EP 2 898 351 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 898 351 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: GO1V 1/38 (2006.01) GO1V 1/00 (2006.01)
30.11.2016 Bulletin 2016/48 E02D 27/52 (200097
Application number: 13808213.6 (86) International application number:
PCT/IB2013/058689
Date of filing: 20.09.2013

(87) International publication number:
WO 2014/045231 (27.03.2014 Gazette 2014/13)

(54)

METHOD AND APPARATUS FOR SHIELDING UNDERWATER NOISE
VERFAHREN UND VORRICHTUNG ZUR ABSCHIRMUNG VON UNTERWASSERGERAUSCHEN
PROCEDE ET APPAREIL DE PROTECTION CONTRE LES BRUITS SOUS-MARINS

(84)

(30)

(43)

(73)

Designated Contracting States: (72) Inventor: NEUMANN, Petter

AL AT BE BG CH CY CZ DE DKEE ES FI FR GB N-3113 Tonsberg (NO)

GRHRHUIEISITLILTLULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR (74) Representative: Onsagers AS
P.O. Box 1813 Vika

Priority: 21.09.2012 NO 20121076 0123 Oslo (NO)

Date of publication of application: (56) References cited:

29.07.2015 Bulletin 2015/31 EP-A1-2 431 531 DE-A1-102004 043 128
US-B2- 8 162 297

Proprietor: Mobico Shipping AS

3113 Tensberg (NO)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 898 351 B1 2

Description

[0001] The present invention relates to a method for
shielding underwater noise in a body of water, for exam-
ple, underwater noise that is generated during underwa-
ter blasting, seismic surveys or the preparation and foun-
dation work for offshore structures.

[0002] The presentinvention also relates to equipment
used to carry out the method.

[0003] Different offshore operations that require blast-
ing, piling, foundation work etc., will generate underwater
noise, for example, pressure and/or sound waves, that
may be harmful to marine flora and fauna. In the light of
this, new regulations have been introduced which require
such underwater noise to be insulated.

[0004] It is known to provide so-called air bubble cur-
tains around parts of an offshore structure, for example,
the legs of a platform, when different operations are to
be carried out. An air bubble curtain of this kind is formed
of small air bubbles that flow out from a plurality of nozzles
in an apparatus deployed at a depth in the water, which
air bubbles, as they rise to the surface, will expand and
thus form a curtain of air that will prevent underwater
noise from "escaping" through the air bubble curtain.
[0005] Such known solutions are based on a special
"cage" being made for the specific offshore structure,
where this cage is then, for example, built around the
legs of a platform before the planned work is started. The
cage will be arranged close to the platform legs. This is
a time-consuming and costly method and, moreover, it
will not always work as intended, as the air bubbles form-
ing the curtain of air will be affected by waves and currents
in the water, which may result in the air bubbles crossing
the platform legs and ending up on the other side of the
leg from their point of release, which results in the un-
derwater noise propagating in the body of water and
thereby harming marine flora and fauna.

[0006] EP 2,431,531 A1relatestoajack-up vessel that
is used in connection with offshore piling activities, where
an air bubble curtain is provided to shield noise that is
generated during the piling process. A flexible conduit
configured with a plurality of holes along its length will be
laid in a circle around a pile that is to be driven into the
seabed. The vessel is provided with equipment so as to
be able to supply the flexible conduit with air.

[0007] US 4,038,630 A relates to a method and appa-
ratus for simultaneously towing and handling multiple air-
guns that are used in connection with seismic surveying
offshore.

[0008] An object of the present invention is to minimise
and possibly alleviate the problems associated with the
prior art. It is also an object to provide an apparatus that
will facilitate deployment of the apparatus.

[0009] These objects are achieved in accordance with
the invention by the features disclosedin the independent
claims below, with additional features of the invention set
forth in the dependent claims and the following descrip-
tion.
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[0010] The presentinvention, in one embodiment, re-
lates to a method for laying out a plurality of flexible con-
duits around an area in which one or multiple offshore
structures are to be deployed on the seabed, each flexible
conduit being used to delimit a given area with an air
bubble curtain, such that underwater noise which, for in-
stance, is generated in connection with the deployment
and anchoring of an offshore structure foundation on the
seabed, is stopped by the air bubble curtain. The air bub-
ble curtain is provided in that small air bubbles flow out
from a plurality of nozzles provided in the flexible conduit
when the flexible conduit is connected to one or more
compressed air sources and compressed air is supplied
to the flexible conduit. According to the method of the
present invention, a plurality of flexible conduits are
towed behind a vessel in full length to an area in which
the offshore structure or structures are to be deployed.
Such offshore structures may, for example, be wind pow-
er plants. Once the vessel has towed the plurality of flex-
ible conduits into the vicinity of the area in which the off-
shore structures are to be deployed, these flexible con-
duits, with the exception of one, will be made ready for
later laying in that the flexible conduits are ballasted and
lowered to the seabed in the vicinity of the area in which
the offshore structures are to be deployed, and then re-
leased from the vessel so as to lie submerged on the
seabed. The flexible conduit that is still connected to the
vessel will then be towed to the installation site of an
offshore structure, after which the vessel tows the flexible
conduit in order to lay it in a ring or circle around the
location in which the offshore structure is to be installed,
whilst the flexible conduit is ballasted in order to lower it
to the seabed. When the flexible conduit has been de-
ployed and lowered to the seabed, the flexible conduit
will form a closed ring or circle around the location in
which the offshore structure is to be deployed. The off-
shore structure will then be transported to the location in
which it is to be deployed and then lowered down in the
centre of the ring or circle. How far the flexible conduit is
to be arranged from the offshore structure will be deter-
mined by the local current conditions, weather conditions,
the size of the air bubbles etc. The vessel will then return
to the area where the rest of the flexible conduits have
been submerged in order to be connected to one of these
flexible conduits, after which the vessel will tow this flex-
ible conduitto the next, nearby installation site for another
offshore structure. This flexible conduit will then similarly
be laid in a closed ring or circle around the location in
which the offshore structure is to be deployed. This meth-
od is repeated until all towed flexible conduits have been
towed out to the installation sites and arranged sub-
merged on the seabed at this location. Each flexible con-
duit will thus form a closed ring or circle around its re-
spective offshore structure when the offshore structure
has been deployed.

[0011] Through the method according to the present
invention, a plurality of flexible conduits will be laid in one
operation, these flexible conduits thereby being ready for
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later use. Inthis way, offshore structures can be deployed
even in bad weather, which will be cost-saving since oth-
erwise the work would have had to be stopped as laying
such flexible conduits is difficult in bad weather.

[0012] When a work vessel has transported the foun-
dation of an offshore structure and lowered it into the
centre of the laid and submerged flexible conduit, the
submerged flexible conduit will be connected to one or
more compressed air sources on board the vessel, so
as to start supplying compressed air to the flexible con-
duit. As the flexible conduit is configured with a plurality
of nozzles along its length, the compressed air will grad-
ually begin to flow out of the nozzles, said nozzles forming
small air bubbles that rise to the sea surface. Since the
compressed air is supplied continuously to the flexible
conduit, these air bubbles will, as they rise, expand and
form a curtain of air that will prevent underwater noise in
connection with the work being done to anchor the foun-
dation to the seabed from escaping through and to the
outside of the air bubble curtain that is formed by the
flexible conduit.

