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Regul ar Patent Application of MatthewWN Smth and John
Taber Shelton Il on Method for Installation of
w@2@vi103630 nst al | ed Anchor and Moori ng Assenbl yPQr/os®09/034661
reference to existing applications This regul ar patent
application clains priority to United States
Provi si onal Pat ent Regijax BatenbApplieation no. 61/ 029, 948,
filed February 20, 2008, for all purposes. Background
- field of the invention Thiygs invention relates
generally to apparatus used in connection with the
nmooring of structures Jn offshgre environnents, and
rel ated nethods of usMatthew s%@yhfically, this
invention relates to a particular nmethod for
installation of a gravity amdtalled anchor in a seabed
and pl acenent of a nooring assenbly connected thereto,

for connection of t Ol ©, @ ructure to be
nmoored, and for | at 2&’?@%??&@%"8#& he anchor, and to
apparatus to carry out the nethod. Background

description of the relatedoawrt This invention is
directed toward a nethod for installation of a gravity

| IR 6 1RSI Ion ¢F 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 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
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a seabed and pl acenent of a connected nooring
assenbly; connection of the anchor to a floating or
wGaavareged structure; and di sconnecti on ther ef PONUS2VA9/034661
retrieval of the gravity installed anchor fromthe
... Seabed en no longer in use. Apparatus used in the
Wlthm‘i?ﬁﬁ?ﬂi’ao e BYLYOoBnconpassedwi t hin the scope of the
invention. It is well known in the relevant art that

1tds well knéws iroths rélevantisre chat varfouy andhorcdre ugsl tb fixBtractres in place,
in an offshore environment. Frequently, floating

. ructures arefixed,|i l ace: for ex e, . floatin

in an offpi&anl5 A8l FroalEne RoRiicetfs ol AR plice it thihple
facilities, barges, work vessels, etc. In addition,

floatingndsdlingwggsypyodetiorefailities) pfasessingfaéilibes, barges wonk vessels, etc. In
such as pile-type structures which may be, to sone

w0 I. : ' | '

oo i oy BT od SO Ao Rfico R Rtk AR Hruckles which
that various types of anchors are used to fix one end

may bedp samp igrrater 9t lepter degipe guppatien by thegeakedwaptgvhichsit hsauire
clunp anchors, enbednent anchors, vertically | oaded

nmoﬁngnchors, and a nunber of other designs . The term

gravity installed anchor,” as used in this

ppl.i catjon, i sed to refer to an anchoyr which .
R plsq, Bl Bt ey s fymen S e o0 S0 8 iy of aline to the
virtue of a free fall (through the water) froma
seabed,dedh asaitad weighb archatspplamiphacioes kedbedmixetraathors, vertivalth lmaded
penetrates a distance into the seabed. Such anchors
c floating structures, or to provide
anChorSa |§ﬁ%rg§egg)ifh&epg&%nﬁbnerged structures. It is
understood that the term"gravity installed anchor” is
Ubetermr ‘gedity installed anchend asnssd np Busanpligation; ispised tofrefer to an
anchors which can be installed into the seabed by

anchor Which lé@l%ig@es%o%l’é?%éﬁb bf EfibQIeERt B YREEE] BNHIDof 4 Re@ (through

Into t seabped.

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
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
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
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In many nooring situations, it is desired to place the
gravity installed anchor with a nooring |ine section
w@eooboad3d i ne (e.g. a length of cable) al readyPCT/US2009/034661
attached, said load line laid out on the seabed in the
X Itimte direction of the strucjure be ored (that,
installeg anchey, o Eheprescal Inyeniqngrevdes anet cmmﬁaetla@cg QP 4GHRg & Eravity
anchor | ocation and the structure being noored), and,

installedl anchoranda In@@iih%ﬁb%emblyt deofitghaeiavat afieragt oln @théﬁipbﬁéhtlons the
to the end of the |load |ine distal fromthe

taII resent. n .
sravity FsEAVel Shct oy B oPBER B BEOHp B BacBE aod pitn o
instal |l ed anchor and a nooring assenbly, and of its
withoutrsetubsearcahnextarpin susk appilicatouniscthe apgof thamoorisg linkdistal from the
gravity installed anchor may be installed with the
f;
anchor G a8yl ol B s B ik bioshs Mkt g cpnncoted
nDorlng line dlstal fron1the anchor (which may be
to the sirggprg heig mopsedeabed, or floating with a buoy) is
pi cked up and connected to the structure being noored.
Summary OTM¢IRentile | nvention The present invention broadly
conprises a method of |nstaII|ng a gravity |nstalled
chor al on .tached,
iR pirsd roa i bioady Bimatues adutindo i lhag eriy iffled anchor
specifically, the present |nvent|on conpri ses a nethod
along wath somstlaigih offlire agtaeheid for uhinhad temheetivnton sehicag: beiigmoored.
its related nooring assenbly, connecting said gravity

v o331 4 PG o S ARSH oS RSO b b

anchor fromthe noored structure and retrievi nﬁ t he
anchor alaagwithtis related mooting essemblin gonneeting seidegravityipptalled anshorto a
gravity installed anchor (preferably with a

