WO 03/ 046329 PCT/ US02/ 38088 A WELLHEAD ASSEMBLY FOR COMMUNI CATI NG W TH THE
CASI NG HANGER ANNULUS Rel ated Applications 5 [0001] Applicant clains
priority wo anacappl i cati on described herein through a UniH@EWUSOSBsIses

provi sional patent application titled "Drill Cuttings Injection System"
having U.S. Patent Application Serial No. 60/333,550, which was filed on
Novenber 27, 2001, and which is incorporated herein by reference inits
entirety. BACKGROUND OF THE I NVENTION 10 1. Technical Field [0002] This

invention relates '% EA]PASQEMIFOR@ONIMUNI(@M‘IWI ng annulus to
t he outer well head ouUSIRg Eﬁfﬁ éﬁﬁéfﬁﬁé#fﬁw fjge nonitoring of
casi ng annul us pressure, F e 1njec |on 0 cuttlngs generated from
drilling a subsea well, or the injection of a heavy fluid into the casing
annul us to reduce the casing annul us 15 pressure. 2. Background of the

| nventi on [0(}03' G aubgea wel |l that is capable of producing oil or gas wl|
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conduct ar i ch extends sone 0 r or
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the outer string of casing to 25 increasing depths in the well until the
well is to the final dept BACRGROUNDOFTHE INVENTIONCasi ng extends into
the well to the final depth, this being the production casing. The strings

of casiy 99 bet yeefednpfedliFidd casing and the production casing are
internmedi ate castng strings. Wien each string of casing is hung in the

[0002] This invention relates in general to the communication from a casing annulus

to the outer wellhead housing, and more particularly to the monitoring of casing
annulus pressure, the injection of drill cuttings generated from drilling a subsea well,

or the injection of a heavy fluid into the casing annulus to reduce the casing annulus

15  pressure.

2. Background of the Invention

[0003] A subsea well that is capable of producing oil or gas will have an outer or low
pressure wellhead housing secured to a string of conductor pipe which extends some
short depth into the well. An inner or high pressure wellhead housing lands in the
20  outer wellhead housing. The high pressure wellhead housing is secured to an outer
string of casing, which extends through the conductor pipe to a deeper depth into the
well. Depending on the particular conditions of the geological strata above the target
zone (typically, either an oil or gas producing zone or a fluid injection zone), one or
more additional casing strings will extend through the outer string of casing to

25  increasing depths in the well until the well is to the final depth.

[0004] The last string of casing extends into the well to the final depth, this being the

production casing. The strings of casing between the first casing and the production

casing are intermediate casing strings. When each string of casing is hung in the

wellhead housing, a cement shurry is flowed through the inside of the casing, out of
1



wel | head housing, a cenent slurry is flowed through the inside of the
casing, out of 1 WO 03/046329 PCT/ US02/ 38088 the bottom of the casing,
and back ww d3ecxat si de of the casing to a predeterm ned REIVUR02/3908805]
Virtually all producing wells nonitor pressure in the annulus flow passage
between the strings of casings. Normally there should be no pressure in the
annulus 5 between each string of casing because the annul ar space between
each string of casing and the next larger string of casing is ordinarily

cement ed afpd fettdn? Wekhe Baki en Badletdp th biltside pachotdsingl fo ppesisierminedcr eased
within an annul us between the strings of <casings, it wuld indicate that a

| eak exi stgpoinh one of the strings of casing. The |leak could be from
several places. Regardl ess of where the leak is comng from pressure 10
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operators to .nonitor an annul.ar ressur t i pre
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housi ng. FURLR&IRER seRRET 1hRE.S Regatlesess wherdnhelehk & @niingwdipnt, presglrei nj ect

"cuttings" 1nto the casing annulus of the well, [0Q071 V\hgn a subsea wel |
is drilL0edbuddt up nigs therrrnonlugr eouddredollapssi §s PARPNpPECEE BAUSHID GBD&ar t h

formations, wll be cjrculated u L0 Ar bt NG efilUOpdOtidgeddbh) | | Ng
vessel . ThESEPEURSHEy eaqﬁucé%%a?@[mg%gﬁl#é;ﬁﬁagre{}d% Hei ng mud and the drilling
mud is pur@@ﬂt&@%ﬂmf thel fressut@! ih thermirmiles betweerc thetprodnotion casingibad fsn whi | e
drilling. The 25 cuttings in the past have been dunped back into the sea or
conveyed t mest ldfgspesiaE ofcpsgngma well.