[0013] It will be understood that the method according
to the present invention can also be used in other con-
nections, for example, to shield underwater noise that is
generated in connection with different types of blasting
operations (blasting to remove explosives from the sea-
bed, blasting in connection with the installation of an off-
shore structure etc.) or when conducting seismic sur-
veys.

[0014] During seismic surveys, the flexible conduits
will not necessarily be submerged on the seabed, but
may, for example, be towed with the seismic cable. In
this case, a flexible conduit will be arranged on each side
of the seismic cable, so as to prevent unwanted under-
water noise from affecting the seismic survey, or limit the
seismic survey sweep.

[0015] The presentinvention also relates to equipment
that is used to carry out the method, the equipment com-
prising a flexible conduit that is configured with a plurality
of nozzles along its length and is further configured with
suitable means to enable it to be connected to one or
more compressed air sources. In that the flexible conduit
is connected to one or more compressed air sources and
the compressed air sources supply compressed air to
the flexible conduit, the compressed air will be able to
flow out of the nozzles so as to form small air bubbles
which will expand as they rise towards the surface. These
air bubbles will then form a curtain of air bubbles which
will prevent underwater noise from escaping through the
curtain.

[0016] Theflexible conduitfurther comprises aplurality
of chambers, where at least one chamber forms a vari-
able ballast chamber, at least one chamber forms an air-
conducting chamber and one chamber forms a fixed bal-
last chamber, which plurality of chambers extend along
the entire length of the flexible conduit. The at least one
chamber forming the air-conducting chamber will then
be configured with the plurality of nozzles.
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[0017] Inan embodiment, the at least one air-conduct-
ing chamber of the flexible conduit is configured with two
rows of nozzles along the length of the air-conducting
chamber, the rows of nozzles being arranged spaced
apart. The rows of nozzles are expediently arranged to-
wards a lower part of the air-conducting chamber.
[0018] Inthatthe rows of nozzles are configured so as
to be spaced apart, one of the rows of nozzles may, for
example, be arranged at 4 o’clock, whilst the other row
of nozzles may be arranged at 8 o’clock. The rows of
nozzles will thus provide an air bubble curtain on each
side of the air-conducting chamber, whereby this will fur-
ther prevent underwater noise from passing through the
double bubble curtain.

[0019] In an embodiment, the nozzles in one row are
offset in the longitudinal direction of the air-conducting
chambers relative to the nozzles in the other row, thereby
forming a double bubble curtain.

[0020] The at least one chamber forming the variable
ballast chamber, the at least one chamber forming the
air-conducting chamber and the fixed ballast chamber
will be connected to each other through intermediate el-
ements so as to form a "closed" unit, the intermediate
elements extending in the whole of the longitudinal di-
rection of the flexible conduit.

[0021] In an embodiment, the flexible conduit is con-
figured with five chambers, of which two form variable
ballast chambers, two form air-conducting chambers and
one forms a fixed ballast chamber. The five chambers
will, in a way similar to that described above, be connect-
ed to each other by means of intermediate elements. This
embodiment will also resultin that the flexible conduit will
be more flexible for bending horizontally and vertically
than in the intermediate diagonal planes in that the bend-
ing moment between the chambers is smaller in the hor-
izontal and vertical directions than in the diagonal direc-
tion, which results in the flexible conduit assuming a cor-
rect horizontal orientation on the seabed.

[0022] The fixed ballast chamber in the embodiments
referred to above is configured with a through opening
along the entire length of the fixed ballast chamber, in
which through opening is arranged a weight in the form
of chain, wire, cement or the like. The air-conducting
chamber or chambers will furthermore be arranged es-
sentially in the same plane as the fixed ballast chamber.
[0023] The centre of gravity of this fixed ballast cham-
beris expediently arranged lower than the centre of buoy-
ancy of the flexible conduit, such that the flexible conduit
has a positive GZ curve (righting arm), which means that
the flexible conduit will always float with the fixed ballast
chamber lowermost and will lie with the fixed ballast
chamber on the seabed, so as to assume a correct po-
sition with regard to forming a double bubble curtain.
[0024] Furthermore, the flexible conduit will be so con-
figured thatitis more flexible for bending horizontally and
vertically than in the intermediate diagonal planes in that
the bending moment between the chambers of the flex-
ible conduit is smaller in the horizontal and vertical direc-
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tions than in the diagonal direction. The flexible conduit
will thus not twist around its own axis on bending (i.e.,
when the flexible conduit is laid in a circle), whereby the
configuration of the flexible conduit, together with the po-
sition of the fixed ballast chamber, will always ensure that
the flexible conduit assumes a correct horizontal orien-
tation when it is submerged on the seabed.

[0025] When the flexible conduit has been laid in aring
or circle, the length of the outer air-conducting chamber
will be longer than the length of the inner air-conducting
chamber. The flexible conduit will thus be configured
such that the inner air-conducting chamber over certain
areas of the flexible conduit is allowed to buckle so as to
take up the difference in length to the outer air-conducting
chamber.

[0026] The flexible conduits can be lowered and raised
first from an end that is closest to the vessel, or lowered
and raised first from an end that is furthest from the ves-
sel.

[0027] Inthe first case, the flexible conduits will be low-
ered by pumping waterinto the variable ballast chambers
from the end of the flexible conduit that is closest to the
vessel, whereby the flexible conduit starts to be lowered
from the vessel from this side and then along its length.
When a flexible conduit is to be raised from the seabed,
air will be blown into the variable ballast chambers from
the end of the flexible conduit that is closest to the vessel.
As the flexible conduit at an opposite end is equipped
with one or more pressure-controlled valves, the water
will begin to flow out of the variable ballast chambers
when the pressure in the variable ballast chambers ex-
ceeds the opening pressure of the pressure-controlled
valves and the variable ballast chambers will then be
filled with air. The flexible conduit will then begin to rise
from the end that is closest to the vessel.

[0028] Inthe second case, a fluid connection is formed
between the variable ballast chambers and the air-con-
ducting chambers in the flexible conduit, a one-way valve
being arranged in this fluid connection. When a valve is
opened at the end of the flexible conduit closest to the
vessel and at the same time water is pumped into the
air-conducting chambers, the water will flow into the var-
iable ballast chambers through the fluid connection and
the one-way valve, whereby the flexible conduit begins
to fill with water at the end thereof furthest fromthe vessel.
The flexible conduit will then begin to sink from the end
that is furthest from the vessel. To get the flexible conduit
to rise at the end furthest from the vessel, air will be
pumped into the air-conducting chambers, whilst a valve
is opened in the variable ballast chambers at the end that
is closest to the vessel. The air will then flow through the
fluid connection and the one-way valve and up into the
variable ballast chambers and the water is then forced
outatthe endthatis closestto the vessel, thereby causing
the flexible conduit to start to rise from the end that is
furthest away from the vessel.

