MADE-UP FLANGE LOCKING CAP This application claims the benefit of U.S. Provisional Application
No. 61/362,960, filed on July 9, 2010, entitled "Made-Up Flange Locking Cap," which application is
hereby incorporated herein by reference. Field of the Invention: This invention relates in general to a
cap for deploying subsea to connect to a flange connection that has been previously made up and has
a severed upper end. Background of the Invention: In subsea drilling operations, drilling operators
generally deploy remotely operated vehicles (ROVSs) to the wellhead in emergency situations to enable
devices designed to cap, cut off, or contain the flow of hydrocarbons from a well. In some instances, a
remotely operated vehicle will activateD& HiRVeILA NIGEZenTT KBOGPR Cddsigned to shut off the flow of
hydrocarbons from the wellhead. Activating a BOP will engage rams within the BOP that pinch shut or

otherwise diggle figWaBRcadinsAHeApassihat B9isapiiRYFIas FPNY. 8hiAs 28BSO

continue use of the wellhead. Therefore, there is a need for an apparatus to cap, cut off, or contain the
I@ﬁ

flow of hydr88asbh8 fréd & ReliHed d Madet mriiang ehleoski WM BharrbFaeTEENiRRAG use the

wellhead. incorporated herein by reference.
Field of the Invention:

This invention relates in general to a cap for dgiplg subsea to connect to a flange

connection that has been previously made up and basered upper end.

Background of the Invention:

In subsea drilling operations, drilling operatorengrally deploy remotely operated
vehicles (ROVs) to the wellhead in emergency sibmatto enable devices designed to
cap, cut off, or contain the flow of hydrocarbomeni a well. In some instances, a
remotely operated vehicle will activate a blowouwtyenter (BOP) designed to shut off
the flow of hydrocarbons from the wellhead. Acting a BOP will engage rams within

the BOP that pinch shut or otherwise disable théhead in a manner that significantly

limits the ability of the operators to continue udethe wellhead. Therefore, there is a
need for an apparatus to cap, cut off, or contarflow of hydrocarbons from a wellhead

without limiting the ability of the operators torinue to use the wellhead.

A second way drilling operators attempt to confeow of hydrocarbons from a wellhead
in emergency situations involves a containment damne"Top Hat'. Use of a
containment dome involves lowering a large devier dthe wellhead to contain flowing
hydrocarbons. Oil workers attach riser pipes t® tbntainment dome to remove the
hydrocarbons collected within the containment done.this manner, the containment
dome captures hydrocarbons from a wellhead forspariation to surface vessels.
However, use at the depths of some deepwaterngyiBites causes methane hydrate
crystals to form within the containment dome. TEhasthane hydrate crystals block the
openings that oil workers use to remove hydrocabfsom the containment dome.
Therefore, there is a need to for an apparatugltmahe capture of hydrocarbons from a

wellhead located at great depth without using dasoment dome.
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A second way drilling operators attempt to contain flow of hydrocarbons from a wellhead in emergency
situations involves a containment dome or "Top Hat". Use of a containment dome involves lowering a
large device over the wellhead to contain flowing hydrocarbons. Oil workers attach riser pipes to the
containment dome to remove the hydrocarbons collected within the containment dome. In this manner,
the containment dome captures hydrocarbons from a wellhead for transportation to surface vessels.
However, use at the depths of some deepwater drilling sites causes methane hydrate crystals to form
within the containment dome. These methane hydrate crystal b%Iock the openings that oil workers use
to remove hyrSESTBINS FOMEHEED REHTHE R BUHOO FENERR P ReraReo) AL 6 G aPharatus to
aid in the_camdreaafrhgdsotrgrbcmmmmwmIhemdgenayeslimhg'_ceattd'morl‘rmbkjum,ueihg/ermtﬁainment
dome. Ol operaiors aamerimes engagenmemodsalied Jop il iocap ornpunofl s oot
hydrocarbons from a wellifead in emergency situations. In"this procedure; oil workers connect drilling
pipe to the B@M tintughea meakifiolds Gfloxarkergahttreputop slofing) tned irstophéheehassadfcieht
Auariiies \esiRuandhen SIRRINSARR0e ORYREADAMI R EiRAdh UER O 0g mud
reaches sufficient quantities to overcome the reservoir pressufe at the wellnead, rocarbon flow
stops, and CIVBASKER; S esneRit 1y essildatlen. welinegihidearpoie o WrilppshaItH08 veorkaisufficient
to stop hydrgcarbam davobuiaiematil ilig e sabfngftaiariRE IBVRlRARYTRING spaterials

of a more solid nature along with more drilling mud into the wellhead in an effort to block or plug the

flow of hydr&¥SrB6AMUIgWiKeiluxarkers paiPutibeeid) Atk sRotkieahEIyolyss BHIRIRGer use of

the wellheaghiiefigPerckicHer AdirRaareonsnghereferarthegentid iredrier walReaaraiugrthat can
stop hydrocarbon flow from a wellhead without limiting further use of the well. Another method

operators uSHASt ABRIGAKIRE RSP Sha iYL B HUARe i EiN e GeR B sitARtth &Ml oves
cutting off thergnaiedte lewWettiagy andcappineitiitewelticast whisliasaadidedthewsoMation Riser

Package (LMRP). This method, similar. to the containment dome, attempts to direct the, flow, of
rycirocarhon 53 EBRed CGLRLIFn AR CoB<b T AR STREFED TR B Y RBETNS for
further actiofiotirdikeetie admiahouelimitorgduttMiR Bsdoeistimet! attempt to collect and contain all the
hydrocarbons from the wellhead. Thus, even where used, all hydrocarbon flow is not stopped or

contained. LAYBER &l'sqdtialie SeraRIRLc Sameinsb AlRe e humaSiies Ry mhygrangenfidag fiser line.

Shearing off the riser line removes any blockages from the hydrocarbon path that slowed the rate of
hydrocarbo® MAKORAGY HEKAIG TEniBYe Mfficon e @veihtifyetilalpuEitdineth &Nk FRBRIpEEI. At

times, sheaiipg| b a/enad ‘Hﬁ@diﬁ}é@w%ﬂm%ﬂ@ﬁ@k@j@lﬁﬁﬁemﬁm{w asithpanedihead.
Thus, there is a need for an apparatus that can cap, cut off, or contain the flow of hydrocarbons where

a riser has BBEnSHEaRBH tdPBRe Y& BB dosHIR R o f M RARGRIP e MR BN otHBPBRoblems

are generallygsniiathentcireusevariad vaichieshnieatadvantag anarscaansialipachigradattonreferred
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hydrocarbons from the wellhead. Thus, even wheeduall hydrocarbon flow is not

stopped or contained. LMRP also makes completpicgmf the well more difficult by
shearing off the riser line. Shearing off the riBee removes any blockages from the
hydrocarbon path that slowed the rate of hydroaaftmw, thus making it more difficult
to eventually cap or contain the well completelft times, shearing off the end of a
lower rise is necessary to perform other operatairtee wellhead. Thus, there is a need
for an apparatus that can cap, cut off, or cortaénflow of hydrocarbons where a riser

has been sheared off for other purposes.



In accordance with an embodiment of the present invention, an apparatus for connecting to a subsea
member having an external flange or a connection point comprises a tubular outer body defining a
cavity, and a tubular inner body defining a bore, wherein the lower end of the inner body resides within
the cavity. The apparatus also comprises a lower engaging member coupled to the outer body, the
lower engaging member being radially movable between an inward state and an outward state and
configured to alternately engage and disengage at least one of a backside of the external flange and a
connection point. FlnaII the a paratus has an upper engaging member coupled to the outer body and
being radial WQ{H&Q %‘éttﬁf} of the lower engaging member between an inward state and an
outward state and conflgured to engage and disengage the inner body, and at least one of the upper

engaging méhtssr andl eeinpreblaidy e grpanalinpalvedcsayened apkbieadrficaladvicaiagss
disposed b%%q&ﬁ@%ﬁxpaémé%&‘%tﬁﬁe?é%ﬁ%m&&&tﬂ%ﬁﬁe@ﬁr%@ﬁ{ FRERALIEMRBRSVidR moved

inwardly towardthe inward state. In accordance with an another embodiment of the present invention,
an apparatud@siecappmios adea saenit AaNRihoshiextEiRgamege comprises a tubular outer body
defining a cavity, and a tubular inner body defining a bore, the inner body having an inner body flange
at a lower ent adconcxiesiavinf Hneémtﬁfom@ém whﬂfeiprtttfeiem&fremm @frtbermuerf@odgm@edﬁag within
the cavity. The a aratus als iln rises a ralit (ﬁf lower do% § to the outer l;t H’ﬁé‘ the
plurality of |69v8r 6‘5 AR ﬁf‘)’tﬂ%% v@i A MERT LR E AR R &

