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Having agreed to perform this task, I naturally started to
wonder what on earth I was going to talk about, and on
reviewing the literature I was surprised at how little I knew
and how much I’d forgotten about the origins of this
industry.

For example:

➤ I’d forgotten that the Chinese invented black powder at
least 1 000 years ago, back in the 10th century
(although some say this invention occurred 2 000
years ago).

➤ I didn’t know that Roger Bacon was the first person in
the Western World to give exact directions for the
making of gunpowder in 1242 and to understand its
potential. Pepper’s Playbook of Metals quotes:

‘...above all, he is named as the discoverer of gun-
powder, a material which has brought more wonderful
changes in the great family of man than the most
potent elixir that could have been devised to prolong
life’.

➤ Seemingly the Arabs were the first to develop black
powder further and produced the first gun (which shot
an arrow!) in 1304.

➤ Firearms were developed in Europe in the 14th
Century, but 

➤ Black powder was only used for commercial purposes
in the 17th Century, and gunpowder was first used to
break up ore for mining at the Royal Mines of
Schemnitz in Hungary in 1627.

➤ The use of black powder in mining operations had
spread to the tin mines of Cornwall by 1689, and to
copper mines in the U.S. by 1705.

➤ I learnt that the Italian, Ascario Sobrero discovered
nitroglycerine in 1846, but because it was so unstable,
it could not be exploited commercially for the next 20
years. (Its use was confined to medical purposes!)

➤ I was reminded that it was Alfred Nobel who was really
the father of modern-day explosives:
- He started experimenting with NG in 1863.
- In 1864 there was a huge explosion which killed

his brother.
- Later in 1864 he co-founded the world’s first

commercial explosives company, Nitroglycerine AB
(which is Nitro Nobel today!).

- In 1867 he discovered that a diatomaceous earth
called kieselguhr, if mixed with NG rendered it less
sensitive to shock, and with this he patented his
product and packaged it in ‘short, deceptively
homely sausages’ and called it dynamite.

➤ By 1886 he had established a dynamite manufacturing
empire which he combined into one large company—

Nobel Dynamite Trust Company, which consisted of 60
operating units in 20 countries. (After his death in
1896, all his interests were sold in accordance with his
will, and the Nobel Prizes were established.)

➤ Moving on, I was also surprised to learn that ANFO
was discovered by mistake when a ship’s fuel oil
leaked into a load of ammonium nitrate causing a
disastrous explosion in the port of Texas City in 1947.

➤ Water gels were described by Dupont as far back as
1942, but it was only with the development of larger
diameter drilling equipment in the 1950s that the
commercial development of water gel explosives began,
with the first successful field demonstration in 1957.

➤ The history of initiating devices is equally fascinating,
starting in 1745 with an Englishman named Doctor
Watson who exploded black powder with an electric
spark, followed by a remarkable series of inventions
ending up with the electronic delay detonators of today.

This is a fascinating history of technological
developments that has revolutionalized the world that we
know, but time does not permit me to expand any further.

Suffice to say that the development of the mining
industry has, up until now, been inextricably aligned with
the development of the explosives industry.

I find it somewhat ironic therefore, that as we approach
the new millennium, many mining companies whose margins
are being eroded as commodity prices follow what now
seems an inevitable steady decline, are looking at non-
explosive means to increase productivity to the new required
levels.

This then is the main subject of my address, and I put the
dilemma to both the explosives and the mining industries:

‘To blast or not to blast? That is the question!’

➤ Now there can be no doubt that with the improvements
in exploration techniques and advances in
metallurgical processing, the ultimate first prize in
mining has to be the exploitation of orebodies close to
surface, where you simply dig it out with front-end
loaders!

Examples of this are:
- Gold mining in Mali
- And laterite nickel deposits in Australia.
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➤ I don’t see either posing too much of a threat to
explosive usage, since there aren’t too many Sadiola’s
around and even if and when the metallurgical
problems in processing laterite ores are resolved, the
three Australian projects will probably not produce
more than 6% of the world’s Ni supply.

➤ Second prize is using non-explosive underground
mining methods such as block caving. The move to
cave increasingly more competent ground could be
construed as a threat, but it is still relatively limited,
and in any event gives rise to a very significant
secondary blasting process.

➤ My conclusion is that as far as the hard-rock
underground base metal mining industry is concerned,
mining with explosives will continue to dominate.
Furthermore, in this industry, explosive development
has definitely kept pace with other technological
developments and will continue to do so—a good
example is Inco’s tele-remote mining and automation
initiative where Dyno-Nobel is a strategic partner.

➤ In this industry at least, there does not appear to be
any conflict between explosives and machines.

I would like to move now to this country’s major mining
industry, GOLD, which as we all know is in decline, and
under constant threat.

For decades now, really decent productivity was thought
to be only achievable with mechanized, non-explosive
continuous mining methods, YET, despite our best efforts, so
far only a very small percentage of mining has been achieved
with non-explosive means—mainly diamond wire.