[0029] Additional objects, structural embodiments and
advantages of the present invention will be seen clearly
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from the following detailed description, the attached fig-
ures and the claims below.

[0030] The present invention will now be described
with reference to the attached figures, wherein

Figure 1 shows how a plurality of flexible conduits
are towed behind a vessel to a destination;

Figure 2 shows in greater detail how the plurality of
flexible conduits are connected to the vessel;

Figure 3 shows the submerging of the plurality of
flexible conduits, with the exception of one flexible
conduit that is still connected to the vessel;

Figure 4 shows how the remaining flexible conduit
that is connected to the vessel is towed to be laid
out at the desired destination;

Figures 5A and 5B show how a flexible conduit is
laid out and at the same time ballasted.

Figure 6 shows how the flexible conduit is laid out to
shield underwater noise in connection with the prep-
aration and foundation work foran offshore structure;

Figure 7 shows a flexible conduit that is connected
to a plurality of compressed air sources on the ves-
sel;

Figure 8 shows how an air bubble curtain begins to
be formed around an offshore structure;

Figures 9A-9C show embodiments of the flexible
conduit;

Figures 10 and 11 show details of the flexible conduit,
in side view and in top view; and

Figure 12 shows how adouble bubble curtain shields
underwater noise in a body of water around an off-
shore structure.

[0031] In connection with the deployment of a plurality
of offshore structures on a seabed H, a method and
equipment for carrying out the method according to the
present invention are used to shield underwater noise
that is generated in connection with the preparation and
groundwork for the foundations 3 of offshore structures
on the seabed H.

[0032] Figure 1 shows how a plurality of flexible con-
duits n4-n,, are towed behind a vessel 2 in their full length
to a destination where the foundations 3 of a plurality of
offshore structures are to be deployed, so as to lay out
the flexible conduits n4-n, in a radius from the location
in which the foundation 3 of the offshore structure is to
be deployed.

[0033] In Figure 2 it is shown that each of the flexible
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conduits n4-n,, at one end, through a chain, wire 4 or the
like, is connected to a floating surface buoy 5, which float-
ing surface buoys 5 are used to facilitate the retrieval of
the submerged flexible conduits n4-n,, or during the con-
nection of the flexible conduit n4-n,, to one or more com-
pressed air sources. The floating surface buoy 5 will then
be fished up allowing the flexible conduit n4-n, to be con-
nected to the vessel 2 by means of the chain, wire 4 etc.,
or connected to one or more compressed air sources 9.
It will however be understood that the flexible conduits
n4-n, can also be towed behind the vessel 2 simply by
being connected to the vessel 2 with chains, wires 4 or
the like.

[0034] When the vessel 2 has arrived at the location
in which the foundations 3 of the offshore structures are
to be placed, the flexible conduits n,-n,,, with the excep-
tion of one flexible conduit n4, will at an opposite end of
the connection to the floating surface buoy 5 be connect-
ed to one or more pumps in order thereafter to be bal-
lasted with water. This is shown in Figure 3, where the
flexible conduits n,-n,, are shown partly submerged on
the seabed H. Once the flexible conduits ny,-n, have been
completely filled with water, these conduits n,-n,, will be
released from the vessel 2 in that the floating surface
buoy 5 of each of the submerged flexible conduits ny-n,,
are removed from the buoy holder in the stern of the
vessel 2 and then thrown overboard. The flexible con-
duits ny-n,, will now lie ready on the seabed H until they
are to be used.

[0035] Figure 4 shows that a flexible conduit n, is still
connected to the vessel 2, whereby the vessel 2 will now
tow the flexible conduit n4 to an area in which the foun-
dation 3 of an offshore structure is to stand, in order to
lay out the flexible conduit n4 in a ring or circle around
the foundation 3. The four other flexible conduits
n,-n,,,which were also towed by the vessel 2 to the des-
tination, are submerged on the seabed H and discon-
nected from the vessel 2, whereby these flexible conduits
n,-n, may now lie on the seabed H until they too are to
be laid. The vessel 2 will then be able to fetch the flexible
conduits n,-n,, one by one, a flexible conduit ny-n,, being
connected to the vessel 2 by picking up the floating sur-
face buoy 5 and arranging it in the buoy holder in the
stern of the vessel 2.

[0036] Figure 5A shows how a flexible conduit n4 is
laid in a ring or circle and at a distance from a point or
centre where the foundation 3 of the offshore structure
is to be arranged, whilst Figure 5B shows how the flexible
conduit ny is ballasted with water to lower the flexible
conduit n4 onto the seabed H.

[0037] Once the flexible conduit ny has been laid out
on the seabed H as shown in Figure 5B, the vessel 2 will
return to the submerged flexible conduits n,-n,, to pick
up one of them, after which the vessel 2 will tow this
flexible conduit n,-n,, to another location in which the
foundation 3 of an offshore structure is to stand, in order,
in turn, to lay out this flexible conduit ny-n,, as described
above for the flexible conduit ny. This method will be re-

10

15

20

25

30

35

40

45

50

55

peated until all the flexible conduits n4-n,, have been laid
out.

[0038] In Figure 6 itis shown that a work vessel 7, with
the aid of cranes 8, has transported the foundation 3 of
an offshore structure to the location in which the founda-
tion 3is to be positioned on the seabed H and has placed
the foundation 3 on the seabed H. The flexible conduit
n4 has at this time already been laid out on the seabed
H, and will be so arranged that it forms a completely
closed ring or circle around the foundation 3. Before the
work of fixing the foundation 3 to the seabed H starts,
the vessel 2 will go alongside the floating surface buoys
5 and then connect to the flexible conduit n, through a
compressed air device 9, see also Figure 7. The com-
pressed air device 9 may, for example, consist of a plu-
rality of compressors or the like, these being arranged in
a recess or hold in the vessel 2, so as to free up space
on the vessel’s 2 deck 10.

[0039] A person of skill in the art will understand what
compressed air device or devices 9 are to be used and
how they shall be arranged, and therefore this is not de-
scribed in detail herein.

[0040] The way in which the flexible conduit is lowered
will be described in more detail: the flexible conduit is
lowered in that water is pumped into the variable ballast
chambers 12 from the end of the flexible conduit that is
closest to the vessel, whereby the flexible conduit starts
to be lowered from the vessel and then along its whole
length. When a flexible conduit is to be raised from the
seabed, air will be blown into the variable ballast cham-
bers 12 from the end of the flexible conduit that is closest
to the vessel. As the flexible conduit, at an opposite end,
is equipped with one or more pressure-controlled valves
(notshown), the water will begin to flow out of the variable
ballast chambers 12 when the pressure in the variable
ballast chambers 12 exceeds the opening pressure of
the pressure-controlled valves, and the variable ballast
chambers 12 will then be filled with air. The flexible con-
duit will then begin to rise from the end that is closest to
the vessel.

