacturing Management Level 4

Explosive Substances and Articles Manufacturing Supervision Level 3

Explosive Substances and Articles Manufacturing Operations Level 2

Maintenance Explosives Maintenance Management Level 4

Explosives Maintenance Supervision Level 3

Explosives Maintenance Operations Level 2

Procurement Explosive Substances and/or Articles Procurement Management Level 4

Explosive Substances and Articles Procurement Level 3

Storage Explosives Storage Management Level 4

Explosives Storage Supervision Level 3

Explosives Storage Operations Level 2

Transport Explosives Transport Supervision Level 3

Explosives Road Transport Operations Level 2

Disposal Explosive Substances and/or Articles Disposal Management Level 4

Explosive Substances and/or Articles Disposal Supervision/Operations Level 3

Explosive Substances and/or Articles Disposal Operations Level 2

Hybrids General Explosives Operations Level 2

Table 3. Details of the qualification framework.
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this new European competency and qualification 
framework and also provide a degree of transpar-
ency for an EU wide EUExcert certificate. In order 
to deliver this qualification, the educational mate-
rial needs to be developed. The education will be 
through vocational training using flexible learning  
and the promotion of social dialogue. In the  
longer term this programme of work will increase 
the opportunities for career development; improve 
the knowledge, skills, employability and mobility 
of the beneficiaries and target groups. The timetable 
for these objectives is given in table 4. Details of 
the objectives are given below:

3.1 Competencies and qualifications

The competency framework in conjunction with 
the qualification framework is an excellent tool for 
measuring competencies and can be used for career 
progression of employees. Table 3 summarizes  
the competencies together with the qualification 
framework developed in the UK during the first 
EUExcert project. The results from this project will 
be transferred to this new programme of work and 
developed into a European vocational qualification. 
More competencies may be developed for the  
European market. It is intended to award 7  
certificates at the Introductory level (operator), 8 
certificates at the Intermediate level (supervisor) 
and 9 certificates at the Advanced level (manager) 
although this number may increase. In order to be 
awarded these certificates the students must have 
completed a study of training at their place of work 
and assessed by an Internal assessor.  

3.2 European partners

At the present time the number of participating 
countries in EUExcert has risen from 5 to 11, these 
are UK, Sweden, Norway, Finland, Italy, Spain, 
Portugal, France, Germany, Estonia, and the Czech 
Republic. Poland and Lithuania have recently  
expressed an interest in joining EUExcert and will 
become associated partners. It also important to 
note that EFEE is a member of EUExcert which 
represents 19 countries. In order to increase this 
number of participating countries, it is intended to 
widely disseminate the work undertaken in the  
programme by spreading knowledge about the 
competence framework to the explosive sector  
in Europe and the rest of the world by presenting 
papers and posters on the outcomes of the  
EUExcert project at national and international  
conferences, seminars etc.  

3.3 Regulatory organisation

At the present time there is no European regulating 
board to either access or impose competencies in 
the explosive sector. Therefore there is a strong 
driving force by workers in the European explosive 
sector to continually improve the safety of  
handling explosives by ensuring that all workers are  
competent. This project will be one way of  
improving this situation by delivering a European 
Explosive certificate regulated by a Foundation, 
which will be created through this project for  
organisations in the explosives sector. The  
certificate is aimed at workers in the explosives  
sector who are required to be competent. The  
impact of this certification will be of great benefit 

Objective Completion date
Validate competencies May 2007

Qualifications framework November 2007
Educational material May 2008
Establish foundation November 2007

Network July 2007
Exchange of students January 2006 (Mobility programme)

Glossary November 2008
EUExcert first Certificates January 2008

Table 4. Timetable for objectives.
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to the employers and employees. It will lead to an 
increase in mobility and employability of workers 
across Europe and it will also lead to an increase 
in the awareness of the hazardous nature of the  
explosive materials which, in the long term, will 
lead to fewer accidents.
 In order to transfer and advance the qualification 
framework in forming a European vocational 
qualification a regulatory organisation needs to be  
established. This organisation will be responsible 
for the validation and accreditation of the quali-
fication and the issuing of EUExcert certificates. 
Discussions have been undertaken with the  
Foundation for the ECDL (European Computer 
Driving License) qualification with the view to 
setting up a similar Foundation for the EUExcert 
qualification. This vocational qualification will be 
trans-national between partner countries and in the 
longer term be recognised throughout Europe.
 It is intended for the Foundation to be self-funding 
after the project has ended. Members of the  
Foundation steering group will be represented by 
one partner from each European country who is a 
member of the EUExcert partnership. The  
Foundation will be similar to the Foundation 
which is responsible for the European Computer  
Driving Licence (which also started as a Leonardo 
da Vinci project). The Foundation will issue  
European certificates to competent workers in the 
explosive sectors. These certificates will have a cost 
associated with them. The Foundation will also  
contain a European membership in order to self  
finance their work – where the members pay a 
fee. In the future the membership may expand to  
incorporate most European countries at first and 
then to expand to other countries outside the EU.

3.4 Educational materials

Workplace learning will be explored for this type 
of vocational training system due to the hazardous 
nature of the industry. Methods of delivery will be 
via video conferencing, e-based learning, modern 
technology, and flexible learning. The target groups 
will be adult workers in the explosive industries and 
will want to undertake their training at their place of 
work. It is intended to use partner groups to deliver 
some of the training via video conferencing. This 
type of activity has already taken place between the 
UK and Sweden where the lesson was given in the 
UK to a group of students in Sweden via video con-
ferencing. This joint venture between Sweden and 

the UK will be transferred to this new proposal and 
expanded to incorporate other partner countries.  
 The language for the development of the  
curriculum and study material will be in English; 
however the educational and assessment material 
will be prepared for translation to other languages. 
The educational material will be adapted for  
flexible learning and to work based training.  
For example learning centres will be set-up in 
companies where the students will have access to 
computers, video conferencing, study facilities and 
training aids. An example of this type of learning 
centre is the Learning Centre at Masugnen in Sweden. 
 Other methods of delivering training will also be 
explored particularly for countries where learning 
centres may be difficult to set-up. Here the training 
may be a combination of work-base and web-based 
training, where the student may be required to  
attend educational establishments for a short period 
of time.  

3.5 Network of industries and institutions in the  
 explosives sector 

In order to improve the network capability and  
capacity of our partners, collaboration with  
other European institutions and agencies will be  
paramount for the program to succeed. This new 
network will consist of a database of organisations 
and institutions who are interested in this  
programme of work. The members of the network 
will receive regular newsletters and updates of  
EUExcert activities. Their views and comments 
will be sought when setting up the Foundation, 
validating the competencies and qualifications, 
and writing the glossary for explosive terminology. 
This will be a living network. The network will also  
provide a platform for the harmonisation of  
legislation and practice in the explosives sector. 
Currently there are 183 people registered with an 
interest in explosives from which 10 are outside 
the European community. Registration can be  
carried out by logging on to the EUExcert web-site 
at www.euexcert.org. 

3.6 Glossary

During the 4 years of working within the EUEx-
cert project it was evident that there were serious 
problems associated with incorrect translations of 
terminology within the explosives sector. A basic 
glossary of terms for the European explosive sector 
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Web-addresses for reference material for glossary
http://www.fas.org/man/dod-101/sys/land/glossary.htm

http://www.glossary.oilfield.slb.com/Display.cfm?Term=high%20explosive
http://fermat.nap.edu/openbook.php?record_id=10998&page=126

http://www.mi5.gov.uk/output/Page137.html#b
http://www.americanpyro.com/Safety%20Info/glossary.html

http://www.globalsecurity.org/military/systems/munitions/glossary.htm
http://www.army.mil.nz/footer-links/default.htm
http://lanl.gov/history/hbombon/glossary.shtml

http://www.eod-solutions.com/glossary.htm
http://www.newsweekeducation.com/extras/landmines5.php

http://www.flbgr.org/project/glossary.html
http://www.middlepowers.org/dpe/glossary.html

http://www.explosives.com/glossary/a-e.htm
http://www.psemc.com/references.asp

http://www.dep.state.pa.us/dep/deputate/minres/Districts/Blasting/glossary.htm
http://www.missilethreat.com/overview/glossary.html

Table 5. Reference details of the basis for the glossary of terminology.

Figure 1. Age profile of White and Blue Collar workers in the explosives industry in Sweden.
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is being compiled using the information supplied 
by the web addresses given in table 5.

3.7 Student exchange programme 

Exchange of students or distance education between 
partner countries will be set-up via a separate  
programme i.e. the Mobility programme. Students 
who will be registered for the EUExcert will be able 
to study in one of the partner countries. For example 
Cranfield University will be responsible for the  
students who want to study in the UK. Cranfield 
University will seek placements for the students. 
These placements will be in companies who are  
affiliated to the Foundation and have the infrastruc-
ture to assess and award NVQs. The Foundation 
will then award the equivalent EUExcert certifi-
cates which will be recognised in all the European 
countries.