[0006] It is advantageous to be able to have a way to efficiently communicate with a

15 casing inside of a high pressure or inner wellhead housing. Operators need the

capability to pump down a heavy fluid into the casing annulus of a well in order to

reduce casing annulus pressure. It is also desirous for operators to monitor an annular

pressure between the high pressure wellhead housing and a string of casing positioned

inside of the wellhead housing. Furthermore, operators also desire an efficient way to

20 inject “cuttings” into the casing annulus of the well.

[0007] When a subsea well is drilled, cuttings, which are small chips and pieces of
various earth formations, will be circulated upward in the drilling mud to the drilling
vessel. These cuttings are separated from the drilling mud and the drilling mud is
pumped back into the well, maintaining continuous circulation while drilling. The
25  cuttings in the past have been dumped back into the sea or conveyed to a disposal site

on land.

[0008] While such practice is acceptable for use with water based drilling muds, oil
based drilling muds have advantages in some earth formations. The cuttings would be

contaminated with the oil, which would result in pollution if dumped back into the



on land. [00081 Wil e such practice is acceptable for use with water based
drilling nuds, oil based drilling nuds have advantages in sone earth

f or mat i onwO 0Bra@ex2eit t i ngs woul d be contam nated with the adr/usebidsiss woul d
result in pollution if dunped back into the 2 WD 03/046329 PCT/ US02/ 38088
sea. As a result, environnental regulations now prohibit the dunping into
the sea of cuttings produced fromoil based nuds. [00091 There have been
vari ous proposals to dispose of the oil based cuttings. One proposal is to

i nj ect the gyt WsNORsilBavirbiufe@alWBtlatiohd @ioweprohibitthe dagpingentoethe seeofny 5
drilled, or the well could be an adjacent subsea well. Various proposals in

pat ents sugyéstespoedyiced fromeoitbased Ayds.down an annul us between two sets of
casing into an annular space in the well that has a porous formation. The
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5,085, 277, February 4, 1992  Hans P. Hopper, sho .equi prent .for_injecting
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wel | head hmuslangpacetin theheeld thag hasveporeatormetien.nghe suttingriveed begramidyn t he

ports. In the '277 15 tent, .orientation i of disc tal pears
that it woliPdfuasiury 5@0&%“10??&1 tﬂgﬂe g?rlp}l%aargaf %Eglgll% ' §§$S§§%eggy’ttgem%pi nner
vel | head hqusditige tH@“'ihfé%téM’tt%g‘@@voﬂidf Hd couipleted AOH pRIdukhiGVWell.Nj ect i on system
avoids having to rotate the string of casing attached to the inner
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string of Cc%%istglgc’te&,ﬂn%? alncsl c}lliter;ewglﬁlrég&j rﬁm?s?ngs?r O?*i%relgtion of the inner wellhead

housing with the outer wellhead housing is required to align the ports. In the “277

15 patent, orientation is not discussed, but it appears that it would require rotating the

string of casing attached to the inner wellhead housing, which would be difficult.

Another known injection system avoids having to rotate the string of casing attached

to the inner wellhead housing by running the casing first, supporting it on a landing

ring, then on a second trip running the inner wellhead housing assembly. The inner

20  wellhead housing assembly has a port which is oriented. The inner wellhead housing

is then secured to the string of casing. While workable, this requires two trips to run

the inner wellhead housing and string of casing, which is time consuming for deep

water drilling.

[0011] U.S. Patent No. 5,662,129, September 2, 1997, Stanley Hosie, shows
25 equipment with specially manufactured extensions attached between the lower
portions of both the inner and outer wellhead housings and the upper portions of the
casings hanging therefrom. Each of the extensions have ports that must align in order
for the cuttings to communicate through the inner and outer wellhead housings to an
annular space inside of the inner wellhead housing. A swivel joint on the extension of

30 the inner wellhead housing supports the casing hanging therefrom while allowing
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water drilling. [00111 U.S. Patent No. 5,662,129, Septenber 2, 1997,
Stanl ey Hosie, shows 25 equipnent with specially manufactured extensions
attached betoswaes2d he | ower portions of both the inner andccutser/3swsl head
housi ngs and t he upper portions of the casings hanging therefrom Each of
t he extensions have ports that nust align in order for the cuttings to
comuni cate through the inner and outer well head housings to an annul ar
space inside of the inner wellhead housing. A swivel joint on the extension

of 30 the i, §ﬁ*h B SMPRAYEISoinb for G EHIAY pbas ekteglitdthr@ighom
whi | e aIIovvlg'!r%\ﬁgi&1 VWO 03/04 9 PCT/U802/§8088 r%?%t?on of the inner casing

above the watlvefthp dinet afideutat Wolllieag hpesings. ext endi ng t hrough each of the
i nner and outer well head housings. [00121 U S. Patent No. 6, 394, 194, My

