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(54)
MARX GENERATOR

(57)  According to an embodiment a method is dis-
closed for determining an efficiency of a drilling process
performed by an electro pulse drill driven by a Marx
generator (100) provided to produce an electric dis-
charge current (200, 300) penetrating a medium, the
current (200, 300) flowing between a drill tips and the
electric discharge current (200, 300) originating from a
high-voltage pulse generated by the Marx generator
(100) comprising a set of spark gaps (110-113) between

DETERMINING THE EFFICIENCY OF A DRILLING PROCESS PERFORMED BY THE USE OF A

capacitors (130-133), the method comprising the steps of
capturing radiation at a Marx generator spark gap (110)
being produced when the generator (100) discharges;
filtering the captured radiation at a predefined wave-
length; and measuring a duration of a time period during
which the filtered radiation is above a predefined thresh-
old when the electric discharge current flows between the
drill tips; determining the efficiency of the drilling process
based on the measured duration (201, 301).
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Description

Field of the Invention

[0001] The present invention relates to a drilling pro-
cess by use of a high voltage Marx generator. More in
particular, the invention relates to a method for determin-
ing the efficiency of said drilling process.

[0002] Itfurtherrelates to a data processing apparatus
configured for performing said method. Additionally, the
invention relates to a drilling apparatus comprising said
data processing apparatus or configured to exchange
and interact with said data processing apparatus.

Background

[0003] A Marx generator is an electrical circuit config-
ured to generate a high-voltage pulse from a low-voltage
DC supply. The high-voltage pulse is generated by the
circuit by charging a number of capacitors in parallel, and
subsequently connecting them in series. This connection
into series is performed by spark gaps, which are used as
switches. At first, a number of capacitors are charged in
parallel to a voltage V, by a DC power supply through
resistors or coils. The spark gaps used as switches have
the voltage V, across them, but the gaps have a break-
down voltage greater than V.. Hence, they all behave as
open circuits while the capacitors charge. To create the
high-voltage pulse, the first spark gap is caused to break
down, thereby placing the first two capacitors in series
and thus applying a voltage of 2V, across the second
spark gap. Consequently, the second gap breaks down to
add the third capacitor to the stack. Each stage adds its
voltage to the previous stage’s voltage, resulting in a
cumulative multiplication of the voltage. This makes
the Marx generator capable of producing extremely high
voltages. Due to their ability to generate extremely high
voltages and deliver powerful electrical discharges, Marx
generators are intricate and complex devices that require
careful design, engineering, and safety considerations to
operate effectively and safely.

[0004] WO2023/073114A1 discloses a high-voltage
pulse generator of the Marx type and a method of oper-
ating such a high-voltage pulse generator. Such high-
voltage generators have numerous possible applica-
tions, such as for instance electro-pulse drilling.

[0005] Electro-pulse drilling is a drilling method in
which a medium, such as rock or concrete, is broken
by a powerful high-voltage electric discharge current
generated by a Marx generator. The current travels from
one electrode to the other electrode through the medium.
The electrodes are arranged in such a way that at least
one of them is in contact with the medium. This way the
discharge current may travel through the medium.
[0006] InWO2023/052412A1 amethod and system for
electro-pulse drilling is disclosed.

[0007] A disadvantage of the method disclosed in
W02023/052412A1 is that the current delivered at the
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drillhead may also travel through a surrounding medium,
like for example air, water, and/or a flushing fluid. When
this happens the part of the discharge current passing
through the surrounding medium is not productive for the
drilling process. This may give rise to a decreasing rate of
penetration and/or the drilling process may even come to
a standstill while consuming time and energy.

[0008] In a practical drilling operation, the drill head
with electrodes is located within a bore hole when per-
forming the electro-pulse drilling process, and the elec-
trodes are not visible and not accessible for a drill head
operator. Therefore, one needs to be able to determine
the rate of penetration (ROP) from outside of the bore-
hole. However, the ROP is in the order of magnitude of
only a few meters per hour and the ROP is not constant
but usually shows some variations over short time per-
iods. Additionally, the movement of the drill head through
the medium is not a straight constant movement, but may
involve waggling, rocking or oscillating. As a result, in
order to determine a usable, meaningful ROP, long mea-
surement periods may be required, for example 10 min-
utes or more which is impractical in practice. Besides this
the rocking of the drill head distance impedes an accurate
measurement of the distance over which the drill head
has progressed. As aresult the measurement of the ROP
when carried from outside the borehole is inaccurate and
lengthy.

