Method for Installation of Gravity Installed Anchor and Mooring Assembly Cross reference to existing
applications This regular patent application claims priority to United States Provisional Patent
Application serial no. 61/029,948, filed February 20, 2008, for all purposes. Background - field of the
invention This invention relates generally to apparatus used in connection with the mooring of
structures in offshore environments, and related methods of use. More specifically, this invention relates
to a particular method for installation of a gravity installed anchor in a seabed and placement of a mooring
assembly connected thereto, for connection of the anchor to a structure to be moored, and for later
retrieval of the anchor, and to apparatus to carry out the method. Background - description of the related
art This invention is directed toward a method for installation of a gravity installed anchor in a seabed
and placement of a connected mooring assembly; connection of the anchor to a floating or submerged

structure; and diggefiRCHANIREAAHETH JPGraiey shalil K avilsinsial PR ARRB A ambiye seabed when
no longer in use. Apparatus used in the method are also encompassed within the scope of the invention.

Itis well k@uritdhanteley atisaitddpprridaeaanchors are used to fix structures in place, in an offshore
environment. Frequently, floating structures are fixed in place; for example, floating drilling rigs,

production facilifgs; Reagessinéhtapties HRtaam PRIk iess el QI s tRaARGIRb NI may be
required for non-floating structures, such as pile-type structures which may be, to some greater or lesser
degree, sipperiedbyciig 56 ahed ®ul T HHbFeSYIN® MOORNG: all purposes.
Background - field of the invention
This invention relates generally to apparatus used in connection with the mooring of
structures in offshore environments, and related methods of use. More specifically, this
invention relates to a particular method for installation of a gravity installed anchor in a seabed
and placement of a mooring assembly connected thereto, for connection of the anchor to a
structure to be moored, and for later retrieval of the anchor, and to apparatus to carry out the
method.
Background - description of the related art
This invention is directed toward a method for installation of a gravity installed anchor in
a seabed and placement of a connected mooring assembly; connection of the anchor to a floating

or submerged structure; and disconnection therefrom and retrieval of the gravity installed anchor

from the seabed when no longer in use. Apparatus used in the method are also encompassed



It is also well known that various types of anchors are used to fix one end of a line to the seabed, such
as dead weight anchors, clump anchors, embedment anchors, vertically loaded anchors, and a
number of other designs. The term "gravity installed anchor," as used in this application, is used to
refer to an anchor which achieves some degree of embedment in a seabed by virtue of a free fall

(throughthan¥aten ke ar eesiar;sistance above the seabed, whereby the anchor penetrates a
distance into the seabed. Such anchors can be used to moor floating structures, or to provide a fixing

15 point for supmer structures. It.is understood that the term "gravity. installed anchor" is used
proadly hereiri GO o S S s AR e B BT RlBel s e
of a freefall through a water column, to and into the seabed. In many mooring situations, it is
desiredifbaBIaHENPHE GRXiRpmENaIEreaurat: HantiagsEbeHEEH AL doadin Blacsadonfaq@elea length of
cable) already attached, said load line laid out 200n the seabed in the ultimate direction of the

structurfdatimgydnbing dgshpradyeitrs faciidiop, giigresdingtfaciliknes detnges otk sesshlbs; édeation and the
structure being moored), and, in some situations, with a subsea connector attached to the end of the

lgad lingdiisiahfiaceiing tHavby iogtaltedenairflohlegresentdaairtian pilevidessandiiieiaphiolethod of

so placing a gravity installed anchor and a mooring assembly, and of its retrieval after use. In other

epplicatipohd s SR e e eR0e e B BA V5 b ol e aKie g aliached. and

with or without a subsea connector; in stich cations, the end of the mooring line distal from the
5anchor (which may be laying on the seabed, or floating with a buoy) is picked up and connected to
the stru® ?g%ing moored. Summary of the Invention The present invention broadly comprises a
method of installing a gravity installed anchor along with some length of line attached, for ultimate

connection to & staisaurelbsogvmibgtearions ispe sharnargwseddedit amssmiant adinpinskts o

method of installing a gravity installed
seabed, such as dead weight anchors, clump anchors, embedment anchors, vertically loaded

10 anchors, and a number of other designs.

The term “gravity installed anchor,” as used in this application, is used to refer to an
anchor which achieves some degree of embedment in a seabed by virtue of a free fall (through
the water) from a desired distance above the seabed, whereby the anchor penetrates a distance
into the seabed. Such anchors can be used to moor floating structures, or to provide a fixing

15 point for submerged structures. It is understood that the term “gravity installed anchor” is used
broadly herein, and encompasses all types of anchors which can be installed into the seabed by
virtue of a freefall through a water column, to and into the seabed.

In many mooring situations, it is desired to place the gravity installed anchor with a
mooring line section or load line (e.g. a length of cable) already attached, said load line laid out

20 on the seabed in the ultimate direction of the structure being moored (that is, substantially
aligned with a line between the anchor location and the structure being moored), and, in some

situations, with a subsea connector attached to the end of the load line distal from the gravity



anchor along with its related mooring assembly, connecting said gravity installed anchor to a floating
or subsea structure to be moored, and of disconnecting the gravity installed anchor from the moored
structure and retrieving the anchor to the surface, along with related apparatus. A gravity installed
anchor (preferably with a deployment/recovery line attached to its upper end) is 16lowered into the

water frﬁ@a@!&d’ﬁéﬂlﬂﬂ%&?‘i@?&%@eﬁmﬂﬂ ARRIES TRRNER SRR NENR a@r&%l%?‘se hook).

