DUAL-DIRECTION RAM-TYPE BLOWOUT PREVENTER SEAL CROSS-REFERENCE TO RELATED
APPLICATIONS [0001]The present application claims priority to U.S. Patent Application Serial No.
11/609,585, filed on December 12, 2006, and entitled "Dual-Direction Ram-Type Blowout Preventer
Seal." The Priority application is expressly incorporated herein by reference in its entirety.
BACKGROUND Field of the Disclosure [0002]Embodiments disclosed herein generally relate to
blowout preventers used in the oil and gas industry. Specifically, selected embodiments relate to an
improved seal carrier for use in ram-type blowout preventers, in which the seal carrier is configured to

be displaced %ngtﬁfjﬁﬁ(ge&tf@r@mmerb}%omwm BRgkgnoNnoEARIgBA3IWell control is an

important aspec gas exploration. When drilling a well, for example, safety devices must be

put in place to prevenHiRigE4IR PRISRANGH RNHCIRIBRICTIETE RUIPEOATERDIIRG from unexpected events
associated with the drilling activities. [0004]Drilling wells involves penetrating a variety of subsurface

geologic stiygiiies, of “fquualionss Segasienally Aureitore vilkesneliale-adosnationhaving 2

formation pressure substantially h|g er than theé)ressure m?#équ §§ ¢ Ibo When this
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thereof) into the well?gr% e'!’he re%lt?ltlvely high-pressure kick tends to propagate upwards from a point of

entry in the wellbor& towar §the Sirace (from a high-pressure region to a low-pressure region). If the
kick is allowed to reach the surface, dnllmge‘félwd, well toals, and other drilling structures may be blown

out of the wellbore. Such "blowouts" may phic destruction of the drilling equipment

(including, for example, the drilling rig) and substantial injury or death of rig personnel.
Field of the Disclosure

{0002} Embodiments disclosed herein generally relate to blowout preventers used in
the oil and gas industry. Specifically, selected embodiments relate to an improved seal
carrier for use in ram-type blowout preventers, in which the seal carrier is

configured to be displaced along an axis of the ram-type blowout preventer.

Background Art

[0003] Well control is an important aspect of oil and gas exploration. When
. drilling a well, for example, safety devices must be put in place to prevent injury 1
personnel and damage to equipment resulting from unexpected evenis associated

with the drilling activities.

[0004] Drilling wells involves penetrating a variety of subsurface geologic
structures, or "“formations." Occasionally, a wellbore will penetrate a formation
having a formation pressure substantially higher than the pressure maintained in the
wellbore. When this occurs, the well is said to have "taken a kick." The
pressure increase associated with a kick is generally produced by an influx of
formation fluids (which may be a liguid, a gas, or a combination thereof) into the
wellbore. The relatively high-pressure kick tends to propagate upwards from a
point of entry in the wellbore towards the surface (from a high-pressure region to a
low-pressure region). If the kick is allowed to reach the surface, drilling fluid, well
tools, and other drilling structures may be biown out of the wellbore. Such
"blowouts" may result in catastrophic destruction of the drilling equipment
(inciuding, for example, the drilling rig) and substantial injury or death of rig

personnel.



[0005]Because of the risk of blowouts, devices known as blowout preventers ("BOPs") are installed
above the wellhead at the surface or on the sea floor in deep water drilling arrangements to effectively
seal a wellbore until active measures can be taken to control the kick. There are several types of
blowout preventers, the most common of which are annular blowout preventers (including spherical
blowout preventers) and ram-type blowout preventers. Blowout preventers may be activated so that

kicks are agiaguptely copualiad angle cikgWamewaisolitha sy sifniasdeepouaieediling, BOPs are
conventionally used in an assembly called a "subsea BOP stack’, or simply @, sybsea gtagk”, so-called
because a number Gt BOP e SBlERAIVS At |s;ef0|r%ed] fogether) in an assembly, commonly with 4,
5, or 6 ram-type B@Rsrstatiedsup iralewsoneftrtive asmliar BOPSHTH ackig@erswitiei2BPBOPs in a

subsea stack aﬁorgaﬁtf%% APGVHIE. e cxarrle.ary plove e Rlack (e demalmemilic seabed for

an extended perio 6]Referring initially to Figure 1, a schematic of a subsea BOP stack 10 is
shown. Subsea BOPmBEeR A0THINHAES 2 INE PHBUBIE REHeBtS deduitf A S4hiddle double ram

BOP assembly 12, 30d An d/pRatLouRle 5am BOR Assiemlieddrd-udhearmopessubsemBO® stack 10

includes spools 14 and an annular BOP 15. Each double ram assembly .comprises tw BOPs (or
"cavities") in a singféHEH é8n§‘8hﬁéﬂﬁyaﬁ‘fisag?§8ﬁ%% controiied and ubi urmge?s L

mprises the equivalent of six conventional
"single" ram BOPs anemvoulc biesgaichter "haVimsiBaPs esvitioss 0007 |RufefrimgaRowseEljure 2, an

example of a ypical spqvenlanal BERE PlojoULRleehLELIO0IS Showd Raflliype, 8RR 100

includes a BOP boéy 102 having a vertical bore 104 (i.e., the "wellbore") and a horizontallbore 106.
Vertical bore 104 isnaiynssed BSoTitaaey Srieked e 1 681a4 it HOWSENRF BEFY 18671 BEPESEH about an
axis 107 substantiallypesRandighlar 0 @xisrabSyAd antref piprelilip isstovendispesednmuiartical bore
104. Ram-type blowout preventer 100 further, includes ram blocks 108, disposed within hogizontal bore
106 on opposite sio%g?é?[tg%éﬁgteo%@tbgﬁ %{iﬁﬁa%dnrgdssﬁfﬁ,S?g%kd%%ﬁdr?eﬁs 110 v?/ ich may be
removably secured égaBOE baylyliwhtcterkableramovahobtimh s a1 exepdstpitiNance.

[0006] Referring initially to Figure 1, a schematic of a subsea BOP stack 10 is
shown. Subsea BOP stack 10 includes a lower double ram BOP assembly 11, a _
middle double ram BOP assembly 12, and an upper double ram BOP assembly 13.
Furthermore, subsea BOP stack 10 includes spools 14 and an annular BOP 15.
Each double ram assembly comprises two ram BOPs (or "cavities") in a single
body; consequently this stack comprises the equivalent of six conventional

"single" ram BOPs and would be said to "have six ram cavities".