[0009] InUS2016377389A1 a system and method are
disclosed for providing a mobile means to produce a high
voltage electric discharge capable of disabling or de-
stroying electric devices, detecting conductors and/or
initiating detonation of an explosive device. The Marx
generator disclosed therein includes a luminance meter
configured to monitor the relative luminance of one or
more spark gaps for determining the efficiency of the
drilling process. Since the drilling process is performed
in a hostile, heavily polluted environment, the Marx gen-
erator becomes contaminated in the course of time. This
is a disadvantage because it makes monitoring the re-
lative luminance more complex.

[0010] There is thus a need for a method which is
suitable for determining an efficiency of a drilling process
performed by an electro pulse drill comprising a drill head
driven by a Marx generator, in a polluted environment.
[0011] Itis therefore an object of the present invention
to alleviate the above and other disadvantages and to
provide a method for determining an efficiency of adrilling
process performed by an electro pulse drill comprising a
drill head driven by a Marx generator.

Summary of the Invention

[0012] This object is achieved, in a first aspect, by the
method according to the first claim for determining an
efficiency of a drilling process performed by an electro
pulse drill comprising a drill head driven by a Marx gen-
erator, wherein the drill head is provided to produce an
electric discharge current penetrating a medium to be
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drilled, the electric discharge current flowing between a
firstand second drill tip of a pair of drill tips and the electric
discharge current originating from a high-voltage pulse
generated by the Marx generator comprising a set of
spark gaps between capacitors, the method comprising
the steps of:

- capturing radiation at a Marx generator spark gap,
the radiation being produced when the Marx gen-
erator discharges;

- filtering the captured radiation at a predefined wa-
velength; and

- measuring a duration of a time period during which
the filtered radiation is above a predefined threshold
when the electric discharge current flows between
the drill tips;

- determining the efficiency of the drilling process
based on the measured duration.

[0013] According to the present invention, the term
efficiency is a concept that can not only be measured
but can also be quantitatively determined by a ratio of
useful output over total input or total useful input. Itis a
measurable parameter which permits minimising the risk
to wasting materials, energy, efforts, money, and time
while, in this case, performing or carrying out a drilling
process. With the method of this invention the efficiency
of the drilling process, in particular the ratio, can also be
determined indirectly, meaning that the output as well as
the input don’t need to be quantified, and thus that the
efficiency itself is also determined indirectly.

[0014] An object of the invention is to quantify the
extent or amount to which the electric discharge current
produced by the Marx generator is capable of penetrating
the targeted medium. Another object of the invention is to
provide real-time feedback on the efficiency or perfor-
mance of the drill head. In the context of the invention the
term performance refers to the efficiency, and thus to the
amount of electric discharge current that is capable of
penetrating the medium to be drilled, versus the amount
of electric discharge current that travels through a med-
ium surrounding the targeted medium to be drilled. The
surrounding medium may for example be air, water, or a
flushing medium, whereas the targeted medium may for
example be a rock, underground sail, etc.

[0015] Itisafurtherobjectoftheinvention, althoughthe
efficiency is measurable and therefore able to be ex-
pressed in a number, an amount, and/or a value, to
provide an indication of the effectiveness of a drilling
process, for example whether a drilling process is either
running efficient or not without explicitly expressing this in
a number, an amount, and/or a value, as will be further
discussed below.

[0016] The drilling process is performed by an electro
pulse drill comprising a drill head driven by a Marx gen-
erator. An electric discharge currentthat originates froma
high-voltage pulse generated by the Marx generator is
guided to the drill head comprising a first and second drill
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tip. When drilling, the drill head is placed adjacent to the
surface of the medium to be drilled, and the high-voltage
pulse is applied between the drill tips. This results in the
electric discharge current and subsequently in one or
more electric arcs for breaking up the surface. Differently
formulated, the electric discharge current flows between
the first and second drill tip of a pair of drill tips and
penetrates the medium to be drilled.

[0017] As explained in the background section, the
high-voltage pulse is generated by the circuit by charging
a number of capacitors in parallel, and subsequently
connecting them in series performed by the spark gaps,
which are used as switches. In the context of this inven-
tion, the Marx generator is therefore a known one. How-
ever, according to a new and inventive feature, the meth-
od of this invention further comprises the step of captur-
ing radiation produced at at least one of the spark gaps
and to determine the efficiency of the drilling process
based on that captured radiation.