configured toudte buate lgefimjag e aadityisend @yt bulay esidyp défihi gddros, laheeim ttmalpmmatus
also has a plur e i I Rl dently
of the plural(%lglﬁcg1 t}cl)\t/(r?/'er @ﬁgi%%ﬁjggggg‘m&\?v%r gt%geteéan%n O%EP‘%Q[ aélgjda)léﬁ ﬁgéurgeigt@%gngage
and disengejwaging peesider sfatieltehter thedgLtangedsntharl@agaging asnaneb@lummgdradmikyr dogs
having a rampSUHRCBARRR 1A SRR the WPRPEAOGRIAESaS E5miglibe sEishahe ipner
body flange to exert a preload force between the apparatus and the subsea member. In accordance
with yet ano@lﬁ‘@ﬁéﬁtBﬁglﬂéﬂﬂ@ﬁﬂ@e%r@?@ﬁﬂﬂ@éﬁt@@%kﬁ@tﬂcﬁ(féfr@iﬁlﬁ’étﬁﬁ@ﬂé a S9psestiaBmber
having an exigiial #apgg, aha GpparaiiaNHRRINiCopYisesdhgisians dlovuidingAdostine samwith a

tubular outer body defining a cavity. The locking cap also co ﬁprlsm g a tubular inner body defining a

bore, whereff1th&FHifef ﬁ”bff'ﬂP\%Vﬁ‘mér'Bgaﬁ?%QﬁﬂéB’vﬁttﬁm BVRAGRYIE BVRIERRG Ry Rifithan

comprises giowied srREaging m%a@w@dﬁdhem@armé%@méﬁggge ifhe: TeEISsBEIng
radially movable b tween an | \p/&:d state and an outw tat& OL[ configured to alternat U,E)% engage
and disengdJ¥ 4l & ERB%%‘Q@%’&{BH{H ﬂ ALY BRKES BB RSy, the
locking cap fmaemtwppmmmm oneandesl ehisipdse doodtehecdpphcsty siad deiegs thdied ynmeavsdle
|ndependentl¥ tﬂ the lower en(gn member between angpvl\@w%%tate andta? outward state and
configured 3%eh d)eogng & r&‘ Ji |F1'r§e?n8\'8y,mw Y8 H‘e‘”c?frﬂn% Sper engaging member
and the inner body having a ramp surface to exert a preload force on a seal disposed between the cap
and the sub¥t@¢RerABEFQ IR BppRAYRGaGRYAkRER: ¢ MHGATHEINRNER toARRPIPR AMafdstate.
The methodca%tw?leas BYJeUeE RS CRRIAALH s erRSeAIREPRSE SR ISGHING @BrepEfS the

in

subsea member the cavity, and then energizing the lower engaging member to engage at least

one of a baﬂ@iﬂé‘gf@h%aeﬁbérﬁﬁpﬂﬁrfﬁg%{ﬁﬂ inReMRBENFEIBR PP thEtRREEIRIIBINGABgizing

the upper ewmm@hgém@m taedieirpeste fx@ M PHRIvAd /RErSIRNHESCHRE .oNa
advantage of 5Preferre embodiment of the resent invention is tt:%t the apparatus caﬁ§ qu i sea
f¥a

member hafh§'ariaE ¥I5ﬁﬂgeﬁ1tﬁ’éthﬁ? EniAYthe HBRAR ARSI EOHHNEESRIP

methane int e wgswmﬂtp@emlmemem Emmmehemrﬂmmmﬁge\mngnaﬂawnmhﬁmmhls task
without risk‘ﬁ%clo%s formed br\é t ane I5):<edrat v(\:/%lﬁq s In a tlog tthe res |nvent|on overcomes
problems wi N I S el pressu éacﬁeby tlﬁg%h%rﬂ ul Yn?ongaﬁjebgeguently
attached risdrsengagmtinmensidevideh 8 eafdDesicligion s &tmtagshas a plurality of upper

dogs coupled to the outer body and being radialyable independently of the plurality
of lower dogs between an inward state and an odtatate and configured to engage and
disengage an upper side of the inner body flanug ahleast one of the plurality of upper

dogs having a ramp surface on the lower side ofiiper dogs to engage one of the sides



So that the manner in which the features, advantages, and objects of the invention, as well as others
which will become apparent, are attained and can be understood in more detail, more particular
description of the invention briefly summarized above may be had by reference to the embodiments
thereof that are illustrated in the appended drawings that form a part of this specification. It is to be
noted, however, that the drawings illustrate only certain preferred embodiments of the invention and
are therefore not to be considered limiting of the invention's scope as the invention may admit to other

equally effectjve embodiments, Figure 1 is a vertical sectional view of a cap in accordance with this
vontion, SEONECBI] IBRAQIFBHED 8 GRS AR RRE Db Ao R L RUBE e
sectional viensndialternate embodiments of a seal of the cap of Figure 1. Figure 3 is a perspective
view illustrating the cap of Figure 1. Figure 4 is perspective view of a lower portion of the cap as

shown in Fighirg S PHh HILSHAINY dhe-OER P18 BOG AR FIR ReRRilonRAiBhiNSialRIREL R

made-up flange that has an uppér asymmetrical portion. Figure 5 Is a bottom view of the cap as shown

in Figure 3. connecting to a subsea member having an extearaélor a connection point comprises
the steps of providing a locking cap with a tubwater body defining a cavity. The
locking cap also comprising a tubular inner bodfirdleg a bore, wherein the lower end
of the inner body resides within the cavity. Theking cap further comprises a lower
engaging member coupled to the outer body, ther@ngaging member being radially
movable between an inward state and an outwaré stad configured to alternately
engage and disengage at least one of a backsttie ekternal flange and the connection
point. Finally, the locking cap has an upper engagnember coupled to the outer body
and being radially movable independently of the dovengaging member between an
inward state and an outward state and configureth¢age and disengage the inner body,
and at least one of the upper engaging membertenthiher body having a ramp surface
to exert a preload force on a seal disposed betiteecap and the subsea member as the
upper engaging member is moved inwardly toward itiveard state. The method
continues by lowering the cap toward the subsealyeerand inserting an end of the
subsea member into the cavity, and then energittieglower engaging member to
engage at least one of a backside of the extelmadjd and a connection point. The
method concludes by energizing the upper engagiegmer to engage the inner body

exerting a preload force on the seal.

An advantage of a preferred embodiment of the pteseention is that the apparatus
caps a subsea member having an external flange,; pheventing the flow of fluids and
gases such as oil and methane into the surrourglingonment. Furthermore, the
present invention accomplishes this task withak of clogs formed by methane hydrate
crystals. In addition, the present invention owenes problems with excessive reservoir
pressure at a wellhead by redirecting the fluid iat subsequently attached riser or a

containment device.



Figure 6 is a bottom view of the cap as shown in Figure 4. Figure 7 is a perspective view of the
cap configured as in Figure 6, shown during a first step in engaging a made-up flange, which involves
lowering a long guide pin through one of the holes in the made-up flange. Figure 8 is a
perspective view similar to Figure 7, illustrating a second step, which involves rotating the cap.

Figure 9 is a sectional view of the cap and made-up flange of Figure 7, illustrating a third step, which
involves lowering both guide pins through holes in the made-up flange. Figure 10 is a sectional
view similar to. Figure 9, illustrating a fourth step, which involves stroking the outer body of the cap
downward rgré'ﬁ(/ ?3%8“%@? Eh)%? %@ﬁiking the lower dogs. Figure 11 is a sectional view
similar to Figure 10, ifestiadinghe fiftrstep, iwhidhichvdiee $eanovesy vopesteyslinkigds of the

invention, as well as others which will become appsg are attained and can be
understood in more detail, more particular desiotiptof the invention briefly

summarized above may be had by reference to theodimbnts thereof that are
illustrated in the appended drawings that form # pé this specification. It is to be
noted, however, that the drawings illustrate ordytain preferred embodiments of the
invention and are therefore not to be considemmitiig of the invention's scope as the

invention may admit to other equally effective emlipzents.

Figure 1 is a vertical sectional view of a cap ac@dance with this invention, shown

being lowered onto a vertically-oriented made-@nde.

Figures 2A-2E are sectional views of alternate @ditbents of a seal of the

cap of Figure 1.
Figure 3 is a perspective view illustrating the o Figure 1.

Figure 4 is perspective view of a lower portiortted cap as shown in Figure 3,
but illustrating the guide pins and stop pin reiposed for installation on a made-up

flange that has an upper asymmetrical portion.
Figure 5 is a bottom view of the cap as showniguie 3.
Figure 6 is a bottom view of the cap as showniguie 4.

Figure 7 is a perspective view of the cap congguas in Figure 6, shown
during a first step in engaging a made-up flandaiclvinvolves lowering a long guide

pin through one of the holes in the made-up flange.

Figure 8 is a perspective view similar to Figureilldstrating a second step,

which involves rotating the cap.