The gravity installed anchor, in a presently preferred embodiment, comprises a I0ad"arm; to which is
attached a lnad lin ((%ty ically, a relativel hortée h %ﬁﬂeXiEl member, such as.a cable). A subsea
S R VA e S S O R e
facilitates subsea connection/disconnection, 20for example held in_ a staging devic;léa structure resting

on the $8aWsyinstalledancharmaw hejostaliedwithshrosaticemaoginading altashedyand tkhs@bbed until the

staging device rests on the seabed. The installation vessel then moves in a direction aligned with the
ultimatewdtheutierswifsmacomngepart ineslechsapplicaticns sbecmhabibet moonmgdint thetabitfemthehe seabed
along the path of mooring pull, and, in addition, to rotate the anchor and/or load arm to a position

ajgned antihoevhidin by tedaviapol e abeth atfnanessdticabioyps plokeMgnine craiidn
whereby the gravity installed anchor is suspended over the desired penetration point, at a 5 desired
distanc%qhgg&m%wmggpegglease means is actuated, freeing the gravity installed anchor to fall
to and into the seabed. A'mooring line from the structure being moored, with a subsea connector
connected thereto, i§ then copnected to the subsea connector on the load line. After use of the gravity
installe ‘éﬂ‘éﬂ%ﬁé’%ﬁ?ﬁﬁ‘i&?ﬁ?@ subsea connectors are disconnected; and the anchor is retrieved by
pulling it from its embedment, for example by a 10retrieval hook lowered to connect to the
deployment/reBeEFgsRbinysatioR Readly sympriacty methodaf andabingsogravity tsiglicd aaches, and
subsea connector) is brought back to the surface. Brief Description of the Drawings

along with some length of line attached, for ultimate connection to a structure being moored.

10 More specifically, the present invention comprises a method of installing a gravity installed
anchor along with its related mooring assembly, connecting said gravity installed anchor to a
floating or subsea structure to be moored, and of disconnecting the gravity installed anchor from
the moored structure and retrieving the anchor to the surface, along with related apparatus. A
gravity installed anchor (preferably with a deployment/recovery line attached to its upper end) is

15 lowered into the water from an installation vessel, on a single line comprising a release means
(e.g. arelease hook). The gravity installed anchor, in a presently preferred embodiment,
comprises a load arm, to which is attached a load line (typically, a relatively short length of
flexible member, such as a cable). A subsea connector is attached to the distal end of the load
line; the subsea connector is held in a position which facilitates subsea connection/disconnection,

20 for example held in a staging device (a structure resting on the seabed).

The described assembly is lowered through the water toward the seabed until the staging

device rests on the scabed. The installation vessel then moves in a direction aligned with the



FIGS. 1 - 5 show a sequence of steps of the method of the present invention, illustrating the various
components of the apparatus involved in the installation process. 16FIGS. 6- 8 show a sequence of
steps of attaching a floating structure to the anchor. FIGS. 9 - 10 show a process of disconnecting a
floating structure from the anchor. FIGS. 11 - 14 show a sequence of steps of the method of

recoverlnaﬁﬂ?eqﬁ%ﬂani'M%H@aﬁ%ﬁ{maggm PRSPPI AR HE O PIPEE S the  FIG:

15 shows an embodiment in which'the entire mooring line (rather than a load line) is 20attached to the
gravity inséal(lge a}}nclillor hep same is "1 talled. Fth. iG sh(g]w an aterati\%ei'nbgdim nt wherein
the dengyn? r?tﬁe%veef} & FEROLING Rta A5k dl{loaﬂﬁié S cflé?itg T Vs 8EFIMERTUTE RA%/EM 0(f'eployed
(i.e. said line is long enough to span the water depth), for attachment of a buoy thereto if desired.
FIG. 17R93508 ahieard withe! rhenosingaubhedarinstAbiation Vatsel cQninyEs RO YRBENIHA &nchor is
released from a position above the water surface. Detailed Description of the Preferred Embodiment
5With rddeatinoevizetbly s gresityl tnstablgd anghaerse stispende nadrahendesined peaeidatian posnbtdmative
embodiments of the invention will now be described. FIG. 1 shows a gravity installed anchor 10
bging loeeiied dvitarRSibole: dweslednEROrHlencandns il atioaweshetitemeted s, itkiMleth the
drawings). Various types of installation vessels are suitable for deploying or installing the anchor and

mooring ARG 5 &into the seabed. A mooring line from the structure being moored, with a

subsea connector connected thereto, is then connected to the subsea connector on the load line.
After use of the gravity installed anchor is complete, the subsea connectors are
disconnected; and the anchor is retrieved by pulling it from its embedment, for example by a
10 retrieval hook lowered to connect to the deployment/recovery line; and the assembly (gravity
installed anchor, load line, staging device, and subsea connector) is brought back to the surface.
Brief Description of the Drawings
FIGS. 1 - 5 show a sequence of steps of the method of the present invention, illustrating
the various components of the apparatus involved in the installation process.
15 FIGS. 6 - 8 show a sequence of steps of attaching a floating structure to the anchor.
FIGS. 9 - 10 show a process of disconnecting a floating structure from the anchor.
FIGS. 11 - 14 show a sequence of steps of the method of recovering the anchor,
illustrating various components involved in the recovery process.
FIG. 15 shows an embodiment in which the entire mooring line (rather than a load line) is
20 attached to the gravity installed anchor, when same is installed.
FIG. 16 shows an alterative embodiment wherein the deployment/recovery line remains

attached to the installation vessel when the anchor is deployed (i.e. said line is long enough to



10installed anchor 10 has a longitudinal axis, and may comprise anchor designs of different types,
known in the art. A release hook 30 is attached to the end of lowering line 20. A deployment/recovery
line 40 connects gravity installed anchor 10 to release hook 30, with deployment/recovery line 40
attached to the upper end (as the gravity installed anchor is aligned in the drawing, which is the end of

the a”CEgﬁ:Pﬁ@%@#&%ﬂﬁS&P&Hﬂ%%ﬁ%@ﬁw mgf&gg'ﬁ@g{ anchor 10. In the presently preferred
erdeplis :

embodiment, gravity installed anchor 10 comprisés a load arm (described further below). A line, which
may be a full ring line or a shorter line, such as Joad line 50, is cannected tq gravity installed
anchor 10 by & A T C B TP S THETE D PHRSG LGP TOBES SPR B0 oscribed
below). Load line 50 is suspended from load arm 60, and load line 50 hangs below gravity installed
anchor #t5allstharghonis 1elkassadipm dasition dhaye theovaten suHakSences herein to "line” and "rope”
refer generally to flexible, load carrying members, whether steel cable, synthetic cable, rope, chain, or

any oth&refigiléd P iseription/ofgdedinifersed Embeodimetiyy preferred embodiment, means for connecting
load line 50 to gravity installed anchor 10 comprises a load arm 60. Load arm 60 is attached to gravity

ingstalled anchawifiOrefeiReatioheainachédaitendibsoh prebaiyl freftite dhd Ripieriath @ MipRAment

extcnds outwardly from the longitudinal axis (i.e. displaced outwardly therefrom). Preferably, load arm

