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In the brief instant of a high explosive detonation, some
remarkable events take place : the shock wave produces
pressures upto 400,000 times that of Earth's atmosphere, the
detonation wave travels as fast as 10 Km / s, temperatures can
soar to 5500 Kelvin, and the power density approaches 10 billion
watts / cc. The material immediately behind the detonation front is
a dense plasma.
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"Our grand business is not to see what lies dimly at a
distance, but to do what lies clearly at hand - Carlyle"
The words of Carlyle are literally the 'touch stone' of our
editorial policy : to constantly address the contemporary
'concerns and issues' of the explosives industry, that "lies clearly
at hand", in the realm of 'Safety' and 'Technology', through the
medium of this Journal. In tune with this, hopefully, the major constituents of the
explosives industry would conjointly and expeditiously initiate appropriate actions
on the ground. The 'Cover Feature', an in-house contribution, is presented to
articulate this vision. Indeed, our aim is to make every issue of 'Visfotak' uniquely
identifiable with its 'Cover Feature'.
The inaugural issue comprehensively dealt with the state of the explosives industry
in the context of "Explosives Delivery Regime and Public Safety" as it prevails at this
juncture. Whilst the significance of this study in the public domain is all too obvious,
unfortunately, it appears not yet strongly registered, because it hasn't elicited the
kind of urgency with participative views and opinions, that I fervently hoped to
receive. There lies the crux !!! Nearly 2000 copies were distributed to every
constituent including the government regulatory authorities. I beseech every one, be
it an individual professional or an organized entity, to come forward and participate,
without which the challenges cannot be addressed in full measure.
The Cover Feature in this issue deals with yet another challenge - of addressing a
perceptible state of 'laissez - faire' where 'Oranges' get equated with 'Apples' with
serious techno-economic consequences, in the absence of an institutionalized
scientific 'frame work' for conducting 'Energy Audit' of a plethora of different
technologies, grades and types of commercial explosives, currently in use. We
continue to remain hidebound in the NG era, whereas, modern day commercial
explosives, comprising entirely of 'Nitrate Mixtures', with widely varying, non-ideal
detonation characteristics, are totally different from the characteristics of NG
explosives. An institutionalized mandatory 'Energy Audit' has been recommended,
providing a scientific, state of the art procedure for rating divergent grades of nonideal explosives on an equitable basis. I have no doubt that the major stake holders,
viz. the Manufacturers and the Users, would enormously benefit from jointly
promoting and implementing the recommendations.
I also invite reader's attention to our special report in this issue - Historiography of
accidents with explosives in India. It confirms once again the strong linkage that
exists between 'Technology' and 'Safety'. In this context, the report has revealed the
horrendous safety record of Gun Powder, though mercifully, it is now much abated
with the growing usage of ANFO. The anachronism of Gun Powder, in this time and
age, should be removed.
The interregnum between the inaugural and this issue of 'Visfotak' has witnessed a
tragic loss of an Icon - Late Bhaskar Bhattacharya, former Director General Mines
Safety, who gave us his unstinted, wholehearted support. In homage, with a sense of
profound loss, we present an abridged version of his last exhortation to embrace
modern safety practices, delivered at the Asian Mining Congress, held in Calcutta in
January, 2006 : Emerging Issues of Safety in Indian Mines - Agenda for Action.
There can't be a better homage to his memory by the mining and associated
industries than implementing his "Agenda for Action".
SEASON'S GREETINGS !

Ardaman Singh
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AUDIT OF COMMERCIAL EXPLOSIVES

E

nergy Audit, a procedure to systematically measure and record 'energy performance', is routinely
applied to conventional forms of energy such as electrical energy, heat energy, and the like,
characterized by the constancy of flow of energy, which is measurable during performance. Whereas,
'commercial explosives', which are chemical energy systems, belong to an entirely different species !!
This 'Cover Feature', an in-house contribution, presents the 'energy' conundrum of commercial explosives in
a historical perspective, drawing upon developments till date ; and in the context of the developments in
India, particularly after the phasing out of NG based explosives, an appropriate model for 'Energy Audit' of
commercial explosives currently in use, is recommended.

INTRODUCTION :
The distinctive feature of high explosive energy is its
'Detonation' phenomena, implying extremely intense and fast
chemical reactions, almost instantaneous, generating
enormously high 'energy density' and power, which is
manifested by a blast of rapidly expanding gases. The total
reaction time in 'Detonation' ranges from less than a
microsecond to nearly 100 microseconds ; and once the
explosive is initiated , the 'detonation' is self sustaining, and
propagates through the explosive charge at a constant 'steady
state' velocity of detonation. A comparison with other 'chemical
reaction processes' is given in Table- 1.
Table - 1
Material
Acetylene flame
Propellant in
Gun
Detonating
High Explosive

EVOLUTION / UNFOLDING OF THE 'THEORY
OF DETONATION' AND MEASUREMENT OF
ENERGY PARAMETERS :
The fundamental principles of thermodynamic and hydrodynamic
were applied to the 'Detonation' phenomena for the first time, by
Chapman and Jouguet (CJ) in the early 1930's, postulating the
following basic 'Thermo - Hydrodynamic' Equation of State (EOS)
as a measure of the 'Velocity of Detonation' ( V ) :
V = W+C
where 'W' is 'particle' velocity, or the gas cloud velocity, and 'C' is the
velocity of sound in the flowing medium.

This postulate represents an 'Ideal State' implying that all
'chemical reactions' are completed, and the 'steady state' of
'thermo-hydrodynamic equilibrium' is reached instantaneously ,
independent of time, mass and the spatial geometry of the
explosive charge. The features of 'Ideal State Detonation' as
they evolved over time, are illustrated in Figures 1 and 2 respectively.

Energy Density / Rate Power density
Pressure (atm) g/sec watt/cc
1

1

102

2,000

103

106

4,00,000

6

10

10

10

Shock or stress wave in
the surrounding media
Expanding Gases
Primary Reaction Zone

Thus, from the stand point of 'energy audit', unlike conventional
systems, the challenge lies in understanding and measuring a
chemical system that is extremely transitory, and not easily
amenable to physical measurement during performance ; a
system where the Equation Of State (EOS) is constantly evolving
and changing because the chemical composition of the system
keeps changing. Therefore, the 'energy audit' of high explosives
necessarily entails consideration of two basic models, as follows :
*

*

???
???

Stable Products
mainly gases

Shock front in
the explosive
Path of detonation
Fig 1:
The detonation process for cylindrical explosives (Du Port, 1977)
CJ Plane

'Predictive' Model of 'Detonation Theory' in order to
simulate 'detonation' of a given explosive type and reliably
predict its energy parameters; and

Detonation
products

'Retrospective' Performance Data Model, representative
of the explosive type being audited, by which the predicted
parameters are reviewed and validated.

Plane shock front
in explosive

Unreacted
explosive

Zone of complete reaction
Fig 2 :
Section view through an idealized explosive charge showing
an ideal detonation process (Brinkman, 1990)

(The "Cover Feature", is part of a Serial on "Challenges and Issues" of the Explosives Industry - Editor)
JOURNAL
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Al. or Lead plate about 8 mm thick

The reaction zone is only a few millimeters thick, and the
entire potential energy of an explosive is deemed to be
liberated almost instantly in the short reaction zone. The
measure of energy density or the 'Pressure' (P) generated
by 'detonation', as a function of 'Density' of explosive
(D) and Velocity of Detonation (V) is reasonably
approximated by the equation P= ¼ D x V 2.

1 Sc
Mid - point of
Det. Cord loop

Standard
Detonating Cord
of known velocity = DC

SE

The CJ postulate gained universal credence because it
explained with the greatest of accuracy the thermo hydrodynamics of Nitroglycerine based explosives (NG),
which constituted the bulk of commercial explosives in
use until the middle of last century. Photographic
evidence showed that the duration of the detonation wave
in Nitroglycerine and Blasting Gelatin is less than one
millisecond, almost instantaneous, closely conforming
with 'Ideal Detonation'; and the duration of the shock
waves produced by these explosives in air is also of the
same order. The high temperature of shock wave as
predicted in theory, was confirmed by the intense
luminosity shown in the photograph. Further, the
calculated values of detonation velocity as per CJ
postulate are in close approximate agreement with the
experimentally determined values.

VOD of explosive - DE =

SE x DC
2 SC

Fig.3: D'Autriche Method

Thus, by virtue of the unique detonation characteristics of
NG explosives, it is feasible to experimentally determine
representative 'steady state' velocity of detonation of NG
based explosives, for example, by the popular D'Autriche
Method, devised for the purpose, Fig.3; and applying the CJ
postulate, the thermodynamics of the products of
detonation in terms of energy parameters such as energy
density / pressure, temperature, total energy, etc., are easily
assessed. Likewise, by using only a small quantity of
explosive, say 10g, laboratory scale tests have been devised
to reliably measure strength and the power of these
explosives. For example, the Ballistic Mortar Test (Fig. 4)
which compares the propulsion of a steel mortar mounted
on a pendulum by the effect of detonation gases when a
charge of 10g is detonated. Similarly, the Traulz Test
(Fig 5 ) which determines the expansion capacity of 10g of
explosive detonated in the center of a solid lead block, and
the difference against the original volume gives the Traulz
value, as a measure of relative strength.

Fig.4 : Ballistic Mortar Test

Original
3
Hole 62 cm

Fuse and cap
Sand
Stemming
Explosives
to be
Tested 10 mg

Expansion of
Initial Hole

Lead Block
of 20 x 20 cms.

Fig.5: Traulz Test

Thus, until the middle of last century or there about, when the use of NG based commercial explosives was
predominant , the 'Energy Audit' of these explosives could be credibly carried out with the help of a 'Predictive Model'
based on CJ postulate , in conjunction with 'Retrospective Performance Data Model' developed on the basis of
laboratory and field tests; and all grade of NG explosives could realistically be rated on a common basis.
JOURNAL
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THE NEW PARADIGM :
However, the advent of “Nitrate Mixture” Class of high
explosives (ANFO, Water Gel Slurries, Emulsions, etc,) from
the middle of the last century, which have relatively much
slower chemical reaction times, in the range of 50 to 100
milliseconds, signaled a profound disconnect with CJ postulate.
The following characterestics of the new genre of commercial
explosives, are strongly indicative of Non-Ideal behaviour.

