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are exposed and quite vul nerable to damage.
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[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 generally 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 a 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. 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.

[0005] Jack-up rigs are mobile, self-elevating, offshore drilling and workover

platforms equipped with legs that are arranged to be lowered to the sea floor and then to



[ 0005] Jack-up rigs are nobile, self-elevating, offshore drilling and
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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
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 is associated with each leg to both lift the leg from the sea bottom so



I ncl udes an ice bending shape along the | ower portion thereof and extending
around the periphery of the hull where the ice bending shape extends from
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The method includes providing a flotation hull having a relatively flat deck at the upper
portion thereof and an ice bending shape along the lower portion thereof 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 and 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.
At least three legs are positioned within the perimeter of the bottom of the hull. Each leg
is jacked down in a manner that feet on the bottom of the legs engages 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. The hull is further lowered 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. The

method includes drilling through a riser that has telescoping sections for adjusting the

effective length of the riser and permit the hull to raise and lower the hull.

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 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 the present invention where the drilling rig is
jacked up out of the water;
[0013] Figure 3 is an elevation view of the first embodiment of the present invention
where the drilling rig is partially lowered into the sea, but still supported by its legs, in a

defensive configuration for drilling during potential ice conditions;



[ 0009] The invention further relates to a method for drilling wells in ice
prone waters. The nmethod includes providing a flotation hull having a
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intended only to be limited by the scope of the claims that follow.

[0018] 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 drilling
location to another and to and from shore bases for maintenance and other shore service.
[0019] 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 the seafloor 15 as shown in Figure 2. In a preferred
embodiment, the feet 26 are connected to spud cans 28 to secure the rig 10 to the seafloor
15. Once the feet 26 engage the seafloor 15, jacking rigs within openings 27 push the
legs 25 down and therefore, the hull 20 is lifted out of the water. With the hull 20 fully
jacked-up and out of the water, any wave action and heavy seas more easily break past
the legs 25 as compared to the effect of waves against a large buoyant object like the hull
20.

[0020] When ice begins to form on the sea surface 12, the risk of an ice floe

contacting and damaging the legs 25 or simply bulldozing the jack-up rig 10 off the



[0014] Figure 4 is an enlarged fragmentary el evation view showing one end of
the first enmbodi ment of the present invention in the Figure 3 configuration
with ice WOwoTgsagadi nst the rig; [0015] Figure 5 is a paPCrdiSesiifosagient ary
el evation view showing the riser extended to acconmpdate the out-of -water

configuration of the drilling rig; and [0016]Figure 6 is a partially
fragmentary el evation view showing the riser telescopically retracted to
accomodate the hull-in-water configuration of the drilling rig. DETAI LED
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[0018] As shown in Fi gure 1, an ice worthy jack-up rig js generall

i ndi cat e dapehavaves and rough seas, so the sea surface 12 appears less threatening, l?ow Ver,
the hazards of the marine environment have only altered, and not lessened.
[0021] When the ice-worthy jack-up rig 10 assumes its ice defensive, hull-in-water
configuration, the hull 20 is lowered into the water to contact same, but not to the extent
that the hull 20 would begin to float. A significant portion of the weight of the rig 10
preferably remains on the legs 25 to hold the position of the rig 10 on the drill site against
any pressure an ice flow might bring. The rig 10 is lowered so that inwardly sloped,
ice-bending surface 41 as shown in Figure 4 bridges the sea surface 12 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] It should be noted that conventional jack-up drilling rigs do not have moon
pools. As shown in Figure 5, a moon pool 32 is provided. The drilling system associated
with derrick 30 includes a drill string extending down into blow out preventer (BOP) 33
and into riser 35. Riser 35 includes an upper portion 36 and lower portion 37 that are
arranged to extend and retract telescopically. In other words, lower portion 37 slides up
into upper portion 36 to change the length of the riser 35.
[0024] As seen in Figure 6, where the rig 10 has assumed its hull-in-water ice
defensive position, the riser 35 has been retracted to permit the hull 20 to settle to the sea.

The riser 35 is shown attached to a seafloor valving system that may be any conventional



arrow 10. In Figure 1, jack-up rig 10 is showm with its hull 20 floating in
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[ 0024] As seen in Figure 6, where the rig 10 has assumed its hull-in-water
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to conne[ﬁwgb (r:rpﬁ@ @gpgétpr?t%rag}yeg%%ﬁr}?‘f%‘?ﬁ]r O%Hluﬁ%‘%e‘\/\ﬁjﬁﬂe gﬁatipcgévla?sog'ecorrgs
agai nst Lc?gx?.aggsi Egagdi&ma§ W T RAE stbbe, hhEragUse RBs agpdidiveo@hetridie The | 20

down and C ending of the ice floé and resist the lifting force of
the i ce plats thdtincdke umtharhulixwowddikelysks, fommpd of flat shestsradrsosthafethefentirge i g

