WO 2009/143520PCT/US2009/045171 METHOD AND APPARATUS FOR IMPROVING THE
LATERAL SUPPORT PROVIDED BY THE LEGS OF A JACK-UP DRILLING RIG

CROSS-REEERENCE TO RELATED APPLICATIONS [0001]This application claims benefit of U.S.

Provisional %%ﬁg(gt’i%‘ﬁs&]}o. 61/055,752, filed on May 23, 2008, which is iﬁggfgé%g?%/&“gv}eference
herein in its entirety. TECHNICAL FIELD [0002]The invention relates in general to offshore drilling

equipment, and in particular, the present invention provides an apparatus and a method for improving

the lateral resisipneg oA IPPARATH IR SIING SRV RAYSTEN 0T PR SYTQUPEHR FOIS.

Additionally, the present invention provides a%) aratuses and methods for increasing the lateral

resistance of a supporPR]@wg qt) @Fs%ﬂ%ﬁ?e@%%@%%l faces, internal faces
and/or vertices of the support member. BACKGROUND OF THE INVENTION [0003] In recent
years, the need for additioliat O8 SgREFEREDHIEI TOIRETBAMESDUEEES. as THENg ht about increased activity
in the exploration for and recovery of such resources from offshore locations. In order to perform the

necessary exploratim@ﬂlling,ﬂ{gd E%@H'i@ﬁhﬁﬁ‘do&éﬂmﬁ iW%%%ﬁ%?fﬁcﬁ%migéﬁﬁ{oﬁ@ssmg’ it
is necess%rgl Q/%% growde a stable n%Iat orm structure from which such activities can be conducted. At

locations o’ sdilc8rmitginal SHERoYE FESE ISP IRE LB EEFNEARSHFIR feds FBHf§the minerals
has been to erect mobile offshore jack-up platforms that permit a single platform structure to be utilized
at several successive reservoirs. TECHNICAL FIELD

[0002]  The invention relates in general to offshore drilling equipment, and in
particular, the present invention provides an apparatus and a method for improving the lateral
resistance of the legs of a jack-up dumlling rig to movement in the surrounding soils.
Additionally, the present invention provides apparatuses and methods for increasing the lateral
resistance of a support member by attaching lateral support plates to the external faces, internal

faces and/or vertices of the support member.
BACKGROUND OF THE INVENTION

[0063] In recent years, the need for additional oil, gas and other mineral resources
has brought about increased activity in the exploration for and recovery of such resources from
offshore locations. In order to perform the necessary exploration drilling, production drilling,
and in some instances petrochemical-processing, it I1s necessary to provide a stable platform
structure from which such activities can be conducted. At locations having small or marginal
offshore reservoirs, the approach taken in recovering the minerals has been to erect mobile
offshore jack-up platforms that permit a single platform structure to be utilized at several

SUCCESSIve 1eservoirs.

[0004] A typical jack-up unit has a buoyant hull and has separate support legs that
project upwardly from the hull during transport. Once the unit has reached the desired location,
the support legs are lowered into contact with the ocean floor and the unit is raised to a level
above the surface of the water. When operations are finished at a particular location, the structure

can be moved to another site,

[6605] The increased activity in the exploration for and recovery of oil and gas

from offshore locations and the mobility of jack-up rigs, has led to an increase in offshore



[0004] A typical jack-up unit has a buoyant hull and has separate support legs that project upwardly
from the hull during transport. Once the unit has reached the desired location, the support legs are

lowered intqvgg%%gglxgg%the ocean floor and the unit is raised to a level %qy&&iaggﬁgg@ge of the

water. When operations are finished at a particular location, the structure can be moved to another
site. [0005]The increased activity in the exploration for and recovery of oil and gas from offshore
locations and the mobility of jack-up rigs, has led to an increase in offshore WO

2009114 320R GV G200 L4 8L il ehillinng sitameThiS I NcRass nOfishene dolingssirsdAtigases the

potential for offshore drilling equipment to be damaged due to environmental factors, es‘po cially in

areas préEiRBIR Py draBEs SHSrCIIEAREERR EGIPSr RBTEU AR SSaHEREE ASIEYCVPE [0006] A

jack-up ugigRayskedeshen damagat byNtseecmadntrneseinatential accidents, which include. (1)
overturning when the weight of the unit cannot counterbalance the overturning moment due to

environmental loaciydgh £0i 1 ILIE.HARE BSSHERDN SHIELI o AHACERRERIOR AL lecward

leg (punchtlu-ough), or from f the windward leg, due to low initial spud can (or mat
penetratieegidertforiByidgdedeiade avhTaHmine aed b rkcieih aldht cal ZeWa o bt PHBUERFIOATSRAnection.

[0007]These thiaa Rsadat accidenisairefienclasely linketithe.sgsentalefntzpeialemaronmental

loads (due to wave, wind and current) applied on the deck and legs of a unit in a jacked-up mode,

generate BABIRSTIEWHIER BErRRs F5 RTErIoE AR Bikienghe. Ademmorimreat dicadedyel 5guiifng

moment mayausathpuuddennenrstrlianaba; leghich usualyiesuliscin danmage tarthe lag.

[0008] Leg members embeddechin the soil with deep spud can penetration have an appreciable
degree of FHEPAFRBENHARDITFENLETIE B} example, the increase in the overturning moment capacity
may reach up to 40% in areas with at least 60 feet of penetration. This increase in the overturning
moment is attributed0He latdest réspstavras of thrsickhpidsrardenadeslo vakodmahe irsthatialfrounding

soils. Whep the lateral faundationdasistanss s ncrersath (esibpRiivahihrirakuiR i improves.

This increased survivability is especially beneficial in areas prone to revolving tropical storms such as

the Gulf dffieliicé aitgks8tincBSASIBEETOBIO T hBIETSIE, IS i< dedd (BVFEIERSDThaTaTarA!

reSiStanC‘?\Qﬁﬁ}éﬂgﬁ’ﬂ an excessive overturning moment may cause the sudden penetration of a leg which

usually results in damage to the leg.

[0008] Leg members embedded in the soil with deep spud can penetration have an
appreciable degree of lateral foundation resistance. For example, the increase in the overtuming
moment capacity may reach up to 40% in areas with at least 60 feet of penetration. This increase
in the overturning moment is attributed to the lateral resistance of the chords and braces to
movement in the surrounding soils, When the lateral foundation resistance is increased, the
survivability of the jack-up rig improves. This increased survivability is éspecially beneficial in

areas prone to revolving tropical storms such as the Gulf of Mexico and southeast Asia.

