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Description

[0001] The present invention relates to a method and
a device for disposing of a piece of unexploded ordnance
(UXO) lying under water.
[0002] Experts assume that the German region of the
North Sea and the Baltic Sea is polluted with over two
million tons of UXO in a wide variety of different kinds
and forms. Even after many decades, this UXO poses a
significant hazard to shipping, fishing, and tourism, but
also for example to ongoing use of marine areas by the
offshore energy industry. In addition to potential explo-
sions, however, the progressive corrosion of the gener-
ally metallic ordnance casings constitutes a latent hazard
for humans and the marine environment.
[0003] UXO clearance methods known from the prior
art are usually composed of several steps. In the follow-
ing, we will consider large-format UXO in the frequently
encountered forms such as moored mines, depth charg-
es, bottom mines, or torpedoes. Current Explosive Ord-
nance Disposal (EOD) is composed of three phases,
each of which uses specialized, high-grade, technically
sophisticated equipment:

1. Sounding,
2. Identification of a respective UXO and excavation,
and
3. Clearing on site by detonation.

For safety reasons, a clearing of such UXO is carried out
on site by detonation under water. If only because of the
metallic remains of a piece of ordnance that are in prin-
ciple left behind, this does not constitute complete dis-
posal.
[0004] The outlined procedure requires operational
carrier vessels, trained personnel including divers and,
in addition to highly specialized technology, also appro-
priate weather; this method cannot be used all year long
and generally can only be performed during daylight
hours. In addition, civil and governmental stakeholders
are equally involved in the overall process, with the cor-
responding advance planning. Despite the very high in-
vestment of time and money, known EOD always entail
high risks for the people directly involved as well as enor-
mous impacts on the environment due to the blast and
fragmentation effect that accompanies a detonation, an
extreme acoustic stress to marine mammals over hun-
dreds of kilometers, and environmental risks due to an
uncontrollable input of explosive residues and harmful
chemical decomposition products of the transformed ex-
plosives to the environment.
[0005] US 2009/0223355 A1 teaches the use of water
jet cutting for reducing the impact and the performance
of a land mine. However, land mines are not the type and
minor size of UXO usually found under water and in the
sea.
[0006] DE 10 2013 004 445 B3 just discloses a method
for recovering and defusing bombs lying on seabed. This

method involves dismantling the bomb in a chamber by
using a high-pressure water jet device, after introducing
air into the space of said chamber under displacing water.
[0007] The object of the present invention is to create
a method and a corresponding device, which quite sig-
nificantly reduce the harm to humans and the environ-
ment described non-exhaustively above by way of ex-
ample in the course of clearing UXO done avoiding any
detonation under water.
[0008] This object is attained according to the invention
by means of the features of claim 1 in such a way that in
a first step of a method for disposing of a UXO according
to the invention, a UXO - which has been detected and
been excavated sufficiently to permit an identification or
typing, including determination of a spatial position and
orientation and determination of a state or degree of pres-
ervation - is stabilized and, secured in this position and
spatial orientation, is raised up from the sea bottom, and
brought into a predetermined orientation and then immo-
bilized. In a second step, the UXO is separated from the
surrounding seawater by placing it into a closable cham-
ber, which is emptied of seawater after it is closed. Then
a casing of the UXO is cut open by means of water jet
cutting in a pressurized or compressed-air atmosphere
and then a complete removal of the explosive is carried
out, likewise by means of water jet cutting. During this
procedure, however, because of the use of the closable
chamber, the UXO does not in principle have to be
brought up to the surface of the sea while being defused,
destroyed and disposed. In other words, the above-de-
scribed complete delaboration of the respective UXO
takes place inside the chamber under water. This has
the advantage, among other things, of the fact that an
ambient pressure does not change and there is therefore
no fear of any negative impact on the charge. In addition,
this also safely avoids detonation of hydrostatic detona-
tion devices. A very important aspect, however, is that
of the protection from fragmentation and from a shock
wave, etc. in the event of an explosion under water by
maintaining a safe distance from people. Finally, as re-
mains of the UXO, only scrap that can be recycled and
has been cleansed of other chemicals is removed from
the chamber at the surface of the water whereas hazard-
ous chemicals are removed separately. In this case, the
use of the chamber according to the invention ensures
that in principle, no further contamination of seawater or
the marine environment with components of the ord-
nance can occur.
[0009] As an attainment of the above-mentioned ob-
ject, a device according to the invention has at least one
manipulator for immobilizing the UXO and for bringing it,
once it has been raised up from the sea bottom, into a
predetermined orientation in a chamber that can be
closed and drained of water, in which a device is provided
for cutting a casing of the UXO for subsequent complete
removal of the explosive, possibly by washing it out.
[0010] Advantageous modifications are the subject of
the respective dependent claims. According to them, the
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closable chamber is embodied as bell-shaped and is de-
signed for a use of the device according to the invention
in a coastal shallow water region with a depth of 0 to
approximately 50 m and for accommodating large-format
UXO, for example in the form of moored mines and depth
charges of German design as well as British bottom
mines of the Mark I through Mark IV types, among others.
[0011] For all of the various designs of explosive ord-
nance, after the step of establishing a predetermined ori-
entation of the UXO inside the closed chamber, basically
first, an immobilization is carried out, even of parts that
are later cut off or cut out by means of water jet cutting,
which takes place according to one embodiment through
the known use of additional abrasive additives. Then, the
UXO is dissected, paying particular attention to design-
specific detonators that are provided and other explosive
elements. For this purpose, in one embodiment of a de-
vice according to the invention, at least one additional
manipulator is provided for ensuring the positioning of
parts of a respective UXO and securing them in position,
particularly detonators or bursting charges, etc. in or on
severed parts of the casing of such a UXO.
[0012] In a preferred embodiment of the invention,
parts of the explosive are removed from the chamber in
an aqueous solution and/or in the form of a sludge or
suspension. This can occur by means of pumping out.
The solution or sludge is temporarily stored and/or dis-
posed of separately, particularly on board a supply ship.
After the chamber is cleansed of explosive residues and
after the predominantly metallic remnants of the ord-
nance still contained in it are cleansed of explosive res-
idues, they can be disposed of or undergo further
processing as scrap either on board the supply ship or
on land with little residual hazard. The chamber can then
be immediately used again for disposing of another UXO.
[0013] Basically, the at least one detonator of the UXO,
which generally contains chemicals and/or an explosive
in a significantly lower quantity than a blasting charge or
main charge, can be dealt with in the same way. The
primary explosive or the booster charge, which is ignited
by the detonator, is generally more explosive than an
actual main charge of a piece of explosive ordnance,
which is much larger in terms of quantity and volume.
During the above-described delaboration, particular at-
tention is paid to such parts in order, for example, to min-
imize mechanical impacts, even in the form of agitation
or vibrations, as much as possible. If possible, for exam-
ple, a booster charge, which is also referred to as a boost-
er, is kept or stored separately inside the chamber while
the main charge is being rinsed out. In one embodiment
of a method according to the invention, a removal of the
booster does not take place until the chamber is opened
and the scrap has also been removed. After the removal
from the chamber, this booster part is then separately
destroyed in a separate explosion chamber on land, i.e.
separately from the device described here. But a deto-
nator is not installed in every device. Specifically in mu-
nitions that have been disposed of at sea in so-called