560 is affrhat L ARYIMRLVEMARTIRGD W PHGH BN RA! load arm 60 has the ability to

FIG. 1 shows a gravity installed anchor 10 being lowered with a single lowering line 20
from an installation vessel (denoted as “AHV” in the drawings). Various types of installation
vessels are suitable for deploying or instalIing'the anchor and mooring assembly. Gravity

10 installed anchor 10 has a longitudinal axis, and may comprise anchor designs of different types,
known in the art. A release hook 30 is attached to the end of lowering line 20. A
deployment/recovery line 40 connects gravity installed anchor 10 to release hook 30, with
deployment/recovery line 40 attached to the upper end (as the gravity installed anchor is aligned
in the drawing, which is the end of the anchor opposite the nose of the anchor) of gravity

15 installed anchor 10. In the presently preferred embodiment, gravity installed anchor 10
comprises a load arm (described further below). A line, which may be a full mooring line or a
shorter line, such as load line 50, is connected to gravity installed anchor 10 by a means for
connecting load line 50, which may comprise a load arm 60 (described below). Load line 50 is
suspended from load arm 60, and load line 50 hangs below gravity installed anchor 10 during the

20 lowering process. It is understood that references herein to “line” and “rope” refer generally to
flexible, load carrying members, whether steel cable, synthetic cable, rope, chain, or any other

flexible load carrying members.



rotate 360 around the longitudinal axis of gravity installed anchor 10, independent of rotation of gravity
installed anchor 10. A subsea connector 70 is connected to load line 50, at the opposite end of load
line 50 from gravity installed anchor 10. Preferably, a means for holding subsea connector 70 in a
desired position on the seabed is provided, which may be a staging device 80. 10As can be seen in

the figures, staﬂig%lggéﬁgﬁ ggféﬁlg& SHBSEREAD rﬂj&%r &0 ég@@%ﬂ%@?@gﬁ@ﬁ gEub ea connection

{ av :
of connector 70 with the mooring line of a moored structure art ularly with
reference to,Fig. 8,,shqwing mooring lin 1206\%“ is tq be u d.erstoode‘ft%at in other empaodiments of this
inventiomsy@&%%%%gﬁ)?%gﬂﬂﬁe&ﬁ%’%ﬁm iiﬁﬁ%@d%ﬁqﬁg O gTRRSRYEHIRC BRichor 10
are provided. In such 16embodiments, gravity installed anchor 10 does not comprise an outwardly

(from th&08hgieratien alausihmienstbid anshasl@anibindhe preferesembediment extendsne extending

any significant distance from the longitudinal axis of the anchor), but has other structure connecting
load line@evandinitne thinkigithdinel eain@.dindijphadvitywasiy khdrafrohgr PoefEiubéy Risdrmative

embodiments include. 201.gravity installed anchor 10 having a shank to which a line, for example load

lige 50 G0 8 dnackibdadgeIvECRRAEIESnchiPAD Bl TuaPHRAR IEA] T GBhiNBOssNAFIde, closely
encircling gravity installed anchor 10, to which load line 50 is connected; or
rotate 360° around the longitudinal axis of gravity installed anchor 10, independent of rotation of
gravity installed anchor 10. A subsea connector 70 is connected to load line 50, at the opposite
end of load line 50 from gravity installed anchor 10. Preferably, a means for holding subsea
connector 70 in a desired position on the seabed is provided, which may be a staging device 80.
10 As can be seen in the figures, staging device 80 holds subsea connector 70 in a position to
facilitate subsea connection of connector 70 with the mooring line of a moored structure (as is
later described, particularly with reference to Fig. 8, showing mooring line 120).
It is to be understood that in other embodiments of this invention, other means for
connecting a line, which may be load line 50, to gravity installed anchor 10 are provided. In such
15 embodiments, gravity installed anchor 10 does not comprise an outwardly (from the longitudinal
axis of the anchor) extending load arm as described above (or one extending any significant
distance from the longitudinal axis of the anchor), but has other structure connecting load line 50
or another ling (e.g. a mooring line) to gravity installed anchor 10. These alternative
embodiments include:
20 1. gravity installed anchor 10 having a shank to which a line, for example load line 50 (or a
mooring line) is connected.

2. load arm 60 is replaced with a load ring or shackle, closely encircling gravity installed



3.load line 50 is attached to gravity installed anchor 10 by a side or end attachment. Other
embodiments of gravity installed anchor 10 are encompassed within the scope of the invention. 5FIG.
1 shows the gravity installed anchor and mooring assembly being lowered toward the seabed, in
particular staging device 80 being lowered to the proposed staging device touchdown location 90 on

the seabed. Staging ‘i’SYfS%QH%EHqQWBOQQQHHﬁb&Qd?& pre-determined distance (denoted in the

figure as "X") from the proposed anchor drop location 100. The magnitude of distance "X" depends on

diff desi lablgs, including the length iggi fi ' I li 0 and the d
neight v (<AL T RS B0 AL R VAU hEGEPARBbe the seabed

from which gravity jnstalled anchor 10 will be dropped, and can be adjusted for the desired depth of
penetratiSHFbEGRARTIGHE A iy Bsalemh i ther d0-ase aenramesehiatinaibe ssarfef Bsnditions. FIG.
2 shows staging device 80 in place on the seabed. After staging device 80 touches 15down on the
seabedinmentigtallation vessel (denoted in the figures as "AHV") begins movement toward the
proposed anchor drop location 100. The installation vessel also simultaneously pays out lowering line