28, 2002, [ n rte forgmed n a
col | ar thamb@pﬁghégﬁggPﬁ%i pdgg%ggPﬁ%agﬁﬂyﬁgg? “§%§%$ %ggﬁ'ﬁbu5|ng above
the outer vghiphead Wwigusipeg: fddmeting o bwlac dhanaligned ivith porassaga infae iooél ar

posi ti oned above t he outer well head HW ng.was_one to remyve th
necessi By orellieadhouringehoye thopuienhgel ﬁ‘i”‘ ‘?\?é‘?g h@ﬁﬁnﬁ\gﬁ%‘f%ﬂnﬁl‘? 18 p|5’5trt on
the outer weilhsap HQQH&&é?lgaboyg'?rlecd%lltér%elmgﬁi"ﬁ&%in%\b%joﬁ&w Betodleim@nethed t h

t he passagewdy ~ope he outer surface of e inner wel | head housi ng,
and then thﬁctd@itﬁ@f@hgﬂlﬁgwpdrennhhﬂmmr wiellpeadviiquisingheit @rport e thedoUter t he

collar. This necessitated the yse. of ra kets t round
the inner WslheadoRgng nfhscelsn thmgey%\qg?(? | Aikang h‘glﬁg%ge p% 8&% ded

[0013] U.S. gP % MR- ouRer3§Rd of O VieRPSVelBdad h89dng, R@ﬂethbn e ‘iﬁjéc&or Jr.
and U. S. 5,544, 707, August 13, 1996, Hans P. Ho et a

both sHow mysmemnmlt to a]l@nfmth timnporo farmgd da shenepliarn dihissneseasite %ﬁiéhe PO

i nventions disclosed bat f these pat t t he
casi ng annUP@sPRFERS (hat IPgin&J%nga?rf’ &0 %ﬂgggfeggg\écﬁoveﬁﬁ%ﬁg 18?glzsure
wel | head haoygiHaad RbudidtehfXkedddor of a tree assenbly that has |anded on the
hi gh pressure wel | head housing. Various systens have been

[0013] U.S. Patent No. 5,366,017, November 22, 1994, Robert K. Voss, Jr., and U.S.
Patent No. 5,544,707, August 13, 1996, Hans P. Hopper et al., both show equipment
15 for monitoring casing annulus pressure. The inventions disclosed in both of these
patents show equipment that has the casing annulus pressure communicating to a
point above the high pressure wellhead housing on the exterior of a tree assembly that
has landed on the high pressure wellhead housing.  Various systems have been
utilized in order to prevent the casing annulus from communicating until the tree
20  assembly lands on the high pressure wellhead housing. With the equipment shown in
the Hopper and Voss patents, it is difficult to monitor the casing annulus pressure

before the tree assembly lands.

[0014] U.S. Patent No. 6,186,239, February 13, 2001, Noel A. Monjure et al., shows
equipment for circulating heavy fluids into an annulus formed between casing strings
25 in order to relieve casing pressure due to leaks. The invention disclosed in the
Monjure ‘239 patent shows injecting heavy fluids into a well by lowering a flexible
hose into an annulus between casing strings. Heavy fluids are pumped through the
hose and into the annulus for well fluid displacement when the pressure builds up in

the annulus between casing strings due to leaks in the casing.



utilized in order to prevent the casing annulus from comuni cating until
the tree 20 assenbly | ands on the high pressure well head housing. Wth the
equi pnent wehisvaei2zea t he Hopper and Voss patents, it is di fHdmcusor/38m88monitor
the casing annulus pressure before the tree assenbly |ands. [00141 U. S
Pat ent No. 6, 186,239, February 13, 2001, Noel A Mnjure et al., shows

equi pnent for circulating heavy fluids into an annulus fornmed between
casing strings 25 in order to relieve casing pressure due to | eaks. The

i nvention disclosed in the § oMWARY GFPTHE ENWENTION | nj ecti ng heavy fl uids
into a well by lowering a fTexiblé hose 1nto an annul us between casi ng

strings. Heg 115*f hUWiHscat BRIARSE Y A8OhetdaBabiligsco Ptk Rtieatiper@nnbe us for
wel | fluid displacenent when the pressure builds up in the annul us _between
casi ng stri ougsr sluface of heaiter, ilowtiiessargsyalieadthonsing3o GasaRolupERalsddRyIdB 088