Detailed Description of the Invention: The present invention will now be described more fully
hereinafter with reference to the accompanying drawings that illustrate embodiments of the invention.
This invention may be embodied in many different forms and should not be construed as limited to the
illustrated embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements throughout, and the prime notation, if used,
indicates similar elements in alternative embodiments. |n the following discussion, numerous specific
detais are set forth 6 FHACR, SRR IR St G R, FTECARTRRIERABO EIALEr il be
obvious to thhserakilpdithife swphathivh presdrdsneerdiompnayidep ot cedondhohiblescim pecific
details. Additig al_clléJ/Pfﬁrrghe most part, details concerning drilling unit operation, materials, and the like

mage ange. ) : :
have been omiitted haaniich as such details are not considered necessary to obtain a complete

understanding of the present invention, and are considered to be within the skills of persons skilled in

the relevant art. Refehi@idg ¢ Hgsré 1Sedioralsuianysimilar sfomgwedlisHadny e PrHHNSiap flange,

which in this,ramplfoRRBRIIRASRY | BCHHIRSTHRIN B 1Pl I nhRNar diISETE0BNBCIRE 1S anluyer
portion of a drilling riser gnot shown) that normally would extend to a floating vessel at surface. The

riser has beBAGE! BR doRIcH88%rom lower riser connector 13 by a cut 15 on the upper end of
the lower riser connector 13. Lower riser connector 13 has a curved surface 18 that tapers in a
downward direction t&igureed flaisge Sédimrinl ddiat sipplar sorfeicewr € distrstimtace fifthisstepurved

frusto-conic f [ 0 iser connector 13 mounts on top of a blowout
?}@%%ﬁ?ﬂ%ves nlB\)i*ﬁﬁ Cﬁgﬁ@?%ﬁgk iilard

preventer 2 e upper e which'is shown. BOP 21 has a BOP flange 19, and riser flange
17 bolts to BOP flange 19 by a series of bolts (not shown in Figure 1). BOP 21 and lower riser
connector 1B¢RYehESEARILhAENSEYEIE DT for drilling fluids and tools to pass through. The mating

flanges 17 and 19 prefesabiebaie mieassiwvainombéhakderitridcontaty Pedteidagaholigrirom holes

25 may have been removed, or holes 25 may have oriﬂ;%al_l been |left open for another purpose, such

as allowing fRIRIFRES {9 SRS SAFFBIIRANHRE L4 INgTe M deISBEREY RIS 86 Wiy /BYS 9%t from
each other, Phisoihesrticcumigr eatiadrspaidtm betwgeliffeotemRbanad\s heutdnmie yedcdnpeigenakilled in

e A RIS 5 B0 RN LA AR R RN Aer ysih B nhgpe o
provided so that this disclosure will be thorougid @omplete, and will fully convey the
scope of the invention to those skilled in the arke numbers refer to like elements
throughout, and the prime notation, if used, intisasimilar elements in alternative

embodiments.

In the following discussion, numerous specific dstare set forth to provide a thorough
understanding of the present invention. Howevenijlitbe obvious to those skilled in the
art that the present invention may be practicetiaut such specific details. Additionally,
for the most part, details concerning drilling uogeration, materials, and the like have
been omitted inasmuch as such details are notdenesi necessary to obtain a complete
understanding of the present invention, and aresidered to be within the skills of

persons skilled in the relevant art.

Referring to Figure 1, cap assembly 11 is showitipogd over a made-up flange, which
in this example comprises a lower riser connectr Lower riser connector 13 is a
lower portion of a drilling riser (not shown) thabrmally would extend to a floating

vessel at surface. The riser has been damagesearded from lower riser connector 13



Cap assembly 11 includes an inner body 27 and an outer body 29, both being cylindrical, tubular
members. A plurality of lifting devices, such as hydraulic cylinders 31, extend between outer body 29
and a bracket 33 attached to an upper end of inner body 27. When energized, hydraulic cylinders 31
will stroke inner body 27 and outer body 29 relative to each other from a contracted position to an
extended position. Outer body 29 is in its upper position relative to inner body 27 in Figure 1. A person
skilled in the art will understand that other devices and methods, such as remotely operated screw lifts,
for moving inner body 27 ar]éj outer body 28?1 relafive each other are contemPIated and included in this
r

invention. LRGRISH! 2 ABARSHARES ABF-8G e MUSOHISIRRRA fiheBYE) 374 BRI Botty 29 may

be used, forremmpievﬁmemrlﬁ@@b/ m_mad mmshn(hltﬂﬂmnmmemaaismg‘langdt_ﬂ havimgea body 27
has a lower 1%{”'0” that IPcate%wnhl a cgw%y f%.of og&?&g%qx 29. The lpwer portion of inner body 27

includes a flangueoﬂgrtﬁg{ 8xtends rac |a$1L3'/rc?tftwar 3dm the eXteor%I(’:%lfslHF]élIg %‘ody 27. Range 45 has an

upward facing shoulder 47. Upward facing shoulder 47 may be beveled as illustrated in Figure 1 or,
alternatively, a horizdRtiNSR¥EEBDIR, HOWRINGSEF §arREReIFeMeY MEEEPHY mblavyeH tBreweBifer

diameter of fla fensligiparaieng shaviierrisisrRiar obesvibsis BB asgenpls shavsdhe lower
rim of inner body 27 is still recessed within outer body 29 when outer body 29 is in |ts”l:§5§)rrr%ﬂsmon. A

stop membdlPESEnbUREEIR BT IE1%ENHDLPY R&CHES, AP 8RNkt I Sk t of
inner and outea hadiesiads 2orhrieEI MR RXiERtamha NG pREBSRIIIORARRINStANifeMBanSE may be

a portion of a ring that engages a recess 37 formed in the exterior of inner body 27, or it may be other
dovices, RSO 85 DG BOIDSAANEFS SLANH LISHREA Y At Wi SEaom HaL o
curved lowedpodtorofaaisebbig. agam dotisrietposten 2B mblenssgisesmonsdctar HdeSesl hhynay be
a variety of l;]%nfiggratir%ﬁ ebnd rmﬁtﬁrialghl:ijﬁrug%% A-r2D Fhow Lo%rsear{ngodr%m(ﬁnta flonressefal 4101.5Each
embodiment' fhauded Fme aqeoooey 3Z2,such as o s?ee[f,udoe INMg one SrHbte TecessSs 22? a ﬁange 34
for securingttoongbr blndihiz7 eaachplee bolem25bianerdpededdtfrembpa 4ftdor sealingtiseql ddt against
inner body - i j - il that ' mRodi t plate
and inoluce L B e L e ety & e e
in the art willhénaeretdndngierstargribay dosyab drn eornestBemgl &0 Bndlinsiuealissrsitivelytbmerics,
soft metals, Mﬁ@?t%@ 4 Gt {pody seal members 44. Inner body seal members 44 may
also comprise taper Sealing surfaces, flat sealing surfaces, or the like rather than curved sealing

surfaces. In Figure 2A, an elastomeric seal member 36, formed of a material such as rubber, is
ocated 1 a groove LR ASHETOVIoh BFGEY 38 (OPELAMY AR EEr R, Racto¥s OF e 25,
seal 41 has @inialdyaB St @ moft enebalron elosktypsfrlifg tevivetaldoecmetahyesadiols kykiders 2C, the
entire Iower:pfrtiop |r']5 doétrtl\(,ev séarﬁneu?ter | cr)n t?éal %a bo§¥ 35% Jﬁ%g?]rpmr{% a rr]netal(—atp-mngt%lf slﬁ%. In
Figure 2D, st PN AREREORER: a)gs/r BORR PGS TS gor lon fglpl%rm(iang 25E41Bther
variations mayindidde\ahenflarsntpzeshl FyidraulicRrdfedenty Jilasiek@ditnesehp dy B esnid outer body
27. As illust [2 Fi 0] ' I mgmp [ g r hqving a
different diarg;lge8 r%é%%ﬁgt (ﬁj tggc%{urve%ﬁ@(ﬁ portlon%%%ét 4?%@%&%@8 i%ig}%@ ﬁ 'szg %gémbers
44 body 29 is in its upper position relative to inbedy 27 in Figure 1. A person skilled in

the art will understand that other devices and pughsuch as remotely operated screw

lifts, for moving inner body 27 and outer body Z3ative each other are contemplated

and included in this invention. Likewise, methdtat do not require motion between

inner body 27 and outer body 29 may be used, famgie, inner body 27 and outer body

29 may comprise a single unit.

Inner body 27 has a lower portion that locatesiwit cavity 43 of outer body
29. The lower portion of inner body 27 includedlange 45 that extends radially
outward from the exterior of inner body 27. Flad@ehas an upward facing shoulder 47.

