r,e3eq'nd @zZf"6"T'LV 9 -] LOW PROFI LE STATI C WELLHEAD PLUG BACKGROUND The

present i nvenfy I generally to equipnent utilized in cqpg \

:vvith a subtermw‘m‘#‘ﬂ[@mg@m’and, in an enbodi ment descri bed herei Wﬂ"@ﬂlﬂmmmlmnm
particularly provi ow profile static wellhead plug. Wellhead, plugs
which utilize metEdM®b netal seals axe well known in the art. It i§°4Pso

wel | known that relative notion between sealed surfaces in a netal to netal

seal is undesirab ﬁ;op esev qpﬂﬁgq n@ccause fretting of
t he net al surfaceg‘,ebt her@ﬁg{%?ﬂg e segp" 0 lea P erefore, a well head
plug utilizing a netal to netal BEKGROPNIber ably "static", meaning that

there is no displacenent of its seal in response to pressure applied to the

wel | head. Prige presdnt Gnv@itionerihted gaterdlyetd a?lﬁﬁmteﬂf utiBzed inv@njulitivh

pressures applied frombelow, but are rated for relatively | ow pressures

appl i ed JifipNs@ha¥@nedn Weliagal invel éMbadinnt desfedRtd@h ¥k phidicafirlyugs
engaged wth a large profile forned internally in the well head to resi st

hi gh prgygéﬂaé‘sir R OwatiEeBN&Id plhge typical static wellhead plug is
support on a small no-go shoulder formed internally in the well head. The

smal | shoul der i s capabl e of resisti only relativ | ow, pressures
applied to t Wellead %ﬁﬁa&w@hzwawigo W?ﬁﬁﬂﬁ%ér%‘a %ﬂ‘?}%%ﬂ{eﬁé’t-sﬁoul der
material to yield, damagi ng the p|lug and/or we|l head, .enabling the plug to
di spl acés alse wWsdlslenaymy, thad gelakiye mpsi tween peaded surgaces @wéﬁneﬁah?%nwmm em
the no-go shoul der could be increased in size so that higher pressures
coul d beeappundssinable; far expmple; pesause syeh mption mpxtcaysr frettingpfithemgtal nal | er
drift dianeter through the wellhead, or would require a | arger overal

wel | headurfages, therebyyeausing she pepl Joedkn dhsraferss aowellhend; plngrutdizinghase
options is desirabl e, since the fornmer would reduce the bore through the
wel | headhessldotmhetal seel isrprafstakly [ Hetic ameaning thejstherstis nrealisplacemeeny of He ri ser
and their installation Therefore,it will readily be appreciated that a need
exi sts pepl imrespansectopapssueaapPieddo thg wellheade apabl e of resisting high
pressures from above,as wel|l as from bel ow, which can successfully utilize

a metal to npligl siafiewellHtadugdada8ted ol rdlSGHlY Righ preQAHE dffie@ rod We! | head
drift diameter or an enlargenent of the wellhead or riser Z_

below, but are rated for relatively low pressures applied from above. A typical

wellhead plug uses relatively large lugs engaged with a large profile formed internally

in the wellhead to resist high pressure from below. However, the typical static

wellhead plug is supported on a small no-go shoulder formed internally in the

wellhead. The small shoulder is capable of resisting only relatively low pressures

applied to the plug from above. Higher pressures would cause the shoulder material

to yield, damaging the plug and/or wellhead, enabling the plug to displace and

possibly causing the seal to leak.

To prevent this problem, the no-go shoulder could be increased in size so that
higher pressures could be applied to the plug from above, but that would require a
smaller drift diameter through the wellhead, or would require a larger overall

wellhead, and a larger riser in subsea applications. Neither of these options is



-3 To keep the plug notionless in the bore, the first |lug engages the first
s:shoul der while the second lug is engaged with the second shoul der.

Preferably, the lugs are biased into contact with the shoul ders so that

* conpression or tension is induced in the plug between the lugs. This is

‘acconpl i shed in one enbodi rent by maintaining one lug in contact with a
shoul der while another lug is biased into contact with another shoul der.

The sholsiakk, Sifecl @b ALY Wbl e (RO 0K Mdiughithe idMbag taiedies the

| ugs betweén the shoul ders, thereby conpressing a portion of the plug

bet wee he I HM t he pl ug

bet vveeme tﬁ%wpﬁ%%m&pﬁe{he of lstg%g%%}tl%gﬁ}%sﬁéag?ﬁggﬁeﬁgﬁsﬁﬂatl%pos| ng

shoul ders in the well head, the plug could use one or nore |ugs, each of

whi ch cont acTheréford; itowilk medﬂ»plpmpprgmgteddhdtea geed existaifer anstatiewellhend | ug
woul d act to prevent novenent of the plug in ; both directions relative to
t he wel plagachich isgmpuablel df zesisting highressnuesrfromraboug; dsawedl @ frami lelgw,of
shapes, including polygonal, circular, etc. These and ot her features,
advant aghish daﬁrmfctéssftﬁllydltdiqeea:nEtaiftotmetabs%ebut whichndoesmati ﬂetluﬂne(aorre
apparent to one of ordinary skill in the art upon careful consideration of
t he detgidhesorietcwelilicadrlrift dinaptasennanlargernanoafithewelhedd driviser.nvent i on
her ei nbel ow and the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG i is a schematic cro?ﬁngﬁ;{‘ view of a first well head
pl ug enbodyi ng principles of the pre ventlon the first wellhead plug
being shown installed in a wellhead; FIG 2 is an enI arged scal e