29. The vesseFithveshent dengiavity Lntilliduiihinstalefoariabeidnbly besib/loverdhRi@gosed
anchor drop location 100 (Fig. 3). Lowering line 20 is continued to be paid out until gravity installed

enchor 4 & b BEFRCLAF OB PR ATV 0GIRE IR AR N dhpmitils oved owards the

proposed drop location 100, the méans for connecting load line talled anchor 10
e S R RIS bR A o nal oo
pre-determined distance (denoted in the figure as "X") from the proposed anchor drop location
100. The magnitude of distance "X" depends on different design variables, including the length
10 and rigging configuration of load line 50 and the drop height “Y” (see Fig. 3) for gravity installed

anchor 10. Drop height “Y” is the height above the seabed from which gravity installed anchor
10 will be dropped, and can be adjusted for the desired depth of penetration of gravity installed
anchor 10 into the seabed for different soil and loading conditions.
FIG. 2 shows staging device 80 in place on the seabed. After staging device 80 touches
15 down on the seabed, the installation vessel (denoted in the figures as “AHV”) begins movement
toward the pfoposed anchor drop location 100. The installation vessel also simultancously pays
out lowering line 20. The vessel movement continues until gravity installed anchor 10 is
directly over the proposed anchor drop location 100 (Fig. 3). Lowering line 20 is continued to be
paid out until gravity installed anchor 10 is at the correct drop height, denoted as "Y" in FIG. 3.
20 As anchor 10 is moved towards the proposed drop location 100, the means for connecting load

line 50 to gravity installed anchor 10 (which may be load arm 60), and/or gravity installed anchor

10, rotates about the longitudinal axis of gravity installed anchor 10 in response to a pull from



load line 50 (which results from friction between load line 50 and the seabed, and/or tension resulting
from pull exerted by staging device 80). It can be readily seen that this rotation of the means for
connecting load line 50 (for example, load arm 60) aligns said means for connecting load line 50 (e.g.
load arm 60) and/or the connection point of load line 50 to gravity installed 5anchor 10, with the

LHimatel EHE SOHMAGH VB i RIRRRRICA t00lP e 3l hd e, MROBINANG, 25 © fater

described) along a line from the anchor drop location to the structure being moored. G. 4 shows

release hook. 30 triggered and gravity installed a 10 free-falling toward the seabed. Release hook
30 may rggl?rlgp fs{ggp@y vgﬁ%u%gr%g%g%ggﬁ‘rﬁl?ﬁ E@ﬁ?ﬁﬁéﬁ&?ﬁé@?ﬁ%ﬁﬁ&%lt REyaHon C means,
mechanical means, an additional line, or subsea Remotely Operated Vehicle ("ROV") intervention (the
ROV Iaﬁi‘i‘&f’lﬁ’éJ%GWQWHW#M%W&FPW%EW@M%@%M%ﬁ?t@ﬁ@ﬁé@éﬁ%&@émgﬁg. 4
shows release hook 30 in the opened (i.e. triggered) position. Once released, gravity installed anchor
10 free-lodid lirsraQtte girvpdaigHiO)yandrnt frercemacstiontpoine cfdand inenflbtotgefarcmstibedvity. Fig. 5
shows gravity installed anchor 1510 in its position, fully penetrated into the seabed. Staging device 80

rgmainsiitipade, aiiththsakbeatedien ga\dhnosiepulin s HdPaneitaliss 89 Gl R or
Deployment/recovery line 40 may be buoyant, so as to remain substantially vertical in the water,

and/or may,hAKs Nisbak m%{eps&e}%a)imd@gqtn&@fm% x&eﬁ&a&l%pegicﬁlgﬂ?&{HeOJtRJ%)ﬂﬁEra“°” of

gravity installed"anchor 10 (for example, by viewing with an ROV-carried subsea camera). After gravity

installeqJ 20anchor3.0 is released from lowering line 20, the vessel can haul in on lowering line 20 and
¢ing moore )
recover reléase hook 30 as shown in FIG. 5.

FIG. 4 shows release hook 30 triggered and gravity installed anchor 10 free-falling toward

the seabed. Release hook 30 may be released by various means known in the art, including but

10 not limited to acoustic means, mechanical means, an additional line, or subsea Remotely
Operated Vehicle (“ROV”) intervention (the ROV launched from the AHV from which the
anchor was deployed, or from another vessel). Fig. 4 shows release hook 30 in the opened (i.c.
triggered) position. Once released, gravity installed anchor 10 free-falls from the drop height "Y"
and penetrates into the seabed under the force of gravity. Fig. 5 shows gravity installed anchor

15 10 in its position, fully penetrated into the seabed. Staging device 80 remains in place on the
seabed when gravity installed anchor 10 penetrates into the seabed. Deployment/recovery line 40
may be buoyant, so as to remain substantially vertical in the water, and/or may have visual
markings along its length to enable verification of the depth of penetration of gravity installed
anchor 10 (for example, by viewing with an ROV-carried subsea camera). After gravity installed

20 anchor 10 is released from lowering line 20, the vessel can haul in on lowering line 20 and
recover release hook 30 as shown in FIG. 5.

The next step in the method of the present invention is connection of a structure to



The next step in the method of the present invention is connection of a structure to gravity installed
anchor 10. As previously stated, gravity installed anchor 10 may be used to moor a floating structure
(drilling rig, production facility, etc.), or a non-floating subsea structure (that is, one which is supported
in whole or part by contact with the seabed). FIG. 6 shows an installation vessel deploying a subsea

connecighditdiakianed drchfir10.2 RN LA, SrRIRARIAMRERERHLQ) i e RQQAIMRY line is

lowered and connected to the subsea connector 70 on thé load line, typically with ROV assistance.

h

Once s C nnectors 110 /0 are connected.the. ins bation vessel (ﬁolo mooring line 120
e no e e B O e A R B, o
known in the art. To disconnect g%:/_ity installed anchor 10 from a floating structure, as shown in FIGS.