SUWARY OF THE |.NVENTI 00151 .wel
capabi litie¥ &t 1%%@%‘%?%6 Weil}}]g u(ﬁ 81%8&{8 ell:[lﬁgﬁsglP g%z%o %ﬁ%ﬁt%ﬂguﬁ%w

pressur & welykinead Hoasss RAd bR idker andlkaBhdueingl ethe insérdeclilehd AbudingRds a hi gh
pressure wel | head housing. The subsea well head has_an quter 5 wel | head

housi ng andbem andrrelowige ipPHieadthabliain i thermisrivdihead bppeng HoDalr 9§ StAS a
bore and a ] Quer rtiQ I ! g Mehh i pair
of seals b %V/\Véeerha}%hoteulteorlr}atn @?ﬁéﬁd‘ﬁaﬁ%ﬁ ﬂ\?\%ﬁlrfgrﬁcez%gﬁ%oum nglgﬁglg I ne @%ne{ﬁ%ul ar
chanber whemntheellhédeloustigl hads ihdhes bigr Wetikadi oushe. oThe rouvee | Wikhaald

housi ng. The outer well head. housing has.a co nicatig ort extendjng
through a shewsing hasng coppiniGapn W@&&Xi@dﬁ&tg‘?‘ﬂ’@, a ﬁ’gei(?ﬁgg q}%]rl"ﬁ@ﬁ’ﬁa%ousi ng
has a sa ' he
ner vl 1 s, G ERALE QN HoiGng MLk Mo bR Bltehding MoupRietuigh 0T e
casi ng annuthisnbestathecbare ot thref imnemyeliichy howsiveg trafortmenicatimgrwithe b chsag
housing is in comrunication with the annul ar chanber on the outside of the
i nner 15 wiMWad housi ng. The annul ar chamber is in comunication with

t he outer surface

[0016] The casing annulus located circumferentially inward of the inner wellhead

housing is in communication with the annular chamber on the outside of the inner
15  wellhead housing. The annular chamber is in communication with the outer surface
of the outer wellhead housing through the communication port. Therefore, the casing
annulus is in communication with the outer surface of the wellhead housing. The
operator can monitor casing annulus pressure, inject heavy fluid into ’Ebe casing
annulus, or inject cuttings from the outer surface of the outer wellhead housing to the

20  casing annulus.

[0017] In the preferred embodiment, a wear resistant surface is formed on the outer
surface of the inner wellhead housing. Preferably, the wear resistant surface is
located axially at substantially the same position as the communication port. The
wear resistant surface can reduce the damage to the surface of the inner wellhead

25  housing when injecting cuttings from the communication port.

[0018] In the preferred embodiment, the subsea wellhead assembly also has an

injection mechanism for injecting a slurry of cuttings or a heavy fluid into the well.

The injection mechanism typically has a frame with a manifold, or support member,

that extends partially around the outer wellhead housing. The injection mechanism

30 also has a flowline connector for communicating with the communication port. A
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of the outer wellhead housing through the comunication port. Therefore,
the casing annulus is in comunication with the outer surface of the
wel | head Wousioae29 The operator can nonitor casi ng annul uPqIVERII80B8 | Nj ect
heavy fluid into the casing annulus, or inject cuttings fromthe outer
surface of the outer well head housing to the 20 casing annulus. [00171 In
the preferred énbodinent, a wear resistant surface is fornmed on the outer
surface of the inner well head housing. Preferably, the wear resistant

surface is gdvagat gy dehdhinicaé =subayast batihgs he lsanp fdditi the Gevlitee
communi cation port.” The wear resistant surface can reduce tr;gléjng_rg[ﬁ eto
[

the surf aceoohedtdrefromremotheellogstign Ths fevigiergpoRprier PRIELYig s from
t he communi cat i on rt. . - j asBgea

wel | head asBarTy AR el mEeds Willnk S ELEHRE B RS SRE oy bRl 1y
of cuttingshaty af baenys éil theteavit Auidhfomel flowlirEheThejngestion mavhetismi e

typically has a frame wth a nanifold, or pport nber, _.that extends
partial By drsarivieahty fuloek mehe%%th?dﬁwﬁg‘g O?ﬁlépl? BEmPEH t?w%éﬂ%vﬁi 4 30
al so has a fl ' fne f 0 R SaLhdiIsuidc dfhheC Qe RiellBéddon
port. A 5 %8%%68&6 %%P@?ﬁ{%d%;’%%ogig% fl ow i_nse may Qorrriuni cate a slurry
of cuttingshowsing. Medeypréferied embotineent,| thevirame aligastogesadye the oifes silhead