[0041] Inanembodiment, the flexible conduit may also
begin to be lowered from the end that is furthest from the
vessel. In this case, there will be a fluid connection be-
tween the variable ballast chambers 12 and the air-con-
ducting chambers 13, a one-way valve being arranged
in this fluid connection. When a valve is opened at the
end of the flexible conduit that is closest to the vessel
and at the same time water is pumped into the air-con-
ducting chambers, the water will flow into the variable
ballast chambers 12 through the fluid connection and the
one-way valve, whereby the flexible conduit starts to be
filled with water at the end of the flexible conduit that is
furthest from the vessel. The flexible conduit will then
start to sink from the end that is furthest from the vessel.
There will be some loss of water through nozzles 17 in
the air-conducting chambers 12 when water is pumped
in, but as the nozzles 17 are dimensioned for releasing
air and not water, the loss will be limited. In order to get
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the flexible conduit to rise as the end that is furthest from
the vessel, air will be pumped into the air-conducting
chambers 13, whilst a valve is opened in the variable
ballast chambers 12 at the end that is closest to the ves-
sel. The air will then flow through the fluid connection and
the one-way valve and up into the variable ballast cham-
bers 12 and water is then forced out at the end that is
closest to the vessel, thereby causing the flexible conduit
to begin to rise from the end that is furthest from the
vessel.

[0042] Before the work of fixing the foundation 3 to the
seabed H commences, the compressed air device 9 is
started in order to begin supplying air to the flexible con-
duit ny. After some time, any water that is in the flexible
conduit nqs-n, will have been displaced by the com-
pressed air supplied, whereafter small air bubbles will
begin to flow out of a plurality of nozzles 17 that are ar-
ranged in the flexible conduit n4-n,,.

[0043] The configuration and function of the flexible
conduit nq-n,, will be described in more detail with refer-
ence to Figures 9 to 11.

[0044] In Figure 8 it can be seen that the work vessel
8, such as, for example, a jack-up rig, has lowered its
legs 11 to the seabed H and has then been lifted up above
the water surface O, so as not to be affected by waves
and wind during the work of securing the foundation 3. It
is further seen that water that has been present in the
flexible conduit n4 has been displaced out of the flexible
conduit ny, after which air in the form of small bubbles
has started to flow out of the flexible conduit n,. These
small bubbles will rise up towards the water surface O
so as to form an air bubble curtain 19 around the foun-
dation 3 of the offshore structure. Only after the small
bubbles have formed an air bubble curtain 19 between
the seabed H and the water surface O can the work vessel
8 begin the work of anchoring the foundation 3 to the
seabed H. This work may comprise blasting, driving a
plurality of piles (not shown) into the seabed H and the
like, where during this work noise will be generated that
is harmful to the marine life in the body of water. The air
bubble curtain 19 that is formed around the foundation 3
of the offshore structure will, however, "shut" this noise
inside the air bubble curtain 19, whereby an extremely
limited amount of noise will escape out through the air
bubble curtain 19.

[0045] Figures 9A-9C show different embodiments of
a flexible conduit n4-n,, which is used in the method de-
scribed above for laying out flexible conduits and shield-
ing underwater noise in a body of water.

[0046] Figure 9A shows a cross-section of a flexible
conduit n4-n,,, where the flexible conduit n4-n, comprises
five chambers that extend in the longitudinal direction of
the flexible conduit ny-n,,, two of the chambers forming
variable ballast chambers 12, two forming air-conducting
chambers 13 and the last chamber forming a fixed ballast
chamber 14 in the flexible conduit n4-n,,. The five cham-
bers 12, 13, 14 are connected to each other through in-
termediate elements 15, such that a "closed" unit is
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formed. The intermediate elements 15 will be such that
they extend in the whole of the longitudinal direction of
the flexible conduit n4-n,,.

[0047] The flexible conduit n4-n,, in an embodiment,
is made as an integral, extruded element, but it will be
appreciated that the chambers 12, 13, 14 and the inter-
mediate elements 15 can be manufactured as separate
elements, after which these elements are in a suitable
manner connected to each other so as, together, to form
the flexible conduit n4-n,,.

[0048] The fixed ballast chamber 14 is configured with
a through opening that extends along the entire length
of the fixed ballast chamber 14, so as to form the fixed
ballast chamber 14 in the flexible conduit n4-n,,.

[0049] A weight, for example, in the form of a chain 16
will then be provided through the through opening. Once
the flexible conduit n4-n, has been made, a thin rope or
the like will be passed through the through opening so
as to be able to pull a thicker rope therethrough, after
which this thicker rope is then connected to the chain 16
in order to pull the chain 16 through the through opening
in the fixed ballast chamber 14.

[0050] It will, however, be understood that the fixed
ballast chamber 14 can also be filled with sand, cement
or the like in order to obtain a weightin the flexible conduit
ny-ng,.

[0051] The flexible conduit n4-n, is further configured
with a plurality of nozzles 17 along its length, these noz-
zles 17 being provided in each of the air-conducting
chambers 13. The nozzles 17 in one of the air-conducting
chambers 13 are arranged at 4 o’clock, whilst the nozzles
17 in the other air-conducting chamber 13 are arranged
at 8 o’clock. The nozzles 17 will furthermore be inclined
such that a horizontal spreading of the air bubbles that
flow out of the nozzles 17 is achieved when the flexible
conduit ny-n, is connected to one or more compressed
air sources.

[0052] The diameter of the nozzles 17 and the spacing
between the nozzles 17 will depend on a number of pa-
rameters, such as pressure applied to the air that is to
be supplied to the flexible conduit n4-n,,, the depth at
which the flexible conduit n4-n,, is to be deployed, how
substantial the underwater noise is etc. A person of skill
in the art will know how this is to be done and therefore
a further description is not provided herein.

[0053] Figure 9B shows another embodiment of the
flexible conduit n4-n,,, where it is seen that the interme-
diate elements 15 run out from a common junction K, so
as to connect the five chambers 12, 13, 14. The embod-
iment will otherwise be as described in connection with
Figure 9A.

[0054] Figure 9C shows yet another embodiment of
the flexible conduit ny-n,,, where it is seen that the two
air-conducting chambers 13 are connected through a
weight 14, such as a concrete element or the like.
[0055] Inthe embodiments described, the flexible con-
duit will be configured such that it is more flexible for
bending horizontally and vertically than in the intermedi-
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ate diagonal planes in that the bending moment between
the chambers of the flexible conduit is smaller in the hor-
izontal and vertical directions than in the diagonal direc-
tion. The flexible conduit will thus not twist around its own
axis on bending (i.e., when the flexible conduit is laid in
acircle), whereby the configuration of the flexible conduit,
together with the position of the fixed ballast chamber
14, will always ensure that the flexible conduit assumes
a correct horizontal orientation when it is lowered onto
the seabed.

[0056] Figure 10 is a cross-section of a flexible conduit
n4-n, that is arranged on the seabed H and shows how
small air bubbles 18 flow out of the nozzles 17 so as to
provide an air bubble curtain 19 on each side of the flex-
ible conduit nq-n,,.

