| CE WORTHY JACK- UP DRI LLING UNI T SECURED TO THE SEAFLOOR FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to nobile offshore drilling units,
of ten calWeQoryw¢stiup” drilling units or rigs that are BEEASRM1HFRN? ow
water, typically less than 400 feet, for drilling for hydrocarbons.
BACKGROUND OF THE | NVENTI ON [ 0002] I n the never-ending search for

hydr ocar bons, many oil and gas reservoirs have been di scovered over the

| ast one hundred and fifty years. Many technol ogi es have been devel oped to
find new reservoirs and resources and nost areas of the world have been

scoured | 6K WORTHNSACK-VERBILEINGHENIEREEHRERF O IHE|SMiAfd .OOR

undi scovered resources remain to be found near popul ated areas and in
pl aces that woul d be easily HEERDSQEdTHE RSYENdIONew | arge reserves are being

found i e chall.endi L fLeul r £A€ .ea I _peom si ng
area isnﬁowlhe lc:)@%ss B%g rrc{a?eé.% O\Pgl\gg&€s£€rﬁé‘? @?%% §ftfrn[e9rr%%§ ﬁ% old

wher e i cdriling tupfis Watrids thaeateessed ansihdBowblvates; gpicaling &ss fin POOSeRcfarng f or
and produci.ng hydrocarbons. Over the years, it has generally been regarded
t hat si%hﬂHE$8F¥W§BF@%WE$Is must be drilled for every profitable well. If
this is actually true, one nmust hope that the unprofitable wells will not

be expensive to drill. HaweMesROUND 0 PHEUNSGENTION e, 1f anything, is

i nexpensive. [0004]Currently, in the shallow waters of cold weather places
| i ke t hd0892}t i c In thejnewee-ensling seprshi thehysiroedtoons, meny pil agd gas tesqeraibU)avean be

used for, abgut 45-90 days.in the short, en- wat S [ N,

b edi ot 10T AHER TREOU I Ienoriea R Ang P TEE Fhpa MEMROIOERERER been e and
many ef f@rtlped & Gndaeivalesdvdies el fsolne Miemobiaessaskihe pvériy hbe sahel y
towed to the drilling location and drilling may be started. Once started,
there i sscewisd ilepdiinmhfar ngwgdiroyeries. cigamp perest thabanelarge, yndisenvaradaosaygcaso

di sconn t | of.. 4 Geunil i . i's
compl of dereiith BEKRER seef pppGafiAtasind SEPLARE ARUATTLLEI) BalEN. |

si gni f i dastead)aresr thrgeorgsavks afe shing found ini merevdhailengihe add idifificaly to ireachs on

| ocation and | egs of the jack-up drilling rig are exposed and quite

vul ner ad™®5t o damage.

[0003] One promising area is in the offshore Arctic. However, the Arctic is remote
and cold where ice on the water creates considerable challenges for prospecting for and
producing hydrocarbons. Over the years, it has génerally been regarded that six
unprofitable wells must be drilled for every profitable well. If this is actually true, one
must hope that the unprofitable wells will not be expensive to drill. However, in the
Arctic, little, if anything, is inexpensive.

[0004] Currently, in the shallow waters of cold weather places like the Arctic, a
jack-up or mobile offshore drilling unit (MODU) can be used for about 45-90 days in the
short, open-water summer season. Predicting when the drilling season starts and ends is a
game of chance and many efforts are undertaken to determine when the jack-up may be
safely towed to the drilling location and drilling may be started. Once started, there is
considerable urgency to complete the well to avoid having to disconnect and retreat in the
event of ice incursion before the well is complete. Even during the few weeks of open
water, ice floes present a significant hazard to jack-up drilling rigs where the drilling rig
is on location and legs of the jack-up drilling rig are exposed and quite vulnerable to

damage.