4. CONCLUSIONS

EUExcert has been so successful that recently it was 
nominated as one of the Leonardo da Vinci projects 
for best practice. On assessing phase 1 of the project 
the Leonardo da Vinci Swedish programme office 
states that ‘the pilot project has fulfilled its commit-
ments and the project has reached even further than 
that. It is characterized by its innovative work’.
 The next phase of EUExcert will build upon 
the goals delivered in the 1st phase. This is just the  
beginning and hopefully by 2009 there will be a  
European recognised certification for workers in 
the explosives sector.
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ABSTRACT: Preparatory work on the so-called Northern Link project in Stockholm, Sweden, began in 
the autumn of 2006 with the awarding of contracts for five works access tunnels. They are to be located in 
Norrtull, Teknikhöjden, Albano, Värtan and Bellevue.
 Much of the blasting work for the works access tunnels and main contracts will be carried out in  
surroundings very sensitive to vibrations, close to buildings, the Stockholm Metro, utility tunnels, research 
institutes etc. The AlbaNova University Centre houses equipment that is extremely sensitive to vibration. 
The limit value for one of the apparatus is just 1μm/s (0.001 mm/s). The most sensitive equipment has been 
insulated from vibration with the aid of an air damper. Blasting times are fixed so that the research activities 
can be scheduled around them.
 During the autumn, blasting was carried out in Teknikhöjden to slash out an existing tunnel that crosses 
directly over the Metro. The Metro is subject to a limit value of 60 mm/s. Using cartridge explosives and 
hole-depths of at least 2 m, it has been possible to comply with the limit. In the Albano and Värtan access 
tunnels, the preliminary grouting and reinforcement work is complete and excavation of the full tunnel 
cross-section has started. Work on the Bellevue access tunnel has started with the first grout shield. The 
slashing of an existing entrance tunnel to the Ormen surge chamber has just began. Blasting of the access 
tunnel in Norrtull has also just began this spring of 2007.

1. INTRODUCTION

The Northern Link is a new expressway that will 
connect the E4 at Norrtull with Roslagsvägen in  
Frescati and Lidingövägen in Värtan, where there 
is a large ferry terminal. It will be located under-
ground in separate tunnels for each direction of 
travel. The total length of the Northern Link will 

be approximately 5 km. About 1 km of it, between 
Karlberg and Norrtull, is already built and open to 
traffic.
 Most of the expressway will be in tunnels. The 
total length of all tunnels is approx. 11 km, about 9 
km of which will be rock tunnels, the rest concrete 
tunnels. The estimated cost of the project is SEK 7 
billion (≈ €766 million). The Swedish government 

Vienna Conference Proceedings 2007, P. Moser et al.
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will finance 75 % of the cost via the National Road 
Administration (Vägverket). The remaining 25 % 
will be paid by the City of Stockholm. Construction 
time will be 9 years.
 Since intervention in national-city parkland or 
the natural environment is prohibited by law, the 
tunnel north of the Wenner-Gren Center (WGC) 
will be constructed from underneath.
 Provided the Supreme Administrative Court 
rejects legal challenges to the scheme, the main 
contracts will commence in the autumn of 2007. 
Before they can begin, preparatory work must be 
carried out in the five works access tunnels located 
in Norrtull, Bellevueberget, Albano, Teknikhöjden 
and Fiskartorpsvägen, Värtan.

2. CONTRACTS

The preparatory works for four of the access tunnels 
started in the autumn of 2006 and is estimated to be 
complete during 2007, so that the main contracts 
can begin at the turn of the year 2007/2008. Figure 
1 (above) shows the locations of the different  
contracts. The works access tunnels will be  
constructed in four contracts:
− NCC, Bellevueberget (≈ Bellevue Hill), NL309
− Veidekke, Albano and Teknikhöjden (≈ Technol-

ogy Hill), NL306

− Oden Anläggningsentreprenad, Fiskartorpsvä-
gen, NL304

− Skanska, Norrtull, NL 101
 In Albano and Teknikhöjden, the works are  
continuing generally from where they were  
terminated in 1997, apart from the slashing of  
existing tunnels.
 At Bellevueberget, the entrance tunnel to the 
Ormen surge chamber will be widened so that it can 
be used as a works access tunnel. A new entrance 
tunnel to the chamber will be blasted out next to the 
old one.
 The works access tunnel on Fiskartorpsvägen 
starts at the entrance to an old rock chamber.  
The one at Norrtull starts north of Norra  
Stationsgatan.
 The works access tunnels are between 175 and 
250 m in length.
 The main and ramp tunnels will be constructed in:
− 2 contracts (NL11 and NL12) at Norrtull
− 1 contract (NL21) north of the Wenner-Gren 

Center (WGC)
− 1 contract (NL31) through Bellevueberget  

(≈ Bellevue Hill) and under Roslagsvägen
− 3 contracts (NL33, NL34) under AlbaNova (the 

old Roslagstull Hospital area) and Teknikhöjden 
(≈ Technology Hill) to Frescati

− 1 contract (NL35) under Lill-Jansskogen (a 

Figure 1. The Northern-Link route from Norrtull to Värtan, connecting with the E18 in Frescati. The notations in the plan 
indicate the various contract numbers.



wood) and the Royal Institute of Technology 
(KTH) to Fiskartorpsvägen

 The various rock-excavation contracts vary in size 
from about 50,000 to 400,000 m3. Total excavation 
will be 1.1 million m3 of rock and 0.4 million m3 of 
earth. The tunnels will have between one and four 
lanes. Tunnel widths will vary from 12 to 20 m; 
heights from 8 to 9.5 m.
 In Frescati and Värtan the expressway will be 
located in concrete tunnels. Rock excavation is  
required at both places.
 NCC has negotiated bulk-haulage under a 
separate contract (NL308), whereby rock from the 
larger contracts will be received at predetermined 
places. The contract also covers the re-delivery of 
crushed rock to Northern Link project according to 
need.
 The following chapters report progress in the 
ongoing contracts for the works access tunnels, and 
give brief descriptions of the forthcoming rock- 
excavation contracts.

3. RISK ANALYSES FOR VIBRATION- 
 GENERATING WORKS

Blasting work for the Northern Link is subject to 
restrictions on vibration and structure-borne sound, 
and to fixed blasting-times. Structure-borne sound 
will not be dealt with in this paper.
 In the Norrtull area, the blasting work must take 
into account the activities and vibration-sensitive 
equipment in the Karolinska Hospital, existing  
tunnels and underground installations in the  
immediate vicinity and housing north of  
Cederdahlsgatan and Norra Stationsgatan.
 The tunnel contract through Bellevueberget 
must take into account the listed buildings on  
the hill, as well as the activities of the Graduate 
School for Social Work and Public Administration 
(formerly Sveaplan Secondary School) and the 
Wenner-Gren Center. The latter contains both apart-
ments and offices. The traffic on Roslagsvägen and 
Värtabanan (an overland suburban railway) must 
also be considered.
 At Albanoberget (≈ Albano Hill), which used to 
be the old Roslagstull Hospital area, big changes 
have taken place since 1997. The site is now 
home to the AlbaNova University Center, which  
conducts research and teaching activities and be-
longs to both Stockholm University and the Royal  
Institute of Technology (KTH) The activities 

take place  mainly in the newly built physics  
centre, completed in 2001, but also in the older 
buildings, which have been renovated.
 The outer main tunnel will run about 7  
metres underneath the part of the physics depart-
ment where the research activities most sensitive  
to vibration take place.
 The research at AlbaNova focuses mainly on 
three fields: biotechnology, physics and astronomy, 
for which very advanced equipment is used. Among 
the equipment most sensitive to vibration are lasers 
and electron-beam lithography equipment. Certain 
experiments with vibration-sensitive equipment 
can take whole days to complete and are subject 
to a vibration limit value of 1μm/s (0.001 mm/s),  
measured in the third octave-band filter.
 Representatives of the AlbaNova University 
Center and the National Road Administration, 
Vägverket, are agreed that measures should be 
carried out in the operation to make it possible to 
dimension the tunnel blasts in accordance with the 
vibration limit values for the building.
 For the operations to be conducted in the  
normal way, therefore, comprehensive insulation 
from vibration will be required using optical tables 
equipped with self-levelling pneumatic dampers. 
In spite of such precautions, the most vibration- 
sensitive experiments must be halted during  
blasting. Tunnelling operations are therefore  
subject to fixed blasting-times.
 On Albano Hill there are also two homes for  
the elderly, as well as housing on Ruddammen, 
which the tunnelling operations must take into  
consideration.
 The Stockholm Metro and Roslagsbanan  
(another overland suburban railway) also pass 
through AlbaNova and Teknikhöjden (Technol-
ogy Hill). The Northern Link will cross both under  
and over the Metro in two and four places  
respectively. The rock cover to the Metro varies 
from zero to approximately 7 metres. The crossing 
points in the Metro were reinforced in 1996 prior to 
the first start-up of the Northern Link project (see 
next chapter).
 The blasting work is subject to the vibration  
restrictions in the Metro, and to fixed blasting-times 
so that train traffic can be stopped when vibration 
levels are going to be greater than 10 mm/s.
 East of the AlbaNova area, the tunnels will 
pass under the so-called Maskiningenjören  
quarter. On the site are buildings in which take  
place activities of both the Machine Design  
Department (KTH-Maskin) of the Royal Institute 
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of Technology (KTH) and the University College 
of Dance. KTH research there includes hologram 
manufacturing. The activities are very sensitive  
to vibrations and will have to be moved before  
blasting starts in the main tunnels in contract 
NL35.
 Further to the east, the blasting work will  
be dimensioned by a utility tunnel that crosses  
underneath the Northern Link at Fiskartorpsvägen. 
Reinforcement of the rock in the utility tunnel is 
currently under way. The vibration limit value  
is 100 mm/s, measured on the nearest tunnel wall.