1.

2.

VOD

Borehole Diameter

Change of 'Velocity of Detonation' with
change of 'diameter' of explosive charge; the
velocity decreasing with decrease in
diameter, and completely failing to detonate
below a critical diameter, signifying a
threshold sensitivity, size and shape of the
explosive type. Fig. 6

Fig.6 : VOD- Diameter relationship in 'Ideal' and
Non-Ideal explosives
Cable
Expl.
Charge
3 - 4 mtrs

When subjected to conventional laboratory
testing methods using small charge (10g) as
devised for NG explosives, these explosives
either fail to detonate or give very erratic
results, not correlatable with CJ postulate.

3.

The
development of under water test
proceedure, fig. 7, using much larger quantity
of test sample, approx. 1 kg with a 100g
Booster attached, large enough to reach
'steady state' EOS, has revealed partitioning
of the energy during detonation on a time
scale, viz., 'Shock Energy' arising from the
primary Detonation Driving Reaction Zone
(DDZ) and the 'Bubble Energy” or 'Pressure'
exerted by the gaseous products of reactions
following the DDZ, which directly contrasts
the instantaneous CJ postulate.

4.

A host of other factors relating to the physical
characteristics of the explosive mixtures, viz,
particle size of the constituents and intimacy
of mixing, rheological properties impinging
on the sensitivity and shelf life, geometry and
confinement of the explosive charge, the
shape and size of the 'Booster Charge', etc.,
are also experimentally known to influence
detonation properties of these explosives.

JOURNAL

Ideal Explosives
Non-ideal Explosives

Recording
Station

Transdusers

10 mtrs
Pond
60 mtrs

Fig. 7: “Under Water Test” procedure

A typical set-up comprises an artificial pond - 60 m or so in
diameter and 10 m deep. The explosive charge is suspended
at a depth of 3/4m near the centre of the pond from a steel
cable stretched across the pond. The 'transducers' are placed
at the same depth as the charge, at a horizontal distance
from the charge, equal to the depth of charge. One
transducer is placed slightly closer to the charge to trigger
the oscilloscopes that record the pressure signatures from
the second transducer. When the charge is initiated, the
pressure from the initial shockwave, time intervals between
the first shock and the second shock and subsequent shocks,
arising from the collapse of the gas bubble, are recorded
and related to the energy of the explosive.
The transition from the 'Ideal' theory of detonation to 'NonIdeal', began with the classical “Two Dimensional Steady State
Kinetic Detonation Theory” developed by Wood and Kirkwood
(WK) in early 1950's which solved many of the limitations of
the CJ postulate.
Whilst the fundamental tenet of the Thermo-Hydrodynamic
Equation of State, viz., V = W+C still holds true, it has had to be
modified to represent the transition from One-Dimensional 'Ideal'
mode to an evolving time-dependant, multi-dimensional EOS.
WK considered a cylindrical charge of infinite length, and
whilst retaining the CJ postulate of 1-D Planar Steady State
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extent by the pioneering research and modeling work carried
out on energetic materials at the "High Explosives Application"
facilities at Lawrence Livermore and Los Alomas National
Laboratories, USA, over the last 40 years or so. A schematic
illustration of non-ideal detonation as it evolved over time by
notable researchers are shown in Figs 8, 9 and 10.

COVER FEATURE
Detonation front, the theory incorporated the rate of radial
expansion of the shock wave as a source term along the central
stream line, in the solution of the hydrodynamic Euler
equations, in steady state, in order to represent the influence of
diameter on the velocity of detonation.
Over time, a number of 'generalised' models building on the
classical WK theory, have been developed to predict the
performance of non-ideal explosives (see box), driven to a large

Unreacted HE

Inert

Inert

D
Shock

Evolution of 'The Theory of Detonation' of Commercial
Explosives : Transition from Ideal to Non-Ideal.
· 1930's:

Reaction zone

Shock

Thermo hydrodynamic theory of
detonation or Chapman Jouget (CJ)
'Ideal State' postulate of detonation.

-

Melvin A Cook , 1950's

· 1954 :

D i a m e t e r e ff e c t i n c o n d e n s e d
explosives: Two-dimensional steady
state kinetic detonation theory : Wood
W.W, and Kirkwood J.G (WK).

· 1981:

Steady State two - dimensional
detonation: a generalization of WK
analysis . Bdzil J.B.

· 1986:

Time dependant two dimensional
detonation theory, Bdzil J.B.

· 1990:

Brinkmann J.R., The Behaviour of
Different Explosive Types and the
Effects on Blast Results.

· 1998/2001:

Howard W.M, Fried L.E, Souers P.C,:
Kinetic Modelling of Non-Ideal
explosives with CHEETAH:, and
Calculation of Chemical Detonation
waves with Hydrodynamics and
Thermochemical Equation of State.

· 2002 :

Critical review of theories of steady non ideal two-dimensional detonation of
condensed explosives, Byers Brown W,
2002.

· 2004 :

A Non-Ideal Detonation Model for
commercial explosives. Esen S.

· 2005:

Prediction of the Non-Ideal Detonation
Performance of Commercial Explosives,
Esen S, Souers P.C,and Vitello P.
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i
r

Sonic locus

Interface

Fig.8: A schematic Representation of a two - dimensional
steady-state detonation (Bdzil, 1981)

Fig.9 : Features of non-ideal detonation process
(Brinkmann, 1990)

Detonation
Products Zone

Zeldovic,. Von Neuman and Doring
(ZND) , 1940's

z

Reacted HE

· 1940/1950's: Generalisation of the CJ postulate for
condensed explosives :
-

i

Detonation
Driving Zone (DDZ)

Unreacted
Explosive

Shock Front
Sonic Line
End of
Reaction Zone

Fig.10: Non - Ideal (two-dimensional) detonation
representation (Byers Brown, 2002)
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velocity is now widely recognized. Fig 11 illustrates the
influence of 'kinetics' on the velocity of detonation.

These figures illustrate how the planar shock front of an
initially 1-D detonation becomes non-planar in response to the
time dependant chemical reactions in the detonation zone vis-àvis the passage of the detonation wave; how the flow of the
reaction products diverges , and due to the reduced pressure and
reaction rates near the edge of explosive or 'Sonic Locus', the
shock front takes a 'curved' shape ; the reactants do not fully
react and the reaction is not completed within the detonation
zone. A consequence of the curvature is that the mass of
reactants and their products is not only accelerated axially but
also radially. The 'Detonation Driving Zone (DDZ)' is the
primary reaction zone where the reaction energy supports the
detonation and is bounded at the rear by the CJ surface. The
greater the energy released in this zone, the more ideal the
explosive detonation and the resultant velocity of detonation.

All modern two-dimensional detonation models incorporate a
frame work of chemical kinetic rates law of major reactants and
their reactions, to realistically predict detonation
characteristics of non-ideal explosives. The kinetic rates law
for a specified mixture of reactants is determined on the basis of
experimentally determined unconfined velocity of detonation
over a range of diameters of the explosive system. For example,
the software programme CHEETAH 2.0, a thermo chemical
code developed at Lawrence Livermore, has a comprehensive
chemical kinetics protocol / code (CHEQ), comprising 200
starting reactants and 6000 possible products in conjunction
with a two-dimensional Arbitrary Lagrange Eulerian (ALE)
hydrodynamics code, predicts detonation velocity of slowly
reacting mixtures to within 200m/sec; whereas, calculations
ignoring kinetics can be grossly inaccurate.

The influence of chemical reactions kinetics, the interplay
between chemical kinetics and radial expansion, on detonation

Therefore from the stand point of developing a protocol for
"Energy Audit" representative of non-ideal explosives, the crux
lies in reliably assessing the "Ideality" of an explosive, that is to
say, the deviation from the ideal state with reference to specific
energy parameters, say, with reference to "Velocity of
Detonation" and "Total Energy", respectively. This is
illustrated by the following two excellent examples.

Velocity centimeters per microsecond

0.3

Without Kinetics
0.2

We would welcome Scientific
Articles / Papers for Publication

With Kinetics

0.1

0

0

0.2

0.4
0.6
0.8
Time, microseconds

Visfotak Journal is devoted to all subjects
relating to Safety and Technology
of Explosives. We gladly accept for
publication review articles with actual case
studies, original papers and memos
describing research and development on
safety and technology of explosives, in
manufacture, storage, transport, and
applications of explosives and accessories.
The manuscript may kindly be submitted to
the Editor in the form of CD as well as a
hard copy not exceeding 14 typewritten
pages of A-4 size.

1.0

Fig.11:
Published Source: Adding Kinetics to the Equation of
State : High-Explosive Detonation Research,
Accelerated Strategic Computing Initiative (ASCI),
Lawrence Livermore National Laboratories USA. The
velocity is that at the surface of a metal shocked by an
explosive.

- Editor
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Laboratory to measure shock wave propagation in nuclear tests.
In the measurement of explosive performance, a coaxial cable
is placed in an explosive filled borehole with the far end of the
cable taped on the primer. Operation is similar to that of
RADAR, where a pulse of radio wave is sent out and an echo or
reflected pulse is returned, to give ranging information. The
VODR-1 uses standard co-axial cables to carry a fast rise time
electrical pulse back and forth every 5-200 micro-second.
Displacement vs. time data is obtained for the entire length of
the explosive column and the stemming region to determine
VOD, cap timing, shock wave transmission, etc.

COVER FEATURE
EXAMPLE 1
ASSESSMENT OF IDEALITY OF SOME
COMMERCIAL EXPLOSIVES
( H. Aydin Bilgin and Sedat Esen, Dept. of Mining
Engineering, Middle East Technical University,
Ankara, Turkey )
“It describes the ideality of some commercial explosives with
the help of the detonation theory and detonation velocity
measurement. Ideality of an explosive can be determined by
comparing experimentally measured and computed 'Ideal'
detonation velocities. A measured detonation velocity at a
certain charge diameter, markedly lower than the ideal value
indicates incomplete reaction and thus non-ideal detonation.
Since commercial explosives exhibit non-ideal behavior, two
dimensional detonation theory should be used to evaluate the
performance of commercial explosives. This theory enables to
compute the detonation properties of explosives (detonation
velocity, detonation pressure, etc) as a function of charge
diameter and confinement.