8 - 109, BRO IR M3t shin fibedn AR Dhsomtath Bah ik s6ated d 1, GrrBaMstaRation

vessel lowers subsea connectors 70, 110 suspended from mooring line 120, typically until staging
device dostdliptinnsvasrehdepl evngactvdecadevacstay g desperdsd frurhosaiving reth20sdhtbsea the
ROY can manipulate the subsea connectors to disconnect. Once subsea connectors 70, 110 are

désconnemigetithe Meeneheanovag Meorigwiaedlaill eoansukdaa trvibstarchibedsrstiomte FIG.
1510. To recover gravity installed anchor 10 from the seabed, gravity installed anchor 10 is pulled

from its|gpapadag RARIIRNERDS sRakaH-A RiEYaserehRainsRt QbR PrsRddmR R falows: an

installation vessel deploys a recovery hook 130 suspended from lowering line 20, as shown in FIG 11.

An ROV guiges an opening, for example a flaating o eve located.on the 20 rmost e %of
et SRR R b e St R
installation vessel hauls in,on Iowerin% line 20, thereby lifting gravity installed anchor 10 from its

embeddeWPTHEGS fhene s EIES. Tnd b metheds baews iadhe aties

To disconnect gravity installed anchor 10 from a floating structure, as shown in FIGS. 8 -
10 9, after performing mooring line disconnection by methods known in the art, the installation
vessel lowers subsea connectors 70, 110 suspended from mooring line 120, typically until staging
device 80 touches down on the seabed. Once staging device 80 touches down on the seabed, the
ROV can manipulate the subsea connectors to disconnect. Once subsea connectors 70, 110 are
disconnected, the vessel recovers mooring line 120 and subsea connector 110, as shown in FIG.
15 10.

To recover gravity installed anchor 10 from the seabed, gravity installed anchor 10 is
pulled from its embedded position in the seabed. A preferred embodiment of this procedure is as
follows: an installation vessel deploys a recovery hook 130 suspended from lowering line 20, as
shown in FIG 11. An ROV guides an opening, for example a floating open eye located on the

20 uppermost end of deployment/recovery line 40, onto recovery hook 130, as can be seen in FIG
12. In FIG 13, the installation vessel hauls in on lowering line 20, thereby lifting gravity

installed anchor 10 from its embedded position in the seabed. The installation vessel continues



hauling in on lowering line 20 in Fla 14 to bring the assembly onto the vessel (including gravity
installed anchor 10, load line 50, subsea connector 70, and staging device 80). Other Embodiments
Falling Within the Scope of the Present Invention While the foregoing description is set forth in some
detail, in order to illustrate and fully 5disclose one or more embodiments of the present invention, it is

to be unglgreaddhaddReseRAIPHAR H@.Uﬁtr@tiyﬁ@rtﬁmgmwen%hﬁéqﬁewiqmawﬁ@/g@igpints

which shouldbe noted in conjunction with the description: 1. The anchor deployment ahd recovery

vessel, herein referred s installation, vessel. m a hor handli essel (AHV), or any
single vlélgé%kéfaaﬁlggf)er (1) ’C%Pré/?rll%ec?@tf %lgsfﬁi%% aﬁ%%%%an d’;‘é&gg\l/e‘%ga%n‘{gﬁﬁodyz The lowering line 20
(which also serves as depla me_nt/recoyerﬁbl(i?ne) is a single line between the installation vessel and

gravity Rtherdtmbadimengs Kalling-Within theRbons shthe RErsemh IRYSHIAR invention, lowering line 20

remains attached to the installation vessel, for attachment of a buoy. 153.The release of gravity
installed anchdVhibethsyldregditng dasuriptivsdiaseidettlingams deibfia eeden e iHvsikagoandHidiycan be

triggered or opened in various ways: via acoustic or mechanical means, or triggered by other methods
by meadizclbibenosetiaiio enibsdizheats e dliaierasens alvantivaiitd stoust wielepstead RaMhd. The means for

holding subsea connector in a desired position may comprise a staging

description is illustrative and not limiting. The following are several points which should be

noted in conjunction with the description:

1. The anchor deployment and recovery vessel, herein referred to as installation vessel, may
be an anchor handling vessel (AHV), or any single vessel capable of carrying out the

10 installation and recovery method.

2. The lowering line 20 (which also serves as deployment/recovery line) is a single line
between the installation vessel and gravity installed anchor 10. As mentioned below, in
one embodiment of the invention, lowering line 20 remains attached to the installation
vessel, for attachment of a buoy.

15 3. The release of gravity installed anchor 10 may be via various means, including the use of
arelease hook 30, which can be triggered or opened in various ways: via acoustic or
mechanical means, or triggered by other methods by means of the installation vessel, a
separate vessel or marine structure, or an ROV.

4. The means for holding subsea connector in a desired position may comprise a staging

20 device 80, which may comprise a mudmat, stand, or a suspension buoy which holds

subsea connector 110 in a position which facilitates subsea connection and disconnection

of load line 50 from a mooring line or lowering line.
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20device 80, which may comprise a mudmat, stand, or a suspension buoy which holds subsea
connector 110 in a position which facilitates subsea connection and disconnection of load line 50 from
a mooring line or lowering line. 5. In the preferred embodiment, placement of staging device 80 and
subsequent installation vessel movement to proposed anchor drop location 100 pre-aligns the means

for conmectingglifge(grefcioasidinsoathintaprbondf dosaxmp B ieashana Sbieqrieisangher 10), to

the desired alignment, said desired alignment most commonly being the 5 direction of proposed