DMM sites, the presence of an armed detonator is not
all that common. Even these pieces of UXO without det-
onators, however, are extremely dangerous to people
and the environment simply because of the large amount
of explosives that they contain.
[0014] In a particularly preferred embodiment of the
invention, the chamber, along with the manipulators, is
situated in or on a support element, which is optionally
connected via a cable connection with the aid of a plat-
form at the surface of the water, e.g. a ship, a floater, or
a pontoon, is lowered over a detected UXO, and is posi-
tioned in a stationary fashion, or the support element is
erected on at least three legs over the UXO. The first of
these approaches is used at depths of 0 to approximately
50 m and primarily in munitions dumping zones with a
correspondingly high density and overlapping of a plu-
rality of pieces of UXO. With pieces of UXO lying in an
isolated position and/or at greater depths of even more
than 50 m, the second approach with a support element
standing on legs is preferably used. Once established, a
stationary position in solid contact with the sea bottom
reduces the positioning and control effort on board the
transport and supply ship.
[0015] In any case, it is preferable for the device to be
embodied as a largely self-sufficient processing unit for
underwater delaboration of UXO in a shallow water or
coastal region. A device according to the invention is thus
preferably operated autonomously, i.e. controlled by
people who are always at a safe distance. Correspond-
ingly, a device that has been lowered over a detected
UXO via a cable connection and has been positioned in
a stationary fashion is controlled as an autonomous ve-
hicle from a supply ship. A support element standing on
legs is controlled by cable from a ship that is generally
an oceangoing vessel; the ship stays at a sufficient safety
distance from the device while procedures are being car-
ried out inside the device.
[0016] In an important modification of the invention, in
the preparatory step of excavating and stabilizing the
UXO, a pasty cement mixture is deposited in, on, or
around the UXO. The cement mixture used is character-
ized by the fact that at a respective depth of the relevant
UXO, it has a density that corresponds to that of the sur-
rounding water and thus does not have any inherent
buoyancy and exhibits a good adhesion in or to the ma-
terial of the UXO. By admixing fibers, it is possible to
adjust a mechanical reinforcement of the cement mixture.
Other additives of the cement mixture, in addition to
achieving a time-controlled setting of the cement mixture,
also give it the lowest possible solubility in the surround-
ing seawater. On the whole, the use of the cement mix-
ture pursues the objective of a stabilization of the UXO
in the sense of a mechanical reinforcement of the cor-
roded structure of the UXO. Alternatively or in addition,
the cement mixture can also be used for a mechanically
reliable attachment of a hook or some other element with
a definite form for grasping and positioning the UXO.
[0017] It is particularly advantageous to use a gripper
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with soft cushions, which produce a contact of the gripper
with the UXO. This achieves an at least partial embrace
of a housing of the UXO with the most uniform possible
distribution of the action of force in order not to destroy
a structure of the UXO that may possibly have been
weakened by corrosion. Otherwise, the UXO would frac-
ture, which at the very least, would increase the number
of individual parts to recover and could cause an escape
of the explosive or other chemicals or even cause deto-
nation of the UXO. The goal is to achieve a stable and
safe handling of the UXO for orientation and correct po-
sitioning in the chamber or a receptacle inside the cham-
ber.
[0018] In a modification of the invention, a receptacle
is embodied as an adapter in order to adapt to a number
of ordnance designs. This adaptation takes place, among
other things, by adapting to different diameters and
heights, as well as keeping certain regions unobstructed
in a definite way in order in particular to keep detonators
of a respective UXO freely accessible to a manipulator-
guided WAS device for disarming by means of detach-
ment or in order to reliably avoid mechanical, physical
contact since otherwise, it could set off the UXO.
[0019] Other features and advantages of embodi-
ments according to the invention are explained in greater
detail below with reference to exemplary embodiments
based on the drawings. The drawings schematically
show the following:

Figs. 1a and 1b: perspective depictions of two basic
use types of a support element to
which are attached a chamber and
manipulators;

Figs. 2a - 2h: are perspective depictions of individ-
ual process steps of the exemplary
embodiment according to Fig. 1a;

Figs. 3a - 3d: are sectional depictions of the
closed chamber, with different UXO
or parts thereof held in an adapter;

Figs. 4a - 4e: are lateral sectional depictions to il-
lustrate a sequence of the method;
and

Fig. 5: is a top view of a support element to
which are attached a chamber and
manipulators as well as drive units.

