EMERGENCY SUBSEA WELLHEAD CLOSURE DEVI CES BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates to riser
managenent systens. Mrre particularly, the present invention relates to a
system program product, and related nmethods for controlling a well during
an energency. 2. Description of Related Art [0002] A problem presented by
of f shore hydrocarbon drilling and produci ng operations conducted froma
floating platformor vessel is the need to establish a sealed fluid pathway
bet ween each bopMIREENCYSUBSEA WELOHEAD CLOSURIMBEVIER®r k deck of the
vessel at the ocean surface. This sealed fluid pathway is typically
provided by a drilling riser system Drilling risers, which are utilized
for offshore drilling, extend fromthe drilling rig to a bl owout preventer
(BOP) which is direct| BACKGROUNG OF TIRIEVENITIGN an upper portion of a
subsea wel | head. A typical marine drilling riser permts passage of dril

pi pe whi chrieRl ¢f3pENdv@LtipaINPI Ng | ubricati ng nud down the well during
drilling operations, return of drilling nud that has been punped through
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vesse BOP, often referred to as a BOP stack, is a specialized
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typical marine drilling riser permits passage of drill pipe which is used for pumping lubricating

mud down the well during drilling operations, return of drilling mud that has been pumped
through the drill pipe into the main tube of the riser, and any associated drill cuttings, and
provides a connection of the drilling vessel to the well above the subsea BOP stack. Similarly,
production risers extend from and provide communication between the subsea wellhead system

and the floating vessel.

[0003] The BOP, often referred to as a BOP stack, is a specialized valve or set of valves used to
control and monitor the subsea well. The BOP stack generally includes two categories of
blowout preventers: ram and annular. The ram-type BOP typically uses a pair of opposing steel
rams which can extend radially to either block or open a fluid passageway extending through the
BOP stack. The ram BOP includes pipe rams, blind rams, shear rams, and blind sheer rams.
Pipe rams close around the pipe to restrict flow in the annulus between the outside of the drill
pipe and inner bore of the BOP stack when a drilling pipe is extending through the bore of the
BOP stack. Blind rams, which have no openings for tubing, close off the bore completely when

no drilling pipes extend through the BOP stack by pressing against each other to form a seal.



Shear ranms and blind shear rans cut through the drilling pipe wth hardened
steel shears. The annular BOP functions simlar to a sphincter. [0004] The
different preventers can have different closure dianeters to acconmodate
for either the existence of drilling pipe or different diameters of
drilling pipe. The BOP stack al so includes a nunber of choke and kill 1ines
that extend alongside the riser and enter the interior of BOP at different
poi nts between BOP el enents which can be used to shut down the subsea well.
[ 0005Khddneardls bhd bIgl SHegeranadut BRowlinsBe AAEGRgdpd Wamhahenaestbel ahewre The BOP
stack, allowng the drilling vessel to retrieve the riser and tenporary
move ﬁWBH$ﬂﬂ%PgFWVW“§F?@“§%6§WH“@%@ need arise (i.e., during a hurricane
event, or a malfunction). Having remained atop the well head, when
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i ncl ude an energency well fluid shutoff assenbly positioned separately from
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| NVENT Bt system in place and a wellhead based emergency control apparatus can advantageously
provide the necessary fault protection by providing an independent safe guard system. Also
recognized by the inventors is that currently existing well control systems do not provide for a
wellhead based method for shutting off a well. Recognized by the inventors, therefore, is the
need for a wellhead-based systems, apparatus, and methods of controlling the flow of well fluid

in an emergency that is independent of the BOP. Specifically, recognized by the inventors is the
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[0008] In view of the Ibregoing, various enbodi nents of the present

i nventi on advant ageously provi de systens, apparatus, and nethods of
controlling the flow of well fluid in an emergency that is independent of
the BOP. Various enbodi nents of the present invention include systens,
appar atus, and net hods which can include an energency well fluid shutoff
assenbly positioned separately fromthe BOP stack which can radially
conpress casing strings and/or drilling pipe extending through the subsea
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i nclude an energency well fluid diversion assenbly to divert well fluid
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an exenpl ary enbodi nent of the present invention, the casing strings
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bl ade assenbly positioned to cut an aperture through the well head housi ng
and the plurality of casing strings, an electrical discharge cutting
assenbly positioned to cut an aperture through the well head housi ng and the
plurality of casing strings, a chemical mlling assenbly positioned to cut
an aperture through the well head housing and the plurality of casing
strings, an explosive discharge cutting assenbly including a expl osive
charge operably



connected to a cutting torpedo to cut an aperture through the well head
housing and the plurality of casing strings, just to nanme a few. [0013] In
an exenplary configuration, the diverter includes a main body, a passageway
ext endi ng through portions of the main body along a main axis thereof to
channel well fluid fromw thin the wellhead housing, and a well fluid
col l ection aperture extending through at |east a portion of the diverter
and connecting to the passageway to provide a fluid channel to the
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assenbly can be actuated to stop or restrict the flow of oil and gas froma
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provi ded by nmechanically collapsing the well casing strings, for exanple,
by nmechanically applied forces or explosively applied forces. Collapsing
forces can be achieved through piston style ranms driven by pressure, driven
by el ectro-nmechani cal notors, phase change material systens, or by direct



BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] So that the manner in which the
features and advantages of the invention, as well as others which wll
beconme apparent, may be understood in nore detail, a nore particular
description of the invention briefly summari zed above may be had by
reference to the enbodi nents thereof which are illustrated in the appended
drawi ngs, which forma part of this specification. It is to be noted,
however, that the drawings illustrate only various enbodi nents of the

i nvent i on ar e therefore ons red tin
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according to an enbodi nent o present 1nvention;
wellhead housing to an external conduit. Correspondingly, outer surface portions of the diverter

can be shaped and material-wise configured to extend through and engage inner surface portions
of an aperture in the wellhead housing to form a fluid-tight seal. Also or alternatively, inner
surface portions of one or more of the apertures extending through the casing strings can be sized
to form a sealing relationship with the outer surface portions of the diverter and the inner surface
portions of the one or more of the apertures. A remote activation controller operably connected
to or integral with the emergency well fluid diversion assembly is configured to receive remote
activation commands and to provide a remote activation signal to the casing strings penetrator to
cause the formation of the aperture in each of the plurality of casing strings, and/or the well fluid
diverter to extend through the aperture in each of the plurality of casing strings to divert well

fluid from within the wellhead housing to an external conduit.

[0014] Embodiments of the present invention also include methods to control a well. For
example, a method according to an embodiment of the present invention can include employing
a casing strings compression assembly of an emergency well fluid shutoff assembly to radially
compress each of the plurality of casing strings extending through portions of the wellhead to
restrict well fluid passage. The method can also include employing a casing strings penetrator of
an emergency well fluid diversion assembly to form an aperture in at least one of a plurality of
casing strings and extending a well fluid diverter through an aperture in a side of the wellhead
housing and one or more of the apertures cut by the penetrator to divert well fluid from within
the wellhead housing to an external conduit. According to an exemplary embodiment of the

method, insertion of the diverter can be accomplished by initially inserting portions of the
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[0023] FIG 7 is a sectional view of a cutting blade portion of a casing '
strings penetrator according to an enbodi nent of the present invention;
[0024] FIG 8 is a sectional view of an electrical discharge nmachining
cutting portion of a casing strings penetrator according to an enbodi nent
of the present invention; and [00251 FIG 9 is a schematic bl ock di agram of
a method to control a well according to an enbodi ment of the present
|dnvenft| 03. DETA]Ic L:ElD DESCRI PTI ON [ 0026] The present invention will now be
escri ped nor u er el naf t refer t o [
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mbodi
e, o o1 B o BPERSEle QK0T oF2 RONER ARARKR e P TR RESTHE 17w

fluid divarer avigubseaswelck plomomlsle)faasep@fuxaublabWasiume cofrthéqﬂuprtryndn@ﬁtngwel I
abandonnent. |f _a bl owout occ

t hi d
appar SHDSEanaHIE A D Bte T IR Py b GREARE QPP LT Bl L Fis

sy st enge|Head RERHINE ldiveRRIAN fuid GowAlvitRi tRaWellial lhd@sub@fohh&@ésﬁg’e&l@ﬁletm
operated vehicle) intervention, or by an electrical activation neans or

hydraLFlW@t@a@ﬂdJ@taé?cﬁxtﬁé%ﬁwond@Jrrent safeguards to well control are synbiotic,
in that they are not independent. The current saf equards only work if the
syst en[@Oijr‘f’mrqu ambddisicghsed theTpriesent invertoapsisantageopsly pevjdechellad begsd t he

st andar %l P%n‘upo St e?rpu t(t:’ac%%? ?)t §% 023, DGRl @t 1%@1%%%%%%@%%% deBystigm i s

desi gn¥& f one fails, so m
Advant ageQesiryl, agpirot mnwvmagtehml)appfauw bisth36n mrmmoynd@l dhiid rsd:ieqoﬁndent

saf e guard system whi ch proyi des the t f
For m O AP SR MEGOE) Sl Hen SR Fortgpar s terg ey vl VG b O 'y
exi st i &gerﬂ\ﬁgllcaﬁ: 9@5&941&@ ¥S4t88TBr [46tritOthe B0V S IlrQir g W b ReRda b@ﬂeﬂhdmiyhOd

for shutting off a well, various nethods of wel| shut-in accaording to
enbodi therstoppade th@stppte(gemn benscspmplghed by compression of the casing strings, such as