ﬂoaﬁng]d& @h@é&%&&ﬁ@ i B@ﬁ%ofédn&daéﬁd?s"cbﬁfécﬁg% Pﬁ: gré’bﬁ)ﬂ?%stﬁl%q)anblfor from

owered Into the water from an i nst I on“vessel

ingle |lipe copprjsin | eage
the mooref structure an 1re:tr(l:ev?1ﬂlec,7 ti‘le anchor to the sur?ace mfong with related apparatus. A

gravity installed anchor (preferably with a deployment/recovery line attached to its upper end) is
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,
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
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(e.g. a release hook). The gravity installed anchor,
in a presently preferred enbodi nent, conprises a | oad
w@eewg/1083mhi ch is attached a | oad line (typi cab¢USH09/034661
relatively short length of flexible nmenber, such as a
. caple). A suhsea connector is attached tq the distal
ultimatg dgection o mopBag Y. felcasnling ose 10 enbivalbe e 1pad Hag lg Tiewn the
a position which facilitates subsea

seabed glong €etpadidfthesrtipnetl el in AdditicdX &idtate thelabclion afd/or load arm to a
staging device (a structure resting on the seabed).

.. The described assenmbl.y is,!lewered. through,the water
position P iRIRE Buf 2R RN b ULt REL ol Bfvoment to o
the seabed. The installation vessel then noves in a
locationtivhereby e gedviity nestialled tanchdn ex duspended o'dtir theecdeisived pénetration point, at a
mooring pull, releasing line so as to enable the the
sead| ' t j h PR
desived (B8fhch UBc e el THCIEIAR NGRS B RRAY SR ety nstlled
and/or load armto _a positiqon aligned with the path_of,
anchor yfgH itgandhinia the seabed.nAtraporing; ling fiast the stragie beinggmoored, with a
novenent to a | ocation whereby the gravity installed

subsea 86HRB&Er dohnSHSPRRFES! iPMheR coliRctdd fd the dubeR edrndtloPBn the load line.
poi nt, at a desired di stance above the seabed. The

e 1o BhaFEbs B Cmherss SFEPI eHEiod Sapbglorsare

nmooring line fromthe structure being noored, with a
disconnectbd;emd tloanehomis retrieved dyqallingdt fom,itsiembethmentc foreeahpld by a
to the subsea connector on the load |ine. After use of

et LAY b DTk AR enl AP 1 Sp RGBS vt
retrieved by pulling it fromits enbednent, for

installed gughpt, doashling, staging dewite, hadkubseawonaerten ickranght backotottheesurface.

depl oynment/recovery line; and the assenbly (gravity

Briefﬂeﬁ‘&ﬁidnetﬁtﬁ@B‘?Q{v'nésoad line, staging device, and
sub s

bsea connector) T's brought back to the surface.

Bl ncbhaw Sreapicnedof b ahebination of i msreaidyStion, fustating

invention, illustrating
the various components of the apparatus involved in the installation process.

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
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
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the various conmponents of the apparatus involved in
the installation process. FIGS. 6 - 8 show a sequence
wo@hoostie3o of attaching a floating structure toPCTES2009/034661
anchor. FIGS. 9 - 10 show a process of disconnecting a
floating, structure fromthe_anchqgr. FIGS. 11 - 14 show
span thﬁ""@ﬁ?ﬁ@@ﬁgﬂ}bf@ff‘t@?@ﬁ@tﬁ a Py th@?@dgd redecovering the
anchor, illustrating various conponents involved in

FIE. I7ehows bl alérase efmbolfikdent dEths PR afvefRGID WHIR Whe bRvity
which the entire nooring line (rather than a | oad

imstll o el NG s pPulio e esarieien, "o Cor at ve

enbodi nent wherein the depl oynent/recovery line
Detailedddacription obthedtiefeorddiémbodingdnk at i on vessel when the
anchor is deployed (i.e. said line is |ong enough

AFEPRR R g 5 o s v

enbodi nent of the present invention, where the gravity
alternativgpmod weenishefibe inventias wiblsnow be daseribedosi ti on above t he
wat er surface. Detail ed Description of the Preferred

EMacihia®ita gilvity ihRAIRAAEIRI110 bEiﬁg 16 a8 Wad ok MkRering line 20

presently preférred enbodi nent and various alternatiVe

enmbodi nent s t he,in L,on will .no .descri bed. .
from arp g oG a0t WEBE P YR YS Talhe LB REH o B BaPeigp! istallaion
|l owered with a single lowering line 20 from an

vessels arestuithble foraleplogsgelr insthlivgs thel amchot Atdvhooing dssembly. Gravity
drawi ngs). Various types of installation vessels are

