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Summary

The report contains the text of an oral presentation
given at the AIME General Meeting, New York, N.Y.-
February 16 - 20, 1975. The presentation deals with
the choice of explosives for different applications.
Equipment for mechanized blasthole charging developed
in Sweden and elsewhere is described. Finally, the
dependence of ANFO detonation velocity on charge den-
sity and diameter is discussed, and its relation to
the rock blasting capacity of the charge.
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Swedish Methods for Mechanized Blasthole Charging

SLIDE 1 SLIDE 2

The first slide is really only for focusing the projector.
It shows the strength of rock compared to that of steel.
Rock is a hard and strong material.

The next slide is much more to the point - it shows
the contrast between the human body and the hard rock
material we deal with.

And this is what this paper is about, really, to make
mining work more compatible with the soft human resource.

The time will come in Sweden soon when we can no longer
find people willing to put up with the hard manual
labor, the extremes of heat or cold, mud, noise, dust,
fumes and lack of light that are all too often still
characteristic of the mining man”s working environment.
Mechanization then becomes the key word. To take away
hard labor, to bring as many people up from underground
as we possibly can.

But taking away hard labor often has the effect of increasing
production and decreasing cost. Let me illustrate with an
example:

Compare two groups of two men each, working hard loading
explosive into boreholes. Group one has at their disposal

a slurry pump truck for loading 10-15" boreholes, group two
has an ample supply of wooden tamping sticks and boxes of 1"
diameter dynamite cartridges. By the time group one is
through with 200 tons of explosive, group two has only just
finished one ton of explosive. The crude example shows that
there are of course great economic gains, too, to be had from
mechanizing.

Strength of explosives and choice of explosives

In the paper are given details of the simple Swedish
system for describing the strength or rock blasting
capacity of different explosives.

We feel that progress is now being hampered by the
lack of a universally accepted system for specifying
the properties of explosives with respect to their
rock blasting capacity. We already have the basic
knowledge to bring into existence such a system.

It is up to the explosives companies to supply such
product information so that the mining engineer can
choose for himself the product most suitable for his
own particular operation. Optimizing a mining operation
is the task of the men responsible for the operation.
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It is virtually an impossible task for the outsider

who does not have all data about drilling and crushing
costs, equipment availability, transportation costs
etcetera, data that all influence the choice of explosives
more than the mere cost of the pound of explosive

needed to produce a ton of ore.

High density slurry pump systems for open pit mining

SLIDE 3

This slide illustrates the high-capacity pump truck
loading of the Boliden Aitik open pit copper mine in

the north of Sweden. 10" boreholes, 15 m bench height.
The truck contains 10 tons of high-density, high
strength slurry blasting agent of final gelled consistency
that is pumped straight into the hole at a rate of

about 500 1b/min without the need for extra crosslinking
at the pump. A polyethene liner is used. LKAB have

a similar operation at their Svappavaara open pit iron
ore mine nearby, using 7" boreholes and 10 - 15 m bench
height. They use a 20 ton delivery truck.

SLIDE 4

The production of the full range of different blasting
agents for a medium-sized open pit operation including
ANFO and different slurry compositions can often be
made most efficiently at the mining site itself in a
semi-mobile plant such as this. having a capacity

of 10 tons per day of bulk slurry. By adding an extra
box unit, it can be equipped to produce 5 tons per day
of cap sensitive watergels in plastic cartridges.

ANFO loaders

SLIDE 5

The development of ANFO loading and mixing equipment

in Sweden started about 1955 when ANFO began to be
introduced in the LKAB underground iron ore mine, now
said to be the largest underground metal ore mine in

the world. Today, 60 men do all the loading and shooting
necessay to extract 20 million tons of iron ore per year.
They use 16 ANFO loading trucks of the type shown in
this slide. The truck has a loading platform and two
ANOL loaders each containing a little under a ton of
ANFO. The ANOL loader is a pressure vessel equipment,
and the blasting agent is pressed out of the stainless
steel vessel and through the loading hose as an almost
continuous column, by means of compressed air fed into
the pressure vessel itself. For rapid loading, ANFO
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consisting of a special high density mixture of prills
and fine grain crystalline AN is used, giving a bore-
hole loading density %n‘horizontal or vertical-up

2" holes of 1.15 g/cm” (721b/cuft). The blasting

agent has the consistency of slightly wet snow.