22" 13-5/8" and/or 10-3/4" casings, so that little or no flow area remains. The restriction can be
provided by mechanically collapsing the well casing strings, for example, by mechanically
applied forces or explosively applied forces. Collapsing forces can be achieved through piston
style rams driven by pressure, driven by electro-mechanical motors, phase change material
systems, or by direct high pressure as from an explosive apparatus. Other means of collapsing
the casing are nevertheless within the scope of the present invention. The emergency well fluid
diversion assembly can be actuated to penetrate the wellhead housing and/or casing and/or
drilling string in order to control the flow of oil and gas from the subsea well. Advantageously, a
penetrator can be employed to penetrate the well by drilling or by perforation through the casing
strings so that the flowing string can be restricted or diverted. A diverter, separate from or
integral with the penetrator, can act to create a new flow path emanating from one or more of the
penetrated well casings. The penetration of the wellbore may be performed by various means
such as, for example, boring, chemical milling, electrical discharge machining, or via perforation
using explosive charges. Once the bore is penetrated, a physical barrier forming a diverter can

be introduced through the penetration to divert the flow from the wellbore. Advantageously, the
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advant ageously provi de such capability at a location in the production flow
t hat precedes the standard BOP. The |ocation at the well head al so can be
beneficial because it is less likely that there woul d be damage to the
apparatus 30 or otherw se inadvertently taken offline when a riser drop
occurs. A riser drop can be caused by a nunmber of events including fatigue,
drive-off, blow out, human error, etc. The location of the intervention for
the wel I head shut-off apparatus 30 can beneficially be well protected or
even s ot e om nj | d rigg to

El GS. cﬁp n‘{’ég éorh% (Estgda%\e I t%e xaﬁ w1{téihe”§&% fac n agiqglﬂg%cgéggét%%ﬁ S%ls tem
33 Ianﬂedmmmgphafbesefﬂoms(hb@mmaaéwu®QWdeeﬁedmtm mh& t@@vmﬂagheyyeﬂkhead

33 is a bl owout preventer 37 p05|t|oned to contr L flui 8 eX| % the
subs e PREFIUA &Y /5% INCfUgle @anirpl SR oS R8T IS %ﬁ%oam&éﬁh epes | g

|OcatQﬂu&ﬁﬁé%%ﬂﬂﬂ&@ﬁd%H@Qﬁ@oh@%\@hlﬂ&&cﬁ@n§m3&m&ﬂgwah&|QM@Mhn@mRNQﬂth 37-
As perhaps best 1llustrated in FIGS. 2 and 3, the well head 33 includes a
h| gh mcée@drrémmsbsm@pmdenmt plgtfaim eental ahstepras pessoniyddi eueh| thatctbacantiing
251?/11 (ng S Jrﬁ(t)ﬂa%dd'fmﬁakcﬂo% ﬁh[uentg% A3k bs a4 Pser el ?@gl % tMEQUQh
the central 3 ong wth approprlatefh rdware to inclu e, or
exanphmﬂn@@eﬁh@hmaudhbr 10- 3/ 4" casing hangers 51, 53. The high-pressure
housing 41 typically welded to 20" or 22" pipe 45, is landed in the | ow
pressure housing 59 which is typically welded to 30" or |arger pipe which
extends to the reservoir floor 35. [0029] FIG 1 illustrates an exanple of
a wel | head- based cont BRIEEDESCGRIPTION O TORIDRAWINGS | system 31, which
can include both an energency well fluid shutoff assenbly 61 (see al so,
FI G  2porgrsedhethetammer imtva@hahe Medulied bed Bousiagaes 64 tef invaltiohead wdd and
conflgured to restrict or stop the flow of fluid through the mellhead 33,
and arPtsie Mygasc yilhdierome li‘iPHa‘ﬂ'i“vé’??’sY 8% uaé%hs@ymm%%% & gnorg| artieyar
connechedinfiBy . mat ﬁgtﬁtonwot by REmiRLSLN Gy %ywst 'igagy S3rRdl GRNfgur ed
to divert wel hrough an external conduit 65 to here rel ease
fluid qmb@sismﬁn@ tbferetAEWhlchlam dluptrased mgthwapmnudect I:iemm&tst hféacd fhomgmq ofTthisn a
control |l ed manner. .both descri bed l.ng to
2 or ererd TRt 5 v B PeRE TS ER DR TR Mol B A bRHE suBbiBfle? ana
t he ergrigeineantiorlahd fieWhdile fdieviedt $d wcoanseerébllymﬁﬁg éff the p@smtdmsnﬁﬁp@ei iowalyhe
casi ng hangers 51, 53 and, any adj acent equi pnment such as, for exanple, a
sl ope NHeeRtbgelisptivsgmbodisepts aspiglk her , al t hough shown above the nudmat 60,

one or both of the enezgenc wel | f|UId shut of f assenblr_Gl and t he
ener gdARL/ WG| | 19 asanbinajien sthamagis blagk | djagemn eahepdroppsnie] vaePTBerdicahe

| AR 5ok R PEALES 136,853 ERILLGR R RO S] Rl daARILE 0 2

catastrophic ev shown |
assondny 1R e GRS th'Géef%&@“veEgéd‘%@cﬁno?%f;‘%.eﬁt L

49 exteemgemgy tvall dughshtitoél B3gmeblv 3ccofdinde anedntHodaaknh ofithe peesdrt, m\&lndma caS| ng
strings conpression actuator 73 operably coupled to the casing strings
conpr 486199 1¥1@s3 Brddoynbidation seutioval! @erﬁﬂﬁ:@tlﬁb’;lshd"l@t\&ﬁohinlgﬁl ciowpifapsitn dssenbl y
71. The casingﬁitrln S conpresglon assenbly %(gnclu es a pair of opposing
conpr E8¥TEHCY ¥ tyagsion gsem BSErT DA e FaDILiEHF t‘iheti?jﬁiff’ﬂméier&@ﬁt er of
the bore 43 of the well head housing 41 to apply a conpressing force to each
of t hd0@2MiFKg. isra negpedtiye vagy Oﬁfgdwmtrénseétaéwt@ﬁ suiriea wadhaeg heilsipmpdords, 47,
49, h%ﬁmgn Qﬂtﬁé &vgﬂér aét& %% artaﬁ FRAEH o?tttt%es%t 1%10&1“%” ality of casing

strings Int e exenpl ary con |gurat|on when applied
radi al i each
of t hg*’%%” %2(2?%3552 écﬁvéa%w%’ PRHER bR 1TS, RRY PLuar Bl 30
enbodirometién oftht hi&equrelsmﬂmg iy anérh oot ime@ ol tlef predest 1pa§mtxon;‘ opposi ng
conpression rans 74, 75, can include a hydraulic or electric piston 77
conneqo@2] oG a6 pmr;ieirspactﬁte vidve ofve diviegachavingsd gtge thlclde cdAPppleysiddel crqigRssi ng
force. As such, when nenteF hydr aul.i cal.l 1%’ t he casing strings
conpré§§P6ha%@FU%t@@“ 8 pnenh el tha@reseiyaneatith:c source incl udi ng vari ous
conponents such as, for exanple, a hydraulic accunul ator storing

pressuri zed hydraulic fluid, a hydraulic punp assenbly having a hydraulic
punp, a notor positioned to drive the hydraulic punp, and a hydraulic fluid
reservoir as known and understood by-pne of ordinary skill in the art.
Alternatively, piston 77 can be in the formof a |linear actuator connected
to a portion of the well head housing 41 that when rotated extends casing
string engagenent surfaces of the conpression rams 74, 75, toward a center
of the bore 43 of the well head housing 41 to apply the conpressing force to
the casing strings 45, 47, 49. As such, when inplenented electrically, the



strings 45, 47, 49, at approximtely a sanme coaxial l|ocation, and if not
already in existence, and aperture 95 in a side wall of the well head
housi ng 41, and can include a well fluid diverter 97 separate from or
integral with the casing strings penetrator 91 and having portions ,
configured and positioned to extend through an aperture 95 in the well head
housing 41 and one or nore of the apertures 93 in the casing strings 45,

47, 49, to divert well fluid fromwthin the well head housing 41 to the
extern ui.t.65 tq. thereby rel i res o Tk | owi ng
o PR AR isog s (g'tﬁ)g?lnégglmi RIGRAE b ﬂg@lofﬁmﬁéﬁéﬁ%ﬂngg §gértpdi1|“§nrg to a
pr ef er e6rdapnd agumabdiornt @shgmesenofvanionnst al | ati on package, an access
aperture 95 is preforned or cut during retrofit to accommodate the well
fluid moygrisicos iasseubhy ves: of DA} rickhdisgranetmahorninduttanpdreon nfd exsbrt ed
according to various neans as known ggg%rstood Q%.one gf ordinary skill in
the arfiriagsgrnggatorageordipg torpembadimeny RS ENYEE PRI bl ade assenbly 99
(see, e.g., FI G 7) having variqus sh%pes, an el ectrical gischgrge cutting
assenmblOP2I0IG Seis, a achgmatifbhpckgyiagip@aotha methed, o P! ehyplb @ccardioR dfyi 4l

m |1 ng assqah! onand/ or an expl osive di scharge cutting
assenbly |ncgggygéq§&€§gﬁ%§%sg charge (not shown) operably connected to a
cutting torpedo, each positioned to cut the apertures 93 through the casing
strings 45, 47, 49, and/or aperture 95 in the well head housing 41 to cut an
aperture through the well head housing and the plurality of casing strings.