. j 0 NG Or 4 NSt | ; r
im0 L PRI B O B ARG e e,
| ongi tudi nal axis, and may conprise anchor designs of
known ifi thé art.e At relegsedwok B annttached fodhaend of dowertingdléine Hook 30
is attached to the end of lowering Iine 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
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
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.
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depl oynent/recovery Iine 40 connects gravity installed
anchor 10 to rel ease hook 30, with depl oynent/recovery
wo 20ve/1683@t t ached to the upper end (as the grarCT/¥sS2009/034661
installed anchor is aligned in the drawi ng, which is
i$e end of the anchor opposite the nose of the anchor)
a gressntlyyprefegeeemborimanty meansdor ¢anneetingdeassling 30,to gravity
preferred enbodi nent, gravity installed anchor 10

installed @figho $€ So@ptieRAQ l@e{dﬁrﬁld&F qrdal Gehn 6054 fekhdieo Pedvi :fnstalled anchor
er

line, which may be a full nooring line or a“sho

ERNIE I I M W P RO RN

line 50, which may conprise a | oad arm 60 (descri bed
outwardig ifiww) the lampitutiinaleaxid)(i k sdisplaqed ndvehrdly et foam). afrofetibly, load arm
and | oad Iine 50 hangs bel ow gravity installed anchor

. i . I ors
60 is ath Gt Pl e RUSHURS B2 SRS opnbr b BILERTCRR bRy o
to flexible, |oad carrying nenbers, whether steel .
rotate 3g@areundsthe {angitndinalaxiseof graie instalted anchor 18nipdependent of rotation of
flexible load carrying nmenbers.In a presently

gravity gfgﬁll%ﬂ bfchof M OAl siB&h cofRRARE 70 W cABA&F ol 1684 l'ir%if-bé g%tﬂg opposite

to gravity installed anchor 10 conprises a
60, ..Lo arm6Q i,s tached to gravjty installed
end of load gy ?‘ﬁ%matgf%.vwcse%ﬁ?lﬁeéﬁn&il%d@- PrRécTeEbigs means ahhcﬂémgfebsea
and in the preferred enbodi nent extends outwardly from

connectioh 20 iromdydsirad posifiorposi the Geabed isdirsvitied; &hichanwabelh Ytaging device 80.
therefrom. Preferably, load arm 60 is attached to

s o B8 U TR S ARROR: A U TR 01 o

... longitudinal axis of gravity installed anchor 10,
facilitate gukspe erimactiar ofreonagetay Y0 ofithpphawicoying tise af 4 momdshocture (as is
10. A subsea connector 70 is connected to load |ine

oS LN 80001 o RSP O

ubsea cqnnector 70 i n a desired position on the
Saioehs undersiond tlens i otheh casbodiyenseoiithismyAHN T ucagp for

connecting a line, which may be load line 50, to gravity installed anchor 10 are provided. In such
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:
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
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As can be seen in the figures, staging device 80 holds
subsea connector 70 in a position to facilitate subsea
w@oovpeetsBon of connector 70 with the nooring |PEEUSI02034661

noored structure (as is later described, particularly

with referen to.Fig .8, show ng nooring |ine 120).
pRe 0515’6‘) B@lﬁﬁaé‘f g'ﬂeo%hlstcﬁ%‘iectem &t her enbodi nents of
this invention, other neans for connecting a |ine,

3. VaddineSays dieachabd dravity ibfalledanghioav 0 by aisitetcorlehé dtthalar.
10 are provided. I'n such enbodi nents, gravity

Other el ReomRERAT IR R S 30 o PR RReRD MBI oo gt the
| oad arm as descri bed above (or one extending any

inventiggi. gni fi cant di stance fromthe |ongitudinal axis of the
anchor), but has other structure connecting load |ine

r : r ol
P RO Wl St TRRIABL LGt ot v
i ncl] ude; ﬁn‘ ‘gr_avi ty installed anchor 10 havi ng. a shank
the sealied, igagticular sfagiwg dewice 8Q heips boweseditor the rogesed staging device
nooring line) is connected. 2. load arm60 is repl aced

touchdovt IdcatidnGachr the Qea@éd.SS\tﬁgi'ﬁg devid 86 RuYhdWM [0EAIOADO is a
gravity install edanchor 10, to which load Iine 50 is

e e R s e B AP, B e Pt e st

enbodi nents of gravity installed anchor 10 are
100. Trwegpads efidistands X't depersts @pelifiérenttdesign vendhilesninckidiag the length
shows the gravity installed anchor and noori ng

w50 BTl 5, DL S h R g TR0 103 it s
roposed stagi ng device touchdown | ocation 90 on the

anchor Yol heighasY his e brigtt bove bashbsdironyshich gravitp sialled 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
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.
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
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pre-determ ned di stance (denoted in the figure as "X")
fromthe proposed anchor drop |ocation 100. The

woregnitewee of di stance "X' depends on differenPCTES10097034661
vari abl es, including the length and rigging