[00G49] Therefore, there is a need to increase the lateral resistance of support
members with an open lattice structure to movement in the surrounding soils. Specifically, there

is a need to improve the overturning moment resistance of the legs of a jack-up drilling rig.
BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is directed to a method, system and apparatus for
increasing the overturning moment resistance of a jack-up drilling rig. In general, the present
invention provides a method for increasing the overturning moment resistance of a jack-up

driiling rig by attaching at least one lateral leg support to at least one jack-up leg, wherein the



members with an open lattice structure to movement in the surrounding soils. Specifically, there is a
need to improve the overturning moment resistance of the legs of a jack-up drilling rig. BRIEF
SUMMARX:IOp TEE INVduhel N [QR10] ke presaskikentionds dicadiedi teeatinettioskt system and
apparatus,fefaineteanipsrihe Aueisming.reemeant resisiance sfiadaekelpdiilipgaritcinogeneral, the
present inyantign e% %Yf@%% 2YBRINOGHIRL! Hiegp! ing the, QUATIUWINRY MOTMeNLERISRICE Gia jack-up
drilling “@cgy g R ALREIAE! 8%&9%01@%]%@&%%%%8 IBGGRIAgRie I e jack-up

“legis sec re %s alal attlce ewo embodimer %Eee{slst one lateral leg support is
attached o A external face of3 € ack u eg, an ¥n§erna ace d %he Jacf? up ?eg and/or a vertex of

th k-up leg. | K- th
e e e g%@@%@ae S e,

th t | | hed
o e nﬁglh%g’eg%’c et etk l§ff° f%% teral g
support |§%§%@ﬁ%éﬁﬂéﬂ‘ﬁﬂﬁ% i g Ltices! R BmARHIS Sthstaptiptly; afﬁ”t Beddfidelidd in the soil

such thats¢ié lateral leg support is substantially embedded in the soil. [0012]Additionally, the present

invention provides a drilling system that
[6012] ‘"Additionally, the present invention provides a drilling system that

includes a drilling platform, at least two legs supporting the drilling platform. At least
one leg has a lattice framework and extends below the drilling platform and into the

- seabed, with at least one lateral support member being attached along the vertical length
of the leg having the lattice framework. In some embodiments, the lateral support
member is attached 1o an external face of the leg, an internal face of the leg and/or a
vertex of the leg. In additional embodiments, the lateral support member is partially -
buried in the seabed. In alternate embodiments, the lateral support member is totally
buried in the seabed.

[0013] Also, the present invention provides for a leg of a drilling platform
having a body with a top base and a bottom base, a spud can attached to the bottom base,
and at least one lateral support plate attached along the vertical length of the body above
the spud can wherein the leg has a lattice framework. In some embodiments, the lateral
support plate is attached to a at least one internal face, at least one external face and/or at
least one vertex of the leg. In some cases, the lateral support plate is partially buried
‘when the spud can is embedded in a seabed. In other cases, the lateral support plate is
completely buried when the spud can is embedded in the seabed.

[0014] Additionally, the present invention provides an apparatus for
increasing the overturning moment resistance of the apparatus wherein the apparatus
comprises at least two support members, wherein each support member further comprises
a lattice framework; and, wherein the lattice framework further comprises: a plurality of
vertical members wherein the plurality of vertical members are mutually parallel and
spaced apart laterally to define the edges of a polyhedron in which the support member is
configured. The support member further comprises at least one lateral leg support
attached along a vertical length of the support member, wherein the support member is
secured to and includes a plurality of vertical support members, a plurality of horizontal
support members and/or a plurality of



includes a drilling platform, at least two legs supporting the drilling platform. At least one leg has a
lattice framework and extends below the drilling platform and into the seabed, with at least one lateral
support member being attached along the vertical length of the leg havinpﬁl: i ework. In
some embodimah §1,4 &lateral support member is attached to an externa a@}éﬁé{#&tﬁg@, an internal
face of the leg and/or a vertex of the leg. In additional embodiments, the lateral support member is
partially buried in the seabed. In alternate embodiments, the lateral support member is totally buried in
the seabgfl,ona S[RRI3] AlshdRieRiesenh inveniion pravidesirwieg ofw dilliagplatoruibaving a
body with atop base and a bottom base, a sg ud can attached to the bottom base, and. at least one

lateral SUBPBREpIAE Hieiepuairsheythe © @@HZBFWW%WBefﬁg@bﬁée@gﬁ ReREHEn the leg

~ has a latticeframeneds JeEprmemrigdisrants .the daterel suppeyt glatedsnitraited oafatdeast one
internal face, at least gne ext r%ﬁiI'fac and/or at least one, vertex of the leg. In some cases, the lateral
support pRFESEBEERAIRY LRABRRMEPHHAERIR MR TL SRABESTe d in YR 5BEY TS BIREICA%EE he
lateral suppert platedsiGosxataiebs e ed when thespivdrcéinds smbsaded ghithenseatied edges.
10014]Additionall e present invention proyides an apparatus,for increasi rtyrning moment
resistancdfé1 of the é%&p%?ﬁﬁia{}v Sfe‘i‘%%?é tgp%%ég ﬂ%eéiosrhpr%é%ug%lfg%sgﬁvsv%c? gbt?gp%?nr%ge%m l{;%?é %vherein
each suppottmefriberairfherscon phis bzl sttigpofr amalorks atiebhathereainiehs pagideidragh&sork further

- compriseg; 3 plurglity AL YPHIGALMAMARES WHELBIRLIR, f éagflurgﬁt gicalspambristare rupally

parallel and spaced apart laterally to define the edges of a polyhedron in which the support member is

configuresysterecf esiorehiaraband hh Bteahiprres merbast o atasheddriagieib pariEiBrEdSlong a

vertical lepgth0f the:sHpRoRidRe MhehWharsisithe suPRermembgissaruwed (@ andiraluses a
plurality of vertical support members, a plurality of horizontal support members and/or a plurality of

WO 2009485 0isEFe DB SRS T g A onal support members that form the open lattice
framework. The plurality of vertical members are interconnected by the plurality of horizontal support
members that exteriﬂ_ﬁlﬁétwé@mcama&xahybﬂi@aﬂmmm@Ffstﬂndre_mmrrmﬁgfwfé&:eafﬁh&}ph@My of
vertical mc%@nby?ﬁgaaf%ag%%ﬁf% {Reteannedipg,x e RiAl o daommal akARAT A REES.llgome

[= 1 : .
cases, thep edron is a prism. In specific examples, the prism has three, four, five, six, seven, eight,

nine or tesupplybmembsenaes atidihenap Ahyornatomembes Whodimanesstragitivatty BPStispeRbEiembers
form a sygtem.abiRtesRal iagesiand dislaisrabRlrRa sremhacis a ehigngéleast one internal

face. In some additional and/or alternate embodiments, the plurality of support members form a
system of external f, and the lateral support member is attached to.at least one external face. In
some additional an&%’@i@ternggeeaﬁ%e&? fﬁ% rBIf?lsS : ﬁlnlg I%Eicgrgf%slﬁrp%é% Crg?'em eefe%%arﬁ%c %)t(jtt%gﬂgﬁagast one
vertices ofdhesgppoftihecymizent [00Ebilonsonelex thaples datdidas dore fwaraiishipporentiombet is
partally anQt. cOmplEtely SMBedAesin 3 1e:ARecicembdinenis o sRARA‘aN fat least

two lateral suppo mbers are attached to the support member wherein at least one lateral support

member escuileidstivortiontahiviltferthibaghdiscthel |y tlasmm ofi e dnEeistrt nilefveld [BD16]The
fOfeQOingiﬁﬁ&&Hw@% ratherproadiy the fﬁ@%ﬁ%mr&ﬁgfﬁmﬁ%ﬂigﬁéﬂﬁ&eﬁmamﬂea@awga@ntion in
ow

order that the detailed description of the invention that follows may be better understgod. Additional
features dntY AGvEMEYES it asiaRasRNIPHE Be< st EmB Rt R LR TS Sa B AR the
claims of tagd IR0 .o SBgd e iaperesiatedinuthase skitlediirdhe aibibakihel coriceptiomand
specific embodiment disclosed mag%e reaédily ur%ilizeg}as a baﬁséi}z for mo Hﬁinl%!ortdesignirg? %er
structure<SYSP EGPVANTOTRIEERME FUPSHEBEBAIRE Hre SRAL FRe RN 9t SholIgaIgs Be'fetiized by
those skiligdtie theatidhailsineh efhiyalen denstrsctitird dombtdeypalrtiérdm therspeitstindbEdbpe of the
invention as set forth in the appended claims., The novel featur hi -helj .
characterilsl‘,]t‘i'(e:}%Totrﬁeé ?rﬁﬁ%/'él?rg%rﬁ% Both a& to Its %dré%ler%l Z gtfg?nogﬁ}é%rﬁg’t#o%ggfe %?é@gﬁﬁ,%?o%%%&esr avr\}ﬁh
further objestsrages avihrtagesiwilddsted Uneiarshsotpitorinhedrsoniing deletivonidersh in

considereg i SMISHHRMYILNR AGCAHDAKROTIQUES. LB IRRP xR YRdR0ek hawever.
that each of the figures is provided for the purpose of illustration and description only and is not
intended &6 BaEgmitoh srardefies GeiRwpresehilipesinsmnd description only and is not intended

as a definition of the limits of the present invention.