SLIDE 6

This slide gives the loading capacity of the ANOL system
as a function of hose diameter and length and ANFO
quality.

For loading prilled ANFO in vertical-up holes, a

second type of equipment is used, the JET-ANOL. It

works with a combination of the pressure vessel and
ejector principles. The blasting agent is air fluidized
and flows into the borehole at a higher speed than

with a pure pressure vessel loader. The prills particles
are crushed upon impact in the hole so that they stick
in vertical-up holes and also get a higher sensitivity
and detonation stability, even when moistened with
water than un-crushed prills do.

SLIDE 7

This shows a truck mounted mixer of the MIXANOL type
together with an ANOL or JET-ANOL loader for by-the-
hole mixing. The unit has a capacity of 2 tons per hour,
but because of adverse weather conditions, it is usually
preferred to have a stationary shelter for the mixer.
For smaller operations, ready-made ANFO is used exten-
sively in Sweden.

The Swedish Cartridge Loader

Almost all rock blasting in Sweden is done in hard rock,

and the average cost of drilling 2" holes is perhaps

of the order of $2 per meter. Thus,. a high density

high strength plastic explosive that can be tamped to

fill completely the borehole using a mechanical cartridge
loader will mean considerable savings in drilling and
blasting costs, even at a high price per pound of explosive.

Originally developed in the 1950-s for mechanized
dynamite loading, the Swedish Cartridge Loader is

now designed and manufactured specifically for loading
cartridge cap sensitive water gel explosives.

SLIDE 8

In its simplest form, it consists of a singel flap
valve breech piece joined to a stiff polyethene loading
hose. Compressed air is fed from a regulator valve via



4(5)

a foot-operated valve to the breech-piece just inside

the flap-valve. With the air-supply off, a number

of cartridges are fed into the hose. When the pedal

is pressed, the air closes the valve and the row of
cartridges is transported floating on the air-stream

into the borehole. At the exit end, the hose has a

nozzle with a knife-edge to rip up the cartridge

casing so that by pressing down on the hose, the explosive
is deformed and expands to fill the hole.

SLIDE 9 SLIDE 10 SLIDE 11

Using this simple equipment, two men can increase their
shift loading capacity over the tamping pole level by

a factor between 2 and 10 depending on conditions, and
they can get about 30% more explosive into each hole,
to be utilized with a wider pattern.

SLIDE 12

A development towards one-man operation includes a
semi-automatic double valve breech piece allowing.
cartridges to be fed into the hose at a rate of one per
second while the flow of cartridges continues uninterrupted.
It also includes a robot that has taken over the heavy

job of tamping. The hardest work for the one man now

is to carry cases of explosive and opening them, not the
actual loading job.

SLIDE 13

This slide shows a new semi-automatic breech-piece

and robot tamper for cap sensitive water gel explosives

in 1 1/2" x 12" plastic cartridges. The robot has a
reversible device for feeding the loading hose automatically
into or out of the hole, relieving the worker of another
hard labor operation, especially with the large diameter
up-holes.

With this type of equipment, we get a loading rate
approaching that of ANFO loading, of more than 60 1b/minute.

The Swedish loader has found extensive use in under-
water blasting, for harbor extensions and the like.

A loading method that can effect a 30% decrease in the
number of boreholes in such an operation is of course
of great economical importance.

The CIL bulk pump for cap sensitive water gels

SLIDE 14

One of the most exciting things that have happened
since the invention of slurry blasting agents was the
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announcement recently by CIL of Canada that they had
developed a system for pumping water gels thick enough
to stick in vertical-up holes.

How does one make a liquid flow upwards into a vertical
borehole without it flowing out again under its own
weight? Our Canadian friends did it by increasing the
pump pressure to not far from 100 atmospheres so that

a putty-like explosive could be pumped at a rate of

100 1b/minute through a narrow-gage high pressure hose.

The system is now being evaluated. If it keeps its
promises, its main field of use will be in the

1 1/2 - 3 1/2" hole diameter range in large underground
and surface operations. It will then fill a gap between
the range of the cartridge loader and that of the ANFO
loader systems.

ANFO detonation velocity

SLIDE 15

Although it is our firm opinion, based upon many pieces
of experimental and theoretical evidence, that the
detonation velocity as such does not influence the rock
blasting capacity of a given explosive composition,

the detonation velocity can give a great deal of informa-
tion about the stability of the detonation and the
requirements for initiation. I would like to show you
this last slide, that makes discussions about detonation
velocities of ANFO easier.