.caonfiguration _of |pad |ine 50 and the drop height "Y"
load ling S0 whic.Teswts fig fiction bstiers oal fige S8 Aed e seabed (3ngior tension

hei ght "Y" is the hei ght above the seabed from which

resultingrfevnh il bxested |bbr@titﬁﬂngiéOIce 80). it £dn teareslligRB&Thafhel re@tion of the
be adjusted for the desired depth of penetration of

ravity.ln le chor 10.intog t eabed for .
means B ¥iielibd Bafin€ 5o P Simal oslaim o) aTERRE o Gyconnecting
~staging device 80 in place on the seabed. After
load lingt58d¢.ggload sint 0)smdfoo thevesnebtinn poimt oflead Hab&@ito grivdty installed
installation vessel (denoted in the figures as "AHV")

anchor P§ 9 'ﬂ?th%{tggag %1}%%8%’8%;0? gf({bgtng ggﬂ.o‘f‘ﬁg afhggt HSPRys load line 50 (or

'ocati on vesse
sinul taneously pays out |owering line 20. The vesse
a mooripg iagAstls atssdpseribed)atang a lifeftan Yhe anshor drenilogationde theostructure
is directly over the proposed anchor drop | ocation 100
being nfdokggl. 3) . Lowering line 20 is continued to be paid out
until gravity installed anchor 10 is at the correct

hei ght,, denaot as "Y' in FIG 3 . As_ an r .
PLOR e sk BOSK R irsd ant B il ABAROR §0 Beg Fling toward
means for connecting load Iine 50 to gravity installed

the seatsedc ReteadsOhqoltBi0ahayiryrelrasdddeycd/agions fi6ans kaoerh o thgragty irickuding but
install ed anchor 10, rotates about the | ongitudinal

o i B My AR S ARSIl Do SERPREE Rty
bet ween | oad | ine 50 and the seabed, and/or tension
Operataddéehicle AR QY Orinfstventiondhe BO Vopunchedy fram the WHé freo) which the

can be readily seen that this rotation of the means

anchor #a$ d§AGYRASSY fitiin hRRHer JeE’s“éR?S qfi% f4%hof}§ %H%F@hodl@ﬁﬂiglgﬁgb&%d (i.c.

aligns 'said neans for connecting load ['ine 50 _
wigecrcdhesiyy e yElrasetearnety aEIGrancar 1N Tror fllutomiheop height "Y'

direction of nmooring pull. This novenent also |ays
and penketpads intorthe S€abed under the force of gravity. Fig. 5 shows gravity installed anchor
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
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
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a nooring line, as is later described) along a |line

fromthe anchor drop location to the structure being
wore@paeke3Fl G 4 shows rel ease hook 30 trigger ePICHIS2009/034661

gravity installed anchor 10 free-falling toward the

erevity e RO (ke ABVANELY SN, AV HBUR e aReHoF N0 i o goed t

acousti ¢ neans, nechani cal neans, an additional |ine,

moor a floatingastaturedpiliéngy/ri ipesduictesh Meitg lee. ) 6RMn-floating subsea structure
intervention (the ROV | aunched fromthe AHV from which

o L p I I v ek}~ FiQ.

(hatis NG R ey RRRARE pf b BN T sl Flg s an
) position. Once rel eased, gravity installed anchor 10
installatioreecssed ideploying msubsea dounscioe | thsuspended fimpemevring bse 120. Subsea

into the seabed under the force of gravity. Fig. 5

: [
connec?f P10 BEREKrg R oRER00 Sk el L SuBFE chiRRgg 70 on the
[ [ I h wh ' ' [

load linrg,nt@];\lge B afylwbpt}hgﬁ)gfgsgfsgagltc?.ﬁQggqaq%ggegé:gg&ggorrsa Yi& 'Xn 7%Sz}rg con?l%cted, the

Depl oynent/recovery |line 40 nay be buoyant, so as to

installati®edssel depleyombitg ¥ne/E0tdnd perfbrst ot 18ie copisbtion td@hnect to
have vi sual markings along its length to enable

s R TR Y PRI 7,7, 1

ROV-carried subsea canera). After gravity installed
dodisoonnk6t gravityeinstabetanchamb(l fome niflogting steucAf@e, s lskown in FIGS. 8 -
vessel can haul in on lowering line 20 and recover

. < i E ; . ' .
e S B0 Fpe BBy o kg8 K flaon
structure togravi_}:{g i nstall ed anchor 10, As previously )
vessel lawers sabsey perpieetprs s d 19 susgended iiom mooring lingel 20s bgically unfil staging

noor a floating structure (drilling rig, production

device §P@utlick MowRof the sedbed® MR sfaduRtdePle 30 RARAeSITWLSIHNE seabed, the
(that is, one which is supported in whole or part by

contact. with the seabed)., EIG 6 shows an
ROV can man&}pulate the sutbsea connectors to (isconnect. Bnce subsea connectors 70, 110 are

disconnected, the vessel recovers mooring line 120 and subsea connector 110, as shown in FIG.
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
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
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installation vessel deploying a subsea connector 110
suspended froma nooring |ine 120. Subsea connector

wai@nesesthe nooring line is | owered and connecP@HUSI09/034661
t he subsea connector 70 on the load line, typically