[0057] Figure 11 is a top view of the flexible conduit
n4-n, in Figure 10, where it can be seen that the nozzles
17 in one of the rows are configured offset a distance
relative to the nozzles 17 in the otherrow, so as to provide
a double and denser bubble curtain 19.

[0058] Figure 12 shows that an air bubble curtain 19
has been provided around the foundation 3 of an offshore
structure. The underwater noise, shown here as expand-
ing circles, that is generated by, for example, piling the
foundation 3, will propagate radially outwards from the
foundation 3, but will be stopped by the air bubble curtain
19.

[0059] Whenthefoundation 3is secured to the seabed
H, the vessel 2 will move to the next laid-out flexible con-
duit n,-n, to repeat the process of connection and prep-
aration of the flexible conduit in order to provide an air
bubble curtain 19 as explained above. In the meantime,
the work vessel 7 will have positioned another foundation
3 on the seabed H within the circle that is formed by the
flexible conduit n,-n,,, such that the underwater noise in
connection with this work does not escape beyond the
air bubble curtain 19.

[0060] The presentinvention has now been explained
with reference to an exemplary embodiments, but a per-
son of skill in the art will understand that changes and
modifications to these embodiments could be made that
are within the scope of the invention as defined in the
following claims, for example, the method and the equip-
ment for carrying of the method according to the present
invention may also be used for shielding underwater
noise that is generated by seismic surveys or to shield
noise generated by different types of underwater blast-

ing.

Claims

1. A method for laying out flexible conduits and shield-
ing underwater noise in a body of water, forexample,
underwater noise in connection with preparation and
foundation work for a plurality of offshore structures,
using flexible conduits (n4-n,,) provided with a plural-
ity of nozzles (17) along their length, which flexible
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conduits (n4-n,)) are configured to be connected to
one or more compressed air sources (9), character-
ised in that the method comprises the following
steps:

- a) towing a plurality of flexible conduits (n4-n,,)
in full length by means of a vessel (2) to the
deployment site of the offshore structures:

- b) readying flexible conduits (n,-n,)) for later
laying by ballasting and disconnecting the flex-
ible conduits (ny-n,,) from the vessel (2) so as to
lower the flexible conduits (n,-n,)) onto the sea-
bed (H);

- ¢) towing a flexible conduit (n4) and laying the
flexible conduit (n4) in a desired closed pattern
around the deployment site of an offshore struc-
ture and simultaneously ballasting the flexible
conduit (n4) so as to lower the flexible conduit
(n4) onto the seabed (H).

2. A method according to claim 1, characterised in
that the method further comprises the following
steps:

- d) fetching another flexible conduit (n,) by pick-
ing up a floating surface buoy (5) that is con-
nected to the flexible conduit (n,) and arranging
the floating surface buoy (5) on the vessel (2);

- ) then repeating step c) for the flexible conduit
(ny); and

- f) then repeating steps d) and e) until the re-
maining flexible conduits (n5-n,;) have been laid
on the deployment sites of each of the offshore
structures.

3. A method according to claims 1 and 2, character-
ised in that the method further comprises the fol-
lowing steps:

- g) connecting the laid flexible conduit (n4-n,)
atthelocationinwhich the preparation and foun-
dation work for an offshore structure is to take
place to compressed air sources (9) on the ves-
sel (2); and

- h) continuously supplying compressed air to
the laid flexible conduit (n4-n,) so as to provide
a closed curtain of air (19) around the deploy-
ment site of the offshore structure.

4. A method according to claim 3, characterised in
that the method further comprises the following step:

- i) adjusting the continuous supply of com-
pressed air to the laid flexible conduit (n;-n;,) in
relation to wind and current conditions.

5. Equipment that is used in carrying out the method
according to at least one of preceding claims 1-4,
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comprising a flexible conduit (n4-n,) that is config-
ured with a plurality of nozzles (17) along its length
and is further configured to be connected to one or
more compressed air sources (9), which flexible con-
duit (n4-n,) can with the aid of suitable means be
ballasted and deballasted so as to be lowered down
to aseabed (H) and raised therefrom, characterised
in that the flexible conduit (n4-n,) comprises five
chambers, two of which forming variable ballast
chambers (12), two of which forming air-conducting
chambers (13) and one forming a fixed ballast cham-
ber (14), which five chambers (12, 13, 14) extend in
the length of the flexible conduit (nq-n,).

Equipment according to claim 5, characterised in
that the five chambers (12, 13, 14) of the flexible
conduit (n4-n,,) are connected to each other through
intermediate elements (15), forming a "closed" unit,
which intermediate elements (15) extend the entire
length of the flexible conduit (n4-n,,).

Equipment according to claim 6, characterised in
that the fixed ballast chamber (14) is configured with
a through opening in the entire length of the fixed
ballast chamber (14).

Equipment according to claim 7, characterised in
that a weight in the form of chain (16) is arranged in
the through opening, running the entire length of the
fixed ballast chamber (14).

Equipment according to claim 5 or 6, characterised
in that each of the two air-conducting chambers (13)
is configured with a plurality of nozzles (17) in the
proximity of their lower end, which nozzles (17) ex-
tend in the longitudinal direction of the flexible con-
duit (nq4-n;).

Equipment according to claim 9, characterised in
that the nozzles (17) are configured in two rows,
each row being arranged on its respective side of
the lowermost point of the flexible conduit (n4-n,,).

Equipment according to claim 9 or 10, character-
ised in that the nozzles (17) in one row in the lon-
gitudinal direction of the flexible conduit (n4-n,,) are
offset in relation to the nozzles (17) in the other row
in the longitudinal direction of the flexible conduit

(n1'nn)-

Patentanspriiche

1.

Verfahren zum Auslegen flexibler Leitungen und
zum Abschirmen von Unterwasserlarm in einem Ge-
wasserkorper, zum Beispiel Unterwasserlarm in
Verbindung mit Vorbereitungs- und Fundamentar-
beit fir mehrere Offshore-Bauwerke, unter Verwen-
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dung flexibler Leitungen (n4 - n,), die mit mehreren
Dusen (17) entlang ihrer Lange versehen sind, wel-
che flexiblen Leitungen (n4 - n,) dazu ausgebildet
sind, an eine oder mehrere Druckluftquellen (9) an-
geschlossen zu werden, dadurch gekennzeichnet,
dass das Verfahren die folgenden Schritte umfasst.

- a) Ziehen mehrerer flexibler Leitungen (n4 - nn)
in voller LAnge mittels eines Schiffs (2) zum Ein-
satzort der Offshore-Bauwerke;

- b) Bereitmachen flexibler Leitungen (n, - n,))
fur spateres Verlegen, indem die flexiblen Lei-
tungen (n, - n,) mit Ballast beladen und vom
Schiff (2) getrennt werden, um die flexiblen Lei-
tungen (n, - n,) auf den Meeresboden (H) ab-
zusenken;

- ¢) Ziehen einer flexiblen Leitung (n4) und Ver-
legen der flexiblen Leitung (n4) in einem ge-
wiinschten geschlossenen Muster um den Ein-
satzort eines Offshore-Bauwerks, und gleich-
zeitiges Beladen der flexiblen Leitung (n4) mit
Ballast, um die flexible Leitung (n,) aufden Mee-
resboden (H) abzusenken.