{0007] Referring now to Figure 2, an example of a typical conventional ram-type
blowout preventer 100 is shown. Ram-type BOP 100 includes a BOP body 102
having a vertical bore 104 (i.e., the "wellbore") and a horizontal bore 106.
Vertical bore 104 is disposed about a vertical axis 105, and horizontal bore 106 is
disposed about an axis 107 substantially perpendicular to axis 105. A joint of pipe 111
is shown disposed in vertical bore 104. Ram-type blowout preventer 100 further
includes ram blocks 108 disposed within horizontal bore 106 on opposite

sides, attached to piston actuated rods 112, and bonnets 110 which may be

removably secured to BOP body 102 to enabie removal of bonnets 110 for
maintenance.
[G008] When ram-type blowout preventer 100 is actuated, ram blocks 108 displace

along horizontal axis 107 toward vertical bore 104. Rams blocks 108 may either be

pipe rams (shown) or variable bore rams, shear rams, blind rams, or any other
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[0008]When ram-type blowout preventer 100 is actuated, ram blocks 108 displace along horizontal
axis 107 toward vertical bore 104. Rams blocks 108 may either be pipe rams (shown) or variable bore
rams, shear rams, blind rams, or any other known to those having ordinary skill in the art. Pipe and
variable bore rams, when activated, move to engage and surround drillpipe and/or well tools to seal
the wellbore. In contrast, shear rams engage and physically shear any wireline, drillpipe, and/or well
tools in vertical borg,lQ4, wheieas:blindans doseivaricat.brire 104 wheseneoabstnsctvors are

present. More discussion qf ram blowout preventers may be found i U.S.Palent 8,324 24, issued to
Berckenhoff, assigR&H e ML R %“‘r%n%“gré‘é‘é’ﬁi‘ ?r?vgﬂ i, anc {ﬁr(:(‘)’vr'%orgted herein by reference

in its entirety. [0009)A8with any teotusedhinadniiing oilzasd ged Welticalpwersr prayaritet®must be

sealed and secured%;lch J%‘,’%Q&BPK?QP?Ao@%ﬁc‘é&&m&yf{@k@p@iﬂw&mﬁﬁ@r;rmt abgk Rersennel. For
example, ram-type blo ot preventers may include high-pressure seals between the bonnets and the

body of the blowoubprevértayer pre PEFrIsHRAY &6 FATERIE In MaFy IHSHENCBsC tHERIBITEPE sure seals

are elastomeric seals.anf.shgwdbe.checked reguladysta enslkeudinb theralasiofesdgpedrponents
have not been cut, permanently deformed, or deteriorated bg f(())rra1 t%éahrrel%e, 2 chemical reagtion with
the drilling fluid in tHBEHEBTR FDBETRERE NG LIS Riglie 2. ram-type blowout preventer 100
includes top seals Ih6reigposed within grooves 118 of ram blocks 108, which are sealingly connected
to front seals (or "ram packers") 109. In the case of pipe rams, when ram blocks 108 are closed as
shown, the défination @fsthétitapisealsstdén(diiaresebisestcrl i 8B UIENTTHIOEREY'T08 and the

top of horizontal borg 198)-ang the.frnt seale kR uhishseak completelyangd pipenindhe vertical
bore 104) completes the sealing of the annulus between the“k))ipe 111 and the vert e 104.In the

ical bor
case of shear rams 3 BAIRRPPSInsT WHERTRI USRS RS Sre 8o REY e o1t slé]ac{%%eog%e_al against
one another rather thansar: abjechinthe welthoseaackthie combifatiohlothe topvsetrst®16 and the

front seals 109 completes 'ﬂ%aﬁ%%”ng{%ﬁ of Fhelfgp%gﬂe{l%cgggbggpmggé}nggg&n@gysgﬁmgg@cks 108

have a pressure eq afization pa in the form of a groove 101 (sometimes called a "mud slot")
machined into the bettsmrsuitaseloftidesranidbhscibas kshipEUHIBHE R [5r&¥UHE ATRIBA the vertical

bore 104 below the fronfseals h2% 38cbHe 5@@(?@&{&&%49&1m&ﬁw)emfma@éd)@f@f&% behind the
ram blocks. Thus each ram block 108 may be displaced back and forth in the horizontal bore 106

without having to woskaapkrsermiF preadicre™ irRrehiisg Buidvadhr the'¥8itime behind the ram blocks
108 and the vertical bore 104 below the front seals_109.b'il'r‘1)‘ci)c)suet Sriéixlrleengeir}(‘jg?ng{& C}Nsilt Oor_j Lolrse

“recognize thaf illid pressid COREIHRESSR for Bresdire Bqlamzation between the Vertical bore 109
and the volumes behine dhpcrarvbitioks 08 Mdyoberactonplisifed ighatsertghs JEsIvS'a

machined groove in @gnpg’&?moqf"mﬁ {%Qﬂé?&o?'fﬁs‘l.%’tﬁé'%s@%f pipe rams, when ram blocks 108
are closed as shown, the combination of the top seals 116 (which seal between the top
of ram blocks 108 and the top of horizontal bore 106), and the front seals 109
(which seal compietely around pipe in the vertical bore 104) completes the sealing
of the annulus between the pipe 111 and the vertical bore 104. In the case of shear
rams and blind rams, when ram blocks 108 are closed, the front seals 109 seal
against one another rather than an object in the wellbore, and the combination of the

top seals 116 and the front seals 109 completes the sealing-off of the open wellbore.

[0011] Conventionally, ram blocks 108 have a pressure equalization path in the
form of a groove 101 (sometimes called a "mud slot") machined into the bottom
surface of the ram block to communicate fluid pressure between the vertical bore
104 below the front seals 109 and the respective volumes of the horizontal bore
106 behind the ram blocks. Thus each ram block 108 may be displaced back and

forth in the horizontal bore 106 without having to work against fluid pressure



drilled passageways in the ram blocks, a milled slot in the bottom of the horizontal bore 106, or even a
conduit external to the housing 102, or the like. [0012]Referring now to Figure 3, an enlarged
cross-sectional view of a top seal wear plate 120 of a ram BOP is shown. Because the top surface of
horizontal bore 106 may wear with repeated use of the ram BOP, modem ram BOPs may be fitted with
replaceable top seal wear plates to avoid expensive repair of the horizontal bore 106. Top seal wear

plate 120 is immovahly secyred 1o housing 102 with, foneXamRiRcRONSsL47 and vallglitype inserts

122A, and includes’'a sléeve portion 120A and a flange portion 1203 extending radially o t\t/vard with
respect to wellbore184igelos trdimo ey, 82 Jhevnskdpdstat i g Piae! 1255 S §RER( 8 ram block

108 and seals agaifgianRtsing HaadthRRMNLrBregjdRatianzutith tepeealid Grigakage between
housing 102 and ram blocks 108. Typically, an o-ring 124}(issl<ﬁ

isposed in a groQy. fiflange portion
120B of top seal pldf®® 198 tBes¥AR BIGRG P (8% AR Sea ?ar%a ings?t %%usﬁ%s%%?bgn%tprevent
leakage of highpressuiasfiisiadsetweenihaugingvd02 drdosealcafribe 120, YBBES[Sihce theprimary

function of ram-type, BOPs, Is o provent he escage oflyids.ftom thaueliverenaRysam-type BOPs
only seal in a single dirgchion rha , a ram-type BOP may only seal to isolate pressurized fluids from

the wellbore to the énsrirdGmertsaridwiiGKISBR AflynbRIGES! B PERGAIEI seal; capable of sealing
against a differential pressure from above the BOP. [0014]For example, when ram bIock§ 108 are

engaged witH'®i?d anoth&eiEening BEaHs highBIeEstr e MidsHom above, the high-pressure
fluids may act upon fhe: topsutiace otsanBdlocksb08. and airgeithem sofunwaidoSuckelibging may

cause ram blocks 108 to move downward and out.of seali ment withothe JoRofihg horizontal
bore 106 (or alternaigfilﬂ??awrgﬁh“%%E%e&tgaﬁgﬁjfﬁp%c%h\?vft msf}égg?é]%?%%r 120). [0015]I%grmelrly, deploying

a ram-type BOP havimg zeslagisbttirestion|sesdwdsterotccorsit ereansd B REh GBI 22 dhere was

no reason for a BOR 10, sqal againsh RIESHEE-MOMm RhAYS-JARYaYald & MewisgmenoRin deepwater
drilling installations for regulatory agencies (e.g., the Minerals Management Service Ml\r/ln% , of the

United States Depatiettef takS|Arriptd wAET PR IRsE b HéROre BRIIMTSH ol S5 925 in U.S.
territorial waters) to reguireneesigdisdesitngef tnemiegeiiviakindiidiyabrawaBORShagairst wellbore

pressures while the subsea stack is located on the seabed. [0016]Previously, syich Ip: SitBOP testing
may have been accd?ﬁgh%eﬁ‘%ggggﬁd(?ﬁtéogf‘ [@ oatseglcmgthtéasﬁeln gf?rs test method, a test tool is

lowered through the mubseaiBOP stdckadn axairing @fspipe, (ane arcifatell SEMBIRTHENWESIBOP in the
stack. The test tool I%e%f:tﬂ%zelgaﬁgee%tgjgéb%&g@ﬁ%ﬁﬁﬁh%ﬁpmgéﬁ,‘ttm' Typically, an o-ring

124 is disposed in a groove 126 of flange portion 120B of top seal plate 120 t0
sealingly engage (as a face seal) against housing 102 and prevent leakage of

highpressure fiuids between housing 102 and seal carrier 120.

