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Description

[0001] The present invention relates to an apparatus
for perforating a tubular member extending into a well-
bore Once a well bore has been drilled, utilizing the con-
ventional technique of a drilling string with a drill bit se-
cured to the lower free end, the well is completed by
positioning a casing string within the well bore. This in-
creases the integrity of the well bore and provides a path
to the surface for the produced fluids. The casing string
is normally made up of individual lengths of relatively
large diameter metal tubulars secured together by any
suitable means, for example screw threads or welds.
Conventionally, the casing string is cemented to the well
face by circulating cement into the annulus defined be-
tween the casing string and the well face. The cemented
casing string is subsequently perforated to establish flu-
id communication between the formations of interest,
those containing hydrocarbons, and the interior of the
casing string. Perforating has conventionally been per-
formed by means of lowering a perforating gun, having
at least one shaped charge positioned within a carrier,
down inside the casing string and then firing the charge
via wireline control from the surface of the earth. A per-
forating gun may be constructed to be of any length. The
perforating gun is lowered within the casing on wireline
or tubing to a point adjacent the zone of interest and the
shaped explosive charge is detonated to penetrate or
perforate both the casing and the formation. This estab-
lishes fluid communication between the cased well bore
and the zone of interest. The resulting perforations ex-
tend through the casing, cement, and a short distance
into the formation. The perforating gun is either removed
from the well bore or dropped to the bottom thereof. The
formation is then often stimulated by any one of a
number of well-known means to enhance production of
hydrocarbons therefrom.

[0002] Examples of the known perforating devices
can be found in U. S. Patent Nos. 4,538,680 to Brieger
et al; 4,619,333 to George; 4,768,597 to Lavigne et al;
4,790,383 to Savage et al; 4,911,251 to George et al;
5,287,924 to Burleson et al; 5,423,382 to Barton et al;
and 6,082,450 to Snider et al. All of these relate to per-
forating guns which are lowered within a casing string
carrying explosive charges which are detonated to per-
forate the casing outwardly. This had the advantage of
leaving the inside of the casing relatively unobstructed
since debris and ragged edges would be outwardly di-
rected by the detonations of the charges.

[0003] In the late 1990s, successes were found with
casing conveyed perforating guns in which the guns and
control lines were attached to the outside of the casing.
One disadvantage of this approach is that the externally
conveyed elements are subject to damage during nor-
mal run-in operations. A second disadvantage is the
perforations leaving ragged shards extending inwardly
causing obstructions on the inside of the casing.
[0004] PCT application PCT/US00/05774, to Snider
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et al, describes another attempt to perforate a tubular
from the outside. This differs from the above mentioned
perforating from the outside of the casing in that Snider
et al propose a perforating gun separate from and exte-
rior to the casing to be perforated. When the Snider et
al perforating gun is detonated, portions of the gun act
in a manner similar to shrapnel to perforate the casing
string. This is not a satisfactory solution to the problem
of perforating tubulars in that it raises the possibility of
a very ragged perforating which could easily destroy the
structural integrity of the casing string, particularly in
view of the fact that it utilizes portions of the casing itself
to perforate the side of the casing furthest from the per-
forating gun. This can also result in a ragged inner sur-
face of the casing which could damage or prevent pas-
sage of downhole tools and instruments. Perforating a
casing from the inside raised this consideration to a
much lesser degree.

[0005] Frequently a well penetrates multiple zones of
the same formation and/or a plurality of hydrocarbon
bearing formations of interest. It is usually desirable to
establish communication with each zone and/or forma-
tion of interest for injection and/or production of fluids.
Conventionally, this has been accomplished in any one
of several ways. One way is to use a single perforating
gun which is conveyed by wireline or tubing into the well
bore and an explosive charge fired to perforate a zone
and/or formation of interest. This procedure is then re-
peated for each zone to be treated and requires running
a new perforating gun into the well for each zone and/
or formation of interest. One alternative is to have a sin-
gle perforating gun carrying multiple explosive charges.
This multiple explosive charge gun is conveyed on wire-
line or tubing into the well and, as the gun is positioned
adjacent to each zone and/or formation of interest, se-
lected explosive charges are fired to perforate the adja-
cent zone and/or formation. In another alternative, two
or more perforating guns, each having at least one ex-
plosive charge, are mounted spaced apart on a single
tubing, then conveyed into the well, and each gun is se-
lectively fired when positioned opposite a zone and/or
formation of interest. When the select firing method is
used, and the zone and/or formation of interest are rel-
atively thin, e.g. 15 feet or less, the perforating gun is
positioned adjacent the zone of interest and only some
of the shaped charges carried by the perforating gun are
fired to perforate only this zone or formation. The gunis
then repositioned, by means of the tubing, to another
zone or formation and other shaped charges are fired
to perforate this zone or formation. This procedure is re-
peated until all zones and/or formations are perforated,
or all of the shaped explosive charges detonated, and
the perforating gun is retrieved to the surface by means
of the tubing.