[0018] Said radiation is produced when the Marx gen-
erator discharges, thus when the electric discharge cur-
rent is produced that originates from the high-voltage
pulse generated by the Marx generator. Radiation means
the emission or transmission of energy in the form of
electromagnetic waves through the medium surrounding
the spark gaps. The emitted radiation may have a wa-
velength of a certain band width, which may be narrower
or broader. Radiation may however also be emittedin one
single wavelength region, or in various wavelength re-
gions. Inthe context ofthe invention, the emitted radiation
can have a wavelength in the region of visible light, but
instead or additionally the emitted radiation may have a
different wavelength such as infrared or ultraviolet. The
discharge current not only produces a spark at the drill
tips, but also over the spark gaps of the Marx generator.
As all spark gaps are connected in series at the time of
discharge, the current is more or less identical in all
sparks, including the spark or sparks involved in pene-
trating the medium in which drilling is carried out. It should
however further be understood that small differences
may occur between sparks due to parasitic capacitances
and inductances of the Marx generator and drill head.
However, in the context of this invention itis sufficient that
radiation is captured at the location of at least one of the
spark gaps.

[0019] In a next step, the captured radiation may be
filtered at a predetermined wavelength or wavelength
band width. This predetermined wavelength may be
selected from a range of available wavelengths and is
usually selected depending on the nature of the medium
surrounding the spark gaps. Since the produced high-
voltages need to be electrically isolated within the Marx
generator, the Marx generator is commonly immersed in
high pressure dielectric gas such as sulphur hexafluoride
SFg, or nitrogen N. When the sparks are produced in the
spark gaps, a plasma or electromagnetic radiation is
generated, the wavelength of which varies with the nat-
ure of the dielectric gas. The plasma spectrum and the
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wavelength of the radiation is therefore known in ad-
vance as it is known to depend on the nature of the
dielectric gas. For example, when the dielectric gas
comprises nitrogen, the spectrum of the plasma is stable
over a predefined width at 550nm, such that the prede-
fined wavelength of the sensor used to capture the radia-
tion will correspond to this width at said wavelength.
[0020] Where the captured radiation is filtered at a
certain wavelength width, the band wavelength with is
preferably as small as possible to provide optimal repro-
ducibility of the measurement. The inventors have ob-
served that the broader the band with, the larger the
variation. The broader the band with, the larger the
duration of the time period may be. Examples of suitable
band widths are 50-100 nm. Note however that the pre-
sence of a dielectric gas is not a prerequisite of the
claimed invention. Although less preferred, the spark
gaps may also be surrounded by air, and the radiation
of ionized air when the spark gaps are broken down may
be captured. Because air is composed of several gasses,
the radiation thus produced may have a broader wave-
length distribution. Yet, when the Marx generator is im-
mersed in a dielectric gas, the predefined wavelength
corresponds to the wavelength of the light that is emitted
during relaxation of the dielectric gas that has been
excited during discharging of the Marx generator.
[0021] In a next step, a duration of a time period is
measured, during which the filtered radiation is produced
and in which the intensity of the produced radiation ex-
ceeds a predefined threshold when the electric discharge
current flows between the drill tips.

[0022] It has been observed by the inventors that the
duration of said time period during which the filtered
radiation is produced and in which the intensity of the
produced radiation exceeds a predefined threshold is
noticeably shorter when the current penetrates a solid
targeted medium to be drilled compared to penetrating
water, air, oil, and/or a flushing fluid. Thus, by looking at
the duration of said time period during which the intensity
of the filtered radiation exceeds a predefined threshold, it
can be deducted therefrom if the discharge current is
penetrating a targeted medium or not, or whether a
combination of media is penetrated. In other words,
the efficiency of the drilling process can be determined
based on the measured duration during which the inten-
sity of the filtered radiation exceeds a predefined thresh-
old.