WO 2012/ 054801PCT/ US2011/ 057212 [ 0005] Jack-up rigs are nobil e,

sel f-elevating, offshore drilling and workover platforns equi pped wth | egs
t hat are &Orargsdéoio be | owered to the sea floor and th@aTus2011f0572the hul |
out of the water. Jack-up rigs typically include the drilling and/or

wor kover equi pnent, | eg-jacking system crew quarters, |oading and
unloading facilities, storage areas for bulk and liquid materi al s,

hel i copter | anding deck and other related facilities and equi pnment. [0006] A
j ack-up [0005])i s dski-gnetpst arebendhim;?(kelf(blédaﬁnglr offsharg énﬂthﬁgamdi jveekederup out
of the so that th action of t sea only ts the | egs which
have a ﬁ@tfmswmpeé% { 9% “EAREthiodedPEta 1o ShaiooR apd Gheny pass

by wi t hau s{e"RAT &l 1Rd g&i f. % teu%qggsggg{vaw Ondiltfe th@%p a{n'd@br TaweYgr . the

| egs of a jack-up provi e agal nst 1ce e collisions and an
| ce f | oeequipnaamy, ]ng{jaikhg Systm, |csewa£pmttbls, bfadngtmldngﬂeadm@ifam]aﬁesdaumm to one

were 1o 4%%338@1@%@8@ e angematy. i huferardiR edkaing ot FURan RSl abl e

secure aRdippkapdon had been conpleted, a hydr ocarbon | eak woul d possibly
occur. Even a small risk of such a |eak is cogl)l etely unacceptable in the
T

oi | and [8886]i nddsiaek-uptrig i iesigaggtilodredpwed tel the ﬂh@ pisbindgjaciedogrdutials, once
it is d ermned a ot ent i all rofltable has e rilsl.ed durin
thi s snapt "Bacs AEks B ERbh 3 s Bk ARl S (AT S A Pty ' O

simlar spidlluetods %ea&m E@d bhwgmvvs mh@rwhvseacueﬁ fohpasseta/ fV\l’lﬂ@[‘l’[ flmpalttimg | ong
process of drilling and produci ng the hydrocarbons. These gravity based

st r uct ursignifiant wavgmeny tethsg dacksep ylgex%@ng%theﬂegs af & Jaskrum proyidg itilst and
the ice 4
or s oo EBet e R and e sl el PP BERSR g 1y
j ack up stiugtutad rdadragd: td o d’smoxfeﬂdgmmit/d&qnshmg tihotig offi latatione 1€ dnigliytpearfs i n
of fshore areas i n(il udi ng ot aﬁlon hul |
event were to happen efore the drilling operations were suspended and suitable secure
and abandon had been completed, a hydrocarbon leak would possibly occur. Even a
small risk of such a leak is completely unacceptable in the oil and gas industry, to the
regulators and to the public. _
[0007] Thus, once it is determined that a potentially profitable well has been drilled
during this short season, a very large, gravity based production system, or similar
structure may be brought in and set on the sea floor for the long process of drilling and

producing the hydrocarbons. These gravity based structures are very large and very

expensive, but are built to withstand the ice forces year around.

BRIEF SUMMARY OF THE DISCLOSURE
[0008] The invention more particularly relates to an ice worthy jack up rig for drilling
for hydrocarbons in potential ice conditions in offshore areas including a flotation hull
having a relatively flat deck at the upper portion thereof. The flotation hull further
includes an ice bending shape along the lower portion thereof and extending around the
periphery of the hull where the ice bending shape extends from an area of the hull near
the level of the deck and extends downwardly near the bottom of the hull along with an
ice deflecting portion extending around the perimeter of the bottom of the hull to direct
ice around the hull and not under the hull. The rig includes at least three legs that are

positioned within the perimeter of the bottom of the hull wherein the legs are arranged to



having a relatively flat deck at the upper portion thereof. The flotation
hul | further includes an ice bending shape along the | ower portion thereof
and ext erNiDr2g12405¢89md t he periphery of the hull where th&CTrds20aMdi2my shape
extends froman area of the hull near the |l evel of the deck and extends
downwardl y near the bottomof the hull along with an ice deflecting portion
extendi ng around the perineter of the bottomof the hull to direct ice
around the hull and not under the hull. The rig includes at |east three

| egs t hatte kkfte] wosifithonadowt shihat theeignany beteredthrdugh shaildvomatsr ahbalsoul |

wherein the | egs are_ arranged be lifte off the seafloor so that the
rig may qaféeqd&ﬁglae $Rio9g AN %&Pm%garmﬁlt f@rhfaﬁﬁq@hﬁ@ﬂ&&wéuﬁbww téfe‘a(aﬁer-oor and
extend fur; L fdt . i ] t reo A jack
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bot t om sthatt thatice Werthy gackarpt hig njaycfloat py rthg bneyanty ofithebyult el pushythedggsof t he