mooring line p, lor -fall | qnge ' ), & St same time, load
line 50 and/or?él%sglilr?lgo ﬁ%ﬁé@ﬁé@éﬁ%ﬁg@%ﬁgﬁ%ﬁiﬂoﬁeen t,ﬁ@%{%@%ﬁﬁ}%ﬁﬁ%@i structure being
moored. 6. The penetration depth of gravity.installed anchor 10 intp the seab an be visually verified
by depth pene?%ﬁt%hﬂﬁzfé?a:b‘?ﬂ%{@ 59138??&0@5@ VALY %ﬁﬁﬂfgﬂﬂgggf%&ﬁ@%pemlost end
of gravity installed anchor 10, which is especially eased when said recovery line is buoyant and
floating in a suinshaitidllytaheyHesitssindignmestrwid dpited ndigamsatdepthcaminpely beireihd by lifting
a non-buoyant recovery line 40 to determine the length remaining above the seabed, thereby

permitting deteireotiatiart pfdpesetpibosingdinetparlily prodrgrefrity-fal tatte dhersebbedLéhd Shideisiructure
attached to gravity installed anchor 10 using the disclosed installation method can be a buoyant

marine structuge4ipating.aAPemy@ipeIHifad6adme SURR8RASHHdeHHE i e10he a1 6RO iR water,

including on the seabed. Yet other methods of installing a gravity installed anchor are

contemplated g\éitthin ﬁqﬁ es%%%r%%ﬁoiﬂégqgﬁﬁggfﬁuggiaﬁé}%gw\%ggfference to Fig. 15, gravity

installed anchor 10" may e connec y a means for connecting a line to said

gravity installed anchor, without a load line 50 as previgusly descrjbed. Mqoring line 120 may, but does
not necBssarily MR&AVBTAINSAePEy Ah SR 'Y ]ﬁéagﬁ?boaii‘%dm?o# Fﬁyﬁa?ﬂgt fiddF%hchor 10. This

verified by depth penetration markings along the length of a recovery line 40 attached to

10 the uppermost end of gravity installed anchor 10, which is especially eased when said
recovery line is buoyant and floating in a substantially upright position. Alternatively,
penetration depth may be determined by lifting a non-buoyant recovery line 40 to
determine the length remaining above the seabed, thereby permitting determination of the
depth of penetration of gravity installed anchor 10.

15 7. The structure attached to gravity installed anchor 10 using the disclosed installation
method can be a buoyant marine structure (floating at the water surface), or a subsea
structure under the surface of the water, including on the seabed.

Yet other methods of installing a gravity installed anchor are contemplated within the
scope of this invention. For example, with reference to Fig. 15, gravity installed anchor 10 may

20 be connected to mooring line 120 by a means for connecting a line to said gravity installed

anchor, without a load line 50 as previously described. Mooring line 120 may, but does not

necessarily, have a subsea connector 70 on the end distal from gravity installed anchor 10. This

11



distal end of mooring line 20 is put in a desired location, either on or near the sea bed, or suspended
by a buoy. The installation vessel then pays out mooring line 120 and moves so as to position gravity
installed anchor 10 in a desired location. Gravity installed anchor 10 is then lowered to a desired
height above the seabed and released. The distal end of mooring line 120 is 5then secured and

connecteidPEcTthvSHER, MR 90MPpIeth BydBIRHIadsKdAVEItiRLRE srindnaibeE bR ed of deploying

gravity installed anchor 10 (see Fig. 16) maintains a line, for example deployment/recovery line 40,

secure ' 134 [ C VY Ois
droppe%}li)sj)%f{ljﬁt‘%;1 légr% H@?bqeﬂgggc%l%%@ﬂ%g %r%%eﬁ%%ﬁ% t@éﬁ g}(r)}c o?ﬂ?g%?r?gt%%?&method
of deploying gravity, installed anchor see, Fig. 17) releases same from the installatiop vessel,
o tRRSLER ETS TB ARSIt PO R AR TSR BTG B9 Dt above
the water surface, and released so as to fall to and into the water (and ultimately to the seabed), or

may belgiwasedénadesired ekt sbavistthsr sprbedaad selsascdsJbdistal rnéd efaaprisgdmenMvister.

15Summary While the preceding description sets out specifics regarding certain embodiments of a

apparathsastdureethnd seiiadta io gherstuetie\bomg ravinedistatiethadsdharee mishelgrng the concepts of
the disclosed invention, it is understood that other embodiments are possible without departing from

the scope of theKeriRmdAIGRIMBPIRE g&féeftgnhﬁwpea ahetavity (Bssaipd 129 anshaiaolld,be used;

any number of gravity installed anchors could be pre-set in a defined pattern, awaiting a structure to be

mg;ebde%gog ; % 9&?6,2%{8%{&%8(‘?}5%%}%&%%%%2 AV R MG ARSRAReS IRk Ly free-fall
anchor, even when gravity installed anchor 10 is dropped. A buoy can then be attached to this
line, for later retricval of the anchor.

10 Another method of deploying gravity installed anchor 10 (see Fig. 17) releases same from
the installation vessel, without necessarily lowering the anchor into the water column; that is, the
anchor may be held above the water surface, and released so as to fall to and into the water (and
ultimately to the seabed), or may be (in essence) simply pushed off of the installation vessel to
fall into and through the water.

15 Summary

While the preceding description sets out specifics regarding certain embodiments of a
apparatus and methods of installing and retrieving gravity installed anchors embodying the
concepts of the disclosed invention, it is understood that other embodiments are possible without
departing from the scope of the invention. For example, different types of gravity installed

20 anchors could be used; any number of gravity installed anchors could be pre-set in a defined

pattern, awaiting a structure to be moved into place; different manners of releasing the gravity

installed anchor so that it may free-fall may be used; different manners of connecting to the

