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Abstract: Explosives are mainly used in mining to break rocks, but they are also
a good and cheap source of seismic energy used in seismic exploration to detect
geological conditions underground. They are characterized by high vibration energy
in a very wide frequency band and therefore allow for recording of secondary
vibrations. The most commonly used explosives in geological exploration are
pentolite charges and dynamites. Given that seismic works are most often carried
out in deep and water-filled boreholes, and that the explosive charges themselves
remain equipped with detonators for a long time, which may cause the release
of toxic substances, such as nitroglycerin, 2,4,6-trinitrotoluene or dinitrotoluene
into the natural environment, efforts are being made to find alternative explosives
for seismic exploration puproses. In this case, emulsion explosives seem to be a
reasonable option, since they are a safer and more ecological alternative to classic
explosives, such as dynamites. Their advantage is a high level of safety from
manufacturing, through transport until the use on site, but also the absence of any
explosive particles in their composition. All components are emulsified in a stable
water-in-oil emulsion, so they cannot migrate into groundwater, even after long
term exposure in water-filled boreholes during seismic engineering works. This
paper presents the methodology for testing emulsion explosive charges, in which
conditions of high hydrostatic pressures present in boreholes at great depths were
simulated in field trials. An analysis confirmed that high hydrostatic pressure does
not affect the operating properties of the tested emulsion explosive, which can
be used under critical conditions, such as under water and hydrostatic pressure
conditions, and in cases where environmental protection is particularly important.
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1 Introduction

Identifying geological structures underground is a difficult problem in oil and
gas exploration and development but also in deep mining. Seismic explorations
used to assess the geological conditions of underground structures are a relatively
mature technology. They apply the law of propagation of seismic waves induced
by detonation of explosives in different strata to identify geological conditions
underground [1, 2]. Seismic waves generated by explosives are reflected or
refracted when coming across different strata and return to the surface [3].
Arrival times and velocities are recorded with specialized sensors, allowing for
identification the depths and shapes of the strata to determine their lithology.
Vibroseis is a common alternative to explosives for creating seismic sources [4].
It uses powerful truck-mounted vibrators to create seismic waves instead of
dynamite. Vibrator sources are usually quite expensive for most small-scale
seismic surveys. There are, however, some inexpensive vibrator sources that can
produce any desired seismic time sources, but they are not used on an industrial
scale so far [5]. Another alternative method for mineral resource evaluation is
ground penetrating radar, which transmits electromagnetic waves into the ground
and detect the reflections to study the subsurface. This is an non-invasive method
but its application is limited to relatively shallow exploration [6, 7]. Different
seismic methods have developed considerably and have been applied much more
widely over the past few decades, but they are mostly limited to near-surface
exploration [8]. Geophysical methods are also widely used in mining for various
applications such as deposit mapping, geological fault detection, lithological
mapping, geotechnical evaluation, assessment of the rock mass response to
mining, detection of voids, location of trapped miners, guidance of drills and
mining equipment, as well as detecting and monitoring potential sources of mine
water in-rushes [9-12].

Many scholars have considered replacement of explosives as a source for
underground seismic exploration by other sources [13-15], however, they are
still the most common seismic source in seismic explorations to date. Explosives
provide a high energy, reliable source for seismic waves, especially in challenging
land and swamp environments where other methods may be less effective. Such
explosives for mineral resource evaluation are preferred, which release a great
amount of energy at a minimum charge but also minimize environmental and
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ecological impact. Dynamites and pentolites have been used as a main seismic
sources for a long time due to their relatively good pulse characteristic and high
energy. As confirmed by Zhang et al. [16], selection of the most appropriate
high energy dynamite and borehole depth can both improve the dynamite work
capability and enhance the excitation energy, which is beneficial to generate high
frequency source wavelet with relatively high energy, and to minimize financial
investments. Similar conclusions were drawn by Liu already in 1999 [17]. It has
been observed that the dynamite as a source of seismic energy provide better
data quality than other seismic sources. Even though the dynamite is widely
used in seismic exploration, it is not easy to be controlled to generate an ideal
waveform [18]. However, Quigley and Thompson [19] have recognized that
conventional commercially available seismic explosives were not designed
specifically for seismic requirements. Thus, in the early 2000s, a new high energy
and high performance pentolite seismic explosive product was introduced [20].