| ocation. The fl ow i ne _connecto i.cally has an end. ¢ operably seals
and engageshaising Wi REh HFVSS {hﬁﬁg@ﬂf?@y 5%8“’8?( p&ﬁd’%\g(%lrde{r}%écséi ving the
slurry of cuttings or the heavy fluid froma flowine. The injection
nmechani sm al so 5 has a gR¥ERDEYCRIPTION OFETHE PRAWINGSNi fol d, or
support nenber, that nove into engagenent with a mating profile on an
exterigp s el Nas WHERss W tohgatiewnOt &h Nner! & hidd Pregdues Mefhead
enbodi ?rlé)nt U[ropﬁ%]eﬁl ame al i gns “to rlgcei ve the outer well heg{j housing with a
pai r of sl dsmemgtchastrustaddn aggoydanse siithghig igghtionsf gui del i nes. BRI EF
DESCRI PTI ON OF THE DRAW NGS 10 [00191 Figure 1 is a cross-sectional view of
? Ei !snln ﬁ\r/ eg{&oﬂ%@]%i@ﬁreesf ure, WelLNEathn QY B8 2fONRLS UFUEH pilsREE WBBEE W th
housing receiving the high pressure wellhead housing of Figure 1.

[0021] Figure 3 is a perspective view of an injection mechanism for installation on

15  the low pressure wellhead housing of Figure 2.

[0022] Figure 4 is a partially sectional view of a penetrator assembly for use with the

injection mechanism of Figure 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] Referring to Figure 2, an outer or low pressure wellhead housing 11 is shown
20  with one-half in section and the other half in a side elevation view. Outer wellhead
housing 11 is located at the sea floor and has a conductor 13 that extends into the well
bore for a first depth. Outer wellhead housing 11 has a bore 15 and a plurality of ports
17 leading from bore 15 to the exterior for cement returns. Bore 15 has two tapered

or conical surfaces 19, 21 spaced axially apart from each other.

25  [0024] A communication port or injection port 23 extends through the side wall of
outer wellhead housing 11 between conical surfaces 19 and 21 and above cement

return ports 17. An annular seal 25 extends around wellhead housing 11 below



[ 00201 Figure 2 is a cross-sectional view of an outer or |ow pressure
wel | head housing receiving the high pressure well head housing of Figure 1.
[ 00211 Fi9gwres/036323 a perspective view of an injection mecharm/ssmnBenss
installation on 15 the | ow pressure wel | head housing of Figure 2. [00221
Figure 4 is a partially sectional view of a penetrator assenbly for use
with the injection nmechanismof Figure 3. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT [0023] Referring to Figure 2, an outer or |ow

pressure wWeblhaatcadien port23l 1Al slusdldyvof gidbves 26 ape forheeld fini borg d G trieanthend t he
other half in a side elevation view OQuter well head housing 11 is | ocated
at the seauppeomdand has a conductor 13 that extends into the well bore

for a first depth. Quter well head housing 11 has a bore 15 and a plurality

of ports ][6%%52?&61%&%&&0[@%&[% i-léu%iﬁ’g tihe K ehduetor’ 03 €nBaillddptaihizh Bore

15 has two or conical surfaces 19, 21 spaced axially apart from
each ot her prédsufe@d2der Actibendiviusiagi23rwifl etlowered Hjtebetiedrd. pbpertig odkigdnds

through the sid | ter .wel | head_hous; '
Sur faced 1raEeZIoue BBVEE B4 datom ot Aoty b COmRETnERThedlny
extends ar %Vaﬁlewhbﬁﬁ?gdzhgy%&gn 4 F?%UISW. B0 eA 63 AReARAHIuBE2I BB08S

communi cation port 23.” A plurality rooves 26 are forped in bore 15 near
the upper seauted [tO0RSHnAf ofcasing @8 thell pxends Mt dhengrellia AeaPT ot A 13 are

mstal | ed, 2 A PUERRH S OIS ARl L BAG NS 002 Rt ogboo! et e

into bore 1™ pressure welTh ousing 27 1s shown in

Figure 2, anghddbenrseumat etadidinnple sefaces 9533heatbchied shiye eiericr fhighn i n
Figure 1. H gh pressure well head housing 27 js secur_q%(aj1 to g SE‘%‘%n%Of
casi ng 128 tpressursxvelfwed havsing A2 apd|spaced fpath dor MaiRsh MRGPMGRL fYRFEDd 13

(Figure 2).,.H oSty | i 9 27). MPSpRed AracdP31 8 weld ends
t hrough it .Znggié]’FPe%re Hﬁeu gﬁﬁéggﬁ%glglggqgi@% a)r'e ocat_ecf on t_h’e extggr%it or of
hi gh 10 pr assukevidetddieadutiaisilog22Th hod 1Spake dlaspoereticfseal Heisipreferbih
coni cal surfaces 19, . .
located on each tapered surface 31, 33 for forming seals between high pressure
wellhead housing 27 and low pressure wellhead housing 11 at these points. Metal-to-
15 metal seals could also be utilized at tapered surfaces 31, 33. High pressure wellhead
housing 27 has a latch 35 located above uppermost tapered surface 33 for latching

into grooves 26 (Figure 2).