Qther cutting nmeans as knowpyipaANep Prr@ipr@ON skill in the art are within
t he scope of the present invention. Fur actuator 73 can be in various

er,
forms ' N10] | QhfE byit Rer&x@MPlR 1f

inplengﬁgégﬂ%g%ﬁgg?ﬂg&gﬁwfgﬁdﬁgfgég%ggggg%?e?agﬁgﬁ$%éf nffl[ﬁg assenbly, or
el ect r accapaliysghdmgéngsutvhichgllagsenthyodiméngs at theainwentioan Thg invgetien meyor and

power supply for ratating the_ cutting surfac I f.in the f

Exepl osTOEbET S apriny SEEHb G AL it apbpt JahiEsd 8 Mtadd e

det onafjRttrat&t EmbddIR 3kt sBefotth MeRgh.t RathkGBhesd embollihedts @X @aplidddyso that this

configuration, the diverter 97 includes_a min bod 101,d§%Rassa eway 103
[

ext endilisgosuse Bilg ke panreyBnandagormhde. i WViblolwly fenveyl Brgeope € HRICBUQTEY eof
to ch | i.d fromw thin the well head housing 41, and a well fluid
colleg&?%%*ﬁggﬁ?gkéthS extending through at | east a portion of the

di ver t g, 97pRRd € L0k BRO ViR 1§ lbingbichannel
to theﬁ%% s%%%ﬁé?pQ8%&&#Eg“Q@V%mgwﬁﬁﬂﬁigfﬁgggégﬁu%g%rture 105tof the

di ver t abs@7welanyshen Bh Vahieud enbodirherds dbthevpmesdntf iagémign rdeantageo sy payaks aot

ext end t hrough the  nai d 01 the diverter 97 so tha n, the

di ver t Bickgp tgéheotﬁ%dr“é‘may B@%s%?%dﬁ%‘g%éﬁ@e g&‘&l‘r&f’fgﬂ %’ivﬁl%'f’%éhev@?\méddh hOdsi ng
41, thgpasl Well Inuhé c&Rldradtibw Buperdr penakoht wélpmaticnmel! 1ffd blodoitdcoutshe
passageway 103 in the main body 101 to divert well fluid from w thin_ the

vel | hethts housiotgeadicmerzersy w@rirak frargenduran BS aclogied depoiftt Ayflependsit el
surface, pont 8% % %{:&g ofl'uy?{otnﬁ@. IReHiBR RUBDARSH iANGadTBEE! RAN- WeSBtely
config fed 16 ef{eﬁg ro é% and engage |1 nner surface portions of an

aper t usger@ed vehitlbeinwetdntieadr bgusichgtral aaivitgmnmeant lonihgdrailighactgged megsso or

al ternativel i nner surface portions. of one or nore.of the apgrtures 93
ext end H@ﬂﬁﬁ%@&ﬁﬁd%HEW%L§®H6”5F%$ﬂﬁ§iﬁsﬁ‘@?ﬁmib?eng"%E%E“?% Eﬂ%¥§ﬁt

seal i ngyERhakicARSRbIR PetgeRms herfow ef dsimbac ThRAE be@nse O pritergdtuarder 97
and the inner surface portions of the one or nore of the apertures 93. A

r enot efeadhd standashBEBryptem) ase lopgted d’ﬁéh%ﬂlaifo%rﬁﬁ‘é]&ts@oagttaﬁj SSIhieGE RN WY h t he
ener gep ecY‘ﬁh it i ﬂgé’ Rbshigh @2 SHEP! X abhe &s&%%ﬁlbﬁ@iﬁe@nf@éﬁh@%ﬁﬂﬁﬁé on
conmmants and can provi deé a rénote activation sighial to the casing strings
penet r 30 ean Plovide aairsieptriient srfargtardrsygbmt Weichpeotidesee 38cdnd afhe teadiuly

strings 45, .47, 49, and/or_ the well fluid diverter 97 tg, e nd thr h the
aper t uPSEETH A the ﬁﬁ@ %Qérwam§¥fPﬁ§é‘%%?g%WY‘ﬁ@?maﬂﬁ?”ﬁmagérﬁﬁﬁagéﬁ”F@H%ivert
vel | f Lykichef WM oMb hiyRtehi3iowst Flr@eme RIS EMEad baded nidilfodeist shumalg cfoncuellf 65.
[0035] FIG 6 illustrates an alternate enbodi nent of the diverter 97

wher ebyariwe wsthods | ofi avedloisheicin 8srosdiag t tor empogimeaiss Shat RFSERIh Y5BUYbdy of
the diverter 97. In such configuration, the diverter 97 can include a gate
107 which can be enployed to allow well fluid to bypass the diverter 97 or
when actuated, can cause well| fluid t8-be channeled into passageway 103.



100361 Enbodi nents of the present invention also include nethods to control
a well 31. For exanple, referring to FIG 9, a nethod according to an
enbodi ment of the present invention can include enploying a casing strings
conpression assenbly 61 to radially conpress each of the plurality of
casing strings to restrict well fluid passage through portions of the
wel | head housing 41 (block 201). The nethod can al so include enploying a
casing strings penetrator 91 of an emergency well fluid diversion assenbl y
63 to Eprn1an q?er ure 9 |nl}pe casgn strlﬁg 45, 47ﬂ 49 5 93 and
ext endi Mg AR UGS vaPTY g o Irdiognn e apeitif ey i ST ¢ e
vel | heachdhRUSOPY Thd I16dato BEhO fvelTRER Mo daieaRatfidislarcBe GUk 18Y 1B that
penetrator 91 to divert well fluid fromw thin the well head housing 41 to

an exttBergaroukbbridamaggso thel apewrapgy or aherwipe Hadvestgpintaken miam whersa riser
accor Qur@N ACKSITRLBE ¥arPEDR Lhubie JTRLBAL ind MRS Fe@e Ofrid
d|ver3%§g8% égn e acé@%p g%eglby Pnlt? ?gy |ns%rf?n% ﬁ%rﬁgb%sléenﬁﬁe

di ver tldow@nt, iutian etrer, mrpefhedn@tibmwéthesuuefvaaew i ttd]\eelihws@sltt&d)ﬁpmpmamS of
t he diyert nﬂ%].%rlent ast parti ction of

flow ot Al eE Tt S Rl SR E T fBeC*%mf%‘rdeawss? flui d

%0, 1 Qoeherel g thsinara ¢ ulfrg dperii o SB5THHS: e S 5

f I ui d 35 fahilea ibp aekdrigiadiobpysi Noithdcttd téliheeiop ¥etht wdllhbadd3s nom mbkbin t he
wel | head hou5|ng 41 to the assa eway .in the diverter 97 and to the

exterrP&?"eéES’héwHOSIBB”E(db‘lOd‘@RtFQ]O‘g? rileSxdtingotheubsse axdllhgpdt e i Veritlesrad can
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i nnef surface pOI‘tI ons O e apert ure I n eas one 0O

ca5| nP7st Ais mgshap best 7] lust@;edalmdFI@ISl €naridng, thheNdlismd/véBdnﬂadﬂsmghegbemssme 105

in a directi of th n the Lo divert
we b AHeFE A7 et re b boter P el o G P2y o F” BT iy S 1 ¢ e
di ver tsgingd 74 5ad, 19 etxltbadﬁpgttﬁfdngh tROBeshiial boR. 43A510ﬁglmlﬂﬁdipp$(tmm hardwhie 106, if
the aperture 105 i's of a throug erture 105, insertion of
the dilydrdseforgrapgls, flﬁﬁ%@ﬂd/phé@ﬁéfe C@?la& ihﬁ@zea* 8 8- 109 high-eistsye haing| yi d