The 'Ideality ' is determined with reference to :
a) Total Explosive Energy
The fraction of the total energy released in the primary zone
(Qp), as a ratio of the CJ value (Qi), is the ideality of the
commercial explosive. The ideality of one-dimensional
detonation is 1.00. The value of Qp can also be approximated by
the following relationship with computed and measured VOD:
Da 2
Qp = Qi
Di
Da is the measured velocity inside the borehole; and Di is the
computed ideal VOD.

In this instant, the non-ideal behavior of some commercial
explosives is firstly modeled using EXRINT code (an
Explosive-Rock Interaction programme). The degree of
ideality of each explosive found from the code is checked using
detonation velocity test results conducted at a quarry."

b) 'Velocity of Detonation'
The VOD is computed by the code, and it is also measured by
the continuous VOD recorder (VODR-1) , unconfined and
inside a bore hole of 89mm charge diameter.

EXRINT CODE

The computed and measured detonation properties as well as
relative "Ideality" of the three explosives tested are given in
Table-2 & Table 3.
Table 3 - "Ideality" of explosives

This programme is developed to carry out 'one-dimensional'
and 'two-dimensional' detonation theory calculations; the latter
is a genaralised version of Wood-Kirkwood's theory. The code
provides the relation between the detonation velocity and
central radius of curvature of the shock front, and between the
detonation velocity and the charge size.

Explosive

MEASURING DETONATION VELOCITY
There are various methods, for example, SLIFER system,
CORRTEX system, Start-Stop Method, Ionization System, Fibre
Optic System, Sreak Camera Method and D'Autriche Method.
Field measurements were done with a continuous VOD
recorder (VODR-1) which was developed by EG&G and BAI.
The VODR-I is a commercial version of the CORRTEX system
which was originally developed by Los Alamos National

Ideality determined
by 1-D Theory

Ideality determined Ideality determined
by 2-D Theory
by Field VOD tests

A

1.00

0.40

0.42

B

1.00

0.51

0.53

C

1.00

0.62

0.53

CONCLUSION :
Determination of 'Ideality' of explosives is a helpful guide to
select an explosive according to the rock type. When this
ideality approach is juxtaposed with the energy partitioning
approach, a more realistic data base is feasible".

Table 2 - Computed and measured detonation properties of explosive :
Explosives

Density
g/cc

Heat of
complete
reaction
MJ / kg

A

0.803

3.976

Ideal
Detonation
Velocity
(Di) m/s

Ideal
Detonation
Pressure
GPa

Computed
Confined
VOD
(Da) m/s

8.214

2606

5798

Measured
unconfined
VOD
(D) m/s

3756

Measured
unconfined
VOD
(D) m/s

3672

B

0.928

4.109

5726

9.409

2947

4166

4079

C

0.994

4.443

5693

10.209

3867

4141

4468
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Table 5 - The performances of ANFO1, Heavy ANFO1
and Blend2 at the sonic locus in 210 mm blasthole in
fresh volcanics rock type.

EXAMPLE 2
A NEW NON-IDEAL DETONATION CODE FOR
E VA L U AT I N G T H E P E R F O R M A N C E O F
COMMERCIAL EXPLOSIVES
Sedat Esen
"A new model DeNE ( De tonic of N on-ideal Explosives) is
developed to predict the non-ideal behavior of commercial
explosives in rock blasting. DeNE is a hybrid non-ideal
detonation code, combining the proven Kirby and Leiper's
(1985) slightly divergent flow analysis, polytrophic equation
of state, simple pressure dependant rate law and statistical
expressions, to model the effect of confinement on detonation
(Esen,2004). It is aimed at predicting the detonation state in the
"Detonation Driving Zone" (DDZ) and the subsequent
rarefaction (Taylor) wave (See fig. 10), to provide the pressure
history and expansion work for different explosives, rock type,
and blast hole diameter combinations. The end pressure
specified in the code is 20 MPa which is considered to be the
minimum pressure value that detonation products do useful
work in blasting.

ANFO 1

Heavy
ANFO 1

Blend 2

D (km / s)

4.233

4.487

5.376

D/ DCJ

0.874

0.770

0.883

P (GPa)

3.790

5.180

8.136

v (cm / g)

0.963

0.772

0.677

Extent of Chemical
Reaction (Full=1.00)

0.843

0.685

0.868

Energy (MJ/ Kg)

0.372

0.186

0.646

Table 6 - The predicted detonation state of Blend 1 with
the predicted in-hole densities of 1.22, 1.11 and 1.17
g/cm
Parameter

Data required to run DeNE are explosive properties ( ideal
detonation parameters, unreacted explosives properties,
unconfined detonation velocity vs. charge diameter data),
blasthole diameter and intact rock data (density and P-wave
velocity). The unconfined detonation velocity data has been
obtained from the testing of six commercial explosives to
calibrate DeNE. The model has been validated using the results
of hydrocodes as well as measured and published in-hole
detonation velocity data.

Blend 1

Blend 1

Blend 1

(hole bottom)

(top of explosive
column)

(average
density)

DCJ (Km/s)

5.510

5.039

5.296

p (GPa)

8.854

6.746

7.882

v (cm/g)

0.653

0.721

0.680

Extent of Chemical
Reaction (Full=1.00)

0.851

0.823

0.832

ANFO, Heavy ANFO and Emulsion explosives were found to
approach to the ideal detonation at 360, 330, and 140mm,
respectively. The non-ideality gets more pronounced when the
bore hole diameter is decreased from 250 mm to 152mm.

The performance of several commercial explosives in different
blasting environments is compared and analyzed in detail :
Tables 4, 5 and 6. Sensitivity of the code to the blasthole
diameter, explosive type and variations in the in-hole explosive
density is given.

The explosive performance parameters determined by the
DeNE code can also be integrated into any blasting model."

Table 4 - Performance of the explosives at 152 and 250mm diameter blastholes confined in Kimberlite
250 mm

152 mm

ANFO 1

Blend 1

Emulsion

D (km/s)

4.325

5.701

6.246

3.822

5.32

6.129

13.2

7.2

1.9

Pressure (P)
(GPa)

3.944

9.234

12.098

3.025

7.797

11.438

30.4

18.4

5.8

Volume (v)
(cm/g)

0.958

0.673

0.606

0.993

0.687

0.613

3.5

2.0

1.1

0.874

0.942

0.968

0.681

0.835

0.942

28.3

12.8

2.8

Extent of
Chemical
Reaction
(Full = 1.00)
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THE INDIAN SCENE
India is amongst the major producers of commercial explosives
in the world. The present demand is around 450000t and poised
to grow at around 8% per annum. After the complete phasing
out of NG explosives, at around 2002-03, the entire range of
commercial explosives currently in use, belongs to the "Nitrate
Mixtures" Class, and therefore, falls in the Non-Ideal domain.
And yet, the specifications of these Non-Ideal explosives
continue to be described in the manner that was relevant for the
NG explosives only. There is no standard differentiating model
or methodology yet in place, that would realistically assess and
describe the widely varying non-ideal characteristics of these
explosives for comparison and selection. More often than not
"Oranges" get equated with "Apples" leading to grossly
erroneous techno-economic consequences. Such a state of
'laissez-faire', where 'any thing goes', needs to be urgently
corrected for healthy growth of the explosives industry.

4.

To adopt and develop an appropriate thermochemicalhydrodynamic 'Code', capable of predicting detonation
properties in one dimentional 'Ideal' state (1-D), and
also time-dependant Two-Dimensional Equation of
State (2-D).

2.

To validate the 'Code' with extensive experimental data
on VOD vs Diameter (unconfined), and 'Energy Profile /
Partitioning' by Under Water Test Procedure,
respectively.

3.

To Develop norms for measure of 'Ideality' by
generating data as follows :

3.1

Computed data :

3.2

*

Energy Density and Velocity of Detonation by the
I-D code.

*

VOD vs. Diameter by the 2-D code, unconfined.

*

Energy Density in the Primary Zone by the 2-D code
vs Energy Density by the I-D code

The 'Terms of Reference' enunciated above call for
a substantial body of research data, which
necessarily would have to be developed in
collaboration with a Research Institute possessing
necessary computational facilities. Coincidentally,
the National Institute of Rock Mechanics, KGF,
has done commendable pioneering work in
developing techniques for measuring 'In-Hole'
velocity of detonation, for evaluation of explosives
performance.
Therefore, given a regulatory dispensation making
'Energy Audit' mandatory, it may be feasible to
develop an institutional frame work by building
upon the expertise and facilities available at the
National Institute of Rock Mechanics, and inviting
the major constituents of the explosives industry to
collaborate. 'Visfotak' shall be keen to offer its
services and expertise in this regard.

Experimental data :
*

VOD vs. Diameter, unconfined.

*

Max. VOD, unconfined, and corresponding
relationship with 'Ideal' VOD.

*

In-hole VOD measurement in a standardized
blasthole geometry and rock type, for a measure of
Relative Ideality of explosives in confinement.

JOURNAL

To analyse and devise a uniform basis for rating of
explosives in terms of 'Ideality', relative to the two
designated basic energy parameters, viz, Velocity of
Detonation, and Energy, respectively.

Analysis of 'Ideality' would also starkly throw up
dissimilarities between two apparently identical
brands of explosives, in terms of the differing
physical characteristics of the ingredients used,
intimacy of mixing, and quality of production
including the rheological properties.
Consequently, the differentiating 'Ideality' data
would ensure selection of an appropriate explosive
and correspondingly, devising an optimum
blasting methodology for a given situation.

It is recommended that, an institutional framework or protocol
for "Energy Audit" of non-ideal commercial explosives, should
be devised as per the following 'Terms of Reference', and made
mandatory :
1.

Under Water Test data on Energy Profile /
Partitioning, and Completion of Primary Reaction
on a time scale.

- Editor.
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IN-HOLE MEASUREMENT OF
VELOCITY OF DETONATION
DR. G. R. ADHIKARI
National Institute of Rock Mechanics, K.G.F.