hul | and, push the | egs dqwn tq the seafl oor and pu the hull partially up
ond our P tggeafotian ek e BELSRARLE LR a0 ut BT theatiier ey SGA0St T he
wat er WheRalephé $ighld RUISRDLS tH Whidf dhbh YeeOls ok Lp%aef&oc& Hlurdhi®® Sresildged to
the sea floor and arranged to receive and clasp the |egs when'the |legs are

ext endedsockettadne sepmzedf foolbe se§ Goo0iTharranged e irensiveuandhdaspr tbe degsswhan thenet hod

for drilling wells in.jce one waters. The nethod includes providing a
f1otati olﬁg%%ﬁexﬁgé‘?dntﬁt%e ?egﬁgolr'vel y flat deck at the upper portion thereof

and an i[@eodgendiThg irslRaten alrdRdrdldies toQWREthP fdrl RN WEIROI ivhEioBe tagrs.Cce
bendi ng shape extends from an area of the hull near the |evel of the deck

and ext eHigsmabasdiretaley mieddingrellefatierhwlbhating agelatively dlah degked the BPREL i ng
portion . i i I di rect
Poe: ar ofoith AR g et Byl WHBE Hor b 13pEP A Bk Mot yhlit nd e

posi ti ornmadingt shape thiendsefromedresres fof tlrehilbhtanthefledchef ithd deckEachedtadlsi s

j acked down in_a manner that et. on the bottomof the |egs engages  a
socket pgdly gregh EresRoston) _ﬁlealwﬁ Jydeansice detirme R?,st_l%ag%fﬁpg Bidof the
wat er WhRa pkGBeteS of {RE bBHc:SI’ﬁQJf S 181 {oNreti Be WHuhE tﬁeﬁﬁﬂrzﬁﬂ ot uflddrlthd p@L.a wel |

on a drill site. The hul is further lowered into the water into an ice

def ensi vt least thrge fegs arrpasiionkdwvithinethe periimeted ioh thedvétpm edthehdd. Ebdviegand
AR AT RN TR T N T
i ce wherife s ddznd [iR¥ShaPREL up AR1 fullg out of the water when ice is not threatening the

rig while the rig is drilling a well on a drill site. The hull is further lowered into the water

into an ice defensive configuration so that the ice bendiné shape extends above and below

the sea surface to bend ice that comes against the rig to cause the ice to submerge under

the water and endure bending forces that break the ice where the ice flows past the rig.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete understanding of the present invention and benefits thereof
may be acquired by referring to the follow description taken in conjunction with the
accompanying drawings in which:

[0011] Figure 1 is an elevation view of a first embodiment of the present invention
where the drilling rig is floating in the water and available to be towed to a well drilling
site;

[0012] Figure 2 is an elevation view of a first émbodiment of the present invention
where the drilling rig is floating in the water and the legs have been lowered to connect to

piled sockets secured to the sea floor;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] A nore conpl ete under st andi ng of
the present invention and benefits thereof may be acquired by referring to
t he fol | oWOQeRNSHLi on t aken in conjunction with the ac®CWi®R2eA10§72d2 aw ngs
in which: [0011]Figure 1 is an elevation view of a first enbodi nent of the
present invention where the drilling rigis floating in the water and
available to be towed to a well drilling site; [0012]Figure 2 is an

el evation view of a first enbodi nent of the present invention where the

drillingoni3] i sFi{dw@@siingn eRvithe view f st &ﬁbb@ﬁ&nﬁ@ﬁ/ﬁe besent iavaitied to
connect to piled sockets secured to the sea floor;

2012/ 0548erethw/duitiea ngasiroke yroot of Hieguater BT pemyater émlémg droyglegymeront he
first egg)?lnent of the present invention where the drilling rig is jacked
up out ’he water for open water drilling through a nmoon pool;

[0014] Figure 4 is an elevation view of the first embodiment of the present invention

where the drilling rig is partially lowered into the ice/water interface, but still supported
by its legs, in a defensive configuration for drilling during potential ice conditions; and

[0015] Figure 5 is an enlarged fragmentary elevation view showing one end of the
first embodiment of the present invention in the Figure 3 configuration with ice moving

against the rig;

DETAILED DESCRIPTION

[0016] Turning now to the detailed description of the preferred arrangement or
arrangements of the present invention, it should be understood that the inventive features
and concepts may be manifested in other arrangements and that the scope of the invention
is not limited to the embodiments described or illustrated. The scope of the invention is
intended only to be limited by the scope of the claims that follow.