WO 2009/143520PCT/US2009/045171 BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For

a more complete understanding of the present invention, reference is now made to the following
descriptions taken mggyjunctlon with the accompanying drawing, in which: 0018] FIG. |IA

shows top p}gﬂ HERH four chord jack-up leg with lateral leg support mehfheT

ShEd to the

vertices of the leg; [0019]FIG. 1B shows a partial side plan view of a four chord jack-up leg with lateral
leg support members attached to the vertices of the leg; [0020]FIG. 2A shows top plan a four chord

jack-up leg with Igteral leg .sup%%f@qﬁl%% (}@L@gp@gﬁqﬁﬁ@ ﬁﬁﬁWﬁh@es of the leg;
our chord jac

shows a partial side plan view o0

horizontal widths throughout the vertical length of the lateral supgort member;
[001T7] For a more complete understanding of 't

[0021]FIG. 2B

up leg with lateral support members having various

e present anCntl{)ﬂ reference is

now made to the following descriptions taken in conjunction with the accompanying drawing, in

which:

[0018] FIG. 1A shows top plan view of a four chord jack-up leg with

support members attached to the vertices of the leg;

lateral leg

[0019] FIG. 1B shows a partial side plan view of a four chord jack-up leg with

fateral leg support members attached to the vertices of the leg;

[00201 FIG. 2A shows top plan a four chord jack-up leg with lateral leg support

members attached to the external faces of the leg;

[0021] FIG. 2B shows a partial side plan view of a four chord jack-up leg with

lateral support members having various horizontal widths throughout the vertical length of the

lateral suppeort member;

[0022] FIG. 3A shows a top plan view of a four chord jack-up leg with

support members attached to the internal faces of the leg;

[0023] FIG. 3B shows a partial side plan view of a four chord jack-up

combination of lateral support members attached to the internal faces of the leg;

lateral leg

leg with a

[0024] FIG. 4A shows a top plan view of a four chord jack-up leg with a plurality

of lateral leg support members attached to the leg’s internal faces;

[0025] FIG. 4B shows a partial side plan view of a combination of lateral support

members with various horizontal widths attached to the internal faces of the a jack-up leg;

[6026] FIG. 5A shows a top plan view of a four chord jack-up leg with a plurality

of lateral leg support members attached to the vertices of the jack-up leg;

[6627] FIG. 5B shows a partial side plan view of a combination of reinforced

lateral support members with various horizontal widths attached to the vertices of a jack-up leg;



[0022] FIG. 3A shows a top plan view of a four chord jack-up leg with lateral leg support members
attached to the internal faces of the leg; [0023] FIG. 3B shows a partial side plan view of a four
chord jack-up, leg with a combination of lateral support members attached to the internal faces of the
leg; [0%? BER2R shows a top plan view of a four chord jack-up IESW%{}%?G%WW of lateral leg
support members attached to the leg's internal faces; [0025] FIG. 4B shows a partial side plan
view of a combination of lateral support members with various horizontal widths attached to the

internal faces of thegyiagh-tRdeai snowsl9938bEIGIGASNONS IRRPIA Vi LtAtoNsIEheRd jack-up

leg with a Plurality of lateral leg support members attached to the vertices of the jack-up leg;
[0027]FIST B Eh s e pRiftar el e brdvicoha v RitBR 8t kaiRfs i ed lateral support members

with various horizontal widths attached to the vertices of a jack-up leg; WO
2009/143520PCUUB22M0/0dii 1B show{Q0281iE|GdGheshaavs & togpibimatiewcdfl adiuesgloord

jack-up leg with a plurality of lateral leg support membeys attached.to.the vertices of the jack-up leg;
0ol P e O R members with varous

horizontal widths attached to the vertices of a jack-up leg; . ‘
[0030] FIG. 7A shows a top plan view of a three chord jack-up leg with lateral leg

support members attached to each external face of the leg;

[0031] FIG. 7B shows a partial side plan view of a lateral support member attached

to at least one face of a three chord jack-up leg;

[0032] FIG. 8 illustrates a drilling system that includes a platform and jack-up legs;

and

[0033] FIG 9 shows a top plan view of a circular jack-up leg with a plurality of

lateral leg support members attached to the leg’s internal faces.
DETAILED DESCRIPTION OF THE INVENTION

[0034] There are many different jack-up platforms in use today. Jack-up platforms
or units are divided into two main categories according to the structure of the legs and
foundation. The first category is mat-supported jack-ups which rest on mat footing which
connects all the legs together.. The second category is independent lattice-leg jack-up units
which are supported on spud cans. In some cases, the legs of some small units are not equipped
with spud cans. The subject invention is particularly relevant to lattice-leg jack-up units which

are supported on spud cans.

[0035]  Prior art jack-up-type offshore platforms have typically utilized a frussed
leg structure of triangular or other polygonal cross-sectional configurations. The leg structure
comprises a plurality of cylindrical and non-cylindrical columm members that are mutually
parallel and spaced apart laterally to define the comers of the geometrical shape in which the leg
structure 1s configured. The column members are interconnected by crossbracing that extends

between adjacent column members, making the leg a unitary structure.



[0030] FIG. 7A shows a top plan view of a three chord jack-up leg with lateral leg support members
attached to each external face of the leg; [0031] FIG. 7B shows a partial side plan view of a
lateral suppart member attached to at least one face of a three chord jack- fJ -g)o FIG. 8
illustrates a‘gﬁilizr?(égfslﬁ%?n that includes a platform and jack-up legs; andg[éﬁ g%? Oégs 10WS a top plan
view of a circular jack-up leg with a plurality of lateral leg support members attached to the leg's
internal faces. DETAILED DESCRIPTION OF THE INVENTION [0034] There are many

different jack-up plaigagys in yseiaday. JpckriRdRIRtQres apunitsaredivdedintavasainteategories
according to the structure of the legs and foundation. The first category is mat-supported jack-ups

L]

which re St Hat Btk WHiEAREHIHHSR I e oGS toYBMEM S hE8StBAY dattigdty i fid&BEndent
lattice-legjagkrslpANR M re ROk RN ERYd Lansnihosseme:cases, the legs of some small
units are not equipped with spud cans. The subject invention is particularly relevant to lattice-leg

Jacep units which iy Pored g, Spus 630 JOGRSIEY oKL Ask- - Yo GsbprRRiRtRrms have

typically utilized a trussed leg structure langular or ot gonal cross-sectional configurations.