2. Verfahren nach Anspruch 1, dadurch gekenn-

zeichnet, dass das Verfahren dartber hinaus die
folgenden Schritte umfasst:

- d) Einholen einer anderen flexiblen Leitung
(ny), indem eine an der Oberflache schwimmen-
de Boje (5) aufgenommen wird, die mit der fle-
xiblen Leitung (n,) verbundenist, und Anordnen
der an der Oberflache schwimmenden Boje (5)
am Schiff (2);

- e) dann Wiederholen des Schritts c) fir die
flexible Leitung (n,); und

- f) dann Wiederholen der Schritte d) und e), bis
die Gbrigen flexiblen Leitungen (n5 - n,) an den
Einsatzorten jedes der Offshore-Bauwerke ver-
legt wurden.

3. Verfahren nach den Anspriichen 1 und 2, dadurch

gekennzeichnet, dass das Verfahren darlber hin-
aus die folgenden Schritte umfasst:

- g) AnschlieRen der verlegten flexiblen Leitung
(nq-n,) ander Stelle, an der die Vorbereitungs-
und Fundamentarbeit fiir ein Offshore-Bauwerk
stattfinden soll, an Druckluftquellen (9) auf dem
Schiff (2); und

- h) kontinuierliches Zufiihren von Druckluft zur
verlegten flexiblen Leitung (n4 - n,,), um einen
geschlossenen Luftschleier (19) um den Ein-
satzort des Offshore-Bauwerks bereitzustellen.

4. Verfahren nach Anspruch 3, dadurch gekenn-

zeichnet, dass das Verfahren dariiber hinaus den
folgenden Schritt umfasst:
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- i) Anpassen der kontinuierlichen Zufuhr von
Druckluft zur verlegten flexiblen Leitung (n4 - n,))
im Verhaltnis zu Wind- und Strémungsbedin-
gungen.

Ausristung, die zum Ausfihren des Verfahrens
nach mindestens einem der vorhergehenden An-
spriche 1 bis 4 verwendet wird, eine flexible Leitung
(nq - n,) umfassend, die mit mehreren Disen (17)
entlang ihrer Lange ausgebildet ist und dartber hi-
naus dazu ausgebildet ist, an eine oder mehrere
Druckluftquellen (9) angeschlossen zu werden, wel-
che flexible Leitung (n4 - n,,) mit Hilfe geeigneter Ein-
richtungen mit Ballast beladen und von Ballast be-
freit werden kann, um auf einen Meeresboden (H)
abgesenkt und davon angehoben zu werden, da-
durch gekennzeichnet, dass die flexible Leitung
(n4 - ny,) finf Kammern umfasst, wovon zwei variable
Ballastkammern (12) bilden, wovon zwei luftfiihren-
de Kammern (13) bilden, und eine eine feststehende
Ballastkammer (14) bildet, welche fiinf Kammern
(12, 13, 14) sich in der Lange der flexiblen Leitung
(n4 - n,) erstrecken.

Ausristung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die finf Kammern (12, 13, 14) der
flexiblen Leitung (n4 - n,) durch Zwischenelemente
(15) miteinander verbunden sind, wodurch eine "ge-
schlossenen" Einheit gebildet wird, welche Zwi-
schenelemente (15) sich Uber die gesamte Lange
der flexiblen Leitung (n4 - n,) erstrecken.

Ausristung nach Anspruch 6, dadurch gekenn-
zeichnet, dass die feststehende Ballastkammer
(14) mit einer Durchgangsoéffnung in der gesamten
Lange der feststehenden Ballastkammer (14) aus-
gebildet ist.

Ausristung nach Anspruch 7, dadurch gekenn-
zeichnet, dass ein Gewicht in der Form einer tber
die gesamte Lange der feststehenden Ballastkam-
mer (14) verlaufenden Kette (16) in der Durchgangs-
6ffnung angeordnet ist.

Ausristung nach Anspruch 5 oder 6, dadurch ge-
kennzeichnet, dass jede der zwei Iuftfiihrenden
Kammern (13) mit mehreren Disen (17) im Nahbe-
reich ihres unteren Endes ausgebildet ist, welche
Dusen (17) sich in der Langsrichtung der flexiblen
Leitung (nq - n,,) erstrecken.

Ausristung nach Anspruch 9, dadurch gekenn-
zeichnet, dass die Disen (17) in zwei Reihen aus-
gebildet sind, wobei jede Reihe auf ihrer jeweiligen
Seite des untersten Punkts der flexiblen Leitung (n4
- n,) angeordnet ist.

Ausristung nach Anspruch 9 oder 10, dadurch ge-

10

15

20

25

30

35

45

50

55

kennzeichnet, dass die Disen (17) in einer Reihe
in der Langsrichtung der flexiblen Leitung (n4 - n,))
in Bezug auf die Diisen (17) in der anderen Reihe in
der Langsrichtung der flexiblen Leitung (n4-n,) ver-
setzt sind.

Revendications

Procédé pour la pose de conduits flexibles et la pro-
tection contre un bruit sous-marin dans une masse
d’eau, par exemple, un bruit sous-marin dans le ca-
dre d’un travail de préparation et de fondation pour
une pluralité de structures offshores, en utilisant des
conduits flexibles (n4-n,) munis d’une pluralité de bu-
ses (17) le long de leur longueur, lesquels conduits
flexibles (n4-n,,) sont configurés pour étre raccordés
a une ou plusieurs sources d’air comprimé (9), ca-
ractérisé en ce que le procédé comprend les étapes
suivantes consistant a :

a) tracter une pluralité de conduits flexibles
(n4-n,)) en pleine longueur au moyen d’un navire
(2) jusqu’au site de déploiement des structures
offshores ;

b) tenir les conduits flexibles (n,-n,,) préts pour
la pose ultérieure en lestant et en déconnectant
les conduits flexibles (ny-n,)) du navire (2) afin
d’abaisser les conduits flexibles (n,-n,,) sur le
fond marin (H) ;

c) tracter un conduit flexible (n4) et poser le con-
duit flexible (n4) selon un motif fermé souhaité
autour du site de déploiement d’une structure
offshore, et lester simultanément le conduit flexi-
ble (n,) afin d’abaisser le conduit flexible (n4)
sur le fond marin (H).

2. Procédé selonlarevendication 1, caractérisé en ce

que le procédé comprend en outre les étapes sui-
vantes consistant a :

d) aller chercher un autre conduit flexible (n,)
en prenant une bouée de surface flottante (5)
qui est raccordée au conduit flexible (n,) et
agencer la bouée de surface flottante (5) sur le
navire (2) ;

e) répéter ensuite I'étape c) pour le conduit flexi-
ble (n,) ; et

f) répéter ensuite les étapes d) et e) jusqu’a ce
que les conduits flexibles (n5-n,)) restants aient
été posés sur les sites de déploiement de cha-
cune des structures offshores.