[0020] Throughout the different drawings, the same
reference numerals are always used for the same ele-
ments or method steps. The invention will be explained
below in detail in a non-limiting way, essentially only with
regard to a use of a device for disposing of a large-format
UXO essentially in the form of a so-called moored mine.
[0021] Methods and corresponding devices will be de-
scribed below, which, when used as part of clearing a
large-format UXO, should quite significantly reduce the
hazards involved and harm to people and the environ-
ment. Figs. 1a and 1b are perspective depictions of a
device 1 adapted to two basic types of use. In this case,

the device 1 has a respective support element 2, embod-
ied here as a triangular frame structure with a chamber
3 mounted in it and in this instance, a total of four ma-
nipulators 4, 5, 6, 7 attached to it. The various tasks per-
formed by these manipulators 4, 5, 6, 7 and their corre-
spondingly adapted equipment will be discussed below
with reference to, among others, the sequences of Figs.
2a - 2g and 4a - 4e. For the sake of comprehensibility, a
depiction of additional auxiliary and preparatory units and
storage spaces for consumables, etc. that are provided
on the support element 2, has been omitted here. Further,
the manipulators 4, 5, 6, 7 are attached to the device 1
here. However, they can be separated from the device
1 establishing independent units that are only called on
demand respectively.
[0022] The exemplary embodiments of Figs. 1a and
1b differ essentially only with regard to the type of posi-
tioning over a previously detected UXO 8. The device 1
according to the exemplary embodiment in Fig. 1a is low-
ered in a manner not shown in detail here from an un-
manned floater by means of three cables 9 in a shallow
water region of up to approximately 50 m in depth and is
held over the position of the UXO 8 in a stable fashion.
For safety reasons, therefore, a control team is located
a sufficiently large distance away in order to perform mon-
itoring- and possibly also control procedures. In the case
of an accidental detonation of a large-format UXO 8, the
people are always safe. This is particularly necessary
when used in dumping zones since in them, various piec-
es of UXO are placed in a large quantity and high density,
randomly and even on top of one another on the surface
of the sea floor or in the sea floor. In such regions, an
erroneous contact can trigger a chain reaction, making
it crucial to avoid any additional bottom contact or contact
with the sea bottom BO.
[0023] By contrast, the device 1 according to the ex-
emplary embodiment in Fig. 1b, with an otherwise iden-
tical design, instead of being positioned by means of ca-
bles 9, is positioned by means of three legs 10 with only
a suggested possibility of length adjustment ΔL, by
means of which the support element 2 is positioned like
a tripod over the detected UXO 8, which is lying isolated
at a greater water depth, and the support element is lev-
eled by means of a length compensation of at least one
of the legs 10. The support element 2 is aligned essen-
tially horizontally as part of a position correction.
[0024] In a manner that is not shown, the device 1 ac-
cording to Fig. 1b is connected via a cable to a manned
supply ship, also not shown in detail, which is staffed with
monitoring and control teams and, after the device 1 has
been successfully positioned, is stationed remotely for
the safety reasons mentioned previously. In the present
exemplary embodiment, in addition to a function for sup-
plying the device with energy and operating supplies,
which will be explained in detail below, and for waste
disposal, the cable also serves as a mechanical position-
ing means and as a traction mechanism for raising and
lowering the device 1 on board the supply ship, which is
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generally an oceangoing vessel.
[0025] In each of the devices 1 shown, the chamber 3
is embodied as the actual centerpiece for a complete
elimination of a UXO 8 without direct environmental
harm. An upper tool is embodied as bell-shaped and has
a large opening that is always oriented straight down to-
ward a surface of a sea bottom BO. This opening is ad-
joined by a frame that can be lowered in a precisely ver-
tical fashion, with an adapter 11 for accommodating the
UXO 8. The chamber 3 is closed by means of a cover 12
that is mounted in pivoting fashion.
[0026] Based on the perspective depictions in Figs. 2a
- 2h, individual process steps of the exemplary embodi-
ment according to Fig. 1a will now be described, which
also occur identically in the exemplary embodiment ac-
cording to Fig. 1b: in continuity with the drawing in Fig.
1a, in Fig. 2a, the device 1 is positioned at a particular
working height H above one of the pieces of UXO 8 and
is also held there by means of the cable 9 during the
subsequent processing steps in a stable fashion with re-
gard to its x and y coordinates. The UXO 8 is resting on
the sea bottom BO and is still partially covered with sed-
iment and/or overgrowth. For further excavation and
cleaning of the UXO 8 with as little contact as possible,
the manipulator 4 is equipped with digging, cleaning,
and/or suction means 13, which, with the use of imaging
devices that are not shown in detail, are used to excavate
the UXO 8 until it can be identified with regard to its design
type and it is possible to exactly determine its spatial
position and orientation. This step is very important sim-
ply because sunken moored mines, depending on their
design, can have different types of detonation devices
14 distributed over different locations. And these deto-
nation devices 14 can even be still so sensitive that mere-
ly touching one of these detonation devices 14 could
cause the UXO 8 to explode.
[0027] Finally, in this method step, a mechanical state
of the UXO 8 must also be investigated by means of the
imaging devices of the manipulator 4, which have an abil-
ity beyond that of conventional optical camera processes,
to reliably provide usable images under difficult condi-
tions and despite a significant clouding of the surrounding
water by the above-mentioned excavation and cleaning
work. Particularly a sunken moored mine as the UXO 8
to be handled here must have a leak in an outer casing
that otherwise serves as a float in order, due to the flood-
ing of the float, to sink to the sea bottom. If this leak was
caused for example due to shelling, then a mechanical
basic structure of the UXO 8 may already have been
weakened solely by this to such an extent that this UXO
8 could break into several pieces already during an ex-
cavation or an attempt to immobilize it in its current po-
sition on the sea bottom. As a result, explosive could also
come into contact with the surrounding water or the UXO
8 could even explode. The same is basically true for a
continued corrosion of the metal parts by the seawater
and plant or animal growth with mussels, barnacles, and
algae.