The leg strgsteraccalvprived dasliremstyef EiAiabirradgcan dresnssplintRicaRBIuRsNRsENsH RS thzt are
mutually parallel andipaceskapRartiairraly Ipdalinethsaqmersialilpe geamettcal shapadncwhich the

leg structure 1s configured. The column members are interconnected by crossbracing that extends
between YHatEnt BOMMA nRMBEL IR ARG T A e tiaraty siiiiag grcular legs.
[0038] The term “prism” as used herein refers to a figure whose bases or ends have
the same size and shape and are parallel to one another, and each of the sides of the prism is a
parallelogram. For example, a triangular prism has a base in the shape of a triangle, a
rectangular prism has a base in the shape of a rectangle, a pentagonal prism has a base in the
shape of a pentagon, etc. In most cases, the support members are triangular, rectangular or square

prisms.

[0039] The edges of the prism correspond to the chords of the support structure.
The chords of the support structure are vertical members that are mutually parallel and spaced

apart laterally to the skeletal framework of the support structure.

{00407  The braces of the support structure are horizontal and diagonal support
members that connect one chord to another. Together, the plurality of vertical members, the
plurality of horizontal support members and/or the plurality of diagonal support members form

the open lattice framework of the support structure,

{0041] The term “face” as used herein refers to the plane created by two chords of
the support structure. The term “exterior face” as used herein refers to the place created by two
adjacent chords. The term “interior face” as used herein refers to the plane created by two non-

adjacent chords.

[0042] The term “lattice” as used herein refers to open framework made of strips of

metal, wood, or similar material overlapped or overlaid in a regular, usually crisscross pattern.

[0043] The term “vertex” and/or “vertices” as used herein refers to the corner or

intersection point of one or more faces.



WO 2009/143520PCT/US2009/045171 [0036] As used in the specification, "a" or "an" means
one or more. As used in the claim(s), when used in conjunction with the word "comprising”, the words
"a" or "an" mean one or more. As used herein, "another" means at least a second or more. [0037]The
term "polyhé)&?o%wgéﬁta?&? "polygonal” as used herein refers to a geometrli'():cg Je% Ov%/?i%sﬁgt faces and
straight edges. In general, the support members of the jack-up rig are in the geometrical shape of a
polyhedron, and in particular a prism with an open lattice structure. However, the invention applies to

all leg shapes inclugigquircylataleds: the préf0RShVaAB IR HOREST ASKREd RRRINIE tgISatan figure

whose bases or ends have the same size and shape and are parallel to one another, and each of the

sides of tf8 PRIIARSNG HErANSTOGIHRS, FOIMSRArSISEA i gt AF IS RERbs hast i FREOHaPE of a
triangle, grecianguiar Bris:Rs aRassindiewharerof JaectanallaPaRtagan@PEsmRasea base in

the shape of a pentagon, etc, In most cases, the s(jlpport members are trian uIEr, re tanﬂular or

square pﬁ?ﬁ@”[@)@%éﬁaﬁﬁg@dﬁfﬁ%ﬁﬁé‘ﬁ?gﬁﬁ Kort EBORRTIAHE Bhisais OFtRY Stip st Sl uPe. The
chords ofstherstippoiStauicipes Rieoeitiaswoembeis thahaddunbéu allyl prradieldinck spaeed apart

laterally tp the skeletal framework of the.sup structure, [0040]The braces e suppart structure
are horizgar%ffé?f@ﬁg 3'?35%%? s%npﬁgF rﬁll’ie%n%£ %gﬁﬁgt%gfnﬁgclt é'ngncﬁﬂn(g‘]?g]t%%a%ﬁeotﬂogﬁﬁ'(])agcgﬁ%r?e e
plurality cidéntieakrrambérs jdtieypl lralityiofindrizpitgl sogport aendoars dtindiod thaspidhertity of

diagonal URPQIE gﬁﬁt{gﬁ&g@tﬂeﬁgﬁw%ﬂﬁg gm%ﬁprk of the support structure. [0041] The

term "face" as used herein refers to the plane created by two chords of the support structure. The term
"exterior face" as used herein refers to the place created by two adjacen cg?ords. Theiterm "interior
'¢h

face" as used hereilPPafdrs OB BTARYE FELERY BY RO Hgf&f]&c‘g#t? orm and i 4545 RlCterm
"lattice” asgis@shhenginHeRiBitg ppeddramavoik inalde bistipspof Meial, fmoacyok sidikstandterial

Overlapp%glgxrw%\é% I&Ii?lilggap{aet%%narzin 1%%' grslg%ég.s‘j'kpgggtrghe lateral support member is attached
along the vertical length of the leg. The lateral support member is attached to an external face of
the leg, an internal face of the leg and/or a vertex of the leg. The lateral support member can be

partially buried in the scabed or the lateral support member can be totally buried in the seabed.

[0046] An example of a support member with an open lattice structure is the leg of
a jack-up drilling rig. When an open lattice structure is embedded in the soil, the chords and
braces provide some resistance to movement in the surrounding soils. Once the lateral leg
support is attached to the support member, there is an increase in the lateral resistance to
movement in the surrounding soils that results from the increase in projected lateral area. This
increase in resistance to lateral movement in the surrounding soils increases the corresponding

overturning moment resistance.

[0047] In general, the lateral leg supports are constructed of plates reinforced or
stiffened with angle stiffeners. For example, the plates may be steel plates or corrngated sheets
made of the appropriate material and strength to resist the soil loads. The lateral leg supports are
then attached to the lattice structure of the support member. In some cases, the lateral leg
supports are welded to the lattice structure. In other cases, the lateral leg supports are attached

using brackets.

[0048]  The overturning moment resistance may be increased by attaching the
lateral support member anywhere along the fength of the support member. The lateral support

member should be at least partially embedded to be effective. However, the placement of the



[0043] The term "vertex" and/or "vertices" as used herein refers to the corner or intersection point of
one or more faces. WO 2009/143520PCT/US2009/045171 [0044] In general, the present

invention provides a ryethod, system and apparatus for increasing the over;[rurnizré Qﬁgq?nt resistance
of a support%?e%%ﬂrg@ﬁ e method for increasing the overturning momenf fesIstance of a jack-up

drilling rig includes the step of attaching at least one lateral leg support to at least one jack-up leg,
wherein the jack-up leg is secured and has an open lattice framework. The method further includes

attaching 4L 1aast,0n0% JAGIAC SUpPRM P NLQUGINALIAC e REMNG IakiRder Amiligraaljiage of the

jack-up leg, ancUor a vertex of the Jack-ugé{gg. The jack-up leg can have a spud can attached to is

e
wherein #P|88Et Becpaditinney difppeitis ﬁ(ﬂﬁéoofgeih%ngﬁﬂﬂf%ﬁ?l factorjosierkesiiventive drilling
system ingludies rAtillipe-Piatiarm angdahleast AaelecusuPPosting: the 1dsilingaatierbevihangin the leg

has an open lattice framework and extends below said drilling platform ancL‘iFnto the %e bed, At least

one later&PLERSHMRRHEEr i RREHECA G W Ve dREr 1L A TS PERETET OFhE RAfaTaF ﬁ%ﬁ%’t’t member
is attachekktgoupxternadfaee ofjhredag canddtedhal tacedf. thitdegandler amuert@xmbthdaden! The

lateral support member can be partially buried in.the seabed or.the lateral support m er.can be
oty o R s e B R R Rlee
structurelig thepeg obarjbokory dillifgehigh Whisn sandpen lattide stagctirrdslmmsbiedueshind thm soil, the

chords andRIRGTS REGUASSAMC (RSRIANGEIQMAXCRERLIR Hig BURNANING RIS QEGHRInteral leg

support is attached to'the support member, there is an increase in the lateral resistance to movement
in the suRbthedingk3vilithal Temes ifsante TRETR AYRPRFpREEhE Rilb R AREITHICR clea s h

resistancerﬁer!atﬁéaléﬂaﬂﬁaeﬁt inthesyveuURding sRISUIPGIRRS s tResaRIKesneEingRYEIRINg
moment resistance. [0047]In general, the lateral leg supports are ¢onstructed of plates reinforced or

stiffened WRFHISIcVERAEHNS . BHCEAmPIECHRY prits MYy B St ddf P SYPOST iR & s made

of the apprgpriatermateral artstepgleieiesistinespibloadmbtheciateralisg suppoks eridien
attached to the | 'Ci}stru_cturf of thedsquort QOberb In some cases, IQ% Iateg% |§9 Supports are
welded t61RE Tattice UG IIE Ti°other ChsEPRNE TATETAT el SEPPONS are attached Using brackets.
[0048] The avertutining: momeattae sistdnbemal) dedndreascthbyopttmehimgithmiageraltseppppbrnember
anywhere al the th of the su { r. ITh u r ; ast
pattally e HeH o B ot d R e BEsdnac g o LT RS P

ocean floor and other environmental factors.