The ANFO detonation velocity in very large hole diameters
is simply a linear function of loading density. An
increase in hole diameter above 10 or 13" does not
increase the velocity at a given density, and prills

and crystalline fall on the same curve. We call this
ideal detonation. At 2" diameter holes, the detonation

is well below ideal, and the velocity has a peak value,
higher for prills than for crystalline ANFO. Each ANFO
quality has its own detonation velocity curve; the

lowest point is crushed prills in a 1/2" steel tube.



 TABELL 1. COMPARISON OF STRENGTH OF DIFFERENT EXPLOSIVES

EXPLOSIVE CONSISTENCY WEIGHT PACKING STRENGTH
STRENGTH DENSITY PER UNIT
_ IN RORF- BOREHOLE
(anFo=1) HOLEz VOLUME
e/CM” .
ANFO PRILLS 1 0.9 0.9
ANFO HD POWDER 1 1.15 1.15
HD SLURRY SLURRY 1.15 1.5 1.73
LD SLURRY SLURRY 0.95 1.2 1,14
"I407 WATERGEL” PLASTIC OR GEL 0.95 1.15 1.09
IN POLYETHENE SKIN ) 0.95 0.8 0.76
"U40% WATERGEL” PUMPABLE., INTO 0.95 1.25 1.19
VERTICAL-UP HOLES
"80% DYNAMITE” PLASTIC, IN {:1.14 1.45 1.65
PAPER CARTRIDGE 1.14 1.15 1,31
"U40% DYNAMITE” POWDER., IN 0.95 1.15 1.09

PAPER CARTRIDGE
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TABELL [I. RATES OF LOADING (KG/MIN) USING VARIOUS ANFO LOADERS
- IN 51 MM BOREHOLES. (PNEUMATISK TRANSPORT AB. SWEDEN).

TYPE OSE DIA RATE OF LOADING (Ks/MIN)
OF LOADER INNER) AT HOSE LENGTHS
oo 15 Mmoo 30mM... . 45 m

1 19 57 27 22

1 22 66 31 25

1 30 80 52 36

2 22 19 13 8

2 30 38 25 17

3 16 6.5 5.5 4,5

3 9 70 60 5.0

TYPE OF LOADER: 1: PRESSURE VESSEL TYPE (ANOL)

2: COMBINED PRESSURE VESSEL AND
EJECTOR TYPE (JET-ANOL)

3: PORTABLE EJECTOR TYPE (PORTANOL)



TABELL III. CHARGING CAPACITIES OF THE SWEDISH CARTRIDGE LOADER
IN 51-100 MM BOREHOLES., HOLE DEPTH 10-15 M, HOSE
LENGTH 20 M (NITRO NOBEL AB, SWEDEN)

BREECH TAMPING CARTRIDGE TYPE OF CHARGING
PIECE EXPLOSIVE ~ CAPACITY
............................................................................. ... KG/MIN

SEMI-AUTOM, MANUAL 22x200 DynAMEX/ b

=- ="- 25x200 =- 5

== == 29x200 =" 7
SINGLE-VALVE MANUAL 40x200 =- 13
SEMI-AUTOM., ROBOT 32x300 REOMEX”/ 12

M- .. ROBOT . hox300. o =M= 20

1/ DYNAMEX 1S A SAFETY NG EXPLOSIVE IN THIN PAPER CARTRIDGES

2/ REOMEX IS A CAP SENSITIVE WATER GEL EXPLOSIVE IN POLYETHENE
FILM CARTRIDGES



TABELL V. MEASURED UNDER WATER EXPANSION WORK FROM A %HARGE
OF CRUSHED ANFO PRILLS AT DENSITY 0.95 6/cM
WITH DIFFERENT INITIATION,

INITIATION CHARGE DETONATION VELOCITY UNDER WATER
DIAMETER KM/ SEC EXPANSION WORK

MM . .ZONE 1 ZONE 2. ZONE 3 - MJ/KG

150 ¢ PETN/OIL /5 4,50 - 3.80 3.95

150 ¢ DYNAMEX /5 - 3.90 4,10 3.92

4-c RDX PRIMER /5 3.40 4,10 4,10 3.94

NO 8 DETONATOR 75 3.50 3.50 3.50 3.94

NO 8 DETONATOR 54 1.60 - 3.00 3.12

NO 8 DETONATOR 33 FAILLRE