[0013] Since the primary function of ram-type BOPs is to prevent the escape of
fluids from the wellbore, many ram-type BOPs only seal in a single direction.
Thus, a ram-type BOP may only seal to isolate pressurized fluids from the
wellbore to the environment and will not typically include a bidirectional seal;

capable of sealing against a differential pressure from above the BOP.

[0014] For example, when ram blocks 108 are engaged with one another and sealing
against high-pressure fiuids from above, the high-pressure fluids may act upon the
top surface of ram blocks 108 and urge them downward. Such urging may cause
ram blocks 108 to move downward and out of sealing engagement with the top of
the horizontal bore 106 (or alternately, in a ram BOP so equipped, with seal carrier

120).



example, by inflating an inflatable packer), and a BOP to be tested is closed. Then, fluid pressure is
communicated into the annular space around the pipe above the test tool and below the BOP being
tested. After testing, the pipe string and test tool are withdrawn from the wellbore, and normal drilling
operations can be resumed. [0017]However, such a method may be extremely costly in terms of rig
time. In an alternative test method, the subsea BOP stack may include an additional ram BOP installed
in an invertegheperatingpsition adgheihotiem of jadonbaemBiimgladieditussethevisverted BOP may
seal against test pressure introduced thereabove. However, in placing the.agddiiopal BQfin an

. -, T ricom 5 there was no t 3 S 1
inverted position at” FE'YS8EOm OF 4 SUbSea B&P s%ack, the additional ram "cavity" may will not seal

against wellbore pressseecaitdithabavay ndvbesed: ds BregetrBOPHUHTE BpEfatitHE e
Furthermore, the additignal RQP maAl50 Jociersedhe heiaihuaigbi-anstaast ska pibsea BOP

stack. [0018]Consequently, it may be advantageous to have a ram BOP_havinﬁt e ab(;lit%/ to seal in

both directions on the"déabePEdith A THEBHBSRPATEY TS fistia WiHE: FiRISA F déditated test

ning
tool into the well. Fyrtherneiginsushd duakslirectisneamBORavil abow tie BORstasknodie tested

without requiring a dedicated invetted cavity %QS&?%%{%%P\%HQS;%Sprerlé{}‘iQ%}Qf%%ﬁy%?bgéatﬁgcl@rge

number of subsea BOPEBHKE i exis ence, It may also be advantageous to have an inexpensive
apparatus and methoddeemodify esdsting ram-type BOPs so they could seal in both directions.
[0019]0One device currently capable of effecting a bi-directional seal of a bore_or conduit, for example
in a gate or Bdll#lalve, ink’/fﬂ\f/'@g%é[fa‘@té?§§&I§?é’ifﬁé‘li%é’téﬂ&ﬁYétﬁ?%%ﬂ%ogfp&i‘é?Smeég}éeals) on

either side of a movahle pressutehaniar, wherrhyeach-aral, acisindapendesiiy afrhaother to
seal-off pressure from one direction or the _othe%. [iOOZO h—lovx(/: ver, ram B%ﬁ attemnting this
"double-seal" approRtichBy HigRaY SRAGESIES B prestlivizad fluid be

ind the ram block, thereby
effectively hydraulicaliyklotkinestheranadoleek. vhsditioff aily wiiébtbotohet Bellitjrflchanism may add

complexity and manyfacling expense. FUINRIGIA.PEGAYSetR heanyHedbi ekl s blocks and

the abrasive nature of the we such a on a ram BOP may have limited working life. [0021]A
ram BOP having bi-8vigctiesmirseakngramisas disttodedinuas spatetiont! he85a31018dled to

Helfer, et al, and inciperpied by sefarenee bargirdnitsertiretind hrerape BER aiHeifesccomprises
circumferential seals around the ram blocks wherein pasag&s within the ram.blocks b&etween the face

and rear of the ram BIOERE SR SHBve A& o IHE St SeaE SdVake m SE et

valvé means WIﬁ']I.n the ram

blocks allow figy.through, the passages only from the Jront (9,06, fea efReFNR time. 1n an
alternative test method, the subsea BOP stack may include an additional ram BOP
installed in an inverted operating position at the bottom of the subsea BOP stack.
Thus, the inverted BOP may seal against test pressure introduced thereabove,
However, in placing the additional BOP in an inverted position at the bottom of a
subsea BOP stack, the additional ram "cavity" may will not seal against wellbore
pressure and thus may not be used as a regular BOP during operations.
Furthermore, the additional BOP may also increase the height, weight and cost of a

subsea BOP stack.

[0018] Consequently, it may be advantageous to have a ram BOP having the ability
to seal in both directions on the seabed so that the BOP stack may be tested
without running a dedicated test tool into the well. Furthermore, such a dual
direction ram BOP wili allow the BOP stack to be tested without requiring a
dedicated inverted cavity for testing purposes. Further, because of the large
number of subsea BOP stacks in existence, it may also be advantageous to have an
inexpensive apparatus and methed to modify existing ram-type BOPs so they could

seal in both directions.



block. Such a design is alleged to hold pressure equally from either direction. [0022]Additionally, a ram
BOP having bidirectional sealing rams is disclosed by U.S. Patent No. 6,124,619, issued to Van
Winkle, et al, and incorporated herein by reference in its entirety. In lieu of conventional seals, the ram
BOP of Van Winkle includes ram block seals which go all the way around the ram block to seal the
space behind the rams. In addition, a mechanism is provided to selectively connect the volume behind

the rams wigkytige more BighlypeessHized swalhors yebime adinaasidonhiadarnsa(sitarabove or

below). The connection made is free-flowing in h direction therebt)‘/i ng;g 4. g.{ﬁ)g %y&%tion and
fluctuations with cHRRGWS fAFEHBBIR Pragiird. %ﬁé’%ﬁ]r‘ veorf‘ﬁegr%ﬁpg BOP z:{/ihg bidirectional sealing