Upward facing shoulder 47 may be beveled as itiistl in Figure 1 or, alternatively, a



define annular members having a different diameter than that of the vertical portion of seal 41.
Following placement and engagement of cap assembly 11, described in more detail below, differential
pressures caused by the passage of fluids through mating central passage 23 into bore 39 causes
movement of cap assembly 11. As cap assembly 11 moves, loosely coupled seal 41 will float relative
to cap assembly 11. The float of seal 41 allows the differential diameters of elastomeric seal member
36 and inner body seal members 44 to maintain contact with and further seal inner body 27 and

Conl 41, ncH ARG B CRE o0 CULR GO Tl e o Ug AL APRSY L CHRLR. e

differential difuffeetges4s dateslidiyi gnddyndBiiod ngeralziBrériecavisr 4@dyrsta memiptesidvon Rigeire 2C,
and elastomeric layer 40 of Figure will maintain contact with inn ody 27 as bore 39 is .
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there is shoitg ippahteositive. efAbtimeEthbésdal mb dotechEpinp &veadr iz wenhectp 293traesoes not

have riser gt it dbehsyated PRI enicsaalet e srelipstn e anl e and

a retainer ring tal bod as an inner diameter ca fitting tlush against riser
connector 1Btraetadqnsitepaisctapfimesbee 3 movehe asmogs a2ingrinritentacge a8eaA8SoAé or

more inner gy seql m&%sﬁ%%%#m&%%%'&h%hmﬁ@é’y 27. A person skilled in the art

will understand that alternative embodiments contemplate’and include seal 41 without recesses 42

d inner body seal members 44, | jkewise, 1 skilled in the art will understand that alternati
cmbodiments ContenDIts A F2ITHE (RGPSt QS Ar e bh ORRAAE AL FRE. SeB At mner

body seal messkeriAddnneebpditisedomssalinisatfhimstyedipo tiom gsef tapeasrstsdincpsndates, flat

sealing surfaces.or like rather than curyed sealing surfaces.. An elastomerj | membper 46,
formed of & IatST ol ALY 1 Bl 0 TR O R e B R B A 3 1 eauing
against a harinbntirsnfadercfdalvét .riseaatorndmdmiénd irnhaniepsasbody S2f BOR Hamjest®l Seal

retainer r?“%@rﬁﬂ@BHéeér%?%hPF%%%é%ng?E‘%QE @E&M@%ﬁﬁﬁbﬁ@d?‘é’?&%‘&‘ S

retainer ring 52 proximate to metal body 32. Seal retainer ring 52 couples to a
more inner body seal members 44 for sealing seagélnst inner body 27. A person
skilled in the art will understand that alternatembodiments contemplate and include
seal 41 without recesses 42 and inner body seaberws4. Likewise, a person skilled
in the art will understand that alternative embaoelts contemplate and include use of
elastomerics, soft metals, and the like, to comstimner body seal members 44. Inner
body seal members 44 may also comprise taper geslifaces, flat sealing surfaces, or

the like rather than curved sealing surfaces.

In Figure 2A, an elastomeric seal member 36, forrmea material such as
rubber, is located in a groove in the lower portadrbody 32 for sealing against curved
surface 18. In Figure 2B, seal 41 has an inlapf38 soft metal on the lower portion for
metal-to-metal sealing. In Figure 2C, the entoevdr portion is of the same steel
material as body 32 for forming a metal-to-metallseln Figure 2D, seal 41 has an
elastomeric layer 40 bonded to its lower portionfimming a seal. Other variations may

include an inflatable seal 41.

Preferably, flange 34 loosely couples to innenb®d. As illustrated in Figure
2A, elastomeric seal member 36 defines an annudanlver having a different diameter

than that of the curved lower portion of seal Aimilarly, inner body seal members 44



lower rim of inner body 27 by bolt 58. Interposed between seal retainer ring 52 and the lower rim of
inner body 27 is a spacing washer 56 of a thickness such that a gap 50 will exist between inner flange
54 and outer flange 48. Preferably, gap 50 allows seal 41 of Figure 2E to float similar to seal 41 of
Figures 2A-2D. Elastomeric seal member 46 defines an annular member having a different diameter
than that of a surrounding lower portion of metal body 32. Similarly, inner body seal members 44
define annular members having a different diameter than that of the surrounding vertical portions of
metal body 32, Following placement and.enga ent of cap,assembly 11, described in more_detalil
below, ciffe il BTORNH D EIRS By i g ot AIABEARFOUER, Hiafig VLRt RALOREE23 into
bore 39 causesl maveRwiohhgaaassaeminid .ohgagenasseothisgibiyvvds, degebidedilinahoweseal 41
to float relatia/ej tﬁ 8%% asse e%%tllé' 'I;Qgsflljogg %f sea!JI 1 Iovgls (t;hg iffl(age htrigbd'k?mg%rs 8f r(]atlr%?tomeric
seal membert 48 and inner bo y'se members 420t main alngt:on{ac With Sna further Seal inRer body
27 and lowepagsageodieictior hGreAS Y escriiesdrabormetiieqireapuaigs dlithiAb @ap3askathblysél seal 41,

increasing t n | during Qperational ly.L1. i ap
assembly 1 r%%%g’sé% t%‘g%@é%gd %%%%r@ﬁ&%%rgmmﬁéd Tl}aﬁgﬁeda? El]nslégq‘:erring
again to Figdlealowsdhectiferertiigs dirsnrieengheglastaneans rmembesyBbeaaplinzgibetivwedldogs
51 or alterngiehy, SeAMENts MhAtam BdrRARH RRISAME RINRECEER nihihe ISt Aed &nigeiment, the

lower engaging member has an engaged state configured to hold cap assembly 11 to BOP flange 19,

and a disend8dfd Qe RRTTIERNEBE haBinAb i a886m BREIAUFRMININCRRERtIShiEEIRY 8ftof the
lower riser %&mwioﬁﬁ@r@mr%QReZQ{r ST Slage ShanhifepRiaH Qi O 8B relErGHR Position
r

shown in Figure 1 to an inward engaged position shown in Figures 10 and 11. In this example, lower
dogs 51 are Hﬁ'ﬂiﬁi’e@ﬁ;}jgf?é%l‘g gms\/ﬁrﬁf@@c@@ of 5:'@55%%5@(“7‘%9&%@%@. The

ROV may magenlswreradogs Bigurwac kindosrise ashaitge samgetheDtynr afdaneshocisimast ROV
interface 53, such as supplyjng flyid pressure to a piston, located within ROV interface 53. Alternately,
jower dogs S AUNFLRARHAG-HRUE e o B A RSRIP R o€ SIAE B! 2 led by
hydraulic fluidgeeddyreldelivered from a surface vessel to cap assembly 11 via an umbilical or line (not
shown). Outer body 29 also has an upper engaging member that, in this example, comprises a

set of uppergeRne IR6AE & ﬁe'%ertﬁa@saéJsHameauuagef@dg%%aqm\%mgﬁg%apafrfspgaging

member is configured to alternately apply a load to or remove a load from inner body 27. Upper dogs

55 may alteFRRRNDISEYHeREsconasiier d2dhat, dpepmet Jtmst dianee. Uppdh dBedIBsEpeR cated at
the upper ere@beRYibn 3 eachwil 48 QY enBRINIHS 8P asiRgh BRSHIOAShQ Wt dEidihg 540 etiward

engaging position shown in Figure 11. Upper dogs 55 may be moved inward by an ROV engaging an

ROV interfaP8YO3RBIBiAR MM SHAMSIEESAPRRIE LLEY LB HHRIRRISOUPHESBLE B fiNatd by
LotélsltingI affqvmad mﬁsztyaehizsmsé\kﬂ@mfﬁd glwnw%r%vegmgdmméend@gé 5§,ia\?§agﬂwb>bswﬁ@dﬂng
ydraulic fluid to moye them inward. | other embodi t, upper dogs 55 could be energiz ya
nyraulic 1RSI e S RELVELLET 373 RGN EAMUR B0 e AiBGESes SEHfne
spring-biased théhartiwiiaichpesstiamd that AltkEngtind denbosbils ccdaretamaensval dichrdeadenletledge or
rim 60 of inner,body 27. Long guide pin 61 ,is a cylindrical member in this embodiment that may have a
ower entry B £ G S B Y T L PR R By o
such as by thrteadd. Lodgrgtadd [imaé 1adtetknadivd etwabodteebisitepparen andennclitde bodg 2 is in its
lower positi .sho ' ' ur. ] QN 7.,5h ide pin
63 is also a%?ﬁ%ﬁgg‘érﬁe%gﬁ Eg%]tigﬁgll Il[j%niy Eseégé%{ﬁﬁ E?g%rgjglmﬁe{t%%% IL}34rng gﬁg‘: pin
61. Short gligepReBBMaRBesActeMay ginarraimnprgeyidner HeEddapes ollsd pealingssBerss dliter

body 29 wheRbquie T RerY #ipdlriie | QUaBOSIRReS N PRGNSR ELEB MM o2 (RGEa b gSe:
Short guide pin 63 is spaced for engaging one of the holes 25 in flange 17 after long guide pin 61 has

engaged thé"GHSEIBbEYHEE & By PRYlelS 2ecatethia aadirpiBetvenparit<y badysS3iaceaalso apart,
thus guide pigaiRdtanchBRARABOMRE fspTHRRAEIQHICE sAtRitS 16 anlongipidingirde & eforp

assembly 11. Guide pins 61 and 63 are parallel to a longitudinal axis 65 of cap assembly 11. A person
skilled in thd @P8&ift Yinderstand that alternative embodiments may not include guide pins 61 and 63.
A stop pin 67 is mounted to a lower edge or rim 69 of outer body 29. Stop pin 67 extends downward
parallel to aead3eBioprpimé b spapddaahdrdnapedxitfiigian guide fang® 54630 thimwenen

allel t0 afidSeBlopring TS _ Khan guice _
Clameter porton 5t TanGea T 00Sa R RUE & eSO R M o

long guide pin 61 or it may differ. Stop pin 67 may be spaced circumferentially from both guide pins 61,
63, as in this example. A person skilled in the art wil understand that alternative embodiments may not
include stop pin 67.