{0049] In certain circumstances, the addition of the lateral leg support member may
impose a lateral load upon the support member or jack-up leg. To account for this increase of
lateral load imposed by the lateral leg support member, additional chords and braces may be

added to the support member for additional reinforcement.

[6050] The lateral leg support members may be attached in a variety of
‘configurations. The variety of configurations detailed herein are exemplary. The leg support
members can be welded or bolted to the jack-up legs, they can be fixed on the legs or be
removable.  The skilled artisan would readily recognize that various combination of
configurations and configurations not listed in the examples can be made without departing from

the spirit and scope of the invention.

[0051] FIG. 1A shows a four chord jack-up leg with lateral leg support members
attached to the vertices of the leg. Although, FIG. 1A shows lateral leg support members 108,
109 attached to all four vertices, it is not necessary to attach lateral leg support members to all of

the vertices. In some aspects of the present in.ventio;i, lateral leg support members 108, 109 are



WO 2009/143520PCT/US2009/045171 lateral support members will typically be a design issue based
on the location of the of the jack-up unit, the condition of the ocean floor and other environmental
factors. In some cases, the attached leg support member is attached to the jack-up leg so that the leg
support merﬁ%?qggfhﬁézgmbedded in the soil. In other cases, the attacheb IIé%‘I[I%/&‘IgUdport member
is attached so that the leg support member is partially embedded in the soil. There may be more than
one lateral leg support member attached along the length of the jack-up leg. In some examples, the

lateral leq SHARYTLMEMREL DA% RS atachethin Ine SAud GaR, IndiG GRS SNRES JRSfEnisI8#RUd can

attached to the jack-up leg, the lateral leg support member may be attached to the secured portion of
the jack-UBHBRj Mesehais ﬁ%@téﬁ‘éé@?more support members will be placed on one leg than other. For
example, in situations where the jack-up units are positioned with respect to the prevailing wind/wave
direction, different |gggsp)ay Havd Hitfiesentasispp oHordgazkarfplagesgg litemesisupperainglaben,
placemeniyof {1¢ sHpport memBers.canbe.rightangles arobligue anples. \Whighayer ndl s, used
the support members are positioned in a symmetric %iay $0°AS 16 fesist the nvironmantaldads from
all directiorsnbEne roisgah poditiohing of thesuppormembersialiidiéon desigh issperdegerdding upon

the locatipp, Qfthe- it (NG GANAHBRPHINGHAFSAR [0a% aRd-OMEr SIMIRNMENGL RCIREE: 103 [0049] In

certain circumstances, the addition of the lateral leg support member may impose a lateral load upon
the suppdh REPERIoH Rk URETeBC IO Gaeb tistirserad is ey sxarbrrakl aprsadrRpdsdwniomd lateral

leg suppQigmembentadditanalchordsradiiase smasebepgdded to the support member for additional
reinforcement. [0050]The lateral leg support members may be attached in a variety of configurations.

The variety of confi ions detailed.herein are ex layy. The.| upport members can be welded

or bttt & the saci s Tigs, 1Hey A b TAL Gt gLton s v aBle T e e Sritah woud

readily rew@ﬂzé@a@nﬁahwﬂﬁborﬁbmmbt dmﬁm@ﬂonmmmdlﬁ%hmﬂomfst@dimm

examples,gan, he, madle WiBalhqeRatting term ek ANda5APS LG OVERAN wian JPRRLI FIC.
I I I b

IA shows a‘four chord jack-up leg with lateral leg support members attached to the vertices of the leg.
Although $¥18 laigrshswaageimbey bupserthvirmpealswogrnnoakese AeH wdalifoufiemeetsisis not

necessannlonafiashdaieiahled suPRRAMEpRRr suemdl ok thaieticrsnlincamerspesisRidhapresent
invention, lateral leg support members 108, 109 are WO 2009/143520PCT/US2009/045171 attached

to at leastH8 VEPRY! FEPEREIER- 4 Herik 18R Ry infaréasiath 6 REH-BRBaCsBplH
membersagthenth 1%ottom ofARGREEIG. 1B shows a four chord jack-up leg with lateral leg support
members, 101 and 102, attached to the vertices of the leg. As shown in FIG. 1B, the lateral support

members may Spa’}@déﬁf‘ﬂ#‘f@ %”IB&%I‘Q%BPE%I»&I'?ﬁ%%tf'}?ﬂZ%%&VEIEI%‘I‘H?#E%MPEI&H%&- For

example, the lateral support member 102 spans from ntal support er 103 to the

horizontafiéifhge ferervemibBes et ke rit sappsk hickeipet Torraparshem thes voadksta support
member 1034q the herzentsl &RAIIPEIRDA8wn in FIG. 24, the lateral support member 201 is

attached to all four faces of the jack-up leg. Additionally, FIG. 2B shows a four chord jack-up
Jeg with a lateral support member spanning from the horizontal support member 203 to the
horizontal support member 206 and the lateral support member having various horizontal widths
throughout the vertical length of the lateral support member. For example, the lateral support
member 201 between the horizontai support members 203 and 204 is of a different horizontal
width in comparison to the width of the same lateral support member between horizontal support
members 204 and 205. In some cases, the lateral support member has the same horizontal width
throughout the vertical length of the lateral support. The lateral support members may span at

least two or more horizontal, diagenal and/or vertical support members,

[0055] FIG. 3A shows a four chord jack-up leg with lateral leg support members
attached to the internal faces of the leg. An internal face, 302 or 307, of the jack-up leg is

created when diagonal support members form an internal plane. As shown in FIG. 3A, an
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[0053]Additionally as shown in FIG. 1B, the lateral support member may span various horizontal
widths. For example, the lateral support member 102 between the horizontal support members 103
and 104 is of a different horizontal width in comparison to the width of the same lateral support
member betWeen hotizéntal support members 104 and 105. In some caseg Fehshzdital width of the
lateral support member is same throughout the entire length of the lateral support member. Also FIG.
1B shows an example of a jack-up leg with a spud-can 107 attached to the bottom of the leg.