4. WORKS ACCESS TUNNEL, NL306  
 TEKNIKHÖJDEN

At Teknikhöjden (Technology Hill), the access 
tunnel starts east of Roslagsvägen and west of the 
buildings called Teknikhöjden, at Björnnäsvägen 
2. The access tunnel passes over the Metro at a  
distance of about 9 metres. During 1996 and 1997, 
the open cut and about 50 metres of the access  
tunnel were blasted. Due to new demands on  
ventilation, the tunnel cross-section must be  
increased to 65 m2. Slashing of the existing tunnel 
walls and floor was therefore necessary.
 The Metro is subject to the same general limit 
values that apply to SL (the Greater Stockholm  
Public Transport Company Limited). The limits are 
10 mm/s when the traffic is moving and 30 mm/s 
when shut down. In this contract, however, SL has 
approved an increase in the limit value to 60 mm/s 
in accordance with SL General Regulation FÖ-I-
365 when the traffic is shut down. The regulation 
came about following tests (normally called the 
Hjulsta Tests) that were carried out by SL and the 
National Road Administration (Vägverket) in 1996-
1997 prior to planned blasts at several points where 
the Northern Link crosses the Metro.
 Increasing the limit value has been possible 
thanks to the reinforcement work done in the  
tunnel prior to the previous start of the Northern 
Link project. The reinforcement consists of  
systematic bolting in the roof and down to one  
metre below the spring line. Systematic bolting was 
carried out using Ørsta bolts 4metres in length at 
2-metre spacings centre-to-centre. There are a total 
of 7 bolts in each section. The rock was also  
reinforced with ø8-mm galvanized wire mesh. The 
mesh was fixed using threaded anchor rods with  
nut and washer. The reinforcement is installed along 
a stretch about 20 metres long.

 Vibration measurement is carried out in accor-
dance with General Instruction FÖ-I-364, which  
requires triaxial geophones to be placed in the  
centre of the tunnel roof and at both spring lines.  
Outside the  reinforced area, vibration levels  
are measured using vertical geophones in the tunnel 
roof, about 10 metres either side of the reinforced 
section.
 In the Metro there is a relay station about 80 
metres north of the crossing with the works access 
tunnel. The relay station is subject to a limit value 
of 15 m/s2.
 Instruments of types Infra Mini and UVS 
600 are used to measure vibration. Registrations  
(readings) over a pre-set threshold value are dis-
played on a project page at www.ncvib.com.
 Blasting is carried out at the fixed times of 
10:30 – 10:40, 12:30 – 12:40 and 21.30 to 21:40.
 In general, the tunnelling work is subject to a 
maximum damage zone of 0.3 m in the walls and 
1.1 m in the floor. The grout holes are drilled to a 
length of 22 m. The total number of holes in the 
grout shield varies. Depending on the sealing class, 
hole-point distances (the distance between hole  
bottoms) of 3 or 4 metres are used. This means 
that for an access tunnel with a cross-section of 
65 m2 and sealing class 2 (hole-point distance 4  
metres), for example, 34 grout holes are drilled. Every  
second hole is drilled with a look-out of 4 or 
5 metres. Thus for sealing class 1 with a hole-
point distance of 3 metres, the number of holes is  
increased.
 Veidekke is doing the drilling with an Atlas 
Copco 3-boom drill jumbo. Due to the closeness 
of the Metro and the buildings in Teknikhöjden, 
all charging has been carried out using cartridge  
explosives of type Dynorex (ø25-mm) at the  
bottom and Kemix (ø25-mm) and Dynotex  
(ø17-mm) as a pipe charge. The Nonel LP initia-
tion system is being used supplemented with Nonel 
SL to increase the number of intervals and reduce 
the simultaneously-acting charge weight. Later  
on, when the tunnel passes the critical installations 
and buildings, the holes will be charged with  
site-sensitized bulk emulsion (SSE).
 Slashing was done in two-metre rounds within 
a distance of approx. 20 metres from the nearest 
measuring point in the Metro. Floor, helper and 
stope holes were charged with approx. 0.2-0.5 kg 
as the bottom charge and about 0.3-0.4 kg in the 
pipe charge. The biggest slashing rounds consisted  
of about 60 holes with a total charge weight of  
25-30 kg. The specific charge was approx. 0.9 kg/m3.
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 There has been only one transgression of the 
limit value in any measuring point. The highest 
reading was 73 mm/s, which was registered in a 
horizontal direction in the roof centre. The distance 
to the Metro was about 21 metres. Generally, the 
highest readings from the slashing rounds have 
been in the horizontal direction in the roof centre.
 To be able to maintain an advance of 2 to 3  
metres per round when blasting within 10 metres 
of the Metro, Veidekke has drilled, at the most, 210 
holes in the full tunnel cross-section rounds. When 
the distance to the Metro was greater (approx. 30 
m), Veidekke increased the hole depth to about 5 
metres. The charge weight in the boreholes varied 
from approx. 1.2 kg in the contour holes to 3.1 kg 
in the floor holes. The total charge weight in the 
rounds was about 400 kg, with a specific charge of 
1.4 kg/m3.
 The tunnel face has recently passed the south 
gable of Teknikhöjden, Björnnäsvägen 23, where 
the rock cover was at least 6 meters, without  
exceeding the vibration limit in the building. The 
distance to the Metro is at present about 45 metres. 
The vibration levels in the Metro are just over 10 
mm/s, which means that blasting may take place at 
fixed times only.
 Figure 2 below shows a regression analysis of 
readings taken at all measuring points on the rock 
in the Metro in the vertical direction. The readings 
are from blasts within approx. 10 m of the Metro.

Figure 2. Regression analysis of blasts within 10 metres 
of the Metro. Measuring points on rock and in vertical 
direction.

 When calculating the simultaneously-acting 
charge weights, one can normally use an 84 % confi-
dence level, i.e. the middle of the three lines shown in  
Figure 2, but due to the high penalties for exceed-
ing the limit value, a higher confidence level is ap-
plied.
 Figure 3 (below) shows readings in the same 
measuring points as in Figure 2, but when tunnel-
ling away from the Metro. The regression lines 
are significantly steeper, which means that dis-
tance damping increases with increased distance. 
But due to relatively few readings in the 30 to 60 
mm/s range, the curve becomes steeper and the  
distance damping probably somewhat greater than in  
practice.

Figure 3. Readings from measuring points 10-65 metres 
from the Metro when tunnelling away from the Metro. 
Measurements taken in vertical direction.

5. WORKS ACCESS TUNNEL NL306, ALBANO

The access tunnel is approx. 180 metres long, of 
which about 100 metres had been blasted out  
previously. Veidekke has completed the preparatory 
blasting work on the surface, which is part of the 
contract, and the slashing of the access tunnel has 
been under way for a couple of weeks.
 The distance to the most vibration-sensitive 
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equipment in the Physics Center and Building 10 
is about 100 metres and 27 metres respectively. The 
tunnel will pass under the latter building. Blasting 
of the full tunnel cross-section will start shortly. 
The blasting on the surface is restricted to the 
fixed blasting-times applicable to the Värtabanan  
railway and AlbaNova operations. While four  
blasting times have been available to the contractor,  
in practice only three have been used: 10:00 – 10:15, 
14:00 – 14:15 and 15:30 – 15:45. Blasting in the 
works access tunnel will be subject to two blasting 
times: 07:00 - 07:15 and 21:45 - 22:00.