[0026] Once high pressure wellhead housing 27 is installed in low pressure wellhead
housing 11, communication port 23 (Figure 2) will be in communication with an
70 annular chamber that is sealed at its upper and lower ends by seals 34. A wear
resistant surface or wear plate 37 of hard facing is formed on the exterior of high
pressure wellhead housing 27 in alignment with communication port 23 (Figure 2) of
low pressure wellhead housing. Wear plate 37 preferably extends in a band around the
circumference of inner wellhead housing inward of communication port 23, although

25 it could be a circular disk.

[0027] A plurality of passages 39 extend through the side wall of high pressure
wellhead housing 27. Each passage 39 begins between the two tapered surfaces 31,
33, leads downward, and then exits in bore 29. A casing hanger with a string of
casing (not shown) lands in bore 29 after high pressure wellhead housing 27 lands. A

30 seal for the casing hanger is located circumferentially around the outer surface of the
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21 of low pressure well head housing 11 (Figure 2). Tapered surfaces 31, 33
wedge tightly with conical surfaces 19, 21 in bore 15. An el astoneric seal
34 is prever@4gs29| ocat ed on each tapered surface 31, 33 fraT/fseessasg seal s
bet ween hi gh pressure well head housing 27 and | ow pressure wel | head
housing 11 at these points. Metal-to 15 netal seals could also be utilized
at tapered surfaces 31, 33. High pressure well head housing 27 has a latch
35 | ocat ed above uppernost tapered surface 33 for latching into grooves 26
(Fi gure 2).casR@g2ehgddnné aboghthe exissefimassagbd 3t dtheHmue ofilyigh pressuterveallicaded in

| el | head housing 11 Lcat i t 23 (Fj 2). Will b
" commni CHPGH s 1 cAHIE FOPERR At SERBAL G e e T e bt (8 per

and | ower ends . by,seakshimdfa AsiNBAmbRS! SPARLees W S60e @ deBddr lsairsy 37 of
hard facing 1s~forimed on the exterior of hig pressure wel |l head housing 27

i n al i gnmentuttimgshfron mmadjaeni vellpwing ddll¢d-ioyum passpeest39 padvige dbe gaang

wel | head. housi ng., Wear pl.ate, 37, prefer.abl y. ext ends | band around the

ci rcunf ren‘l‘?’é‘u&% ¥rSR © Wﬁ%%d ’8@§¥HBWPMPIB‘%3?OS[(§% ii cation port 23,
although 25 it could be a circular disk. [0027] A plurality of passages 39

extend thr orgnb:;]t Piguek ds wad | 4 ofliirgle poEipmente fomeinjdotngl theusimigg? 7intdach
passage 39 begins between the two tapered surfaces 31, 3 | eads, downwar d,
and then ex¢orempmicineporn23 AFienEs Rl Whp gesembist molides piting 41 mQuaiidyg 3 not

S0 o ot il BRE e A Rath A gls DCRRR i Enl s ARG MAAIOGoR! @S, A 30

r
seal for th%m%%m nS hanger 1S cated circunterenti a around the outer
surface of The assem8f) Q31O4G3R DnPETIEIGRR/ (RB0 8B W) asvendowapyssurandellibale t he

it f 39. The b f hi | | head ' 27, th
o5 op pastaces S0 The horrof e prssaurc vl hesd Tolginn 2 1he
casi ng hang@g%tg.eéﬂ %ﬁ?aseﬁla% nﬁgf?%kﬁ’r@wﬁﬁ%ﬁémsﬁ% $Er #esdal el dovBfing

slurry of tings froman a cent well being drilled down passages 39
and into thenmmshingionSpan B (Bigutee? We€nidebsis reyteR8 wprvdrd fionn gridepasiamat casi ng

((:B? E i ?\ngT)rﬁhGL’V% 2;3!1 plzlssgt rglfgh?’slgenxgesd%l. | bldlsdte}ro% & are MOCCE r.f!ltran rlo'wni)reegstl.llré]g the
wellhead 11 (Figure 2). Ring 41 has a plurality of lock members 44 that are movable
15 between an unlocked position and a locked position in engagement with mating

grooves 46 (Figure 2) on the exterior of low pressure wellhead housing 11.