Logically, any continuous process should have a
significant advantage over a batch process, e.g. blasting is
usually only once per day—or at best twice, and yes, it would
be nice to be able to do what the coal mines do, i.e.
continuous longwalling.

So, as our gold mining industry faces the two major
challenges of ever-increasing depth and decreasing price, the
quest for quantum increases in productivity is more urgent
than ever before.

➤ The question is, therefore, can these improvements be
achieved without explosives?

➤ I think it is fundamentally incorrect to assume that one
cannot achieve really quantum leaps in productivity
using explosives;

➤ For example, productivity in: 

BOTTOM GOLD : 9m2 /I.S.W.
TOP PLATINUM : 45m2 / I.S.W.

both using the same basic technology, i.e. DRILL, BLAST,
SCRAPE.

I would say that 500% improvement offers fair scope for
gold operators!

What about mining at ultra depths? Well, in this arena
possibly even more so than with the rest, thoughts of owners
and researchers seem to turn to mechanized means of rock
breaking as the preferred way forward.

A significant portion of the current Deepmine Research
programme is devoted to testing this hypothesis, i.e. can
conventional drill, blast and scrape mining be successfully
employed at ultra-depths, and if not, why not?

One of the main drivers is not productivity per se, but

risk management, i.e. we cannot allow people to be exposed
to heat and seismicity in the stope faces.

Well, Deepmine is devoted to ensuring that a healthy
working environment is created and maintained, so it seems
to me that it’s a case of: PEOPLE AND EXPLOSIVES vs
PEOPLE AND MACHINES (YES, PEOPLE AND MACHINES),
ON MERIT

There is, however, another dimension here, and that is
seismicity, and the relative merits of blasting or continuous
breaking in this regard.

It is a known fact that on our deep-level mines, by far the
majority of seismicity (70%– 80%) takes place after the blast,
and I contend that this is one of the main reasons why we’re
still in this business of deep-level mining, but the
controversy continues.

There are two schools of thought here

School A says

For a given mining rate of say, 30 000m2/month, within a
given layout, there will be a certain level of seismicity, and if
80% of that happens after the blast when no-one is down the
mine, then:

THAT’S GOOD FOR YOUR HEALTH!
School A goes on to say that if now, instead of blasting,

one uses continuous mining to break the 30 000m2, the
SAME amount of seismicity will occur, but its distribution
will be spread over 24 hours, thus significantly increasing
the risk to people and machines.

I consider this:
NOT SO GOOD FOR YOUR HEALTH!

School B says

➤ ‘No, no, no!, School A, you’ve got it all wrong! It’s the
‘nasty’ blast that causes most of the seismicity in the
first place! If you go ‘nibble, nibble; gently, gently’ then
you won’t have any seismicity’.

This is the subject of a Deepmine research project, and
early results are as follows.

➤ Researchers confirm that the total quantity of
seismicity will be constant, irrespective of the method
of rock breaking employed.

➤ Furthermore, there is nothing to suggest that the
nature of the seismicity will be any different.

➤ They confirm that blasting does in fact concentrate
seismicity to the 3-hour re-entry period, although this
will change to some extent as one moves from ‘soft’
systems to ‘stiff’ systems, (i.e. stabilizing pillars and
backfill) but one would still expect 60–70% of the
Magnitude 1 and 2 events to occur during this period.

➤ Continuous mining will result in seismicity being
randomly spread over 24 hours, and there is therefore
no doubt that this will significantly increase the risk to
both people and machines.

‘Sorry School B.’
Now, I don’t suppose for one minute that this conclusive

research will either stop the debate, nor reduce the industry’s
efforts to find alternatives to explosives, nor do I have a
problem with this, provided full cognisance is taken of the
seismic risk.
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I also think that it is naive to simply say that replacing
people with machines, or reducing the number of people,
necessarily is the primary means of reducing the risk,
because...

➤ Unless you’re going for fully remote control ‘reef
gobblers’ people will still be in the stope

➤ Hurting or killing 1 or 2 people is no more acceptable
than hurting or killing 3 or 4 people

➤ If the stope is back-filled from top to bottom and is 
3–4 m from the face, where do the people operate
from? (e.g. face drill rigs?)

➤ No! We have to create a safe and relatively risk-free
environment for people and very expensive machinery
to operate in, and we do this through appropriate mine
design, avoiding geology, good planning/sequencing
and effective regional and local support, i.e. PILLARS,
BACKFILL, AND PSEs or equivalent. And so in the
relatively risk-free environment, which is the pre-
requisite for any mining to take place, let’s get back to
the issue of EXPLOSIVES.

Can we achieve the levels of productivity needed to keep
this vital industry competitive with explosives? I don’t see
why not, and my challenge to the explosive engineers
devoted to the narrow tabular hard rock mining industry, in
collaboration with your mining engineering colleagues, is to
match or exceed whatever advances are made by mechanized
non-explosive rock breaking.