[0017] As shown in Figure 1, an ice worthy jack-up rig is generally indicated by the
arrow 10. In Figure 1, jack-up rig 10 is shown with its hull 20 floating in the sea and legs
25 in a lifted arrangement where much of the length of the legs 25 extend above the deck
21 of the hull 20. On the deck 21 is derrick 30 which is used to drill wells. In the
configuration shown in Figure 1, the jack-up rig 10 may be towed from one prospect field
to another and to and from shore bases for maintenance and other shore service.

[0018] When the jack-up rig 10 is towed to a drilling site in generally shallow water,
the legs 25 are lowered through the openings 27 in hull 20 until the feet 26 at the bottom
ends of the legs 25 engage piled sockets 35 that are pre-positioned on the seafloor 15 as
shown in Figure 2. In a preferred embodiment, the feet 26 have spud cans 28 secured to
the feet 26 that are arranged to rest directly to the seafloor. However, in the present
invention, the spud cans 28 connect directly to piled sockets 35 anchored to the sea floor.
The piled sockets 35, after having been fairly precisely positioned on the seafloor 15 are
secured to the seafloor by pilings 36 that keep the sockets 35 from lifting up or settling
lower into the seafloor 15. Once the spud cans 28 engage with the sockets 35, clasp 38
closes over a top portion of the spud cans 28 to lock the spud cans 28 to the sockets 35.



[0014] Figure 4 is an elevation view of the first enbodi nent of the present

invention where the drilling rig is partially lowered into the ice/water
i nt er f aceyol20t2/65480l1 supported by its |legs, in a def ensPC&USaNfIOF2AAL i on
for drilling during potential ice conditions; and [0015]Figure 5 is an

enl arged fragnentary el evation view showi ng one end of the first enbodi nent
of the present invention in the Figure 3 configuration with ice noving
against the rig; DETAILED DESCRI PTION [0016] Turning now to the detailed
descri ptypirh sbaetdozseﬁlewdedh@mcﬁﬁ&emhn@rtharth@ﬂgqm%t ?fonttﬂ@dﬁllli% gent
invention, it should be understood that the inventive features and concepts
may be daﬁnﬁesﬂeblpmmuﬁge$MQMm§h@em§h@hu&ah that the scope of the invention
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general |y indicated by the arrow 10. In Figure ack-up rig 10 i s shown
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openi ngs 27 1 20 until the feet at the bottom'ends of the l'egs 25
engage pcé eddswoketsn3Gmveh amd mugh peas; pothe stoneticon mhpeaektd hovatebbngas shown
in Figure 2. referred enbodi ment he et 26 have ud c ns 28

secur ed 10§’ ?feﬁﬁaetﬁgargﬁoﬂbﬁfnaé’r“@ e&?’?%‘?{a‘!étﬁthf’%e? Leltgiefand o E " seaf | oor.
However ,[0021]t he Wiie s icd- WyRRy ?]&Rvupt ﬁ% 19RigShirRNiss %8 dé@éiﬂ%t hﬁilll-li@%’tey to

pi |l ed sockets 35 anchored to the sea floor. The piled sockets 35, after

havi ng ty@eﬁguran@n,thah@b Pa & loweersd mcothedvaéfrr tp [senigeiafamse Putimt 4o gheseiented t o
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the spud cans 28 to,the sockets  35.
any pressure an ice flow might bring. The rig 10 is lowered so that inwardly sloped,

ice-bending surface 41 bridges the sea surface 12 or ice/water interface to engage any
floating ice that may come upon the rig 10.

[0022] The sloped ice-bending surface 41 runs from shoulder 42, which is at the edge
of the deck 26, down to neckline 44. Ice deflector 45 extends downward from neckline
44. Thus, when an ice floe, such as shown at 51 comes to the rig 10, the ice-bending
surface 41 causes the leading edge of the ice floe 51 to submerge under the sea surface 12
and apply a significant bending force that breaks large ice floes into smaller, less
damaging, less hazardous bits of ice. For example, it is conceivable that an ice floe being
hundreds of feet and maybe miles across could come toward the rig 10. If the ice floe is
broken into bits that are less than twenty feet in the longest dimension, such bits are able
to pass around the rig 10 with much less concern.