6. WORKS ACCESS TUNNEL NL 304,  
 VÄRTAN

The access tunnel is about 250 m long and starts at 
the eastern part of Uggleviksvägen. The contractor 
is Oden Anläggningsentreprenad AB (Oden).
 The open cut for the access tunnel is situ-
ated at the entrance to an old air-raid shelter. The 
blasts will take place at a relatively long distance 
from buildings etc. The closest infrastructure are 
the Värtabanan, a water tower and two water pipe-
lines (ø300 to 600 mm), one of steel and the other  
of nodular and grey cast iron. The distance to the 
welded pipeline, situated directly above the ac-
cess tunnel, is about 20 metres. It is subject to a  
guideline of 100 mm/s. The distance to a  
lead-caulked grey cast iron pipeline is about 50  
metres. For it, the guideline limit value is 30 mm/s.
 The portal of the access tunnel has been  
adapted to minimize the impact of the open cut on 
the environment. As a result, the tunnel portal has 
been moved out about 5 metres. The tunnel profile 
has been lowered and modified to give approx. 2 
metres of rock cover above the portal. The rock 
mass nearest the portal has been grouted and  
reinforced with two rows of spiling bolts. In the 
first row, the centre-to-centre distance is 0.6 m 
above the roof and 1.0 m outside the wall just  
below the spring line. The 6-metre long bolts are 
installed with a ‘look-out’ of about 15 degrees from 
the horizontal plane. The second row consists of  
3-metre long spiling bolts spaced accordingly. After 
bolting, the portal face was sprayed with shotcrete. 
The brow above the tunnel roof was sprayed with 
30 mm fibre-reinforced concrete.
 The reinforcement work is now complete and 
Oden will shortly start slashing the first part of the 
tunnel. Slashing of the existing tunnel is divided 

into 8 rounds in order to protect the remaining rock. 
The order of excavation is as follows: lowering of 
the floor, roof slash, roof contour, side slash left, 
contour left wall and roof, side slash right and,  
finally, contour right.
 When blasting of the full tunnel cross-section 
begins, the contractor will use SSE explosive. The 
initiation system is Nonel LP.

7. WORKS ACCESS TUNNEL NL309, OR-
MEN  
 SURGE CHAMBER

The Ormen access tunnel contract is divided into 
three tunnels. The existing entrance tunnel to the 
surge chamber will be slashed out for a distance 
of about 100 m. A new 200-m long tunnel for the 
surge chamber will be excavated. Finally, a small 
tunnel (approx. 80 m long), will be excavated to 
connect existing stormwater pipes on the surface to 
the surge chamber.
 The contractor NCC will start work on the first 
grout shield shortly, after which slashing of the  
existing tunnel will commence.
 Blasting must take into account the buildings 
on Bellevueberget (Bellevue Hill), as well as the 
activities in the Graduate School for Social Work 
and Public Administration (formerly Sveaplan  
Secondary School) and the AlbaNova University 
Center. Also to be considered are the traffic on  
Roslagsvägen, buried utility-lines and existing  
tunnels in the immediate vicinity.

8. WORKS ACCESS TUNNEL NL101,  
 NORTULL

The contract for the access tunnel in Norrtull is 
divided into two sub-sections. The first involves 
tunnelling down to the future ramp tunnel and the 
second to a future utility tunnel. The lengths of the 
sub-sections are 215 and 85 metres respectively. 
Existing buried utility lines affected by the  
Northern Link will be re-routed through the utility 
tunnel. Blasting work for the open cut and tunnels 
is expected to start in April 2007. Sheet pile  
driving and excavation work must be completed 
before that time.
 The blasting work must adapted to the opera-
tions and equipment in the Karolinska Hospital, as 
well as to an existing utility tunnel, an existing road 
tunnel (Eugeniatunnel), a railway (Värtabanan), 
buildings and buried utility lines.
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9. ROCK AND CONCRETE TUNNELS,  
 KAROLINSKA, NL11 AND NL12

Each of the contracts involves excavation of  
approx. 50,000 m3 of rock. Tunnel blasting will be 
carried out under the eastern part of the Karolinska 
University Hospital (KUS) area. Activities in the 
area include neurosurgery and patient examination. 
The vibration-sensitive equipment comprises PET 
and MR scanners. The MR scanner manufacturer 
stipulates a limit value of 20 m/s2. The MR  
scanner is housed in a building situated directly 
above the ramp tunnel. KUS is planning to install 
an additional MR scanner in the same building. At 
present, the client, Vägverket, does not believe it 
will be possible to isolate the MR scanner from  
vibration.
 The ramp tunnel will pass under the road  
tunnel, Eugeniatunnel, which will remain in  
operation throughout the contract. There will be no 
rock cover at the crossing. Preparatory work must 
therefore be carried out in the Eugeniatunnel, and it 
must be complete by the time the contract for NL11 
starts.
 The Eugeniatunnel is subject to a vibration  
limit value of 60 mm/s while traffic is flowing. 
When traffic is shut off, the limit value can be 
raised to 100 mm/s.

10. NL 31, ROCK AND CONCRETE TUNNELS,  
 BELLEVUE

The rock tunnels will run from the west side of 
Bellevueberget (≈ Bellevue Hill) to Roslagsvägen, 
a busy thoroughfare. The rock volume is approx. 
70,000 m3. Blasting will be subject to the same  
restrictions as for the Bellevue works-access tunnel 
(NL309) mentioned earlier and must also take into 
account the offices and apartments in the Wenner-
Gren Center.

11. NL 33, ROCK TUNNELS, ALBANO

The contract comprises the main tunnels from  
Roslagsvägen, which will run west to the Machine 
Design Department (KTH-Maskin) of the Royal 
Institute of Technology (KTH), and two ramp  
tunnels from the roundabout at Roslagstull. Total 
rock excavation will be about 250,000 m3.
 Under the bastion at AlbaNova where the  
experiments most sensitive to vibration are  

conducted, the rock cover is about 7 metres at  
least. The sensitive equipment will be insulated 
from vibration as much as possible so that 
the buildings (guide value, v10, limit for 10m  
distance, 84 to 100 mm/s) become dimensioned for 
the blasting work. In spite of this, however, fixed 
blasting times will apply. Since AlbaNova is also 
a place of teaching, the tunnelling working will be 
subject to restrictions on structure-borne sound.
 The tunnels in this contract will cross the Metro 
in 6 places. The distance to the Metro varies from 
0 to approx. 7 metres. In 1996, the Metro tunnel 
was reinforced with bolts (centre to centre 1.0 – 1.7, 
lengths 2.4 – 4 m) and wire mesh. At two of the 
crossing points, bolting was supplemented with 
wire-mesh reinforced shotcrete (60 – 160 mm). 
The reinforcement was intended to make safe the 
operations in the Metro, but also to permit a limit 
value higher than 30 mm/s, which applies generally 
when the traffic is shut down. Fixed blasting-times 
will apply to the Metro as well. See description of 
Teknikhöjden works access tunnel (NL306) above.
 In the east, the contract boundary lies directly 
 under KTH-Maskin. The blasting work must  
therefore take into account the department’s  
buildings and activities.
 In addition to the buildings mentioned above, 
the tunnelling work must take into account a 
home for the elderly situated in the western part of  
Albanoberget, as well as the Ruddammen housing 
area. The ramp tunnels from Roslagstull  
roundabout will pass directly under the old- 
people’s home, with rock cover of about 7 metres.

12. NL34, ROCK TUNNELS, TEKNIKHÖJDEN

The contract comprises the excavation of two  
ramp tunnels with offshoots. The rock volume is 
estimated to be about 300,000 m3.
 The contract boundary for the western offshoot 
is north-west of the main AlbaNova building, just 
before crossings with the Metro. The boundary  
of the eastern offshoot is directly under the  
Mechanical Engineering quarter (Maskiningen-
jören), where both KTH-Maskin and the University 
College of Dance have premises. The blasting work 
must take into account the equipment and activities 
in AlbaNova and the KTH. The rock cover under 
KTH-Maskin is about 30 m. Restrictions on  
structure-borne sound must be observed.
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 Blasting will also be subject to restrictions for 
the Metro and Roslagsbanan, an overland suburban 
railway. The latter runs almost directly above the 
ramp tunnels. In a couple of sections, there is very 
little is very little rock cover (approx. 3 to 5  
metres).

13. NL35, ROCK TUNNELS, VÄRTAN

The contract comprises two tunnels: main tunnels 
that transform into ramp tunnels toward Värtan. The 
total rock volume is about 400,000 m3. The western 
boundary of the contract is under KTH-Maskin.  
In the east, it is about 50 metres east of Fiskartorps-
vägen. In addition to the buildings and activities of  
the KTH – and the installations described in  
connection with the Värtan works access tunnel 
(contract NL309) – the blasting work is subject 
to restrictions in respect of a utility tunnel, buried 
utility lines and the buildings east of Fiskartorps-
vägen.