An annular tapered surface or bevel 70 extends upward from an inner edge of rim 70 of outer body 29
and joins the cylindrical wall defining cavity 43. Stop pin 67 secures to a threaded hole in rim 69
radially outward from bevel 70. Bracket 33 has a series of bolts 73 that extend upward for connecting
cap assembly 11 to additional equipment. That equipment may include a valve block containing valves
or a lower end of another riser. Further, the additional equipment may comprise a running tool for
lowering cap assembly 11 on drill pipe or on a lift line. In Figure 1, axis 71 of riser connector 11 is
oriented vertical. However, it may be_tilted a own Figures 7-8, which illustrate a tilt of approximately
%6 from verUR 110 BIHLS B De 2 BEIEB S B G BEMES 56) ALEB e A0 ing
onto which Bfaler2inisafdnnectsst\ARKOiscarspdciugfacsiér dfdawieknisss saohehtaral §deagingifirom
flange 17 to cut 15 may be generally symmetrical or it ma symmetrical abqut axis 71, Pamage
ey, have QSR e e ok AL G e A RRBIT SAE T YRR AR oOr, o
cut 15 may bigufisétHaterfitiptirsonaditedeal #adnobkigiesi2Be gddarioredatsEnissymipestdbal about

ais 71, Cap AR 4, Y RIS A0I0 URE LoR BRI 0 i AR AR pIR Y

aligned with riser connector axis ab ether or not the upper portion of riser connector 13
is symmetri¢siripasymmetaiclodup3dssehinljarty isiorenteedyabane e 65 4 ricinehiemiaig

lowered ontg,HEGLHONRSGHIRY B3aHriPURT SR GRPNRSIPHRRISS R JEAHGR, GaRiENSBriBRd wser

connector axis 71 would coincide with each other while cap assembly 11'is only a short distance

above riser BiAEBRHY132 £\l ViR lAse MR NI 0P RIGI S DROBRAFSRGMIY, e HeBs S ierally
symmetricalhghieu g Bdiohvnditdie Reasiplasaleyencaameneambind lomihids avsuh aeasiglly

centered on riser connector axis 71. For a riser connector 13 with a symmetrical portion at cut 15

relative to akR R GARRABMEBINEPAFE SOFAUPESTRONETREMPRARSRIBAY dis 65, CPABREM A Eigures
3 and 5. Referringviesrigis &6 vihealriuselipm guifleapiratidccaissieiaiheisaneasive oadisi from
guide pin 63 to axis 65, St in 67 serves as a quide in the.embodiment of Figures 3 and 5 b
Contacting (14 QISR AP AR LS 55 La M EE SROTITR, oS R b Bfees
from long gurdemiars14dntb Iivaidegneesritach slitrtayia dieiine 6 Smiert bty aigiesl aeyeossdae.
Preferably, guide pin , 63 are substantially aligned with their respectiye holes 25 before lowering
guide pins 6%18%?%?0 tiu‘;é'ir r%gpg% f\%ﬁ%llea:bg ?Lgékr]l%g {ﬁ guprlﬁrf'g@ﬁg;rgt %’\réltéjpﬁgt ﬁé& ) Ehsee %f)llgls’ 25, then
continued lonedagingudes sirargtiuiciethth Satclentey icparsibees: Sbeapressmbdy ddp aksénibly 11
may be requjred f IS, all I i fri ' is
eymmetion e e el B B T e
holes 25. Fifjaf&£ 4 and 6 show an arrangement of guide pins 61, 63 and stop pin 67 that may be
employed if riser connector 13 is asymmetrical relative to flange axis 71. Preferably, inner body 27 has

a plurality of threadeRagiesrfodla@iitstoFigaron secsinBaayid® niasvesdh 63gamerinsviduahtireaded
holes 64 are at dgferenh{ra ial %jﬁtances frorqﬁrxis 65 than agthers. In Fi%ur.e 6, L#&l? ins 61, 63 have
been securdB3¥ BfrErBH Al WBIeo8 intrifl ?FBHP%@UF@%‘, QbIHNY Bof 88u?&i§8m?
between gustbgrinieGite 63 il endluctiaie d eemitio diapeas senendr e ay ity Retiheerehesrdarggaybetween
guide pins 61, 63 will be slightly offset from axis g5, L.on ' in.61 is at a greater distance, rl to axis
05 than crorie CPOMHE QR P BB wRcR ORI & ARG SRS
is still the saraefigistadde astoehilbtnamotss @B I§Sid. 11 onhemeedrmrda 2wl efsohte o distisace from

oo Do BB S, i oSSt Mg e ARG o e
this exampl&hButitHe e aiglds teoamnififfaid engaged positionwshin Figures 10 and 11. In this
example, lower dogs 51 are energized by a remaeatgrl vehicle (ROV) that engages
an ROV interface 53. The ROV may move lower dofsnbvard by rotating a shaft or
some other type of mechanism in ROV interface G8hsas supplying fluid pressure to a
piston located within ROV interface 53. Alterngtelower dogs 51 could be spring-
biased to the inward position. Furthermore, theyld be controlled by hydraulic fluid
pressure delivered from a surface vessel to cagnddyg 11 via an umbilical or line (not

shown).
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Figure 7 illustrates a first step in installing cap assembly 11 on a tilted lower riser connector 13 with an
asymmetrical upper portion. Cap assembly 11 has its axis 65 oriented vertically while being lowered
subsea. Outer body 29 will be in its upper position relative to inner body 27, with guide pins 61, 63
protruding below the lower end of outer body 29. Long guide pin 61 is first stabbed a short distance
into one of the holes 25. When this occurs, cap assembly 11 will be oriented so that its axis 65 is
spaced laterally or outboard from flanges 17, 19. Short guide pin 63 will also be laterally spaced or
outboard from flanges_ 17, 1§,f r Qut of alignment with its respective hole 25. Long guide pjn 61 will
only enter an upper p%H‘SF\ ??& i?o%eaé%os%elﬁa?@hgRBWereQH&gipghgﬁ@%e"l&ﬁ% @(Qmﬂ‘ﬁgher
elevation th_anrt‘rp_&isl@@m fiatt soffapp @f dsgsflaﬁgbdf_iteﬂihaﬂovaﬂmgs?fsshqrtrguhka lunsGAteded not be
at an elevation higher tha{hsevered up er.end 1%%:(% 1) beFa se, it will sxwré%ﬁrouq

- i
asymmetricglr%%? |('3mneor}t|oweerutr|) St COMhettor %durlnéstﬁg%@(%gggrrﬁtg ra }'aan REVWh a video

camera will tarinvassigardeorA paiet htahk 2ot $hpent)ags Ibfgitrriciat @iy (61 sedimetitan sorthg, ROV

tor i t f jon i :
Reterting 1o G o e e e orap aney St SERRAE et LD SRR 42,
example, thandtatibrime\@ dierdide kirtsroladil @sdiangstownawgplasedhdlinwvard renes@itian will be
around the hlg o SIS Ieigaeuide RIS HAQERHRG R EFSATRY BYSPROVe (G RR Of

rotation is the amount that is required to swing stcgj pin 67 around until it bumps againsttheé outer
diameter of ABRYEY 1AGHBCEISThdRANoINRIEAFEtalom AV CRERESRNIGE 388 dBEYSESURRE VAP SR pend

on the position iAlveiRPHYRdZ NG NeRUHIN BiInsHL. enleamaRlR 205 eBUNN RS pesiiansgsrelative
to guide pins 61, 63 so that when stop pin 67 bumps against the outer diameter of flanges 17, 19,
short guide pih 'BYAM BY SHERB S0V AHEGIVAY 14 ET9%S ARPRIBIHN) RigIRS fIRPREEERp pin 67
b;lf mping agamfér;‘lao%@%a?cou% Wmm&wmﬁwmﬁw tfﬂ@rﬁtb%mf?f@@ \Vf@égallzanThe
offset positions of quide pins 61, 63 relative to axis 65 will position cap axis .65 offset fram lower riser
connevtor atf F1ELEBBRIMo hPS b IO B ERS SLLR ry TSR [hioes guide
pins 61, 63 to move downward in their respective holes 25. Lowering cap assembly 11 also causes
axis 65 of cap assempdlong @ ifeapio ﬁlgﬁxmmdméctwewaﬁdlﬁﬁ@ﬂpﬁ bi\ﬂﬁg@rQisréfmC@QrﬁdfmeIS. As cap
assembly 1}, 5aoves dosiy e icsiped I &%lﬁcﬁﬁé@%&‘%&rﬁé'%%%@&'W%Fﬁ%t%la(f'ﬂaéél ip clear