quart er - sectin@anlying ewt thhpoingipleshef the psesenelinveption,fjhugeordandce wih@n3 is a
schematic el evational view of a second wel |l head plug enbodyi ng principles
of pr esanbodimeantharaof havellhead dlugsystesnid provigedevhich addvesses tisd abbdved i n a
wel | head depicted in cross-section DETAILED DESCRI PTI ON REpresentatively

i |1 ust rpoblkmsnirritke hrt.s Ehensystdmediasph ugwsyofitarmthichvdioesdh netriregliire ah
principles of the present invention In the follow ng description of the
syst em éidargdahent [of rthappellhehd soraadeduttiomdef dtssintérbeld bbrs, evhiled all@eingonal
terms, such as "above", "upper"”,"lower",etc,are used only for convenience in
r ef er r i atativelytigh presswiea nybeupstitalfromsabddelotbedowl |y, it is to be understood
that the enbodi nent of the present invention descrribed herein nmay be

ﬁglr: Izgﬁ? a: n\}\é?{deogﬁpeg{ 8F{He3f’};e9&%}?rﬁ'?g?}g&égz lgglpue‘r?’gt élﬂée tlﬁﬁlo.ﬁt pr(%iﬁlﬁflti ng from
the pr 'v@ﬁlcﬁl firel S est Qe sBéc?ac‘lﬁ'ntadaB%%n%eﬂﬂead and a corresponding specially
constructed wellhead plug. The wellhead has first and second oppositely facing
shoulders internally formed on a bore extending through the wellhead. The plug is
sealingly received in the bore. A metal to metal seal may be used to seal between the
plug and bore.
The plug includes at least one outwardly extendable lug engaging the first
shoulder and preventing displacement of the plug relative to the bore in one
direction, and at least one outwardly extendable lug engaging the second shoulder

and preventing displacement of the plug relative to the bore in an opposite direction.



, The system 10 as depicted in FIG 1 includes a well head plug 14 installed
therein In this enbodinent the plug 14 is installed in a bore 16 extending
vertically through the well head 12 However,the plug 14 could al so be used
*in other types of bores,such as a horizontal bore 18 intersecting the
‘vertical bore 16,etc To install the,plug 14,the plug is |owered into bore
16 until it rests on a relatively gnall no-go shoul der 20 (not visible in

FIG 1 see,Fl G,2) The pl ] | ead, 1 in runni ng
ool —(ndb KEROHTBHE pRAKIGE th T B8 SR ek Wk St T A PR S fe
Preferably,the, plug 14 seal i nst, the.bore 16 utilizing a netal to netal
seal thg}%ﬁlﬁm}ﬂ%R?W%F‘Emtﬁtﬁg%@%gghﬁﬁldﬁe bore and resisting pressure
differenti al ross the plug.ln.a,ynique aspect of the plug 14

enbodyi ngpr i ﬁ‘@feﬁg@ g c‘}ﬁe A& ﬁf%gﬂ?ﬁedi Hﬁ@n&r’gﬁttﬁgﬁpﬂ@g S\t‘%‘ﬁgf”&t e thal ative to
the bore 16 whether a, pressuyre..differential is applied across_the plug

f r om abeRFBPESSSIAR Op fensian is licad intheplug betveep the lnge Hhisisascamplishesk ent i al

is relatively high fromahove Referringadditionally nownowto Fig 2 the

pl ug 1411 ene Gpb Wagymwtamlp&g?? ili&'e’éil GoRtach Withpthauldeyswhilecanatherthe pl ug
14 is shown installed and set wthin the wellhead It is to _be clearly

under st Wgds higsrd/to eopfactwith anofhensh rq The showldexs|aseilaterally indined, i t em of
equi prent , wi t hout departing fromthe principles of the invention The plug
14 i ncl sedkds binsing centapiovedass theslugnbetyeen dhe sholdens, theveby hompressingiaed a
primary seal 24 a secondary seal 26 and a wi per or debris barrier 28 The
pri mar ypersian af4he plyg betwee the gretQiher embediments gpuldfindhee tepsionvial |  known
to those skilled in_ the art,for sealing between the housing22 and a seal
bore 30themughkewremihe lugal 26 is preferably a packing stack,e.g.,utilizing
chevron-type packing O course, any other types of seals may be used for the
seal s24, 26, Instead gf sepatate hgsderanjipaingmpppsing abenlderd imthe welttzad, e seal s
may be used on the plug in keeping with the principlies of the invention A
gener al plyg tagpld ase pasderemoze Ings, reach piowhishycontants beth \if tthie ropiposingousi ng

assenbl {l 22 The mandrel 32 has an internal profile 34 forned thereon for
shoulders. In this maryger, each lug would act to prevent movement of the plug in |

both directions relative to the wellhead. Lugs utilized with the invention may have a
variety of shapes, including polygonal, circular, etc.