[0023] The threshold can be set arbitrarily and is de-
termined by a calibrating step. Experimentally is has
been noticed that there is a significant distinction be-
tween the duration of radiation emitted at the spark gaps
when the electric current penetrates the targeted med-
ium, versus the duration of radiation emitted at the spark
gaps when the electric current does not penetrate the
targeted medium but flows through a surrounding med-
ium like air. It has been further observed that when
executing successive tests the duration of radiation
emitted at the spark gaps when the electric current pe-
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netrates the targeted medium maintains the same char-
acteristics. Thus prior to the drilling process, the steps of
capturing and filtering can be performed by the drill
operator by placing the drill head adjacent to the targeted
medium to ascertain that the electric discharge current
penetrates the medium to be drilled. Next, these steps
are likewise performed by holding the drill head away
from the medium to be drilled at a distance from the
medium to be drilled, thus in the surrounding medium.
The responses of the steps described above are pro-
cessed such that a set of different time periods (reference
time period) is obtained. Since the responses of the steps
when holding the drill head adjacent to the targeted
medium are different than the responses when the drill
head is held away from the targeted medium, a set of
reference time periods is obtained from which one part
may be linked to an efficient drilling operation when
penetrating the targeted medium, while the other part
corresponds to an inefficient drilling operation linked to
penetrating the surrounding medium to a certain extent.
Based thereon the predefined duration for the measuring
step, and therefore also for the determination of the
efficiency can be assessed or a window within which
the duration of the measurement should proceed can
be determined or defined. Further note that due to this
calibration step, it is not needed to obtain an exact value
of the threshold, since the responses when penetrating
the targeted medium remain identical. Differently formu-
lated, there is no need to perform a measurement of
absolute values. One only needs to set the threshold
arbitrarily with the single restriction that sensor should
capture the radiation. It should be understood that when
the threshold is above a certain level of sensitivity, no
radiation will be captured whatsoever, which needs to be
avoided. Finally, the measured duration can be com-
pared with the determined or reference duration which
corresponds to the current penetrating the medium to be
drilled. When the measured duration corresponds to the
reference duration, it can be concluded that the drilling
process is performed in an efficient manner. When the
measured duration is longer than the one determined
through the calibration step, the drilling process is not
performed in an efficient manner. Further note that when
the measured duration is significantly shorter than the
one determined through the calibration step, it can also
be deducted therefrom that the drilling process in not
performed in an efficient manner and that, for example, a
technical defect is present in the generator, like an inter-
nal short circuit.

[0024] It should be further noted that based on the
measured duration it is also possible to determine the
nature of the medium, i.e. whether it is granite, marble,
mainly sand or any other medium. A database compris-
ing a set of time periods and corresponding mediums
could be created as a derivative of the claimed method.
[0025] Next, according to an embodiment, a warning
sign can be produced when the measured duration de-
viates from a predefined window. This way, the drill
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operator is triggered when the drilling process is not
performed in an efficient manner as defined.

[0026] Different advantages are identified.

[0027] Firstly, the present invention relates to the dril-
ling of holes or gaps or pipes or similarin a medium, in the
course of the drilling process the drill head with the drill tip
is usually situated/located in abore hole. An advantage of
the method of this invention is that the efficiency can be
determined for every spark at any time during the drilling
process Thereby, the drill head does not to be visible to
the drill operator. Nevertheless a real time feedback on
the performance of the drilling process is provided.
[0028] Furtherthereis no need to measure the current
flowing to and from the drill tips by using a current pulse
transformer, as is done in the art. Such current pulse
transformers are bulky as they need to provide sufficient
electric isolation from the high-voltage line on which they
are mounted. Further, as the Marx generator and the drill
head are close to each other, this is inside the borehole, a
long well electrical isolated cable would be required from
the current pulse transformer to a data acquisition system
outside the borehole. A bulky transformer is not an ideal
solution for use in a bore hole being a hostile environ-
ment. An advantage of the claimed method is therefore
that the current signal is converted into an optical signal,
being the captured radiation. Optical signals provide
excellent electric isolation and electromagnetic interfer-
ence, EMI, and/or electrostatic discharge, ESD, immu-
nity. Furthermore, some dielectric gasses give rise to the
production of radiation having a wide spectrum. Hence
no lens is needed for compressing the bandwidth. This is
another advantage of the invention since this would be
expensive and leads to losses.

[0029] A third advantage is that the efficiency may be
measured inside the Marx generator by capturing the
radiation within the device instead of at the drill head,
although itis underground. Since, as already highlighted,
the bore hole is a hostile environment, in particular the
drill tips, such that a measurement at that location should
be avoided.