[0028] To secure and stabilize in the sense of a me-
chanical reinforcing of the as a rule significantly corroded
structure of the UXO 8, the manipulator 4 also has a
device 15 for producing and definitely positioning, me-
tering, and outputting a mechanical immobilization ma-
terial. This immobilization material - in the form of lique-
fied paraffins, thermoplastic- or thermosetting plastics
and foams, or cement - can be placed into the UXO 8
and/or around the UXO 8, even at least partially surround-
ing it. After a certain amount of time, the above-men-
tioned substances have hardened to the point that they
effectively prevent the UXO 8 from collapsing during the
subsequent fastening and removal from the sea bottom
by means of a gripper as an essential component of the
manipulator 5 and are able to withstand this stress.
[0029] In the present exemplary embodiment, a ce-
ment is advantageously used, which has the special fea-
ture that it can be adjusted by means of its composition
so that it does not create any inherent buoyancy on the
UXO 8 under water and adheres well, even to corroded
metal. In addition, the still pasty cement does not dissolve
in the surrounding seawater as it is being applied and
also does not wash out.
[0030] Alternatively (and in a manner not shown in de-
tail), through the use of an immobilization material in the
form of the above-described cement, it is possible to at-
tach or embed a hook. Since the cement has such a good
adhesion, even to corroded metals that it firmly bonds to
them the moment it is applied, the cement can be used
to glue a holding element in place, e.g. in the form of a
hook. A hook of this kind can, after a resilient hardening
is achieved, be used for grasping and positioning the
UXO 8. According to this alternative, it is thus also pos-
sible to use small grippers.
[0031] After the completion of the preparatory method
steps performed using imaging monitoring, including a
precise excavation, identification of the type and position
of the relevant UXO 8, stabilization and reinforcement or
mechanical encapsulation of the casing, a manipulator
5 takes over from the previously active first manipulator
4 in the processing sequence. Consequently, the UXO
8 in Fig. 2b is embraced and lifted by a gripper 16 of the
manipulator 5. This procedure is also monitored by
means of imaging equipment on manipulator 4. For se-
cure fastening and subsequent positioning, the gripper
16 has cushioned inner surfaces, by means of which a
force acting on the casing of the UXO 8 is distributed
over comparatively large areas and is thus reduced as
much as possible. At the same time, this reliably prevents
the UXO 8 from slipping in the gripper 16 or even being
dropped.
[0032] In the approach to the process step shown in
Fig. 2c, the whole device 1 has been raised up by an
amount ΔH. Thanks to this change in height ΔH above
the surface BO of the sea bottom, it is now possible in
the method step shown in Fig. 2d to open the chamber
3 by lowering a bottom part 17 of the chamber 3 without
this part being able to touch the surface BO of the sea
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bottom or even another possibly adjacent UXO 8’. The
bottom part 17 includes an internal receptacle 18 of the
adapter 11. The gripper 16 is then pivoted by the manip-
ulator 5 so that the UXO 8 assumes a predetermined
orientation and correspondingly, after completion of the
positioning, is transported by the manipulator 5 in the
correct position into the corresponding receptacle 18 of
the adapter 11 of the bottom part 17 and is accommo-
dated therein, see Fig. 2e.
[0033] The bottom part 17 is attached to the chamber
3 by means of a so-called Sarrus mechanism 19 by
means of which the bottom part 17 is guided relative to
the chamber 3 in a high-precision linear fashion. This
precise linear guidance is considered necessary for a
number of reasons: on the one hand, it must always be
possible to reliably close the chamber 3 with the bottom
part 17. On the other hand, however, once a precise po-
sitioning of the UXO 8 in the receptacle 18 of the adapter
11 has been set, it must be maintained as precisely as
possible so that after the gripper 16 is withdrawn and the
bottom part 17 is closed, it is possible to no longer provide
a manipulator for a readjustment of the orientation of the
UXO 8. An incorrect positioning would thus require in a
time-consuming reopening of the chamber with a lower-
ing of the bottom part 17 for a re-manipulation by means
of the manipulator 5 with its gripper 16 accompanied by
monitoring with the imaging equipment of the manipulator
4.
[0034] Fig. 2f shows the device 1 in a closed state, i.e.
one in which an opening of the chamber 3, which is ori-
ented downward and toward the surface BO of the sea
bottom, is securely closed by the bottom part 17. The
UXO 8 is now exactly positioned on or in a receptacle 18
of the adapter 11 on the inside of the chamber 3. Then,
the UXO 8 is removed from the water so to speak by
pumping out and/or displacing the seawater contained
in the chamber 3. A gas pressure prevailing in the cham-
ber 3 thus essentially corresponds to the water pressure
at this working depth.
[0035] In the transition between Figs. 2f and 2g, the
device 1 is raised further out of the water or the sea.
During this, the third manipulator 6 is in use on the inside
of the chamber 3. After a check of a position of the UXO
8 and/or its detonation devices 14, a metallic outer hull
or casing of the UXO 8 is opened by means of water jet
cutting with the addition of abrasives. An explosive con-
tained in the UXO 8 is completely removed by using an-
other tool employing liquefaction by means of water con-
veyed into the chamber 3 from the outside, i.e. likewise
essentially by means of water jet cutting and rinsing.
Components of the explosive are removed from the
chamber 3 in an aqueous solution and/or in the form of
sludge or suspension. In this case, this suspension is
pumped out in order to be temporarily stored and/or dis-
posed of separately outside the chamber 3, in this exem-
plary embodiment on the floater or some other supply
unit at the surface of the water.
[0036] In the transition to the illustration in Fig. 2g, there