rams is taught is U@ ateint 6;7dFR62bisswetoniilisy, Btalchadmeabloritst fe P8R By reference
in its entirety. This %&%@&‘f thervuhithy. Rataphdnsiies iaRSeals-andbatiemaaalantoin srder to
mitigate the issues o fluid trapped behind the ram blocks, includes two fluid communication systems.
The first communic#tRsHosyStefE%: selectively operable system to equalize the pressure behind the
back of each ram with the fluid pressure below the ram packe;‘rds. 'I{)rlle“seﬁ:,pnd crorglc@urgg:ation system
includes a sEi&ively opePARE iU R M RRTBRYS ST 1P 88 TATZing Hilld pressure between the
back of each ram witkndlenfigishpiessaypabovedhdvanbgackahs. Aw duetk- dbvRSetEEsUsHY operable
fluid control system, ingludes, g contiql unit connagiseto itfg atshiiselegilves argiationi0024]Al
prior-art solutions rgly on comB/Ieter sealing-off the ram block within the horizontal bore and equalizing
the pressure differemighdesmematrrsdenBEIEEhERE P BRIGHIEE BafiiRtks) ANTREVSfumes

behind the ram blogis, kbeseryusiemsoar e alativealyicermplicrind andiexpensive, thewerissure
balancing passageways may be prone to plugging (e‘%’d by &J(I{Iillleidfcuttings in the drilling mud), and

failure of certain preSStrEqI A Pl eEs IS ONEHIE WSS

may pr%\'}la'e an open conduit from the

wellbore below the ram blocks tg the wellbore above the ram blocks. Mare critically, dthe
- d ek
pressure-eqtﬁ%ﬁ&létion m&ﬁ%%r%g%ﬁlﬁﬁ%ét réer?t 8?%)?5?51‘&%? ?Spﬁjglgeg Sassageways or the failure

of a valving comporént)ifild dpévatidgarial fubsed stagingsresssatiyn oEtRMmmh §SPRratGhs, killing

the well, and pulling {he antirg sphsepptagkiaihe skpacs fordenairswaulehlikelyhe weuired.
Therefore, it would be desirable to have a bidirectional sealing ram BOP whicg doesfntgg require

pressure equalizatidIsESERGEETGTIRE g REROFRINY S WO SR80 B HEAPABRE" S aVe a ram BOP
capable of sealing againsthiditestionalppaswiewsirgihe existing! rafvblockisedlbioftiiegacy” ram

BOPs. SUMMARY OF INVENTION [0025]In. one aspect, embodiments disclosed herein relate to a
ram-type blowout prgk?éﬁié\lﬁ% (?gr%gf% BIoWout | ?éygr%er Comprises a body, a vertical bore

through the body, a hiotizcnkal Hdrs ghiositdzahe botyrhserse et Heoveriibal H86181%8nd a pair of ram
blocks disposed in the horizontal bore on opposite sides of the body, in which the ram blocks are

adapted for coiRdlled latérdditiasdinaneto BB FEiReRErericarhia "EHaPA M s BISWb Ut preventer
further includes a segl cassier:digpesed abnutdhe verisahoadetweemdhecBORApgdyesmd adjacent to
the horizontal bore, in which the seal carrier is co fi&ured to?pe displaced alang anmaxissafthe vertical

bore. The ram-type BRSTHBIE BPeVeRtarRintiel Sheludas & sealing device positioned between the body
and the seal carrier. includes ram block seals which go all the way around the ram block to seal the
space behind the rams. In addition, a mechanism is provided to selectively connect
the volume behind the rams with the more highly pressurized wellbore volume
adjacent to the rams (either above or below). The connection made is free-flowing in

both directions thereby allowing for evacuation and fluctuations with changes in

wellbore pressure.

[0023] Furthermore, a BOP having bidirectional sealing rams is taught is U.S.
Patent 6,719,262, issued to Whitby, e a/. and incorporated herein by reference in its
entirety. This BOP of the Whitby patent includes top seats and bottom seal and, in
order to mitigate the issues of fluid trapped behind the ram blocks, includes two fluid

communication systems. The first communication system is a selectively



[0026]In another aspect, embodiments disclosed herein relate to a ram-type blowout preventer. The
ram-type blowout preventer includes a body, a vertical bore through the body, a horizontal bore
through the body intersecting the vertical bore, and a pair of ram blocks disposed in the horizontal bore
on opposite sides of the body, in which the ram blocks are adapted for controlled lateral movement to
and from the vertical bore. The ram-type blowout preventer further includes a seal carrier disposed at

the intersection of thg.uertical.bare, anehibe herzonrtal bermdnnwhich tresealeariar iscoufigured to be
displaced along an axis of the vertical bore and to_be sealin IX er%%argeq .with atégpi%eﬁlll d%f tahe at least
one of the pair of raRFFBIHEKE My BRG0P presarteF YIHREr thcTudes & sealing device

positioned betweensthae-hady and-iie seal carmrurRORFE sithen ifParatabiriagplel! enebtdtments

disclosed herein relate to a ram-type blowout preyepter, The ram-tvpe Rloweut Rreyenter Kicludes a
body, a vertical borgetwgedlgﬁ{% oc y?ag\%(r)arfrzlo‘ﬂlttal %’oreutlhr%ugh the b%d intersecting the vertical

bore, and a pair of remhblersis gisptzely inntratiorBvitLonsie Gy BPPoditestied 6P bEBY, in which

the ram blocks are agapted for.gantielledlateral mevement to and from the vertical bore. The ram-type
blowout preventer further includes a seal carrier disposed at the intersection of the vertical bore and

the horizontghbere, in whighhe: sealsaue! isicenfligupdiinhedinusiinte sealingengagement with at

least one of the pair of ram blocks by fluid pressure above the.ram blacks. The ram-type blowout
preventer further incifREACAE RREF &8&%%‘%%%%%?%&) e ngﬁfﬁ SO CH i

e body and the seal carrier.
[0028]Further, in yetanethertaspedis embodirkenrtsddisciosed dyddivdalmteate MavisthdBs¢ actuating a

ram-type blowout preyapigr. Je migfoed Iaclidfs-sealih ansiatiamiloss aseivalanmanother
an

proximate a wellbore-axis sealingly engaging a seal carrier with the pair of ram assemblies from
fluid pressure actingraposemayranradseFiBiedo PHEERS (afichYsEDIHgEHERE Betbe SiHER? displaced
along the wellbore ayjss{0QR9AMtheraspersts pedadwniages okihe empadiments disclased herein will

DRAWINGS [0030]-IBEFE T GEHeaE LA B KubUBa RS S e e b OF
ram blocks. More critically, if the pressure-equalization mechanisms fail (whether,
for example, by plugged passageways or the failure of a valving component) while
operating in a subsea stack, the cessation of drilling operations, killing the well,
and pulling the entire subsea stack to the surface for repairs would likely be
required. Therefore, it would be desirable to have a bidirectional sealing ram BOP
which does not require pressure equalization passages or valving. Additionally, it

would also be desirable to have a ram BOP capable of sealing against

bidirectional pressure using the existing ram block seals of "legacy" ram BOPs.

SUMMARY OF INVENTION

[0025] In one aspect, embodiments disclosed herein relate to a ram-type blowout
preventer. The ram-type blowout preventer comprises a body, & vertical bore
through the body, a horizontal bore through the body intersecting the vertical bore,
and a pair of ram blocks disposed in the horizontal bore on opposite sides of the
body, in which the ram blocks are adapted for controlied lateral movement to and
from the vertical bore. The ram-type bloWout preventer further includes a seal
carrier disposed about the vertical bore between the BOP body and adjacent to the
horizontal bore, in which the seal carrier is configured to be displaced along an
axis of the vertical bore. The ram-type blowout preventer further inciudes a

sealing device positioned between the body and the seal carrier.