Velocity of Detonation (VOD) is the rate at which the detonation wave travels
through an explosive column. The VOD tested in the laboratory may differ from inthe-hole VOD due to the effect of hostile borehole conditions under which
explosives have to function. In-Hole VOD measurements can indicate whether
detonation, partial detonation or deflagration had taken place during blasting. It is
also possible to investigate the influence of various factors, such as primer size,
formulation characteristics, sleep time, contamination, water and blasthole diameter.
Among the different types of continuous VOD systems, the
continuous resistance wire method has been used in India. In
this method, when the current is held constant against a
shortened (i.e. detonated) wire of known resistance per unit
length, a voltage drop can be measured instantaneously at
any point in time. The voltage drop is equivalent to the
length of resistance wire consumed in the detonation. The
resistance wire probes consist of two wires which must be
physically shorted out by the detonation through ionisation.
Figure 1 shows an experimental hole and the corresponding
distance versus time graph where the slope of the line
indicates the VOD of the explosive.

The methods for In-Hole measurement of VOD may be
classified into discrete and continuous systems. The
discrete (point to point) system is essentially start and stop
devices. The National Institute of Rock Mechanics
(NIRM) had measured In-Hole VOD using fiber optic
probes at Malanjkhand Copper Project for the first time in
the country. The VOD of a combination of primer charge
and base charge supplied by three different manufactures
was found to vary between 5661 m/s and 4298 m/s [1]. The
discrete measurement systems provide only the average
velocity of the explosive between two points.

Figure 1 Measurement and analysis of VOD for SMS 614
series explosive at SCCL [2]
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10. Provided that the stemming length was adequate, the
VOD of explosives did not vary with the stemming
length.

Using the above system, NIRM monitored 58 blasts at two
mines of SCCo Ltd and another 11 blasts at two limestone
quarries. The analysis of VOD records led to the following
conclusions [2]:
1.

2.

11. The confined or In-Hole VOD values were 1.2 to 1.4
times greater than the corresponding unconfined VOD
values tested on the surface.

The measured VODs of cartridge explosives were
higher than the quoted values by their manufacturers.
For bulk explosives, the VOD values were nearly
matching with the quoted ones. In some cases, the
VODs for both cartridge and bulk explosives were
lower due to unfavorable conditions such as the
presence of water in the blastholes.

In-Hole VOD measurements were used to evaluate an
emulsion-based booster as a substitute for the conventional
boosters (PETN/TNT) [3]. Though VOD in the explosive
column with Pentolite booster was slightly higher before the
VOD had reached the steady state value, the new booster was
considered capable of reliably initiating the bulk delivered
explosives.

The VOD of ANFO, primed with cap sensitive
cartridge explosives did not increase significantly by
increasing the percentage of primer explosive charge
from 14 to 49. The measured VOD for cartridge slurry
explosives was in the range of 3800-3900 m/s when the
percentage of primer charge was increased from 20 to
40. However when primed with a booster explosive at
about 4 percent, it reliably initiated ANFO, but when
the percentage was reduced to 2 it failed to reach steady
state velocity.

The Central Mining Research Institute has also carried out a
few measurements for site mixed emulsions at coal mines
which were found to be about 5300 m/s [4]. When the drill
cuttings were mixed with emulsion explosives at the time of
charging, there was a drop in the VOD by about 180-300 m/s.
It was also concluded that cast booster at 0.16% was
sufficient to maintain the steady state velocity of detonation.
The work carried out in India demonstrates that the necessary
expertise for measurement, analysis and interpretation of
VOD records is available. There is some problem in VOD
monitoring in wet holes, which needs to be addressed by the
equipment manufacturers. In general, In-Hole VOD
monitoring is a scientific tool to evaluate the performance of
explosives during large diameter deep hole blasting in
surface mines.

The VOD of the SMS explosive, primed with cast
boosters at 0.17 to 0.40 percent was within the range of
4364-4726 m/s. The cast boosters about 0.2 per cent
were sufficient for priming the site mixed slurry
3.

A single point priming was sufficient to initiate and
sustain the steady state VOD of explosives up to 10 m
long column without any additional booster charge.

4.

The VOD of explosive was lower when the explosive
was intentionally contaminated with drill cuttings
during charging.

5.

The analysis of VOD records in dragline benches
confirmed that SMS explosives can be loaded in
blastholes upto the depth of 30 m without the risk of
attaining the dead density of the explosives due to
hydrostatic pressure.

6.

7.
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The VOD of explosives deteriorated in wet holes and
most experiments conducted in wet holes were
unsuccessful, probably due to inefficient shorting of
probe cables.

8.

The VOD decreased by about 25 per cent when SMS
654 had a sleep time of 25 days, more than
recommended limit of two weeks.

9.

The VOD value of ANFO was greater in 250 mm
diameter than in 115 mm diameter holes.
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10. Provided that the stemming length was adequate, the
VOD of explosives did not vary with the stemming
length.

Using the above system, NIRM monitored 58 blasts at two
mines of SCCo Ltd and another 11 blasts at two limestone
quarries. The analysis of VOD records led to the following
conclusions [2]:
1.

2.

11. The confined or In-Hole VOD values were 1.2 to 1.4
times greater than the corresponding unconfined VOD
values tested on the surface.

The measured VODs of cartridge explosives were
higher than the quoted values by their manufacturers.
For bulk explosives, the VOD values were nearly
matching with the quoted ones. In some cases, the
VODs for both cartridge and bulk explosives were
lower due to unfavorable conditions such as the
presence of water in the blastholes.

In-Hole VOD measurements were used to evaluate an
emulsion-based booster as a substitute for the conventional
boosters (PETN/TNT) [3]. Though VOD in the explosive
column with Pentolite booster was slightly higher before the
VOD had reached the steady state value, the new booster was
considered capable of reliably initiating the bulk delivered
explosives.

The VOD of ANFO, primed with cap sensitive
cartridge explosives did not increase significantly by
increasing the percentage of primer explosive charge
from 14 to 49. The measured VOD for cartridge slurry
explosives was in the range of 3800-3900 m/s when the
percentage of primer charge was increased from 20 to
40. However when primed with a booster explosive at
about 4 percent, it reliably initiated ANFO, but when
the percentage was reduced to 2 it failed to reach steady
state velocity.

The Central Mining Research Institute has also carried out a
few measurements for site mixed emulsions at coal mines
which were found to be about 5300 m/s [4]. When the drill
cuttings were mixed with emulsion explosives at the time of
charging, there was a drop in the VOD by about 180-300 m/s.
It was also concluded that cast booster at 0.16% was
sufficient to maintain the steady state velocity of detonation.
The work carried out in India demonstrates that the necessary
expertise for measurement, analysis and interpretation of
VOD records is available. There is some problem in VOD
monitoring in wet holes, which needs to be addressed by the
equipment manufacturers. In general, In-Hole VOD
monitoring is a scientific tool to evaluate the performance of
explosives during large diameter deep hole blasting in
surface mines.

The VOD of the SMS explosive, primed with cast
boosters at 0.17 to 0.40 percent was within the range of
4364-4726 m/s. The cast boosters about 0.2 per cent
were sufficient for priming the site mixed slurry
3.

A single point priming was sufficient to initiate and
sustain the steady state VOD of explosives up to 10 m
long column without any additional booster charge.

4.

The VOD of explosive was lower when the explosive
was intentionally contaminated with drill cuttings
during charging.

5.

The analysis of VOD records in dragline benches
confirmed that SMS explosives can be loaded in
blastholes upto the depth of 30 m without the risk of
attaining the dead density of the explosives due to
hydrostatic pressure.

6.

7.

REFERENCE
1. Venkatesh, H.S. Adhikari, G.R. and Theresraj, A.I.
(1998): In-the-hole detonation velocity measurement - a
case study, National Seminar on Outlook for Fossil
Fuels & Non-Metallic Mining and Mineral Based
Industries, Chennai, April.
2. National Institute of Rock Mechanics (2004):
Evaluation of explosives performance through In-Hole
VOD measurement, August, An S&T Report submitted
to Ministry of Coal, Government of India.

The experiments conducted with SMS explosives
containing zero to nine per cent of aluminium powder
indicated that the VOD values did not increase with the
increasing aluminium percentage.

3. Central Mining Research Institute (2000): Study on the
effect of delay timing, total explosives charge and
direction of initiation on blast induced ground vibration,
May, An S&T Report submitted to Ministry of Coal,
Government of India.

The VOD of explosives deteriorated in wet holes and
most experiments conducted in wet holes were
unsuccessful, probably due to inefficient shorting of
probe cables.

8.

The VOD decreased by about 25 per cent when SMS
654 had a sleep time of 25 days, more than
recommended limit of two weeks.

9.

The VOD value of ANFO was greater in 250 mm
diameter than in 115 mm diameter holes.

JOURNAL

4. Mishra, A.K. and Bhattacharya, D. : An innovative
priming system - emulsion based booster, Fragblast International Journal for Blasting and Fragmentation,
Vol. 9, No. 1, March 2005, pp. 47-59.
The views expressed in the article are solely of the authors
and not necessarily those of the Society - Editor

13

VOL 1 - No. 2 OCTOBER 2007

EXPLOSIVES SAFETY & TECHNOLOGY SOCIETY

E
URT
T
A N
FE ME
R E
VE PPL
O
C SU

THE GENERAL PURPOSE OF DOPING
BHASKAR NATH, Sr. Team Leader AND SAURABH R. SAHAY, Group Leader - Explosives
Business development and Technical Services, Deepak Fertilisers & Petrochemicals Corpn. Ltd.

The Bulk Explosives Systems are uniquely endowed for innovative formulation and blends
at site, for optimisation of performance. Application of Ammonium Nitrate in granular
form as a 'Dope', blended with Emulsions for 'sensitisation' and better performance in deep
blast holes, is a singular example. This article dwells upon the following :
*

Why DOPING : sensitisation by 'Hot Spot' Theory;

*

How DOPING : for improving performance.
detonation on initiation, particularly at the toe, leading to
partial or complete blast failure.

SENSITISATION : Hot - Spot Theory
Sensitisation of 'Nitrate Mixtures' class of explosives is often
achieved by incorporating ingredients which draw in 'air
bubbles' or generate 'gas bubbles' through in-situ chemical
reaction; and these micro bubbles, uniformly dispersed, when
subjected to shock are adiabatically compressed and heated into
intense 'hot-spots' (>1200K), initiate detonation and rapidly
accelerate it by a cascading effect to its steady state and then the
detonation is sustained uniformly throughout the explosive
charge. The hot-spot initiation depends on heating small local
area very rapidly to cause faster decomposition, higher
energetic & self-sustaining reaction. There are different
opinions as to how the hot spots are created, but there is no
doubt that the air / gas micro bubbles act as 'initiation points' in
the explosive medium(3).

