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(54) A METHOD AND A TOOL ASSEMBLY FOR THE REMOVAL OF A MONOPILE FOUNDATION

(67)  The present invention concerns a method and
a tool assembly for the removal of a tubular monopile

foundation mounted in the ground, such as a monopile

in a seabed for an offshore structure, for instance a wind
turbine, said tool assembly comprising:

a bottom sealing plug on seabed inside the tubular pile;
a pressure-tight lid closing the top of the pile, said pile

having anchoring means for receiving and fixing said lid
to the pile such that the lid is sealing the upper opening
of the pile, thereby providing an inner volume inside the
pile between the bottom sealing plug and the lid; and
pumping means in fluid communication with the inner
volume for pumping water into the inner volume at a pres-
sure, such as a pressure of up to approx.1000 bar.
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Description

[0001] The present invention relates to a method and
a tool assembly for the removal of a tubular foundation
monopile mounted in the ground, such as a monopile in
a seabed for an offshore structure, for instance a wind
turbine.

[0002] Monopile foundations are commonly employed
to support offshore structures, such as offshore wind tur-
bines, gas oroilrigs, etc. The monopile comprises a large
diameter cylindrical shaped tubular pile which is driven
into the seabed. The monopile is driven into the seabed
so that it extends a predetermined length upwards, such
that the top of the monopile extends above the sea sur-
face. Ontop of the monopile the structure is then mounted
thereon.

[0003] Monopiles may also be used to support land-
based structures, where the pile is driven sufficiently into
the ground to provide a foundation for a structure to be
mounted thereon, such as a wind turbine or the like.
[0004] When the structures are no longer in service,
the structures and their foundations are required to be
removed. Most jurisdictions require that installations are
removed if no longer in use and that the seabed is re-
turned to its original state. Whether monopiles have to
be fully removed or cut off a safe distance below the
seabed will probably be decided on a case-by-case ba-
sis, depending on how much environmental damage
might be caused trying to remove them.

[0005] This decommissioning of monopiles today is of-
ten by cutting off the pile at a predetermined level at or
below the seabed (or at ground level if it is an onshore
installation). This method of decommissioning monopiles
is both extensive and time consuming, and furthermore
it leaves a part of the monopile at the location. However,
compared to removing the monopiles the cutting off may
be the most efficient from a cost perspective and from a
practical perspective as such monopiles are typically lo-
cated remove (offshore) positions.

[0006] In the offshore wind industry the preparation of
plans for the decommissioning of structures placed on
the seabed has now become a major consideration in
obtaining the necessary approval for offshore develop-
ments as also environmental considerations become
more important. Itis becoming increasingly apparent that
decommissioning plans will become important if not crit-
ical during the development of offshore wind farms, since
decommissioning is so extremely costly.

[0007] Compared to other foundations the monopile
solutions are found to be associated with the least costs
with regard to decommissioning.

[0008] However, it is acknowledged the decommis-
sioning of the monopiles can be achieved by cutting off
the monopile at or below seabed level, and that a jet
cutting technique or mechanical cutter can be utilised for
either option. Hereby, salvaged steel of approx. 18 m
could be relatively easy to handle with potentially high
scrap value. However, it is also acknowledged in the in-
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dustry that it is unlikely for a monopile pile to be pulled
out entirely considering overwhelming forces.

[0009] In view of this background it is an object by the
present invention to provide a more cost-effective meth-
od of decommissioning monopiles and in particular it is
an object to provide a suitable method and equipment
for retrieving a monopile.