[0006] However, the necessity of tripping in and out
of the well bore to perforate and stimulate each of mul-
tiple zones and/or formations is time consuming and ex-
pensive.
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[0007] In view of this, multiple zones and/or forma-
tions are often simultaneously stimulated, even though
this may result in certain zones and/or formations being
treated in a manner more suitable for an adjacent zone
and/or formation..Thus a need exists for apparatus and
processes to perforate casing which is positioned within
a well bore which eliminates the need to run perforating
equipment in and out of the well when completing mul-
tiple zones and/or formations.

[0008] Disadvantages of the presently known meth-
ods of perforating are several, including: the perforating
device itself may need to be retrieved; and the cabling
systems.to convey signals to the charges must be car-
ried outside or inside the tubulars, either subjecting the
cabling system to damage and/or taking up space. Pro-
tective means, such as wraparound metal protectors,
armored cable housings, or grooved casing couplings,
must be used to avoid damaging externally mounted ca-
bling systems, explosive charges and their respective
detonating means. In order to perforate the adjacent for-
mation, internally conveyed or mounted perforating sys-
tems necessarily also perforate the tubluar within which
they are conveyed which in certain instances, such as
when trying to relieve annular pressure, is undesirable.
[0009] Accordingly, itis an object of the presentinven-
tion to provide an improved apparatus for perforating a
tubular member extending into a wellbore, which over-
comes the aforementioned drawbacks.

[0010] In accordance with the invention there is pro-
vided an apparatus for perforating the wall of a tubular
member extending into a wellbore, comprising:

a tubular member;

atleast one explosive charge in contact with the wall
of said tubular member;

for each explosive charge, a detonation device ar-
ranged to detonate the explosive charge; and

a remote control station in wireless and cable less
communication with the detonation device whereby
a signal from said control station causes said deto-
nation device to detonate the respective explosive
charge; and

characterised in that the tubular member is a casing.
[0011] The present invention will now be described,
by way of example, with reference to the accompanying
drawings in which:

Figure 1 is a side elevation, partially in section, of
an embodiment of the invention utilizing explosive
charges attached to a tubing wall;

Figure 2 is a detailed section through one of the
shaped charges of the present invention;

Figure 3 is a side elevation of an embodiment of the
invention utilizing external ribs containing the explo-
sive charges;

Figure 4 is a side elevation of an embodiment of the
invention utilizing an explosive linear strip;
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Figure 5 is a block level schematic diagram of the
programmable interface and detonation device;
and
Figure 6 is a detail plan view of the exploding
bridgewire detonation device of the present inven-
tion.

[0012] The method and apparatus of the present in-
vention is described in an embodiment for perforating a
tubing string and the adjacent formation without the
need for conventional perforating guns and their related
extensive downhole wiring or cables. The described ap-
paratus can best be described as a "self-perforating”
production tubular or casing. What this means is at least
one portion of the tubing making up the production tub-
ing and/or casing itself carries the perforating charges,
all necessary apparatus to control detonation and, after
detonation, production continues through the now per-
forated tubing or casing.
[0013] Turning now to the drawings, as seen in Figure
1, a tubular 10 is provided with an outside surface 12, a
tubular wall 14, and an inside surface 16. Explosive
charges and their associated detonators 18 are at-
tached to the outer surface of the wall, preferably in blind
bores 20. In wells, where space is at a premium, this
embodiment allows the explosive charges to be set
close to flush with the outside surface 12 thereby less-
ening the danger of damage to the explosive charges
and their detonators during running of the tubular down-
hole.
[0014] The self-perforating tubing or casing of the
present invention is made from standard tubular mate-
rials having coaxial outside and inside surfaces with a
closed wall extending therebetween. At least one explo-
sive charge is mounted in direct contact with the outside
surface of the wall of the tubular. This contact may be a
mechanical connection, such as, by adhering the explo-
sive charges to the outside surface of the tubular; but
preferably is by drilling receiving blind bores in the wall
of the tubular and fixing the explosive charges into the
respective blind bores; or