10 and push the rig. over on. it i de by using_ the,f osite
side of PHEWF gcofﬂ)g‘l’égs SERIGI 8? Jf?%[ ﬁat%r?a&}ostuf:h%ﬁeswg%nvg(%ﬂ% %ﬁﬁgng%]gﬁ? Iqig)%r are
known f ogopbi@tioRPPThE Mol broskian Guithe heald plefaabllydextarel wdécasppapriivt e
connections to attach and rel ease fromthe cans, as_desired. [0,027,%1[%%

shoul d pmekabiljovedhe veted levehtreetenizingdat water &evelsrihath tp gad dowpen g

drilling configuration h I L.Qure 0 ulbod - et | RSel
def ensi v%ncgoﬁji?' uraggi %I%E%%V\(l)nqwn ‘ﬁl‘g”u% 3 %lé%/ }r“%é%ﬁ rallem{(/:é(;ntg?dgﬁgf)l e BI anni ng
and accoprdmhidatesdepaoel gt ar guiratthiak pebhviaf ridiges tiahgxtesd eefaiboge die t he

LT P SeTe S BTN Reconmaan . ob L0001 e heLoht gb the

adapt t Oui tjaﬁ%éﬂ'ﬁb&h&'ﬂﬂf)é bR §Kfhn B ey cbmre into contact with the rig 10. At the
same time, the deck 21 at the top of the hull 20 should be far enough above the water line
so that waves are not able to wash across the deck. As such, the deck 25 is preferred to
be at least 7 to 8 meters above the sea surface 12. Conversely, the neckline 42 is
preferred to be at least 4 to 8 meters below the sea surface 12 to adequately bend the ice
floes to break them up into more harmless bits. Thus, the hull 20 is preferably in the
range of 5-16 meters in height from the flat of bottom to the deck 20, more preferably 8-
16 meters or 11-16 meters.
[0031] It should also be noted that the legs 25 and the openings 27 through which
they are connected to the hull 20 are within the perimeter of the ice deflector 45 so that
the ice floes are less likely to contact the legs while the rig 10 is in its defensive ice

condition configuration as shown in Figure 3 and sometimes called hull-in-water



[ 0028] 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

t he wat erwDROBS#Y8 def ensive position and then re-acquiPC&/tSR@16810ent i onal
stance or configuration when wave action becones a concern. It is the shape
of the hull 20 (as well as its strength) that provides ice bending and
breaki ng capabilities. [0029] The hull 20 (as viewed from above) nmay have a
circular or oval configuration so as to present a shape that is conducive
to steerifg g{éﬁoﬁf MBRoPEL §h@ﬁg_ REAbdsORS 1Rfve 116 hanllRUNErYt R fl6s ilpbary of the
rig 10 regag ess of the direction of origin or path of travel. The ice
tends t osighifivantiytdddtvabievd il anddzas sampamiese i ig Wheasrextenddhe drilling sgason

co-linear, or some path reflecting..nfluen - jr

[ 0030] THEY FLAHE SBR pRapb i b b i el REorRlet S R Brefemens
provi desaﬁdﬂﬁex@ﬁ%@?i@ﬁﬁﬁa&B‘ry?ea‘libdsswzh\aﬁgbéneﬁvai the hapetry.and may be | ess
expensive to construct. The 1pl ates that nmake up.the_hull would,likely be

formed of0082ht dnekusingaitdshosld banoted dhadbe discussiepLpy ESRERSSENYL ment s

of flat terial, such I | r b ieehin. The
i ce-bread WﬁSI Iﬁ}l?aﬁtels\gﬁf %@%P%ﬁ%ﬁ?? ﬂéﬁ%@r@& gsﬁgi;lég}é %1 Rgg%fﬁ%ﬁ?él tllfeaarrea?er S
above t hgayeat siblicgicnl date efaghé priogtytdast ofthiseapplientivins Astthé sarp tisredeatbwn wi t h

tides and stornms and perhaps ot her .influenges. The hei bov.e. .t he wat er
| evel acemimAyeRt @balmczelp%& hesely dreerpereied (P c 1%r‘ﬁf?g{%bn§esi’"’fl%%% That

extend vl Aoy e, he iRRSHIR AL ofthl pSidhe hkhodiel ght ‘of the shoul der

42 is we ove the sea surface 12, the | ice floes will be forced down
as they [08B] i ntAltloagh det systents arlleprotayscasidesaibed Hereiahave besn despabadeik 21 at

the t f the h 20 shoul d be f h .t h t ] t hat
weves. ar etibot s b oot rEE ot BRNes ROSEHY Al flaiRane "o
preferr eﬁa&@tvﬁﬁloétt d!:;fa?t%{g foh OB §PREEhSd abpecoft e iBeantiur fsadefinkd. by the