[0023] Ice has substantial compressive strength being in the range of 4 to 12 MPa,
but is much weaker against bending with typical flexure strength in the range of 0.3 to 0.5
MPa. As shown, the force of the ice floe 51 moving along the sea surface 12 causes the

leading edge to slide under the sea surface 12 and caused section 52 to break off. With



The piled sockets 35 provide the additional security that the rig 10 can
stay on the drilling location while ice engages and pushes on the hull 21.
[ 0019] W tWotzhe/6Sped cans 28 | ocked to the pil ed socket sP8B/USRMA/ORML 20 i s
j acked out of the water as shown in Figure 3. Wth the hull 20 fully

j acked-up and out of the water, any wave action and heavy seas nore easily
break past the legs 25 as conpared to the effect of waves against a |arge

buoyant object like the hull 20. Well drilling operations may conmence in
the ordigar, ide ﬁeyrﬁebwﬁéﬁ Snth NGfidflet 1088 éu%ﬁ dsNockfin 3DeAd 151@%?,01@%1@& wor t hy
jack-up drilling rig 10 is also designed to resist ice | oes by assumi ng an
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upon th & I f[tﬂé)r%ghgﬂ &J ed ice-bendi ng surface 41 runs from shoul der
42, \/\hlconfﬂlos at Q[ he edge o A%Z deck 26, down to neckline 44. |ce deflector

45 ext er[@624jownWaradditionatiynesist thedorkds th‘ﬁhan;;ce\ﬂwnna}mmpnse Phole rig L]ﬁhthas shown

at 51 co o.th i t he jce-bendin rface 41 causes eadi n
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Wi th mucidd Bpasie@tHeetest 24 S0BR] dppositasids ubgieaty 1@hs ﬂﬁfmrcelﬁﬁlo\f@n&ftr amgt h
being in the range of 4 to 12 MPa,
cans in the sea floor are known for other applications and the feet 26 would include
appropriate connections to attach and release from the cans, as desired.
[0025] It should probably be noted that shifting from a conventional open water
drilling configuration as shown in Figure 3 to a hull-in-water, ice defensive configuration
shown in Figure 4 may require considerable planning and accommodation depending on
what aspect of drilling is ongoing at the time. While some equipment can accommodate
shifting of the height of the deck 21, other equipment may require disconnections or
reconfiguration to adapt to a new height off the sea floor 15.
[0026] The ice-worthy jack-up drill rig 10 is designed to operate like a conventional
jack-up rig in open water, but is also designed to settle to the water in an ice defensive
position and then re-acquire the conventional stance or configuration when wave action
becomes a concern. It is the shape of the hull 20 (as well as its strength) that provides ice
bending and breaking capabilities.
[0027] The hull 20 preferably has a faceted or multisided shape that provides the

advantages of a circular or oval shape, and may be less expensive to construct. The

plates that make up the hull would likely be formed of flat sheets and so that the entire



but is nuch weaker against bending with typical flexure strength in the
range of 0.3 to 0.5 MPa. As shown, the force of the ice floe 51 noving

al ong t heweega12i\jsfoace 12 causes the | eadi ng edge to sli @T{SAEN/ 061242 sea
surface 12 and caused section 52 to break off. Wth the ice floe 51 broken
into smaller floes, such as section 52 and bit 53, the smaller sections
tend to float past and around the rig 10 without applying the inpacts or

forces of a large fl oe. is preferred that ice not be forced under the
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operate Ilke a conventional jack-up §1|n open water, but is also designed
to sett Itheyt aretdeanegideio the haH 20crae @ethén evreenwéﬁrtqfdhe iedleflseior A5 sadepii re t he
conventi pnal tance 0 ati.o vg a opcern. It
is the sﬁ%bce tHE lﬁsﬁllck %lt?qg(sm \%:etl | }SQ%S?} eﬁ%t lsﬁﬁaﬁ@er%g%&e{slgl ce

