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nitrated, it becomes "gun-cotton", and
as such is very sensitive, even when wet.
Dry nitrocellulose is an extremely dang-
erous material.

Gelatines

The main constituents are nitro-
glycerine, nitro-cotton, sodium nitrate
and cellulose materials. Gelatine expl-
osives are of high density, malleable
(within reason), offer good water
resistance, are free from fumes and
store well. The normal range comprises
strengths from 45 to 75%, which meets
the requirements of most underwater,
mining, quarry and tunnel work.

Special Gelatines

So named since they contain a proport-
ion of ammonium nitrate in manufacture.
Other ingredients are the same as for
plain gelatines plus absorbents. Since
ammonium nitrate readily absorbs
moisture, cartridges of this explosive
are either dipped in wax, or packed in
a special manner to prevent ingress.
Opened cases .should not be exposed to
the atmosphere longer than necessary
before being resealed.

Two-part "Mix" Explosives

Developed in the United States, these
are conveniently pre-packaged, two
component, high-explosive "mix" kits.
Consisting of a coarse blended solid,
sealed in an anti-static pvc container,
which can be. bags, bottles, or pre-
shaped charges, and a thinner liquid
substance, neither component being

an explosive material by itself, nor
are they classified as highly-
inflammable.

When the activating liquid
component is added to the semi-solid,
an explosive compound with a 40-60%
power equivalent of commercial dynamite
is produced. Although a relatively
low yield explosive, the advantages of
storage, transportation etc far out-
welgh its -disadvantages. Since neither
component is classified as explosive,
it readily overcomes many of the

restrictions and regulations which
relate to the conventional expl-
osive materials.

As yet, this development has
not had any great impact on the UK
market, and in any case, has lost
some of its flexibility by being
classified in accord with other
explosives, for obvious reasons.

DETONATORS

It has already been stated that
certain combinations of chemicals
will form explosive compounds, which
can only be initiated by shock. ie.
high explosives and primary expl-
osives. This "shock" is normally
obtained by the use of a detonator,
which itself contains a sensitive
primary explosive, and hence should
be treated with the greatest
respect.

There are a wide range of
types of detonator, which can be
classified under the headings of
"plain" and "electric".

Plain Detonators

These comprise of an aluminium tube,
approximately 1.25in length, open
at one end, the sealed end of which
holds a base charge of high-
explosives, overlaid with a priming
charge. A typical base charge would
be 0.24g of PETN, compressed into
place at a pressure of 4000psi.
On top of this will be placed an
initiating charge of dextrinated
lead azide and lead styphnate in the
proportions of 2:1.

Plain detonators are designed
specifically to be used with safety
fuse.

Electric Detonators

Instantaneous electric detonators
consist of a copper or aluminium
tube, similar to plain detonators,
except that they are fitted with a
pair of either tinned irom or
copper "lead-in"wires, which are
insulated with a pvc sleeving.



Their construction is as shown below:

plastic-covered
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detonator
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Fig 18-2 Section of an electric
detonator, showing components

Neoprene plug:
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This holds the "lead-in" wires in place,

znd forms a watertight seal at the
point where the tube is crimped, which
compresses the plug in place.

Fig 18-3 Cdnstruction and components of
a fuse-head

Fuse-head

Fig 18-3 shows the construction and
components which make up the fuse-
head. The metal foil strips make the
electrical connection between the
lead-in wires and the "bridge" wire.
When a current in the order of lamp
is passed through the "bridge", it
heats this small section of high
resistance wire, which glows white
hot before burning out. During the
peak of the intense heat generated,
it automatically ignites the ignition
compound, which in turn fires the
flashing compound, so setting in
motion what has already been desc-
ribed as the "explosive train" of
initiation.

The sequence of events in firing
an electric detonator is shown
diagrammatically in Fig 18-4

PRIMING
CHARGE

BASE

FUSEHEAD CHARGE

—il

EXCITATION TIME e}

LAG TIME

=P} INDUCTION TIME &=

BURSTING TIME

TIME

FUSEHEAD
BEGINS
T0
IGNITE

CURRENT
BEGINS TO
Flow

EXPLODES

CIRCUIT BROKEN EITHER BY FUSION
OF BRIDGEWIRE OR RUPTURE
‘OF DETONATOR

Fig 18-4 Sequence of events in
firing an electric detonator

The electrical resistance of the
fuse-head alone, without the lead-
in wires, is usually kept between
the limits of 0.9 to l.6ohms, and

a current flow of 0.5amps applied
for 50 milliseconds is the minimum
necessary to start the cycle of
initiation. This figure is for a
single detonator, and with a multi-
detonator firing circuit, a

greater current flow will be necess-
ary, as outlined later in the Chapter.
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Since the reliability and standard of
detonators is of the utmost importance,
each stage of the manufacture is care-
fully controlled, so that character-
istics and performance are consistent
throughout.

