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Summarz

The underwater detonation performance of 25 kg charges
having an ANFO explosive called Prillit A as the main
charge and 25 kg charges having a dynamite called Dyna-
mex B as the main charge has been determined. This was
done by detonating the charges at 20 m depth and measuring
the pressure time history 20 m away from the charge. From
the recordings the amplitude and energy in the primary
shock wave and the work done by the expanding reaction
products gas bubble was determined. The results show that
on an equal weight comparison the water shock wave energy
from properly initiated dry Prillit A charges is 95 % of
that for Dynamex B. The gas bubble energy for Dynamex B
detonating LVD (low velocity detonation) (~=2400 m/s) was
30 % higher than when it detonated HVD (high velocity
detonation) ( = 7000 m/s). The gas bubble energy for
Prillit A was 81-88 % of that for Dynamex B detonating
LVD and 106-114 % of that for Dynamex B detonating HVD.

To achieve the same blasting effect in a particular under-
water surface blasting operation where the bottom consists
of a 0.4-1.5 m thick layer of sandstone covering sand
approximatively 10 % more Prillit A than Dynamex B should
be needed.



Introduction

When explosive charges are used in Underwater Surface

Blasting Operations the charges are usually placed directly

on the bottom to be blasted. The detonation of the charge
causes a strong shock wave to spread in the surrounding water
and bottom material. The useful effect of the shock wave in
this application is mainly to cause small cracks in the bottom
material. This preconditions the bottom material for easy
break up by the relatively long duration influence of the
expanding high pressure reaction products gasbubble in con-
tact with the bottom.

In this report the performance of two different explosive
charges have been determined by detonating them confined under
20 m of water at a position halfway between the water surface
and the bottom. The pressure-time record in the water some
distance away from the charges has been measured. From these
recordings the amplitude and energy of the water shock wave

and the work done by the expanding gasous reaction products
(the bubble energy) have been determined. The detonation velo-
city in the explosives was also measured. From these data the
relative efficiency of the two different explosives in a parti-

cular underwater surface blasting operation has been estimated.

Experimental

The overall experimental arrangement is shown in fig 1.

The charges were located at a depth of 20.0 m, 20.0 m

away from the 1/4 inch dia. tourmaline piezoelectric pressure
gage. The instrumentation used to record the pressure time
signals from the gage was placed in a caravan on the shore.
The instumentation used was that conventionally used for

these types of measurements /1/.

Evaluation of Primary Data

The energy E; in the primary water shock when it passes the
gage was determined from the pressure-time record of the

primary water shock at the gage /2/.
2
ES jp dt

The shock energy e, per unit weight of explosive W,is then



defined as

e, = ES/W

Bubble_energy

The bubble energy Eb is defined as the work done in ex-

panding the bubble to its first maximum against the hydro-
static pressure. This energy was determined from the time
interval between the primary water shock wave and that water
shock caused by the first implosion of the gasbubble /3 /.

The bubble energy e;, per unit weight of explosive is determined
as

ey = Eb/W

The peak pressure Pm in the primary water shock wave when it
passes the gage was determined from the pressure time recording
of the primary shock wave. To compare peak pressures of charges
with different weights the scaled peak pressure defined as
PmR
Pn ~ %375

distance between gage and charge
weight of the explosive
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should be used.

Explosive charges

The dimensions and design of the explosive charges is shown

in fig. 2 . Specifications of the explosives material used

is given in table 1 . The Prillit A charges had a booster charge
of Dynamex B. The Dynamex B charges and the Dynamex B_ booster
was initiated either with a detonater no 8 only or with a
detonatar no 8 plus a primer of a high detonation pressure

explosive called Startex.

The charges were usually detonated 20<30 min after they were

immersed to 20 m depth. They were oriented so that the point
of initiation was turned away from the pressure gage.



Results

The results are given in table 2 and in fig. 3,

As can be seen from table 2 the Dynamex B charges deto-
nated in two different modes depending on initiation. A
detonator no 8 only gave a low velocity detonation (LVD)
around 2400 m/s. Introducing a 0.25 kg Startex primer into

the Dynamex B made it detonate at high velocity (HVD) around
7000 m/s. The LVD mode gave a 30 % higher bubble energy than
the HVD mode. Water shock energy at the gage was the same for
LVD and HVD.

The charges having Prillit A as the main charge (shot # 38, 389

and 40) showed some variation in performance.

For shot #+ 38 the Prillit A was contained in a thin polyethylene

bag that was sealed by means of a welding technique. The

relatively low performance of this charge indicates that some

small amount of water may have leaked into the Prillit A charge.

For shot # 39 and 40 a 25 1 polyethylene can with a 1-2 mm

wall thickness was used to contain the Prillit A charge.

In shot # 39 the 6 kg Dynamex B boster was initiated to LVD
and in shot %= 40 the 2.8 kg Dynamex B booster was initiated
to HVD.

In the litterature on underwater performance of explosives
TNT is often used as a standard reference explosive and the
performance of this explosive is well known. The results for
a 15.5 kg and a 45.5 kg TNT charge is therefore also given
in table 2. These results are in good agreement with data
for TNT given by R.H. Cole /2/.

Discussion

Despite the large differences in detonation pressures
between the explosives tested (table 1), the results in
table 2 and fig 3 show that LVD and HVD Dynamex B gave the
same measured water shock energy and that Prillit A gave a value

only 5 % lower than this.

The reason for this small difference in measured water



shock energy between Dynamex B detonating at LVD and

HVD and Prillit A,is the effect of shock energy losses in
the water close to the charge. A high amplitude detona-
tion wave in the explosive (high detonation pressure) as
in HVD Dynamex B, produces a high amplitude shock wave in
the water close to the charge. Due to shock heating of the
water much of the energy in this high amplitude shock wave
is lost as heat to the water. As this shock heating loss
goes down drastically with decreasing detonation pressure
in the explosive’the shock energy, whether in the water
or in rock, some charge radii from the charge has little

relation to the detonation pressure in the explosive.

In an application where the charges will be used to crush
a 0.4-1.5 m thick layer of sandstone of relatively low
strength on top of sand the influence of detonation pres-
sure on the result should therefore be small. The bubble
energy most certainly gives an important contribution

to the fragmentation work in the application considered
and an interesting parameter to consider is the sum of

the water shock energy and the bubble energy (es+e ).

b

A high detonation pressure means that less energy is left
for the expansion of the gasous reaction products (bubble
energy). This is illustrated by comparing the bubble
energies for LVD and HVD Dynamex B. The LVD Dynamex B
gives a 30 % higher bubble energy than the HVD.

[»)

We observe that the HVD Dynamex B gives a 17 % lower
value of the parameter (es+eb) than the LVD Dynamex B,
and that the two differently initiated Prillit A charges

fall in between these extremes.

We can conclude, firstly, that it is better to initiate
Dynamex B to LVD than to HVD. Secondly, to achieve the same
fragmentation in the present application as a given LVD
Dynamex B charge, we will need a charge weight of Prillit A

that is about 10 % greater than the LVD Dynamex B charge.
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