[0031]Figure 2 is a cross-sectional view of a ram-type blowout preventer. [0032]Figure 3 is a
cross-sectional view of a top seal plate for a ram-type blowout preventer available in the prior art.
[0033]Figure 4A is a cross-sectional view of a seal carrier for a ram-type blowout preventer in
accordance with embodiments disclosed herein. [0034]Figure 4B is a cross-sectional view of a
alternative seal carrier for a ram-type blowout preventer in accordance with embodiments disclosed

herein. [00 igure 4C s a crpss-sectional. view : ier-of Ei i
S lonal vigw, o 108; SaRLCAMISLAT Bl & 4R Shawin a
pressurized COFI%I'[IOI‘]. [Of&fgﬁglfﬁr%s%% |saa c(r)oés-sectiénal view of ;:1 second alternative seal carrier for

a ram-type blowouthiPeeehrsirriEeofdaes Wittt BRI REAYEHRS SRR R &r8RT0D 3 7TETdUre 5 is a
cross-sectional viewRf ssfahaaeriaiaans kamdlacke el dream tpedaownutieenierprovlding
sealing engagement about a drill pine N A0S0 9anSe YN EMBAdIMENR, A'3HI Q3RS NE YA of

the body, in which the ram blocks are adapted for controlled lateral movement to

and from the vertical bore. The ram-type blowout preventer further includes a seal

carrier disposed at the intersection of the vertical bore and the horizontal bore, in

which the seal carrier is configured to be displaced along an axis of the vertical

bore and to be sealingly engaged with a top seal of the at least one of the pair of

ram biocks. The ram-type blowout preventer further includes a sealing device

positioned between the body and the seai carrier.

[0027] Further, in another aspect, embodiments disciosed herein relate to a ram-type
blowout preventer. The ram-type blowout preventer includes a body, a vertical
bore through the body, a horizontal bore through the body intersecting the vertical
bore, and a pair of ram blocks disposed in the horizontal bore on opposite sides of
the body, in which the ram biocks are adapted for controlled lateral movement to
and from the vertical bore. The ram-type blowout preventer further includes a seal
carrier disposed at the intersection of the vertical bore and the horizontal bore, in
which the seal carrier is configured to be thrust into sealing engagement with at
least one of the pair of ram blocks by fluid pressure . above the ram blocks. The

ram-type blowout preventer further includes a sealing device positioned between

the body and the seal carrier.

[0028] Further, in yet another aspect, embodiments disclosed herein relate to a
method of actuating a ram-type blowout preventer. The method includes sealing a
pair of ram blocks against one another proximate a wellbore axis and sealingly
engaging a seal carrier with the pair of ram assemblies from fluid pressure acting
upon the ram assemblies. The seal carrier is configured to be sealingly displaced

along the wellbore axis.

[0029] Other aspects and advantages of the embodiments disclosed herein will be

apparent from the following description and the appended claims.



DETAILED DESCRIPTION [0038]In one aspect, embodiments disclosed herein relate to a ram-type
blowout preventer with an improved seal carrier. In another aspect, embodiments disclosed herein
relate to a ram-type blowout preventer with a seal carrier which is configured to be displaced along an
axis of a vertical bore of the ram-type blowout preventer. In another aspect, embodiments disclosed
herein relate to a ram-type blowout preventer with a seal carrier which is configured to be thrust into

sealing engagement with a top seal-qh adam 3aRMbY PSR AN RgPlowout preventer.

[0039]Referring now to Figure 4A, a cross-sectioned view of a seal carrier 520 of a ram-type blowout

preventer if gegprdanceyif emBOUIEs HISGIRPGANBEIRSaND with ram blocks 108 n a
10 o) '

"shut-in" posi such that trhey are closed and sealing against wellbore pressure from below. Seal
carrier 520 i%&’i?goosed ahaut verticabhare a4 briveenhausingl-0Rane harizontal bore 106. located
at the intersection of vertical bore 104 and horizontal bore 106. Seal carrier 520 includes a sleeve
portion 5204yaxy] a flanggRartian H208. kutharmete.slooyapopion H2eAinaipdesow sieeve top
surface 520C and an o-ring seal 524 disposed in a groove 526 on an outer surface of sleeve portion
520A. Flange portidis388 Eévﬂgﬁt? VANV Slbward from sleeve portion 520A with respect to wellbore
axis 105 (no wn), and has flange top sur. 52 1S ShowR-IBIewSiesed” position,
that is, fully é)é%ﬁced inrzgl%ﬁlg éé%tllsg%\fﬁ)g?esléf(%%%&ﬁgggﬁ%??%ﬁhs%g% %(?é%g‘ yivgeé of Figure 2) are in
sealing engagementr00%0jFartrelnsyihsahelime g 4icifdtss8 s radially constrained by BOP
body 102, but is free to move vertically within a prescribed range during o _er%tion of the ram BOP. In
contrast, topl &4l wear pfagare 3B SHcRRT TR % LbhaliREycasy BoIshittd Foht Raving any axial
movement by bolts 422 angreaigi-typednaents 2R Ambhireforediikiesn bloeks 108 are in a closed BOP
position (as shown in Figure 4A), the upward travel of seal carrier 520 may be limited to preserve an
effective sealdoystop sealFigi6e AS showassupward! traselofithy el heinietiohy Eorm4E Betiveén flange top
surface 520D and bg%}ésjsggzémaggn_lower travel, may be limited by the ram blocks themselves, or
by other retaining methods known in the art. In any case, and at all positions of seal carrier 520,
surface 520Gopygst remaindixfluis sQrausnicatian witw thieaveciaaldbered 0dsediouerithdoram blocks 108.
[00411Referring still to Figure 4A, o-ring 524 maé{ge char%cteriz%d by an osrin ]%efgilnarea 524A,

) . d . .
measured in a horiz&a Prar SRR IR e T BIo S 5 e ilosed 193hd Tront seals 109 are in

sealing engagement, top seal 116 may be characterized by 4 ton.seal area il 84 alsq4peasured in a
horizontal pl & Those sKfigg in'the %Fts will }%%%gﬁ??e% Eielte\:/vhile 'Ehe effective g-ﬁing seal area 524A

may be substantiallyrcirchlarehensfiective pepvidararesing GAFAREHOY BESUFEHERIR ditcular.

However, one of ordipanskillintheé:withregegnize thai-an average diameter of top seal area 116A
may be less than an average diameter of the o-ring seal area 524A. [0042]Further, those having

ordinary skill in the art will recognize &?ﬁ/é%w%gﬁﬁé%w seal is 524 shown in Figure 4A,
ed on Seal carrier wit

other seal arrangements may be employ hout departing from the scope of the
A I RS (e A U I I e S S A R

preventer with an improved seal carrier. In another aspect, embodiments disclosed

herein relate to a ram-type blowout preventer with a seal carrier which is

configured to be displaced aiong an axis of a vertical bore of the ram-type blowout

preventer. In another aspect, embodiments disclosed herein relate to a ram-type

blowout preventer with a seal carrier which is configured to be thrust into sealing

engagement with a top seal of a ram assembly of a ram-type blowout preventer,

[0039] Referring now to Figure 4A. a cross-sectioned view of a seal carrier 520 ofa
ram-type blowout preventer in accordance with embodiments disclosed herein is
shown with ram blocks 108 in a "shut-in" position such that they are closed and
sealing against wellbore pressure from below. Seal carrier 520 is disposed about