These and other features, advantages, benefits and objects of the present
invention will become apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of representative embodiments of the

invention hereinbelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view of a first wellhead plug embodying
principles of the present invention, the first wellhead plug being shown installed in a
wellhead;
FIG. 2 is an enlarged scale quarter-sectional view through the first wellhead

plug; and



. engagenent by the running toll (not shown),which is used to convey 14 into
the well head 12 and to displace the mandrel relative to the housing
assenbly 22 As depicted in FIG 2 the mandrel 32 is in its downwardly

* di spl aced the mandrel downward _c, ~ after the plug 14 was conveyed into
the well head 12 and engaged with thg_no-go shoul der 20 The mandrel 32 has
t hree coni cal -shaped or tapered suef'aces 36, 38,40 forned externally

th , and | ] ' 42 t | | her. I nth
counar oy of i &8k Sesile ALRARE i o B e TR Mg bR a6
cyli nar Penrol R anE bre EGuticn B seepiRiiesd mud Belbe.hotin edlehc

I'Ih 12, th dre|l 32 is i. dly displ d iti i n which
the. upptra PelibeRs dEhos k0nyl i nar cal *surf hee 42 and the | ower | ug

48 is opposite the cylindr] C 4__As used herein,the ternfkey"or

“lug"is used to indicate amﬁﬁ?ﬁﬂé&F@ﬁgy froma plug to engage a

Phe plug i n Reetatitiens IRByeEhin 1" Aebe Aijherbipiug Gistomofondttive.
ith il h The | 46, 48 d i bed h [

ol y qormbpdhes PEReekELPh Ui PISPHERERIar pda (e} folmpBeslsserition bt oul ar

cross- section Cring 74 described bel gw may al so be used, and any ot her

type ofSystegn dgyansk othes apparatus andJagdiods sgsirited hersingrdirestiphalsteninst he
invention It will be readily appreciated that when the plug 14 is conveyed

»” &

i nto t hucheds fabaue™ Sbelpw”.natper], “owears qte, jares usgdhvantyl for diospérsema imosi ti on
and the |ugs 46,48 are opposite the respective surfaced42,44 the |ugs wll
be abl erefesTingite ithi 3ccompanying fdraminghe Addisionally, dhisde bdemidetsbabd thafthe 2 | n
fact,the sequence of steps in installing the plug 14 in the wellhead 12 is
as f ol |eskediment lof the Presgat invention (eseribedpberem mayi pititizedl posarisusn and t he

| ugs 46,48 inwardly retracted (the | ugs being opposite the -9
orientations, such as inclined, inverted, horizontal, vertical, etc., and in various

configurations, without departing from the principles of the present invention.

The system 10 as depicted in FIG. 1 includes a wellhead 12 having a wellhead
plug 14 installed therein. In this embodiment, the plug 14 is installed in a bore 16
extending vertically through the wellhead 12. However, the plug 14 could also be
used in other types of bores, such as a horizontal bore 18 intersecting the vertical

bore 16, etc.

To install the plug 14, the plug is lowered into the bore 16 until it rests on a
relatively small no-go shoulder 20 (not visible in FIG. 1, see FIG. 2). The plug 14 is
then set in the wellhead 12 using a running tool (not shown) of the type well known

to those skilled in the art.

Preferably, the plug 14 seals against the bore 16 utilizing a metal to metal seal,

thereby blocking fluid flow through the bore and resisting pressure differentials



~cylindrical surfaces42,44on the mandrel),the plug is lowered in to the bore
16; 2) an external sholul der 60 fornmed on the housing assenbly 22 contacts

t he no-go "shoul der20 thereby supporting the plug against further downward
- novenent in the bore;and 3)the mandrel 32 is downwardly di splaced by the
running tool to its position as depigcted in FIG 2,thereby forcing the |ugs
outward into engagenent with a profile 50 fornmed internally on the well head
The 10 et Blig? TRTL iU NBEd SRR NP cHDAARE indi g 9er

di anet 2’?&{)&%” tﬁe g:urface4l4CRlThé§§surface ‘Z%gi %efat ergﬁg [ n‘%ﬁ?snggl tF% aidin
di spl acj 8 L LY staHE Rl tHe peRdiel [ s fromits
upwar d P E&F{'tts]ﬁlc}}g\%im%\(f\g’r er;‘%&l?éspl Saced pggllvt@?tgnm%he up%irw }1%3}6&4%%}@5@8? ced