by bracketing, banding, clamping or by the use of
adhesives the explosive charges to the outside surface
of the tubular. The tubular itself may also be modified in
other ways to carry the explosive charges. An example
is to add one or more ribs to the outside of the tubular,
preferably in a helical spiral around the outside surface.
The explosive charges may then be placed within the
ribs. Prefabricated, molded plastic sleeves could also
be used to carry the explosive charges. Such sleeves
could be made to attach to the outside surface of the
tubular, for example in a clamping manner or as shrink
wrap, and could be provided with additional features,
such as molded channels to allow circulation of well flu-
ids, for example cement slurry, through the annular
space between the casing and the well bore.
[0015] Figure 2 shows a cross section through an ex-
plosive charge 18 in accordance with the first embodi-
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ment. The tubular 10 is first prepared by boring a series
of blind bores 20 about the circumference. These bores
20 can be in set geometric patterns, randomly spaced,
aligned vertical rows, circumferential bands, etc. in ac-
cordance with the desired plan for perforating. The
shaped explosive charges 18 are secured in their re-
spective blind bores 20 by any known means, such as
threading or affixing the explosive charge into the blind
bore with an adhesive material. The explosive charges
18 are then connected to their respective detonating
means (not shown) for single, multiple, sequential, etc.
detonation in accordance with the plan for perforating.
The detonating means are in wireless/cableless contact
with control means (also not shown) at the surface.
When the explosive charge 18 is detonated, it will shear
a plug 22 (shown in phantom) from wall 14. This
amounts to no-jet perforating.

[0016] This preferred method to perforate the pipe
string uses an explosive charge to open a hole from out-
side to inside to create a flow path between the inside
and outside of the pipe. A second explosive charge can,
if so desired, be used to perforate outwardly through the
annular space, which may be cement filled, into the for-
mation or zone of interest. The present method can be
considered "plugging" in that an explosive charge is set
in contact with the casing wall, or in a partially penetrat-
ing blind bore drilled into the casing wall, and detonation
of that explosive charge creates a stress riser that
shears a steel "plug" out of the casing wall leave a hole
of known geometry and size without burrs or splatter in-
side the casing that can block or damage equipment be-
ing run in the hole.

[0017] A key feature of the present system is the slim
overall profile which does not increase borehole size re-
quirements.

[0018] Acollar, sleeve or coating of a diameter greater
than that of the casing and with channel(s) cut helically
on its exterior surface can be used to provide protected
clearance for the charge, receiver, and controller while
allowing clearance for flow of fluids and slurries, for ex-
ample cement,.past the collar. A hole or holes can be
partially drilled into the collar from the outside to provide
a site for a stress riser when the perforating charge is
ignited without substantially affecting the pressure rat-
ing of the casing string.

[0019] InFigure 3, atubular 24 has an outside surface
26 and one or more ribs 28 wrapped around and se-
cured to the outside surface. A plurality of explosive
charges 30 are placed in recesses in the ribs 28 to lie
against the outer surface 26. This embodiment main-
tains full strength of the tubular, as the wall is without
the blind bores of the embodiment of Figure 1, but has
a slightly larger profile. However, the ribs 28 can be used
to advantage by directing flow during casing running and
cementing operations.

[0020] The embodiment of Figure 4 utilizes a linear
strip or shaped explosive charge 32 placed on and wind-
ing helically about the outside surface 34 of the tubular
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36 oriented to shoot outward into the cement and/or for-
mation. Such helically arranged linear strip charges pro-
vides a channel for flow and exposes a greater surface
area of rock/sand to be perforated, as compared to con-
ventional "button" or conical shaped charges. The flex-
ible strips may be oriented in a variety of patterns.
[0021] Explosive strips may be constructed so that the
force of the explosion is highly directional. When explo-
sive linear strips are used, it is advisable to place them
on the outside surface of the outermost tubing string,
such as the casing, so that the force is directed outward
and the structural integrity of the casing is not compro-
mised. This is an important new advantage of the sub-
ject system.

[0022] With all of the above-mentioned embodiments
of the present invention, the use of shaped explosive
charges allows a controlled and directed explosive force
thereby allowing use as a means to open holes to re-
lease annular pressure without damaging internal tubu-
lars.

[0023] Figure 5 shows a schematic of the detonation
device of the present invention including a wireless re-
ceiver 38; digital signal processing logic and control 40;
exploding bridge wire 42; high voltage supply 44; and
energy storage and trigger means 46. A coded wireless
signal from the control at the surface will be received by
receiver 38, the digital signal processed by the associ-
ated micro processor based logic 40 and, if the code
designates that the respective explosive charge is to be
detonated, sends a signal to the trigger means 46 which
will supply high voltage to explosive bridge wire 42 to
trigger detonation of the respective explosive charge.
[0024] Among the advantages of this system are: the
coded signal allows selective detonation of the explo-
sive charges individually, in sequence, in patterns, etc.,
and the wireless signal does not transmit the power to
initiate detonation of the explosive charge thereby re-
ducing the risk of accidental detonation of the explosive
charge.