[0010] These objects are achieved by in a first aspect
of the invention providing a method of removing a tubular
foundation monopile mounted in the ground, such as a
monopile in a seabed for an offshore structure, for in-
stance a wind turbine, said method comprising the steps
of providing a bottom sealing plug on seabed inside the
tubular pile; closing the top of the pile with a pressure-
tight lid, said pile having anchoring means for receiving
and fixing said lid to the pile such that the lid is sealing
the upper opening of the pile, thereby providing an inner
volume inside the pile between the bottom sealing plug
and the lid; connecting pump means in fluid communica-
tion with the inner volume, and then pumping water at
pressure into the inner volume, such that the inner vol-
ume extends as the pile is pulled out of the ground.
[0011] The bottom sealing plug defines the lower end
oftheinner volume and this plug prevents the pressurised
water in the inner volume to escape into the seabed. This
in turn means that when applying a fluid pressure at a
sufficiently high value inside the monopile, the lid is
pressed upwards whereby the entire monopile is lifted
up. Thus, by this method according to the invention, the
monopile is "converted" into a hydraulic cylinder.
[0012] This method is found advantageous compared
to the decommissioning method cutting off the pile at the
seabed level for several reasons. The method according
to the invention is advantageous as the entire monopile
is retrieved whereby all of the steel of the monopile is
available for recycling. Also, it is advantageous from a
cost perspective since it is substantially less cost inten-
sive to decommission a monopile using the method ac-
cording to the invention compared to hitherto known
methods. The time it takes to remove the monopile is
also significantly reduced using the method according to
the invention.

[0013] Inone embodiment, the anchoring means com-
prises an annular recess provided on the inside of the
pile which is adapted to form a locking engagement with
alockingring provided on the lid. Accordingly, the method
further comprises the steps of cutting said annular recess
for the locking ring inside the pile, preferably by placing
a milling tool inside the pile in a predetermined position,
and then removing the milling tool before placing the lid
inside the pile and releasing the locking ring to secure
the lid to the monopile.

[0014] In an alternative second embodiment, the an-
choring means comprises at least one recess, such as
an annual recess or a series of recesses in an annular
configuration, provided on the outside of the pile in a pre-
determined distance from the upper opening of the pile,
and radially inwardly extendable locking pins are provid-
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ed along the periphery of the lid to form a locking en-
gagement with the at least one recess.

[0015] The cutting of the recess is preferably achieved
by using a subsea milling tool. Such type of fully sub-
mersible tool is commercially available and can be sub-
merged and operated from a vessel.

[0016] Preferably, the step of placing a lid inside the
pile includes lowering the lid to the predetermined posi-
tion and then releasing the locking ring, which thereby
expands into locking engagement with the recess. The
locking ring may be hydraulically retracted during the po-
sitioning of the lid inside the monopile and the when cor-
rectly positioned the locking ring is released. Further-
more, the recess is preferably provided with an upper
surface portion which is substantially horizontal, and a
lower surface portion which is wedge-shaped, and that
the locking ring is provided with a substantially comple-
mentary peripheral shape to secure a wedge-locking en-
gagement between the lid and the monopile via the lock-
ing ring and the recess. This means that when the locking
ring is released the lid is self-centring as well as fluid
tightly self-sealing to the inside of the pile as the locking
ring thereby engages the recess.

[0017] In the preferred embodiments of the invention,
the water is pumped into the inner volume at a pressure
up to approx.1000 bar. The pumping of water is continued
until the pile is driven out of the ground and can be lifted
by suitable lifting means, such as a crane.

[0018] To prepare the decommissioning of the mono-
pile but before applying the tool for performing the method
according to the invention, the monopile is initially cut off
horizontally to provide an upper opening of the pile in a
predetermined distance from the seabed.

[0019] Inasecond aspectof the invention, there is pro-
vided a tool assembly for removal of a tubular foundation
monopile mounted in the ground, such as a monopile in
a seabed for an offshore structure, for instance a wind
turbine, said apparatus comprising a bottom sealing plug
on seabed inside the tubular pile;a pressure-tightlid clos-
ing the top of the pile, said pile having anchoring means
for receiving and fixing said lid to the pile such that the
lid is sealing the upper opening of the pile, thereby pro-
viding an inner volume inside the pile between the bottom
sealing plug and the lid; and pumping means in fluid com-
munication with the inner volume for pumping water into
the inner volume at a pressure, such as a pressure of up
to approx. 1000 bar.