out ward c . : t 4 st jouter. di apeter, has a

| ar ger glf%geﬁéi{ ga(rf 1% E@F%%Lge&gﬁr@g gyléﬂ?ﬂieaﬁs&t}’r%fozcr% Mz@ RS Iiegfaé?%ﬁagg ¥t ined to
aid in di aci . 484 . i . s the mandrel 32 displ aces
fromi t‘g'hg’g\khl%aer}%f%gséltr??ls&eggnv%@\é%%ﬂ;waiyg%gfg?@ %t())(g’let i on Not e, however, t hat
since the surface 36 is laterally inclined,the upper lug 46 nay be biased
further out vReferring ddditimallydonntedIé. dj telpdee veistrepfesttativelpdtgiragd Thus the
upper lug 46 may displace outward i ndependently of the lower lug 48 The
prof i | einshldrgsed oppesettiorn. dBienjug 24 & shiokw installed end sétavitigarnke HllBéhd or med
thereon A conplenmentarily shaped shoul der 58 forned on the |ower |ug 48

engagesid. h# sholbeleleatiyt inderstddde howgseratieatothevplaghy cexldeps asktillednnt he
housi ng assenbly 22 by downwardly displacing the mandrel 32 The engagenent

bet weenanotker item ¢f eqiipmient, gdtiwodéptrting &mmeémugpqw@mb ipeanbAer 60
aligns the upper lug q.6 with the upper shoul der 52 and aligns the | ower

| .8 wi he | houl der 54. 1t . will b di | i ated that,
i th i e | ugbieague o insPR AChudt Bopsing pspmBh! 2 ooV reaisd e 1 r

di pl adlPBRPHEA! B Pary By SoblAn ndt e SFROER witike 2onBeiBimamus, when
bel ow (8 51 bgpeipraoy nemgib b TR Sed otferat BebsRanatathose e uifd Bor o, and
Yo" abovte FRergrtgmg e rt Pe Rt bt Boia e rerdaneSede, The.
W tnouts Extisrty & etuetaf ' Sh- Bhflen SR Rt Rackepe QEouse. dau 11 on

and t notEPet ek S63¥ mad BF wSHLIG B RoRRE0 YeC e SO by etharbsure
e
substantiallh%s_%gtﬁat er %ihan the contact area between the external shoul der

60 and HH¥! SHOGPHER: Thus, the plug i4 can resist a substantially
greater pressure differential from above the plug than woul d be the case if

only the noAggersinally tidml@ompnduebgeid mcipmoambly rhcsiped athentthohohiliag ! ug.
assembly 22. The mandrel 32 has an internal profile 34 formed thereon for
engagement by the running tool (not shown), which is used to convey the plug 14 into
the wellhead 12, and to displace the mandrel relative to the housing assembly 22. As

depicted in FIG. 2, the mandrel 32 is in its downwardly displaced position relative to

the housing assembly 22, the running tool having displaced the mandrel downward



_After the mandrel 32 has been downwardly di splaced by the running tool, so
that the lugs 46, 48 have engaged the profile 50, the mandrel is preferably
further biased downward, so that the upper lug 46 is further urged outward,
"thereby wedging the lugs into the profile. The inclined shoul ders 56, 58
are, thus, biased outward agai nst.¢.he respective inclined shoul ders
52,54, rather than nerely being contact therewith In this manner,tension is
applied to the I ; r hon i s
bl 1 od 8 e ol & TS EARI AR hEeRiR, LR sl ANIGO TN f080
tensionaﬂd ongression in the well head 12 and plug 14 respectively, ensures
that thé Pﬁg@ﬁ 048 have fully engaged the profile 50 and that the plug will
remain notionless in the bore 16 However,it is to be understood that it is
not necessar Tht anandmebisanhasothivee xopidakshapsdt ¢re tapsredh surfages 86, 3%r 40
conpression to be applied to the plug 14 in keeping with the principles of
t he i nvegimen ektefnallyaiheranni, fantinbva nylexdrichl sinfaded er2s 5@, formmddextermalixt er nal
shoul ders 56,58 each faced in a direction opposite to that as depicted

i NFl G 2 th&yebn.C IARKhE dowawartiy idisplreed pokitiod depictébinBIG. g anh digbearkey or
conpression could be applied to the plug 14 when the |lugs 46, 48 are

bi asedoygyvaideditadthehenngired sdfabe F6aandid lowernkdy nedes sidr gorftacts tthasi on or
conpression to be applied to either of the wellhead 12 or the plug 14, for
exanmpl e cifindricl shgadedfs. SHawbvero Whes theplagngtis comieyedthtbrtké echhéad tohe
conical Surface 36 is inclined at an angle known to those skilled in the
art as 3Jné dedidré ngaisefn A upbiagdlyaiisplived uyppition ingwhehvibel uppet lug 6 is
~fjpzsn~no ~fq zG azoq ag~ ut dj pzsn~un~op zo ~j pzen~dn ~ui a~j dstp uzoz;
pa~uanaz@psitstheSdyli€ricdll shriddy 42afndasedower hig-58-igoppositel thasybndri@G ~n~d a-~

uo pauzea zg |Eas js~auz o~ je~auz a nod stq~ ~~ ~zG azog agq~ uo
~] ] ~uaazyifa z0; 0g zaplnogs o~-ou s s~a~~uoa ~i h~un zG azoq ag~ 0~. ui
paaan~oj st oG ~nld ag~ " uot~~zado ul ~zG azoq ag~ uo ~~j euaa~ut pauzzo; gG