[0054] Flf2Aus} rresoiqya@aer@rgcmgbrag Wiblataralles svRRapsmMemMPLH atachetiiphe

external faces o he leg. In general, the Tateral support member 201 is attached to at least one face

202 of th&5EIeiBEEs ALHIENIHIEI 9 e rafspRis SERYH MalnBEinet latmhdredBPait four

faces of thedaeks Upleshdsiditianaliyd kdGn 2Bshows adou bpherjm%m@gleﬁx withea daterakaspport
member from the horrzontal S&F%Pﬁc}t member 203 o %B horizontal s ort member 206 and

the later %Bﬁi CREIRBHIRATAY OAFi & SHRBPI S R4t rﬁ%é?f’é’ S198105th Bethe lateral
support mpmbeledsorvexampie; ltbedarﬁemldsrgmo]rhmembmﬁﬁ]bhgmeﬁmﬂberhorrzontal support
members 203 and 204 is of a different horizontal width in comparison to the width of the same lateral

support member befyyagN NofFGNtR SHBRAT r‘ﬂ%‘in@ﬁé?d%% RO A SOBE:GASASH BE faleral support

member has the same horizontal width throughout the vertical length of the lateral support. The lateral

support nBPRBR AR S HRACR St oG tRbierfo Az SR dEdidgortaiantitr Vst SupiH hembers.

[0055] FlGaic3h sipwms ﬂxé&&ﬂe@@ﬂ@d@tﬂﬁh@%ﬂ&ﬁ&ﬂ%@%f&ﬂ&ﬂﬁ%ﬁ merhersaiathes @ihe
internal r:ﬁées of the leg. An internal face, 33“5& 307, of, th jack-up leg is cr atedor{vhen di gonal

support MEnTEFE N eSS A it FIG: %éi{a]ahu member 501 spans in
2009/14352%@1/&1@@@@%%&171omerharimme Sffis creates Bycaponataipppomenins that

substantraw Breect tvygeaf%ralc%% xterlor aIRaC]ﬁ %Q% 9%&9 face% i;A?%Lieosnrtr% Iuralrty of

lateral leg supp or Thembers. o'an internal € jac g In this
example,coauhistarral fh@eméﬂ‘itmﬁsﬂaﬁ Im drietidtermipey support rh@mﬁb'er h'ﬁhedaﬁ@rahsg@port

members, Ay spafhat 15asteo ofatenerizamal disganaldigl Veiical sURBAY MAMPRLS:

[00561FIG. 3B shows a four chord jack-up leg with a combination of lateral support members attached
to the intdRFRHFE SISt YREIEY lfrﬁgé}bﬁfeﬂ&@a%%fairrewﬁbrﬁaﬂdﬁi%ﬁ HERRPSIPPBPETEDEPdTatached to

the |ntern@hgag,egqfrth@@qﬁgg&mpmgg‘g@ym@g}t@}}{@p%ﬁ&eﬁg{f@é@thh of the internal face. In FIG.
3B, the lateral support member 301 spans from horizontal support member 303 to horlzontal support

member 306. The liﬁ%ﬁ atera ber 3]£1b veen the h r|z ntalﬁ, lpﬂ}%rﬁglm(%mbere and 304

is of a different hori Tin comp fson to w?éﬂ% a e sta}vrﬁe fatera suppor mémber

between h@ﬁzdmapmlppmmhmnﬁer@Mam 8@5aFhe tamral suppbrt spemiber 887 Baside 8ame
horizontal, yydth tyreyahayl e verigas lenoih-of ihe dateral supparty Ebez'a}ar%wmwaﬂﬁers may

span at least two or more hmizontal, diagonal and/or vertical support members. [0057] The

lateral suﬁ?yo%taﬁﬁe’fﬁb%ﬁ@%aﬁsﬁaﬂéé@t\%@%}%rﬂanddwgéﬁaﬁa}ﬁdﬁﬁ%meérﬂéﬂﬁé@ﬁ #értheérs. In

some casgy Hie dalsialsupptanemberspansdetnecihd el 4..2rh 518 and:6,2@askiAs2 and 8,2
and 9,2 and 102and152and202and252and302and402and502and752and 1002a d

150,5 and"0*EARdH5 SN 5 aliti98 S 8nd0sS Lma A28z 028! 4% Bbrs| aHo”P=8 and

100, 5 an@bl?&aﬁdamd ﬁﬁﬁuﬂﬁ)anﬁoleﬁmmarm 2hd 180aRd 44 10, andhRD60, G@aasd 78, ¥0 ardkdoo0, 10
and 125, 20 ggg)gigd 40t&%0 and 50, 20 and TGO 20 and 75§§9 and 100, 20 and 125, 20 and
150, 40 an gﬁ“ Rk od%m? cgd oGS B R ff‘rorlzontal diagonal and/or vertical

support members [0058}FIG 4A shows a four chord Jack up leg with a plurality of lateral leg
[0058 FI1G. 4A shows a four chord jack-up leg with a plurality of lateral Ieg

support members attached to the leg’s internal faces. In this example, the leg’s intemnal face 407
is created by horizontal support members or diagonal support members that bisect non-adjacent
vertices, Lateral support member 401 is attached to internal face 407 and lateral support member
402 is attached to internal face 408. FIG. 4B shows a combination of lateral support members
with various horizontal widths attached to the internal faces of the a jack-up leg. The lateral
support member 402 between the horizontal support members 403 and 404 is of a different

horizontal width in comparison to the width of the same lateral support member 402 between
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support members attached to the leg's internal faces. In this example, the leg's internal face 407 is
created by horizontal support members or diagonal support members that bisect non-adjacent

vertices. Lateral suppgrt member 401 is attached to internal face 407 an%l%%razhﬂsgggég?% member 402
is attached 5 Si&HAFSEe 408. FIG. 4B shows a combination of lateral sU port members with various

horizontal widths attached to the internal faces of the a jack-up leg. The lateral support member 402
between the horizontal support members 403 and 404 is of a different horizontal width in comparison

to the wigth.0f 18 SAMEALRIALSHPROI MEmBEr 402 hetween WP RARY4AP2ARCT/HSIANI045171

horizontal support members 404 and 405. The lateral support member 401 that spans from horizontal

support rAefBBRLeP RS SsRRal S Br RERbEIPROE Waw hse AMhasHBr s¥REItiERR B rOdghout the

vertical lepgihopbihentaterabsURREIR. Jfhedadesal SUpRatt MemResIN@ybsRaNatleashWaRnMore
horizontal, diagonal and/or vertical support members. B&OO?% A}I)te(natively, FIG 9 shows a circular
jack-up St LoD IR G R o i S SHS P SHHERL L BROSE ST B Fhe leg's internal faces. In this

example, the leg's internal face 907 is created by horizontal support members or diagonal support
members that bised0f&NadjaberatericeslQ tehraivs dppomiamarmbarded vsthttarhedito dhiaisial face

907 and igteral SpRRMLBIAMBEEREZJHRLIRENEHRNEAR! fare R NACONH e AmBowS R dour

chord jack-up leg with a plurality of lateral leg support members attached to the vertices of the jack-up

leg. A veRek i§ ereaitddbByheEZanalSBeReH SRHBRIZS arEHspal tsHERbar SoeTvithah 6 Z6Rtal

support mgpber R8:dateral-sHRRPHrMeRiver SPILiinaitached tadheal vertex oraatededby haipeantal
support members 508 and 509. The lateral ggﬁsupport 501 is bisected by a horizontal support member

or a diag S pPars ARy (B PE™al fa5§ 583 FIG. 5B shows a combination of reinforced lateral
support members with various horizontal widths attached to the vertices of a jack-up leg. The lateral
support member 50@¥iveehithe Horizowsak siappshoreiatiiers a3 with 50uglsy sotliferehi¢rizontal

width in %%fgﬂﬁ{i%ﬂ&%@e}b%t@g%@dot&h&é%%@;e@l diUPROELpEmber R0z hetweenhprizgptalsupport

members 504 and 505. The lateral support member 501 that 'spans from horizontal support member