[0030] Accordingtoasecond aspectofthe invention, a
data processing apparatus is disclosed comprising
means for carrying out the steps of:

- measuring a duration of a time period of filtered light
being above or below a predefined duration, the
filtered light obtained according to the steps of the
method of the first aspect;

- performing the step of determining the efficiency of
the drilling process according to the method of the
first aspect.

[0031] This data processing apparatus can be placed
remotely from the Marx generator and the drill head, such
that the data can likewise be processed remotely. The
captured light can thus be safely transported towards this
data processing apparatus outside the borehole. This
transport can for example be performed by an optic fibre.
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It can then be decoded by a photo diode or photo tran-
sistor circuit and converted to a logic level. The discharge
current may oscillate due to parasitic inductance of the
setup but it is converted to a steady logic level by the
spark’s radiation. The duration of the time period of the
filtered light can be measured by a pulse length measure-
ment device providing a resolution of preferably at least
100ns. The pulse rate can also be measured and pro-
vides fastfeedback on the drilling process when using the
Marx generator without the need to wait for slower rate of
penetration measurement.

[0032] Anotheradvantage thereofis thatit providesthe
ability to evaluate spark efficiency to the drill head op-
eratorinreal time. This way, he can adjust settings for the
drill head and/or Marx generator, for example by increas-
ing or decreasing the spacing between the drill head and
the targeted medium, to rotate the drill head, to adjust the
ignition high-voltage, and/or to adjust the dielectric gas
pressure inside the Marx generator. The result of one or
more of these adjustments can be immediately evaluated
and if successful the drillhead can be repaired without the
need for further observation and/or delays.

[0033] Furthermore, the space requirements in the
borehole for a filter and optic fibre are very low compared
to those of a current sensor.

[0034] According to an embodiment, the means are
further configured to carrying out the step of triggering a
warning sign according to the method of the first aspect,
and/or comparing the measured duration with a set of
reference durations obtained by the calibration step of
the method of the first aspect.

[0035] According to a third aspect, a drilling apparatus
is disclosed comprising:

- a Marx generator comprising a set of spark gaps
between capacitors;

- adrillhead comprising a firstand second drill tip to an
output of the Marx generator configured to cause
breaking of a medium penetrated by an electric dis-
charge current flowing between the drill tips;

- an optic fibre configured to capture light at a spark
gap;

- connecting means for transmitting the captured light
to the data processing apparatus according to the
second aspect.

[0036] The connecting means allow to process the
information obtained by the captured radiation remotely
from the drilling apparatus itself, as already highlighted
above.

[0037] According to an embodiment, the drilling appa-
ratus further comprises an optical light filter between the
optic fibre and the spark gap, the optical light filter con-
figured to filter the captured light at a predefined wave-
length. This way, no lens or transducer are needed.
Furthermore, this setup is not sensitive to infrared glow.
[0038] According to embodiment, the drilling appara-
tus may also comprise the data processing apparatus
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according to the second aspect of the invention.

Brief Description of the Figures

[0039] The invention will be further illustrated with re-
ference to the figures, wherein:

Fig. 1 illustrates a one-wire diagram for the optical
measurements for the determination of the efficiency
of a drilling process using a Marx generator.

Fig. 2 illustrates graphs of a current respectively an
optical signal derived from a spark penetrating a non-
targeted medium; and

Fig. 3 illustrates graphs of a current respectively an
optical signal derived from a spark penetrating a
targeted medium.

Detailed Description of Embodiments

[0040] The present invention will be described with
respect to certain embodiments and with reference to
certain figures, but the invention is not limited thereto and
is defined only by the claims. The figures described are
only schematic and non-limiting. In the figures, the size of
certain elements may be exaggerated and not drawn to
scale for illustrative purposes. The dimensions and re-
lative dimensions do not necessarily correspond to actual
practical embodiments of the invention.

[0041] Inaddition, the terms first, second, third and the
like are used in the specification and in the claims to
distinguish between like elements and not necessarily to
describe a sequential or chronological order. The terms
are interchangeable under appropriate circumstances
and the embodiments of the invention may be used in
sequences other than those described orillustrated here-
in.

[0042] Furthermore, the terms top, bottom, over, below
and the like in the specification and claims are used for
illustrative purposes and not necessarily to describe
relative positions. The terms so used are interchange-
able under appropriate circumstances, and the embodi-
ments of the invention described herein may be used in
orientations other than those described or illustrated
herein.