e e b A O S T T
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poo~szapun agt ill ¥e réadily appreeiated phatpovdenathe whg -1aj isacomveyedaitito ahauo pus
9b ~nl zaddn aq~;o0 auo ~Cl uo g~nog~~ wot ~uanm ~uasa. ~d auk; o saj di aut zd auk
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are opposite the respective surfaces 42, 44, the lugs will be able to inwardly retract
from their positions as depicted in FIG. 2. In fact, the sequence of steps in installing
the plug 14 in the wellhead 12 is as follows: 1) with the mandrel 32 in its upwardly

displaced position and the lugs 46, 48 inwardly retracted (the lugs being opposite the
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thereon. A complementarily shaped shoulder 56 formed on the upper lug 46 engages
the shoulder 52, and a complementarily shaped shoulder 58 formed on the lower lug
48 engages the shoulder 54, when the lugs are outwardly extended from the housing

assembly 22 by downwardly displacing the mandrel 32. The engagement between
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second | yap. 1A hila b fRAGHIHYS dubssihAadeARANAIRRUIBE SnaflrePy el | head

plug for seafing engagenent with a well head having first and secon

opposi ttgg x,th;@%ml ﬁnpaisgﬁw eltRéCERRAral éloamam}ﬁém@ ek i n the

wel | hea l'ug conprising: at |east one radially outwardly extendable

first lHaCRaatRDLEINLY a6 beidiia leshli WifientiflinRhE LOR! e, Shoiklgoenent of

the plug rélative to t ore in a first direction; and at [ east one
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shoul der i'splacenent of the plug relative tot ore in a
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to Caim8,, | nprising a mandrel, the first and second | ugs
radi al | u%i?%}cﬂ ggi"%elfér)\ response to displacenent of the mandrel.

In addition, due to the relatively large surface area contact between the lugs
46, 48 and the shoulders 52, 54 of the profile 50, relatively large pressure
differentials may be resisted both from above and below the plug 14. The contact
area between the lower lug 48 and the lower shoulder 54 is substantially greater than
the contact area between the external shoulder 60 and the no-go shoulder. Thus, the
plug 14 can resist a substantially greater pressure differential from above the plug
than would be the case if only the no-go shoulder 20 prevented downward

displacement of the plug.

After the mandrel 32 has been downwardly displaced by the running tool, so
that the lugs 46, 48 have engaged the profile 50, the mandrel is preferably further
biased downward, so that the upper lug 46 is further urged outward, thereby wedging

the lugs into the profile. The inclined shoulders 56, 58 are, thus, biased outward



x2. The plug according to C aimxx, wherein axial displacenent of the
“:smandrel causes sinultaneous radial displacenent of the first and second

| ugs. 15 i3. The plug according to Claimii, wherein the first |ug
ceases to extend radially outward when the nandrel has displaced a
"predeterm ned distance, and the secpnd |ug extending further outward when
the mandrel is displaced greater than the predeterm ned distance. i14. The
pl ug accor di to Clai ' j+ no- go
Shoal dcteatia B ispe el b Rlaers 08 sACkiRENMab ARG bIRE R, 0P 00
external shoyl der forned the ak ' t - shoul der
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of the fir and secand | ugs.wi.th the r ectivg first,.and second
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second lugs are aligned wth the respective first and second shoul ders when
the no-go shpid geplication df a@sibnand coprasbiog imxhewetlheshozibnéplug &, The pl ug
according to Claim8, wherein the first and second | ugs are outwardly

ext endgllsctipeppandea thit te lagsh6 pihhave fully chigeagdd e profiler s agd timtCl ai m 8,
wherein the first and second |lugs have oppositely facing respective third

and foy gm | {dfifasn fiotiGBIsS 1hEthe Dore 16)eHéweved, is1vaubdemdeatdcthang t he
first sho er while the fourth shoul der contacts the second shoul der. 18.

The pl ygnafhaedidtgfdrQehdioh B8 beappedteithe WeBhédd Bior foLEOMPreskiBhitd band fourth
shoul ders are laterally inclined, so that the plug is in a selected one of

tensio ragﬁggﬁl foRIAaE hPhh RRpHRERIth B prifidipled BEtheaRMionY For Wodhipleg fi 1 st

and sec ugs e blased into engagenent with the respective first and

second tﬁgqmeﬁiﬁélsshohmeré\ 5Bl 89 4 tiseakiefith] FhOARIRAPHE, K8 LR fAcdAofeahavi ng
first and second opp05|te_fy facing shoulders internally fornmed thereon, the
pl ug C%?Hcgah 'agposite-ta-tﬁat}‘asr@biceéaiinaqgoamx@uk ek dofisAshlledds. the

first lug being engageable wth the first shoulder while the second lug is
engageqpiifhbdte 15 84Q RImphasiofitfoulPbe applied to the plug 14 when the lugs 46,

48 are biased outward by the mandrel 32. In fact, it is not necessary for tension or
compression to be applied to either of the wellhead 12 or the plug 14, for example, if

the shoulders 52, 54, 56, 58 were not inclined.