bendi ng o%ﬂditlbﬁeadﬁﬂgﬁraﬁlaﬁaﬁﬁ Ishé e Sin Flgure 4 and sometlmes called hull-in-water
configuration. Moreover, the rig 10 does not have to handle every ice floe threat to
significantly add value to oil and gas companies. If rig 10 can extend the drilling season
by as little as a month, that would be a fifty percent improvement in some ice prone areas
and therefore provide a very real cost saving benefit to the industry.
[0029] In closing, it should be noted that the discussion of any reference is not an
admission that it is prior art to the present invention, especially any reference that may
have a publication date after the priority date of this application. At the same time, each
and every claim below is hereby incorporated into this detailed description or
specification as an additional embodiment of the present invention.
[0030] Although the systems and processes described herein have been described in
detail, it should be understood that various changes, substitutions, and alterations can be
made without departing from the spirit and scope of the invention as defined by the
following claims. Those skilled in the art may be able to study the preferred



[0027] The hull 20 preferably has a faceted or nultisided shape that

provi des the advantages of a circular or oval shape, and may be | ess
expensi vewpaordidsoduct . The plates that nmake up the hul PCRAIsR@I1/05RE2y be
formed of flat sheets and so that the entire structure conprises segnents
of flat material such as steel would likely require |ess conplication. The
i ce-breaking surface would preferably extend at | east about five neters
above the water |evel, recognizing that water levels shift up and down with
tides and ,stor tnﬁ& swat er

| evel acc%}?ﬁ‘ri fagff‘ %n?é@ 0€es e? g}, é&ufl%tg gﬁé HVEEGOIP%%\% enggfr)?}gdggg% hat
extend vRkéritRldMegeihhdt sethe snlreﬁta@feth&vadmmIs shat cerigtiensheeid glyuivatentshel ®Roul der
42 is well apove the sea surﬂﬁ 2, th tﬁﬁi ice floe EWL (f f orced down
as t hey BWHEION#OWEBH the poqperdh thgelaims, detsﬁrépté‘)é]r'r@ e 3WH]§EK 21 at
the top l l OVEhd e enabLlis kpdeeficgallyt hat
waves afgéﬁ% %é%gékegqoqnﬁMQE%gsg%?ﬂgﬁﬁgggaﬁﬁg'such t he deckp25 |sy

pr ef er r détehdedte tetaslbeaesitasthe daisasrieler sndithsirequivelestsa sur f ace 12.

Conversely, the neckline 42 is preferred to be at least 4 to 8 neters bel ow
the sea surface 12 to adequately bend the ice floes to break themup into
nore harm ess bits. Thus, the hull 20 is preferably in the range of 5-16
nmeters in height fromthe flat of bottomto the deck 20, nore preferably 8-
16 neters or 11-16 meters. [0028]1t should al so be noted that the | egs 25
and the openings 27 through which they are connected to the hull 20 are
within the perineter of the ice deflector 45 so that the ice floes are |ess
likely to contact the legs while the rig 10 is in its defensive ice
condition configuration as shown in Figure 4 and sonetines called

o

hul I -i n-wat er configuration. Mreover, the rig 10 does not have to handl e
every ice floe threat to significantly add value to oil and gas conpani es.
If rig 10 can extend the drilling season by as little as a nonth, that

woul d be a fifty percent inprovenent in sone ice prone areas and therefore
provide a very real cost saving benefit to the industry. [0029]1n cl osing,
it should be noted that the discussion of any reference is not an adm ssi on
that it is prior art to the present invention, especially any reference
that may have a publication date after the priority date of this
application. At the sanme tine, each and every cl ai mbelow is hereby
incorporated into this detail ed description or specification as an
addi ti onal enbodi ment of the present invention. [0030] Although the systens
and processes described herein have been described in detail, it should be
understood that various changes, substitutions, and alterations can be



made wi thout departing fromthe spirit and scope of the invention as
defined by the following clains. Those skilled in the art nay be able to
study thewpref2asisdd enbodi nents and identify ot her way®CTaSpeia®sizaz t he
invention that are not exactly as described herein. It is the intent of the
inventors that variations and equivalents of the invention are within the
scope of the clains, while the description, abstract and draw ngs are not
to be used to limt the scope of the invention. The invention is
specifically intended to be as broad as the clainms bel ow and their