. with, ROV, agsi st.an ce suhsea cqnnectors 110 and .70 .
haulingp gn Je3yeiig g ,Sztot“ﬁ EFG-n's%i%rlas gy %Pntegéﬂ \se;fée(f ﬁ%ﬁﬁﬁ@ gravity
line 120 and performs nooring |line connection to

installed aivhee 10, lcaddlirkt 30y sibseLcamestmol)) andstgitBdevice 8@, by
met hods known in the art. To di sconnect gravity

Other @ﬁﬁt {nl?‘ﬁﬂ%?%;]g rév ‘th'é‘f tlilgg]f" @ef ‘i)@ﬁ% g P%eﬁigfr#%%ﬁ{;lﬁg ials ne

di sconnection by nethods known in the art, the
Wisledh¢ frégomgudeseriptionaswst forthuinsene doiat eiptosdes tq dustrato and fully
suspended from nooring |ine 120, typically until

disclosSorR%rMbr8 b6 EinRftsid? SE Pl‘fWeerbn{ ﬁ & 199RR8JersioDE that the
t he ROV

stagi ng device 80 touches down on e Seabed,

. ¢an, mani pyl ate the subs connectors to di sconnect.
descripiGaiis 104 3RYE LWHIEHIORTE, 7 e foleying ate fexerahprine ,w%[ theuld be
vessel recovers nooring |line 120 and subsea connect or

noted inlddjurbos hithnhd deskriftionl0. To recover gTavity installed
ancf'wor 10 fromthe seabed, gravity installed anchor 10

Lo ghe R CialtRa L EERE el bt endh & S AR Gatset may

an installation vessel deploys a recovery hook 130
beiapanmtiechdndbing vevsel (AR )| omeny 2thgleassseh oapablerofebi@ying out the
An ROV gui des an opening, for exanple a floating open

ermost end of
gé%l‘%@nen(a%gggb{}?gtﬁﬁgne 40, onto recovery hook 130,

as can be seen in FIG 12. In FIG 13, the installation_.
2. Ubsloavering ling 29 fwhigh plsosetvesgsideployment/reepsespling) is 4 sipgle line
gravity installed anchor 10 fromits enbedded position

bAwe&Eths $RRARtior PEssélNnll [%Hvﬁ/ liealé@ afor 10. As mentioned below, in

conti nueshauling in on lowering line 20 in FIG 14 to

grgei gn?bc}dri]nelenatso?t rIeblln en ir(])gl,olo%vgremé/ ﬁr?esfd re ia?ncsI a%tgci:h%% t§ {haeviinsttXIIation
vessel, for attachment of a buoy.

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
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.

10



install ed anchor 10, load Iine 50, subsea connector
70, and staging device 80). O her Enbodinents Falling
waaobitesesthe Scope of the Present |nvention Wi PET/UB®09/034661

foregoing description is set forth in sonme detail, in
5. E\r.lbg e&%ﬁ{dlse t ! at gcgg{q{%q) i SC 1ce|8ﬁrglsgg{llgegléent installation
under st ood that the descrl ption i s illustrative and

weskellmavietrengto pioyosédaiohos drgp docatiere 14 pre-ahignathe mwansfor
shoul d be noted in conjunction with the description:

bopndlifARENe. gsﬂs@h@/s@% Ry 16 50 BRI b B (G cients

A I'on vesse an an
handl i ng vessel 8 or an S|n%le vessel capabl e of
arshey | Pgtoshe desired phgnragnt seidglesisednlicamentemost eemmsaly being the

The Iowering Iine 20 (which al so serves as

Hi‘?é&:%ﬁ%? bRAN I glinRPhll! Fic? 16 HBSEA ihioRe Q&bwem ddifection
Installa n vessel and gravity installed anchor 10.

Asrrentlondbelow in on ment of th . .
(R ERCI, KT BRSRRAYME 1980 H06 5 LAY Tansarigdined 20 s leiealong a ine

instal | ati on vessel, for attachment of a buoy. 3. The

balveasthe ahctdi fchtidn mlsthahMmﬁuarneihg imobgedray be via
vari ous neans, including the use of a rel ease hook 30,

o AR TR bR SLRRUE DT S45eg Bty

nethods by neans of the installation vessel, a
safddiyalepthgeattrationmearkings slongithe length ofra 1E00vRENAinet40 attashed to
nmeans for hol di ng subsea connector in a desired

ﬁx% %Pérﬂ{bs{%m og' %gﬂ%@?&teﬁ ﬁ‘aﬁ&io&‘ 90 AGMLE & éﬁecgég@ri e%é&ﬂ?%en said

I se nmu stan a suspensi o
hoI ds

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.