The environmental impact of underwater seismological explosion
experiments is significant since it may affect the marine life and underwater
ecosystem [21, 22]. The biggest risk is associated with migration of nitro
esters, nitro compounds or other toxic substances, such as nitroglycerin,
2,4,6-trinitrotoluene (TNT) or dinitrotoluene into the natural environment,
especially underground water. Thus, emulsion explosives seem to be a good
alternative, since they are cheaper, safer and more ecological than conventional
explosives. In fact, emulsion explosives are less energetic than dynamites or
pentolites because of lower density, what is related to higher content of gaseous
voids, which in turn reduces the concentration of energy and leads to lower
blasting effectiveness. However, Taylor et al. [23], almost 80 years ago, have
found from conducted field tests that ground amplitude measured in seismic
exploration is practically independent of the velocity of detonation (VOD) of
explosives. Do Couto ef al. [24] have made comparative tests of two different
explosive sources, i.e. emulsion and pentolite based explosives. Results showed
that the energy of pentolite is relatively smaller than that of emulsion explosive.
This proves that emulsion explosives are suitable for seismic exploration purposes
from both energetic and environmental point of view.

Hydrostatic pressure is a critical factor in underwater blasting that is
especially important in the seismic explorations, where blasting is conducted
in a rather deep and water-filled boreholes. In such a conditions, explosives
performance described by VOD and brisance will drop. Moreover, the density
of explosive will increase, and therefore initiating sensitivity will be reduced.
It should, however, be noted that VOD of explosive for seismic exploration
purposes should be constant on the entire length of explosive column. Hydrostatic

Copyright © 2026 Lukasiewicz Research Network — Institute of Industrial Organic Chemistry, Poland



Study of the Effect of Hydrostatic Pressure on the Stability of the Operating... 47

pressure increases by approximately 10 kPa for every meter of water depth,
and even 20% more in brine water. Thus, emulsion explosive used in deep-hole
blasting should be characterized by appropriate compression resistance, since
the detonation parameters fall at high hydrostatic pressures, leading to complete
loss of detonation ability.

The current state of knowledge in the field of emulsion explosive behaviour
under hydrostatic pressure conditions is rather limited. Liu et al. [25, 26]
developed the experimental method and constructed explosive ball tank that
can simulate underwater blasting at different depths. The obtained results are
very promising and allow to use the small-size models to simulate real blasting
engineering and evaluate the performance of explosive. Detonation performance
of bulk emulsion explosives under hydrostatic pressure condition was also
assessed by Ali et al. [27]. They performed the tests using hydrostatic pressure
apparatus in which explosive samples were placed and the desired pressured
was applied. After certain time, the pressure was released and the VOD was
measured. In fact, such conditions do not reflect real conditions present inside
the borehole and should be treated as only some approximation. Thus, in this
paper the effect of hydrostatic pressure on the VOD and stability of the seismic
emulsion explosives has been verified and evaluated using the disposable
hydrostatic pressure devices designed and manufactured for the purpose of the
tests. Such an advanced research equipment enables to reflect conditions observed
in water-filled boreholes at the depth of 50 and 100 m below the ground.