1 ow U1 gpal 08135 30CWRY AR 148, IandldVifIihelow fresh B0REs EIBOdInTENS Of

t he pres i'nvention provide Sevefal advantages. In the case of a subsea
bl owouypicallyevddédtod@Aanslacger ppk Wheadbrextenlds fosthe tesererprr iflpot e subsea bl ow out
preventor (BOP). If the closure nechanisns of the BOP fail to work, there

i S not[0e29ptHhEr | mbarstes an sXammalmof e ovellhadd-tahed $dntnal Bppamtahed Bud:mﬂal awlell. This

could result in he cata hIC and unc il voi r
o aucy oo st e SRR HlP Sl e ltudl VDA hRYEnaRien P S rrdr tE o on
appar af léﬁn&QteaQ@ of mterggaltvqthame agioe mest welihehd 83 RAE S&TgukdaMB HEIHOA o St

separate mechanismfromthe BOP that is capable of either shutting off or

sever aéhg flpwsafitjudg Fhﬁ@uahhtéeweéhﬁadrﬁmaa ausaeeeeptwsltluibdivesiongsyankly 99 t he
f1ow %egtahs% YRS 3 cgm’?ecﬁeﬁglbf" {PPt)%e *B‘Susruléghﬁﬁf ‘R/@lrlﬁeag)%%tanc?.c ?éa to

wel | h run‘arter the me I's inst as wth existi wel | s
Qper atdivent wtll floel ﬁlpp@hmw(tékﬁ)alc:andtbe@ew ﬂ@r&b&dﬁleﬁ@rﬂmdmbwﬁ cﬂ‘hwbuglhldone of

sever nmeans tion gf. an ext rna S such .,as an to
ot uadio TG VSRR tpre iyl BuisBy 4 paeritsgt Saniiin bl TS A B es our o
suppl iBWIYNbREad3EMingldi aSpréfe@8d Eéh flpatidh NGB emehRAty well fIRRNGuIAT &s@fhlycasi ng
strings landed in the high pressure hou5|ng or well head system The

ext er halandyhkg @mrﬁmwﬁ‘e&w Aiveipiusstrybly 1d aﬁféé@lsétéprﬁé\hélpwa‘%@l CRGMERANIZEISt | ons
link t r g

di rectly o F ot et i, A TR e il AP P G,

i nteg rah;hough shbven sbame-tbé mudeet @k one anbdsk ofithelenregtnty wall tuat &%mtdf‘éassd:mblyof f
appar 0to erforn1 er torque, near actuat i

opor ai il Tt berpeiey S it dRerit iaoty 3SR 2 Byu et S e O needed
poVer (@ pfbiOiiRURcaBIiLORS 6B iffdkn piBisichitdamigl GGrieY a WitisRlopis evé. t he appar at us
30. Energy sources can include anong ot hers, nechanical, chemcal, (e.g.
batteries & expl osives), or conpressed f|UIdS (3) The actlvatlon of the
apparatus 30 can be independent of the primary BOP control system or

pl at f or m personnel. The activation system can, however, be activated by any
of the above neans (dual or multiple activation capable). The activation of
t he apparatus 30 can be, at a mnimgn operable froma renote platform
control ship, or land based operation that is independent of the platform
fromwhich the drilling operations are being conducted. 10038] In the

drawi ngs and specification, there have been disclosed a typical prelerred
enbodi nent of the invention, and al though specific terns are enpl oyed, the
terns are used in a descriptive sense only and not for purposes of



THAT CLAIMED I'S: 1. A wel |l head-based control apparatus to control a well,
the apparatus conpri sing: a wel | head housing including a bore adapted
to receive a plurality of easing strings extending therethrough, each of
the plurality of casing strings having a different dianeter than each other

of the plurality of casing strings; and an energency well fluid
shutof f assenbly connected to or integral with the wellhead housing and
i ncl udi ng: a ca5|ng strings conpression assenbly positioned to

radi al | ress .each . h lurality of ca

casi ng[0§§9]| n}ég")&vﬁdﬁl‘@é"s&%ﬂ %\?t g;a?btf S'Bgrgﬁ'b(iy Wilostr}% O%H @Hﬁgggmr? IUdgtarl ngs
Conpreéémg%uﬂﬁﬁ%ﬂbhﬁ$&@qaﬁkmabe7ﬁb@nﬁﬁﬁdmgxammbngmummﬂmaessfonn35Smely 2.
A wel | head- based contr ol ﬁaratus as defi

conpr exi4n 4P sexparingr theavehithappreoki rat V""Qh?grjr@”é‘aé |rpala‘“‘il 8c%1“§nStT"6?s each
of theupillp%s@l té’ctlﬁiorcﬁsbﬁwabﬁ cbﬁﬁﬂ@d to the casing strings compression assembly 71

actuate the casing strings compression assembly 71.  The casing strings compression assembly
71 includes a pair of opposing compression rams 74, 75, positioned to extend radially toward a
center of the bore 43 of the wellhead housing 41 to apply a compressing force to each of the
casing strings 45, 47, 49. Note, each of the casing strings 45, 47, 49, have a different diameter
than each other of the plurality of casing strings 45, 47, 49. As such, in the exemplary
configuration, when applied radially, compression is at approximately a same coaxial location

for each of the of casing strings 45, 47, 49.

[0031] According to an exemplary embodiment of the present invention, each of the pair of
opposing compression rams 74, 75, can include a hydraulic or electric piston 77 connected to a
portion of the wellhead housing 41 to apply the compressing force. As such, when implemented
hydraulically, the casing strings compression actuator 73 can include a hydraulic source
including various components such as, for example, a hydraulic accumulator storing pressurized
hydraulic fluid, a hydraulic pump assembly having a hydraulic pump, a motor positioned to drive
the hydraulic pump, and a hydraulic fluid reservoir as known and understood by one of ordinary
skill in the art. Alternatively, piston 77 can be in the form of a linear actuator connected to a
portion of the wellhead housing 41 that when rotated extends casing string engagement surfaces
of the compression rams 74, 75, toward a center of the bore 43 of the wellhead housing 41 to
apply the compressing force to the casing strings 45, 47, 49.  As such, when implemented
electrically, the casing strings compression actuator 73 can include one or more electric motors
positioned to rotate the linear actuators and an electrical power source as known and understood
by one of ordinary skill in the art. A remote activation controller 79 operably connected to or
integral with the emergency well fluid shutoff assembly 61 is configured to receive remote
activation commands and to provide a remote activation signal to the casing strings compression

actuator 73 to cause actuation of the casing strings compression assembly 71.

[0032] As shown in more detail in FIGS. 3-6, the emergency well fluid diversion assembly 63
can include a casing strings penetrator 91 positioned to form an aperture 93 in each of the casing

strings 45, 47, 49, at approximately a same coaxial location, and if not already in existence, and
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3. A wel |l head-based control apparatus as defined in daiml, wherein
the casing strings conpression assenbly includes a pair of opposing
conpression rans positioned to extend radially toward a center of the bore
of the well head housing to apply a conpressing force to each of the
plurality of casing strings. 4. A well head-based control apparatus as
defined in Caim 3, wherein each of the pair of opposing conpression
rans includes a hydraulic pi ston connect ed to a portion of t he mellhead

housi n ply e c I essi force Iur | jt ca rlngs
o et B i S AL g el Ba bl asdicBh ebids ol ARt
hy dr aWleh a0k @r GRERHT SithIhOBRiRr stﬁ@s%e‘ﬁ@trét&@if ahd ﬁéNnﬁTgQ pox@ohé’ Gélﬁlg'ul&i
accunul ator storing pressurized hydraulic fluid and Y raulic

@

assenting nesiiongs! @ e duobgh pumsiuee Fotnghe M@thaiddwéang 41 ang gac ph@ormlr aulic
| 5 |
punp, tﬂ@qpétth%sd‘%?ﬁ]eﬂé\gic%é b% gtll lﬁrggﬁ VZP/' 49, to dlvéA‘t weli mﬁ@ﬁlg)p)aﬁﬁgmctﬂgwe?lwad

apparat us" as wher el n eac e pair opposi ng
conpr essikiog 4lawsthe reteudd soaduit 6 &r tlaoetbuatabasecﬂmdqnesedretmf welp diuid ﬁnwm‘g t he

wel | head .housi ng,.t h when rotated ort| s of t onpressi on rans
{over o SBetE v BT e HEF ¢ o b FRNFT B Rou ety Riscidbfh 0 thatrers
conpr esafip@afi®f, a8 paroof AitinfhNdtidhiphyka@é, :@aSEdIY asdrfukdSis padteirmed or cut during

retrofit to accommodate the well fluid diversion assembly 63.

[0033] The penetrator 91 can be implemented according to various means as known understood
by one of ordinary skill in the art such as, for exa{mple, in the form of a cutting blade assembly
99 (see, e.g., FIG. 7) having various shapes, an electrical discharge cutting assembly 100 (see,
e.g., FIG. 8) also having various shapes, a chemical milling assembly (not shown), and/or an
explosive discharge cutting assembly including a explosive charge (not shown) operably
connected to a cutting torpedo, each positioned to cut the apertures 93 through the casing strings
45, 47, 49, and/or aperture 95 in the wellhead housing 41 to cut an aperture through the wellhead
housing and the plurality of casing strings. Other cutting means as known to one of ordinary
skill in the art are within the scope of the present invention. Further, actuator 73' can be in
various forms depending upon the implementation of penetrator 91. For example, if implemented
form of a cutting blade assembly, chemical milling assembly, or electrical discharge cutting
assembly, the actuator can include a motor and power supply for rotating the cutting surface. If
in the form of an explosive discharge cutting assembly, the actuator 73' can include a detonator,

etc.