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
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
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subsea connector 110 in a position which facilitates
subsea connecti on and di sconnection of load |ine 50
w0 e@amieses®ori ng line or lowering line.5 |n theCT/US2009/034661
preferred enbodi ment, placenent of staging device 80
d subse a1 nst.al | at.i ssel. . novene
distl g} o BRTEHEDS BRUB A Gl o bR BPES T TS e bR
for connectlng line (e.g. |oad I|ne 50) to anchor 10,
suspended by ebmopl €hé matidllation w8se( dren paysnit mmcaniap dine 12 and motvdseso as to
desired alignnent, sai d desired alignment nost _
posmorf: Wﬁlﬂ%{w@fd {h%h{ul:g)el ﬁé@?gﬁ[ﬁﬁg r(fsfgvg@ﬁigstﬁmgf dridfor’ 1016 then
connectlontoastructure At the sanme tine line
loweredsip acieairest haight abeie th Aabadand relensedy The distpl gnd pﬁmoormg line 120 is
bet ween the anchor | ocation and the structure being

then sedﬁ?&f £1d-cofneclddo ARNRACRLE BiinglRRbRABY nttRids ldiowh $1 fhelapid
anchor 10 into the seabed can be visually verified by

AEBboLREDSE ALderiovind ersnbe e BledghehBond GRCHE. Y Baintains a line,

gravity installed anchor 10, which is especially eased
for example rleplaymietitrecoreryyline 40¢ sécared bopwaoeh tianidsthllaitoni vegsel andssaid
substantially upright position. Alternatively,

cochor SERESI R0 PR SLREAR Bty Ho bR B o

remai ni ng above the seabed, thereby permtt| ng
line, forlatceratiigvat oidhe afichohe depth of penetration of gravity
install ed anchor 10. 7. The structure attached to

%@ﬂ’lb e%ﬂ&%ﬁwo@‘@]a%éﬁgtgﬂgduﬁﬁh&h ESE om%leases same from

I nst a ation oyant ri n structure
sea structure ,

the mst@lmgg tv{tsg g@ﬁh&&ces@g%tﬁfrg Iy &;&%@ﬁﬁe an%@wuat%@e Biater gelumn; that is, the
seabed. Yet other nmethods of installing a gravity
anchor inB$ bé hele Abeeahe vattk SurfRe] Midrtleised svkd ti fall thend 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.
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
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



scope of this invention. For exanple, with reference

to Fig. 15, gravity installed anchor 10 may be
w@empaetedd to nooring |ine 120 by a neans for PCT/US2009/034661

connecting a Iine to said gravity installed anchor,

Wit a | i.n | escribe
deploygieatled 8 4p s ey the BEYY RN EBEE A e ampjeveds and
subsea connector 70 on the end distal fromgravity
other changesedre possibhg latlrwitttn thetscemi ofttlad ingerdioof nooring |ine 20
is put in a desired |location, either on or near the

?ﬁ@regfg f é’§cogé‘ SPER RN B n%i:‘ 1te QﬁBé %ﬁicl éi‘ﬁBo‘aﬂnent(Ss) set out

vess ays out noori ng noves SO
S|t|on grav |nstalled anchor 10 in a desired
heremaﬁv e@pa@n%@‘}c ajag and their legrlirgpivalsniss ¢ hen | ower ed

to a deS|red hei ght above the seabed and rel eased. The
di stal end of nooring line 120 is then secured and
connected to the structure being noored by nethods
known in the art. Another nmethod of deploying gravity
install ed anchor 10 (see Fig. 16) maintains a |line,
for exanpl e depl oynment/recovery line 40, secured
between the installation vessel and said anchor, even
when gravity installed anchor 10 is dropped. A buoy
can then be attached to this line, for later retrieval
of the anchor. Another nethod of deploying gravity
install ed anchor 10 (see Fig. 17) rel eases sane from
the installation vessel, w thout necessarily |owering
the anchor into the water columm; that is, the anchor
may be hel d above the water surface, and rel eased so
as to fall to and into the water (and ultimately to
the seabed), or may be (in essence) sinply pushed off
of the installation vessel to fall into and through
the water. Summary Wil e the precedi ng description
sets out specifics regarding certain enbodi nents of a
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We cla

1.

apparatus and net hods of installing and retrieving
gravity installed anchors enbodying the concepts of

w0 b@oddsad osed i nvention, it is understood thapCDUR®NI/ 034661

enbodi nents are possi ble w thout departing fromthe
scope of the invention. For exanple, different types
B gravity installed anchors coul d be used; any nunber
of gravity installed anchors could be pre-set in a

demethod fordhdtaltanion afa ptavitg imdtabled wadhot end PmberinDasembly] o
pl ace; different manners of releasing the gravity