2 Materials and Methods

The main problem when using seismic explosives is the extended dwell time
(up to several weeks) in water-filled boreholes at depths of 50 m and more. In
such conditions, several technical and physical challenges arise. The explosive
charges equipped with detonators are subjected to long-term exposure to water
and increased hydrostatic pressure, and after a standby period they must be
reliable and able to perform mechanical work, generating strong enough seismic
impulse. When developing technologies for the manufacturing of such charges
based on emulsion explosives, the above factors should be taken into account
in order to identify and select the appropriate final form. The requirements for
such explosives are primarily a stable over time VOD, which should achieve
5,500 m/s. In this case, quality control and ensuring that tests are carried out
in conditions as close as possible to conditions in which seismic explosives are
used are very important. This paper describes the developed methodology for
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testing seismic charges subjected to hydrostatic pressure for operating conditions
prevailing in one of the seismic site.

The research was conducted in the NITROERG company test site in Bierun,
Poland. The subject of the study was selected seismic emulsion explosive
sensitised with glass micro-balloons. Plastic-coated charges with a mass of 2
kg and diameter of 57 mm can be used as a pressurised material at a maximum
hydrostatic pressure of 0.5 MPa for 10 days. Selected parameters of the tested
explosive are shown in Table 1.

Table 1.  Selected parameters of the tested explosive based on technical data sheet

Density [g/cm?] 1.10-1.25
VOD [m/s] 5,500
Relative Weight Strength [%RDX] > 60
Impact sensitivity [J] >30
Friction sensitivity [N] > 360
Thermal stability 48 hat75 °C
Oxygen balance [%] -2.38
Volume of gaseous products of explosion [dm*/kg] 870
Heat of explosion [kJ/kg] 3,093
Concentration of energy [kJ/dm?] 4,820
Specific energy [kJ/kg] 760

For the purposes of the research, a total of 40 plastic-coated cartridges with
a diameter of 57 mm and a weight of 2 kg were produced. In order to reflect the
operating conditions in water-filled boreholes, special disposable pressure pipes
were developed and manufactured according to the diagram shown in Figure 1.
The body was made of a plastic pipe threaded on both sides. External diameter of
the pipes was 80 mm, length 800 mm and wall thickness 1.8 mm. Steel end caps
were screwed onto both ends, one of which was equipped with a sealing socket
and compressed air inlet valve. The socket was used to bring out the wires from
the detonator and the wires for measuring the VOD. The connection between the
pipe and the end caps was additionally sealed with thread sealant. Each sample
consisted of two coupled cartridges using cartridge-to-cartridge thread with a total
mass of 4 kg. Cartridges with seismic electric detonators were placed in the pipes,
which were then filled with water. After tightening the caps, the pipes were filled
with compressed air using air compressor at the specified pressure, i.e. 0.5 MPa
and 1 MPa (8 samples for a given pressure). Method of sealing the flange and wires
is shown in Figure 2, while experimental setup showing explosive charge with
detonator in a water-filled pipe and pressurization using compressor in Figure 3.
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Figure 1. Scheme of the pipe used for testing emulsion explosives under
hydrostatic pressure

Figure 3. Explosive charge in a water-filled pipe and application of pressure
using compressor
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One additional sample was prepared for visual evaluation of the plastic
coating of cartridge subjected to a pressure of 1 MPa for a period of two weeks.
Samples were equipped with fibre optic cables for VOD measurements using
a Explomet-Fo-2000 speedometer produced by Kontinitro AG. This start-stop
system involves measuring the time intervals between the illumination of two
fibre optic sensors located in the explosive sample at a known distance produced
by the shock wave travelling through explosive sample. In this system, the first
optic fibre to be illuminated gives the starting signal and the other fibre gives
the stop signal. This allow measuring the time intervals (in ps) between the
illumination of two optic fibres and calculates the VOD in m/s. Figure 4 shows
the prepared samples after charging and after pressurization to the desired
pressure value.