equi val ents. CLAIMS 1. An i ce-mrt%ﬂM@k-up rig for drilling for

hydrocarpons AfiRoy&hy Abkub figCBPaliflingTr hitir8éABARNIE paleRRR iEOBRdifoRI: 2
flotati olg hullikﬂlll%\c/)\}]ﬁlgﬁ};aﬁrel gtllg\(;fgpy 1¥ Ingt %e@lg at the1 Spger plorti on t hereof
and an i ce- bendaiffshorshaagas calnprisinghe | ower portion thereof and extending

ce- bondi g ShapBtak el deveghi S aRodbrea F PP rdbr e IS S5 aR I ¢ he
deck and extends di‘éWB@@diﬂ% YsHAgar al'bﬁ? bt 1emOfpottit Nublkof amdi egtedafgect i ng
portion extending around the perinmeter of the bottomof the hull to direct

i ce around the hul dovenveardlst angh itevardbyearound theypetiphesy afhedullegderchthe are

positioned within th rineter of i t f | h wherein
the legs are arr anl(‘j%'gelﬁcgn%gﬁ *}Ref"txg%“dﬁ? 05‘? r% taﬁéeg Ss)ife%jH}lg%lrﬁegt})%én%? elt 1#ejthrei g may
be towed through sdweklafdvexehdydoritvadlyheaxthe bottdm of bie Iadla fl oor and extend

further to lift the hull partially or fully out of the ter; j ack-up
devi ce associtisg dﬁlQQﬁméé’@ﬁlqné‘@“@@lWHumq%FHeﬁ@eFeéQ?Fhe\t,ﬁﬁﬂtoﬁéog@ﬁ ttom so

that the ice wort ht¥> di@? ‘Eéf'Qroﬁ%(?tﬂ%lluéﬁ%tﬁﬂcﬁgﬁhu yancy of the hull and

push the | egs down to e seafloor and pus " partially up and out
of the water asteast itlnee fdgaethatt dre gatitionédevithirgthenpbrimedtéryofothe bottothe!l Wmt er
when ice is not prf?gtgtri%n; hlﬁP\therein the legs are arranged to be lifted up off the seafloor
so that the rig may be towed through shallow water and also extend to the
sea floor and extend further to lift the hull partially or fully out of the
water;
a jack-up device associated with each leg to both lift the leg from the sea bottom
so that the ice worthy jack-up rig may float by the buoyancy of the hull
and push the legs down to the seafloor and push the hull partially up and
out of the water when ice floes threaten the rig and fully out of the water
when ice is not present; and

a plurality of piled socket secured to the sea floor and arranged to receive and

clasp the legs when the legs are extended to the sea floor.

2. The ice worthy jack-up rig according to claim 1, further including an anchoring
mechanism associated with a foot of each leg to provide additional resistance to

the forces an ice floe may impose on the rig.

3. The ice worthy jack-up rig according to claim 1 or claim 2, wherein the ice
bending surface is slanted upwardly and outwardly from a smaller dimension

neckline to a larger dimension shoulder.



a plurality of piled socket secured to the sea floor and arranged to
receive and clasp the legs when the | egs are extended to the sea floor. 2.
The i ce WOt2R12/45480k- up ri g according to claim1, furthePCIASRUAIONRIZAN
anchoring nechani sm associated with a foot of each leg to provide
additional resistance to the forces an ice floe may inpose on the rig. 3.
The ice worthy jack-up rig according to claim1l or claim?2, wherein the ice
bending surface is slanted upwardly and outwardly froma snaller dinension
neckl i net.t o alheaicgeworthyhiaskiupnrig Reedrdiag. to aND PEESHINS 4BOLPETEIE8P U1 10957212

4. The ice rthy jack-up. ri cop di recedi claim wherein the
i ce bendi ngws)o P?%lgesue%ee Xé%nd\g/g? %cglg}( ?tggag’ggltgggppglof%%f%%m nore nmeters. 5.
The ice worthy jack-up rig according to claim4, wherein the angle of the

i ce-bending surface is in the range of 30 to 60 degrees fromthe vertical.

6. The igce thy jack:up 1 g according tao any preceding.clai rein the
ce- bondtng. o tek MESRY Padll JCRLCRAL B Bl PLEREGERO iR, Bl 85
segnent s ext dedlbaglind Qitfide idia thefdnpdhef 30 @f 60 degrdes Grom the vertical.

6. The ice worthy jack-up rig according to any preceding claim, wherein the
ice-bending surface comprises a plurality of relatively flat, sloped, segments

extending around the periphery of the rig.