Detonators for Underwater Use

The standard electric detonator is not
suitable for any "in-water" use except
at very shallow depths. For deep water
or "long soak" conditions, ICI in
particular manufacture a special
submarine detonator range known as
"Hydrostar" underwater detonators, which
have a copper body tube, slightly
longer and wider than a conventional
surface elctric detonator, plus blue
pve insulated "lead-in" wires.

These are designed to operate in
water, to a maximum pressure of 1000psi.
Details of the range of electric
detonators available is given later.

Delay Detonators

Certain blasting operations may require
a number of charges to be fired, but
with a suitable interval between each
explosion, perhaps to reduce the

shock wave, or deliberately, to

produce a "ripple" effect.

Typical examples of this would be
"trenching", or the firing in sequence
of charges in a rock face, particularly
where personal or private property
might be affected.

The construction of a delay deton-
ator 'is shown in Fig 18-5. The assembly
is that of a standard electric detonator,
except that an additionalsection is
added, which gives the delay element
between the fusehead and the priming
composition. In some detonators, the
fusehead may be enclosed in a tubular
neoprene insulating sleeve, as an add-
ed precaution against the possibility of
static discharge between the fusehead
and the tube wall, which might cause a
premature initiation.

The actual delay element consists
of a thick walled tube loaded with a
suitable delay composition. The delay
period is controlled by the nature of

plastic-covered
leading wires

detenator tube

AN\
5
H
S
8
3
3
b2
5
o

fusehead

priming charge

base charge

Fig 18-5 Components and construction
of a delay detonator

this material, and the amount enc—
losed in the tube.

Due to the nature of their
manufacture, all delay detonators
can be used in "wet" conditions,
being able to withstand water press-—
ure of at least 60psi (equivalent to
a depth of 132ft). Delay detonators
can be wired in series or parallel,
in the same manner as ordinary elec-
tric detonators. The fusehead of
each unit will ignite as the firing
current flows through the circuit,
but actual initiation of the base
charge will occur only after the
respective delay element has burnt
through.

The actual delay time is
indicated by a coloured pvec tag
attached to one of the "lead-in"
wires, which will bear a number.
With ICI products, these tags are
colour coded as follows, but these
should be checked before use:

No 1 - Yellow

No 2 - Blue

no 3 - White

No 4 - Red tand so on.

This aids identification, and great-
ly facilitates the checking of shot-
firing circuits, after the connect-
ions have been made.
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Eznge of Delay Detonators Available

Hz1f-second Series

In the half-second series, there are 13
ietonators, numbered 0 to 12, each with-
2 nominal time interval of 0.5sec between
consecutive numbers. No 0 acts instant-
zously, ie. it has no delay.

Short-delay Series

There are 19 detonators in this range,
sumbered from 0 to 18, with No 0O being
instantaneous. The nominal delay

sztween successive numbers from No 1 to
L is0.025secs} from No 5 to 12 ine. is
2.05sec,

znd from No 13 to 18inc. is 0.07sec.
Short delay detonators are of particular
value for blasting operations in quarries
zand open cast work where ground vibrat-
ion must be kept to a minimum. They
improve blasting efficiency, and give
setter rock fragmentation.

“Carrick" Short-delay Series

These are specially designed for use in
-0zl mines, since they incorporate a new
tvpe of fusehead and a special delay
zlement which eliminate the risk of fire-
Zzmp ignition. The range is from No 0 to
with an interval of 0.025sec between

“Zvdrostar" Underwater Short-delay Series

vailable in a short series from No 0 to
s=conds between each consecutive number.

Electric Powder Fuses

Designed specially for the electrie shot
firing of blackpowder. Each consists of a
shick paper tube containing blackpowder,
ith a conventional electric detonator
usehead fitted at one end. On firing,

is ignites the powder in the tube,

hich in turn ignites the main charge.
The charge weight in each tube is in the
order of 5 grains, and they are not
waterproof.

B

i
3 only, with a nominal delay of 25milli-

SAFETY FUSE

The flexible, waterproof, textile
covered "tube" containing black-
powder, that is used to fire plain
detonators. Supplied in lengths of
24ft(7.3m), each known as a "coil"
of fuse, or spooled in longer
lengths of 3000£t(914m).

The construction and manufac-
ture is such that safety-fuse can
be relied on to burn at a uniform
rate, so that a carefully measured
length cut from a coil, will act as
a "time-delay" fuse to ignite a
blackpowder charge, without the use
of a detonator. Or, if inserted in-
to the open end of a plain deton-
ator and crimped in place, will
initiate high explosives. A typical
"burning" time would be 1ft per 30
seconds, but other times are
available.