vertical bore 104 between housing 102 and horizontal bore 106, located at the



rings disposed between the housing of the ram-type blowout preventer and the seal carrier. For
example, an o-ring in a groove may be provided on the flange portion 520B of seal carrier 520.
Alternatively, other sealing devices may be used in conjunction with seal carrier 520 in place of
o-rings. Particularly, seal assemblies having molded rubber adhered to seal carrier 520 and lip-type
seals, may be used. Furthermore, in other embodiments, "trash seals" may be provided adjacent seal

carrier 520 on BOP,hody 402 within Bogs:d Q6. t0-RreYeRkANARDIES. (Sebk Bl tsBY BlcBioRES, pebble,
dirt, sand) from invading the space between seal carrier 520 and BOP body 102. [0043]Referring now

to Figure 4B, an alteleryivecseen G2ffera9 e flangsnperiebtivtBeiuEhsrBrEal Tore RIAERd horizontal
bore 106 on one side gf adamiyResRAR isshavdeA>chan in kiglie #8, samdipoket08 is depicted
in a fully-retracted ("open") gosition with a Iegge 1 61A on the Iowesrziﬂrfagle é)fehocr)i 1oc>rg}taasl2?%re 106 and
a corresponding recB88YA Path BBk HHE. WSS At BISEP O TS Tetracted irto horizontal bore 106
(i.e., when vertical haxeniO4aisifillyoopen), fivdrepsdonmiol GRgath aeRrerelievinyhsressise on top
seal 116 and prolongd@%gs%%ég@ﬂg hoseskllgddndbe ariwilksesoanizeibal ledae LRWmay.be an

integral part of BOP bo , Or a separately renewable part. [0044]In the embodiment shown in
Figure 4B, seal carristsad igdsisgadirivim ik H5ratieh st eridsspitg s 8t poSEe it Pfing recess
526 of BOP body 1Q2,SRHngdeces5e8 1226 maybe askangedgtadialy. about a vertical axis (not shown)
such that a downward biasing force may be evenly applied to seal carrier 520. As would be
understood Ipgottigse of ordimaimskillaiherimeshanicabbinsirglimischastisimsi (& GO&edastomeric ring
disposed in a circumferential groove) may be use ' -1 thi I igr.520 is
restricted from furtrrlgrgJ éo%‘hbf,%%ﬁ r%?ovgm (336 ﬁIftBﬁﬁga%gﬁﬁi%fé%%g%%ﬁg&%@rﬁrg gj E%? %lfﬁcgﬁ %fe noted
that that in the embadimBaPshbvwaeitrigime B, veaer plete 1Rissheay iHtkigwa His SurEdhtfhlization

path in the form of a,grPoyeA1«(BL M iSOt RREIRe IS Borom Switacsaief rag block 108 to
allow pressure communication between a portion of vertical bore 104 Iocats%%%]ow the front seals 109

and a volume of the H&A%oAtarbord BB HEhiNdaMe VS bIbek tHolSASHHT 67 R&1ering now to
Figure 4C, a cross-sagtionah viewnief sealeaniera20teiBigifreed Besshoiad witly resrlibloeksd 08 in a

closed testing position. In the tesg&% positian ram QAP% 19@ &eoav!', QQ?S%H"@H@&V% regsure from

above. As shown, wBIBSFE RS %ezs/eeg?:b[ Gowhward upon a top surface of ram blocks 108 and

causing ram blocks 108 tal hpvedawhslightylBacaesessiéasre P sutfabeds 2 is MM’y

communication with yertical bare, 104, welilbar ¢ Piassuke Alsa aatedadheystseal saeriesbidtin a
downward direction. As well bore is sealed off by front seals (e.g.

) 109 of Fig%lre %), a sea%%g created
between ram block T8 IO REARCHR S 5 MY OTRSH P <BA RES URF T588 S d between
seal carrier 520 and hegy.102thrasghnanring ihiRdc dherelosaptheithebdorcacpushing $ebd catirier
downwards into cont%% gx((i)tg(g%sseal 116 may be calculated as: Force (OA TA) x WBP;(Eq. I)

[0041] Referring still to Figure 4A, o-ring 524 may be characterized by an o-ring
seal area 524A, measured in a horizontai plane. Similarly, when the ram blocks
are "closed” and front seals 109 are in sealing engagement, top seal 116 may be
characterized by a top seal area 116A, also measured in a horizontal plane. Those
skilled in the art will recognize that while the effective o-ring seal area 524A may be
substantially circular, the effective top seal area 116A may not be substantialiy
circular. However, one of ordinary skill in the art will recognize that an average
diameter of top seal area 116A may be less than an average diameter of the o-ring

seal area 524A.

(00421 Further, those having ordinary skill in the art will recognize that while only a
single o-ring seal is 524 shown in Figure 4A, other seal arrangements may be
employed on seal carrier 520 without departing from the scope of the current

invention. In one selected embodiment, seal carrier 520 may include additional o~
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where OA is the o-ring seal area 524A. TA is the top seal area 116A, and WBP is the wellbore
pressure 527. [0047]Furthermore, if seal carrier 520 is mechanically biased downwards (as shown with
springs 525), the net force may also comprise the total downward force of biasing springs 525. In
selected embodiments, the o-ring seal area 524A may exceed top seal area 116A by 5% to insure
adequate sealing at test pressure In other embodiments the differential between the sealing areas may
be greater than 10%. [0048]Referring now to Figure 4D, an alternative seal carrier 520 for a ram-type

blowout preventer is SO WHPEFEAFLEEY PERBIORKLLHS 18 HIBE &P LaHIiRY WISh &P vEIfuiSRe pressure
from below. As showarraeat saskiet f2hinclude snaaliprseal BadBdrptauded oing seagddrofiFigures
4A-4C, and a plurali screws 530 to limit the downward travel of the seal carrier ews (e.g.,
Allen-head cap scre\?\;zsg%@é ?%gycﬁglfﬁrgegagde {l%r?{c[)l %%\%ybgéi;‘/eﬁigliﬁn Fggigfspgﬁﬁgrr?%j‘gg%ﬁs%e sleeve
top surface 5200. AsehowtioserticarricrSierifeluite slate pieet frge P RulsavscHmMEaR 8t rews 530

with springs 525 instglleg capeenticaly Arrkadihem. IR0 Hurthermors. apliyrality @ksakscrews 531

may be installed radially in seal carrier 520. Thus, the lower limit of the downward travel of seal carrier
520 may be determifidESHRE rélatier ErREAIPBE o e Bt SScrids B aHdth 8 HASES BfScrews
530. Downward mechanicad fuias iBprovided by springs&25] whicharenshownedsicod. springs, but

which may be any appropriate deyigs which generates;a sprngrfolge. syahas Beivillsashers or an
elastomeric springs, Th one emebbgllmeﬁt, the biasing spring force may be provided by a thick resilient
gasket between slees ffprshdzd€2520C and BOP body 102 with provision for screws 530 to pass

therethrough. Advantageously, such a gasket may serve both as a biasing spring and as a trash seal.
10043} Referring now to Figure 4B, an alternative seal carrier 520 at an intersection

between vertical bore 104 and horizontal bore 106 on one side of a ram-type BOP is
shown. As shown in Figure 4B, ram block 108 is depicted in a fully-retracted
("open™) position with a ledge 106 A on the lower surface of horizontal bore 106
and a corresponding recess in ram block 108. When ram block 108 is retracted
into hotizontal bore 106 (ie., when vertical bore 104 is fully open), it drops-down
off of ledge 106A, relieving pressure on top seal 116 and prolonging seal life.
Those skiiled in the art will recognize that ledge 106 may be an integral part of

BOP body 102, or a separately renewable part.