[0043] Further, although referred to as "preferred em-
bodiments", the various embodiments are to be con-
strued as exemplary in which the invention may be prac-
ticed rather than as a limitation on the scope of the
invention.

[0044] The term "comprising”, used in the claims,
should not be construed as being limited to the means
or steps set forth below; the term does not exclude other
elements or steps. The term should be interpreted as
specifying the presence of the named features, ele-
ments, steps, or components referred to, but does not
exclude the presence or addition of one or more other

10

15

20

25

30

35

40

45

50

55

features, elements, steps or components, or groups
thereof. The scope of the expression "a device compris-
ing means A and B" should therefore not be limited to
devices consisting only of the components A and B. The
meaning is that with respect to the present invention only
the components A and B of the device are listed, and the
claim is further to be interpreted as including equivalents
of these components.

[0045] Fig. 1 illustrates a one-wire diagram for the
optical measurements for the determination of the effi-
ciency of a drilling process using a Marx generator 100.
The Marx generator 100 is an electrical circuit to generate
a high-voltage pulse from a low-voltage DC supply 102.
The high-voltage pulse is made available at location 101
such that it can further be guided towards the drill head
103. This drill head 103 comprises electrodes or drill tips.
When performing an electro-pulse drilling process by use
of the Marx generator, the drill head 103 is situated within
a bore hole or drill well 104. The drill head 103 is placed
adjacent to a medium targeted for cracking or bursting it.
[0046] The cracking or bursting occurs when an elec-
tric discharge current penetrates the targeted medium.
This electric discharge current on its turn originates from
the high-voltage pulse generated by the Marx generator
100. The latter is produced by a number of capacitors
130-133 charged in parallel to the voltage V102 through
the resistors R, or coils L, 120-126. Next spark gaps
110-113 used as switches have the voltage V102 across
them, while the gaps 110-113 have a breakdown voltage
greater than this value V,, 102. Hence, they are open
switches such that the capacitors 130-133 can be
charged. To produce the high-voltage pulse and subse-
quently the electric discharge current, the first spark gap
110is caused to break down which shortcuts this gap 110,
thereby placing the first two capacitors 130 and 131 in
series, and thus applying a voltage of 2V, over the
second spark gap 111. Consequently, the second spark
gap 111 breaks down to add the third capacitor 131 to the
chain, and the process continues to sequentially break
down all the spark gaps 112-113, thereby connecting the
capacitors 130-133 in series to create the high-voltage
pulse.

[0047] The Marx generator 100 with the drill head 103
is placed in the drole hole or well 104 with the drill head
adjacent to the targeted medium. By the created high-
voltage pulse the electric discharge current follows and
penetrates the medium. Next, energy therefrom is dis-
charged when the current travels through the medium,
whereby the current oscillates. The characteristics of the
medium further determine the rate at which the oscillating
current damps.

[0048] In Fig. 2 respectively Fig. 3 two currents are
illustrated travelling through a non-targeted medium re-
spectively a targeted medium. A non-targeted medium is
for example air or water, while a targeted medium is for
example rock or concrete.

[0049] Fig. 2 illustrates an oscillating current 200 with
low damping because it travels through a non-targeted
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medium, such as air. Fig. 3 illustrates an oscillating
current 300 with high damping because it travels through
a targeted medium, such as rock.

[0050] When the electric discharge current penetrates
the target medium, the drilling process is running in an
efficient manner. However, since the Marx generator 100
and drillhead 103 are located in the bore hole or well 104,
a drill operator cannot observe if this indeed the case. A
possibility would be to monitor the current, and more in
particular the damping thereof. However, this would ac-
quire a current pulse transformer, which is bulky a need to
be provided with sufficient electric isolation from the high-
voltage line of the Marx generator 100. Furthermore, the
current pulse transformer should also be placed within
the bore hole 104, which is inconvenient.