Procédé selon les revendications 1 et 2, caractérisé
en ce que le procédé comprend en outre les étapes

suivantes consistant a :

g) raccorder le conduit flexible (nq-n,) posé a



17 EP 2 898 351 B1 18

'emplacement dans lequel le travail de prépa-
ration et de fondation pour une structure offsho-
re doit avoir lieu, aux sources d’air comprimé (9)
sur le navire (2) ; et

h) fournir de maniere continue I'air comprimé au
conduit flexible (n4-n,,) posé afin de fournir un
rideau d’air fermé (19) autour du site de déploie-
ment de la structure offshore.

Procédé selon larevendication 3, caractérisé en ce
que le procédé comprend en outre I'étape suivante
consistant a :

i) ajuster la fourniture continue d’air comprimé
au conduit flexible (n4-n,,) posé en fonction des
conditions de vent et de courant.

Equipement qui est utilisé pour mettre en oeuvre le
procédé selon au moins I'une des revendications 1
a 4, comprenant un conduit flexible (n4-n,) qui est
configuré avec une pluralité de buses (17) le long de
sa longueur et est en outre configuré pour étre rac-
cordé a une ou plusieurs des sources d’air comprimé
(9), lequel conduit flexible (ny4-n,) peut, & l'aide de
moyens appropriés, étre lesté et délesté afin d’étre
abaissé sur un fond marin (H) et levé de ce dernier,
caractérisé en ce que le conduit flexible (nq-n,)
comprend cing chambres, parmilesquelles deux for-
ment des chambres de ballast variable (12), deux
forment des chambres de conduction d’air (13) et
une forme une chambre de ballast fixe (14), lesquel-
les cing chambres (12, 13, 14) s’étendent sur la lon-
gueur du conduit flexible (n4-n,,).

Equipement selon la revendication 5, caractérisé
en ce que les cing chambres (12, 13, 14) du conduit
flexible (n4-n,) sont raccordées entre elles par des
éléments intermédiaires (15), formant une unité
« fermée », lesquels éléments intermédiaires (15)
s’étendent sur toute la longueur du conduit flexible

(n1'nn)'

Equipement selon la revendication 6, caractérisé
en ce que la chambre de ballast fixe (14) est confi-
gurée par une ouverture débouchante sur toute la
longueur de la chambre de ballast fixe (14).

Equipement selon la revendication 7, caractérisé
en ce qu’un poids se présentant sous forme de chai-
ne (16), est agencé dans I'ouverture débouchante,
s’étendant sur toute la longueur de la chambre de
ballast fixe (14).

Equipement selon la revendication 5 ou 6, caracté-
risé en ce que chacune des deux chambres de con-
duction d’air (13) est configurée avec une pluralité
de buses (17) a proximité de leur extrémité inférieu-
re, lesquellesbuses (17) s’étendentdans la direction

10

15

20

25

30

35

40

45

50

55

10

10.

1.

longitudinale du conduit flexible (n4-n,).

Equipement selon la revendication 9, caractérisé
en ce que les buses (17) sont configurées en deux
rangées, chaque rangée étant agencée sur son coté
respectif du point le plus bas du conduit flexible

(n1'nn)'

Equipement selon la revendication 9 ou 10, carac-
térisé en ce que les buses (17) dans une rangée
dans la direction longitudinale du conduit flexible
(nq4-n,) sont décalées par rapport aux buses (17)
dans l'autre rangée dans la direction longitudinale
du conduit flexible (nq4-n,).
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FIG. 4
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FIG. 5B
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GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <https://fsf.org/>
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The GNU General Public License is a free, copyleft license for
software and other kinds of works.

The licenses for most software and other practical works are designed
to take away your freedom to share and change the works. By contrast,
the GNU General Public License is intended to guarantee your freedom to
share and change all versions of a program--to make sure it remains free
software for all its users. We, the Free Software Foundation, use the
GNU General Public License for most of our software; it applies also to
any other work released this way by its authors. You can apply it to
your programs, too.

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights. Therefore, you have
certain responsibilities if you distribute copies of the software, or if
you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received. You must make sure that they, too, receive
or can get the source code. And you must show them these terms so they
know their rights.

Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains
that there is no warranty for this free software. For both users' and
authors' sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the manufacturer
can do so. This is fundamentally incompatible with the aim of
protecting users' freedom to change the software. The systematic
pattern of such abuse occurs in the area of products for individuals to
use, which is precisely where it is most unacceptable. Therefore, we
have designed this version of the GPL to prohibit the practice for those
products. If such problems arise substantially in other domains, we
stand ready to extend this provision to those domains in future versions
of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could



make it effectively proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and
modification follow.

TERMS AND CONDITIONS
0. Definitions.
"This License" refers to version 3 of the GNU General Public License.

"Copyright" also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

"The Program" refers to any copyrightable work licensed under this
License. Each licensee is addressed as "you". "Licensees" and
"recipients" may be individuals or organizations.

To "modify" a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of an
exact copy. The resulting work is called a "modified version" of the
earlier work or a work "based on" the earlier work.

A "covered work" means either the unmodified Program or a work based
on the Program.

To "propagate" a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy. Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.

To "convey" a work means any kind of propagation that enables other
parties to make or receive copies. Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays "Appropriate Legal Notices"
to the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License. If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.

1. Source Code.

The "source code" for a work means the preferred form of the work
for making modifications to it. "Object code" means any non-source
form of a work.

A "Standard Interface" means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

The "System Libraries" of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form. A



"Major Component", in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

The "Corresponding Source" for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities. However, it does not include the work's
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work. For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include anything that users
can regenerate automatically from other parts of the Corresponding
Source.

The Corresponding Source for a work in source code form is that
same work.

2. Basic Permissions.

All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met. This License explicitly affirms your unlimited
permission to run the unmodified Program. The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work. This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not
convey, without conditions so long as your license otherwise remains
in force. You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do
not control copyright. Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under
the conditions stated below. Sublicensing is not allowed; section 10
makes it unnecessary.

3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circumvention
is effected by exercising rights under this License with respect to
the covered work, and you disclaim any intention to 1limit operation or
modification of the work as a means of enforcing, against the work's
users, your or third parties' legal rights to forbid circumvention of



technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.

5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to
produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:

a) The work must carry prominent notices stating that you modified
it, and giving a relevant date.

b) The work must carry prominent notices stating that it is
released under this License and any conditions added under section
7. This requirement modifies the requirement in section 4 to
"keep intact all notices".

c) You must license the entire work, as a whole, under this
License to anyone who comes into possession of a copy. This
License will therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all its parts,
regardless of how they are packaged. This License gives no
permission to license the work in any other way, but it does not
invalidate such permission if you have separately received it.

d) If the work has interactive user interfaces, each must display
Appropriate Legal Notices; however, if the Program has interactive
interfaces that do not display Appropriate Legal Notices, your
work need not make them do so.