{0044] In the embodiment shown in Figure 4B, seal carrier 520 is biased downward
by at least one spring 525 disposed in a spring recess 526 of BOP body 102.
Spring recesses 526 may be arranged radially about a vertical axis (not shown)
such that a downward biasing force may be evenly applied to seal carrier 520. As
would be understood by those of ordinary skill, other mechanical biasing
mechanisms (e.g., an elastomeric ring disposed in a circumferential groove) may be
used as well. In this embodiment, seal carrier 520 is restricted from further

downward movement by ram block 108

[0045] Furthermore, it should be noted that that in the embodiment shown in Figure
4B, ram block 108 may include a pressure equalization path in the form of a
groove 101 (or "mud slot™) machined into the bottom surface of ram block 108 to
allow pressure communication between a portion of vertical bore 104 located
below the front seals 10% and a volume of the horizontal bore 106 behind the ram

block {not shown).

it



[0050]Referring now to Figure 5, a cross-sectional view of the intersection of vertical bore 104 and
horizontal bore 106 on both sides of a ram-type BOP with ram blocks 108 in a fully-extended ("closed")
position, in "testing” mode with wellbore pressure 527 applied from above. As previously discussed,
front seals 109 and top seals 116 are sealingly connected such that together, they seal off the vertical
bore 104 completely when the ram BOP is closed. The extents of o-ring seal area 524A and top seal
area 116A may be discerned as described above in reference to Figure 4Aland.4C52[6)g§l]Those
having ordindi3#&kill in tHReEFE 2B Ied HE AT, AIfROTGITEedI L A& B I6%°8R6WA positioned above
a central axis of honzgtad Dera koG inikigare slideks4Dandainsed Bsting preiient Hisblossteshould not

e so limited. Particuiafiy, In se18eied SBPodiMEnRuIe fRalAISLI R heRoslionetheiow the
the ' [

horizontal axis such tha seal carrier may bethrust into sealing engagfement with the ram blocks by
high-pressure fluidssroipischosssfB0SY] AdvatnagRerdypen raieryPEso P By Rtk 84"arrier in

accordance with emhgdimentsizglosed:barsin Rk saahagamsthicdrrotaspbpiassapeaising only the
existing top seals and front seals and one additional inexpensive sqﬁl)l behind the gggl ggrrier.

Furthermore, such a"BB AP SISt St BIRA RSN A hroSatrawiiiout expansive, -
troublesome, and canmpicai dapriesshocibiasing wued amisins. dndwribthods: Rattdead] Swalretirriers in

accordance with the embodimepyts dsglpsed hereinmav.s sasi.adngBerol el uelited o
e

existing ram BOPs, thts [fci’)'i/vlng 0 stacks to be tested in situ on the seabed inexpensively
and quickly, and witkouied&dicatingta BOPatdaityniorteting cloBsshwmretAelfoeiftior ha¥been

described with respegl {0 syhimifed (umbel0f eMbadinenis, thesaeskied ip.thenartchnvingdsenefit of
this disclosure, will appreciate that other embodiments ma beldelvis d which do not depart from the
scope of the inventidiP¥Eares It HaTEH AR SFiA GRS & 685 BT HRE invention should be limited

only by the attached claims. CLAIMS What is claimed i&')A TA) x WBP: (Eq. 1)

where OA is the o-ring seal area 524A, TA is the top seal area 116A, and WBP is

the wellbore pressure 527.

100473 Furthermore, if seal carrier 520 is mechanically biased downwards (as shown
with springs 525), the net force may aiso comprise the total downward force of
biasing springs 525. In selected embodiments, the o-ring seal area 5244 may
exceed top seal area 116A by 5% to insure adequate sealing at test pressure. In
other embodiments, the differential between the sealing areas may be greater than

10%.

[0048] Referring now to Figure 4D, an alternative seal carrier 520 for a ram-type
blowout preventer is shown engaged by ram blocks 108 in a closed sealing against
wellbore pressure from below. As shown, seal carrier 520 includes a iip seal 5248 in
lieu of o-ring seal 524 of Figures 4A-4C, and a plurality of screws 530 to limit the
downward trave] of the seal carrier 520. Screws (e.g., Allen-head cap screws) 530
may be threaded into BOP body 102 in a radial pattern opposite slesve top
surface 520C. As shown, seal carrier 520 includes stepped holes 532 w©

accommodate screws 530 with springs 525 installed concentrically around them.

[0049] Furthermore, a plurality of set-screws 531 may be installed radially in seal
carrier 520. Thus, the lower limit of the downward travel of seal carrier 520 may be
determined by the relative vertical positions of setscrews 531 and the heads of screws

530. Downward mechanical bias is provided by springs 525, which are



A ram-type blowout preventer, comprising: a body; a vertical bore through the body; a horizontal bore
throug.h the body intersecting the vertical bore; a pair of ram blocks disposed in the horizontal bore on
opposite sides of the body, wherein the ram blocks are adapted for controlled lateral movement to and
from the vertical bore; a seal carrier disposed about the vertical bore between the body and adjacent
to the horizontal bore; and a sealing device positioned between the body and the seal carrier; wherein
the seal carrier is configured to be displaced along an axis of the vertiﬁal bor C% Ther

: 2. -t
blowout preventer SRS 15 BFSE 178" SEAFR AR P Fs ConTGUrRd 1o Sea mg‘ivlylen‘aemm{a‘agna e

( age a top seal of at
Ieaslt one o; the paiegfifigriobtecksicid a¥ e Hamlidywesblowout prevertenofic|spmrEswhéred® @ pressure
seal area of the seal carrier is larger than I ; -

HElI A RISSSHIE AeahRrea ofdheram RlockSsiidnd BaK&M-type
blowout preventer o?nz%lrlnm n %‘erellr%lsﬂl\ge %’ea carrier cgfmpr%es a slgré?/_e_ portion‘anrtlj aQ%ange portion.

5. The ram-type blobebtreprieaystop sPrhsmi DO IneRAP prdx 4Ry BtRKs R 78 55888 P

on the sleeve

portion. 6. The ram-{ypesblaweut-pigveAtRaRLERIML saheteiadbe saglingvdaritesomprises at least
one of an o-ring and molded rubber.
spring and as a trash seal,

[0050] Referring now to Figure 5, a cross-sectional view of the intersection of
vertical bore 104 and horizontal bore 106 on both sides of a ram-type BOP with
ram blocks 108 in a fully-extended ("closed") position, in "testing" mode with
wellbore pressure 527 applied from above. As previously discussed, front seals
109 and top seals 116 are sealingly connected such that together, they seal off the
vertical bore 104 completely when the ram BOP is closed. The extents of o-ring
seal area 524A and top seal area 116A may be discerned as described above in

reference to Figures 4A and 4C.

[0051] Those having ordinary skill in the art will appreciate that, aithough seal
carrier 520 is shown positioned above a central axis of horizontal bore 1066 in
Figures 4A-4D and Figure 5, the present disclosure should not be so limited.
Particularly, in selected embodiments, the seal carrier may be positoned below the
horizontal axis such that the seal carrier may be thrust into sealing engagement

with the ram blocks by high-pressure fluids from below.