[0034] Referring to FIGS. 4-5, in an exemplary configuration, the diverter 97 includes a main
body 101, a passageway 103 extending through portions of the main body 101 along a main axis
thereof to channel well fluid from within the wellhead housing 41, and a well fluid collection
aperture 105 extending through at least a portion of the diverter 97 and connecting to the
passageway 103 to provide a fluid channel to the passageway 103. The well fluid collection
aperture 105 of the diverter 97 can be in the form of a downward facing recess that does not
extend through the main body 101 of the diverter 97 so that when the diverter 97 is operably
positioned and sealed within the wellhead housing 41, the well fluid collection aperture 105

channels well fluid into the passageway 103 in the main body 101 to divert well fluid from
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wherein the casing strings conpression actuator includes at |east one
electric notor positioned to rotate the |inear actuators and an el ectri cal
power source. 6. A wellhead-based control apparatus as defined in Caim 3,
wherein the casing strings conpression actuator includes at |east one

expl osi ve charge positioned to cause each of the opposing conpression rans
to simltaneously nove radially toward a center of the bore of the wellhead
housing to apply the conpressing force to the pIuraIity of casing strings.

7. A mellhe ontro arat us as

corrpr|‘§|“?f§ ihe [’; J"aé‘?%’a‘f’ftgﬁalcﬁ%’% ’5I er C((:)gﬁs(r?o JEH%M 0 %[ tspﬁécggral

W th tﬁlﬁll&%ﬁ&ﬁ@@ﬁ/eﬂ@ﬂ b7 tdnubdsished ehd massianbisy doDﬁgﬁc@lcvexlCI&Tmn@J@Calwvat i on
commands and to provide a renote activation g to,;he ca5|

conpr eyghgninget Waees PArHoRIAE ReHYaOP dh “’t?fw?'ﬁ@ @E%LPHG e i IR gﬁlﬁr(f) 5l§t3| on
asse”b{éc{r ﬁtso%r\éﬁérhm%@ lﬂﬁé?&wﬁfé@%@#on@@@@’i@&%oﬁe%fciﬁ)@ﬁlfe@llme?, gsedxkendinge

apparatus conpris housi ng i ncluding a bore adapted to
recei vmncaxgpltlw edsm&,ystrofgs éés‘ilhgl%@lmsrlgé t@ﬁql erdsaalng FraationpiHp Gghvece AOWE t he

t lhgr S: %}l}[réfl 9&%?% ggg e 81vglgelyld)7a Jq%eg\ngérfgu?fagpboﬂoﬁgm e 1@?1 %@opklﬁer of

di ver siRpuas sgbhyreapineatvadot @omrolﬁenﬂégﬁpﬁlabm tcrbrlfl’:d%gg%lmlemldhw@ thg and
' nel Ud!cnrqlglgency well fluid diversion assembly 63 can receive remote activation commands and can
provide a remote activation signal to the casing strings penetrator 91 to cause the formation of
the apertures 93 in the casing strings 45, 47, 49, and/or the well fluid diverter 97 to extend
through the apertures 93 in the casing strings 45, 47, 49, and/or aperture 95 to divert well fluid

from within the wellhead housing 31 to the external conduit 65.

[0035] FIG. 6 illustrates an alternate embodiment of the diverter 97 whereby the well fluid
collection aperture 105" extends through the body of the diverter 97. In such configuration, the
diverter 97 can include a gate 107 which can be employed to allow well fluid to bypass the

diverter 97 or when actuated, can cause well fluid to be channeled into passageway 103.

[0036] Embodiments of the present invention also include methods to control a well 31. For
example, referring to FIG. 9, a method according to an embodiment of the present invention can
include employing a casing strings compression assembly 61 to radially compress each of the
plurality of casing strings to restrict well fluid passage through portions of the wellhead housing
41 (block 201). The method can also include employing a casing strings penetrator 91 of an
emergency well fluid diversion assembly 63 to form an aperture 93 in the casing strings 45, 47,
49 (block 203), and extending a well fluid diverter 97 through an aperture 95 in a side of the
wellhead housing 41 and one or more of the apertures 93 cut by the penetrator 91 to divert well
fluid from within the wellhead housing 41 to an external conduit 65 (block 205). As further
shown in FIGS. 4-5, according to an exemplary embodiment of the method, insertion of the
diverter 97 can be accomplished by initially inserting portions of the diverter 97 with the upper
and lower surfaces of the inserted portions of the diverter 97 oriented at least partially transverse
to a direction of flow of well fluid within the wellhead housing to thereby allow well fluid to
bypass the diverter 97 (block 207), and rotating the diverter 97, e.g. 90°, to orient the downward

facing aperture 105 in a direction of the well fluid within the wellhead housing 41 to divert well
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a casing strings penetrator positioned to forman aperture in each of the
plurality ol casing strings, and a well fluid diverter positioned to
extend through the aperture in each of the plurality of casing strings to
divert well fluid fromwthin the well head housing to an external conduit
to thereby release fluid pressure of well fluid flowng within the well head
housing in a controlled nmanner. 9. A wel | hcad-bascd control apparatus as
defined in daim S8, wherein the penetrator is positioned to formthe
apertu e.in eacﬂlqél t he strin

| yral i.t f_casin S I ma a sane

oot gt NORT die Sadkodi e g ey RsR TRt FIRE Y TR R e
vel | heagerhasefd GOy (dckaOR! TheiSie@ s  frbtingate dNefbd e, mWO@d’ fiisn sédiagly
penetrator, conprises one or nore. of the follomnn?

engaging outer surface portions of the diverter 97 with inner surface portions of the aperture 93

in at least one of the casing strings 45, 47, 49, and orienting the downward facing aperture 105 in

a direction of the well fluid within the wellhead housing 41 to divert well fluid from within the

wellhead housing 41 to the passageway 103 in the diverter 97 and to the external conduit 65. As

further shown in FIG. 6, if the aperture 105 is in the form of a through aperture 105', insertion of

the diverter 97 can further include closing a gate 107 to establish fluid flow through the

passageway 103 in the diverter 97.

[0037] Embodiments of the present invention provide several advantages. In the case of a
subsea blowout, the only means of well control is currently the subsea blow out preventor
(BOP). If the closure mechanisms of the BOP fail to work, there is not another means to stop or
control the flow from the subsea well. This could result in the catastrophic and uncontrollable
spillage of reservoir products into the ocean. The subsea wellhead emergency shut off/diversion
apparatus 30 according to an embodiment of the present invention is a separate mechanism from
the BOP that is capable of either shutting off or severely restricting the flow from a subsea
blowout, or for diverting the flow of the well. The apparatus 30 may be run as part of the subsea
wellhead, or run after the wellhead is installed, as with existing wells. Operation of the
apparatus 30 can be performed, for example, through one of several means: (1) Utilization of an
external system, such as an ROV, to actuate the shut off device by either torque, linear actuation,
or pressure supplied by the ROV. This closure can pinch, shear, or penetrate any casing strings
Jlanded in the high pressure housing or wellhead system. The external system would generally
supply the needed power and communications link to the apparatus 30. The ROV may engage
the wellhead BOP device directly or from some distance from the well 31. (2) An in-situ system,
integral to the shut-off device, can be utilized to actuate the shut off apparatus 30 to perform
either torque, linear actuation, or other operations to effect well control. The in-situ system can
supply the needed power and communications link, either wired or wireless, to the apparatus 30.
Energy sources can include among others, mechanical, chemical, (e.g. batteries & explosives), or
compressed fluids. (3) The activation of the apparatus 30 can be independent of the primary
BOP control system or platform personnel. The activation system can, however, be activated by

any of the above means (dual or multiple activation capable). The activation of the apparatus 30
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a cutting blade assenbly positioned to cut an aperture through the wel |l head
housing and the plurality of casing strings, an el ectrical discharge
cutting assenbly positioned to cut an aperture through the well head housi ng
and the plurality of casing strings, a chemcal mlling assenbly
positioned to cut an aperture through the well head housi ng and the
plurality of casing strings, and an expl osi ve di scharge cutting
assenbly i ncl udi ng a expl osive charge operably connected to a cutting

torpedo to cut an. aperture, througl Ihe f lity
of casfP%et T AYLM{RePETd kﬂﬂ%“éﬁng eW“$ hggugxtg%ggl%ﬂﬁ%%aﬁogﬁagﬁérture
i n t hethwek lihepehdbmusitrgsiatéoreh from whichwhedidiing bperetions ard eder odedtahs one or
nore of the apertures extending through the plurality of casing strings and

the wejdobgae DRUIINGn@NEndUhedifisdiohadier@aralé asesn odisdibwed di vigpicelr parfersi zed
to forma sealln% relatjionshi p between_the outer surqﬁﬁﬁtgortlons of the
I r

di ver t @nbedhgentd ‘hWé@“%ﬂr@@dﬁmﬁﬁﬁkﬂ%ﬂQCS?”Fﬁgaﬁﬂ@o Iy arg ged in a
apert uac%gnptgxé el Wn&%ﬁgmﬁ%’é ro@'lmﬁiﬁf?@ff atrHs irdentlef hReldeh BedeliBédMS,