[0025] Figure 6 shows a detail of an explosive bridge
wire 42, which can be compared to a printed circuit
board 48 with the bridge portion 50 of the circuit 52 over-
lying an aperture 54, thus bridge. The bridge 50 has di-
mensions smaller than the rest of the circuit 52, so that,
upon application of power to the circuit 52, the bridge
50 will flash vaporize creating enough energy to cause
detonation of the nearby explosive charge 18.

[0026] The explosive charge is in communication with
a detonation device which receives signals, via a pro-
grammable logic interface, to detonate the explosive
charge. The explosive charges may be programmed
and/or wired to fire independently of each other, or sev-
eral may be linked together, in parallel or in series, to
fire together. One explosive charge or several explosive
charges may be connected to a single detonator. The
detonator is typically conveyed into the well as an at-
tachment to the casing/tubing, but it may be remote,
such as at the surface.
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[0027] The present invention has one or more anten-
na (not shown) embedded in the well casing to facilitate
wireless communication with the surface. Embedding
antennas into the casing and adding instrumentation to
the casing allows all wells thus equipped to have in-
creased capabilities for monitoring and/or further
processing. Embedding antennas into the casing avoids
irregular inside surface topography and its related prob-
lems. This allows normal inside casing well operations
to be performed in an unhindered fashion. The embed-
ded antenna resides in a relief area machined into the
inside of each connection. It is generally circular in
shape, but could have substantially any shape or form
including, but not limited to, a single wire, a loop of wire,
or a coil of looped wire. The antenna forms an electri-
cally isolated area from the casing itself. The antenna
can be designed to work with any frequency or commu-
nication protocol specified by the user. Many communi-
cation protocols and practical techniques exist for wire-
less communication through an empty or partially filled
wave guide. The well bore casing would be such a wave
guide. The antenna can be designed to work within any
size of well casing. The antenna design, coupled with a
properly designed transceiver unit, would allow more
than one antenna to be embedded into the well casing,
if so desired.

[0028] Build up of trapped annular pressure is a major
threat when constructing subsea wells. In a convention-
al subsea well, there is no opportunity to vent trapped
annular pressure. Conventional perforating equipment
cannot be used since such equipment would also per-
forate the inner most tubular, which is intended to be a
pressure barrier. The use of the subject self-perforating
casing provides the capability for selectively perforating
an outer casing string while leaving the innermost string
in tact thereby providing a flow path for venting of pres-
sure in an outward direction form the annular space in
the formation.

[0029] The use of an explosive strip charge allows
perforation of much increased surface area of rock/sand
compared with the usual circular (hole) charge. The ex-
plosive strip charge may be axially or circular or spiral
oriented with chosen pitch. The use of an explosive strip
charge in conventional (internal to pipe) perforating is
not possible because such a charge would cut a path
along the casing, significantly decreasing the structural
strength of the casing. Because the proposed strip
charge lies outside the pipe, it is designed specifically
to not reduce the structural strength of the casing, while
cutting a strip of large surface area along the bore wall
surface.

[0030] The use of molded plastic ribs attached to the
outside of the casing allows fluids and slurries, for ex-
ample cement, to be pumped around and be directed
by the ribs. Either straight or spiral crests on the ribs
hold the explosive charges in place and enclose means
used to connect the explosive charges to their respec-
tive detonating devices.
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[0031] The method for producing exploding
bridgewire detonators uses both standard and non-
standard circuit board manufacturing techniques. Pre-
vious techniques to produce exploding bridgewires
have used extremely fine wires of gold, copper, or other
conductive material joined to conductors by a variety of
known methods. The present method replaces the pre-
vious fine wires and attachment techniques with etched
or plated circuit board traces. The exploding bridgewire
trace is in contact with a small mass of low density ex-
plosive consisting of PETN, RDX, HMX or other second-
ary explosive to begin the detonation process. This
small mass of low density explosive is in contact with a
larger mass of high density explosive to complete the
initiation process.