the laterally protruding upper portion of lower riser connector 13. Figure 9 shows seal 41 in close
proximity, biR\Wet §BiaRAELP B bRl TIabecainnerieh 1B PiD Thhef/de fprsy ene dbedhiy 29

will be engagjpgr ngfyflangsutk Bsfeietsealds! tQHﬁB%Saf&%ﬂ:@@@ﬁ@%éé%@ﬁ%ﬂﬂ@iig{%ﬁ 9).
Outer body 29 will still be in the upper position relative to inner body 27. The inner diameter of outer

body 29 at B¥VeN Ay ghsRGHEY MY EPWEERARLRR than riser flange 17, thus bevel 70 will cause cap
assembly 11 to move slightly laterally from the offset position to an aligned position wherein axis 65
coincides with axis 7 Ghuide qiitke61in633asdsslightiyresaticothean rined @espe dindy Rilde Sotets 25 to
allow this la shifting,tq o . - { ali eal 41 will | r rface
18. Another%@}rﬁ I?)nﬂé%o?%h%v%)%%%@rﬁ%g%%ﬁ%%ﬁ%f Wi\ﬁ%ﬁ%ﬁ[eﬁwﬁn\%%eaﬁ%@g rY(IDEp ﬁg landed
on curved sditagetasthaméongeguide nids Profeyiatide fhes gusbierpsn I6NgE3 thdnderngigiigeoffset in

its respectivgiflaggedipiaRs: protr JBLEBRIBPC JUH BIGy 16 MMRIRCHEEN 2PRUER fiWd Rygasure to

hydraulic cylinders 31 to stroke outer body 29 downward relative to inner body 27, which is now

aligned and RESHIRG-orPlATEE HEE: RIBNFRERSY 1S I RS BIERBEEN 20 BiAG I REIEFPAG6A flative to
inner body ?e7ng8@|ﬁ§%&%ﬁ@%&%oﬁiﬁqlé‘ﬁg@q\ﬁ%@@@f éﬁ\i}ﬁ@tltmmf%l ajee fHEsaeflapge 19.
interfac

The operator then strokes lower dogs 51 inward by engaging R es 53. Preferably, lower

dogs 51 will B8 §FRYANLESoAistASHRIGMBR NG RIRRERBOR fR7C99 bRBe APATE tard
positi%n?j- Zgui@hﬁmsﬂm w@@rarélll@m%@'amlml@aﬁwi?dmaJéctcalfir@%gitafrljM)ﬁf&g@ eiacsive to
inner body 27 a short distance until Jower s 51 aput the lower side af BOP flange 19. The operator
wil thom oo G0 PG Y e AT B0 o L, PRI DI U AL 6 P 5
will engage agseandifating ghpeldensskilrsinthd cvnwailrdiedefidngetdal @naative ehdstyd2iems pulling

upward on outerrl]:)o[dlx ?Ll9d Thgﬁgg}&}ﬁg@f%gfﬁoper dogs 55 with upward facing shoulder 47 causes a

preload force 19 Oocur that IoWwer 0gS 51 react 10 by engaging the lower sides of BOP flange 19. The

application of the preload force forms a tight seal between seal 41 and curved surface 18.
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Guide pins 61, 63 aren't shown in Figures 10 and 11, but will remain in their respective holes 25. If
needed, a sealant can be injected through a port (not shown) in cap assembly 11 between curved
surface 18 and the area around seal 41. Any fluid flowing up through lower riser connector 13 will thus
flow into inner body bore 39 where it may be delivered to the surface or otherwise contained. It
may be possible to disconnect lower riser flange 17 from BOP flange 19 before running cap assembly
11. If so, cap assembly 11 could land on and connect to BOP flange 19 employing lower dogs 51 and

upper dogs 55. Seal 41 could be reconfigured to seal on the inner diameter of BOP 21 just helow BOP
e 16 o on the 1A PSP B DA A0S 0 a8 Ol ST RLAT oRSY Ade SIORE Bhowr, I
Figure 5 codd brtemais| dyechWilhil e aesiel he eotit @51 nSobipdhivistls @abiaiautherevent @ixaned ot riser
connector, the.inpvention.is ajso licable to .connecti other types of e-up flanges or
Connection SSAR SRR 3 TRRIGARS (hidIGE 1 Ryha Qe A e Bl tgie o
preventing th®flgun df Alvidl hariduydieg socutes dibametenpivihdangethé Surfoulting enGitonayent.

Furthermor I i [ ' ' ' t ri f y hane
hydrate cry;htggs ﬁ] laﬁ%mol{rb\,éﬁé %{P sentﬂ?r%gz?dﬁr?t g?ﬁ%g%ﬁﬁ%g v(\%ltﬁg@%ggﬁ\%?eser oir
pressure byREd@édtiay teeSnacan ol winbeilieHyrana Skl gein o 63, cohtain il sl evriapieis
understood J0abIag PRI IRMRBUAR WY FIG B RIS AL @MBBEiMEents: MsFHoinebugeveral

variations may be made in the foregoing without departing from the spirit or scope ‘of the invention.
Having thusSHREBHE] the present invention by reference to certain of its preferred embodiments, it is
noted that the embodiments disclosed are illustrative rather than limiting in nature and that a wide
range of variatiansuhao dipecatdns, ichesn oe s eved B0 lstibdnaisrancnicnBatedge dieiforegang
disclosure and, in some jnstances, spme features of resent inyentjon ma employed without a
st o U RGN Y R e A Al
obvious andhitesidebldde those Skiltadiallyhstwiabd Senupeweh review of the foregoing description of
preferred embodiments. Accordingly, it is appropriate that the appended claims be construed broadly

and in a mapRg QNIRRT YR e SORREsOf ShRAPERIEIRBpYor connecting cap assembly 11 to
additional equipment. That equipment may includalae block containing valves or a
lower end of another riser. Further, the additiceguipment may comprise a running

tool for lowering cap assembly 11 on drill pipeoor a lift line.

In Figure 1, axis 71 of riser connector 11 is aeenvertical. However, it may be tilted
as shown Figures 7-8, which illustrate a tilt opagximately 4.6° from vertical. The
tilting may be a result of damage to BOP 21 or tubsea wellhead housing onto which
BOP 21 is connected. Also, curved surface 18 wklariser connector 13 leading from
flange 17 to cut 15 may be generally symmetricalt onay be asymmetrical about axis
71. Damage may have occurred, causing the portiontal5 to be asymmetrical about
axis 71. The center point at cut 15 may be oftsetrally in one direction from axis 71.
If the portion at cut 15 is symmetrical about axis cap assembly 11 may be lowered
onto lower riser connector 13 with its axis 65 gaflg aligned with riser connector axis
71. Preferably, whether or not the upper portibnser connector 13 is symmetrical or
asymmetrical, cap assembly 11 is oriented witlaxis 65 vertical while being lowered
onto riser connector 13. If lower riser conne@wis 71 is vertical, cap axis 65 and riser
connector axis 71 would coincide with each othellevbap assembly 11 is only a short

distance above riser connector 13. Even if lowssarrconnector axis 71 is tilted slightly,

12



Claims 1. An apparatus (11) for connecting to a subsea member (13) having an external flange (17) or
a connection point, the apparatus (11) comprising: a tubular outer body (29) defining a cavity (43); a
tubular inner body (27) defining a bore (39), wherein the lower end of the inner body (27) resides
within the cavity (43); a lower engaging member (53) coupled to the outer body (29), the lower
engaging member (53) being radially movable between an inward state and an outward state and
configured to alternately engage and disengage at least one of a backside of the external flange and a

connection point; and . . : :
f cut 15 Is generally symmetrical about axis TInay be possible to lower cap assembly

11 with its axis 65 generally centered on risemeator axis 71.

For a riser connector 13 with a symmetrical port@drcut 15 relative to axis 71, guide
pins 61, 63 are spaced concentrically relativexis 85, as shown in Figures 3 and 5.
Referring to Figure 5, the radius from guide pint6laxis 65 is the same as the radius
from guide pin 63 to axis 65. Stop pin 67 servesa guide in the embodiment of Figures
3 and 5 by contacting the outer diameter of flantgs19. Stop pin 67 is shown in
Figure 5 about 30 degrees from long guide pin 61 50 degrees from short guide pin
63, but other angles are possible. Preferablyegpins 61, 63 are substantially aligned
with their respective holes 25 before lowering gupins 61, 63 into their respective
holes 25. Long guide pin 61 first enters one & tibles 25, then continued lowering
causes short guide pin 63 to enter its hole 25meSmtation of cap assembly 11 may be

required for this alignment to occur.