[0029] A penetrator assembly 47 is mounted to ring 41 in this embodiment, which
serves as a support member to hold penetrator assembly 47 in alignment with
communication port 23 (Figure 2). As best illustrated in Figure 4, penetrator
20  assembly 47 has a tubular member or sliding tube 49 that inserts into communication
port 23 (Figure 2). Tube 49 is located in the bore of a connector housing 51 and has
an integral band or piston 53 formed on its sidewall. Hydraulic pressure supplied to
piston 53 on one side causes tube 49 to sealingly enter communication port 23.
Applying hydraulic fluid pressure to the opposite side of piston 53 causes tube 49 to
25  retract. As shown in Figure 3, the injection assembly may also have a funnel 55 that
extends upward for guiding an umbilical from the surface for injecting a slurry of
ground-up cuttings or a heavy fluid. Penetrator assembly 47 along with sliding tube
49 could alternately be mounted to a standard guidebase or frame rather than ring 41

and frame 45.



comuni cation port 23 (Figure 2). The assenbly includes a ring 41 nounted
to a gquide frame 45 that has sleeves 43. CGuide franme 45 extends laterally
from ri ngw#ilo3/o4dize assenbly is | owered on guidelines (not Eihowsep/3gnser | ow
pressure well head 10 housing 11 after high pressure well head housing 27 has
been installed. Ring 41 will locate on and seal to | ow pressure well head
housing 11 at seal 25, covering comunication port 23 (Figure 2).

GQui del i nes extend upward from gui deposts (not shown) and pass through

sl eeves 43. [6030] &popdratiar, ¢hd geedteddréiscuvdll koafipt degthraad instdllsieagrdéssire
(Figure 2). Ring 41 has a plurality of |ock nmenhers _ 44 that are vabl e 15
bet ween an wsllBeaddepusiugiliidh seadierta Thspitag Ob%gtp"?a% s the ‘%eﬁg@gae??ﬁ?ﬁ pﬁalh
mating gro i ) i I d
nousi ng 11, HOBEs HendiRuOIMAd Solhleely Rbm e hitticRo eI e R S
enbodi ment , bldwaih preventee staak. aCasimg 3B tis vecrivest ta thehlolwgr pod exfrkigh presserenbl y

47 in allgnne ith . co .cation port 23 (Figur .. As .best il .l.ustrated
in Fi gur% 4,""‘3%%#‘%3’8 %u?égl%ﬁfﬂs E?’V ]andafl?‘_ff g? %@ﬁﬂgrb%er tlg!olfd?‘ﬁg t ube
49 that i nsgfdsgurt Welh6RAMBIBINGaAll Wemd@isipudsbel oGt c@sidg 28, TWhE tiftNisflade@cat ed
in the bore of a connector housing 51 and has an mtggr al band or piston

53 formed ofluid sndsjetentteturnsflawing ¢ut cpmenfgeipm parisdl7 iadigwe 2pilheomen®ron one
id t ubge. t [ i i t 23, . |yl
ydraut ot Pirbarpfind el i eithleY gSlh S IRTIY G OF B oy aninBRNSTY

to 25 retragiot shéwgown in Figure 3, the injection assenbly may al so have a
funnel 55 that extends upward for guiding an unbilical fromthe surface

for injecting a slurry. of . ground-up cuttings or a heavy fluid. .Penetrator
assenbl {0471 3&&@%&%1%4%%@ [ o én%fF‘?reWﬁlgttE‘?91363@0%’615?%’66% 0 a

031 046320 PL RDy SEHRO [ YOaB 1 bk i tch RS GroBPF Gyt The, )

to a first defidg deedwilhdbhed beenl previpngyp discennevtetl| Séepstedddi dindgpniguideposisa
floor. Then, the operator drjll. e well to a seco dept h, . l.ower s
hi gh pr essu(‘é’%ﬁ‘ﬂ‘%@éﬁé HH’@S?‘L@”E?SH%FO‘HS{ L BTN eéggfquﬂnigﬁ%ﬂri r and

operator supplies hydraulic fluid pressure to piston 53 to cause tube 49 to insert into

15 communication port 23 (Figure 2). The operator lowers an umbilical to engage funnel
55, and then begins pumping a cuttings slurry from the surface. The cuttings slurry
comprises ground up cuttings from an adjacent well being drilled. The shurry flows
through tube 49 (Figure 4) and into port 23 (Figure 2). The slurry strikes wear plate
37 and then flows downward into passages 39. The slurry flows into the casing

20 annulus located between casing 28 and the next inner string of casing (not shown).