[0032] As a high voltage pulse is passed through the
exploding bridgewire trace, the trace is vaporized and
sends a shock wave into the low density explosive, ini-
tiating detonation. The low density explosive in turn ini-
tiates the larger mass of high density explosive to com-
plete the detonation train. The output from this second-
ary charge can then be used to initiate larger masses of
explosives. Additionally, the initial mass of low density
explosive may be in contact with the final mass of high
density explosive to be used in an explosive device.
[0033] The circuit board trace for the exploding
bridgewire is shown in Figure 6. In the figure a wider
trace that acts as a conductive path narrows down to
the trace shown, the narrow trace acts as the exploding
bridgewire. Variations in lengths, widths and thickness-
es of the trace provide for tailoring of voltage and energy
requirements for initiating the explosive. Variations of
the trace sizes, types of explosives in contact with the
traces, and densities of explosives are all considered to
be pertinent to the method described.

[0034] The subject explosive bridge wire detonating
system is a major improvement over the previously
widely used primacord for detonation. The board can be
built to withstand high operating temperatures, where
primacord cannot be used because of its instability. The
subject explosive bridge wire detonating system also
provides a way to make selective perforating with con-
ventional guns much cheaper and easier to operate.
The digitally operated controller and downhole battery
power source provide easy selectivity for the system
which enables the perforator to be constructed safely
offsite and run in the hole without having to wait for a
complete well evaluation, improving safety and saving
rig time. In completion intervals that may be impacted
by gas and water contact within a producing interval, the
selectivity allows the system to be run into and cement-
ed in the well before log evaluation is completed be-
cause the spacing of the charges would preferably over-
lap beyond the potential completion intervals.

[0035] The linear perforating charge increases the
amount of formation exposed for completion. The linear
charge is an outwardly directed jet perforator that is de-
signed to penetrate the formation with a high velocity
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jet, not by expansion of gas. Also, the linear explosive
charge can be used in combination with the above dis-
cussed "plugging" explosive charges and can be fired
sequentially, e.g., first plugging holes in the casing and
then firing the linear charge.

[0036] The coded wireless signal sent downhole in
the present invention is used only to arm the explosive
charges. The power to initiate the explosive charge
comes from a battery positioned downhole as a part of
the detonating system.

[0037] The present apparatus requires a control sta-
tion and a wireless and cableless means for communi-
cating between the control station and the detonation
device. Any wireless or cableless communication meth-
od may be used including, but not restricted to, radio
waves, infrared waves, acoustic waves, optical light
waves, seismic waves, magnetic waves, or combina-
tions thereof. Wireless signals are conveyed using the
tubular string wall as a waveguide. Alternatively, a ball
containing a transponder may be dropped downhole,
sending signals to the controllers for the detonators as
it passes them. If a "smart ball" or transponder is used,
signals may vary as the smart ball progresses thus al-
lowing only selected explosive charges to detonate.
[0038] The use of the subject apparatus varies only
slightly if the tubular is production tubing or if it is casing.
When perforating as part of a production tube or tubes,
the perforating device is attached as part of the tool
string and lowered into a well bore in the typical manner
in which production tubulars are run into a well. The tu-
bular(s) to which perforating device(s) are attached are
placed within the tubing string such that, when the tubing
string is in place, the perforating device(s) are adjacent
to predetermined zones to be perforated. The explosive
charges are detonated, as described above, by means
of wireless and cableless communication. Once the per-
foration operation is complete, one may begin to pro-
duce or inject liquids, gases, or a combination . thereof
through the production tubing string or, if desired,
through the production casing string.

[0039] When the self-perforating tube is a portion of
the casing, the subject method varies only slightly. In the
casing scenario the self-perforating casing is made part
of the casing string and the casing string is set such that
the at least one self-perforating casing is set adjacent a
predetermined zone to be perforated. The self-perforat-
ing casing and its external charges are cemented into
the well bore. Detonation of the explosive charges then
takes place as previously described.

[0040] When tubing is run inside casing, an annular
space is formed between the outside surface of the tub-
ing and the inside surface of the casing. A pressure dif-
ferential typically builds up in this annular space.
Trapped annular pressure is a major threat to the me-
chanical integrity of certain wells, such as subsea wells.
It is not desirable to perforate the innermost production
tubing in such wells, for the purpose of relieving this
pressure since the innermost tubing is used as a barrier
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to prevent escape of well fluids. Conventional perforat-
ing equipment has the disadvantage of perforating both
the tubing as well as the casing. The apparatus and
method of the present invention have the further advan-
tage of allowing one to selectively perforate an outer
casing to relieve (vent) annular pressure during the op-
erating life of the well. Explosive charges may be placed
on the casing or on the outside wall of an outer produc-
tion tubing string. By use of directional explosive charg-
es, all force may be directed outward, so that only the
outer strings are perforated, allowing annular pressure
to vent, while the integrity of the inner production strings
is maintained intact to provide the desired barrier.
[0041] The presentinvention may be subject to many
modifications and changes without departing from the
sprit or essential characteristics thereof. The described
embodiments should therefore be considered in all re-
spects as illustrative and not restrictive of the scope of
the present invention, as defined by the appended
claims, without departing from its spirit or scope as set
forth herein.