Preferably, the conical surface 36 is inclined at an angle known to those skilled
in the art as a locking taper. In this way, the upper lug 46 will not be able to inwardly
retract due, for example, to an upward force applied to the plug 14 by pressure from
below and transmitted to the lug by the contact between the shoulders 52, 56. The
friction between the upper lug 46 and the tapered surface 36 prevents the upper lug

from retracting inward and prevents the mandrel 32 from displacing upward.

The surface 36 could be inclined at another angle, or not inclined at all, and

the surface 42 could also be inclined, and could be inclined at a locking taper, to
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" to a pressure differential across the plug in the bore; and an extender

mechani sm operative to extend the first and second |ugs outward. 20. The
plug according to Claimi9, further conprising a netal to netal seal
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19, whedigiributéie ridialy fabotihehe iplog udes Thenoprpo aitbubwer Ligst 261381 aref or med
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passt g gyftioned on the plug 14, without departing from the principles of the invention.

Representatively illustrated in FIG. 3 is another wellhead plug 70 embodying
principles of the present invention. The plug 70 is depicted installed and set in a
bore 72 of a wellhead 76. The plug 70 is similar in many respects to the plug 14
described above, but differs in at least one significant respect in that it utilizes a
single circular cross-section ring 74 to engage a profile 78 formed internally on the

bore 72.

In operation, the plug 70 is lowered into the bore 72 until it contacts a no-go
shoulder 8o formed internally on the bore 72. At this point, a metal to metal seal 82
carried on the plug 70 has sealingly engaged the bore 72. The plug 70 is then

prevented from displacing upwardly or downwardly in the bore 72 by outwardly
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wherein pfug Is configured so that the external shoulder engages the

no- go i : [ i wth the
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opposi ng s . The plug according to Caim wherein the |ug
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cont act ar edsdesgrihedabpvelithe ring 4 eREagss sepmats Qpposipe shoyldersB4, 86 obore in
the first direction, and whereipn the first contact area is greater than the
second thoprofdle 78 e Howeger, the piellg 7t eardiingerd %Prﬁe%:qugﬂrréirﬁssr he lug is
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8. Thus, it will be understood that the profile 78, and the profile 50 depicted in FIG.
1, could have any of a variety of shapes, in keeping with the principles of the present

invention.

Of course, a person skilled in the art would, upon a careful consideration of
the above description of representative embodiments of the invention, readily
appreciate that many other modifications, additions, substitutions, deletions, and
other changes may be made to this specific embodiment, and such changes are
contemplated by the principles of the present invention. For example, although the
mandrel 32 is used in the plug 14 as an extender mechanism to outwardly extend the
lugs 46, 48, other types of extender mechanisms could be used. As another example,
although the lugs 46, 48 of the plug 14 as described above extend outward

simultaneously when the plug 14 is set in the wellhead 12, the lugs could instead



~then outwardly extending at |east one lug of the plug into engagenent with

opposi ng shoul ders of a profile forned on the bore, thereby preventing

di spl acenent of the plug in first and second opposite axial directions

"relative to the bore. ~saapj noqs ~utsoddo agq~. ~0 t~o0q a~e~ua

~f | snoaue~I nuzts o~ paen~no ~nl ag~ rut setq sast tduzoa aaua,ttt~ dais

~ut pua~xa ark u~aaaun~ "6 uatej~ o~ ~utpaoaae pogq~auz auy ~9t~ wane

~. a~~uoaegRbRdattvaddlyiaGucassiont Acsirdigag theforeingdahite descrigtigaalton~ pue
uot~aaxtp ~str~ ag~ ut atoq ag~ o~ anr~E~aa ~ntd atp -~o ~uauzaae|d3|p

~uana. t dp 9718 AP TRESTHAR 2P BORR Sgiver™ By WA S ATorOMn & Ex a1t
| euaa~. xa ag~ ~ut~e~ua sast adutoa aatl ~an~ dai s ~ut ~e~ua ag jnods jeuaa xa

atp uta t

2 ot ancE} ind YA thPp R Seh AArertiontintl MTeRsoleh by Ahe dpadtedlelis e e o

auo q~tnandiﬂaﬁﬂﬂgnmﬂﬁf§ ua sastaduzoa aat~~an~ dais ~utpua~xa atp ura-~agn-~
"bE uzt aooae poqg~aut aqy vt~ ~atoq atp. off. anr~e~aa suo~aaatp
puoaas pue ~sar~ aq~ ui teas je~aut o~ je~aut act ~o ~uauzaoel dstp