14. CONCLUSIONS

By liaising closely with the client and all affected 
parties, implementing protective measures,  
dimensioning their blasts carefully, using the right 
explosives, charging techniques and initiators, and 
observing fixed-blasting times where necessary, 
contractors on the Northern Link project in  
Stockholm are managing to make good progress 
in difficult conditions without  exceeding the  
prescribed limits. The fact that in all of the contracts 
currently under way, there has so far been only  
one transgression of the vibration limit value  
is  testimony to their skill. The use of quality  
measuring instruments and taking advantage of  
the project page facility at www.ncvib.com is also 
helping all concerned to achieve their goals. In 
view of the iron will of Stockholmers to protect 
their environment to the greatest extent possible, it 
is remarkable that very few complaints have been 
received so far. It goes to show that by listening 
carefully, adopting an open approach, engaging  
talented people, using the right equipment  
and taking sensible precautions, even extremely  
challenging projects can be completed  
harmoniously.
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Studies on flyrock at soapstone quarry for safe working

S.S. Rathore & E.S.C. Jain
Dept. Mining Engg., CTAE, MPUAT, Udaipur, India

1. INTRODUCTION  

During blasting operations in general, the rock 
gets fragmented and the centre of gravity of the 
ground is moved forward. In addition to desirable 
displacement of broken fragments in case of surface 
mine blasting for excavation blast, some stone 
pieces get turned and travel very large distances. 
Usually, this undesirable movement of rock debris 
from the blast area is called flyrock. In recent years, 
blasting technology has improved greatly but 
danger and damage from flyrock in rock blast has 
been a serious problem. Not only have men been 
killed and injured but also buildings, equipment 
and materials have been damaged (Lundborg et al. 
1975). Flyrock, which travels beyond the protected 
blasting area, caused 25% of the blasting accidents 
in U.S. surface mining (Fletcher & D’ Andrea 
1986). An analysis of blasting accidents in Indian 
mines indicated that more than 40% of fatal and 
20% of serious accidents were caused by flyrock 
(Bhandari 1997). The major causes of flyrock are 

inadequate burden, inadequate stemming length, 
drilling inaccuracy, excessive powder factor, 
unfavourable geological conditions (open joints, 
weak planes, cavities etc.), inappropriate delay 
timing and sequence, in-accuracy of delays, back 
break and loose rock on top of the bench (Fletcher 
& D’Andrea 1986, Workman & Calder 1994, Kopp 
1994, Bhandari 1997, Adhikari 1999, Rathore & 
Lakshminarayana 2000).
 The energy spent in creating flyrock during 
blasting is less than 1% of the total energy transmitted 
to the rock (Berta, 1990), hence the wastage of 
explosive energy in this form may be insignificant. 
However, the risk of damage due to flyrock is so 
high that it merits serious consideration in blast 
design. Keeping this in view field investigations 
were conducted at soapstone quarry to study the 
flyrock from blasting. This study was carried out 
to analyze effect of various parameters of blasting 
in soapstone, host rock dolomite and intrusions of 
quartzite at few places.  

ABSTRACT: Flyrock due to blasting is currently a serious problem in surface mines. Many accidents 
happen outside the blasting danger zone. Thus, a study was carried out in soapstone mines to predict the 
flyrock safety distance for man and machinery. In this study observed flyrock distances for 10 blasts at a 
soapstone quarry along with blast design parameters are presented. The influence of blasthole diameter, 
burden, stemming length, powder factor and the initiation systems on the generation of flyrock is analyzed 
and the most critical parameters for flyrock control are identified. Based on the analysis of results, 
suggestions are given to minimize the flyrock hazards at this soapstone quarry.

Vienna Conference Proceedings 2007, P. Moser et al.
© 2007 European Federation of Explosives Engineers, ISBN 978-0-9550290-1-1
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2. FIELD STUDIES CARRIED OUT 

The soapstone quarry selected for this study 
produces about 60,000 tonnes of soapstone annually. 
The quarry was developed in five to seven benches 
and deployed similar types of equipment. There is 
no residential area within 500 m of the site. In that 
quarry a fatal accident occurred at a distance of 620 
m from blast site. After that incident the owner of 
the soapstone quarry approached our department of 
mining engineering to request help to establish a 
proper blasting pattern to control flyrock within the 
500 m danger zone of blasting. 
 The density of soapstone and host rock dolomite 
varied between 2.2 and 2.6 g/cu.c. The mineral 
soapstone was very soft and host rock dolomite was 
medium hard at quarry. At that soapstone quarry, 
study was carried out during the month of April 
2005 to find out the route cause of the fatal accident 
and also to suggest an appropriate blast design to 
control the undesired movement of the rock or 
flyrock for safety of the men and machinery.

Figure 1. Charging pattern of deep holes.

 Blasthole diameter, burden, stemming length 
and condition of the holes were recorded for 10 
blasts at soapstone quarry along with the maximum 
distance traveled by the fragments (Table 1). The 
actual burdens were recorded for the front row 
of holes. Drill cuttings were used as stemming 

material. Subgrade drilling was used maximum 
upto 5% of the bench height. The charging patterns 
of bench blasthole and toe holes are given in Figures 
1 & 2. The general view of the quarry and flyrock 
movement are also given in Figures 3 & 4. The 
powder factor of soapstone quarry was varied from 
0.24 to 0.51 kg /m3. Other parameters at soapstone 
quarry were: 
− Bench height: 6.0 to 9 m  
− Spacing:  2 to 3.5 m; Burden : 1.5 to 3.6 m
− Number of holes per blast:  5 to 40
− Number of rows: 1 to 2 
− Explosive used:  Solarprime (cartridge slurry): 

ANFO = 1: 3
− Initiation System: Detonating cord in downline 

& trunkline with delay detonators

Figure 2. Charging pattern of toe holes.

Figure 3. General view of soapstone mines.
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Figure 4. Flyrocks in blast number.6.

Quantities of explosives used in various blasts were 
carried out and fragmentations obtained are given 
in Table 2.

3. RESULTS AND DISCUSSIONS

Field studies carried out for flyrock distances are 

used to determine the safe distance for flyrock. The 
field data are analyzed to determine correlation 
between flyrock distances and the blast design 
parameters. 

3.1 Flyrock safe limits 

Flyrock safe limit is the minimum distance beyond 
which the throw of fragments does not appreciably 
affect the surroundings. The metalliferous mines 
regulations, 1961, prescribes a danger zone of 300 
m for surface blasting. As the accidents related to 
flyrock did occur outside this zone the Director 
General of Mines Safety, Dhanbad recommended 
an increase in the radius of the danger zone to 500 
m for surface blasting (DGMS 1982).
 Despite some attempts to estimate flyrock 
distance (Lundborg et al. 1975, Roth 1979, 
Chiappetta & Borg 1983, Workman & Calder 
1994), it is extremely difficult to predict flyrock, 
both in terms of distance and direction. From Table 
1 it is noted that the maximum flyrock distance 
was observed upto 210 m in main blasts with toe 

Blast 
no.

Type of 
Rock

d (m) B (m) ls (m) ls /B B/d ls /d Flyrock 
distance (m)

q (kg/ 
m3)

q/q0 Remark

B-1 Ferrugenous 
Quartzite

0.115 3.5 1.8 0.51 30 15 30 0.40 1.0

B-2 Ferru. 
Quartzite

0.115 2.6 5.0 1.92 23 43 40 0.51 1.27

B-3 Soapstone + 
dolomite

0.115 3.2 4.0 1.25 28 35 210 0.30 0.75 Main blast with 
toe holes

B-4 Dolomite 0.115 1.5 2.4 1.09 13 21 108 0.26 0.65 Toe holes

B-5 Soapstone 0.115 3.2 5.0 1.56 28 43 150 0.25 0.62 Main blast with 
toe holes

B-6 Quartzite + 
Soapstone + 

Dolomite

0.115 3.6 5.0 1.38 31 43 132 0.33 0.82

B-7 Soapstone 0.115 1.5 2.4 1.6 13 21 150 0.30 0.75 Toe holes

B-8 Dolomite 
bands

0.115 1.5 2.4 1.3 13 21 175 0.24 0.60 Toe holes

B-9 Dolomite 
bands

0.115 1.5 2.4 1.3 13 21 105 0.25 0.62 Toe holes

B-10 Dolomite 
bands

0.115 1.5 2.4 1.2 13 21 112 0.25 0.62 Toe holes

d – blast hole diameter; B - burden; ls - stemming length; q - powder factor;  
q0 - optimum powder factor (0.40 kg/ m3 for quarries)

Table 1. Base data on flyrock observations at soapstone quarries.
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holes. Thus, in toe holes flyrock travels for longer 
distance and precautions are required even beyond 
the danger zone of blasting prescribed in Indian 
regulations. 

3.2	 The	influence	of	burden	
In all the quarry blasts, blasthole diameter (d) 
used was 115 mm. the burden (B) was kept 1.5 
m in dolomite bands and 2.6 to 3.6 m was kept in 
ferruginous quartzite and soapstone. On the basis 
of results, flyrock distances are plotted against 
the burden to hole diameter (B/d) ratio (Figure 
5). It should not be interpreted that burden has no 
influence on flyrock from single hole tests (Bilgin 
1991), it is known that flyrock decreases as the 
burden increases. In the present study, the flyrock 
observed was also less with increase of burden 
distance.

Figure 5. Influence of burden (B) to blasthole diameter (d) 
ration on flyrock.

 It is possible to obtain crater effects from the 
front row of holes if burden is inadequate. This 
may be due to incorrect design, drilling errors and 
geological weakness. Proper care and precautions 
are to be taken while marking and drilling the holes, 
particularly for the front row of holes. 

3.3	 The	influence	of	stemming	length

The stemming length (ls) is also expressed as 
multiples of blasthole diameter (d) and plot of 
flyrock distance against stemming length to hole 
diameter (ls/d) ratio as shown in Figure 6. The 
maximum flyrock distance does not have definite 
relation in soapstone, dolomite and intrusions of 
ferruginous quartzite. Generally, the decreasing 
trend of flyrock distance with increasing stemming 
length is obvious from the role of confinement in 
controlling premature venting of high pressure 
gases. 
 Field experiments carried out in Sweden using 
high speed photography indicated that the throw 
length increased with decreasing stemming length. 
The maximum throw was achieved for less/d ~15; 
and then it decreased again. Person et al. (1994) 
had provided an explanation for this phenomenon. 
When the stemming length is short, shock wave 
component of the explosive energy is sufficient to 
fragment the rock at the collar. 
 It is noted that stemming is the most neglected 

Blast 
No.