A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger progranm,
in or on a volume of a storage or distribution medium, is called an
"aggregate" if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation's users
beyond what the individual works permit. 1Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.

6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms
of sections 4 and 5, provided that you also convey the
machine-readable Corresponding Source under the terms of this License,
in one of these ways:

a) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by the
Corresponding Source fixed on a durable physical medium
customarily used for software interchange.



b) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by a
written offer, valid for at least three years and valid for as
long as you offer spare parts or customer support for that product
model, to give anyone who possesses the object code either (1) a
copy of the Corresponding Source for all the software in the
product that is covered by this License, on a durable physical
medium customarily used for software interchange, for a price no
more than your reasonable cost of physically performing this
conveying of source, or (2) access to copy the

Corresponding Source from a network server at no charge.

c) Convey individual copies of the object code with a copy of the
written offer to provide the Corresponding Source. This
alternative is allowed only occasionally and noncommercially, and
only if you received the object code with such an offer, in accord
with subsection 6b.

d) Convey the object code by offering access from a designated
place (gratis or for a charge), and offer equivalent access to the
Corresponding Source in the same way through the same place at no
further charge. You need not require recipients to copy the
Corresponding Source along with the object code. 1If the place to
copy the object code is a network server, the Corresponding Source
may be on a different server (operated by you or a third party)
that supports equivalent copying facilities, provided you maintain
clear directions next to the object code saying where to find the
Corresponding Source. Regardless of what server hosts the
Corresponding Source, you remain obligated to ensure that it is
available for as long as needed to satisfy these requirements.

e) Convey the object code using peer-to-peer transmission, provided
you inform other peers where the object code and Corresponding
Source of the work are being offered to the general public at no
charge under subsection 6d.

A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

A "User Product" is either (1) a "consumer product", which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorporation
into a dwelling. In determining whether a product is a consumer product,
doubtful cases shall be resolved in favor of coverage. For a particular
product received by a particular user, "normally used" refers to a
typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user
actually uses, or expects or is expected to use, the product. A product
is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent
the only significant mode of use of the product.

"Installation Information" for a User Product means any methods,
procedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product from
a modified version of its Corresponding Source. The information must
suffice to ensure that the continued functioning of the modified object
code is in no case prevented or interfered with solely because
modification has been made.

If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the



User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information. But this requirement does not apply
if neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

The requirement to provide Installation Information does not include a
requirement to continue to provide support service, warranty, or updates
for a work that has been modified or installed by the recipient, or for
the User Product in which it has been modified or installed. Access to a
network may be denied when the modification itself materially and
adversely affects the operation of the network or violates the rules and
protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.

7. Additional Terms.

"Additional permissions" are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law. If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it. (Additional permissions may be written to require their own
removal in certain cases when you modify the work.) You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders of
that material) supplement the terms of this License with terms:

a) Disclaiming warranty or limiting liability differently from the
terms of sections 15 and 16 of this License; or

b) Requiring preservation of specified reasonable legal notices or
author attributions in that material or in the Appropriate Legal
Notices displayed by works containing it; or

c) Prohibiting misrepresentation of the origin of that material, or
requiring that modified versions of such material be marked in
reasonable ways as different from the original version; or

d) Limiting the use for publicity purposes of names of licensors or
authors of the material; or

e) Declining to grant rights under trademark law for use of some
trade names, trademarks, or service marks; or

f) Requiring indemnification of 1licensors and authors of that
material by anyone who conveys the material (or modified versions of
it) with contractual assumptions of liability to the recipient, for



any liability that these contractual assumptions directly impose on
those licensors and authors.

All other non-permissive additional terms are considered "further
restrictions" within the meaning of section 10. If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term. If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions;
the above requirements apply either way.

8. Termination.

You may not propagate or modify a covered work except as expressly
provided under this License. Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

However, if you cease all violation of this License, then your
license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and
finally terminates your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some reasonable means
prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License. If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.

9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or
run a copy of the Program. Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance. However,
nothing other than this License grants you permission to propagate or
modify any covered work. These actions infringe copyright if you do
not accept this License. Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.

10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically



receives a license from the original licensors, to run, modify and
propagate that work, subject to this License. You are not responsible
for enforcing compliance by third parties with this License.

An "entity transaction" is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations. If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party's predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License. For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.

11. Patents.

A "contributor" is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based. The
work thus licensed is called the contributor's "contributor version".

A contributor's "essential patent claims" are all patent claims
owned or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version. For
purposes of this definition, "control" includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor's essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a "patent license" is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement). To "grant" such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients. "Knowingly relying" means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient's use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.



If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

A patent license is "discriminatory" if it does not include within
the scope of its coverage, prohibits the exercise of, or 1is
conditioned on the non-exercise of one or more of the rights that are
specifically granted under this License. You may not convey a covered
work if you are a party to an arrangement with a third party that is
in the business of distributing software, under which you make payment
to the third party based on the extent of your activity of conveying
the work, and under which the third party grants, to any of the
parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work
conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement,
or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.

12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may
not convey it at all. For example, if you agree to terms that obligate you
to collect a royalty for further conveying from those to whom you convey
the Program, the only way you could satisfy both those terms and this
License would be to refrain entirely from conveying the Program.

13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work. The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.

14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time. Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number. If the
Program specifies that a certain numbered version of the GNU General
Public License "or any later version" applies to it, you have the
option of following the terms and conditions either of that numbered
version or of any later version published by the Free Software
Foundation. If the Program does not specify a version number of the
GNU General Public License, you may choose any version ever published



by the Free Software Foundation.

If the Program specifies that a proxy can decide which future
versions of the GNU General Public License can be used, that proxy's
public statement of acceptance of a version permanently authorizes you
to choose that version for the Program.

Later license versions may give you additional or different
permissions. However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.

15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest
to attach them to the start of each source file to most effectively
state the exclusion of warranty; and each file should have at least
the "copyright" 1line and a pointer to where the full notice is found.

<one line to give the program's name and a brief idea of what it does.>
Copyright (C) <year> <name of author>

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.



This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. If not, see <https://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short
notice like this when it starts in an interactive mode:

<program> Copyright (C) <year> <name of author>
This program comes with ABSOLUTELY NO WARRANTY; for details type “show w'.
This is free software, and you are welcome to redistribute it
under certain conditions; type "show c¢' for details.

The hypothetical commands “show w' and “show c' should show the appropriate
parts of the General Public License. Of course, your program's commands
might be different; for a GUI interface, you would use an "about box".

You should also get your employer (if you work as a programmer) or school,
if any, to sign a "copyright disclaimer" for the program, if necessary.
For more information on this, and how to apply and follow the GNU GPL, see
<https://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program
into proprietary programs. If your program is a subroutine library, you
may consider it more useful to permit linking proprietary applications with
the library. If this is what you want to do, use the GNU Lesser General
Public License instead of this License. But first, please read
<https://www.gnu.org/licenses/why-not-1gpl.html>.