is already no longer any casing of a UXO 8 visible inside
the chamber 3. In this case, the UXO 8 has already been
cut into smaller pieces and the explosive has been trans-
formed into a suspension and pumped out. After this, all
that is left behind in the chamber 3 is parts of the casing
of the UXO 8, which, as non-hazardous scrap, can largely
be supplied to normal recycling, without having to comply
with further safety regulations, while the severed deto-
nators 14 etc. can be separately stored, disarmed, and
only after this, likewise disposed of as metal scrap.
[0037] Fig. 2h shows a scene out of the water, in which
the scrap remaining in the chamber 3 is ejected by open-
ing or pivoting the cover 12 while the bottom part 17 of
the chamber 3 is lowered to release the adapter 11. The
remaining metallic remnants can therefore fall out of the
chamber 3 in order to be collected at the surface of the
water on board a supply ship or the like. This assures
that in addition to chemical impurities from explosive res-
idues, metal parts are also prevented from falling back
into the sea. After the cover 12 is closed and the bottom
part 17 has been lifted to close the chamber 3, the device
1 can be lowered directly back into the sea in order to
dispose of the next UXO 8’ and the above-described cy-
cle begins again with a corresponding placement of the
device 1 over a detected UXO 8’.
[0038] The illustrations in Figs. 3a - 3d show sectional
depictions of the closed chamber 3 with different large-
format pieces of UXO 8 or parts 8", 8"’ thereof accom-
modated in standardized receptacles 18 of the adapter
11. Fig. 3a is a side view of a UXO 8 to be subsequently
handled, which is embodied in the form of a moored mine
that is oriented in a precisely vertical fashion and secured
in a standardized receptacle 18 of the adapter 11. A
moored mine of this kind, taking into account the buoy-
ancy under water, weighs approximately 400 kg, which
must be securely grasped and moved by the 2nd manip-
ulator 5. A moored mine, as an essentially spherical body,
measures about 1.10 m in diameter and contains approx-
imately 300 kg of explosives as a main charge and ap-
proximately 1 kg of explosive as a priming or booster
charge.
[0039] Fig. 3b shows a UXO 8 embodied in the form
of a depth charge secured in another standardized re-
ceptacle 18 of the adapter 11. A depth charge, with a
weight of approximately 100 kg under water, has the out-
er form of a section of a cylinder with a diameter of ap-
proximately 50 cm and a length of 0.6 m. A depth charge
contains approximately 140 kg of explosive as a main
charge and approximately 1 kg of explosive as the main
priming charge.
[0040] And finally, Figs. 3c and 3d show a holding of
two parts of a bottom mine that has been pre-treated by
being divided into thirds for subsequent handling with
removal of the explosive, securing of the detonation de-
vices, and final disposal of the remaining purely metallic
remains. A bottom mine likewise constitutes a cylindrical
section, which, with a diameter of approximately 50 cm
corresponds to the diameter of a depth charge. It is thus
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possible to use the same adapter 11 in the bottom part
17 of the chamber 3 to accommodate both kinds of UXO
8. In addition, however, a bottom mine has an overall
length of approximately 1.5 m. With a total weight of ap-
proximately 300 kg under water, a bottom mine contains
a total weight of almost 350 kg of explosive as a main
charge and approximately 4 kg of explosive in a priming
charge. In one disposal method, a bottom mine is dis-
sected so that the individual pieces to be separated from
the explosive correspond approximately to the dimen-
sions of a depth charge. By means of holders, not shown
in detail here, inside of the chamber 3, it is also possible
to carry out a disarming and disposal of an entire bottom
mine with sufficient positional securing to even prevent
a tilting inside the chamber 3. This also prevents the ex-
plosive and cutting waste from escaping into the sur-
rounding water during the severing process.
[0041] The chamber 3 is in fact embodied as a pressure
vessel in order, after one of the pieces of UXO 8 men-
tioned above by way of example has been received, to
be able to ensure drainage in a compressed-air atmos-
phere, even at depths of approximately 50 m. A disarming
of the UXO 8, however, always takes place by means of
opening an outer casing and subsequently removing the
explosive of at least one respective main charge by cut-
ting and/or washing-out and transporting it in the form of
a suspension out of the chamber 3. Through various safe-
ty measures, the possibility of an explosion occurring in-
side the chamber 3 is thus precluded as much as tech-
nically possible. As a result, the chamber 3 does not have
to be embodied in the form of an explosion-protected
explosion chamber, which would have to be able to with-
stand a detonation of 300 to 400 kg of TNT and explosives
of this nature. Consequently, the chamber 3 essentially
only has to be dimensioned with a view to the maximum
use depth under water and the formats and outer dimen-
sions of the UXO 8 to be accommodated therein. In ad-
dition, there must always be sufficient room inside the
chamber 3 to accommodate the explosive/water suspen-
sion produced during the washing-out procedure as well
as cut-off parts of the outer casing. In a manner not shown
in detail here, water for cutting open and separating the
outer casing and for washing out the explosive is supplied
to the chamber 3 from the outside at high pressure, with
or without the addition of additional abrasively acting sub-
stances, in this case, preferably from reservoirs on the
support element 2. Waste water produced by these work
procedures is continuously removed from the chamber
3 by means of a separate, closed circuit and is separately
stored and/or prepared. Consequently, even as part of a
dissection and washing-out procedure, no seawater can
be contaminated with explosive and/or no metal parts of
the bottom mine are left behind in the sea or get into the
sea in the form of cuttings of the casing.
[0042] The series of Figs. 4a - 4e, in the form of lateral
sectional depictions, shows an above-described
processing sequence once again. In this case, Fig. 4a
shows a state after completion of the excavation of the