Burden 
(m) 

Spacing (m) Blasthole 
depth (m)

No. of 
holes

Total 
Explosive 
used (kg)

Powder factor 
(tonne/kg)

Fragmentation 
type

B-1 3.5 2.8 2.75 9 97 7.5 Average
B-2 2.6 3.0 8.35 16 536 5.8 Average
B-3 3.2 3.5 6.7 17 + 8 toe 457 7.8 Average
B-4 1.5 2.5 2.8 6 toe 16.68 9.8 Average
B-5 3.2 3.0 10 9 + 17 toe 317 8.6 Average
B-6 3.6 3.3 9.6 20 666.8 8.8 Average
B-7 1.5 2.0 3.0 40 toe 111.2 7.1 Good
B-8 1.5 2.5 3.0 8 toe 22.24 10.5 Large 

Fragments
B-9 1.5 2.5 3.0 5 toe 13.90 10.4 Average
B-10 1.5 2.5 3.0 15 toe 41.70 10.4 Good

Table 2. Details of blasting parameters of soapstone quarries

Note: Specific gravity of Ferrugenous quartzite = 3.0., Dolomite = 2.6, Soapstone = 2.2



blast design parameters at soapstone quarries. Some 
considerations are given to the stemming length but 
no consideration is given to the stemming material 
and particle size of the material. Hence, there is 
scope for reducing flyrock at these quarries by 
ensuring ls/d > 20 and by using suitable stemming 
material, such as angular gravel (Konya and Walter, 
1990). 

Figure 6. Influence of stemming length (ls) to blasthole 
diameter (d) ration on flyrock.

3.4	 The	influence	of	powder	factor	

Based on the observations of powder factor of 
quarries, optimum powder factor was taken as 0.4 
kg/m3. The powder factor data for soapstone quarry 
(Table 1) are expressed as the ratio of q/q0, where 
q is the powder factor used in the blast and q0 is 
the optimum powder factor and the relationship 
between flyrock and q/q0 is shown is Figure 7. It 
can be seen (Figure 7) that flyrock is upto 30m when 
q/q0 =1. Previous study (Lundborg et al. 1975) also 
shows that flyrock can be avoided if the powder 
factor is smaller than a critical value. However, it 
is not recommended to reduce the powder factor 
significantly because it will adversely affect the 
fragmentation and displacement.

Figure 7. Trends of flyrock with powder factor.

3.5	 The	 influence	of	 stemming	 length	 to	burden	 
 ratio 

Taking flyrock distance as a dependent variable, 
stemming length to burden (ls/B) ratio (a 
dimensionless parameter) as independent variable, 
three types of regression analysis (linear, exponential 
and power curve) were carried out. The correlation 
between flyrock distance and ls/B ratio is shown in 
Figure 8 (a), (b) and (c) for the combined data of 
all blasts. The correlation is positive, showing an 
increasing trend of flyrock distance with increasing 
ls/B ratio.

Figure 8a. Linear curve.

Figure 8b. Exponential curve.

Figure 8c. Power curve.

Figure 8 a-c. Trend of flyrock with stemming length (ls) 
to burden (B) ratio.
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 The linear, exponential and power curves show 
that flyrock distance increases with increasing ls/B 
ratio. The reason for this was the single row and toe 
holes blasting carried out simultaneously. Thus, it 
was pointed out that toe holes blasting with single 
row may be avoided to control the flyrock.

4. CONCLUSIONS 

The charge in the holes of first row should be based 
on the profile of the face. Profile can be drawn with 
the help of survey instruments. The main stress 
should be given on toe burden and explosive charge 
may be kept higher for more toe burden and less 
for less toe burden. Maximum flyrock distance 
observed at the soapstone quarry was 210 m and the 
safe distance of 500 m prescribed is on the higher 
side for well controlled blast but extra precautions 
are required outside the danger zone in routine 
blasts.
 This study aimed to determine the blast design 
parameters responsible for flyrock at a soapstone 
quarry and identify the areas for immediate attention. 
In this soapstone quarry, blasthole diameter, burden 
and power factor are common causes of flyrock, 
whereas poor stemming with drill cutting is the 
major cause of flyrock. Due to inclined toe holes, 
flyrock travels for a longer distance. Thus, toe 
holes blasting with first row of blast holes may 
be avoided. The risk of flyrock is less in air deck 
blasthole. Using bottom hole non-electric initiation 
system, flyrock can controlled.
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ABSTRACT: A widely held belief is that the most complete reaction and formation of high oxides H2O 
and CO2 occurs with zero oxygen balance explosives, where the least quantity of toxic gases is released. 
Based on a new study of the chemical reaction on contemporary industrial explosives performed according 
to the EU’s new requirements and world tendencies, it was found that apart from the examined gases, 
a considerable group of hydrocarbons CXHY are released as the oxygen balanced explosives become 
unbalanced with an oxygen surplus. Based on the results obtained from this study we developed a new 
equation for the chemical explosive reaction of industrial explosives, which reflects more completely the 
detonation process and created products from the blasting. The new equation will find application in the 
creation and evaluation of new explosives for civil use, as well as revision of existing explosives allowed 
for use in industrial blasting.

1.  INTRODUCTION

The modern blasting industry is as concerned 
with effectiveness and output as with minimizing 
the harmful effects caused by the blast-generated 
seismic vibrations, flyrock, airwave and harmful 
gas-dust emissions released in the environment. 
 The seismic impact, flyrock and airwave can 
be and are in fact successfully mitigated through 
the latest implementations of various blasting 
technologies. It can be argued that these problems 
have already been contained and are successfully 
managed by leading experts. The harmful effect 
on the environment is based on the discipline, 
experience and knowledge of blasting engineers 
rather than blasting technology.  
 The situation with the harmful gas-dust emissions 
generated during all types of blasting is completely 
different. Although studied since the inception of 

industrial blasting, the implemented measures thus 
far have not brought about satisfactory resolution to 
the problem. Moreover, driven by the increased rate 
of blasting its implications are even greater. 
 A common practice at larger construction 
projects, surface mines and quarries is to detonate 
20-100 to 200-300 tons of explosive at a single 
blasting. As a result, up to tens of millions of 
liters of harmful gas emissions are released in 
the environment, negatively affecting nearby 
communities and significantly reducing the air, soil 
and water quality. The introduction of most coarse 
booster sensitive explosives (ANFO, emulsions, 
slurry or “wet bag” explosives, coarse ammonites, 
etc.) complicates matters further as the chemical 
explosive reaction varies greatly even at the same 
composition of the explosive materials. 
 The majority of theoretical and experiential 
studies of the chemical explosive reaction are 
performed on chemically pure compounds such 
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as trinitrotoluene and nitroglycerin as well as the 
blasting cap sensitive, higher explosives. Those 
studies have utilized small chambers with volume 
20 to 50 liters, such as those of Bichel- USA, 
Dolgov- Russia and others, and the charges 
detonated in their original packaging have a mass 
of 50 to 200g (Baron and Kantor 24-25; Dubnov, 
Bakharevich and Romanov 26-40; Lazarov 51-
67). More recent studies performed in chambers 
with volume 10-15 m2 equipped with a mortar with 
diameter of the central opening 50mm, detonated 
charges of 600 to 1000g. 
 The only subject of these studies have been 
the blasting cap sensitive explosives. Furthermore, 
because of the prevailing concept of the chemical 
explosive reaction, only carbon monoxide (CO), 
mono-nitrogen oxides (NOx), carbon  dioxide (CO2) 
and oxygen have been subject to measurement. It 
is presumed that no other gas-dust emissions have 
been studied. 
 The problem of pollution to the environment 
as a result of the harmful gas-dust emissions is 
magnified by development of large open mines and 
quarries performing large scale blasting operations. 
In 2002 in compliance of EU’s Directive 93/15 EEC 
a completely new standard for measuring gas-dust 
emissions resulting from blasting in chambers with 
volume greater then 15m3 was developed. In the 
USA, NIOSH has undertaken new studies aiming at 
the reduction of toxic gas emissions from emulsion 
ANFO explosives used in large open mines. The 
tests utilized charges with a mass of 4.5-5kg and 
volume of the testing chamber to 274m3 (Rowland 
and Mainiero 163-174). Clearly, the study of the 
chemical explosive reaction and the emitted gas-
dust emissions during blasting is more important 
than ever. 