12



deployment/recovery line, so as to retrieve the gravity installed anchor, may be employed; and other
changes are possible, all within the scope of the invention.  Therefore, the scope of the invention is
not limited to the specific embodiment(s) set out herein, but only by the appended claims and their
legal equivalents. We claim: 1.A method for installation of a gravity installed anchor and a mooring
assembi¢phnmipnigiveoteysiepssofasionamisioths gravilinende drRehahaNB-BepIeAssRMblY
comprising: a gravity installed anchor, and a means for connecting a line to said gravity installed

anchor; apg charf% posfﬁ))gsmg q lwﬁim&@%g%ﬁﬁaﬁ%mﬁns for connecting a line to said gravity

installed anch ning at least a part Ine on a seabed, substantially along aline
between the lagatio structure, be mopred an the d Iocat n of installa of said gravity
intalled ancho S AR ST GLITE NG a1 ARG A SRRSO LS e
location on a seabed; and d) releasing_said gravity installed anchor to fall to said seabed. 2.The
method SreRalt OnfHar & appended by thein desighgamiealentsaid structure

13



to be moored. 3.The method of Claim 1, wherein said anchor further comprises a deployment/recovery
line attached thereto of sufficient length to reach a surface of a body of water overlying said seabed.
4.The method of Claim 1, wherein said gravity installed anchor is released from a position above the
surface of a body of water overlying said seabed. 5.A method for installation of a gravity installed anchor
and a mooringyaskembly, comprising the steps of: a) providing a gravity installed anchor and mooring
assembly comprising: a gravity installed anchor, and a means for connecting a load line to said gravity
installed ancHor; a lodtefirs iohengpdpBesaic: aviinesstisdrashes axda meaireforedhlecting a load line to
said gravity installed anchor; and a subsea connector attached to the other end of said load line; b)
lowering said gravit§PBERSBHYABY 2hd mooring assembly from an installation vessel, through a body of

water over said seabed,; - o : .
a) providing a gravity installed anchor and mooring assembly comprising:

a gravity installed anchor, and a means for connecting a line to said
gravity installed anchor; and
a line, one end of said line attached to said means for connecting a line
to said gravity installed anchor;
b) positioning at least a part of said line on a seabed, substantially along a line
between the location of a structure to be moored and the desired location of

installation of said gravity installed anchor in a seabed;

) positioning said gravity installed anchor vertically over a desired location on a
seabed; and
d) releasing said gravity installed anchor to fall to said seabed.
2. The method of Claim 1, wherein said line comprises a mooring line for said structure

to be moored.

3. The method of Claim 1, wherein said anchor further comprises a deployment/recovery
line attached thereto of sufficient length to reach a surface of a body of water
overlying said seabed.

4. The method of Claim 1, wherein said gravity installed anchor is released from a

position above the surface of a body of water overlying said seabed.
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c) placing said subsea connector at a desired location on said seabed; d) positioning said gravity installed
anchor vertically over a desired location on a seabed, at a desired height above said seabed, thereby
positioning said load line substantially along a line between said gravity installed anchor and the location
of a structure to be moored; and e) releasing said gravity installed anchor. 6. The method of Claim 5,
wherein said meang\foetodiectingdatsacfingmy saidstiiadynichoriiathametiorecompibites a load arm
connected to said gravity installed anchor and extending outwardly from a longitudinal axis of said gravity
installed anchor. 7. PPaRfigtodeoT @i 5, wherein said means for connecting a load line to said gravity
installed anchor comprises a shank forming a part of said gravity installed anchor. 8. The method of Claim
5, wherein said me&hs foPEDHABEIG A TSIt ARy AR Tt edrdheRIrRGHRSTises a load ring

connected to said gravity installed anchar. 9. The method of Claim 5, wherein said means for connecting a
load line to said gravity a gravity installed anchor, and a means for connecting a load line to

said gravity installed anchor;
a load line, one end of said load line attached to said means for
connecting a load line to said gravity installed anchor; and
a subsea connector attached to the other end of said load line;

b) lowering said gravity installed anchor and mooring assembly from an
installation vessel, through a body of water over said seabed;

) placing said subsea connector at a desired location on said seabed;

d) positioning said gravity installed anchor vertically over a desired location on a
seabed, at a desired height above said seabed, thereby positioning said load
line substantially along a line between said gravity installed anchor and the
location of a structure to be moored; and

e) releasing said gravity installed anchor.

6. The method of Claim 5, wherein said means for connecting a load line to said gravity
installed anchor comprises a load arm connected to said gravity installed anchor and
extending outwardly from a longitudinal axis of said gravity installed anchor.

7. The method of Claim 5, wherein said means for connecting a load line to said gravity
installed anchor comprises a shank forming a part of said gravity installed anchor.

8. The method of Claim 5, wherein said means for connecting a load line to said gravity
installed anchor comprises a load ring connected to said gravity installed anchor.

9. The method of Claim 5, wherein said means for connecting a load line to said gravity
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installed anchor comprises a shackle. 10. The method of Claim 5, wherein said means for connecting a
load line to said gravity installed anchor comprises a side attachment. 11. The method of Claim 5,
wherein said means for connecting a load line to said gravity installed anchor comprises an end
attachment 12. The method of Claim 5, further comprising the steps of: Oproviding a mooring line
attached to a structinsaitshenahooredipsaig arbecldg line having a subsea connector attached thereto; and
connecting said subsea connector on said mooring line to said subsea connector on said load line. 13.
The method &P Claifths metherdh Shidhsteshsrn siHid AIPRNS Kt cgraoryia st dishichord&iiéally over a
desired location on a seabed aligns said load line directionally along a line between said gravity installed

anchor and a structtielshanphebragPIsesthadhRRGHISRICIaim 5, wherein said step of positioning said
gravity installed anchor over a desired location on a seabed aligns said load line and said means for

connecting said loadNfBEBUL Glaithey MBELHEG AR BIEPHIPE COBREIP Al RAH R ECpAhEEN Said gravity

installed anchor and a ﬁ}ggcture to be moored. 15. A !inethod for installation of gravity installed anchors

and mooring assemBbli S, aﬁlbc%(gncr?én fhsﬁsf LR ﬁlg%to, comprising the steps of: a)providing an

anchor and r’quringr g%%mgéyo?%rﬁpﬂ%i,nﬁhﬁe%%\ﬂilt riisr}%adllg(gtgprlscé}gr having a longitudinal axis, and;

f) providing a mooring line attached to a structure to be moored, said mooring
line having a subsea connector attached thereto; and

g) connecting said subsea connector on said mooring line to said subsea
connector on said load line.