Figure 4. View of the charged and pressurized explosive samples

Following sample preparation, they were stored horizontally in a explosives
depot with a constant ambient temperature of approximately 15 °C. The VOD
tests were conducted at 2- and 4-week intervals. The first set of measurements
involved firing of 8 samples, i.e. 4 samples for each hydrostatic pressure tested.
Prior to firing, the pressure values were verified using the pressure gauge. It
was confirmed that pressure leaks did not exceed 3%. Samples were placed
horizontally on the ground of experimental test site and covered with 30 cm
layer of sand for noise requirements. The samples were fired in the same way
after 2 weeks.
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3 Results and Discussion

The results of VOD of the pressurized explosive samples measured in a given time
are shown in Table 2. The measured VOD’s for all tested samples ranged between
5,520 m/s and 5,550 m/s. For samples detonated after 14 days of exposure, the
average VOD was approximately 5,540 m/s at 0.5 MPa and 5,538 m/s at | MPa.
Then, after 28 days of exposure, the average VOD values were approximately
5,533 m/s for 0.5 MPa and 5,535 m/s for 1 MPa. The observed variations within
each series did not exceed +15 m/s, corresponding to less than 0.5% relative
deviation. The narrow range of obtained values indicates high repeatability of the
results and confirms stable detonation propagation in all tested configurations. No
signs of detonation failure, partial detonation, or desensitization were observed.

Table 2.  Results of VOD tests in relation to applied pressure and storage time
VOD [m/s]
Sample # 14 days 28 days

0.5 MPa 1 MPa 0.5 MPa 1 MPa
1 5,530 5,540 5,540 5,530
2 5,550 5,540 5,530 5,540
3 5,530 5,520 5,540 5,520
4 5,550 5,550 5,520 5,550

Comparison of the results obtained at 0.5 MPa and 1 MPa shows no
significant influence of hydrostatic pressure on the VOD of the tested explosive.
Differences between the average VOD’s at the tested pressures were limited
to a few m/s and are within the expected measurement uncertainty of the
VOD meter used. No systematic trend of increasing or decreasing VOD with
increasing hydrostatic pressure was observed, either after 14 or after 28 days of
exposure. This indicates that hydrostatic pressure corresponding to depths up
to 100 m does not affect the detonation characteristics of the tested emulsion
explosive. This can be attributed to the inherent physicochemical stability of
water-in-oil emulsion, in which the oxidizer phase is effectively isolated from
the surrounding environment, limiting water ingress and preventing migration
of reactive components.

The comparison between measurements performed after 14 and 28 days
of exposure shows no evidence of performance degradation over time. The
VOD values remained essentially constant, with differences between the two
exposure periods remaining below 10 m/s for both pressure levels. Thus, it may
be stated that prolonged exposure to water and hydrostatic pressure does not
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lead to negative physicochemical changes in the explosive matrix, such as phase
separation, water migration into sensitizing structures, or loss of detonation
stability. All the tests revealed fully developed and stable detonation, as indicated
by almost constant VOD values for all samples and test conditions. Since no
measurable effect of hydrostatic pressure on VOD was observed, one may
conclude that, within the tested pressure range, compression of the emulsion
matrix and sensitizing gas voids does not reach a level sufficient to disrupt the
detonation front or significantly alter kinetics of the reaction. This is consistent
with previous literature findings indicating that, for seismic applications, the
quality and amplitude of generated seismic waves are not directly governed by
small variations in VOD. From an implementation perspective, the results confirm
that the tested emulsion explosive maintains reliable detonation performance in
water-filled boreholes subjected to hydrostatic pressures up to 1 MPa for exposure
times of at least four weeks. This is particularly important for seismic applications,
where controlled energy release and stability of the waveform characteristics
are critical. This proves that tested emulsion is suitable for seismic exploration
purposes from energetic point of view.