If the portion of riser connector 13 adjacent chiisdasymmetrical, it may not be possible
for guide pins 61, 63 to be aligned then loweredight into holes 25. Figures 4 and 6
show an arrangement of guide pins 61, 63 and stop pthat may be employed if riser
connector 13 is asymmetrical relative to flangesaki. Preferably, inner body 27 has a
plurality of threaded holes 64 on its rim 60 forcwéng guide pins 61, 63. Some
individual threaded holes 64 are at different radistances from axis 65 than others. In
Figure 6, guide pins 61, 63 have been securedfferelt threaded holes 64 in rim 60
from Figure 5, so that a point equidistant betwgaide pins 61, 63 will not coincide
with cap assembly axis 65. Rather, a center poétiveen guide pins 61, 63 will be
slightly offset from axis 65. Long guide pin 6lata greater distance rl to axis 65 than
distance r2 of short guide pin 63 to axis 65. dlsance rl plus r2 between guide pins
61, 63 is still the same distance as between R3d&ig. 1). The distance r2 is less than
the distance from short pin 63 to axis 65 in FigbreThe distance rl is greater than the
distance from long pin 61 to axis 65 in Figure Stop pin 67 is about 70 degrees from
short pin 63 and 110 degrees from long pin 61 ia &xample, but these angles could
differ.
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an upper engaging member (59) coupled to the outer body (29) and being radially movable
independently of the lower engaging member (53) between an inward state and an outward state and
configured to engage and disengage the inner body (27), and at least one of the upper engaging
member (59) and the inner body (27) having a ramp surface to exert a preload force on a seal (41)
disposed between the apparatus (11) and the subsea member (21) as the upper engaging member
(59) is moved inwardly toward the inward state. 2. The apparatus (11) of Claim 1, further comprising

a lifting device (31) secured between theo er body (2 d the inner body (2 nfigured to
stroke the inner bod ('@Jf'fear?dq S B §t(§§§}0rg§ 'ﬂ%é %@éﬁ%‘iﬂ%ﬁ’fﬁéﬁﬁ (liltlea(% ﬁ[)smon to
an extendedipesitmmectdr Iﬁwpmaasyrﬁhiétabéllamér pdm(eapthssapnayaimr(ééjtmaher%
comprises at least UId pi 1%)50 d to a lower rim rbo éZ?ia d extendlng
parallel to a(fong?tu%lna (':Céfj‘w Vé’nhmg ( r%i ifsl gqowe%r & g%DtLb ter boﬂy

apparatus (Db)smioﬁlemlatm/amnermartbecbjpbarwmls guidepfiie 6Sopnptisding b&ipvpmeeaa)rveolmiéd to a

end (69) of Sl by Bate oy 0 B B T S R M T Lhe g,
comprises a2bev&V(ED) BiiteAORSrORPadesRim by {8o)vaF henbriges b BBt (29 e nhnteripased of the
outer body, the (B ia WAIARHBM 3 10NEE 0994 87 BRAERYYin 63 will also be laterally spaced
or outboard from flanges 17, 19, far out of aligmineith its respective hole 25. Long
guide pin 61 will only enter an upper portion & Itole 25 so that the lower end of short
guide pin 63 is at a higher elevation than the upla¢ surface of riser flange 17. The
lower end of short guide pin 63 need not be atlevaéion higher than severed upper end
15 (Fig. 1) because it will swing around the asyrmio@ portion of lower riser
connector 13 during the next step. PreferablyR@V with a video camera will be in
assistance. A paint mark (not shown) on long gyiohe61 will indicate to the ROV
operator in a surface vessel when the proper amotiqtenetration in hole 25 has

occurred.

Referring to Figure 8, the operator then rotatgs assembly 11 about long
guide pin 61. In this example, the rotation is deurlockwise while looking down on
cap assembly 11. The rotation will be around tbke I25 receiving long guide pin 61,
not around cap assembly axis 65. The degree atioatis the amount that is required to
swing stop pin 67 around until it bumps againstabeer diameter of flanges 17 and 19.
The amount of rotation will be less than 360 degraed will depend on the position of
stop pin 67 when long guide pin 61 enters hole 3%p pin 67 is positioned relative to
guide pins 61, 63 so that when stop pin 67 bumpsnagthe outer diameter of flanges
17, 19, short guide pin 63 will be aligned above dither hole 25 (not shown). Figure 8
illustrates stop pin 67 bumping against flanges 19, and short guide pin 63 aligned
with the other of the holes 25. The offset possi@f guide pins 61, 63 relative to axis

65 will position cap axis 65 offset from lower nigwnnector axis 71 at this point.

The operator then lowers cap assembly 11, whicksesaguide pins 61, 63 to

move downward in their respective holes 25. Lomgegap assembly 11 also causes axis
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6. The apparatus (11) of Claim 1, wherein the inner body (27) comprises: a bracket (33) coupled to an
upper end of the exterior of the inner body (27); and the seal (41) coupled to a lower end of the
interior wall of the inner body (27), the interior wall defining the bore (39). 7. The apparatus (11) of
Claim 6, wherein the seal (41) comprises: a metal body (32) having a curved lower portion; and a
flange (34) that secures the seal (41) to the inner body (27). 8. The apparatus (11) of Claim 7,
wherein:

65 of cap assembly 11 to tilt and align with th&ed inclination of lower riser connector
13. As cap assembly 11 moves downward, the afisexis 65 relative to axis 71 allows
seal 41 (Fig. 1) to clear the laterally protrudugper portion of lower riser connector 13.
Figure 9 shows seal 41 in close proximity, butyeitlanded on lower riser connector 13.
Bevel 70 on lower rim 69 of outer body 29 will hegaging riser flange 17 before seal 41
touches riser connector 13 (not shown in Figure Outer body 29 will still be in the
upper position relative to inner body 27. The madi@emeter of outer body 29 at bevel 70
is only slightly larger in diameter than riser ftgn 17, thus bevel 70 will cause cap
assembly 11 to move slightly laterally from theseff position to an aligned position
wherein axis 65 coincides with axis 71. Guide s 63 are slightly smaller than their
respective guide holes 25 to allow this lateraftsty to occur. Once axes 65, 71 are
aligned, seal 41 will land on curved surface 1&other paint line (not shown) on long
guide pin 61 will indicate when seal 41 has prop&hded on curved surface 18. When
seal 41 has properly landed, each guide pin 6lyib®e slightly offset in its respective
flange hole 25.

Referring to Figure 10, the operator then applies pressure to hydraulic
cylinders 31 to stroke outer body 29 downward retato inner body 27, which is now
aligned and resting on lower riser connector 13hil&/outer body 29 is in its lowest
position relative to inner body 27, lower dogs 5l e located at a lower elevation than
the lower side of BOP flange 19. The operator teakes lower dogs 51 inward by
engaging ROV interfaces 53. Preferably, lower dagwill be spaced a short distance

below the lower side of BOP flange 19 once in tiveard positions.

Then, the operator will employ hydraulic cylindeg% to lift outer body 29
relative to inner body 27 a short distance untido dogs 51 abut the lower side of BOP
flange 19. The operator will then stroke uppersd6§ inward as shown in Figure 11.
The lower surfaces 57 of upper dogs 55 will engageard facing shoulder 47, pushing
downward on flange 45 and inner body 27 and pullipgvard on outer body 29. The
engagement of upper dogs 55 with upward facing lsleoul7 causes a preload force to
occur that lower dogs 51 react to by engaging theef sides of BOP flange 19. The
application of the preload force forms a tight d&stlveen seal 41 and curved surface 18.
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the curved lower portion of the seal (41) defines a seal member recess extending from an edge of the
curved lower portion radially inward; and an elastomeric member (36) substantially fills the seal
member recess and is configured to create a seal against the subsea member (13) having an external
flange (17). 9. The apparatus of Claim 7, wherein: the curved lower portion defines a seal member
recess extending from an edge of the curved lower portion radially inward; and a soft metal member
(38) substantially fills the seal member recess and is configured to create a seal against the subsea

member (13) hav ext nal flan %/ 10. The aratus i( of Clal 7, wherein the seal
(41) forther ORISR ot el a e ABHAUR FUBH 50 A U e P B th el (ESPBRE portion
and configurededo meafmaaﬂa@d,a@ambtha:aubmmrmmbgiw(d&))ha(mugsanww)emeaﬂmer(ﬂy

11 between curved surface 18 and the area aroahd e Any fluid flowing up through

lower riser connector 13 will thus flow into inneody bore 39 where it may be delivered

to the surface or otherwise contained.

It may be possible to disconnect lower riser fardiy from BOP flange 19
before running cap assembly 11. If so, cap assefitblcould land on and connect to
BOP flange 19 employing lower dogs 51 and uppersdb§. Seal 41 could be
reconfigured to seal on the inner diameter of BQRuat below BOP flange 19 or on the
face of BOP flange 19. The concentric arrangermaégtiide pins 61, 63 shown in Figure

5 could be employed.

While described in connection with a blowout preeerand lower riser connector, the
invention is also applicable to connecting to otiypes of made-up flanges or connection

points.