7. The ice worthy jack-up rig according to any preceding claim, wherein each leg is
arranged to be clasped by a piled socket and each piled socket is secured to the
sea floor by one or more pilings to resist movement of the sockets in all

directions.
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7. The ice worthy jack-up rig according to any preceding claim wherein
each leg is arranged to be clasped by a piled socket and each pil ed socket

i S secur &NOR01%4¢804ea fl oor by one or nore pilings to r@6TAIS2mWETRNt Of

t he sockets in all directions. WD 2012/054801PCT/US2011/057212 8. A net hod
for drilling a well in ice prone waters, the nmethod conprising: providing a
rig having a flotation hull having a relatively flat deck at the upper

ortion thereof d. an i.ce-bendi ng. shape al ong,the | ower portion thereof
Wher e th icefgwﬁﬂ%@rgﬁﬁﬁg%W?léﬂh@epwm%er&rasnﬁfh HETREFN8hear the | evel
of the deck andyRidends KRWMMRTRYiIoRTRI RREPILIANDS hhgedWil thaRgpan i ce

defl ecting portion extending around the perineter of” the bottom of” the hul
to direct ice arourutiomehenedilandrad inobendieshapeeldng the lpwewpatiog theredfeast

three |l egs that are, posjti.oned within th erJd net er of e tom of the
Ul | ] acki ng. dowr Renf &6 Fipaite e Xy BB o8 ik AE Mo PRbACET he | egs
engages a socket sg@dlfofdhd @eckBdeRfenils 8OFn@RMLy hddr $hd Bi&tdmi bt themu@nghdf ul |y
out of the water when ice is not threatening the rig while the rig is

drilling a well orfraicedeflectingrortionqdending atoand i parieen ¢fethadetemiaft o an
i ce defensive CO”“59H5@35%@ﬁ%ﬂf%gﬂbﬁgﬂghM?S&Pﬁﬂqhﬂgﬂi?ﬁﬁﬁ'EXte”ds above and

bel ow t he sea surface cones agal nst € Tig to cause the
i ce to subnergevidiges 1¢akethvertless thachre pdsitienddeniihinghd perraget bfthe borads t he

ice where the ice flows past the rig; and drilling a well fromthe rig. 9.
The met hod accordﬂﬁﬁhﬁhmglain18 further including the step of securing the

sockets to the§RAhbRNeadlY 1eBNE aHhatlRE tha fédt RdShe bottom of the legs engages a
socket secured to the sea floor and lifts the hull up and fully out of the

water when ice is not threatening the rig while the rig is drilling a well on
a drill site;

lowering the hull into the water into an ice defensive configuration so that the
ice-bending shape extends above and below the sea surface to bend ice
that comes against the rig to cause the ice to submerge under the water and
endure bending forces that break the ice where the ice flows past the rig;
and

drilling a well from the rig.

0. The method according to claim 8 further including the step of securing the sockets

to the seafloor by one or more pilings.

10. - The method according to claim 8 or claim 9 wherein the ice-bending surface
extends from a shoulder to a neckline and the step of lowering the hull into the
water more particularly comprises lowering the hull into the water so that the
neckline is at least 4 meters below the sea surface and the shoulder is at least 7

meters above the sea surface,

11



10. The met hod according to claim8 or claim9 wherein the ice-bending
surface extends froma shoulder to a neckline and the step of |owering the
hul | i nt oWORe12(4a#s1 nore particul arly conprises | oweri ngCTABS2MI0B72INt 0 t he
water so that the neckline is at |east 4 nmeters bel ow the sea surface and
the shoulder is at |least 7 neters above the sea surface. WO

2012/ 054801PCT/ US2011/ 057212 11 The met hod according to any of clains 8 to

10 furthgr ingl udi the s ra|S|n t I ou f the wat when
the threat of ecgle Gle%CCS’E‘tngp é‘ﬂ&&%d’f Ciﬁ‘ AQE%Hﬂohlr#’g’F “Eﬁtl‘i“ﬁ?g Ay Ftﬁpi(gre prone
wat ers conprigisiip thdBult' s off ofthé Wated viech M Mekat B RBYI06S arhédudBd.l to 7.

12. A method for drilling in ice prone waters comprising the use of a rig as claimed in

any of claims 1 to 7.
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