wherein the diverter |nclu es: a main
considerable detail with specific reference to these 1llust1 ated embodiments. It will be apparent,
however, that various modifications and changes can be made within the spirit and scope of the

invention as described in the foregoing specification.
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a passageway extending through portions of the main body along a main axis
thereof to channel well fluid fromwthin the well head housi ng wherein the
diverter is scalingly engaged within one or nore of the apertures cut

t hrough a corresponding one or nore of the plurality of casing strings; and
a well fluid collection aperture extending through at |east a portion of
the diverter and connecting to the passageway to provide a fluid channel to
t he passageway. 12. A wel |l head-based control apparatus as defined in Caim
11, wherein the well fluid collection aperture of the diverter
conprises a downward facing reEdAd €hAIMEILLS: ot extend through the main
body of the diverter so that when the diverter is operably positioned and
seal edywith i . . Iy aperture
channel's mé$9@¥F %%hgﬁ?%ﬂﬁ%23§§5%§£§°?% Pdt?%ﬂﬁﬁ +4§%ﬁ%§n¥fon1mjthin

t he melIheadwhbhadﬁgmsmgande&hgmnaheadamﬂduo1&$n@Aaw@thgadlhamgdﬁdm@HroI
appar at s as ned in i m 11, . . Wherein the J fluid collection
aper t et hEP B entreT o B g e hersiEpguE O PRe oshl EeReG eV de
fluid @upa&sr&Qhem@hﬂnﬁbﬂhﬁng@ﬁMg@ah@e wel | head housing during penetratlon
of the diverter into the one or of the apertures cut through t

wel | head hdvissmgeaisy welt oy 8&9@}& é%ﬁélﬁbtyf cqnﬁéctfﬂ i A1 itseralk Wﬁﬁéh?\dvegb?%dngs
and [&lRidhe diverter includes a gate connected to upper surface
portioﬁ%mg?gnf1131b rter and slidingly positioned so that when actuated,
the gate di ver t st cebiog eisings gunpressivnakscrtidy prsitionedl (i ddadl lcevpiconcaper there to
divert well enteri Bﬁﬁth well fluid collection aperture into the

passageway p&’(‘ HIXC? S Y and

h™portions of the main body of the diverter to
t hereby divert wetdsidgl stiifgs comprekdidt actiter wpthhigachuplrdsionthet @siap @Xh@r nal

condui t. . . :
compression assembly to actuate the casing strings compression assembly.

2. A wellhead-based control apparatus as defined in Claim 1,
wherein compression is performed at approximately a same coaxial location for each of

the plurality of casing strings.

3. A wellhead-based control apparatus as defined in Claim 1,
wherein the casing strings compression assembly includes a pair of opposing
compression rams positioned to extend radially toward a center of the bore of the wellhead

housing to apply a compressing force to each of the plurality of casing strings.

4. A wellhead-based control apparatus as defined in Claim 3,

wherein each of the pair of opposing compression rams includes a hydraulic piston
connected to a portion of the wellhead housing to apply the compressing force to the plurality of
casing strings; and

wherein the casing strings compression actuator includes a hydraulic source comprising
one or more of the following: a hydraulic accumulator storing pressurized hydraulic fluid and a
hydraulic pump assembly having a hydraulic pump, a motor positioned to drive the hydraulic

pump, and a hydraulic fluid reservoir.
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14. A wel | head- based control apparatus as defined in Claimll, further
conpri si ng: an energency well fluid shutoff assenbly integral with

t he wel | head housi ng and including a casing strings conpression assenbly
positioned to radially conpress each of the plurality of casing strings,
and a casing strings conpression actuator operably coupled to the casing
strings conpression assenbly to actuate the casing strings conpression
assenbly, the enmergency well fluid shutoff assenbly configured to prevent
wel | fluid passage through portions f,tge .| head | ocated above the

emer gehcy IWdWW%ﬁ@Wﬁi%@F%ﬂﬁﬁmﬁg§éﬁgwym 8’&%%? when actuated, well fluid
is diverted,fdom Mch Mt hainvel lobpashhesapmesido rans exdiwienal liedrdabttiatorl5. A
wel | head- based control apparatus as defined in Caima8, further copprising:
a renotenedtd vatki pnticont rtat vl heasn heustnedtheb Ve jratatsgr aftengst rrHeRs %ﬂBFbency
wel | fluid diversion Y, Ceicye ' ' amiesignd to
provi d‘éon?;tm?sg'r(r)tr)ltr%mgag({vlva\?(z? i%gﬁgrs?fgﬁ%f)&;é ?{ \gﬁe&%{m%&;?%%g#g w?tﬁgﬂ? (glﬁéljovm' ng%llghe
casi ngfosdertb RgSplpahgtdafatong dtongsawse the fornati on of the aperture in each of
the plurality of casing strings, and the well. fluid diverter " d

t hr ough théwéﬂ@Pt ?é”?ﬂgéHUWS%PhPH§$8PJ?%%??Qngg&gdgﬂﬁﬁfé%ﬁi%%%”fékﬁgvert
wel | f bakiichnbd Qowkd ik Minédh@ciodbishaadn brusicligoler sourext ernal conduit. 16. A
wel | head- based control apparatus to control a well, the apparatus

conpri si ng: a wel | head housing including a bore adapted to receive a

plural jty of (CagiNo8Ld Lgs) SpheNdiadchRangcimugh, each of the plurality

of casi'ng strings having a dﬁ%%erent di aneter than each other of the
plurality oWhoeisithgcstimg stgjsgs compressam astatqyanelydenedt [least pnedexilosys ¢hswge
assenbly.connected to or .integral with th ' i.NG i ng:
a casi RS AgSABEEED &f &he § §FW¥6H@H“?%%P§§%$gﬁ%g$2?¥§$§gﬁﬁﬁggéﬂﬁ%hpthe
pl ur al jtar®h Gkt g (B bbRAS: thandelthesd hbudihgiicd aphly ehd eompesding dored t¢ cheext end
t hrough the aperture in each of the plurality of casing strings to divert
wel | mePﬂWX@§%WW£§%WE&the wel | head housing to an external conduit to

t hereby rel ease fluid pressure of well fluid flowng within the well head

housing in a controlled nmanner; and _ ) o
7. A wellhead-based control apparatus as defined in Claim 1, further comprising:

a remote activation controller connected to or integral with the emergency well fluid
shutoff assembly to receive remote activation commands and to provide a remote activation

signal to the casing sirings compression actuator to cause actuation of the casing strings

compression assembly.

8. A wellhead-based control apparatus to control a well, the apparatus comprising:

a wellhead housing including a bore adapted to receive a plurality of casing strings
extending therethrough, each of the plurality of casing strings having a different diameter than
each other of the plurality of casing strings; and

an emergency well fluid diversion assembly connected to or integral with the wellhead
housing and including:

a casing strings penetrator positioned to form an aperture in each of the plurality
of casing strings, and
a well fluid diverter positioned to extend through the aperture in each of the

plurality of casing strings to divert well fluid from within the wellhead housing to an
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an energency well fluid shutoff assenbly connected to or integral with the
wel | head housing and including: a casing strings conpression assenbly
positioned to radially conpress each of the plurality of casing strings,
and a casing strings conpression actuator operably coupled to the casing
strings conpression assenbly to actuate the casing strings conpression
assenbly, the energency well fluid shutoff assenbly configured to prevent
wel | fluid passage through portions of the well head | ocated above the
emergency well fluid diversion ssenHL so that when act yat ed, I fluid
i's di vert ed™9¥th ST o ttherehe rPlRRss o HB APt 81 AYFTe e Harngonaain e 17. A
vel | head- bagqmhesPriknk iRRBMiRN IS nAdndef i ned in O aim 16, wherei n
the penetrator is positioned to formthe aperture in each of the plurality

of casing strings at approximtely a sanme coaxial |ocation for each of the

pluralgty ogﬁﬁﬁé?gg,\?g d{({r?ﬂgél;%%g{ugé@d%dkgd% ¥EEhgr further extends through

an aperture int ead wherein inner surface
portions onehenein therencfatéie papeeted te rexhemairng inleadughtht peirgltypbtdastng of

casing_ strings and the wel | head housi and outer surface.portions of the
di ver (WPS B UEEY SVt SORALOTA P AET ShERPh LY SEGTRRL St er surf ace
portions of the diverter and the inner surface portions of the one or nore

of the apertures. 18. A wel| head-based control apparatus as defined in
O ai mib, whaeBhsrdipeedgopepkappatptye pydelyied in Claim 8,

wherein the penetrator comprises one or more of the following:
a cutting blade assembly positioned to cut an aperture through the wellhead
housing and the plurality of casing strings,
an electrical discharge cutting assembly positioned to cut an aperture through the
wellhead housing and the plurality of casing strings,
a chemical milling assembly positioned to cut an aperture through the wellhead
housing and the plurality of casing strings, and
an explosive discharge cutting assembly including a explosive charge operably
connected to a cutting torpedo to cut an aperture through the wellhead housing and the
plurality of casing strings,
wherein the diverter further extends through an aperture in the wellhead housing; and
wherein inner surface portions one or more of the apertures extending through the
plurality of casing strings and the wellhead housing and outer surface portions of the diverter are
sized to form a sealing relationship between the outer surface portions of the diverter and the

inner surface portions of the one or more of the apertures.