UXO 8, at the transition from the above-described Fig.
1b to Fig. 1c. In this step, the gripper 16 has securely
surrounded the UXO 8, which is possibly mechanically
reinforced by means of cement, while the first manipula-
tor 4 is already in a definite passive position on the frame
2. In the approach to Fig. 4b, the device 1 has already
completed the height change ΔH for the opening of the
chamber 3 through a lowering of the bottom part 17 of
the chamber 3 by means of a drive cylinder 20 in order
to set the UXO 8 secured in the gripper 16 into a recep-
tacle 18 of the adapter 11 in a defined orientation. This
step has been completed in the illustration shown in Fig.
4c. Then the manipulator 5 also switches into a passive
position so that the chamber 3 can be closed through the
action of the Sarrus mechanism 19, see Fig. 4d. Then,
the water contained in the chamber 3 is pumped out or
is pushed out through the introduction of compressed air
so that an internal pressure in the chamber 3 is built up,
which corresponds to a current water depth. Then the
manipulator 6, accompanied by image-based monitor-
ing, starts the process of opening or cutting open a casing
of the UXO 8 by means of water jet cutting and separate
handling of severed parts by means of a manipulator 7
for handling e.g. the at least one detonator 14 of the UXO
8, in this case, likewise by means of water jet cutting in
cooperation with the manipulator 6. Inside the chamber
3, the manipulators 6 and 7 assist each other in the de-
laboration like two hands, with the tasks of the cutting
and washing out always remaining the duty of the ma-
nipulator 6. Image-producing monitoring devices, e.g. in
the form of camera systems and sensors inside the cham-
ber 3, are not shown in the drawing.
[0043] After an opening of the casing, the explosive of
a main charge contained in the UXO 8 is removed through
liquefaction using separately supplied water, likewise es-
sentially by means of water jet cutting carried out by the
manipulator 6. In this case, the tool used for this purpose
is correspondingly changed for the purpose of producing
an aqueous suspension. The suspension produced is
pumped out of the chamber 3 or is pushed out of the
chamber by compressed air, through a separate drain
valve, and into a closed disposal circuit. The chamber 3
is then cleansed of explosive residues by rinsing with
water. At this point, the only things remaining inside the
chamber 3 are the cut-off parts of the former casing of
the UXO 8 and separately contained detonators 14, not
shown in detail here. For the corresponding handling of
the scrap parts or sections of the outer casing of the UXO
8, the manipulator 7 is provided inside the chamber 3
and, after the opening of the chamber 3, the manipulator
6 is provided in the outer region.
[0044] Fig. 4e shows a process step in which now,
through a simple pivoting of the cover 12 provided at the
bottom by means of a drive cylinder 21, the remaining
parts that have been cut off from the casing of the UXO
8 - as comparatively safe pieces metallic scrap 22, which
have been cleansed of chemicals - are dumped out of
the chamber 3 into a container that is not in the sea. The
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detonators 14, which generally contain comparatively
small quantities of explosive, are separately removed
from the chamber 3 and disposed of, provided that it was
not possible for them to be correspondingly positioned
by the manipulator 7 and cut open by the manipulator 6
and separated from the explosive contained therein by
being washed out. In the latter case, these detonators
14 are also disposed of or recycled as metal scrap 22 of
the outer casing of the UXO 8, without increased safety
requirements.
[0045] Fig. 5 is a top view of the frame-shaped support
element 2 with the chamber 3 and manipulators 5, 6, 7,
8 affixed to it as well as drive units and the like of the
Sarrus mechanism 19 of the bottom part 17 of the cham-
ber 3. This design is identical in the exemplary embodi-
ments shown in Figs. 1a and 1b. In areas with a high
density of UXO 8, the variant according to Fig. 1a is used
simply due to the basic lack of contact with the bottom.
With this variant, individual pieces of UXO 8 can be grad-
ually removed, even from conglomerations, and dis-
armed and disposed of without additional stresses or
contact resulting in an increased explosion danger. Au-
tonomous units in the form of unmanned floaters with a
high positioning precision with reference to geo-coordi-
nates are available, which can maintain an exact depth
position under water by means of winch systems, even
when there are waves and when in shallow water regions.
[0046] As an essential element, the above-described
device 1 includes the chamber 3, which is embodied as
a bell-shaped pressure hull that is open toward the sea
bottom BO and that can be opened and closed in a def-
inite way by means of a Sarrus mechanism 19. The cham-
ber 3 is adapted to a series of different standard formats
of large-format pieces of UXO 8 with correspondingly
high contents of hazardous and environmentally harmful
explosives and offers a correspondingly dimensioned
open interior for accommodating them and supporting
them in a mechanically stable fashion even during
processing by means of manipulators 6, 7 provided inside
the chamber, with accompanying image-based monitor-
ing and/or lighting. The interior of the chamber 3 is also
embodied for collecting and temporarily accommodating
aqueous suspensions of abrasive substances and me-
tallic pieces from the high-pressure water jet cutting and
the washing-out of the explosive of a respective main
charge of the UXO 8. Apart from a pressure load during
drainage by means of compressed air, even at depths of
approximately 50 m below the surface of the water, and
the static load due to the additional weight of the UXO 8,
the chamber 3 does not have to have any further me-
chanical reinforcement since the chamber 3 is in partic-
ular not embodied as a detonation chamber. External
and internal safety systems prevent detonation of any
UXO 8 or of any detonators, detonation devices 14, or
bursting charges that have been severed from it. In this
way, the chamber 3 also offers a unit that can be posi-
tioned and transported well, is of a manageable weight,
and is of a size that can be maneuvered both under water

at the surface of the water.
[0047] A device 1 of the above-described type can be
used as a compact, complete system for delaboration of
even large-format pieces of UXO 8, which is not just for
use in shallow marine regions and lakes. Advantageous-
ly, a device 1 can also be used on land, e.g. with posi-
tioning by means of a crane, for basically separating ex-
plosives and other parts of pieces of UXO 8 from the
environment surrounding the chamber 3. Delaboration
of UXO can be carried out with the greatest possible pro-
tection of people and the environment in pools of water
e.g. below a ground water level, without excessive pump-
ing-out, but also in a dry excavation pit. A device 1 that
has been described in a number of embodiments there-
fore constitutes a universally usable tool, which can be
used to a large extent independently of the weather, the
day of the week, the time of day, the light conditions, etc.
and can operate autonomously.

Reference Numeral List

[0048]

1 device
2 support element / support platform
3 chamber
4 1st manipulator
5 2nd manipulator
6 3rd manipulator
7 4th manipulator
8 piece of unexploded ordnance / UXO
9 cable
10 leg
11 adapter in a frame, lowered for accommodating

the UXO 8
12 cover for closing the chamber 3, mounted in piv-

oting fashion
13 digging and suction means as well as imaging de-

vices
14 detonation device of the UXO 8
15 device for producing and definitely outputting a

mechanical immobilization material / cement
16 gripper with cushioned inner surfaces
17 bottom part of the chamber 3
18 standardized receptacles of the adapter 11 for dif-

ferent large-format UXO 8
19 Sarrus mechanism
20 drive cylinder for the bottom part 17
21 drive cylinder for tilting of the cover 12
22 metal scrap / cut-off parts of the outer casing of

the UXO 8
BO surface of the sea bottom
ΔL length adaptation / length compensation
H working height for the 1st and 2nd manipulators 4,

5 above a UXO 8
ΔH height change for the opening of the chamber 3
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Claims

1. A method for disposing of a piece of unexploded ord-
nance UXO (8) lying under water, where the detected
UXO (8) is placed into a closable chamber (3), and
the chamber (3) is emptied of seawater after it is
closed, and
a casing of the UXO (8) is opened by means of water
jet cutting,
characterized in that
the UXO (8) is excavated for identification and typing,
including determination of a spatial position and ori-
entation and determination of a state and degree of
preservation, and
is stabilized and
then raised up from the sea bottom, and
brought into a predetermined orientation,
and within the chamber (3), the UXO (8) is then sep-
arated from the surrounding seawater and
the casing of the UXO (8) is cut, and
an explosive contained therein is then completely
removed.

2. The method according to the preceding claim, char-
acterized in that the complete removal of the ex-
plosive takes place through liquefaction by means
of supplied water, likewise essentially by means of
water jet cutting, and parts of the explosive are re-
moved from the chamber (3) in an aqueous solution
and/or in the form of sludge or suspension or is
pumped out and temporarily stored and/or disposed
of separately.

3. The method according to one of the preceding
claims, characterized in that after the step of es-
tablishing a predetermined orientation of the UXO
(8) inside the closed chamber (3), before the water
jet cutting, basically first a mechanical immobilization
of the UXO (8) and/or parts that are to be cut off is
carried out.