By the use of the present invention, a made-upgflamay be capped; thus, preventing
the flow of fluids and gases such as oil and methato the surrounding environment.
Furthermore, the present invention accomplishestéisik without risk of clogs formed by
methane hydrate crystals. In addition, the pregargntion overcomes problems with
excessive reservoir pressure by redirecting thd fhto a subsequently attached riser or

a containment device.

It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made infdregoing without departing from the
spirit or scope of the invention. Having thus déxst the present invention by reference
to certain of its preferred embodiments, it is dotkeat the embodiments disclosed are
illustrative rather than limiting in nature and tha wide range of variations,
modifications, changes, and substitutions are coplEted in the foregoing disclosure
and, in some instances, some features of the greseamtion may be employed without
a corresponding use of the other features. Manly gagations and modifications may be

considered obvious and desirable by those skiltethé art based upon a review of the
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11. The apparatus (11) of Claim 1, wherein the lower end of the inner body 927) remains within the
cavity (43) of the outer body (29) in both the contracted position and the extended position. 12. The
apparatus (11) of Claim 1, wherein the upper and the lower engaging members (53, 59) comprise
dogs. 13. A method for connecting to a subsea member (13) having an external flange (17) or a
connection point, the method comprising: (a) providing a locking cap (11) with a tubular outer body
(29) defining a cavity (43);  a tubular inner body (27) defining a bore (39), wherein the lower end of
the i 27 id ithin t ity (43);, .. . L .

€ nner bo%égo?nrges esecsrivp\)ltlltohno %rce?glr e e?nbodlments. gkdingly, it is appropriate that the

appended claims be construed broadly and in a mamamsistent with the scope of the

invention.
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a lower engaging member (53) coupled to the outer body (29), the lower engaging member (53) being
radially movable between an inward state and an outward state and configured to alternately engage
and disengage at least one of a backside of the external flange (17) and the connection point;  an
upper engaging member (59) coupled to the outer body (29) and being radially movable independently
of the lower engaging member (53) between an inward state and an outward state and configured to
engage and disengage the inner body (27), and at least one of the upper engaging member (59) and
the inner body (27) having a ramp surface to exert a preload force on a seal (41) disposed between
the cap (11) and the subsea member (13) as the upper engaging member (59) is moved inwardly
toward the i state; (b) lowering the cap (11) toward the subsea member (13) and inserting an
end of the subsea member (13) into the cavity (43); (c) energizing the lower engaging member (53)
to engage at least one of a backside of the external flange (17) and a connection point; and  (d)

energizing the dppBP ARPAYRHYEHRbE(SONREEHIRJR RSHIRELBRIIBH REPeNG L BFEHR] force on
the seal (41). 1l4g3hgenethen afcclriation heimxiamnappfanaay bprigipgonnection point having

two holes (25) spaced g e e TR Bod B8 UBRIG a cavity (43);

a tubular inner body (27) defining a bore (39), velre the lower end of the
inner body (27) resides within the cavity (43);

a lower engaging member (53) coupled to the outety(29), the lower
engaging member (53) being radially movable betwaernnward state and an
outward state and configured to alternately engagkdisengage at least one of a
backside of the external flange and a connectiantpand

an upper engaging member (59) coupled to the daady (29) and being
radially movable independently of the lower engggmember (53) between an
inward state and an outward state and configureengage and disengage the
inner body (27), and at least one of the upper g@nganember (59) and the inner
body (27) having a ramp surface to exert a prefoack on a seal (41) disposed
between the apparatus (11) and the subsea menibeag2he upper engaging
member (59) is moved inwardly toward the inwardesta

2. The apparatus (11) of Claim 1, further comprisinftang device (31) secured
between the outer body (29) and the inner body &2id) configured to stroke the inner
body (27) and the outer body (29) relative to onetlaer from a contracted position to an
extended position.

3. The apparatus (11) of Claim 1, wherein the apparétd) further comprises at
least one guide pin (61) coupled to a lower rimthed inner body (27) and extending
parallel to a longitudinal cavity axis (65) beyaatbwer end of the outer body (29).

4. The apparatus (11) of Claim 1, wherein the apparéid) further comprises a
stop pin (67) coupled to a lower rim of the outedy (29) and extending parallel to a

longitudinal cavity axis (65) beyond a lower en@)(6f the outer body (29).
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step (a) comprises providing the cap (11) with first and second guide pins (61, 63) coupled to the cap
(11) and extending downward, the guide pins (61, 63) being spaced apart circumferentially a same
distance as the holes (25) in at least one of the external flange (17) and the connection point, the first
guide pin (61) being longer than the second guide pin (63); and a stop pin (67) coupled to the cap
(11) and extending downward, the stop pin (67) being spaced radially further from an axis of the cap
than the guide pins (61, 63); and step (b) comprises: Iowering the cap (11) toward the subsea

ber (13) and tthf 1 f the holes (25) of the external
g (L7). rotatin QPR o LTS bt TR QUG TR T e Dy

contacts a s@@l@)oéﬂtmwdxtgrfrahﬁlm@m(ér?b;mvl(ﬁg) alighe tdneteselgo(mgmdarpmtéﬁii)rwwaosenend of the
two holes (253t hgd?/x{ﬁe |nt(gr?8rng$ﬁ9éfan|ng a lower edgehe cavity.
6. The apparatus (11) of Claim 1, wherein the inn@ly@7) comprises:
a bracket (33) coupled to an upper end of the iextef the inner body (27);
and
the seal (41) coupled to a lower end of the intesiall of the inner body (27),
the interior wall defining the bore (39).
7. The apparatus (11) of Claim 6, wherein the segl ¢dinprises:
a metal body (32) having a curved lower portiord an
a flange (34) that secures the seal (41) to theribody (27).
8. The apparatus (11) of Claim 7, wherein:
the curved lower portion of the seal (41) defineseml member recess
extending from an edge of the curved lower portemtally inward; and
an elastomeric member (36) substantially fills $eal member recess and is
configured to create a seal against the subsea arefhB) having an external
flange (17).
9. The apparatus of Claim 7, wherein:
the curved lower portion defines a seal membersseegtending from an edge
of the curved lower portion radially inward; and
a soft metal member (38) substantially fills thelsemember recess and is
configured to create a seal against the subsea aerefhB) having an external
flange (17).
10.The apparatus (11) of Claim 7, wherein the seal) (ither comprises an
elastomeric member (40) bonded to an exterior & trved lower portion and
configured to create a seal against the subsea ergii®) having an external flange (17).
11.The apparatus (11) of Claim 1, wherein the lowed ehthe inner body 927)
remains within the cavity (43) of the outer bod@)# both the contracted position and
the extended position.
12.The apparatus (11) of Claim 1, wherein the uppet #re lower engaging

members (53, 59) comprise dogs.
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lowering the cap (11) until the cap (11) rests on the external flange (17).

13. A method for connecting to a subsea member (13)ngaan external flange (17)
or a connection point, the method comprising:
(a) providing a locking cap (11) with a tubular eubody (29) defining a
cavity (43);

a tubular inner body (27) defining a bore (39), velre the lower end of
the inner body (27) resides within the cavity (43);

a lower engaging member (53) coupled to the oubely{29), the lower
engaging member (53) being radially movable betwaerinward state and an
outward state and configured to alternately engagkdisengage at least one of a
backside of the external flange (17) and the commepoint;

an upper engaging member (59) coupled to the duatedy (29) and being
radially movable independently of the lower engggmember (53) between an
inward state and an outward state and configureentgage and disengage the
inner body (27), and at least one of the upper gnganember (59) and the inner
body (27) having a ramp surface to exert a prefoatk on a seal (41) disposed
between the cap (11) and the subsea member (1B apper engaging member
(59) is moved inwardly toward the inward state;

(b) lowering the cap (11) toward the subsea mer{®rand inserting an end
of the subsea member (13) into the cavity (43);

(c) energizing the lower engaging member (53) tgage at least one of a
backside of the external flange (17) and a conaegidint; and

(d) energizing the upper engaging member (59) gage the inner body (27)
exerting a preload force on the seal (41).

14.The method of Claim 13, the external flange (17)her connection point having
two holes (25) spaced circumferentially apart, vefrer

step (a) comprises providing the cap (11) witht fnisd second guide pins (61,
63) coupled to the cap (11) and extending downwtre,guide pins (61, 63)
being spaced apart circumferentially a same distascthe holes (25) in at least
one of the external flange (17) and the conneqgbioint, the first guide pin (61)
being longer than the second guide pin (63); and
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a stop pin (67) coupled to the cap (11) and extepndownward, the stop pin
(67) being spaced radially further from an axisha cap than the guide pins (61,
63); and

step (b) comprises:

lowering the cap (11) toward the subsea member ¢h@)inserting the first
guide pin (61) partially into one of the holes (25the external flange (17);

rotating the cap (11) about an axis of the firatdgyin (61) until the stop pin
(67) contacts a side of the external flange (1 hictvaligns the second guide pin
(63) with a second of the two holes (25) in theeexal flange (17); and

lowering the cap (11) until the cap (11) restslonéxternal flange (17).
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