[0020] As mentioned above, in a first embodiment the
anchoring means comprises an annular recess provided
on the inside of the pile which is adapted to form a locking
engagement with a locking ring provided on the lid. The
recess is provided with an upper surface portion which
is substantially horizontal, and a lower surface portion
which is wedge-shaped, and that the locking ring is pro-
vided with a substantially complementary peripheral
shape to secure a wedge-locking engagement between
the lid and the monopile via the locking ring and the re-
cess.
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[0021] As an alternative second embodiment, the an-
choring means comprises at least one recess, such as
an annual recess or a series of recesses in an annular
configuration, provided on the outside of the pile in a pre-
determined distance from the upper opening of the pile,
and radially inwardly extendable locking pins are provid-
ed along the periphery of the lid to form a locking en-
gagement with the at least one recess. These radially
inwardly extendable locking pins are preferably hydrau-
lically driven locking pins.

[0022] Advantageously, the bottom sealing plug hav-
ing an annular sealing member, such as rubber sealing
ring, mounted between an upper plate and a lower plate
that are provided with a pressurised void space in-be-
tween, so that the sealing plug is adapted to withstand a
predetermined threshold pressure, such as 4 bars, be-
fore the upper plate is pressed towards the lower plate
and the void space is reduced due to the pressure ex-
ceeding said threshold pressure thereby radially expand-
ing the sealing member to close and seal against the
inner surface of the monopile. It is of importance that the
seabed exposed to the inside of the monopile is covered
by the bottom plug to ensure that the water from the pres-
surised inner volume does not enter into the ground un-
derneath the pile as this would destabilise the seabed.
[0023] Preferably, a wire is provided between the bot-
tom sealing plug and the lid. Hereby, the bottom plug can
be lifted up together with the pile.

[0024] In the following the invention is described in
more detail with reference to the embodiments shown in
the accompanying drawings, in which:

Fig. 1 is a schematic view of a monopile positioned
in a seabed;

Fig. 2 is a schematic cross-section view of the mono-
pile with the retrieval tool installed;

Fig. 3 is a schematic view of the monopile being pre-
pared for retrieval;

Fig. 4 is a schematic top view of the locking ring of
the lid;

Figs. 5 and 6 are detailed cross-sectional views of
the anchoring mechanism of the lid and the inside
of the monopile;

Fig. 7 is a detailed cross-sectional view of the bottom
plug according to a first embodiment;

Fig. 8 is a detailed cross-sectional view of the bottom
plug according to a second embodiment;

Fig. 9 is a schematic view from below of a lid accord-
ing to a second embodiment;

Fig. 10 is a top view of same; and

Fig. 11 is a detailed cross-sectional view of the lid
connected to the top of the monopile.

[0025] In fig. 1 the situation for decommissioning of a
monopile 1 is schematically illustrated. The monopile 1
used to serve as a foundation for a structure (not shown),
such as an offshore wind turbine. In the example shown
infig. 1, the monopile 1 isinstalled in aseabed 2. A vessel
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3 carrying a crane 4 is then positioned next to the mono-
pile 1 for lifting the monopile 1 out of the seabed 2 and
thereby retrieving the monopile 1 for recycling.

[0026] In order for the crane 4 to lift the monopile 1 a
tool assembly 5 is installed in the monopile 1. An embod-
iment of such tool assembly is shown in fig. 2 installed
in the monopile 1.

[0027] Thetoolassembly5comprisesabottom sealing
plug 6 positioned on the seabed 2a inside the tubular
monopile 1. A pressure-tight lid 7 is provided at the top
of the monopile 1, where anchoring means are provided
for receiving and fixing the lid 7 to the monopile 1 such
that the lid 7 is sealing the upper opening of the pile.
Hereby a liquid-tight inner volume inside the monopile 1
is provided between the bottom sealing plug 6 and the
lid 7. Pumping means 8 are provided in fluid communi-
cation with this inner volume for pumping water into the
inner volume at a pressure, such as a pressure of up to
approx.1000 bar. This causes the monopile 1 to move
upwards as the lid 7 is anchored to the monopile 1 and
the water at pressure cannot escape into the seabed 2a
inside the monopile 1. Thus, the cylindrical monopile 1
with the tool assembly installed acts as a hydraulic cyl-
inder.