~ut ~uanaad sasuduzoa aaq~n~ dai s ~utpua~xa ag~ utaaaqn~ " E~ uziel ~ o~

~ut paoaae pog~auz aqy vt~ ~aaoq ag~ c~~ leas je~auz o~ |le~ama ~ui ~g~ua

~( ~uijeas ~o0 dais atp ~utstaduzoa aau~an~. "6E uziel~ off. ~yptoaae po~auz

auy -1~ ~saapl nogs ag~ ~0 sauo a~eaedas anr~aadsaa tj~tn~ ~uauza~e~ua out

s~nj auk ~o0 sauo a-~eaedas ~utpua~xa sastadutoa aau~~tt~ dais ~utpua~xa aq~
ut aaagn~ " xt~ utter o~ ~utpaooae pog~auz auy W~ ~saapl nogs ~utsoddo atp

g~~ ~uauza~e~ua out s~nj al dt~lnuz ~utpua~xa sasudut oo aar~~an~ dai s
~ut pua~xa aq~ utaaagn~ " 6E uztel ~ o~ ~ut paoaae pog~.auz aqy W ~saapl not ~s
~ut soddo atj ~ ~~u~ ~uauza~e~ua O~.ut aaqutauz ~nj abuts a ~juo ~ui pua~xa

sast aduzoa .tag~an~ dai s ~utpua~xa at~~ utaaat~n' "6 uztej~ o~ ~uip.toaae
pog~auz at~y ~01~ -6~ .AFlY .A3F .Ay .A . A . Ay. AF . AF. AY . AF



Al . ALSL3. AFl . A5. ASfR Ay5 . AY. Ayn9. Al { &120,{ | m

. fQX} xsnid_Z] ca]ca]ca]ca]ca]ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c:a]calcalcalc:a

- ' Xnbi ?%ze>zupkfa\ W ca] ca] ca] ca] ca] ea} ea] ca]ca] ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca! =0OSD
P; 3r20rgtyt

3‘#{(#} xsni d_Z] c] c\ell] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

P\ ##HAMBS KU VSYRBOEREE \ "' i))*:*
? 1 iﬁl?i%)ig&c?aiiﬁc%hﬁg%m%ﬁgﬂ;?1:g?ca] ca] cal ca] ca] ca] ca] ca] ca]( f:g]( ((:2315 2:?31] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! q+u+/] 222F7M/88: <p====@&CzDD
E! E&E>FFF>GPEGEGHsA e Rb¢udblg slsteah campuaistizd:ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]calcalcalcalcalcalcajcalHH lylllJ

L DL LLLLL 2 VMDMVVINITNSND] HavieP s R PR ond nopshoditelly cakima] stajubddrs ahtahally] ca] ca)] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! QNRR
RR5SSSSgI A 2 N WeINeadZBhd xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]l caﬁ %Hﬁj] ca] cal ca] cai caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
ULV ] 5 RS Sgafinely recetved I b b e D e b e S ) ca cal
cajcalc a c a C ca] cal ca
] ca] g},@%},@; %?geglg]sgﬁl FakCals: Lﬁ{a]kg&% ahkcalaakrgliasl ﬁi&z%x%@éxﬁﬁﬂ]g ] ca] ca]

ca! ddesee 11i2)KjjjjBk j  mmnn3ol o} xsni d_Z] ¢] ca] ca]ca] ca] ca]

o co cHBsEsErI ol A e smerlesien e mpu okl L)

I cal cal eohaly Sbemlar] sabanbrleahrehanlaahanl ol sbie aheaberlsal cal cal ca

A0 (o 4 LN A 1P O
?%goggg%?%?ﬁ%wlgég%e}ﬁ%ﬁ %(’y%sg‘?qgl%]gaging the first shoulder while the
S I R B 50 0 85 e - 10
10) 10) ; 103/.‘) The system according to Claim 1, further comprising a metal to metal
sea] between the plug and the bore.

3. The system according to Claim 1, wherein the plug remains motionless
relative to the bore in response to an alternating pressure differential across the plug
in the bore.

4. The system according to Claim 1, wherein the plug further includes a
mandrel, displacement of the mandrel causing radial displacement of the first and
second lugs relative to the bore.

5. The system according to Claim 4, wherein axial displacement of the
mandrel causes engagement of the first and second lugs with the respective first and
second shoulders.

6. The system according to Claim 1, wherein the wellhead further includes

a no-go shoulder internally formed on the bore, the no-go shoulder engaging an

external shoulder on the plug and preventing displacement of the plug through the
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at least one radially outwardly extendable first lug engageable with the first
shoulder for preventing displacement of the plug relative to the bore in a first
direction; and
at least one radially outwardly extendable second lug engageable with the
second shoulder for preventing displacement of the plug relative to the bore in a
second direction opposite to the first direction, and
wherein the first lug is engageable with the first shoulder while the second lug
is engaged with the second shoulder. )
9. The plug according to Claim 8, further comprising a metal to metal seal
carried on the plug for sealing engagement with the bore.
10.  The plug according to Claim 8, wherein the first and second lugs are
simultaneously extendable outward from the plug.
11.  The plug according to Claim 8, further comprising a mandrel, the first
and second lugs radially displacing in response to displacement of the mandrel.

12.  The plug according to Claim 11, wherein axial displacement of the

mandrel causes simultaneous radial displacement of the first and second lugs.
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no-go shoulder internally formed on the bore, and the plug further comprising an

external shoulder formed thereon and operative to engage the no-go shoulder and
prevent displacement of the plug through the bore prior to engagement of the first
and second lugs with the respective first and second shoulders.

15. The plug according to Claim 14, wherein the first and second lugs are
aligned with the respective first and second shoulders when the no-go shoulder is
engaged with the plug external shoulder.