503 to howyaitelieuppbrtiameabamreor msahss Lfhvahdhz batanidirimnetgratehedVetittsrdbngth of

the lateral,pipRROKH0RB A1 G Saghaws adhveregherddacksupvlemyvithsapphralibnokiatensl leg support
members_attached to the vertices of the jack-up leg. A vertex is created at the intersec&%%a?ggupport

members°803 did &8 A58 SYRRASHIH M MSETED Pl A o HRBTE SR tb & ort

memberssoebanckodds, IR this example, the lateral leg support members are attached to all three
vertices. In other cases, the lateral leg support member is attached to at least one vertex. The lateral

support members mgye§pan Adeagt iR, 0l LoEHAAE0 Bl AiRaQRALANGY QE MRIHGALSHERAL gnembers.
various horizontal widths attached to the vertices of a jack-up leg. The lateral support member
502 between the horizontal support members 503 and 504 is of a different horizontal width in
comparison to the width of the same lateral support member 502 between horizontal suppost
members 504 and 505. The lateral support member 501 that spans from horizontal support
member 503 to horizontal support member 506 has the same horizontal width throughout the

vertical length of the lateral support.

[0062] FIG. 6A shows a three chord jack-up leg with a plurality of lateral leg
support members attached to the vertices of the jack-up leg. A vertex is created at the
intersection of support members 603 and 604, Lateral support member 601 is attached to the
vertex created by support members 603 and 604. In this example, the lateral leg support
members are attached to all three vertices. In other cases, the lateral leg support member is
attached to at least one vertex. The lateral support members may span at least two or more

horizontal, diagonal and/or vertical support members.
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WO 2009/143520PCT/1152009/045171 [0063]FIG. 6B shows a combination of lateral support
members with various horizontal widths attached to the vertices of a jack-up leg. The lateral support
member 602 that spans from horizontal support member 605 to horizontal Sup ort member 607 varies
in horizontam&ﬂq%‘%ﬁ&hout the length of the lateral support member. 'Fﬁgﬁa?%(}% f%ﬁrlf{)}ort member
601 that spans from horizontal support member 605 to horizontal support member 606 does not vary
in horizontal width throughout the length of the lateral support member. The lateral support members

601 and 602 vary indggin apfndROtEANLa Wi NI feSPERL easbAthRimie aierakaupport

members may span at least two or more horizontal, diagonal and/or vertical support members.

[0064] FItorizanst owidths tiedehBr mEriss ey hitsiarelasiedsuplsr fembereaiacitttieach

external faeaofihe 186 helateppblegsimpartsnembaihtdnigiatashed incthseexéematfageif02 of the
jack-up leg. In other examples, the lateral Iegé?yﬁfort member is attached to all external facets and/or
at least m&%@nmlﬁkﬂ?‘ﬁgﬁ‘ﬁp% HBETheY. HofAEFAb GRS MR SterdNed SBh SR Bttached
to at leasien@dnternaldagamnf sy pporbmanmbgowithethbee @iford dofiheninterpabfacesnbetit@Gupport
member with three chords may be created usi rizontal suppart members and/or diagopal support
membersdﬂ%ﬂ?ﬁévr%slgc]t%df‘v?/%za ﬁ%f:%%%)%é?ﬁl Ff%lge%sleo?eﬁ%hsﬁﬁ&ﬁtﬁﬁ%gbsgﬁpﬁgﬁgl% r'()\?vfs]h a lateral
support neentienptached boratiBastdh@faoy of Etfeerchortgackats tegtmhahatepatisioppolt member
701 that 3paps fFpm harzaial sypRALIeMben 403 R APz oMALPRAmMeMbELQdiIS Allgched to
the jack-up |¢g an(éjmas the saﬁ”le horizontal §\;/)vi(%th throughout the length of the ’Iategal support member.
In some ¢a5ER] ypnatemeashort member has various horizontal widths throughout the length of the
lateral support member. The lateral support members may span at least two or more horizontal,

diagonal and/or verfs43uppliit meshoersa three clAO6MHEEIG Bshavdacdtillitgssystenmitmbércludes a

platform 806 and jack-up legs.. Specifically, FIG, 8. shows a jack-up drilling tg.in the jacked-down
position v@ffﬁcgeﬁpcl)dr)ti%aﬁ}b? ’ffﬁgﬁ%?j{)?% fﬁgﬁgé&-ih elglp%vﬁgﬁwjﬁlggaép In oIb F%g gsieél %t&é%gﬁ ct)(lj(l:f:y of the
jack-up legteihiteat ifi0Zeolichblgadtibyeg. tojn batber 88&mapldsa thottotarbake 808pwitmpettgpibase and
the botionkpasa IRUING. R EPMIE SERMEIERLAN3RE NPT 2.62%0%: Mg RANAMRRRe fipsApoud-can

attached. In other cases, the bottom base does not have a spud-can attached. Additionally, FIG. 8
shows a plaratitssofiateterbligiorpprEnibaiiacbed ne Sost The Ritsral SiispohrRrmePRBMBTAbRT WO

2009/143320RGH WUR28091945 1 édnpestiailyoe mpeddsshiniharsed hetiom and-the.lajaralseport
member 805 is fully embedded in the sea bottom. [0066] It is noted that the application of the

invention 18 b RSN SR Y I CBRERT RS SrraeloHRRRIE A Errheri B AR ER RS SBe & ported.
Although ¢esi-0fitdes atiRe SHictiURMBEE SBITROTEEGhbY noladharthies legabaanadeg stractures do
also exis 0067] Although the present invention.,and jts advanta h een described in
detall, it s %ﬁla%e%cﬁd%frgté%agtﬁg 1%}‘a ?Sugl’%f!g%ges,esiu %’ﬁ'lust‘fgﬁg%ﬁ}dgﬁg?a?t?gn%%?a%%% (r%njl:%le herein
without départingfsoppdienspilitailsodpeioftie inpentiorabadcided byatthedpbndadk-claitss.

Moreover, (b, qgpe.ls pisaan ARplcationJs nat J0isadacio BRIMisddn IERRHIGH B
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps deswvpredlip thiershewifiestioamber diie ohoednbeyiaNipintihartiiamebegihadprediate fdm the

disclosure, of 1€, BHEREALIME AR IRFASLSSSMASHINSS RABHAGIUER CAPBRESHINE S S BRHET,

means, methods, or steps, presently existing or later to be developed that perform substantially the
same funeii6ABt AHBVEEGHSTRRAIVTEPSEme result as the corresponding embodiments described
herein may be utilized according to the present invention. Accordingly, the appended claims are
intended to include Wik} thé&ifGceppbruch fridides sespmackinespdeanufitione, dhposjtidnspof
matter, ml%gsn.ss{a“e%tg&‘i‘@, %ét%ps%ows a jack-up drilling rig in the jacked-down position with a portion
of the body of the jack-up leg 802 embedded into the seabed. The body of the jack-up leg is
limited in vertical length by a top base 801 and a bottom base 803 with the top base and the
bottom base having the same geometrical shape. In some cases, the bottom base has a spud-can
attached. In other cases, the bottom base does not have a spud-can attached. Additionally, FIG.