[0028] Asmentioned above, anchoring means are pro-
vided for securing the lid 7 to the monopile 1. With refer-
ence to figures 4 to 6, the anchoring means comprises
a locking ring 10 provided on the lid 7. The locking ring
10 cooperates with a recess 11 provided on the inside
of the monopile 1 by milling or otherwise cutting this slot
or recess 11 on cite. The locking ring 10 is hydraulically
retracted using a hydraulic actuator 10b. When the lock-
ing ring 10 is then released a wedge member 10a is in-
serted to complete the annular locking ring 10. In fig. 4
the locking ring 10 is shown in its retracted position where
the wedge member 10a is retracted from the periphery
of the locking ring 10.

[0029] Therecess 11 is provided with an upper surface
portion 11 a which is substantially horizontal, and a lower
surface portion 11 b which is inclined or wedge-shaped
(see figs. 5 and 6). The locking ring 10 is provided with
a substantially complementary peripheral shape to se-
cure a wedge-locking engagement between the lid 7 and
the monopile 1 via the locking ring 10 and the recess 11
(see figs. 5 and 6). The hook-like engagement between
the locking ring 10 and the recess 11 also provides a
liquid-tight seal, as indicated in fig. 6. This geometry of
the locking ring 10 and the recess 11 also ensures that
the locking ring 10 is self-centring and self-sealing due
to the wedge form. As also shown in figs. 5 and 6, the
locking ring 10 is provided with an annular hook-like
mounting flange 10c which fits into a slot formed by a
complementary annular mounting flange 7a provided
along the periphery on the upper side of the lid 7.
[0030] Before the lid 7 is installed inside (or outside -
see figures 9 to 11) the monopile 1, the bottom sealing
plug 6 is lowered into position at the seafloor 2a inside
the monopile 1. In figures 7 and 8 two embodiments of
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this sealing plug 6 are shown.

[0031] With reference to fig. 7, the bottom plug 6 com-
prises an upper steel plate 6a and a lower steel plate 6b.
Between the two steel plates 6a, 6b a void space 6¢ is
provided. The two steel plates 6a, 6b are positioned with
a distance between each other due to spring members
6e provided in the void space 6¢. Along the annular pe-
riphery the void space 6c¢ is closed by a sealing ring 6d,
which may be arubber seal or aliquid expandable sealing
member. The void space 6¢c may be pressurised. As in-
dicated in fig. 7, the sealing ring 6d is provided with an
inclined surface portion 6f engaging an equally inclined
annular peripheral surface of the upper steel plate 6a so
that the sealing ring 6d is expanded in diameter as the
upper steel plate 6a is pressed towards the lower steel
plate 6b. Thereby, the sealing ring 6d is pressed against
the inside of the monopile 1 and seals the bottom plug
against the inside of the monopile 1. The bottom plug 6
according to this embodimentis designed to hold against
a predetermined pressure, such as approx. 4 bars. A
higher water pressure in the inner volume above the bot-
tom plug 6 will compress the spring members 6e and
then allow the seal to expand to close the gap between
the periphery and the inside of the monopile 1.

[0032] In fig. 8, a second embodiment of the bottom
plug 6 is shown. In this embodiment, the upper steel plate
6a and the lower steel plate 6b are spaced apart by a
distance piece 6g, which is provided with a small diameter
than the two plates 6a, 6b. Both the upper and lower steel
plates 6a, 6b are provided with inflatable sealing mem-
bers 6h at their peripheries. The sealing members 6h
may be inflated by pumping air or liquid under pressure
into the sealing members 6h. This design ensures that
the bottom plug 6 does not tilt during installation or during
the build-up of pressure from above, e.g. due to a soft
seabed or the like.

[0033] Although not shown in the figures 7 and 8, the
bottom plug 6 is preferably provided with a lifting eye 12b
and the lid 7 is accordingly also provided with a mounting
eye 12a so that a messenger wire 12 can be fitted to lift
up the bottom plug 6 when the entire monopile 1 and the
lid 7 is lifted up (see figs 1 and 2). The lid 7 is preferably
also provided with a lifting eye 4a for securing the lifting
wire of the crane 4 to the tool assembly when this as-
sembly 5 is installed on the monopile 1 to be retrieved.