4. The method according to one of the preceding
claims, characterized in that a cement is used for
stabilizing in the sense of a mechanical reinforce-
ment of the corroded structure of the UXO (8) and/or
to attach a hook for subsequently grasping and po-
sitioning the UXO (8).

5. A device for disposing of a piece of unexploded ord-
nance UXO (8) lying under water within a closable
chamber (3) having water jet cutting means to open
the UXO (8), where the device is particularly embod-
ied to carry out a method according to one of the
preceding claims, characterized in that
the device (1) has at least one manipulator (4)
equipped with digging, cleaning, means for identifi-
cation and typing the UXO (8) and/or suction means
(13), and

a manipulator (5) for immobilizing the UXO (8) and
for bringing the UXO (8), which has been raised up
from the sea bottom (BO), into a predetermined ori-
entation in a chamber (3) that can be closed and
emptied of water and
within the chamber (3), at least a device manipulator
(6) is provided for cutting open a casing of the UXO
(8) and for completely removing the explosive.

6. The device according to the preceding claim, char-
acterized in that the closable chamber (8) is em-
bodied in the form of a diving bell or as bell-shaped
and is designed for a use of the device (1) in a coastal
shallow water region with a depth of 0 to approxi-
mately 50 m.

7. The device according to one of the two preceding
claims, characterized in that by means of an adapt-
er (18), the chamber (3) is embodied to accommo-
date large-format UXO (8) in the form of moored
mines and depth charges of German design as well
as British bottom mines of the Mark I through Mark
IV types, among others.

8. The device according to one of the preceding claims
5 through 7,
characterized in that the chamber (3) is connected
to a cover (12) by means of a Sarrus mechanism
(19) for exact guidance during closing.

9. The device according to one of the preceding claims
5 through 8, characterized in that the chamber (3),
along with independently controllable manipulators
(4, 5, 6, 7), is situated in or on a support element (2)
and
the first manipulator (4) further includes means (13)
an imaging device and/or a device (15) for producing
and definitely outputting a mechanical immobiliza-
tion material.

10. The device according to one of the preceding claims
5 through 9,
characterized in that at least one manipulator (5)
has a gripper (16) with a soft cushion for enclosing
a housing or casing of the UXO (8) for a stable and
secure orientation and positioning and for transport-
ing the UXO (8) to the closable and drainable cham-
ber (3) .

Patentansprüche

1. Verfahren zur Entsorgung eines unter Wasser lie-
genden Kampfmittels UXO (8), bei dem das detek-
tierte UXO (8) in eine verschließbare Kammer (3)
verbracht und
die Kammer (3) nach dem Schließen von Meerwas-
ser entleert wird, und
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ein Öffnen eines Mantels des UXO (8) durch Was-
serstrahl-Schneiden erfolgt,
dadurch gekennzeichnet, dass
das UXO (8) zur nachfolgenden Typisierung mit Be-
stimmung einer räumlichen Lage und Orientierung
sowie eines Zustands und Erhaltungsgrades freige-
legt wird und
stabilisiert und
nachfolgend von dem Meeresboden angehoben und
in eine vorbestimmte Orientierung verbracht wird,
und das UXO (8) in der Kammer (3) von dem umge-
benden Meer isoliert wird und
der Mantel des UXO (8) geöffnet und ein darin ent-
haltener Sprengstoff vollständig entnommen wird.

2. Verfahren nach dem vorhergehenden Anspruch, da-
durch gekennzeichnet, dass die vollständige Ent-
nahme des Sprengstoffs durch Verflüssigung mittels
zugeführtem Wasser ebenfalls im Wesentlichen
durch Wasserstrahl-Schneiden erfolgt und
in wässriger Lösung und/oder als Schlamm oder
Suspension vorliegende Teile des Sprengstoffs aus
der Kammer (3) entnommen und separat zwischen-
gespeichert und/oder entsorgt werden.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass an den Schritt
der Einrichtung einer vorbestimmten Orientierung
des UXO (8) in der geschlossenen Kammer (3) vor
dem Wasserstrahl-Schneiden grundsätzlich zuerst
eine mechanische Fixierung des UXO (8) und/oder
abzutrennender Teile vorgenommen wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass ein Zement
zur Stabilisierung im Sinne einer mechanischen
Stärkung der korrodierten Struktur des UXO (8)
und/oder zur Anbringung eines Hakens zum nach-
folgenden Greifen und Positionieren des UXO (8)
verwendet wird.

5. Vorrichtung zur Entsorgung eines unter Wasser lie-
genden Kampfmittels UXO (8) in einer unter Wasser
dicht verschließbaren Kammer (3) mit Mitteln, die
zur Öffnen des UXO (8) durch Wasserstrahl-Schnei-
den ausgebildet sind, wobei die Vorrichtung zur Um-
setzung eines Verfahrens nach einem der vorherge-
henden Ansprüche dadurch gekennzeichnet und
besonders ausgebildet ist,
dass die Vorrichtung (1) mindestens einen Manipu-
lator (4) aufweist, der mit Mittel (13) zum Freilegen,
Säubern, Identifizierungs- und Typisierungsmitteln
für das UXO (8) und/oder Absaugmitteln ausgestat-
tet ist, und
einen Manipulator (5) zum Fixieren des UXO (8) und
zum Verbringen des von dem Meeresboden (BO)
angehobenen UXO (8) in einer vorbestimmten Ori-
entierung in die verschließbare und entwässerbare

Kammer (3), wobei
in der Kammer (3) mindestens ein Manipulator (6)
zum Aufschneiden eines Mantels des UXO (8) sowie
zur vollständigen Entnahme des Sprengstoffs vor-
gesehen ist.

6. Vorrichtung nach dem vorhergehenden Anspruch,
dadurch gekennzeichnet, dass die verschließbare
Kammer (8) nach Art einer Tauchglocke glockenför-
mig ausgebildet und für einen Einsatz einer Vorrich-
tung (1) in einem Küsten- und Flachwasserbereich
von 0 bis ca. 50 m Tiefe ausgelegt ist.