The above constraint has been mitigated, indeed, completely
overcome by the innovative idea of using low density granular
ammonium nitrate as a 'Dope' material, blended with the
Emulsion Matrix on line down the blast hole. The improvement
in performance is even more dramatic with the use of 'porous
ammonium nitrate prills' which have porosity of the order of
20% by volume. Apart from countering the 'dead-press'
condition, the inherent porosity of prills hugely augments
'hotspots', thereby sustaining detonation at the optimum range
throughout the charge column in deep blast holes, even in blast
holes containing water. The percentage of prills used may vary
from 20% to 40% depending upon the conditions; more the
quantity used, better is the blast performance & fragmentation.
It is found that the velocity of detonation of 'Doped' emulsion is
higher by a margin of 10-14% than that of straight emulsion.

DOPING :
In deep blast holes (say>10mt), if gas and / or air bubble
sensitised explosive is allowed to sleep over a long period, the
explosive charge tends to densify at the bottom by its own
weight, displacing and / or coalescing the gas / air bubbles; and
if density increases beyond a certain critical limit, the explosive
loses its sensitivity and is reduced to a dead-press condition.
Therefore, for lack of gas / air bubbles and consequently suboptimal generation of hot-spots, if any, there is poor or no

The electron microscope images below show structure of
Porous Prilled Ammonium Nitrate in comparison with that of
Fertiliser Grade Ammonium Nitrate. The porous prills have
substantially more extensive voids, pores &capillaries
whereas, the fertiliser grade, relative, is mostly non-porous
with minimal voids or pores. Clearly, therefore, the former
presents a much superior option as 'Dope' material.

Low Density Porous Prilled Ammonium Nitrate (PAN)

Fertiliser Grade Ammonium Nitrate (FGAN)

Surface Features of low density,
porous, prill.

Cross-Section showing internal pores,
capillaries, locked-in voids

Surface Features of FGAN

Cross-Section showing minimal pores,
capillaries or voids; in FGAN

The views expressed in the article are solely of the authors and not necessarily those of the Society - Editor
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Visfotak records its profound condolences on the untimely
demise of Mr. Bhaskar Bhattacharjee, Director General, Mines
Safety, Government of India along with his son in a drowning
accident at Andaman Islands on 27th October 2006 while on a
holiday. May their souls rest in peace.
- Editor

Late Mr. Bhaskar Bhatacharjee

EMERGING ISSUES OF SAFETY
IN INDIAN MINES : AGENDA FOR ACTION
BHASKAR BHATTACHARJEE
Former Director General, Mines Safety, Government of India

ABSTRACT
India has a unique blend of big and small, manual and mechanized, opencast and
underground mines. Like any other industrial accident, unsafe act and unsafe conditions of
work lead to accidents in mines too. It is observed that in general the accidents are
preventable - they do not just happen but are caused. In this backdrop, formulation of
national policy, fitting to the site conditions, plays key role in improving the working
conditions as well as environment and preventing the accidents. The author based on his
vast experience in mine safety and the attitudinal changes in the philosophy of safety
management discusses the safety status of Indian mines and some critical issues related to
the mining conditions of Indian coalfields, emerging new technologies, increasing mining
activity in an un-organised metalliferous mining sector. Before conclusion he has described
some strategies for improvement.
SAFETY STATUS OF INDIAN MINES IN LAST
FIFTY YEARS :

*

Ten yearly average of Death rate per 1000 persons
employed has also come down from 0.91 to 0.32 from
1951-60 to 1991-2000 in coal mines with current
figure of 0.26 in 2004.

*

Similarly in case of non-coal mines, there has been
very little change in the ten yearly average figure of 81
fatalities from 64 fatal accidents in 1951 - 60 to 77
fatalities from 65 fatal accidents 1991-2000, the
current figure being 66 fatalities from 57 accidents in
2000-04.

From the accident statistics since 1950, the safety status of
Indian Mines may be summarised as follows :
*

In coal mines, there has been a sharp decrease in the
ten - yearly average figure of 295 fatalities from 223
accidents in 1951-60 to 170 fatalities from 140 fatal
accidents in 1991-2000 and the annual average figure
in the first decade of the new millennium (upto 2004)
is 111 fatalities from 88 fatal accidents.
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*

The death rate per 1000 persons employed in non-coal
mines has been marginally increased from 0.34 in
1951 - 60 to 0.36 in 1991 - 2000, while the current
figure of 0.41 in 2001 - 04 needs attention.
Main factor behind this achievement is shift of
production technology from conventional
underground to mechanised open cast in coal mines,
whereas the marginal increase in non-coal sector may
be due to increase in the no. of smaller mines being
operated under unorganized sector, deploying more
of contractual workforce.

*

In coal mines, major concern is the occurrence of
disasters at regular intervals, mostly in the
underground mines. The frequency of disasters due to
inundation has been alarmingly increased in the
recent past. There have been four disasters in the last
five years, out of which three disasters are due to
inundation.

*

Disasters due to explosion have been controlled in the
last two decades, disaster due to inundation continues
to be the major killer.

*

For fatal accidents involving four or less fatalities per
accident, roof fall continues to be the area of major
concern followed by dumpers in coal mines, whereas,
in non-coal mines, deaths due to trucks / tippers are
assuming serious proportion followed by fall of
persons / fall of objects.

CHANGING SCENARIO OF INDIAN MINING
INDUSTRY - SOME CRITICAL ISSUES
I.

Complex geo-mining conditions : The geo-mining
conditions of certain mining areas are becoming more
and more complex because of its age, increasing
depth. Working such deposits safely and
economically pose a great challenge to the mining
engineers.

II.

New Technology : New Mass production
technologies are being introduced in a large scale.
These are adding some newer dimension of
occupational safety and health problems in such
mines.

III.

Privatisation and outsourcing : Privatisation and
outsourcing cannot be overruled in today's context.
But these issues need special attention at the initial
stage so that, it does not bound back to the objective of
the mining industry.

IV.

Social Issues : Mine Safety and Health issues are also
being largerly affected by the socio-economic and sociopolitical atmosphere prevailing in the mining fields

*

Environment protection is a major issue of concern.

ATTITUDINAL CHANGES IN THE PHILOSOPHY
OF SAFETY MANAGEMENT
Any day at any time and anywhere in the world "Safety" is a
clear cut barometer of organisational excellence. There
cannot be an excellent organisation that has a lot of
accidents.
The mineral industry has traveled a long winding path,
from classical colonial management in the 1950s, to
human relations in the 60s, to situation management in
the 70s and 80s, to cultural management in the 1990s - all
major shifts in philosophy. During these major shifts,
safety has gone its own way, ignoring reality. Present day
safety scenario in the Indian mining industry is based on
traditional safety elements, which include : safety
officers, safety committees, safety rules, slogans,
posters, campaigns etc. - all marginally effective. These
traditional strategies place safety responsibility with a
staff officer who is isolated from the line function and is
burdened almost exclusively with the production process
and hardly having time or will or means to hunt for
hazards.
This approach fails to integrate safety into the organisation
as well as operations, thereby limiting its ability to identify
and resolve management oversights that contribute to
accident causation. If we honestly look into the safety
strategies of majority of the Indian mining industry, we
may find that a large proportion of the managements are
reluctant compliers of safety statute. They pursue
traditional inspection activities, with compliance being
the key focus or responsibility of the safety department not a concern for others. The safety functionary's job is to
insulate the rest of the organisation from compliance
problems. In this situation, it is necessary to couple the
responsibility for safety, with the authority to act. In an
industrial enterprise, it is really the line organisation that
has the authority to act, to make the decisions that will
affect safety. The onus and responsibility to ensure safety
at and in the vicinity of the worksite should rest squarely
with the operator of the mine.
Effective safety programmes will only become a reality,
when the management at all levels, fully integrate safety
responsibility into the industry's mainstream. This will not
result from safety programmes that are superimposed upon
the industry, but only when safety is fully accepted as an
integral part of the industry and its mission.

Increasing mining activity in un-organised
metalliferous mining sector :
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STRATEGIES FOR IMPROVEMENT
In view of the anticipated changes in the technology & work
culture, some of the important changes in the strategy for
management of OSH in the coming decades are outlined below:
* Development of a more flexible regulation with a
simple and easy process for amendment will be required
to keep the regulation updated and keep pace with the
changing need of the industry.
* The concept of maintaining standard of safety and
health in an operation, should go beyond the minimum
regulatory requirements on the subject, and one should
constantly endeavor for better standards, and implement
the same in their operation.
* Inculcating better system and work culture, by adopting
ISO certification schemes for quality, environment and
OSH (viz; ISO 9000, 14000 & OSHAS 18000) for the
total system from extraction to utilization.
* Occupational Health, Ergonomics & Work Place
Design need to be given due importance besides
Occupational Safety issues.
* Present system of External Supervision may need to be
replaced by the concept of Self Supervision and
necessary skill upgradation for work place supervision
by all classes of work persons has to be taken up by a
proper mechanism of training and retraining.
* Development and Extraction Plans have to be systematic
with a long term objective, keeping in mind the need for
environment management and management of RRR
(Reclamation, Rehabilitation and Resettlement).
* Further, a detailed mine Closure Plan has to be formulated
before the mining process starts in order to ensure best use of
the land resources once the mineral wealth is extracted and
avoid potential hazard in future to environment, further
mining and possible growth of habitation in that area.
* Advance Planning for Emergency for each mine based
on quantitative risk assessment need to be done and
suitable Emergency Response System has to be
developed.
* In a globalized business environment of the future,
different operators having a heterogeneous work culture
& skill level have to amicably co-exist in a system.
Under such condition a proper system of sharing rights
& responsibilities amongst all should be in place.
* More attention will be needed on applied research by
professional bodies in the field of occupational safety,
health & environment and a national database on
experience in the field of management of Safety, Health
and Environment shall be formed for future reference. A
suitable mechanism may be formulated for necessary
funding for the same.
JOURNAL

A participatory role of all the stakeholders viz;
Industry, Government Agencies, Professional
Bodies, NGOs, Research Institutes and Educational
Institutes engaged in the field of mineral technology
and management would be highly solicited to prepare
the future road map for the sustainable development
of the Coal Industry in the country.