On purchase, and prior to
its use in connection with a
charge, it is recommended that
after cutting off and discarding
the first 4-6in (100-150mm) of a
coil, a 1ft length is measured and

‘cut, and the burning time tested.

Due to physical compression
by water pressure at any depth,
"safety fuse" burns faster the
deeper it is employed, and over
60£t(18m) will have risen to 3.5ft
(lm), and is therefore recommended
for shallow water use only.

Safety fuse is ignited by any
form of heat or flame, and should
be stored in a dry atmosphere. This
type of fuse is known sometimes as
Bickford fuse, after the naval
officer that invented it.

CORDTEX DETONATING FUSE

Cordtec is the trade name for a
highly efficient, flexible, cord-
like fuse with a very high detonat-
ion velocity, being in the order
of 21,000ft per sec.

It consists of a core of
PETN explosive, enclosed in a tape
wound "tube", reinforced by textile
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yarn, the whole enclosed in a white
pve sheath.

Cordtex is initiated by either a
detonator taped parallel and as close
and tightly in contact as possible, or
else, by enclosing one end inside a
single cartridge of high explosive. In
either case, it is sympathetic deton-
ation which causes the Cordtex to be
initiated.

Its tensile strength is 1801b,
which coupled with the tough pvc outer
covering, makes Cordtex highly resist-
ant to strain and abrasion, and is
particularly suitable for underwater
use to considerable depths. At temp-
eratures down to -10°C Cordtex will
remain flexible, but below this figure
will stiffen, and cracking may occur.
Used as an instantaneous fuse between
charges of high explosive, hence
allowing any number to be linked
together, simply by passing the Cordtex
through the centre of each charge, and
on to the next.

It offer a considerable financial
saving in that possibly only one
detonator will be required, the risk of
electrical misfires are greatly
reduced, and charges can be linked over
great distances. Cordtex can be used to

S

form any number of "branch lines, Fig 18-6 Detonator types, showing a
provided that these are made correctly, plain detonator (top), an electric
and that the "streaming" effect of detonator, followed by two electric
Cordtex is taken into account. Such delay detonators with tags showing

"branch" junctions, which can be made
by binding with wire, tape or string,
should be over a minimum distance of

4in(100mm) .

Since on detonation there is a
tendency for the detonation wave passing
down a length of Cordtex to continue on
in a straight line, sharp kinks or bends,
with a radius of less than 4in(100mm)
should be avoided. Neither should Cordtex Fig 18-7 Cordtex "lap" joint
fuse be allowed to lay across itself. In
both cases, the fuse is very likely to
be severed at the point of crossing or
bend, and misfires will result.

.Jdlflﬂyfﬁfllﬁf'"'"*“m”'

Fig 18-8 Cordtex "Y" joint
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Tig 18-10 Cordtex "Clove-hitch" joint

CZordtex Used Underwater

Farticularly valuable in an underwater
snvironment, Cordtex reduces the time
tzken to lay charges, and reduces the
zctual number of electrical -connections
the diver would otherwise have to make.

In bad visibility this can be a
great advantage, and the only consid-
=ration necessary, other than that of
joints and bends, is the possibility
of water ingress of the PETN core of
the fuse. Underwater, a "free" end
of some 4-6ft(1.5-2m) is desirable,
znd if there is the possibility that
the fuse may be left submerged for a
=matter of days, or weeks, then the
free ends should be sealed with special
5lank "caps", obtainable from the
manufacturers, or else a plain det-
onator.

It is essential that the portion
of fuse at the point of detonation is
éry, after which satisfactory init-
iztion will continue from dry to wet
Cordtex, provided they are in the same
section or length. If the Cordtex used
for a branch line is wet, then the
initiation wave will not pass into that
branch, and a misfire will result.

If circumstances are such that
211 the Cordtex available is wet,

Fig 18-11 Attaching an electric
detonator to Cordtex with adhesive
tape. Note the amount of fuse left
as an overhang, to allow for poss-
ible water ingress.

then it can still be used in conj-
unction with a commercial water-
proof primer unit.

Fig 18-12 An alternative method of
attaching a detonator using wire
binding with a "plain" detonator
and a length of safety fuse. Note
that the streaming effect of the
detonator is the reverse of that
shown in Fig 18-11 above

Cordtex is available in rolls of
500£t(152m), which contain 3.51b
(1.65kg) of high explosive, which
must be taken into account when
considering purchases and storage
allowances of explosive material.