[0034] The process of preparing the monopile for de-
commissioning according to the invention preferably in-
cludes the actions of:

- Cutting the monopile horizontally at a predetermined
height relative to the sea level.

- Placing the bottom seal 6 on seabed inside the pile.

- Placing a subsea milling tool 9 (see fig. 3) inside
monopile 1in a predetermined position and then mill-
ing a recess for a locking ring inside (or outside) the
pile.

- Whentherecess 11is cut, the milling toolis retrieved,
and the lid 7 is placed inside the monopile 1, or out-
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side in the alternative version.

- The locking ring 10 is then released and secured
with the wedge 10a.

- Then the pump 8 is attached to the hoses of the lid
and water pressure up to approx.1000 bar is applied.

[0035] When the tool assembly is properly installed,
the operator keeps pumping until the monopile 1 can be
lifted by the crane 4.

[0036] Once the pile can be lifted freely the bottom seal
6 will drop out and can be retrieved via messenger wire
12. The monopile 1 only has its own weight to be lifted,
and once the pile 1 is on deck of the vessel 3, the lid 7
is removed by retracting the locking ring 10 and retrieving
the lid 7 so that the components of the tool assembly can
be used to repeat the process with the next monopile.
[0037] With reference to figures 9to 11, a second em-
bodiment is shown where the lid 7 is adapted for being
anchored to the top of the monopile 1 externally. The lid
7 is fitted with an outside skirt 76 to enclose the monopile
1 when fitted (see fig. 11). The skirt 76 is fitted with suf-
ficient hydraulic cylinders 71 to withstand the internal wa-
ter pressure during retrieval of the monopile 1. The hy-
draulic cylinders 71 are fitted with hydraulic connections
73 for operating the cylinders 71.

[0038] The monopile 1is milled with an external recess
75, which fits the cylinders 71 on the skirt 76. When the
lid 7 is fitted to the monopile 1 (as shown in fig. 11), the
cylinders 71 are engaged and engagement pins 72 are
extended radially inwardly into the recess 75, whereby
the lid 7 is firmly mounted on the monopile 1 and the seal
74 inside the lid 7 is tight againstthe monopile top surface.
In this manner the water can be injected through the water
inlet 8 and the pressure will lift the monopile 1 in the
manner described above.

[0039] The monopile 1 is lifted as it comes loose by
means of the lifting pad eye 4a fitted on the hook of a
crane 4 or similar lifting device. When the monopile 1 is
completely retrieved from the seabed and loaded on the
vessel or barge, the hydraulic cylinders 71 can be disen-
gaged and the lid 7 removed for usage on the next pile.
[0040] Above,theinventionisdescribed withreference
to some currently preferred embodiments. However, by
the invention it is realised that other embodiments and
variants may be provided without departing from the
scope of the invention as defined in the accompanying
claims. For instance although the invention is described
with reference to the retrieval of off-shore mounted mono-
piles, itis realised that the invention is also applicable to
the retrieval of monopiles on land.

Claims

1. A method of removing a tubular foundation monopile
mounted in the ground, such as a monopile in a sea-
bed for an offshore structure, for instance a wind
turbine, said method comprising the steps of:
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- providing a bottom sealing plug on seabed in-
side the tubular pile;

- closing the top of the pile with a pressure-tight
lid, said pile having anchoring means for receiv-
ing and fixing said lid to the pile such that the lid
is sealing the upper opening of the pile, thereby
providing an inner volume inside the pile be-
tween the bottom sealing plug and the lid;

- connecting pump means in fluid communica-
tion with the inner volume, and then

- pumping water at pressure into the inner vol-
ume, such that the inner volume extends as the
pile is pulled out of the ground.

A method according to claim 1, whereby the anchor-
ing means comprises an annular recess provided on
the inside of the pile which is adapted to form a lock-
ing engagement with a locking ring provided on the
lid.