11. A wellhead-based control apparatus as defined in Claim 8, wherein the diverter includes:
a main body;
a passageway extending through portions of the main body along a main axis thereof to
channel well fluid from within the wellhead housing wherein the diverter is sealingly engaged
within one or more of the apertures cut through a corresponding one or more of the plurality of

casing strings; and
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a mai n body, a passageway extending through portions of the main
body along a main axis thereof to channel well fluid fromwthin the
wel | head housi ng wherein the diverter is sealingly engaged within one or
nore of the apertures cut through a corresponding one or nore of the
plurality of casing strings, and a well fluid collection aperture
extendi ng through at | east a portion each of the diverter and connecting to
t he passageway to provide a fluid channel to the passageway; and

wherei n the we] | head- based control t furth o .
Pl conddl tebgbras ecsupraas senanalouid ot Kol f pelRTRT SRR PR ieg
di ver t gdhnbdiRDiMHeMagkag ey ie blRerd Madshagel 13 %he phssagbviead- based control

apparatus as defined in aim 16, wherei n conpression is performed
at approximately a sane coaxial |ocation for each of the plurality of

casing;stri R%;llheqfd-based co%@fé?ggr&ﬂ%s Q&Hiedgn 8ldilhngs conpression assenbly
I ncl udes a palr of opposing npression rans positioned to extend radially

]E oward a cewbeeinahe thl fbod eolisctioheparird hetid divuist AgMPpiseadrloyVnavaEb Msigssi ng
orce Jr[eges%%ﬁaq d%]és %o eex[?eln%rt Il‘olutgl¥ tk?ef m&%%o’&? oTtihd 99/%1;teras%dthat when the diverter is
operably positioned and sealed within the wellhead housing, the well fluid collection aperture

channels well fluid into the passageway to divert well fluid from within the wellhead housing to

an external conduit.

13. A wellhead-based control apparatus as defined in Claim 11,

wherein the well fluid collection aperture further extends through the main body of the
diverter to provide a fluid bypass for well fluid within the wellhead housing during penetration
of the diverter into the one or more of the apertures cut through the wellhead housing and cut
through each of the plurality of casing strings; and

wherein the diverter includes a gate connected to upper surface portions of the diverter
and slidingly positioned so that when actuated, the gate diverts closes a portion of the well fluid
collection aperture to divert well fluid entering the well fluid collection aperture into the
passageway extending through portions of the main body of the diverter to thereby divert well

fluid from within the wellhead housing to an external conduit.

14. A wellhead-based control apparatus as defined in Claim 11, further comprising:

an emergency well fluid shutoff assembly integral with the wellhead housing and
including a casing strings compression assembly positioned to radially compress each of the
plurality of casing strings, and a casing strings compression actuator operably coupled to the
casing strings compression assembly to actuate the casing strings compression assembly, the
emergency well fluid shutoff assembly configured to prevent well fluid passage through portions
of the wellhead located above the emergency well fluid diversion assembly so that when

actuated, well fluid is diverted from within the wellhead housing to an external conduit.

15. A wellhead-based control apparatus as defined in Claim 8, further comprising:
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wherein the conpression of the plurality of casing strings achieves at

| east approximtely a 95 percent reduction in fluid flow of well fluids
flow ng through the well head housing to a bl ow out preventer connected to
an upper portion of the well head housing. 20. A nethod to control a well,
t he met hod conprising the steps of: enpl oyi ng a casing strings
penetrator of an enmergency well fluid diversion assenbly to form an
aperture in at least one of a plurality of casing strings, each of the
plurality of s Q&lw’%ﬁ&ﬂ @91%1&@@%b@ek%d|te%tlﬁt@ } Wih”th@%e@g@n%?%é?gﬂh’@r ough
portions of a wellhead housing, each of f”ura ity of easing strings
havi ngdﬂaet&iplﬂ fagscabty @i waBYeremdiaactation Q@h@ﬂn fandrie mwfleﬁan@yowawa@mg
strin eina
ot de op VR s moaft SERIR B R, e SiebpURIT 1 SLBUAT B SRECENEE,

pl ur al dpegturefin eadh ofgths phuralgg of oasigvarihgsywehd tiel weldflbidadivasiet ino axtbxhréthmlghhead

housing to an ext | conduit.to thereb el eas I |1
Frut o O e R qior b SR S AT es et wea i es SRR Reflbtlod as
def i nagbukifg ¢ & Riethal coh@iei n the penetrator is positioned to formthe
aperture in each of the plurality of casing strings at approximately a sane

coaxial location for each of the plurality of casing strings. 22. A nethod

as defjgned 4 Qefh Hrﬂa%@connol ﬁpfo%@géﬁi}&ﬁtﬁap§&eﬁgﬁé tera%)srcto¥ éugf the

aperture in a si ousi ng an surface portions of

t he divert er wallleead i lwesing ondludmga lxﬁaladm[ged ¢ atdeorshippirbléy weesasingestongser
surface rtl ns,, of i i nner surface ort ns of the
aper ¢ ey B ehaga b it HirRRe! SRine et nER RGPl G ng a
wel | fdath dthg,lManég[uau,t}r@xwhnggh,a@@rture in a side of the wellhead housing

i ncludes sealingly eng agl ngdout er surface portions of the diverte

ext endi ng it TERCHpEH i diversipnspsgembly GLOH’éeC\WéItPrfédﬂte&‘@hS‘"thdhw“teHh‘?aﬁner

sur f aqfuBRk faml J@Engt H&a8RES nxﬂgﬁgér{\%gﬁﬁ Eggﬁt ﬁ{) ed kb Sorhehd ARt NAUSERGr IR

di ver romwt using to an external conduit
plurality of casing strings, and a well fluid diverter positioned to extend through the aperture in

each of the plurality of casing strings to divert well fluid from within the wellhead housing to an
external conduit to thereby release fluid pressure of well fluid flowing within the wellhead
housing in a controlled manner; and

an emergency well fluid shutoff assembly connected to or integral with the wellhead
housing and including: a casing strings compression assembly positioned to radially compress
each of the plurality of casing strings, and a casing strings compression actuator operably
coupled to the casing strings compression assembly to actuate the casing strings compression
assembly, the emergency well fluid shutoff assembly configured to prevent well fluid passage
through portions of the wellhead located above the emergency well fluid diversion assembly so
that when actuated, well fluid is diverted from within the wellhead housing to an external

conduit.
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23. A nethod as defined in O aim 20, wherein the diverter includes: a
mai N body, a passageway extendi ng through portions of the main body along a
main axis thereof to channel well fluid fromw thin the wellhead housing,
and a well fluid collection aperture extending through at |east a portion
of the diverter and connecting to the passageway to provide a fluid channel
to the passageway; and wherein inner surface portions one or nore of
t he apertures extending through one or nore of plurality of casing strings
and outer surface portions of the diverter are sized to forma sealing

rel ati onshi p between outer surface portions of the diverter and the inner
sur f ack’.por Aivshibeagfbas¢recontre! appamtnsas définedén §pentldres to divert well fluid

fromw thin the well head h i t.Q_an. e Q i as
detimed i n armSpAERton NG Y Mndht S FiRAthe Shea TPLRAR °3
passagsewnags & xpeocinag!y hsougdvapial ocais fof cachef taiphiridogdyf edsorggtréngsni n axi s

t hereof to channe| | | ng&d frqﬁ1mﬁtqin t he mellhquuho sinﬁ,.a d a well
fluid col | eWRSTEA Bisdverisr &rier etiendighrorebrigtperire i deevellhgat hqushemgnd he
diverter angh&@nn@edd §6mke doRonpamsagiendie b tiy aydrigesaeltbndinh ehransieknet 0 t he
passagewa wherein the well fluid collection aperture of the

di vert @lpr%iimfrqagiég stingoensiibe ovetlbrad guyieg adsouterstrfagsaroriiRits of dieshyerich egugh
the may; R L0 ALYl Shp & - SRR AP NBEALES In

posi {1 St ekt ltfich i B BR e b HRONEDL L, RRFGR G the

col | ecinharsudper fouti @ sfod desond omwmoer o the dpeitnreshe wel | head housi ng and channel s
well fluid into the passageway to divert well fluid fromwthin the
wel | head housing to an external conduit; wherein portions of the diverter

to be igiserie@dimeddiated QmtrodpphRad abaefHiddgn ORgihude:
wherein the diverter includes:

a main body,

a passageway extending through portions of the main body along a main axis
thereof to channel well fluid from within the wellhead housing wherein the diverter is
sealingly engaged within one or more of the apertures cut through a corresponding one or
more of the plurality of casing strings, and

a well fluid collection aperture extending through at least a portion each of the
diverter and connecting to the passageway to provide a fluid channel to the passageway;
and
wherein the wellhead-based control apparatus further comprises an external fluid conduit

operably coupled to the diverter to receive a well fluid diverted from within the wellhead

housing.