Conver se e neckline 42 is preferred to be at least 4 to 8 neters bel ow
the sea fuliofvage cltms.o dhespuskidled inerlr tae maye be| #de o sz athe: BEHTIRY i nt o

nore harm ess bits. .Thus,.t hull 20 _js.pr VO AT | f.o-16
nmeters i ﬁmﬁ‘é(?lﬁ‘r‘?fltsfar“grﬁla?lﬁgy f({hi?r ‘g?ysb(%)t ?ﬂgﬁgl(t%ot%% ﬁféée?iltlta%ﬂ tg?)t A}rs}nr{og%%%é e?sgbl y 8-
16 net er geRFibddLhdBinTEk 8¢ the IQRAB BT tie mhontbd thhtswriadomotrelequiedlerthef tlegs 25
and the openings 27 through which they are connected to the hull 20 are

Wi thin t epiéan srepethintherRend elhe slEbEhlcAbe SEpcrRipn.ARETIREand FSANE e | ess
likely to contact t egSWhal. | 1.0: ES 1 Apbt; / [ iREAl
conditi oﬁrec%ﬁftlog%er 3{};?048 g%lts (%V\Sn(glollg agﬁﬁ%ﬁ}%g%ﬁ%hdFrggr%g},?ﬁnﬂcggqg;ﬁ@ced 4

hul | - i n- waémRled to be as broad as the claims below and their equivalents.



configuration. Mireover, the rig 10 does not have to handle every ice floe
threat to significantly add value to oil and gas conpanies. If rig 10 can
extend t WO@P1JUSETg season by as little as a nonth, thafPCRAsRAI11987280Fifty
percent inprovenent in sone ice prone areas and therefore provide a very
real cost saving benefit to the industry. [0032]1n closing, it should be
noted that the discussion of any reference is not an admssion 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
time, each and every cl ai m bel ow i sChAllSy i ncorporated into this detail ed

time, ea y clai: Chaildby i ncorporated into this
mvent | oh | BRI PHBLGN R Ce el ioh Ao SO FERbRLish URIARTE o

been descri beg dfyheRtAbds colprisihgtl d be understood that various changes,
substitutions, and alterations can be nmade w thout departing fromthe
spirit and scapletasiontivdl havirge irdatively et ferkaatghe mprers artigmiigedd| AR Those
skilled in the art. a t u t r ogligmen
i dentify other may%cg%\én%?gc?l}'a%g t%kozlrgi %eenlltz}l&’glﬁ ﬁrgéﬂ :glgl%ggtgiexacﬁ%gﬁ%g
descri bed herein. Héwhwardheahdtiemarddf atduned ithy grtiphayt dfatheviaull atheonsheand
equi val ents of the invention are V\,i({éhflén the sco ile the
r

of the cl|ains
descri ption, abstri8tbeRAREFPARG FHSG EORAR 3162 Bt s]%‘t}f P‘Eﬁrlti‘?‘rill‘?ve{ﬂ N ope of

the i nventi on. Thel RYeqtkRRal SodRRSHK AL 10 HolbAEISEL hlsbe as broad as the

clainms bel ow and their equival ents. An ice-worthy jack-up rig
for drilling foicchigfleciarjvotien extempbog atouad thecreriomateti afitberbotiam of theHolle ar eas

conprising: a flotati.on hull havj rel ativel |.at deck at the upper
portion thereof antP et t62H itﬁgﬁéﬂgbﬁmélu{}%ﬂtﬁ%%ulﬁpmer portion ther eof
and ext endi ng,O0RuaWAFR! ¥eadt hRVIstdhcd vatE thdBerRfétePBEE Bttdnb ef i |
where the ice-bending shape extends froman area of the hull near the |evel

of the deck and exfletation dulkmwierain yhenlegs areteerabgrd torhediftadnep effiithe seafoprc
derlecti g porton eHLPIE A0, UTHLLIRCAH! TR flert N8 8 SRS e o
sea floor and extend further to lift the hull partially or fully out of the
water; and
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 riser having telescoping sections to adjust in length while on a drilling site to

permit the hull to be raised and lowered.