Claims

1. An apparatus for perforating the wall of a tubular
member (10) extending into a wellbore, comprising:

a tubular member;

at least one explosive charge (18) in contact
with the wall (14) of said tubular member;

for each explosive charge, a detonation device
arranged to detonate the explosive charge; and
a remote control station in wireless and cable
less communication with the detonation device
whereby a signal from said control station caus-
es said detonation device to detonate the re-
spective explosive charge; and

characterised in that the tubular member is a cas-
ing.

2. The apparatus of claim 1, comprising a plurality of
said explosive charges each capable of independ-
ent detonation.

3. The apparatus of claim 2, wherein said explosive
charges are grouped to detonate in a specific se-
quence.

4. The apparatus of any one of claims 1-3, wherein
said control station is at a surface and said wireless
and cable less communication is selected from ra-
dio waves, infrared waves, acoustic waves, optical
light waves, seismic waves, magnetic waves, and
combinations thereof.

5. The apparatus of any one of claims 1-4, wherein
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said tubular member is one of a production tubular
and a wellbore casing.

The apparatus of any one of claims 1-5, wherein
each explosive charge is fixed to the outside sur-
face (12) of said tubular member.

The apparatus of any one of claims 1-6, wherein
each explosive charge is secured in a blind bore
(20) in the wall of said tubular.

The apparatus of any one claims 1-7, wherein each
explosive charge is a linear strip charge (32) at-
tached to the outside surface of said tubular mem-
ber along a helical path.

The apparatus of any one of claims 1-8, further
comprising:

at least one rib (28) secured helically around
said outside surface of the tubular member;
wherein

each explosive charge is positioned in said at
least one rib so as to contact the outer surface
of the tubular member.

The apparatus of any one of claims 1-9, wherein the
detonation device comprises:

a wireless receiver (38);

microprocessor (40) and control means con-
nected to said wireless receiver;

an explosive bridge wire (42);

high voltage supply means (44); and

energy storage and trigger means (46), where-
by a coded wireless signal received by said re-
ceiver is decoded by the micro processor and,
if the code designates that the respective ex-
plosive charge is to be detonated, sends a sig-
nal to the trigger means which will supply high
voltage to explosive bridge wire which will cre-
ate sufficient energy to initiate detonation of the
respective explosive charge.

The apparatus of claim 10, wherein said coded sig-
nal allows selective detonation of a plurality of ex-
plosive charges individually or in sequence.

The apparatus of claim 10 or 11, wherein the power
for initiating detonation of the explosive charge is
provided independently from the wireless signal
thereby reducing the risk of accidental detonation
of the explosive charge.

The apparatus of any one of claims 10-12, wherein
said explosive bridge wire comprises:

a circuit board (48) having an aperture (54)
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therein;

an electrical circuit (52) formed on said board
with a portion of the circuit overlying said aper-
ture forming a bridge, said bridge having di-
mensions smaller than the rest of the circuit so
that, upon application of power to the circuit, the
bridge will flash vaporize causing detonation of
the nearby explosive charge.

The apparatus of any one of claims 10-13, wherein
the wireless receiver includes an antenna embed-
ded in said tubular member to facilitate wireless
communication with the surface.

The apparatus of claim 14, wherein said embedded
antenna resides in a relief area machined into the
inside of each connection of the tubular member.

The apparatus of claim 15, wherein said antenna is
a coil of looped wire.

Patentanspriiche

1.

Vorrichtung zum Perforieren der Wand eines Roh-
relementes (10), das sich in ein Bohrloch erstreckt,
mit:

einem Rohrelement;

zumindest einer Sprengladung (18) in Berih-
rung mit der Wand (14) des Rohrelementes;

wobei fir jede Sprengladung eine Detonationsein-
richtung vorgesehen ist, um die Sprengladung zu
detonieren; und

einer Fernsteuerungsstation in drahtloser und ka-
belloser Verbindung mit der Detonationseinrich-
tung, wobei ein Signal der Steuerungsstation be-
wirkt, da® die Detonationseinrichtung die entspre-
chende Sprengladung detoniert; und

dadurch gekennzeichnet, daB das Rohrelement
eine Auskleidung ist.