2. CURRENT EQUATION OF THE 
 CHEMICAL REACTION

The equation for the chemical explosive reaction 
has a great importance because it serves as a  
basis for determining the composition of the 
industrial explosives used and from there the type and 
volume of the gas-dust emissions from the blast, thus  
assuring compliance to the Directive 93/15 EEC. 
 All else being equal, the chemical explosive 
reaction is determined mainly by the explosive’s 
composition and especially by the proportion of 
the elements C, H and oxygen, i.e. by the oxygen 

balance. The explosives are commonly divided 
into two-three groups based on the oxygen in their 
composition. The first group refers to explosives 
with a positive oxygen balance, the second (and 
third) explosives with zero and negative oxygen 
balance. 
 It is also well known that balanced explosives 
with zero or near zero oxygen balance have the 
greatest heat formation and form the high oxides 
H2O and CO2.  The chemical transformation of an 
explosive with a composition CaHbNcOd is as 
follows:

СaHbNсОd → aCO2 +b/2 H2O+c/2  
N2 +1/2 (d – 2a – b/2) O2

 
(1)

This equation of the chemical explosive conversion 
based on maximum heat generation does not reflect 
the real make-up of the gaseous products of the 
blast. As evident in the tests performed in small 
chambers utilizing smaller charges as well as the 
new studies performed in the EU and the US on 
various types of explosives, including balanced 
ones, the released CO and NOx are dependant on 
numerous factors.
 Brinkley and Wilson, working off of the 
assumption that explosives with zero oxygen 
balance convert their entire hydrogen H2 to water 
H2O with no excess left, propose the following 
equation for the chemical reaction (Andreev, Baum 
and Orlenko 125-132):

СaHbNсОd → b/2 H20 + (d-a-b/2) CO2 + 
(2a-d + b/2) CO + c/2N2

 
(2)

The equation proposed by Brinkley and Wilson, 
however, does not allow for any formation of nitric 
oxides, which greatly disagrees with reality. 
 The same analysis can be performed using the 
method of Le Châtelier for maximum gas release at 
which the carbon dioxide is first oxidized to CO as 
the remaining oxygen divides equally between H2 

and CO until they are converted to H2O and CO2.  
 The equation of the chemical explosive reaction 
by Le Châtelier looks like this: 

СaHbNсОd → aCO + b/2H2 + c/2 N2 +  
1/2(d-a) H20 + 1/2(d-a) CO2 + 1/2(3a-d) (3) 
CO + 1/2(a + b - d) H2 + c/2N2

The equations for maximum gas release of the 
chemical reaction to convert TNT with constituents 
C7H5N3O6 and hexogen with constituents C3H6N6O6 



are as follows:

С7Н5N3O6 → 6СО + С +2,5Н2 +1,5 N2 (4)

С3Н6N6O6 → 1.5CO2 +1.5 СО +1,5 
Н2О +1,5 Н 2 + 3N2 

(5)

The Brinkley -Wilson equation is commonly used 
for explosives with negative oxygen balance. 
At first the hydrogen is converted to water after 
which the remaining oxygen oxidizes the carbon 
dioxide to CO. Finally, the excess, non-oxidized 
carbon dioxide is released freely. The equation 
for explosives with a negative oxygen balance by 
Brinkley –Wilson is as follows:

СaHbNсОd → b/2 H2O +(d – b/2) 
CO + (a – d + b/2)C + c/2N2 

(6)

At this equation the chemical reaction for TNT and 
Hexogen is (Dubnov, Bakharevich and Romanov 
26-40):

С 7Н5N3O6 → 2,5Н2О + 3,5СО +3,5 С +1,5 N2 (7)

С3Н6N6O6 → 3Н2О + 3СО + 3N2 (8)

Although this equation reflects much better the 
reality of the blast as it provides for the freed excess 
carbon dioxide, it still does not take into account 
the creation of cumulative nitric oxides. 
 The methods and concepts for the chemical 
explosive reaction discussed so far have the 
following shared shortcomings: 
– The methods for maximum gas and heat release 

do not account for the possibility for endothermic 
chemical reactions which create nitric oxides or 
hydrocarbons, for example the Ethylene C2H4, 
both of which absorb heat 

– The methods do not account for the interaction 
of some chemical elements creating combined 
hydrocarbons or liberating excess carbon and 
hydrogen. These interactions considerably 
alter the proportions of oxygen and the burning 
elements as a result of the chemical reaction

– The discussed equations for chemical explosive 
reaction have been developed mostly for the 
chemically pure substances and do not apply 
to mechanically derived explosive compounds, 
which have much more complicated chemical 
reaction.  This realization is especially important 
for the booster sensitive explosives ANFO, 
emulsion mixtures and slurry or “wet bag” 
explosives

– The methods ignore the fact that due to the 
altered oxygen balance the explosives do not 
follow the sequence of decomposition assumed 
in the equations 

3.  NEW STUDIES OF GAS EMISSIONS

To mitigate the problem and reduce gas-dust 
emissions resulting from blasting operations, 
new studies using innovative methods have been 
undertaken in the EU and USA. 

3.1 Testing chambers 

The new methods utilize testing chambers with 
considerably larger volume. In order to determine 
the actual gaseous emissions at large blasting 
operations conducted with coarse, booster sensitive 
explosives ANFO, emulsion compounds, and 
their mixtures created by a government mandate 
in NIOSH, Pittsburgh, USA, a large underground 
chamber with 274m3 volume is being used. (Figure 1)

Figure 1. Scheme of the underground testing chamber at 
the laboratory of NIOSH, Pittsburgh, Pennsylvania, USA.

The new EU standard EN 13631-61 for toxic 
gas formation and measurement requires these 
studies to be performed in testing chambers with 
volume larger than 15m3, as the chamber’s volume 
determines the quantity of explosive compound to 
be used in the testing. 
 In the Republic of Bulgaria, complying with 
the requirements for labor safety, the studies of gas 
emissions resulting from blasting operations in civil 
uses are conducted in a specially equipped testing 
chamber with parameters 5x5x5m and volume 
142m3. (Figure 2) (Kamburova, New Research on 
the toxic gases, 2005)
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Figure 2. Profile of the chamber 1-reinforced concrete, 
2-opening for ventilation, 3-two armored doors, 4-steel 
pipes, openings for test samples, 5-mortar for the cap 
sensitive explosives, 6-charge of explosive in suspended 
position in a steel pipe, 7-safety equipment.

3.2 Parameters of the explosives tested

EU’s new standard calls for test sample over 500g 
as the sample can go up to 950-1000g for booster 
sensitive explosives combined with a donor charge. 
Additionally, there is a requirement for 70cm 
maximum length of the sample in its original 
factory packaging. The studies performed in the 
US utilize testing samples with a mass between 4.5 
and 5kg, as the test sample can go over 1000g in a 
pressure test  chamber. 
 These new requirements regarding the 
parameters of the tested samples provide for 
considerably more complete detonation and as a 
result more accurate results. 

3.3 Testing methods and analysis 

EU requires the test samples to be placed in a thick 
walled mortar designed for multiple uses with 
central opening in diameter of 150mm and depth 
1400mm. The cartridges of explosives are placed 
in the mortar in their factory packaging. The non-
cartridged, loose explosives are first placed in a 
small PVC pipe before being positioned on the 
mortar. The tests intend to measure CO, CO2, NO, 
and NO2. (EN13631-16)
 Listed below are the most substantial 
shortcomings of this methodology. 

3.3.1 The loose, non-cartridged explosives need 
to be tested in PVC pipes which interact with 

the chemical explosive reaction and alter, due to 
their strong negative oxygen balance, the emitted 
gases. In the field these explosives are used in their 
original unpackaged state without any covering. 

3.3.2  The mortar with a central opening of 
150mm is heavy equipment that is cumbersome to 
work with. Additional complications arise when 
testing explosives for which the manufacturer 
recommends mortars with diameter less than 
150mm. Those explosives are placed on the axis 
of the central opening and require difficult to 
come up with mass.  Furthermore, when testing 
explosives with various recommended diameters, 
the conditions of their detonations and the gas 
emissions differ greatly.

3.3.3 Explosives with a larger maximum diameter 
require tested sample with a minimum length of 
70cm and have mass from 6,700 to 10,000kg, 
which makes it difficult to execute. 

NIOSH, USA successfully uses a different 
method when testing coarse, loose explosives.  
The explosives are placed in a single strong steel 
pipe with diameter 100mm and required charge is 
between 4500-5000g, eliminating the shortcomings 
of test with PVC pipes (Rowland, Mainiero 163-
174; Hurd,  2001). Studies of the gas emissions in 
the Republic of Bulgaria are performed using single-
use pipes generating accurate results. (Kamburova, 
New methods for detection 21-24).

3.4. Test outcomes based on the new 
 methodology

The study conducted on coarse ANFO and emulsion 
explosives using the new EU and US methodologies 
shows drastically different chemical explosive 
reaction.
 Listed below are the more notable differences:

3.4.1 All explosives, both cap and booster 
sensitive, have shown to discharge much larger 
quantity nitric gases than currently thought. The 
emitted quantity by various explosives is in the 
range of 10 to 30 l/kg and these results have been 
validated and confirmed in tests performed in 
Bulgaria, USA, and Poland (Kamburova, New 
Research on the toxic gases 2005; Sapko et al 317-
330, Jerzy at al 12-15).
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3.4.2 Contrary to the current belief, the tests 
showed that balanced explosives (with zero or 
near zero oxygen balance) emit large amount 
orange nitric oxides 20-30 l/kg. These emissions 
are considerably reduced when explosives with 
minus 8 to minus 12 percent oxygen balance are 
used (Kamburova, New research on the toxic 
gasses, Kamburova and Mitkov, 2006).