[ . . so that it may free-fall may be used;
8&@F@$%£ﬁmﬁgﬁggfs of connecting to

t hedepl oynent/recovery line, so as to retrieve the

gy avi psovidisg agtazdy sstabled anokayarsbmeoningassanblanomptising:
changes are possible, all within the scope of the

i nvention. 3 ' ' j . :
ot 11 it oA Epaf ptled Mhof A0S nfand R pbHEES Bllnt © said gravity
herein,aﬁgé only bé@the appended cl ainms and their

| egal SHYE anckeE e claim 1. A method for
installation of a gravity installed anchor and a

noor i ng ass#if®)|one ebd oPailinoattableedyb e#id nifans fr connecting a line to
providing a gravity installed anchor and nooring

asserrbl.% conpe.i ff{lng: % F{r avity installed anchor, and a
nmeans PSR LA HE ]Ie 6“ %i ne to said gravity installed
anchor; and a line, one end of said |line attached to

bhi d pesiienifgat leashapart bhspichling orea scabahisubstantiaily glong a line
install ed anchor; b) positioning at | east a part of

stal . art of
bt wo Bt R e RGP EREE ARG bl BAEHR delld)Beation of

the desired location of installation of said gravity
i nst aitstallationeefownid gravitysaslieg: anchor in a scabed;

c) 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.

The method of Claim 1, wherein said line comprises a mooring line for said structure to

be moored.

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.

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) positioning said gravity installed anchor
vertically over a desired | ocation on a seabed; and d)

WO etoeaeiony said gravity installed anchor to faPCT/U82009/034661

said seabed 2, The nmethod of Claim1l, wherein said
[ine c S orin I|n for said structure tp be
ABebed #ﬁgtlﬁagﬁaaﬁa eSSkl AnChGR @ik ORGSR
further conprlses a depl oynment/recovery line attached

chvepeding thie stepf bitci ent [ ength to reach a surface of a
body of water overlyi ng sai d seabed. 4. The nethod of

AL cabyiHER Bl R BB Bt ol Rl s RS Bonblng

of water overlying said seabed.5. A nmethod for
i nstal | at i ®gravity instpllad anshor,red ainkeads fncbunectingla foad line to said
nmoori ng assenbly, conprising the steps of: a)

provL%aQﬂyﬁsﬁll@Hhﬁéhok nstal | ed anchor and noori ng

assendly conprising:. a gravity installed anchor, and a

means for ctlngal to said gravity
installed aﬂ@ajme Qe cad @ Fﬁ%k?ag gag gto s dnqal%%fﬂﬂ connecting
line attached to said neans for connecting a load |ine

t o sahtbadriagité yaid gﬁway iRchllad alhoi; agld a subsea
connector attached to the other end of said | oad i ne;

assenbly 11 SeEheer g eluf SRr sif o sty

of water over said seabed,

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

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; and

€) releasing said gravity installed anchor.

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.

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.

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.

The method of Claim 5, wherein said means for connecting a load line to said gravity
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10.

11.

12,

13.

14,

15.

c) placing said subsea connector at a desired | ocation
on said seabed; d) positioning said gravity installed

w@ewboosesertical ly over a desired | ocati on on BCHESIOU)34661

at a desired hei ght above said seabed; and e)

rel easing said gravity . jnstalled anchor. 6. The nethod
H’ISta@F‘iP’?‘ﬁ {cqm@rsgﬁﬁsg%}( “means for connecting a |oad
line to said gravity installed anchor conprises a |oad
dhemethod ef Chamt 1) vietain saidunetrys fonsdnabdtag saloadhne @rsdid gravity
extendi ng outwardly froma | ongitudinal axis of said

Hsbd Yndp P LR B0E0 Al en e method of Ol aim's,

ans for “connecting a load line to said

ravity installed anchor conprises a shank formng a
&b@ methiod 94 Clpigr awherein said mickrsdfoneninestings loath inevietsaisiqzravity

of daimb5, wherein said neans for connecting a | oad

insBified Snchdt b t?s\égﬁﬂeljad‘eﬁfa@hh&ﬂ anchor conprises a | oad

ring connected to said gravity installed anchor. 9.

e net hod of, im5, wherein said ans for
igﬁ%nﬁwaﬁgcialm%mﬂeﬁ@%ﬂ%g thegteay Pt yi nstal | ed anchor
conprises a shackle. 10. The nethod of C aimb5,

fher epoviiinga nearng finy attohete i sirgctard to & mdonel, kaid smioding line
gravity installed anchor conprises a side attachnent.

11. The.methad of C agim rein said nmeans for

conne qvil%a oy s%ﬁmp?ﬁ%r qt%t:}%e\gﬁﬁer troa%‘?cfy instal |l ed

anchor conprises an end attachnent 12. The net hod of

g ai nedinedtingt saisk subseaponmdctny ontseid snepmgding té jaip subscaliongector
a nooring line attached to a structure to be noored,

said &?%gﬁ%dllfn@.e havi ng a subsea connector attached

t her et o;

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.

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.

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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16.