A method according to claim 2, whereby the method
further comprises the steps of

cutting said annular recess for the locking ring
inside the pile, preferably by placing a milling
tool inside the pile in a predetermined position,
and then

removing the milling tool before placing the lid
inside the pile.

A method according to any one of claims 2 or 3,
wherein the cutting of the recess is achieved by a
subsea milling tool.

A method according to any one of claims 2 to 4,
whereby the step of placing a lid inside the pile in-
cludes lowering the lid to the predetermined position
and then releasing the locking ring, which thereby
expands into locking engagement with the recess.

A method according to any one of claims 2 to 5,
whereby the recess is provided with an upper surface
portion which is substantially horizontal, and a lower
surface portion which is wedge-shaped, and that the
locking ring is provided with a substantially comple-
mentary peripheral shape to secure a wedge-locking
engagement between the lid and the monopile via
the locking ring and the recess.

A method according to any one of the preceding
claims, whereby the water is pumped into the inner
volume at a pressure up to approx.1000 bar.

A method according to claim 1, whereby the anchor-
ing means comprises at least one recess, such as
an annual recess or a series of recesses in an an-
nular configuration, provided on the outside of the
pile in a predetermined distance from the upper
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opening of the pile, and radially inwardly extendable
locking pins are provided along the periphery of the
lid to form a locking engagement with at least one
recess.

A method according to any one of the preceding
claims, whereby the monopile is initially cut off hor-
izontally to provide an upper opening of the pile in a
predetermined distance from the seabed.

A method according to any one of the preceding
claims, whereby the pumping of water is continued
until the pile can be lifted by suitable lifting means,
such as a crane.

A tool assembly for removal of a tubular foundation
monopile mounted inthe ground, such as a monopile
in a seabed for an offshore structure, for instance a
wind turbine, said tool assembly comprising:

a bottom sealing plug on seabed inside the tu-
bular pile;

a pressure-tight lid closing the top of the pile,
said pile having anchoring means for receiving
and fixing said lid to the pile such that the lid is
sealing the upper opening of the pile, thereby
providing an inner volume inside the pile be-
tween the bottom sealing plug and the lid; and
pumping means in fluid communication with the
inner volume for pumping water into the inner
volume at a pressure, such as a pressure of up
to approx.1000 bar.

A tool assembly according to claim 11, wherein the
anchoring means comprises an annular recess pro-
vided on the inside of the pile which is adapted to
form a locking engagement with a locking ring pro-
vided on the lid.

A tool assembly according to claim 12, wherein the
recess is provided with an upper surface portion
which is substantially horizontal, and a lower surface
portion which is wedge-shaped, and that the locking
ring is provided with a substantially complementary
peripheral shape to secure a wedge-locking engage-
mentbetween the lid and the monopile via the locking
ring and the recess.

A tool assembly according to claim 11, wherein the
anchoring means comprises at least one recess,
such as an annual recess or a series of recesses in
an annular configuration, provided on the outside of
the pile in a predetermined distance from the upper
opening of the pile, and radially inwardly extendable
locking pins are provided along the periphery of the
lid to form a locking engagement with the at least
one recess.

10

15

20

25

30

35

40

45

50

55

15.

16.

17.

18.

A tool assembly according to claim 14, wherein the
radially inwardly extendable locking pins are hydrau-
lically driven locking pins.

A tool assembly according to any one of claims 11
to 15, wherein the bottom sealing plug having an
annular sealing member, such as rubber sealing
ring, mounted between an upper plate and a lower
plate that are provided with a pressurised void space
in-between, so that the sealing plug is adapted to
withstand a predetermined threshold pressure, such
as 4 bars, before the upper plate is pressed towards
the lower plate and the void space is reduced due
to the pressure exceeding said threshold pressure
thereby radially expanding the sealing member to
close and seal against the inner surface of the mono-
pile.

A tool assembly according to any one of claims 11
to 15, wherein a wire is provided between the bottom
sealing plug and the lid.

A tool assembly according to any one of claims 11
to 17, wherein the tool assembly is performing a
method according to any of the claims 1 to 10.
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Cross section of the monopile connection
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