19. A wellhead-based control apparatus as defined in Claim 16,

wherein compression is performed at approximately a same coaxial location for each of
the plurality of casing strings;

wherein the casing strings compression assembly includes a pair of opposing
compression rams positioned to extend radially toward a center of the bore of the wellhead

housing to apply a compressing force to each of the plurality of casing strings; and
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an upper surface and | ower surface, a distance therebetween defining a
t hi ckness of the portions of the diverter to be inserted within the

wel | head housi ng, and a first and a second sidewall, a distance
t herebetween defining a width of the portions of the diverter to be
inserted within the well head housi ng; wherein the thickness of

portions of the diverter to be inserted within the well head housing is
substantially smaller than the width of the portions of the diverter to be

inserted s n iverter i.s I r h Ay in the
wei Thead otk nE ol Pt o CRELFha- PO L OB el
casi nga 95 pemrgs radidion e flupBowardvdl ofieids sloniractasough itk vetlhead ubstiaptto al | y

transverse to a mai n ax&é_of the.meylheP%, mﬁhldf|ULd fl ows past the diver
ter tcIPYON] RENGY cPHECRE L HEWRPhBUISPR ! Do XE{IRIHYRE t he aperture in the
wel | head housi ng; and wherein the step of extending a well fluid
diverter through the aperture in the side of the well head housing and the
apert e i M fgE0g o Pl a pigl. e meHwd spupEFing thestere 85i ng strings i ncl udes
initially i oy ' Lhe o di it UpRes;

surfaces ofmﬁﬁéké%gggﬁgdhgg tﬁ%ﬁégg%gﬁﬁg&hgggﬁ%égﬂaﬁﬁgnted&g?Q gﬁ@ﬁﬁ&
parti doly anrapasweriset teastandiof agtlinahtyodf dakiow sofngsedach ol thedplwialini of tdsang

wel | head housi.n o thereby allow well fluid to bypass,the diverter. .25 A
ot hoc s GUR Ay R i SR rdiatintrihn & RSP SRERSIE 6L o "o
aper t uhe plvtalitherwatihheathgh dUsinpG @ifdredt! tRimes Ithac eachasthdroststhefplirhltydétver t er

are sized to forma sealing relationship between the outer surface portions
of theagingings: ahd t he i nner surface portions of the aperture in the

wel | head hcél;{%.neﬂg a well fluid diverter through an aperture in a side of the wellhead housing and
the aperture in the at least one of the plurality of casing strings to divert well fluid from within
the wellhead housing to an external conduit to thereby release fluid pressure of well fluid within

the wellhead housing in a controlled manner.

21. A method as defined in Claim 20, wherein the penetrator is positioned to form the
aperture in each of the plurality of casing strings at approximately a same coaxial location for

each of the plurality of casing strings.

22. A method as defined in Claim 20,

wherein inner surface portions of the aperture in a side of the wellhead housing and outer
surface portions of the diverter are sized to form a sealing relationship between the outer surface
portions of the diverter and the inner surface portions of the aperture in the wellhead housing;
and

wherein the step of extending a well fluid diverter through an aperture in a side of the
wellhead housing includes sealingly engaging outer surface portions of the diverter extending
into the aperture in a side of the wellhead housing with inner surface portions of the aperture in a
side of the wellhead housing to divert well fluid from within the wellhead housing to an external

conduit.
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wherein the step of extending a well fluid diverter through the aperture in
the side of the well head housing includes sealingly engaging outer surface
portions of the diverter extending into the aperture in the well head
housing with inner surface portions of the aperture in the well head

housi ng; and wherein the nmethod further conprises the step of
rotating the diverter to orient the dowmward facing aperture in a direction
of the well fluid within the wellhead housing to divert well fluid from

wi t hi n,{ he h i . he passageway in the diverter and to an
extern%% cd%ﬁ%%@g%gggﬁ%%lﬁg?ﬁﬁ as defined in Caim?24, further conprising
t he step ofwhatiatthadiveie iokilvdest @maint trelyss epssafewapteatehdigg threughi pativey of

i ncludi ng: . seal i ngl y. engagi ng, out er rface portions the diverter
w o i b S BethE gtk Dl M 5 Rl B8 Ruflhedo it

pl ural jidya fellCASHNG I8¢t IonNgseitu@Néktending thedugh Mt i 18t ahgord@wonaiied divagérngnd
aperture in a direction of the wel| fluid within the well head housing to

di ver t cCapapqting|igithg PREsBRSWAYLIAPIPVidee e Frwael thdishantiee e Red passageway in the

di verter ang,&0,3fh&hALAA orﬁ?ﬁ%dwet or méré o thEBhAAH S ERIiA N BRoUN GAeBbm 20,
further conprising the step of: enpl oyl ng a casing strings

conpr essieorf eskiybifyraghg ainingnerdganeysuriedd pdriiensdshetiybfiersse sigpd (o foom a

radi al | y..conpress.each of the ural j.t f, casi L t stri. wel
ot a pRSCERBRTuEER o of SnePit PRl pERRe Bb by Hh b LliShgency
wel | fbfuhel oflé YERDIOSI A8 3perhirys Balitdiatveien! e watiad thevwetlthehd bbwbingstocinver t ed
fromwithin the well head housing to an external conduit through the well
fluid eiteplseaitihssenbl y.

24. A method as defined in Claim 20,
wherein the diverter includes: a main body, a passageway extending through portions of
the main body along a main axis thereof to channel well fluid from within the wellhead housing,
and a well fluid collection aperture extending through at least a portion of the diverter and
connecting to the passageway to provide a fluid channel to the passageway;
wherein the well fluid collection aperture of the diverter comprises a downward facing
recess that does not extend through the main body of the diverter so that when the diverter is
operably positioned and sealed within the wellhead housing, the well fluid collection aperture
faces downward within the wellhead housing and channels well fluid into the passageway to
divert well fluid from within the wellhead housing to an external conduit;
wherein portions of the diverter to be inserted within the wellhead housing include:
an upper surface and lower surface, a distance therebetween defining a thickness
of the portions of the diverter to be inserted within the wellhead housing, and
a first and a second sidewall, a distance therebetween defining a width of the
portions of the diverter to be inserted within the wellhead housing;
wherein the thickness of portions of the diverter to be inserted within the wellhead
housing is substantially smaller than the width of the portions of the diverter to be inserted so
that when the diverter is inserted through the aperture in the wellhead housing and the aperture in

at least one of the plurality of casing strings with the upper and lower surfaces oriented
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28. A nethod as defined in Caim27, wherein the casing strings
conpression assenbly includes a pair of opposing conpression rans
positioned to extend radially toward a center of the bore of the well head
housing to apply a conpressing force to each of the plurality of casing
strings; and wherein conpression is perfbrmed at approximately a
sane coaxial location for each of the plurality of casing strings.

substantially transverse to a main axis of the wellhead, well fluid flows past the diverter to
portions of the wellhead housing located above the aperture in the wellhead housing; and
wherein the step of extending a well fluid diverter through the aperture in the side of the
wellhead housing and the aperture in the at least one of the plurality of casing strings includes
initially inserting portions of the diverter with the upper and lower surfaces of the inserted
portions of the diverter oriented at least partially transverse to a direction of flow of well fluid

within the wellhead housing to thereby allow well fluid to bypass the diverter.

25. A method as defined in Claim 24,

wherein inner surface portions of an aperture in the wellhead housing and outer surface
portions of the diverter are sized to form a sealing relationship between the outer surface portions
of the diverter and the inner surface portions of the aperture in the wellhead housing;

wherein the step of extending a well fluid diverter through the aperture in the side of the
wellhead housing includes sealingly engaging outer surface portions of the diverter extending
into the aperture in the wellhead housing with inner surface portions of the aperture in the
wellhead housing; and

wherein the method further comprises the step of rotating the diverter to orient the
downward facing aperture in a direction of the well fluid within the wellhead housing to divert
well fluid from within the wellhead housing to the passageway in the diverter and to an external

conduit.

26. A method as defined in Claim 24, further comprising the step of rotating the diverter, the
step of rotating the diverter including:

sealingly engaging outer surface portions of the diverter with inner surface portions of the
aperture in at least one of the plurality of casing strings; and

orienting the downward facing aperture in a direction of the well fluid within the
wellhead housing to divert well fluid from within the wellhead housing to the passageway in the

diverter and to an external conduit.
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27. A method as defined in Claim 20, further comprising the step of:

employing a casing strings compression assembly of an emergency well fluid shutoff
assembly to radially compress each of the plurality of casing strings to restrict well fluid passage
through portions of the wellhead located above the emergency well fluid diversion assembly so

that when actuated, well fluid is diverted from within the wellhead housing to an external conduit

through the well fluid diversion assembly.

28. A method as defined in Claim 27,

wherein the casing strings compression assembly includes a pair of opposing
compression rams positioned to extend radially toward a center of the bore of the wellhead
housing to apply a compressing force to each of the plurality of casing strings; and

wherein compression is performed at approximately a same coaxial location for each of

the plurality of casing strings.

4.