And why not?
I attended an SAIMM colloquium last week on new

mining methods and processes for narrow tabular mining,
and many exciting examples of significant progress were
presented particularly in regard to drill rigs.

One explosives engineer in the audience stood up and
said ‘Hallelujah!—for decades we’ve been telling you that
your drilling is generally appalling—and you can’t expect
miracles from vastly improved explosives and initiation
systems unless you improve your drilling; drill rigs will
provide the means for this break-through’ So it seems to me
that the issue is not explosives vs machines, but hand-held
drills versus drill rigs!

Let’s turn briefly to the economics of explosives. The
basic contribution/profit equation in any gold mine is:

F.L. x F.A = m2

x Grade x MCF x metallurgical recovery = Gold Produced
x Price = Revenue
– Costs =  Contribution.

➤ Where do explosives fit in?
3 areas: F.A.
MCF
and Costs

Let’s look at each in turn:
F.A.
Drilling longer holes with drill rigs and using modern

initiation systems such as E.D.D.’s with appropriate
explosives that will not shatter the H/W will definitely
increase your face advance very significantly.

M.C.F.
The industry’s MCFs range from 50% (yes!)– 100% and

one of the main reasons for very low MCFs is that when the
gold is contained in carbonaceous deposits (Basal Reef, Vaal
Reef, Carbon Leader Reef), poor blasting shatters the reef

and/or produces too much fines, and with the amount of
water we use these days, we simply wash a large portion of
the gold away!

Intelligent blasting must create an appropriate
product,appropriate in terms of shape and size of fragmented
rock for transport from the stope face to the mill bin.

COSTS: Now this is a really controversial issue! A couple
of points worth noting:

➤ Explosive costs on a large gold mine are typically on
4–5% of total costs—quite remarkable if you think
about it.

➤ Clearly there is an obligation on the part of the
explosives manufacturers to reduce the unit costs of
their explosives and requisites, and in general they
have.

➤ Sophisticated initiation systems like EDDs are going to
cost more—at present 2 x the price of fuse and igniter
cord-Now, its extraordinarily difficult to save money
when the unit cost of EDDs is twice that of conven-
tional initiation systems.

EDDs are not about reducing costs; they are about
reducing unit costs, i.e. produce more:

From better F.A. (hole length) And higher MCF (blasted
product).

I find it extraordinary that for an industry whose average
F.A. is well below 10 m per month and with an MCF of
probably around 80%, there is such a pre-occupation with
gold price as the means of retaining margins/preserving the
industry.

5% improvements in F.A. or MCF have exactly the impact
on the bottom line as increasing the gold price 5%, i.e. from
$257 to $270/oz.

The only difference is that the one is entirely within our
ability to control, whereas the other is not. Surely we can
realistically aim to increase face advance by 1–2 m ?

So it seems to me that better drilling technology coupled
to ‘intelligent’ explosives have enormous potential to very
significantly improve productivity and reduce unit costs.

There are however, two provisos:
1. ‘Intelligent’ explosives require (highly) skilled

users. It is ironic that despite some of the most
stringent legislation in the world, for decades the
actual process of charging up and blasting has been
in the hands of un skilled people, and we’ve
designed explosives and initiation systems which
are user-friendly at this low level of skills.

2. Increased face advance brought about by longer
holes and better blasts only result in more ore being
delivered to the plant if there are more blasts (or at
least the same number) on a long-term, sustainable
basis.

3. In other words, improved stope face technologies
only result in increased production if the whole
system is de-bottlenecked or ‘You cannot introduce
hi-tech, enabling technologies into “a sea of ineffi-
ciency” and expect decent results’.

Explosives engineers must fully understand these
provisos, and work hand in hand with line management and
their mining engineering colleagues to ensure that these
products produce the kind of results that they expect.

And this point was stressed at the previous colloquium:
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Better mine design, appropriate systems design and
management (beyond the breaking operation), will enable
better stope technologies to perform.

So, ‘To blast or not to blast?’
Blast, I think.

Conclusions

➤ There is no doubt that in the past two decades,
explosives development has, in most instances, more
than kept pace with other technological developments
in both surface and hard-rock underground mining.

➤ The challenge now is to continue to more than keep
pace with, or outperform, whatever machines can do.

➤ With some exceptions, and contrary to public opinion,
the minerals industry is alive, well, and full of
challenges.

➤ Producers cannot rely on commodity prices to increase
or even preserve their margins. They have to ensure
this by moving down the cost curve, preferably into the
bottom half.

Now I’m the first to agree it would help if the geologists
found us some nice new high-grade orebodies! But in the
absence of this, and provided that the very best management
practices are in place, then it’s up to mine design, process
design and control, cost efficiency, and technology, to do the
job.

In this regard, provided explosives technology
development is in conjunction with mine systems
improvements, then explosives still have a major role to play
and are not, in my opinion, in any threat from mechanical
rock breakers.     ◆
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