{06052} Advantageously, a ram-type BOP fitied with a seal carrier in accordance
with embodiments disclosed herein may seal against bi-directional pressure using
only the existing top seals and front seals and one additional inexpensive seal
behind the seal carrier. Furthermore, such a BOP may seal against such bi-
directional pressure without expensive, troublesome, and complicated pressure-
biasing mechanisms and methods. Further, seal carriers in accordance with the
embodiments disclosed herein may be easily and inexpensively retrofitied to
existing ram BOPs, thus allowing older BOP stacks to be tested in situ on the

seabed inexpensively and quickly, and without dedicating a BOP *cavity"” to

testing.

{0053] While the invention has been described with respect to a limited number of

embodiments, those skilled in the art, having benefit of this disclosure, will
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7. The ram-type blowout preventer of claim 1, further comprising a trash seal disposed adjacent the
seal carrier. 8. The ram-type blowout preventer of claim 1, wherein the seal carrier is positioned above
an axis of the horizontal bore. 9. The ram-type blowout preventer of claim 1, wherein the seal carrier
is positioned below an axis of the horizontal bore. 10. A ram-type blowout preventer, comprising: a
body; a vertical bore through the body; a horizontal bore through the body intersecting the vertical
bore; & pair of ram blocks disposed it the berizon'al Bore o.ARASKIIE PesfdleRarbi wherein the
ram blocks are adapEBFTEFcoItrSiied fAleral movement to and from the vertical bore: a seal carrier
disposed at the intessestiohtof theewiéetical devesahdetrinhdrizoritinigboribe aea Yeliing WaiRte

positioned between the hady. and.the seal carrier. ywhgrein the seal carrier is configured to be
displaced along an axis of the vertical bore;

14



wherein the seal carrier is configured to be sealingly engaged with a top seal of at least one of the pair
of ram blocks. 11. The ram-type blowout preventer of claim 10, wherein a pressure seal area of the
seal carrier is larger than a pressure seal area of the ram blocks. 12. The ram-type blowout preventer
of claim 10, wherein the seal carrier comprises a sleeve portion and a flange portion and the sealing
device is disposed upon the sleeve portion. 13. A ram-type blowout preventer, comprising: a body: a
vertical bore through the body; a horizontal bore through the body intersecting the vertical bore; a pair
of ram blocks disposed in the horizontal bore ngte sides of the body, wherein the ram blocks
are adapted for controlled lateral movement to and from the vertical bore; a seal carrier disposed at
the intersechoi¥as Bémasriical bore and the horizontal bore; and a sealing device positioned between

the body and the sgal.carrieri.wheteidhe: sealgakier is configured to be thrust into sealing
engagement with %tblgda}st one of the pair of ram blocks by fluid pressure above the ram blocks.

a vertical bore through the body;

a horizontal bore through the body intersecting the vertical bore;

a pair of ram blocks disposed in the horizontal bore on opposite sides of the body,
wherein the ram blocks are adapted for controlled lateral movement to and from
the vertical bore;

a seal carrier disposed about the vertical bore between the body and adjacent to the
horizontal bore; and

a sealing device positioned between the body and the seal carrier;

wherein the seal carrier is configured to be displaced along an axis of the vertical

bore.

2. The ram-type blowout preventer of claim 1, wherein the seal carrier is configured to

sealingly engage a top seal of at least one of the pair of ram blocks.

3. The ram-type blowout preventer of claim 2, wherein a pressure seal area of the seal

carrier is larger than a pressure seal.area of the ram blocks.

4. The ram-type blowout preventer of claim 1, wherein the seal carrier comprises a

sleeve portion and a flange portion.

5. The ram-type blowout preventer of claim 4, wherein the sealing device 1s disposed

upon the sleeve portion.

6. The ram-type blowout preventer of claim 1, wherein the sealing device comprises at

least one of an o-ring and molded rubber.

7. The ram-type blowout preventer of claim 1, further comprising a trash seal disposed

adjacent the seal carrier.

8. The ram-type blowout preventer of claim 1, wherein the seal carrier is positioned

above an axis of the horizontal bore.
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14. The ram-type blowout preventer of claim 13, wherein the seal carrier is configured to be thrust into
sealing engagement with a top seal of the at least one of the pair of ram blocks. 15. The ram-type
blowout preventer of claim 13, wherein a pressure seal area of the seal carrier is larger than a
pressure seal area of the ram blocks. 16. The ram-type blowout preventer of claim 13, wherein the
seal carrier comprises a sleeve portion and a flange portion, and the sealing device is disposed upon
the sleeve portion. 17. A method of actuating a ram-type blowout preventer, the method.comprising:
sealing a pair of rafUIERERE UM REKHthEF ‘Bf’d%ﬁﬁfgeée\}\?etl%‘gg%lﬁf@eéﬁsdpgég’l?ﬁlﬁijy engpaging a
seal carrier wéidwaidegisbome iafithepitinef ram blocks from fluid pressure acting upon the ram blocks,
wherein the seal carrier is configured to be sealingly displaced along the wellbore axis. 18. The

method of clgim 17, whetsinfhe seal-catiersaalingly: engages with a top seal of the at least one of the
pair of ram blocks. 19. The method of claim 17, wherein a pressure seal area of the seal carrier is

larger than a pres@f&%¥eal area of the rain blocks.
a vertical bore through the body:

a horizontal bore through the body intersecting the vertical bore;

a pair of ram blocks disposed in the horizontal bore on opposite sides of the body,
wherein the ram blocks are adapted for controlled iateral movement to and from
the vertical bore;

a seal carrier disposed at the intersection of the vertical bore and the horizontal bore;
and

a sealing device positioned between the body and the seal carrier;

wherein the seal carrier is configured to be displaced along an axis of the vertical
bore;

wherein the seal carrier is configured to be sealingly engaged with a top seal of at

teast one of the pair of ram blocks.

11. The ram-type biowout preventer of claim 10, wherein a pressure seal area of the seal

carrier is larger than a pressure seal area of the ram blocks.

12. The ram-type blowout preventer of claim 10, wherein the seal carrier comprises a
sleeve portion and a flange portion and the sealing device is disposed upon the sieeve

portion.

13, A ram-type blowout preventer, comprising:

a body;

a vertical bore through the body;

a horizontal bore through the body intersecting the vertical bore;

a pair of ram blocks disposed in the horizontal bore on opposite sides of the body,
wherein the ram blocks are adapted for controlled lateral movement to and from
the vertical bore;

a seal carrier disposed at the intersection of the vertical bore and the horizontal bore;

and

a sealing device positioned between the body and the seal carrier;
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wherein the seal carrier is configured to be thrust into sealing engagement with at

least one of the pair of ram blocks by fluid pressure above the ram blocks.

14. The ram-type blowout preventer of claim 13, wherein the seal carrier is configured to
be thrust into sealing engagement with a top seal of the at least one of the pair of ram

blocks.

15. The ram-type biowout preventer of claim 13, wherein a pressure seal area of the seal

carrier is larger than a pressure seal area of the ram biocks.

16. The ram-type blowout preventer of claim 13, wherein the seal carrier comprises a
sleeve portion and a flange portion, and the sealing device is disposed upon the sleeve

portion.

17. A method of actuating a ram-type blowout preventer, the method comprising:
sealing a pair of ram blocks against one another proximate a wellbore axis; and
sealingly engaging a seal carrier with at least one of the pair of ram blocks from

fluid pressure acting upon the ram biocks, wherein the seal carrier is configured

1o be sealingly displaced along the wellbore axis.

18. The method of claim 17, wherein the seal carrier sealingly engages with a top seal of
the at least one of the pair of ram blocks.

19, The method of claim 17, wherein a pressure seal area of the seal carrier is targer than

a pressure seal area of the ram blocks.
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