SUPERFLEX DETONATING FUSE

This is a special high-energy
detonating fuse developed for the
initiation of slurry type explos-
ives. Similar in comstruction to
Cordtex, it also contains PEIN but



Fig 18-14 A cartridge
primed with

Fig 18-15 Safety fuse,
reel form
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in both coil and

in a larger cross-sectional diam-
eter. It initiates at approximately
21,300£t(6500m) sec, and is easily
identified by its bright red pve
outer sheath.

PLASTIC IGNITER CORD

The greatest disadvantage of using
safety fuse, is the time taken to
"light! a given number of branches
in a multi-shot circuit, and the
difficulty in ensuring initiation
in the desired sequence. Also, in
damp or severe weather conditiomns,
the operator runs a serious risk of
being exposed to the effects of
blast, since the physical "lighting"
of each length of safety fuse can
prove difficult. This can be over-
come by the use of "Fast" or "Slow"
igniter cord, which burns with an
intense flame progressively along
their length once ignited. Used in
conjunction with "Beanhole" conn-
ectors, they offer a safe and
reliable alternative to the "manual”
method.

"Fast" igniter cord burns at
not less than 1.5 sec/ft(4.9sec/m)
and "Slow" igniter cord at a nominal
10sec/ft(33sec/m). Both have excell-
ent water resistance.

If manual initiation of the
plastic igniter cord is not suit-
able, an electric igniter can be
used. These have the outward app-
earance of copper electric detonat-
ors, but have a filling of a burn-
ing composition, and are slotted to
allow for easy crimping on to the
cord.

BEANHOLE CONNECTORS

These are similar in appearance to
"plain" detonators, except that
they are manufactured with a slot
in one end, and have a "flashing"
type compound fitted between the
slot and the open end. Designed to
be used as a means of igniting
safety fuse from plastic igniter
cord, the former is placed and
crimped into the open end, and the
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Tig 18-16 Bean-hole connectors, showing
method offitting safety fuse,
and plastic igniter cord

igniter cord into the slot.

ZXPLODERS

though there are alternative ways of
firing an electrical explosives circuit,
+he use of an approved exploder offers
= number of safety factors.
It has already been stated in
zhe section dealing with electric
Zetonators, that a minimum of 0.5amp
s required to "ignite" the fusehead
d initiate the base charge; this can
5e obtained from a small lead acid
sattery, such as used in a car, or even
some of the larger dry-cells, but none
2f these offer the portability, safety
or reliability of an exploder.
Exploders usually take the form
of an AC generator, built into a
suitable carrying case, and fitted with
= "safety" device regarding the method
of firing. The majority have some sort
»f detachable handle, without which
the device cannot be operated. This
nazndle may be the means of operating
gear-train, which in turn winds up
he generator, or cause a circuit to
harge up a capacitor. Both in turn,
ovide an output of sufficient
ltage and current to meet the minimum
rated output of the particular model.

' O W

Exploders are generally rated as
being "2 shot" or "100 shot" or
what ever capacity stated, which
means they are designed to initiate
as a minimum, 2 electric, or 100
electric detonators in series
connection. They may well fire more
than the minimum number, but are
not designed to do so.

The detachable handle or
similar "safety" device, ensures
that the exploder is incapable of
being used until it has been re-
fitted, and should be retained by
the person in charge of blasting
operations, until it is required for
use.

SHOT FIRING CABLE

This is the cable used to join the
exploder to the detonator initiation
circuit. It should be well insulated
to prevent short-circuits between

the wires, and of choice.should be
twin cable, in the order of 300ft
(100m) in length, and with an elect-
rical resistance of about 2.5ohms

per 300ft length per single conductor.

Resistance greater than this
will lead to a serious voltage drop,
and hence current flow, and may give
rise to misfires, especially if an
exploder is being used at, or close
to, its top capacity rating.

In use shot-firing cables often
suffer cuts and abrasions, and should
be inspected before each firing to
avoid the time wasting business of
misfires etc. The end connections
should frequently be re-made, to give
good electrical contact.

Recent developments, particularly in
the United States, make full use of
the electronic chip, and these
exploders include a circuit tester,
which can be used to check the cont-
inuity of the firing circuit, even
with a detonator included. Whilst
such circuit testers are not a new
idea, their incorporation into the
exploder is, but none of the devices
illustrated in Fig 18-17 are thus
fitted.
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Fig 18-20 Shaped charge explosive unit, for cutting heavy cables underwater,
or small pipes. Hand positioned by divers, with a maximum depth
rating of 1000ft
Igniter (1 per charge section) Charge (2 sections) Ejector mechanism

(fits submersible's claw)

S & A unit
Firing cord

Submersible emplacement
assembly

Fig 18-21 A "Euroshore" roughcut shaped charge for pipe cutting underwater,
specifically designed for submersible vehicle placement
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