13. The method of Claim 5, wherein said step of positioning said gravity installed anchor
vertically over a desired location on a seabed aligns said load line directionally along a
line between said gravity installed anchor and a structure to be moored.

14. The method of Claim 5, wherein said step of positioning said gravity installed anchor
over a desired location on a seabed aligns said load line and said means for connecting
said load line to said gravity installed anchor directionally along a line between said
gravity installed anchor and a structure to be moored.

15. A method for installation of gravity installed anchors and mooring assemblies, and
connecting a structure thereto, comprising the steps of:

a) providing an anchor and mooring assembly comprising:
a gravity installed anchor having a longitudinal axis, and;

a load line, one end of said load line attached to a means for connecting
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a load line, one end of said load line attached to a means for connecting said load line to said gravity
installed anchor; a subsea connector attached to the other end of said load line; and a means for
holding said subsea connector in a desired position in relation to said seabed, comprising a staging
device; b) lowering said gravity installed anchor and mooring assembly from an installation vessel,
through a body of water ot dedid lsesaloedidcyrpiaiaintytebed sudhosa connector and said means for holding
said subsea connector in a desired position in relation to said seabed, at a desired location on said
seabed; d) moving said gravity iAstéires @ReprPstitshethtoshrbatend @i dead Fears!for connecting a
load line to said gravity installed anchor are substantially aligned with a line between said gravity installed
anchor and the location of a struttifaty P B Eed BIEsFTRNBEPIdRa fiidrsd BBSUIRiHEd, positioning
said gravity installed anchor vertically over a desired location .on a seabed, at a desired height above said

seabed; and e) releasing St YHA AP TSERTE L amRESINHLTERY 48V Yravity installed anchor drops to and

penetrates into saiohseab?d. 16. Thedmethtod otf ﬁ:lgim 5, wherein said meglnsffor connecting a load line

to said gravity insta Ezd angﬁlgflggﬁ%ri%%é’la‘[ (03¢ afnd "EORn &L Porlggﬁjssﬁ%vﬁ’yri%@tglﬁed anchor and

extending outwardly from saignlﬁpoglituedisgﬁl )(()is %fa}%i g%rfa\}vlitl)éinstalle an%h r, said load arm connected
itudi .

SO as to be capable of rotalf%lsng around sai oHé nal axis. 17, The method of Claim 15, wherein said

means for connectig a 'i&gcﬂ'i‘gesﬁ‘i’d%%i%&ré‘é’ﬁ'}}’q'&%@ﬂﬁga%&*é%sct%m%ﬁ%ﬁﬁg anapleforming a part of said

gravity installed anchor. 18. The method of Claim 15, wherein said means for connecting a load line to

said gravity installed anchgy,Gomprisa&iRadsingbAARNRaLieH t9 SridarRyit: atales aathar

on said seabed;

d) moving said gravity installed anchor such that said load line and said means
for connecting a load line to said gravity installed anchor are substantially
aligned with a line between said gravity installed anchor and the location of a
structure to be moored, and while said load line is so aligned, positioning said
gravity installed anchor vertically over a desired location on a seabed, at a
desired height above said seabed; and

e) releasing said gravity installed anchor, whereby said gravity installed anchor
drops to and penetrates into said seabed.

16. The method of Claim 15, wherein said means for connecting a load line to said gravity
installed anchor comprises a load arm connected to said gravity installed anchor and
extending outwardly from said longitudinal axis of said gravity installed anchor, said
load arm connected so as to be capable of rotating around said longitudinal axis.

17. The method of Claim 15, wherein said means for connecting a load line to said gravity

installed anchor comprises a shank forming a part of said gravity installed anchor.
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19. The method of Claim 15, wherein said means for connecting a load line to said gravity installed
anchor comprises a shackle. 20. The method of Claim 15, wherein said means for connecting a load line
to said gravity installed anchor comprises a side attachment. 21. The method of Claim 15, wherein said
means for connecting a load line to said gravity installed anchor comprises an end attachment 22. The
method of Clafim 15THamvshrasorhptiding thehstepssafd Oprovitingpanastogiadoid dingtiachsbigtevatstructure to
be moored, said mooring line having a subsea connector attached thereto; and connecting said subsea
connector on said HB&HisE HrdBcoRrEGhadend sgcemeeadkaisridamlifie ipgltrAanshethod of Claim 22,
further comprising the steps of: h)providing a deployment/recovery line attached to an upper end of said
gravity install&tl ancHSrmEHadRISidAm AtMEEERIB ARiFHRSRRY fRECATERGHRB RN s IR Priths AYiter said
gravity installed anchor has penetrated into said seabed, determining the depth of penetration of said

anchor into said sedBE B ANRPLIRY RS AGoSKIE markings.

20. The method of Claim 15, wherein said means for connecting a load line to said gravity
installed anchor comprises a side attachment.

21. The method of Claim 15, wherein said means for connecting a load line to said gravity
installed anchor comprises an end attachment

22. The method of Claim 15, further comprising the steps of:

f) providing a mooring line attached to a structure to be moored, said mooring
line having a subsea connector attached thereto; and

g) connecting said subsea connector on said mooring line to said subsea
connector on said load line.

23. The method of Claim 22, further comprising the steps of:

h) providing a deployment/recovery line attached to an upper end of said gravity
installed anchor, said deployment/recovery line having markings along its
length;

D after said gravity installed anchor has penetrated into said seabed, determining
the depth of penetration of said anchor into said seabed by visually inspecting
said markings.

24. The method of Claim 23, further comprising the steps of:
) disconnecting said subsea connector on said mooring line and said subsea

connector on said subsea connector;
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24. The method of Claim 23, further comprising the steps of: j)disconnecting said subsea connector on
said mooring line and said subsea connector on said subsea connector; pulling on said
deployment/recovery line.

k) retrieving said gravity installed anchor from its embedment in said sea bed by

pulling on said deployment/recovery line.
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