CONCLUSIONS
Due to increasing pressure from government, employees
and community groups, the need to improve safety, health
& environment function is emerging as a top priority for
the senior executives of the mineral industry. New trends
in mining coupled with social demands have created the
need for managers to redefine the way in which safety &
health functions in Indian mines are performed and
restructure it to meet the challenges of the day- and beyond.
An approach based on a combination of "strategic" and
"systems" thinking has to be devised to prepare the whole of
mining industry in order to achieve greater heights as far as
safety and health of persons employed in mines are
concerned. The approach may face strong resistance from
the traditional safety culture, which heavily relies upon and
believes that engineering initiatives are the answer to
accident prevention in the mining industry.
The new thinking must embrace organisational, behavioral
and cultural systems on top of hazard control, analysis to
anticipate hazards and engineering solutions to prevent
accidents. An outline of the steps required to be taken to
effect necessary changes is proposed below, each of these
steps are to be developed into a full fledged programme with
the help of experts.
1. Evaluation of organisation structures for effectiveness
and redundancy: need for restructuring to achieve set
objectives;
2. Employee involvement has to be chosen as a key
initiative; thus, control and responsibility would shift to
those performing the work. This would also improve
programme effectiveness and redistribute the workload.
To achieve this objective, however, appropriate training
and necessary resources would be required;
3. The supervisory role needs to change from "doer" to
"facilitator", which would require new skills and
knowledge in facilitation, team building and
communication;
* Search for cost-effective new technology is to be
mounted.
* All Safety programs must be based on "Risk
Management" principles.
The views expressed in the article are solely of the authors
and not necessarily those of the Society - Editor
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ABSTRACT

F

ive microphones along with seismographs of the same make and model were checked for accuracy of
measurements of air overpressure from a source at different distances. Four microphones gave identical readings
while the fifth one showed some discrepancies. The same five microphones and seismographs were also used to
study the influence of mounting height on air overpressure measurements. The microphones were mounted at a height
varying from 1 m to 4 m and five quarry blasts were monitored. This experiment established that the mounting height
has negligible influence on the measurements. Another experiment was conducted to measure air overpressure levels
from detonating cord and to suggest a suitable method to reduce these levels.
The data generated by the authors from different projects were grouped into two categories and analysed to derive
predictor equations for estimating sound pressure levels and associated frequencies from blasting in surface mines and
quarries.
Keywords: Air overpressure, sound pressure level, microphone, blasting.
1. INTRODUCTION
Human response to a blast is a combined effect of both ground
vibration and air overpressure. Air overpressure is the air
pressure from blasting which rises very rapidly and returns to
the ambient atmospheric pressure after a number of
oscillations. The maximum amplitude of the pressure is known
as peak air overpressure. Air overpressure from blasting
consists of a wide range of frequencies, some of which are
sensed by the people as noise, while the low frequency
component (< 20 Hz) causes concussion.

different hardware and software used by different
manufacturers, some instrumental errors seem to occur.
Instrumental errors are also possible with microphones of same
model. Therefore, the accuracy of the microphones needs to be
ascertained. Besides the instrumental errors, there could be
measurement errors. One such error may crop up on account of
the mounting height of microphones, which varies in practice
due to lack of standarisation. A study was conducted by
Eltschlager and Wheeler (2005) up to a limited microphone
height of 0.9 m but further studies are needed in this area.

Generally, air overpressure is monitored together with ground
vibration using blasting seismographs to assess and control
environmental impacts of blasting. Air overpressure is
measured with microphones having linear weighting scale. Air
overpressure levels, measured in Pascals (Pa) can be converted
into sound pressure levels in decibels (dB). Seismographs of
different makes and models are supposed to give same readings
for the same source at the same distance. Because of the

Though shock tube systems and electronic initiators are
commercially available, detonating cord, being inexpensive, is
still widely used for blast initiation in surface mines. A major
disadvantage in the use of detonating cord is the air over
pressure produced on detonation. A better insight into the role
of detonating cord on noise generation and its control is
essential to mitigate the adverse environmental effects due to
blasting.
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Figure 2 shows air overpressure waveforms recorded by five
microphones at a distance of 40 m. The superimposed
waveforms are virtually identical except for Mike-5 whose
waveform is the mirror image of other waveforms. This
disparity, which might be due to the change in the polarity
within Mike-5 in relation to others, does not make any
difference in the measurements. The relatively high amplitudes
in the later part of the waveforms are due to echo from the
nearby structures. The superimposed frequency spectra of these
waveforms shown in Figure 3 have slight variations. The
dominant frequencies are inconsistent due to the presence of
two or more frequencies having nearly equal spectral
amplitudes. The waveforms from all the shots for five
microphones were also compared and the observed
discrepancies were similar to that at 40 m. For all the shots, the
dominant frequency ranged from 144 to 224 Hz.

SCIENTIFIC / TECHNICAL PAPER
A large number of investigations were carried out by the
authors at surface mines and quarries to exploit the mineral
resources profitably with minimal environmental disturbances.
There is a need for analysis of the data generated to derive
predictor equations which can be used to assess the air
overpressure levels from blasting.
This paper presents the details of the experiments and analysis
of the air overpressure data from blasting in surface mines and
quarries.
2. ACCURACY OF MEASUREMENTS
In order to compare the response of microphones, an
experiment was conducted by deploying five units of Minimate
Plus at the same location and at the same height to record the air
over pressure levels. Comparisons are made of Instantel
seismographs to eliminate any possible differences among
microphones of different manufacturers. All these units were
factory calibrated and were within the validity period. These
microphones were mounted side by side at a uniform height of
1.2 m in a play ground (Figure 1). The microphones are denoted
by Mike-1, Mike-2 ... Mike-5. To create air overpressure,
festive crackers 'atom bombs' were exploded one after another
at distances ranging from 7 m to 45 m from the microphones. A
total of 17 shots, each comprising five events, were recorded on
two different days.

Figure - 3 Comparison of frequency spectra monitored by
five microphones at 40 m distance

Figure - 1 Experimental set-up for ascertaining the
accuracy of microphones

Figure 4 - Sound pressure levels from crackers
at different distances

Figure - 2 Comparison of air overpressure levels
monitored by five microphones at 40 m distance
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Table 1- Summary of the blasts and distance from the blasts to
the monitoring station

Figure 4 shows the sound pressure level against the distance. As
expected, the sound pressure level decreases with increasing
distance. The variations in the sound pressure levels at
distances between 12.5 and 27.5 m is due to the change in the
velocity and direction of wind as the experiments were
conducted on two different days. However, it can be observed
that all the microphones have recorded almost the same sound
pressure levels indicating that the microphones are functioning
within the tolerable limits.

Blast
Total
Number charge
(kg)
1
35
2
10
3
45
4
40
5
13

Number of
holes
40
25
55
60
25

Depth of
holes
(m)
1.5
0.9
1.5
1.2
0.9

Distance from
the blast
(m)
290
275
305
195
334

3. INFLUENCE OF THE MOUNTING HEIGHT OF
MICROPHONES
In order to study the influence of the mounting height of the
microphone on air overpressure measurements, experiments
were carried out at a stone quarry using the same five
seismographs used in the previous experiment. The
microphones were placed at a height of 1.0 m, 1.5 m, 2.0 m, 3.0
m and 4.0 m from the ground (Figure 5). In practice, a mounting
height greater than 2.0 m is rarely used. Five blasts were
conducted using jack hammer holes, charged with ANFO and
initiated with instantaneous electric detonators. The details of
the blasts and the distance from the blasts to the monitoring
station are given in Table 1.
Figure - 6 Air overpressure waveforms at different
mounting heights for Blast No. 1

Mike-5 at 4.0 m

Mike-4 at 3.0 m

Mike-3 at 2.0 m
Mike-2 at 1.5 m
Figure - 7 Frequency spectra for waveforms
given in Figure 6

Mike-1 at 1.0 m

Figure 6 shows air overpressure waveforms at different heights
for Blast No. 1. The superimposed waveforms are virtually
identical except for 4 m height (Mike-5) whose waveform is the
mirror image of the waveforms at other heights. No echo like in
the previous experiment was observed as the monitoring station
was in a large open field just outside the quarry. The
superimposed frequency spectra of the waveforms for the same
blast are given in Figure 7. These spectra in general are identical
for all microphones except Mike-5 at 4 m height.

Figure - 5 Experimental set-up to study the influence
of the mounting height of microphones
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Figure 9 shows that all microphones recorded almost the same
sound pressure except Mike-5 at 4 m height. The lower levels
recorded by Mike-5 for all the five blasts are attributed to the
instrumental errors with Mike-5 whose values deviated slightly
in the previous experiments also. Hence, it is concluded that the
microphone height has negligible influence on air overpressure
measurements, while Mike-5 needs recalibration.
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4. AIR OVERPRESSURE FROM DETONATING CORD
Detonating cord having a core of 10 g/m of PETN was cut to
desired lengths (1 m to 50 m) and each of the cut pieces was laid
on the ground and fired individually with an electric detonator.
Air overpressure levels were monitored with two seismographs

Figure - 8 Dominant frequencies of air
overpressure at different mounting heights
Figure 8 shows the plot of dominant frequency of air
overpressure for all microphones and for all the blasts. With the
exception of Mike-5 at 4 m height for Blast 2, the dominant
frequencies at all other heights are very close to one another.
Even for Blast 2, the frequency which contained most of the
energy for all the microphones ranged from 14 to 30 Hz.

Figure - 10 Experimental set-up for monitoring air
overpressure from detonating cord
at 50 and 100 m distances across the cord (Figure 10). A series
of tests were performed to determine air overpressure levels
produced by: a) uncovered detonating cord, b) detonating cord
covered with soil, c) detonating cord covered with sand and, d)
detonating cord covered with slush. The thickness of the cover
was about 100 mm, which was maintained uniformly
throughout the length (Adhikari et al, 1992).