8§ shows a plurality of lateral support members 804 and 805. The lateral support member 804 is
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CLAIMS What is claimed is: 1. A method for increasing the overturning moment resistance of a jack-up
drilling rig comprising the step of: attaching at least one lateral leg support to at least one jack-up
leg, wherein the jack-up leg is secured and has an lattice framework. 2. The method of claim 1,
wherein at I€58 ??élfggé?al leg support is attached to an external face of {Jﬁ:g/j%%%?ﬂ?f?ﬁglan internal
face of the jack- up leg, and/or a vertex of the jack-up leg. 3. The method of claim 2, wherein the
jack-up leg has a spud can attached to it. 4. The method of claim I, wherein the at least one lateral leg

support memhel SRRRS:Al HAskARE QBRI adoizantal, diagenalanalar ey tical syRRYdMeMpers. S.

The method of Claim 1, wherein the lateral leg support is partially embedded in the soil when the
jack-up ighsosiBARMor drilling.
[0066] It is noted that the application of the invention is not restricted to a certain
number of legs on which a marine structure is being supported. Although most of the marine

structures are supported by more than three legs, mono-leg structures do also exist,

[0067] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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6. T_he method of claim 1, wherein the lateral leg support is substantially embedded in the soil when
the Jack_-up is positioned for drilling. 7. A drilling system comprising: a drilling platform; at least two legs
supporting said drilling platform, wherein at least one leg has a lattice framework; and a lateral support
member is attached along the vertical length of the leg having the lattice framework. 8. The drilling
system of claim 7, wherein said lateral support member is attached to an external face of the leg
having the lattice framework, an internal face of the leg having the lattice framework and/or a vertex of
the leg having the lattice framework. 9. The drifingystem of claim 8, wherein said lateral support
member is partially buried in the seabed when the leg having the lattice framework is deployed.

What s claimed is:

1. A method for increasing the overturning motnent resistance of a
jack-up drilling rig comprising the step of:
attaching at least one lateral leg support to at least one jack-up leg,

wherein the jack-up leg is secured and has an lattice framework.

2. The method of claim 1, wherein at least one lateral leg support is.
attached to an external face of the jack-up leg, an internal face of the jack-

up leg, and/or a vertex of the jack-up leg.

3. The method of claim 2, wherein the jack-up leg has a spud can

attached to it.

4, The method of claim 1, wherein the at least one lateral leg support
member spans at least one or more horizontal, diagonal and/or vertical

support members.

5. The method of claim 1, wherein the lateral leg support is partially
embedded in the soil when the jack-up is positioned for drilling.

6. The method of claim 1, wherein the lateral leg support is
substantially embedded in the soil when the jack-up is positioned for

drilling.

7. A drilling system comprising:
a drilling platiorm;
at leas{ two legs supportiﬁg said drilling piatform,.wherein at least
one leg has a lattice framework; and
a lateral support member is attached along the vertical length of the

leg having the lattice framework.
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10. The drilling system of claim 8, wherein said lateral support member is totally buried in the seabed
when the leg having the lattice framework is deployed. 11. A leg of a drilling platform comprising: a
body with a top base and a bottom base; a spud can attached to the bottom base; and-  at least one
lateral support plate attached along the vertical length of the body above the spud can, wherein the leg
has a lattice framework. 12. The leg of claim 11, wherein said lateral support plate is attached to a at
least one internal face, at least one external face and/or at least one vertex of the leg. 13. The leg of

claim 12, yherein sgicaleiL SupRQf Blate s wacialllyied:uhepyie spud can is embedded in a

seabed when the leg is deployed. 14. The leg of claim 12, wherein said lateral support plate is

completely Bardaniitfrcheddpun eslsmakbirsarfdie inehe tigbedeliinen the leg is deployed. 15. An

apparatus g5 iRGIeasing Hhepver singdameidesistance-afthevapraraius wherein the apparatus
comprises at least two support members,

a vertex of the leg having the lattice framework.
9. The drilling system of claim 8, wherein said lateral support
member is partially buried in the seabed when the leg having the lattice

framework is deployed.

10. ‘The drilling system of claim 8, wherein said lateral support
member is totally buried in the seabed when the leg having the lattice

framework is deployed.

Il. A leg of a drilling platform comprising:
a body with a top base and a botiom base,
a spud can attached to the bottom base; and
at least one lateral support plate attached along the vertical length

of the body above the spud can, wherein the leg has a lattice framework.

12. " The leg of claim 11, wherein said lateral support plate is attached
10 a at least one internal face, at least one external face and/or at least one

vertex of the leg.

13. The leg of claim 12, wherein said lateral support plate is partially
buried when the spud can is embedded in a seabed when the leg is

deployed.

14. The leg of claim 12, wherein said lateral support plate is
completély buried when the spud can is embedded in the seabed when the

leg is deployed.

15, An apparatus for increasing the overturning moment resistance of
the apparatus wherein the apparatus comprises at least two support

members,
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wherein each support member further comprises a lattice framework; and, wherein the lattice
framework further comprises:  a plurality of vertical members wherein the plurality of vertical
members are mutually parallel and spaced apart laterally to define the edges of a polyhedron in which
the support member is configured;  wherein the support member further comprises at least one
lateral leg support attached along a vertical length the support member; wherein the support
member is secured to and includes a plurality of vertical support members, a plurality of horizontal

support members. gad/ar g, plurality oLARgeNal. 8P RERIReRELS that form the open lattice framework;

wherein the plurality of vertical members are interconnected by the plurality of horizontal support
members tHEmes¥ORESBEtween a pair of vertical members thereby forming a face; and the plurality

of vertical membeygs,arg fukthgkintareappreieg - the Rktality of diagonal support members. 16. The
apparatus of claim 15, wherein the polyhedron is a prism. 17. The apparatus of claim 16, wherein the

prism has edges SoMEREIREAGAO U RBRS St thrddursify alEci%lseven, eight, nine and ten

edges. 18. fhesaparatus:ohiclaim iRl wiieseiccthe pHuraliiof supper members form a system of
internal faces and the lateral supportg;ember is attached to at | astﬁg'ne internal face. 19. The

apparatus GEEsAf 18OWRETER T Bith Ah6 BRI PSHERTEMS8PLE8F5 a system of external faces and
the lateral supportwheribehidsaitachedidatiedsr compitesnaldatene lateral

leg support attached along a vertical length the support member;

wherein the support member is secured to and includes a plurality
of vertical suppért members, a plurality of horizontal support members
and/or a plurality of diagonal support members that form the open lattice
framework; |

wherein the plurality of vertical members are interconnected by the
plurality of horizontal support members that extends between a pair of
vertical members thereby forming a face; and _

the plurality of vertical members are further interconnected by the

plurality of diagonal support members.
16. The apparatus of claim 15, wherein the polyhedron is a prism.

17. The apparatus of claim 16, wherein the prism has edges selected
from a group consisting of three, four, five, six, seven, eight, nine and ten

edges.

18. The apparatus of claim 15, wherein the plurality of support
members form a system of internal faces and the lateral support member is

attached to at least one internal face.

19. The apparatus of claim 15, wherein the plurality of support
members form a system of external faces and the lateral support member

is attached to at least one external face.
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20. The apparatus of claim 15, wherein the lateral support member is attached to at least one vertices
of the support member. 21. The apparatus of claim 15, wherein at least one lateral support member is
partially and/or completely embedded in a seabed. 22. The apparatus of claim 15, wherein a
combination of at least two lateral support members are attached to the support member wherein at
least one lateral support member has various horizontal widths throughout the length of the lateral
support member.

20. The apparatus of claim 15, wherein the lateral support member is

attached to at least one vertices of the support member.

21. The apparatus of claim 15, wherein at least one lateral support

member is partially and/or completely embedded in a seabed.

22. The apparatus of claim 15, wherein a2 combination of at least two
lateral support members are attached to the support member wherein at
least one lateral support member has various horizontal widths throughout

the length of the lateral support member.
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