[0051] Another way to monitor the efficiency of the
drilling process is to monitor the radiation emitted by
the current instead of looking at the current itself. In
Fig. 2 and Fig. 3 besides the current 200, 300 there
are also graphs which illustrates radiation originating
from the damping current 200, 300 and being above a
predefined threshold. In Fig. 2 graph 201 illustrates the
radiation emitted by the current 200. In Fig. 3 graph 301
illustrates the radiation emitted by the current 300.
[0052] From these graphs 201 and 301 it can be ob-
served that the length or time period of the radiation
originating from an oscillating current 200 penetrating
a non-targeted medium is significantly longer than radia-
tion originating from an oscillating current 300 penetrat-
ing a targeted medium. In the first case the time period is
94 ws, while the second case the time period is 11 pus.
[0053] Againwith reference to Fig. 1, an optical sensor
105 is placed at the first spark gap 110 to capture this
radiation. Next, by use of an optical fibre 106 the radiation
captured by the sensor 105 is transmitted to a data
processing apparatus 107. Within this data processing
apparatus 107 the duration of the captured radiation is
measured. Based thereon, it can be derived if the drilling
process is running in an efficient manner.

[0054] Further note that by capturing the radiation in-
stead of monitoring the current, the processing thereof
can be performed remotely from the Marx generator 100
and drillhead 103. While the Marx generator 100 and drill
head 103 are located in the drill well104, the data proces-
sing unit 107 can be located on a safe and more con-
venient location.

Claims

1. A method for determining an efficiency of a drilling
process performed by an electro pulse drill compris-
ing a drill head (103) driven by a Marx generator
(100), wherein the drill head (103) is provided to
produce an electric discharge current (200, 300)
penetrating a medium to be drilled, the electric dis-
charge current (200, 300) flowing between afirstand
second drill tip of a pair of drill tips and the electric
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discharge current (200, 300) originating from a high-
voltage pulse generated by the Marx generator (100)
comprising a set of spark gaps (110-113) between
capacitors (130-133), the method comprising the
steps of:

- capturing radiation at a Marx generator spark
gap (110), the radiation being produced when
the Marx generator (100) discharges;

- filtering the captured radiation at a predefined
wavelength; and

- measuring a duration of a time period during
which the filtered radiation is above a predefined
threshold when the electric discharge current
flows between the drill tips;

- determining the efficiency of the drilling pro-
cess based on the measured duration (201,
301).

The method according to claim 1, further comprising
the step of:

- producing a warning sign when the measured
duration (201, 301) deviates from a predefined
duration.

The method according to any of the preceding
claims, wherein the Marx generator (100) is im-
mersed in a dielectric gas, and wherein the prede-
fined wavelength corresponds to the wavelength of
the radiation that is emitted during relaxation of the
dielectric gas that has been excited during dischar-
ging of the Marx generator (100).

The method according to claim 3, wherein the di-
electric gas comprises nitrogen, and wherein the
predefined wavelength corresponds to 550nm.

The method according to any of the preceding
claims, further comprising a calibration step compris-
ing the steps of:

- performing the capturing and filtering step
when the drill head (103) is placed adjacent to
a targeted medium respectively a surrounding
medium;

- processing responses thereof thereby obtain-
ing a set of time periods;

and wherein the predefined threshold for the mea-
suring step is determined based on the set of time
periods.

A data processing apparatus (107) comprising
means for carrying out the steps of:

- measuring a duration of a time period of filtered
radiation being longer or shorter than a prede-
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fined duration, the filtered radiation obtained
according to the steps of the method of claim 1;
- performing the step of determining the effi-
ciency of the drilling process according to the
method of claim 1.

The data processing apparatus (107) according to
claim 6, wherein the means are further configured to
carrying out the step of triggering a warning sign
according to the method of claim 2, and/or compar-
ing the measured duration with a set of reference
durations obtained by the calibration step of claim 5.

A drilling apparatus (100, 103) comprising:

- a Marx generator (100) comprising a set of
spark gaps (110-113) between capacitors
(130-133);

-adrill head (103) comprising a first and second
drill tip to an output of the Marx generator (100)
configured to cause breaking of a medium pe-
netrated by an electric discharge current (200,
300) flowing between the drill tips;

- an optic fibre (105) configured to capture radia-
tion at a spark gap (110);

- connecting means (106) for transmitting the
captured radiation to the data processing appa-
ratus (107) according to one of the claims 6 or 7.

The drilling apparatus (100, 103) according to claim
8, further comprising an optical light filter between
the optic fibre (105) and the spark gap (110), the
optical light filter configured to filter the captured
radiation at a predefined wavelength.

The drilling apparatus (100, 103) according to any of
the claims 8 to 9 comprising the data processing
apparatus (107) according to one of the claims 6 or 7.
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