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.



at least three legs that are positioned within the perinmeter of the bottom
of the flotation hull wherein the |egs are arranged to be |ifted up off the
seaf | oor WO 2014154198 e ri g nay be towed t hrough shal | ow WRC&EUSad/081280 ext end
to the sea floor and extend further to |ift the hull partially or fully out
of the water; and a jack-up device associated with each leg to both lift
the leg fromthe sea bottomso that the ice worthy jack-up rig may fl oat by
t he buoyancy of the hull and push the | egs down to the seafloor and push

t he hul 14.partThe lige wprtbynghokutp G acherdingt tor ahpreceding folavms whereithaisehe rig

and fully out of.the water en_ ice is n resent.. _apd a riser having

tel escopi ng sEHr SG%f%tveFWaﬁ%ﬁgl[eﬂ&\%ﬁgll OBHmzriéI&lrePe?ﬁ'i ng site to permit
the hull to be raised and |lowered. 2. The ice worthy jack-up rig according
to claim1, further including an anchoring nechani sm associated with a foot

of each |leg t r.ovi de,additional resi.stapce,tq the,farces I.C oe may
i npose o t heﬁ?‘?d‘?e y‘).rﬂflﬁe]af’]&'@ WO taﬁﬁorjdﬂhgk?ouﬁlainflgi’a beem glglge ?gglgl (gfi %1161 or
claim 2, whergihehdifg kG®adeO i the riige bASE td 60 8é@edseebny fhwavetiioaland out war dl'y
froma smaller dinension neckline to a | arger dinension shoulder. 4. The

ice worthy jack-up rig according to any preceding claim wherein the ice
bendi ng surface extends vertically at least 8 to 10 or nore neters. 5. The

ice wortfly | agke Yee "WEHIHSC Rk JipnBigt sceldhdntd, ﬁgﬂpfeeéding heaian) gWkeroin thee

i ce-bending surface is in the range of 30 to 60 degrees fromthe vertical.
6. The ice woicetbgndling ksugface icgmpeisesr ai pigrality ahyelgiedie dlatg slopad.nseeiisdisei n t he
i ce-bendi ng sur.fage co i . i of relatively flat, sloped,
segnents ext e?fg?lhéén%?rggﬁ%{ht%%éng}ée%%Eglrefﬁ%f the rig. 7. The ice worthy
jack-up rig according to any preceding claim wherein the ice-bending
surface is a reinforced surface. 8. A nethod for drilling a well in ice

prone V\arﬁer S Tfleh elcenev;[/or}ﬁgf j’a%ﬂ%i ﬁigngécording to any preceding claim, wherein the

ice-bending surface is a reinforced surface.

8. A method for drilling a well in ice prone waters, the method comprising:

_ providing rig having a flotation hull having a relatively flat deck at the upper
portion thereof and an ice-bending shape along the lower portion thereof
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 and
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;

providing at least three legs that are positioned within the perimeter of the bottom
of the hull;

jacking down each leg in a manner that feet on the bottom of the legs engages 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

10



providing rig having a flotation hull having a relatively flat deck at the
upper portion thereof and an ice-bendi ng shape along the | ower portion

t her eof VWNOr2e141s¢798ce- bendi ng shape extends from an ar eRCHfUSROIE/0RTD0 near
the |l evel of the deck and extends downwardly near the bottom of the hull
and an ice deflecting portion extending around the perineter of the bottom
of the hull to direct ice around the hull and not under the hull; providing
at least three legs that are positioned within the perineter of the bottom
of the hull; | ackiegusbobumdirmciordes ghatroreakrthe meer wheratthd wetfloyys pasethsgig;om of
the | egs engages the sea floor and lifts the hull up and fully out of the
wat er when ice is Hbt threatening the rig while the rigis drilling a well
on a drill Si&rﬁiin% %%ﬁgm e thtd| Has b Qobh@ wetiens foRtadjRting tee dffé@ivei ve
configuration so That The ice-bendi ng shape extends above and bel ow the sea
surface to bend i clengthaf theowsss andypermst the hll 9 risesnd dopeer thyull.ce to subner ge
under the water and endure bending forces that break the ice where the ice
flows past the rig; and drilling through a riser that has tel escoping
sections for adjusting the effective length of the riser and permt the

hul | to 9.ai seTmhethodeccardimghalclaime further instuding the skpRirgchying e fes

further includi Eg5‘%3%]88@0&%@%_fgﬁﬁq}eﬁéﬁ?g&nﬁlﬁ%ﬂ&% to the seafl oor to further

resi st the foPd according to claim8 or claim
9 wherein the ice-bending surface extends froma shoulder to a neckline and
the step of lowering the hull into the water nore particularly conprises

I [ h |1 _i.nto the. t it | i . t
bl ow ¢ n-ceal iR areh E €l b O] Lo PR ROR b Bendi B Sl G

surface. 11. Fhendsetdind otldedidg nbeklmayandfthe bep rof 18wering] thefhuilt iner the
including the step of raisi nlg the hull up,out of Lhe V\ﬁtt er when the threat
of ice floes weler mtadegiculrply gompriseddowesing e mylhinte fhe wates sontbat,theer &

conprising the Wsg of afelst 9 AStefs IS Ihd RalRt¥fall afid HlehodldePis at least 7

meters above the sea surface.

11.  The method according to any of claims 8 to 10 further including the step of

raising the hull up out of the water when the threat of ice floes are reduced.

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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