3.4.3 All explosives tested emitted hydrocarbons 
CxHy due to the interaction of portion of the 
hydrogen with the carbon and the release of 
excess quantities. This is observed on all types 
of explosives regardless of the oxygen balance.  
The emission of hydrocarbons is correlated to 

the emissions of toxic gases and obviously has 
a strong impact on the chemical reaction. The 
new studies performed in the USA confirmed the 
substantial emission of hydrocarbons (Sapko et al 
317-330). 

3.4.4 The creation of the hydrocarbons leads to a 
considerable change in the ratios of the remaining 
elements and the oxygen. As a result the originally 
balanced explosives become unbalanced with 
various amounts of excess oxygen. During the 
extreme conditions of the blast, the excess oxygen 
connects to some of the nitrogen and nitric oxides 
at which there is a loss of heat. The process is 
endothermic.  

Explosives
gas emissions,  l/kg

∑ NOx CO ∑ NOx + СО ∑ СхНу

1. Coarse ammonite     
GDA 79/21 (zero % OB) 29 14 43 59

GDA-LM (negative 1% OB) 23 17 40 42
modified GDA-LM (negative 7.5% OB) 15 13 28 50

GDA 70/30 (negative 8.2% OB) 14 11 25 59
2. Fuel oil and ammonium nitrate     

ANFO-L (zero % OB) 21 22 43 80
Modified ANFO-L (negative 7.5% OB) 11 20 31 70

ANFO, USA 6% fuel oil (negative 1.78% OB) 37 17 54 11(H2)
3. Mixture ANFO 6% and emulsion 50/50 31 18 49 7(H2)

Table 1. Gas emissions of booster sensitive explosives.

Figure 3a. Figure 3b.

Figure 3. Correlation between the OB and toxic gasses: a) Coarse ammonias, b) ANFO L
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3.4.5 Freed hydrocarbons have been noticed in 
the gas-dust emissions and in the blasted material 
in industrial studies conducted at surface and 
underground mines.

Table 1 presents the recorded gas – dust emissions 
produced in blasting of the widely used in Bulgaria 
and Eastern Europe trinitrotoluene coarse ammonias 
with various oxygen balances, as well as ammonium 
nitrate- fuel oil mixture, ANFO L, in its classic and 
updated composition. Given for comparison are the 
results of the studies conducted by NIOSH.
 Figure 3 graphically represents the results of 
the tests conducted on Bulgarian explosives.

4. NEW EQUATION FOR CHEMICAL 
 EXPLOSIVE REACTION

Based on the studies conducted in accordance 
with the new EU standard and those performed by 
NIOSH on booster sensitive explosives for civil 
uses, it was concluded that the balanced explosives 
emit considerable quantity nitric orange gases. It 
was also established the existence of large amount 
of hydrocarbons and freed carbon hydrogen. 
 When explosives with oxygen balance of 
minus 8 to minus 12% are used, the emitted toxic 
nitric gases are decreased by over 2-2.5 times. 
The combination of portion of the hydrogen to the 
carbon or their free release leaves excess oxygen, 
thus transforming the balanced explosive to one 
with a positive oxygen balance as a result of which 
more nitric gases are produced.  Using explosives 
with a negative oxygen balance counteracts this 
process. 
 The previously discussed equations of the 
chemical explosive reaction do not apply and do 
not reflect accurately the chemical conversion 
of explosives for civic uses. In order for those 
explosives to remain balanced during the chemical 
reaction, it is necessary a certain amount of negative 
oxygen balance in the range of 8-12% to be build into 
their production. This will considerably decrease 
the harmful gasses emitted in the atmosphere. 
 Tests on blasting cap sensitive explosives with 
zero or near zero oxygen balance allowed for use in 
underground condition emit nitric gases in the range 
of 20-30 l/kg. More comprehensive studies need 
to be performed in order to establish the optimal 
negative oxygen balance for their production. 
This will sharply reduce the negative effects of 

released toxic gases and in particular the nitric 
gases produced as a result of the chemical reaction 
in underground condition. 
 Based on the results of the new studies, the 
equation of the chemical explosive reaction needs 
to be modified in order to reflect the emitted free 
and combined hydrocarbons as follows:

СaНbNcOd → eCO2 + fCO + g/2H2O +  
h/2 N2 + iNO + jNO2 + kC1H + 1/2  (9) 
(d - 21 - f - g/2 - i - 2j) 02

where: а = е + f + k (10) 
 b =  g +l (11) 
 c = h + i +j (12)

 The newly developed equation for the chemical 
explosive reaction has to be taken into consideration 
at the planning, development and production of 
new and the modification of existing explosives 
for civil uses. This will assure compliance to the 
EU Directive 93/15 EEC/15, issued April 1993, for 
harmonization the condition for trade and control of 
explosives for civil uses. 

5.  VERIFICATION OF EQUATION IN REAL  
 CONDITIONS

The conclusions drawn form the proposed equation, 
were validated in real conditions. Performed were 
industrial testing on the original ammonium nitrate-
fuel oil mixture, ANFO L, as well as on the modified 
version of the explosive. The original ANFO L has 
a zero oxygen balance; the modified ANFO L was 
manufactured with a minus 7% oxygen balance 
obtained thru the increase of the fuel oil from 5.5% 
to 7.5%.
 The industrial test was conducted at quarry 
Studena on a beanch with boreholes with diameter 
105 mm and depth 12-15m. The beanch was 
divided onto two sections as the section to the left 
was charged with balanced ANFO L and the one to 
the right with the modified minus 7% ANFO L. The 
two sections were blasted together as the modified 
minus 7% ANFO L was blasted with 50 ms delay 
after the balanced ANFO L. 
 Figure 4 shows the visual effect of the blasting.  
It is clearly visible that the gaseous cloud on the 
field to the right is much smaller and lighter. 
 Figure 5 shows the development of the studied 
blasting, as the effects produced by the two 
explosives are even better visible. Each picture 
shows both sections of the beanch.



 Similar industrial tests were conducted with the 
widely used coarse ammonite GDA-LM, which is 
allowed in underground blasting operations and is 
traditionally manufactured with a minus 1% OB, as 
well as with the modified GDA-LM with an OB of 
minus 7.5%. The industrial tests were conducted 
at the quarry of A&B Corporation, Klokotnica and 
at the open pit mine Republica, Pernik. Consistent 
with the results of the previous testing, the gas 
cloud at the detonation of GDA-LM with a minus 
7.5% OB is considerably smaller and clearer then 
the one with the balanced GDA-LM, negative 1% 
OB. The gas cloud for the modified GDA-LM at the 
open mine was invisible. 

 

Figure 4. Visual effect of the gas-dust clouds at detonation 
of ANFO-L. The section to the left has a zero % OB, the 
section to the right has minus 7 % OB.

Figure 5. Fragments of the developing blasting of ANFO-
L, Studena quarry.

 The industrial tests conducted completely 
confirm the lab tests and the accuracy of the new 
equation for chemical conversion at blasting.

6.  CONCLUSIONS

Based on the performed studies of the correlation 
between the oxygen balance and the emission of toxic 
gases we can draw the following conclusions: 
 Because of the wide spread usage of coarse 
booster sensitive explosives for blasting operation 
at the larger mines, quarries and construction sites, 
it is imperative that steps are taken to reduce the 
harmful gas-dust emissions in the environment.  
 The current methods for measurement of gas 
emissions in small chambers utilizing small charges 
are unacceptable for the widely used booster 
sensitive explosives.  The new methods in the EU 
and USA call for large 15m3 chambers and charges 
between 500 and 5000g. 
 The discussed equations for the chemical 
explosive reaction are accurate for chemically 
pure compounds and partially for some blasting 
cap sensitive explosives and are not applicable to 
booster sensitive blasting agents. 
 Our studies have shown that the chemical 
explosive reaction produces large amounts of 
hydrocarbons, or free carbon and hydrogen, causing 
the creation of excess oxygen when explosives 
with zero or near zero oxygen balance are used.  
Consequently, an oxygen-balanced explosive 
becomes unbalanced and there is a release of large 
quantities of highly toxic orange nitric gases.
 Analysis of the results of the studies conducted 
show that the nitric gases decrease over 2-2.5 times 
when the explosives have been modified from zero 
to minus 7-8% OB. This claim has been qualitatively 
confirmed in industrial conditions. 
 The results obtained have led us to develop a 
new equation for the chemical explosive reaction, 
taking into consideration the interaction between 
the elements and their liberation.  
 It is strongly recommended that all explosives 
approved for use, including the blasting cap 
sensitive explosives for underground conditions, 
are studied and modified to an optimal negative 
oxygen balance so that the toxic gas emissions and 
more specifically the nitric oxides are significantly 
reduced.
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