Vorrichtung nach Anspruch 1 mit einer Vielzahl von
Sprengladungen, die je zu unabhangiger Detonati-
on befahigt sind.

Vorrichtung nach Anspruch 2, bei welcher die
Sprengladungen so gruppiert sind, daf} sie in einer
spezifischen Folge detonieren.

Vorrichtung nach einem der Anspriiche 1-3, bei wel-
cher sich die Steuerungsstation an der Oberflache
befindet und die draht- und kabellose Verbindung
aus Radiowellen, Infrarotwellen, Akustikwellen, op-
tischen Lichtwellen, seismischen Wellen, Magnet-
wellen und Kombinationen derselben gewahlt wird.
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Vorrichtung nach einem der Anspriiche 1-4, bei wel-
cher das Rohrelement ein Forderrohr oder eine
Bohrlochauskleidung ist.

Vorrichtung nach einem der Anspriiche 1-5, bei wel-
cher jede Sprengladung an der AulRenflache (12)
des Rohrelementes befestigt ist.

Vorrichtung nach einem der Anspriiche 1-6, bei wel-
cher jede Sprengladung in einer Blindbohrung (20)
in der Wand des Rohres befestigt ist.

Vorrichtung nach einem der Anspriiche 1-7, bei wel-
cher jede Sprengladung eine lineare Streifenladung
(32) ist, die an der AuBenflache des Rohrelementes
entlang eines wendelférmigen Pfades befestigt ist.

Vorrichtung nach einem der Anspriiche 1-8, die fer-
ner aufweist:

zumindest eine Rippe (28), die wendelférmig
um die Aulenseite des Rohrelementes herum
befestigt ist; wobei

jede Sprengladung in der zumindest einen Rip-
pe derart positioniert ist, dal} sie die Aulienfla-
che des Rohrelementes kontaktiert.

10. Vorrichtung nach einem der Anspriiche 1-9, bei wel-

cher die Detonationseinrichtung aufweist:
einen Funkempfanger (38);

einen Mikroprozessor (40) und Steuermittel,
die mit dem Funkempfanger verbunden sind;

einen Sprengbriickendraht (42);
eine Hochspannungsquelle (44); und

Energiespeicher und Ansteuermittel (46), wo-
bei ein kodiertes Funksignal, das von dem
Funkempfanger empfangen wird, von dem Mi-
kroprozessor dekodiert wird, und falls der Kode
bestimmt, daf’ die Sprengladung zu detonieren
ist, ein Signal an die Ansteuermittel sendet, die
eine Hochspannung an den Sprengbriicken-
drahtlegen, der ausreichende Energie erzeugt,
um die Detonation der entsprechenden
Sprengladung einzuleiten.

11. Vorrichtung nach Anspruch 10, bei welcher das ko-

dierte Signal eine selektive Detonation einer Viel-
zahl von Sprengladungen einzeln oder in einer Fol-
ge gestattet.

12. Vorrichtung nach Anspruch 10 oder 11, bei welcher

die Energie zum Auslésen der Detonation der
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Sprengladung unabhangig von dem Funksignal be-
reitgestellt wird, wodurch die Gefahr einer zufalli-
gen Detonation der Sprengladung reduziert wird.

Vorrichtung nach einem der Anspriiche 10-12, bei
welcher der Sprengbriickendraht aufweist:

eine Schalttafel (48) mit einer Offnung (54);

einen elektrischen Kreis (52), der auf der Tafel
ausgebildet ist, wobei ein Teil des Kreises iber
der (")f'fnung liegt, um eine Briicke zu bilden,
wobei die Briicke Dimensionen hat, die kleiner
als der Rest des Kreises sind, derart, daR® bei
Anlegen von Spannung an den Kreis die Brik-
ke blitzverdampft, wodurch die Detonation der
benachbarten Sprengladung bewirkt wird.

Vorrichtung nach einem der Anspriiche 10-13, bei
welcher der Funkempféanger eine Antenne aufweist,
die in dem Rohrelement eingebettet ist, um die
Funkverbindung mit der Oberflache zu erleichtern.

Vorrichtung nach Anspruch 14, bei welcher die ein-
gebettete Antenne in einer Reliefzone liegt, die in
der Innenseite jeder Verbindung des Rohrelemen-
tes ausgearbeitet ist.

Vorrichtung nach Anspruch 15, bei welcher die An-
tenne eine Wicklung eines Schleifendrahtes ist.

Revendications

1.