Figure - 9 Sound pressure levels from blasting at
different mounting heights

Figure - 11 Sound pressure levels from detonating cord with and without cover
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5. AIR OVERPRESSURE FROM ROUTINE BLASTING
OPERATIONS
Surface mines and quarries carry out routine blasting
operations. Because of the basic differences in the scale of
operation and the level of mechanisation, blasting techniques in
surface mines are significantly different from those of quarries.
Large diameter, deep hole blasting using large quantities of
explosives is the normal practice in surface mines whereas
small diameter holes using small quantities of explosives is
common in quarries. A variety of initiation systems and a
complex delay pattern are used in surface mines whereas
instantaneous electric detonators are commonly used in
quarries. Therefore, the air overpressure data for mines and
quarries were grouped separately for analysis.

The sound pressure levels with and without cover against the
length of the cord are shown in Figure 11. Obviously, the sound
pressure levels at 50 m distance are higher than those at 100 m
distance. The sound pressure level increases gradually with
cord length and the intensity can be reduced by 15 to 16 dB by
covering it with soil. For equal cord lengths, the sound pressure
level is the highest for the uncovered detonating cord and the
least with the soil cover. The frequency analysis of recorded air
overpressure was within 20-300 Hz and there was no
appreciable change in this frequency with and without cover.
Therefore soil, which is a better covering material than sand,
can be used as a covering material for trunklines of the
detonating cord. A thick cover will obviously give better
confinement but it is a tedious and cumbersome operation in the
mining environment. Alternatively, better initiation systems
such as shock tube system may be used in place of detonating
cord.

Using 125 sets of air overpressure data for surface mines, sound
pressure level was plotted against the cube root scaled distance
as shown in Figure 13 (Adhikari et al, 1995). The best-fit
equation to these data is given by Equation 4. A similar plot for
quarry blasting is shown in Figure 14. The best-fit equation for

Considering the detonating cord as an explosive and expressing
its length in terms of the mass of the explosive, the maximum
charge per delay, which happens to be same as the total
explosives, was calculated. The sound pressure level plotted
against cube root scaled distance is shown in Figure 12. The
cube root scaled distance is the distance divided by the cube
root of the maximum charge per delay. The best-fit equations
were derived for different test conditions and the correlation
coefficient was -0.92, -0.94 and -0.96 respectively for
uncovered, covered with slush and covered with soil. If
detonating cord with various core loads were tested, the
experimental data would apparently follow a similar trend. The
derived equations are as follows:
3
Uncovered
P = 200 - 28 log (D/ Ö W )
(1)
3
Covered with slush
P = 201 - 32 log (D/ Ö W )
(2)
3
Covered with soil
P= 207 - 38 log (D/ Ö W )
(3)
In these and subsequent equations, P is the sound pressure level
(dB), D is the distance between the monitoring station and the
blast (m) and W is the maximum charge per delay (kg).

Figure - 13 Sound pressure levels versus
cube root scaled distance for surface mine blasting

Figure - 14 Sound pressure levels versus cube
root scaled distance for quarry blasting

Figure - 12 Sound pressure levels from detonating
cord against cube root scaled distance
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conduct experiments related to microphone mounting height in
his quarry. We are thankful to the Director, NIRM for his
permission to publish this paper.
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quarry data is given by Equation 5. The correlation coefficient
was -0.69 for both the equations.
Surface mines

3

P = 162 - 22 log (D/ Ö W )
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Quarries
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(5)
These generalised equations can be used to estimate the sound
pressure level from blasting for known maximum charge per
delay and the distance in the corresponding equation. The
calculated value needs to be checked with the permissible level
(Siskind et al, 1980) and controlled, if necessary. The measured
data are expected to lie within the range of data scattering as
shown in Figure 13 and 14. Besides maximum charge per delay,
some of the factors that influence sound pressure levels are
delay interval, burden, spacing, stemming, charge depth,
initiation system, and the direction and velocity of wind
(Dowding, 1985).
The dominant frequencies of air overpressure from blasting in
surface mines and quarries varied mostly from 4 to 60 Hz.
These frequencies are different from those of the 'crackers'
which varied from 144 to 224 Hz.

The views expressed in the article are solely of the authors
and not necessarily those of the Society - Editor

During blasting, some boulders are inevitably produced and
require secondary blasting. Secondary blasting produces sound
pressure levels higher than the primary blasting often leading to
complaints (Adhikari et al, 1995). These complaints can be
minimised by controlling boulders through proper blast design
and eliminated by using hydraulic rock breakers.
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Plasma Discharge Initiation of Explosives
in Rock Blasting Application : A Case Study
Jae-Ou CHAE1, Young-Jun JEONG1, V.M. SHMELEV2, A.A. DENICAEV2, V.M. POUTCHKOV2, V. RAVI1
1 Department of Mechanical Engineering, Inha University, Incheon, South Korea
2 Institute of Chemical Physics, Russian Academy of Sciences, Moscow, Russia

ABSTRACT
A plasma discharge initiation system for the explosive volumetric combustion charge
was designed, investigated and developed for practical application. Laboratory scale
experiments were carried out before conducting the large scale field tests. The resultant
explosions gave rise to less noise, insignificant seismic vibrations and good specific
explosive consumption for rock blasting, Importantly, the technique was found to be
safe and environmentally friendly.
1. INTRODUCTION
In Korea, the regulations on explosion activities are very
stringent and it is becoming increasingly difficult to use the
conventional blasting technology without causing noise and
air. In order to overcome the difficulties, a non-conventional,
new technique has been developed. By this technique
conventional explosive primary (initiator) to the secondary
explosive mixtures is replaced by high temperature plasma
discharge.

Control switch
gap system
Vacuum
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closing
Coaxial switch
cable

Explosive
wire

Ballast
Resistance

Safety discharge
system

2. PLASMA DISCHARGE INITIATION
In order to initiate the combustion in an explosive mixture it is
necessary to use a primary charge. In our work we used a
plasma discharge initiation system for combusting the
explosives.

Battery of
Capacitors

Charge system

Fig. 1 Schematic of the experimental set up for
plasma discharge initiation

Plasma discharge initiation process is also called the wire
explosion process. The physical processes occurring during
the plasma discharge initiation can be explained in three
stages[7]. In the first stage, one applies a high voltage to a
metal aluminium wire and gets the metal evaporated. This
process makes the metallic conductivity disappear. In the
second stage expansion of the vaporized metal cloud occurs
and the pressure increases. In the final stage a breakdown
wherein a plasma channel is developed due to avalanche
ionization which is essentially an arc phenomenon. The large
energy released under high pressure conditions ignites
intensively the secondary explosive charge. The flame from
the plasma channel propagates and ignites the fresh solid
particles in the volume of the locked chamber.

6
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Fig. 2 Typical voltage waveform recorded during plasma
discharge initiation of the explosive mixutres

A schematic presentation of the experimental setup used in the
present studies is shown in Fig. 1 The set up consists of four
JOURNAL
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between 1.5 x 10-4s to 3 x 10-4s. It is important to note that high
energy released in such a short period of time is necessary to
initiate the combustion. The plasma discharge releases a large
amount of energy which in turn heats the explosive charge to
facilitate the combustion and hence explosion. The scope of
the present studies does not include the detailed
understanding of the physical processes.

TECHNOLOGY ABSTRACT
Wire leads
Body cover
Volumetric combustion charge

The overall cost of our rock blasting technique is determined
by the price of power supply and the time period of its reliable
work for discharge. The price of one explosion made by our
developed method is about 4 to 5 times cheaper than that of
the explosion of the common charge with a conventional
primary. In addition the plasma initiation method is
environmentally safe for rock blasting as it excludes the
utilization of the sensitive combustible and explosive
materials commonly used.

Exploding wire

Outer body

Fig. 3 Schematic of the volumetric combustion charge
main parts. (1) the charging part that charges the battery of the
capacitors to the desired voltage; (2) the battery of the
capacitors storing the electrical energy for the discharge; (3) the
switch gap, connecting the exploding wire to the charging
battery and (4) the safety system of the full discharge of the
residual voltage.

3. EXPLOSIVE CHARGE
The explosive charge used in the present study was a
volumetric combustion charge consisting of ammonium nitrate
as the main component and diesel oil as the fuel. This explosive
mixture has been widely studied and found to be safe during
applications[8,9] main advantage of these explosive mixtures
based on nitrate ammonium is its safety as they can be ignited
only at pressures 100 atm to 200 atm. The plasma initiation with
the exploding wire is the ideal method for igniting these
explosive mixtures.

Using the power supply the voltage can be raised up to 6 kV.
The value of the capacitor is 600 mF and can store energy up
to 10kJ. The control switch gap has its own circuit for
switching. The switch gap was switched on when the initial
breakdown was triggered between the ignition electrode
and the main electrode of the switch gap. In order to release
more energy into the plasma channel of the exploding wire,
the resistance of the connecting wire must be less than the
resistance of the exploding wire. The aluminum wire with a
diameter of 0.3mm and a length of 5 cm was used as the
exploding wire.

3.1 LABORATORY TESTS
The experimental studies were conducted in order to select the
optimum ratio of the mixture between ammonium nitrate, fuel
oil and promoter (aluminum and carbon powders).
Various mixtures prepared with different ratios were tested for
the possibility of the initiation and combustion process.
Reliable initiations were obtained for the energy of 7.5 kJ at an
applied voltage of 5 kV. The energy of 7.5 kJ corresponds to the
input energy taking into consideration the initial values of the
applied voltage and capacitance. The results of these tests are
presented in Table 1.

During the experiments of plasma discharge initiation of the
explosive mixtures, the voltage was recorded as shown in Fig.
2. From the voltage curve, the resistance of the plasma
channel was calculated to be 0.12W to 0.25W. To produce
high and fast energy discharge it is expected to have low
resistance. Also, the time of discharge was estimated to be

TABLE 1 - Results of the laboratory tests done with volumetric combustion charge initiated by plasma
Mixture
3

ANp (94%) + FO (6%)
ANg (94%) + FO (6%)
ANp (93%) + C (7%)
ANp (92%) + AI (8%)
ANp (82%) + AI (18%)
[ANg (94%) + FO (6%)] and [ANp(93%) + C (7%)]
in ratios of 50 : 50 and 60 : 40
[ANg (94%) +FO (6%)] and [ANp (82%) + AI (18%)]
in ratios of 50 : 50 and 80 : 20
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Results
No initiation
No initiation
Low combustion. Big fragments destruction of charge shell
High combustion. Small fragment destruction of charge shell
High combustion. Small fragment destruction of charge shell
High combustion. Small fragment destruction of charge shell
High combustion. Small fragment destruction of charge shell
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4. CONCLUSIONS
The safety of this method makes it useful in the building
industry, especially in urban and underground buildings.
The plasma discharge of initiation is a very prospective method
for modern systems of rock destruction and it can be applied
with any other combustible mixtures to produce soft rock
blasting.