7. Vorrichtung nach einem der beiden vorhergehenden
Ansprüche,
dadurch gekennzeichnet, dass die Kammer (3)
über einen Adapter (18) zur Aufnahme großformati-
ger UXO (8) in Form von Ankertauminen und Was-
serbomben deutscher Bauformen sowie britische
Grundminen der Typen Mark I - IV ausgelegt ist.

8. Vorrichtung nach einem der vorhergehenden An-
sprüche 5 bis 7, dadurch gekennzeichnet, dass
die Kammer (3) über einen Sarrus-Mechanismus
(19) zur exakten Führung beim Schließen mit einem
Deckel (12) verbunden ist.

9. Vorrichtung nach einem der vorhergehenden An-
sprüche 5 bis 8, dadurch gekennzeichnet, dass
die Kammer (3) mit voneinander unabhängig an-
steuerbaren Manipulatoren (4, 5, 6, 7) in oder an
einem Trägerelement (2) angeordnet ist, wobei der
erste Manipulator (4) weiter eine bildgebende Ein-
richtung und/oder eine Vorrichtung (15) zur Erzeu-
gung und definierten Ausgabe eines mechanischen
Fixierungsmittels umfasst.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche 5 bis 9, dadurch gekennzeichnet, dass
mindestens ein Manipulator (5) einen Greifer (16)
mit einem weichen Polster zum Umschließen eines
Gehäuses oder einer Umhüllung des UXO (8) zur
stabilen und sicheren Ausrichtung sowie Positionie-
rung sowie Transportieren des UXO (8) zu der ver-
schließbaren und entwässerbaren Kammer (3) auf-
weist.

Revendications

1. Procédé d’élimination d’une munition non explosée
UXO (8) se trouvant sous l’eau, dans lequel l’UXO
(8) détectée est placée dans une chambre pouvant
être fermée (3), et la chambre (3) est vidée d’eau de
mer après sa fermeture, et
un boîtier de l’UXO (8) est ouvert par découpe au jet
d’eau,
caractérisé en ce que
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l’UXO (8) sont excavées à des fins d’identification et
de typage, y compris la détermination d’une position
et d’une orientation spatiales et la détermination d’un
état et d’un degré de préservation, et
est stabilisé et
puis soulevé du fond de la mer, et
dans une orientation prédéterminée,
et à l’intérieur de la chambre (3), l’UXO (8) sont en-
suite séparées de l’eau de mer environnante, et
un boîtier de l’UXO (8) est découpé, et
un explosif qui s’y trouve est alors complètement re-
tiré.

2. Procédé selon la revendication précédente, carac-
térisé en ce que l’élimination complète de l’explosif
s’effectue par liquéfaction au moyen d’eau fournie,
également essentiellement par découpe au jet
d’eau, et des parties de l’explosif sont retirées de la
chambre (3) dans une solution aqueuse et/ou sous
forme de boue ou de suspension ou sont pompées
et stockées temporairement et/ou éliminées sépa-
rément.

3. Procédé selon l’une des revendications précéden-
tes, caractérisé en ce qu’après l’étape consistant
à établir une orientation prédéterminée de l’UXO (8)
à l’intérieur de la chambre fermée (3), avant la dé-
coupe au jet d’eau, une immobilisation mécanique
de l’UXO (8) et/ou des pièces à couper est réalisée
en premier lieu.

4. Procédé selon l’une des revendications précéden-
tes, caractérisé en ce qu’on utilise un ciment pour
stabiliser dans le sens d’un renforcement mécanique
de la structure corrodée d’UXO (8) et/ou pour fixer
un crochet pour saisir et positionner ensuite l’UXO
(8) .

5. Dispositif d’élimination d’une munition non explosée
UXO (8) se trouvant sous l’eau à l’intérieur d’une
chambre (3) pouvant être fermée, comportant des
moyens de découpe au jet d’eau pour ouvrir l’UXO
(8), le dispositif étant notamment conçu pour réaliser
un procédé selon une des revendications précéden-
tes,
caractérisé en ce que
le dispositif (1) comporte au moins un manipulateur
(4) équipé de moyens d’excavation, de nettoyage,
d’identification et de frappe d’UXO (8) et/ou d’aspi-
ration (13), et
un manipulateur (5) pour immobiliser l’UXO (8) et
pour amener l’UXO (8), qui ont été soulevées du
fond de la mer (BO), dans une orientation prédéter-
minée dans une chambre (3) qui peut être fermée
et vidée d’eau, et
à l’intérieur de la chambre (3), au moins un manipu-
lateur de dispositif (6) est prévu pour découper un
boîtier de l’UXO (8) et pour enlever complètement

l’explosif.

6. Dispositif selon la revendication précédente, carac-
térisé en ce que la chambre fermable (8) est réali-
sée sous la forme d’une cloche de plongée ou en
forme de cloche et est conçue pour une utilisation
du dispositif (1) dans une zone côtière d’eau peu
profonde avec une profondeur de 0 à 50 m environ.

7. Dispositif selon l’une des deux revendications pré-
cédentes,
caractérisé en ce que, au moyen d’un adaptateur
(18), la chambre (3) est conçue pour recevoir d’UXO
de grand format (8) sous la forme de mines ancrées
et de charges sous-marines de conception alleman-
de ainsi que des mines de fond britanniques du type
Mark I à Mark IV, notamment.

8. Dispositif selon l’une des revendications précéden-
tes 5 à 7,
caractérisé en ce que la chambre (3) est reliée à
un couvercle (12) au moyen d’un mécanisme Sarrus
(19) pour un guidage précis pendant la fermeture.

9. Dispositif selon l’une des revendications précéden-
tes 5 à 8,
caractérisé en ce que la chambre (3), avec des
manipulateurs (4, 5, 6, 7) à commande indépendan-
te, est située dans ou sur un élément support (2) et
le premier manipulateur (4) comprend en outre des
moyens (13) un dispositif d’imagerie et/ou un dispo-
sitif (15) pour produire et sortir définitivement un ma-
tériau d’immobilisation mécanique.

10. Dispositif selon l’une des revendications précéden-
tes 5 à 9,
caractérisé en ce qu’au moins un manipulateur (5)
présente une pince (16) avec un coussin souple pour
entourer un boîtier ou une enveloppe de l’UXO (8)
pour une orientation et un positionnement stable et
sûr et pour transporter l’UXO (8) vers la chambre (3)
pouvant être fermée et évacuée.
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