One additional sample, which was prepared for visual evaluation of the
plastic coating of cartridge subjected to a pressure of 1 MPa was opened after
two weeks of storage and the explosive charge was taken out. It was observed
that the plastic coating was deformed as a results of exposure to the applied
pressure (Figure 5(a)). The deformation occurred at the location where the coating
wall was the thinnest, without any measurable reduction in charge diameter
or detonation capability. Therefore, clear pressure sample was constructed in
order to observe the behaviour of the cartridge subjected to hydrostatic pressure
of 1 MPa (Figure 5(b)).
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deformations
of the pipe

(b)

Figure 5. View of the clear test pipe subjected to hydrostatic pressure of
1 MPa (a) and deformation of the explosive charge removed from
the test pipe (b)

The results of visual inspection show that deformation of the plastic coating is
minimal, and pressures of up to 1 MPa should not affect the detonation capability
due to a reduction in diameter. Moreover, it can be stated that the current design
of plastic coating already provides sufficient structural integrity for deep water-
filled boreholes up to 100 m. The water resistance of the sample sealing was also
assessed. Inspection after opening revealed minor water presence. However, the
water did not migrate into the emulsion matrix. It means that the applied sealing
provided appropriate water resistance, as no migration of water into the internal
structure of the emulsion was observed.

The conducted research shows that hydrostatic pressure up to 1 MPa has
no significant effect on the VOD of the tested seismic explosive. Extended
exposure times of up to 2 weeks under the critical test conditions do not lead to
measurable degradation of detonation performance. Tested emulsion explosive
exhibits high detonation stability and repeatability, confirming its suitability
for seismic applications in deep, water-filled boreholes. It may be expected
that at much higher hydrostatic pressures, additional effects such as increased
matrix compaction or reduced sensitization efficiency could become relevant.
However, such conditions were beyond the scope of the present study and require
further investigations.
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Conclusions

Presented study investigated the influence of hydrostatic pressure and
exposure time on the detonation stability and operating properties of
a seismic emulsion explosive intended for use in deep, water-filled boreholes
as a sources of seismic energy. Field-scale experiments were conducted
using specifically designed disposable pressure pipes that enabled realistic
simulation of hydrostatic pressures corresponding to water-filled boreholes
at the depths of 50 and 100 m.

The VOD measurements were performed after 2 and 4 weeks of storage
under hydrostatic conditions. The results have shown that the tested emulsion
exhibits stable detonation behaviour, with negligible variation in VOD
among the considered pressures and exposure periods. Additional visual
inspections confirmed that mechanical deformation of the cartridge coating
under pressure was minor and did not compromise its detonation capability.
This confirms that any potential ingress of water should not result in a loss
of explosive performance.

An analysis confirmed that seismic emulsion explosives constitute a reliable
and environmentally favourable alternative to conventional seismic
explosives, mainly in applications, which require long dwell times under
high hydrostatic pressure conditions. Emulsion explosives represent the
most economical option for seismic applications, however, they require
improved charge sealing to ensure reliable performance under water-filled
borehole conditions. The critical element is the sealing between the plug
and the detonator socket. Water migrating under such pressure may capable
of damaging the emulsion structure, which may result in a lower initiation
capability in the most critical area, particularly in the vicinity of the detonator.
The lack of degradation over time further indicates that prolonged exposure
to hydrostatic pressure does not promote phase separation or chemical
destabilization of the emulsion matrix. This is of particular importance in
seismic prospecting, where explosives may remain in boreholes for extended
standby periods prior to firing. In contrast to conventional dynamites or
pentolite-based explosive, which may pose environmental risks due to the
potential migration of nitro compounds into groundwater as well as surface
waters, the tested seismic emulsion explosive exhibits a high degree of
environmental robustness and containment stability.

Overall, the findings confirm that emulsion explosives represent a technically
feasible and environmentally favourable alternative to conventional seismic
explosives for use in deep, water-filled boreholes. Their resistance to
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hydrostatic pressure and long-term water exposure, combined with stable
energy release and repeatable waveform characteristics, proves their
relevance for seismic exploration purposes, particularly in environmentally
sensitive areas. Future research should focus on testing the VOD using
continuous method to verify possible changes of the VOD along the entire
sample and/or extending the exposure times, and correlating detonation
parameters with recorded seismic signal characteristics to further optimise
emulsion-based seismic source.
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