TECHNOLOGY ABSTRACT
Of all the cases, only two variants of the mixture were
considered to be more suitable for rock blasting with plasma
discharge initiation. They are (a) the mixture (Ang + FO) plus
(ANp + C) in a ratio of 50 : 50 or 60 : 40 and (b) the mixture (ANg
+ FO) plus (ANp + Al) in a ratio of 50 : 50 or 80 : 20. These
mixtures were used during the field tests.

The views expressed in the article are solely of the authors
and not necessarily those of the Society - Editor

3.2. FIELD TESTS
The model charge of volumetric combustion had a mass of
250g. The mixture was placed in a polymer tube with a diameter
of 40 mm and a length of 160mm. The initiation system with an
exploding wire, aluminum wire with a diameter of 0.3mm and a
length of 50mm, was installed inside the charge body.
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The charge was placed in the blast hole of the rock to be
crushed. The strength of the rock was similar to that of the
granite. The depth of the blast hole was 2 m. The energy
delivered to the exploding wire for plasma discharge initiation
was 7.5 kJ. The main parameters recorded during these field
tests are; 1) efficiency of rock destruction and specific
explosive consumption, 2) the seismic vibration or earthquake
wave frequency and 3) noise during the explosion.
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The results of the field tests exhibited a good rock crashing
ability. The explosions were initiated reliably. The sizes of the
fragments of the crashed rock were in a range of 20 cm to 100
cm. Fig. 4 is the photo of the rock crushed by the explosive
charge using plasma discharge initiation.
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Fig. 4 : Photo of the crushed rock
The average specific consumption of explosives for rock
crushing in the present conditions was found to be in a range of
40 g/m3 to 100 g / m3 for the volumetric combustion charge.
This value is 5 to 8 times lower compared to those obtained
using conventional methods.
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No significant seismic waves were recorded. The maximum
vibration level was found to be less than 0.15 kine (cm/s). Also,
the acoustic noise generated was less than 70 dB (A).

Please send it to us through e-mail at : visfotak@yahoo.com

The field experimental results indicate that the key to the
present successful rock blasting is plasma initiation. The
plasma discharge initiation method has proved to be
environmentally friendly, easily constructible, safe and
economical. This method can be used in heavily populated
urban areas.
JOURNAL

or write to
Secretary General
Visfotak : Explosives Safety and Technology Society,
Maimoon Chambers, Gandhi Bagh, Nagpur - 440 032, India

27

VOL 1 - No. 2 OCTOBER 2007

EXPLOSIVES SAFETY & TECHNOLOGY SOCIETY

RECENT PATENTS
System and Method for Controlling Cartridge Explosives
INVENTOR

:

Fernandez Infante Diego (ES); Bernaola Alonso Jose (ES)

APPLICANT

:

Arquimea Ingenieria S L (ES); Fernanc Infante Diego (ES); (+1)

EC

:

G01V15 / 00; F42D1 / 045; (+2)

IPC

:

F42D5/02; G01V15/00; F42D5 / 00 (+1)

PUBLICATION INFORMATION : WO 2007010060 - 2007 - 01 - 25

The invention relates to a system and method for controlling cartridge explosives, which is intended to be used
to control each and every cartridge explosives (2) in a working area, including those buried in holes before and
after the blast. For said purpose, the invention is equipped with at least one radio frequency tracer or chip (1)
which is introduced into the cartridge explosives (2) and which communicates remotely, by means of
electromagnetic waves, with a reader or detector (3) comprising a transmitter (4) and a receiver (5).

United States Patent
Hero , et al.

7,147,830
December 12, 2006

Stabilized ammonium nitrate granules
ABSTRACT
The invention relates to a method for producing thermally and mechanically stable ammonium nitrate by
dissolving in nitric acid 1.3% by weight of reticulated metal silicate, before treatment with ammonia. The
ammonium nitrate granules produced by this method swell very little, they do not considerably cake, and their
granule strength is high.
Inventors : Hero; Heikki (Espoo, FI), Poukari; Juhani (Masala, FI)
Assignee : Kemira Growhow Oyj (Helsinki, FI)
Appl. No. : 11/206,875
Filed

JOURNAL

: August 19, 2005

28

VOL 1 - No. 2 OCTOBER 2007

EXPLOSIVES SAFETY & TECHNOLOGY SOCIETY

RECENT PATENTS
System and Method for Controlling Cartridge Explosives
INVENTOR

:

Fernandez Infante Diego (ES); Bernaola Alonso Jose (ES)

APPLICANT

:

Arquimea Ingenieria S L (ES); Fernanc Infante Diego (ES); (+1)

EC

:

G01V15 / 00; F42D1 / 045; (+2)

IPC

:

F42D5/02; G01V15/00; F42D5 / 00 (+1)

PUBLICATION INFORMATION : WO 2007010060 - 2007 - 01 - 25

The invention relates to a system and method for controlling cartridge explosives, which is intended to be used
to control each and every cartridge explosives (2) in a working area, including those buried in holes before and
after the blast. For said purpose, the invention is equipped with at least one radio frequency tracer or chip (1)
which is introduced into the cartridge explosives (2) and which communicates remotely, by means of
electromagnetic waves, with a reader or detector (3) comprising a transmitter (4) and a receiver (5).

United States Patent
Hero , et al.

7,147,830
December 12, 2006

Stabilized ammonium nitrate granules
ABSTRACT
The invention relates to a method for producing thermally and mechanically stable ammonium nitrate by
dissolving in nitric acid 1.3% by weight of reticulated metal silicate, before treatment with ammonia. The
ammonium nitrate granules produced by this method swell very little, they do not considerably cake, and their
granule strength is high.
Inventors : Hero; Heikki (Espoo, FI), Poukari; Juhani (Masala, FI)
Assignee : Kemira Growhow Oyj (Helsinki, FI)
Appl. No. : 11/206,875
Filed

JOURNAL

: August 19, 2005

29

VOL 1 - No. 2 OCTOBER 2007

EXPLOSIVES SAFETY & TECHNOLOGY SOCIETY

Historiography of Accidents with
Commercial Explosives in India (1927 - 2005)
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SOURCE : The data on Explosives Demand, and Accidents with explosives have been derived
from the published Annual Reports of the Department of Explosives, Government of India.
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reported accidents with Gun powder from 1927 to 2000, is 2386
(880 fatalities, and 3905 injured), compared to 936 accidents
(687 fatalities, and 1284 injured) with high explosives which is
consumed in hundreds of thousand tonnes.
Table - 1
Pre-1970
Post-1970
(1927-1970)
(1971-2000)

When the history of accidents is juxtaposed with the technology
of explosives as it evolved and progressed in India since 1927, it
reveals a very strong linkage between "Safety" and
"Technology". Newer and safer technologies have had a
profound impact on "Safety" which is reflected in the marked
reduction in the number of accidents.
The year 1970 is the significant inflexion point which marked
the advent of "Nitrate Mixtures" class of commercial high
explosives in the country. The usage of 'Nitrate Mixtures' of
various types and grades, rapidly grew after 1970, and after the
ban on NG explosives from 2002 or so, it now constitutes the
entire demand for high explosives in the country.
Whilst the quantity of explosives produced and used in the
post - 1970 period has registered a sixteen fold increase
compared to the pre-1970 period beginning 1927, the number
of accidents per 1000t explosives used, declined from 0.6 in
the pre-1970 period to 0.08 in the post-1970 period. The other
significant feature of post-1970 period is that the reported
accidents with high explosives during this period were almost
entirely caused with NG explosives, though constituting a mere
25% of the total high explosives produced and used during this
period (Table - 1).
The historiography has also brought to light a grave anomaly,
indeed an anachronism, in this age and time to say the least,
which is the continuing usage of "Gun Powder". What
seemingly has escaped serious scrutiny so far and not yet firmly
registered in the public domain, perhaps by default, is the
horrendous safety record of Gun Powder. The rate of accidents
with GP and more importantly the fatalities with GP, have out
numbered and exceeded by far those with high explosives.
Though the usage of GP is only a few thousands (exact figures
not available being mostly unorganized !!!), the number of

1.

Cumulative Production (t)

1.1 High Explosives
NG
Nitrate Mixtures
LOX
Total

218570
8211
16300
243081

780863
2644855
26519
3452237

1.2 Gun Powder : No official published data; a few
thousand tonnes, mostly un-organized and un-regulated.
2.

Cumulative Accidents (Nos.)
2.1

2.2

High Explosives
Nos.
Fatality
Injured
Rate - Nos / 1000t

138
156
333
0.57

298
531
951
0.09

1529

857

Fatality

588

292

Injured

2582

1323

Gun Powder
Nos.

Rate - Nos / 1000t

Not determinable

However, with the growing
usage of site mixed ANFO,
the preference for GP appears
to have greatly reduced if the
falling incidence of accidents
with GP is taken as the
pointer. At any rate, the
continuing manufacture and
use of GP for rock blasting is
a glaring anachronism, in
compatible with the 21st
Century, and must be
removed.
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industrial explosive in India. Visfotak urges all the explosives manufactures and users to cooperate by
reporting all accidents to the society.
Membership
The membership application form which is enclosed, may be filled and sent to the Secretary General at the
Secretariat along with the membership fee by a crossed account payee Cheque (add. Rs. 30/- for outstation
cheques) or Demand Draft in favour of Visfotak, payable at Nagpur.
Student Chapter
This is a new initiative launched by the Society to promote the mission of the society amongst the
students / academics who are associated, directly or indirectly, with the science and technology of
explosives.
The membership application form which is enclosed may be filled and sent to the Dr. N.R. Thote, Assistant
Professor (Hony. Secretary, Student Chapter, Explosives Safety & Technology Society (Visfotak)
Department of Mining Engineering, Visveswaraya National Institute of Technology, Nagpur - 440 011 along
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Draft in favour of Visfotak, payable at Nagpur.

Visfotak being a Scientific Society, shall totally refrain from partisan activities of any
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