17.

g) connecting said subsea connector on said nooring
line to said subsea connector on said |load |line. 13.

wab@oretshod of Claim5, wherein said step of PCT/US2009/034661

positioning said gravity installed anchor vertically
over a,g sired location on ? ieabed aligns said | oad
line &1 il 40 p3d grayiy Ingtalled andberween said gravity
installed anchor and a structure to be npored. 14. The

met hod of ~glsabsen Bonnebier SitathePlodhSbther &bl o 8fill 1o TirieYand
said gravity installed anchor over a desired | ocation

on a seabed aligps,satd | oad, line and sai d negns .f.or, .
connect i ng? mgfg’é Qaﬁr‘}grﬁé%?%biﬂﬁicamch i & gF%ﬁé’PF@aﬂ in relation
anchor directionally along a |ine between said gravity

i nst atd sail] seabdilgr and a structure to be noored. 15. A

nmet hod for installation of gravity installed anchors

q . o , . _
B R SRR ol QAP R e B ittt
anchor and nooring assenbly conprising: a gravity

i nst aVessel, treusha bodyiohwatst pengridseabsdl axis, and: a

load line, one end of said |load |ine attached to a

ppans Ffa@ihg G810 REKch SR M hitPshid nBshstiBr ﬁ(ﬂﬂiﬂ% 95ia\shibsa connector in
install ed anchor; a subsea connector attached to the

other end qf said,load |ine;. an means for hol di ng

Sai o adnued podhnbin Bftton 4 Eabuf ol drired froation on 20 seabed:
relation to said seabed; b) lowering said gravity

dnst ahoemgaadypavigridstattedrancigprasdetiin said loadriiadand said means for

installation vessel, through a body of water over said

S eabegdnnecting 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 scabed; and

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

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.

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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18.

19.

20.

21.

22.

23.

24,

c) placing said subsea connector and said neans for
hol di ng sai d subsea connector in a desired position in

WO 2d0at1dwB0 t 0 sai d seabed, at a desired | ocati oPCDOSHaY/ 4661

seabed; d) noving said gravity installed anchor such
at gaid _|load JJine and said ans for, connecting a .
ffg%\aler ofof €$alg1aﬂ S @P%@m MRRISAP] CHNEH(Ing Jy 0ast kne 16 said gravity

substantially aligned with a |line between said gravity

imgillad hthopeshigiises b tbadringl cofimdctedno edid gravity ugstalled ahehdpe
noored, and while said load Iine is so aligned,

si tj,oni sai ravity.instald ed anchor vertical . .
SO el o8R! 5 il deid MEME o opROGyh 1L T s gravity
heimaht above said seabed; and e) rel easing said
ostelled gncdhoscamhpresds anlidshle, wher eby said gravity
install ed anchor drops to and penetrates into said

?‘ fehRbod bf Clﬁglel S'TWhEIS:ﬂ] Qid lgeﬂis%ljtgmnw &l 1BaS R cto @Eig%?avity

or connecting a’load line to said gravlty Installe
anchor conprises a |load arm connected to said gravity
mstallad archoberimpriscaaside atteshmenly out wardly from said

| ongi tudi nal axis of said gravity installed anchor,

Thé fhettRd ¢f @N4inCI) RpefehfsasPmesstfor dansdingl16addline to said gravity
rotating around said |ongitudinal axis. 17. The net hod

of i m15 wherein sai ans for connecting a | oad
Pﬁsﬁge‘?@r&hﬁfﬁmﬁmhs\??ﬁemﬂgﬁﬁﬁgﬁ anchor conprises a
shank formng a part of said gravity installed

dhe mothod &f Cldim Ife fivthedr cdmZisinignthd Stepsvbfer ei n sai d neans
for connecting a load line to said gravity installed

Biat apioB Bt §5rifl AP echo RARAGGHE th hdibd s Mokt lne
said neans for connecting a load line to said gravity
i nst ahdvér asubses coppegien atshed theratok sl

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

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.

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;
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20. The nmethod of C aim 15, wherein said neans for
connecting a load line to said gravity installed
wW@ewboosesnpri ses a side attachnent. 21. The nRCT082009/034661
Cl ai m 15, wherein said neans for connecting a | oad
line to said gravity installed anchor conprises an end
k} t acretregvingsaid giaeitymwstaler acha) fzomits smbedmenidn said sca bed by
conprising the steps of: f ) providing a nooring |ine
att acﬁ,ﬁgn%gn @ai&ﬁ%ﬁl&&rﬂérﬁ/r&dbvgg ligeor ed, sai d nooring
i ne havihg a subsea connect0r attached thereto; and
g) connecting said subsea connector on said nooring
line to said subsea connector on said |load line. 23.
The nethod of Caim 22, further conprising the steps
of : h) providing a deploynent/recovery |ine attached
to an upper end of said gravity installed anchor, said
depl oynment/recovery |line having markings along its
length; 1) after said gravity installed anchor has
penetrated into said seabed, determ ning the depth of
penetration of said anchor into said seabed by
visual ly inspecting said markings. 24. The net hod of
Claim 23, further conprising the steps of: j )
di sconnecting said subsea connector on said nooring
line and said subsea connector on said subsea
connector;retrieving said gravity installed anchor
fromits enbednment in said sea bed by pulling on said
depl oynent/recovery I|ine.
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