Appareil pour perforer la paroi d'un élément tubu-
laire (10) s'étendant dans un trou de forage,
comprenant :

un élément tubulaire;

au moins une charge explosive (18) en contact
avec la paroi (14) dudit élément tubulaire;
pour chaque charge explosive, un dispositif de
détonation aménagé pour faire détoner la char-
ge explosive; et

un poste de télécommande en communication
sans fil et sans céble avec le dispositif de dé-
tonation, dans lequel un signal issu dudit poste
de commande améne ledit dispositif de déto-
nation a faire détoner la charge explosive res-
pective; et

caractérisé en ce que I'élément tubulaire est un
cuvelage.

Appareil selon la revendication 1, comprenant une
pluralité desdites charges explosives, chacune
étant pouvant détoner indépendamment.
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Appareil selon la revendication 2, dans lequel les-
dites charges explosives sont groupées pour déto-
ner dans une séquence spécifique.

Appareil selon I'une quelconque des revendications
1 a3, dans lequel ledit poste de commande se trou-
ve sur une surface et ladite communication sans fil
et sans cable est choisie parmi les ondes radio, les
ondes infrarouges, les ondes acoustiques, les on-
des optiques, les ondes sismiques, les ondes ma-
gnétiques ou leurs combinaisons.

Appareil selon I'une quelconque des revendications
1 a4, dans lequel ledit élément tubulaire est choisi
parmi une tubulure de production et un cuvelage de
trou de forage.

Appareil selon I'une quelconque des revendications
1a5, dans lequel chaque charge explosive est fixée
a la surface extérieure (12) dudit élément tubulaire.

Appareil selon I'une quelconque des revendications
1a6, danslequel chaque charge explosive est fixée
dans un trou borgne (20) dans la paroi de ladite tu-
bulure.

Appareil selon I'une quelconque des revendications
1 a7, dans lequel chaque charge explosive est une
charge en bande linéaire (32) fixée a la surface ex-
térieure dudit élément tubulaire le long d'un trajet
en hélice.

Appareil selon I'une quelconque des revendications
1 a 8, comprenant en outre :

au moins une nervure (28) fixée en hélice
autour de ladite surface extérieure de I'élément
tubulaire, dans lequel

chaque charge explosive est placée dans ladite
au moins une nervure afin d'établir un contact
avec la surface extérieure de I'élément tubulai-
re.

10. Appareil selon I'une quelconque des revendications

1 a 9, dans lequel le dispositif de détonation
comprend :

un récepteur sans fil (38);

des moyens de commande a microprocesseur
(40) connectés audit récepteur sans fil;

un fil de pontage explosif (42);

des moyens d'alimentation haute tension (44);
et

des moyens de stockage d'énergie et de dé-
clenchement (46), dans lesquels un signal sans
fil codé recu par ledit récepteur est décodé par
le microprocesseur et, si le code indique que
I'on doit faire détoner la charge explosive res-
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pective, envoie un signal au moyen de déclen-
chement qui fournira une haute tension au fil
de pontage explosif, qui créera suffisamment
d'énergie pour initier la détonation de la charge
explosive respective.

Appareil selon la revendication 10, dans lequel ledit
signal codé permet la détonation sélective d'une
pluralité de charges explosives individuellement ou
en séquence.

Appareil selon la revendication 10 ou 11, dans le-
quel I'énergie nécessaire pour initier la détonation
de la charge explosive est fournie indépendamment
du signal sans fil, réduisant de la sorte le risque de
détonation accidentelle de la charge explosive.

Appareil selon I'une quelconque des revendications
10 a 12, dans lequel ledit fil de pontage explosif
comprend :

une plaquette de circuit (48) présentant une
ouverture (54);

un circuit électrique (52) formé sur ladite pla-
quette et dont une partie recouvre ladite ouver-
ture pour former un pont, ledit pont ayant des
dimensions plus petites que le reste du circuit
de sorte que, par application d'énergie au cir-
cuit, le pont subisse une vaporisation éclair pro-
voquant la détonation de la charge explosive
voisine.

Appareil selon I'une quelconque des revendications
10 a 13, dans lequel le récepteur sans fil comprend
une antenne noyée dans ledit élément tubulaire
pour faciliter la communication sans fil avec la sur-
face.

Appareil selon la revendication 14, dans lequel la-
dite antenne noyée réside dans une région de dé-
gagement usinée a l'intérieur de chaque raccorde-
ment de I'élément tubulaire.

Appareil selon la revendication 15, dans lequel la-
dite antenne est une bobine de cable bouclé.
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