16.  The plug according to Claim 8, wherein the first and second lugs are
outwardly extendable independently of each other.

17.  The plug according to Claim 8, wherein the first and second lugs have
oppositely facing respective third and fourth shoulders formed thereon, the third
shoulder contacting the first shoulder while the fourth shoulder contacts the second
shoulder.

18.  The plug according to Claim 17, wherein the first, second, third and
fourth shoulders are laterally inclined, so that the plug is in a selected one of tension
and compression between the first and second lugs when the first and second lugs
are biased into engagement with the respective first and second shoulders.

19. A plug for sealing engagement within a bore having first and second

oppositely facing shoulders internally formed thereon, the plug comprising:
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the first shoulder while the second lug is engaged with the second shoulder to
thereby prevent displacement of the plug relative to the bore in response to a
pressure differential across the plug in the bore; and

an extender mechanism operative to extend the first and second lugs outward.

20. The plug according to Claim 19, further comprising a metal to metal
seal carried on the plug for sealing engagement with the bore.

21.  The plug according to Claim 19, wherein the first and second lugs are
simultaneously extendable outward by the extender mechanism.

22. The plug according to Claim 19, wherein the extender mechanism
includes a mandrel, the first and second lugs extending outward in response to
displacement of the mandrel.

23. The plug according to Claim 22, wherein axial displacement of the
mandrel causes simultaneous radial displacement of the first and second lugs.

24. The plug according to Claim 22, wherein the first lug ceases to extend
outward when the mandrel has displaced a predetermined distance, and the second
lug extending further outward when the mandrel is displaced greater than the
predetermined distance.

25.  The plug according to Claim 19, wherein the bore further includes a no-
go shoulder internally formed thereon, and the plug further comprising an external
shoulder formed thereon and operative to engage the no-go shoulder and prevent

displacement of the plug through the bore prior to engagement of the first and

second lugs with the respective first and second shoulders.
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engaged with the plug external shoulder.

27.  The plug according to Claim 19, wherein the first and second lugs are
outwardly extendable by the extender mechanism independently of each other.

28.  The plug according to Claim 19, wherein the first and second lugs have
oppositely facing respective third and fourth shoulders formed thereon, the third
shoulder contacting the first shoulder while the fourth shoulder contacts the second
shoulder.

29. The plug according to Claim 28, wherein the first, second, third and
fourth shoulders are laterally inclined, so that the plug is in a selected one of tension
and compression between the first and second lugs when the first and second lugs
are biased into engagement with the respective first and second shoulders.

30. A plug for sealing engagement within a bore having opposing shoulders
internally formed thereon, the plug comprising:

at least one lug which extends outwardly from the plug and engages the
opposing shoulders, thereby preventing displacement of the plug in first and second
opposite axial directions relative to the bore.

31.  The plug according to Claim 30, wherein the lug is a single member.

32.  The plug according to Claim 30, wherein there are multiple ones of the
lugs.

33. The plug according to Claim 32, wherein separate ones of the lugs

engage respective separate ones of the shoulders.
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35. The plug according to Claim 30, further comprising an external
shoulder for engaging a no-go shoulder formed on the bore.

36. The plug according to Claim 35, wherein the plug is configured so that
the external shoulder engages the no-go shoulder prior to extending the lug outward
into engagement with the opposing shoulders.

37. The plug according to Claim 35, wherein the lug engages one of the
opposing shoulders at a first contact area to prevent displacement of the plug relative
to the bore in the first direction, wherein the external shoulder engages the no-go
shoulder at a second contact area to prevent displacement of the plug relative to the
bore in the first direction, and wherein the first contact area is greater than the
second contact area.

38.  The plug according to Claim 35, wherein the lug is biased outwardly
into simultaneous engagement with both of the opposing shoulders.

39. A method of installing a plug in a bore of a wellhead, the method
comprising the steps of:

engaging an external shoulder of the plug with a no-go shoulder formed on the
bore; and

then outwardly extending at least one lug of the plug into engagement with
opposing shoulders of a profile formed on the bore, thereby preventing displacement

of the plug in first and second opposite axial directions relative to the bore.
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42.  The method according to Claim 41, wherein the extending step further
comprises extending separate ones of the lugs into engagement with respective
separate ones of the shoulders.

43. The method according to Claim 39, further comprising the step of
sealingly engaging a metal to metal seal with the bore.

44. The method according to Claim 43, wherein the extending step further
comprises preventing displacement of the metal to metal seal in the first and second
directions relative to the bore.

45.  The method according to Claim 39, wherein the extending step further
comprises engaging the lug with one of the opposing shoulders at a first contact area
to prevent displacement of the plug relative to the bore in the first direction, wherein
the external shoulder engaging step further comprises engaging the external
shoulder with the no-go shoulder at a second contact area to prevent displacement of
the plug relative to the bore in the first direction, and wherein the first contact area is
greater than the second contact area.

46.  The method according to Claim 39, wherein the extending step further
comprises biasing the lug outward to simultaneously engage both of the opposing

shoulders.