[0032] While the invention has been described in detail for injecting cuttings into the
casing annulus, it would be obvious to those skilled in the art that substantially the
same process could be used for injecting a heavy fluid into the casing annulus instead
of the slurry of cuttings to reduce pressure in the casing annulus. Furthermore, it
25  would also be obvious to those skilled in the art that monitoring equipment, such as
pressure transducers could be connected to communication port 23 on the outer
surface of high pressure housing 27 to obtain pressure readings from the casing
annulus that is in communication with the casing annulus through communication
port 23, the annular chamber sealed at its upper and lower ends by seals 34, and

30 through passageway 39.



bl owout preventer stack. Casing 28 is secured to the | ower end of high
pressure 5 wel | head housing 27. Hi gh pressure well head housing 27 lands in
bore 15 oWwd ww46nsessure wel | head housing 11. Cenent is purqraosodosesscasi ng
28, with the displaced fluid and cenent returns flow ng out cenment return
ports 17 in Figure 2. The operator then drills the well to a greater
depth, and installs a string of casing on a casing hanger (not shown). 10
[ 00311 When it is desired to inject cuttings fromanother well, the

oper at or wi [[0033pIhis invdntion mideattageousy atowk yomfnuﬁicguinsrewahcme cusimednnnis,

whi ch pass through sl eeves 43. The rilling riser will ve been

previ ousl y AR REEPE O Seeesion sloser SRMsER dgﬁdE{l%f a?‘ﬂd’(u"esfh}?{ﬁ}flll}eagnd
ring 41 wl h T or
upp! | as. hy o G e R ahE sy A B OpA, Ma Pt T SRR e
into 15 conthenweatth@ns fypicallyIxperiepeed o the ditter smp@cabﬁmnbbmﬂheadrhwmgl i cal

t d.t tt th

sur f age.5 Tnd? SOt &F drrgied i QLR Gae e st B St FPavelRRY acent
wel | being ﬁbﬁdnll%w Tﬁ&v&h%aﬂ)éssfeh@%als& Héé%%hr uﬁs a48tatibth 8PIRefweltddi Nt O
port 23 (Figure The slurry strikes wear plate 37 and then flows
downwar d i nigiouq@@&%gegrds@to ahﬁ@ ignenr wellerd hausing 27 wid Qt:)amlwgcawnmw&s

I ted bet h :
00321 wini | EoeeS ARYRap AR BB b Bl T e i F TR e

cuttings i nb@cdrﬂﬁren@él%frign@'nwllmd hdusigul m*hbavsmhuacbugsehml}t hsedsdsindied in
the art_that substantlally the sanme process_ could be used for injecting a
heavy flQi dr§auits %@%%tsqhﬂgm&ﬂwb%@nﬁrn\ﬁ%ad heysing, &7 bm% paghingd,urfags t o
reduce presgyng é)@ef(r}OF as?fd tg'é§ ﬁmjl—'weg RE"HD xfteridd o the Rt dwl I]]ﬁgdbe
obvious to those s at nmonitoring equi pnment, suc

pressure t rhamimg:esrlﬂlec]canldhdg.beThmna:bAaﬂkdgd:somayrmafdnmecﬂtel tmeparrd e?;ﬂensm aofhe
outer surface g& Wﬁﬁ essure hou5|n€ 7 to optain gressure readlggs from
t he casing T8AH afign; Jd gAY CUTHeTROTH PerabsfeCQaRHRiGAtinIRet

through commupicaal a{lthaogﬁfer Hrialdior Ay %Elll%ﬁé%%n%eﬂ egh Ypetatst pRper and

| oner ends by seals 34, and 30 through passageway
15  communicate with the casing annulus before a tree assembly lands on the wellhead

assembly.

[0034] While the invention has been shown in only one of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various

changes without departing from the scope of the invention.
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WD 03/ 046329 PCT/ US02/ 38088 [0033] This invention advantageously all ows
communi cation with the casing annulus w thout having to use extension

sl eeves batomsamczhe i nner and outer well head housings anddimesor/3smspecti ve
casing strings. Additionally, wear plate 37 may reduce the wear that is
typically experienced on the outer surface of inner well head housing 5 27
when fluids are injected into a well directly against the exterior of inner
wel | head housing 27. The wel | head assenbly al so does not require a
rotation of inner wellhead housing 2CLABMS der to align inner well head
housi ng 27 with comruni cation port 23, because in the preferred enbodi nent
wear pl ate IWhaxd dpgsdi®s a band around the circunference of inner well head
housi ng. The wel | head assenbly al so does not 10 require for proper
alignment that inner well head housing 27 have a nmachined surface on its
exterior that sl ixlsubgdaywellhgadesedblyf @gsistig:the interior of the outer
wel | head housing while | anding. These advantages may reduce the tinme and
expense of  manubaglif Gelhddatbdiasi on. and repairs. Furthernore, because
comuni cation port 23 is |located on the outer surface of outer well head

housi ng 11, an opetat ﬂﬁ¥ | | ' efore a
tree as s%nbl y |an érﬁﬁgﬁ{;vfe 1e \%é‘l%flﬁgggw {éé gté’ﬁ%%’h g[lé\g%ﬁo%rpﬁlg?@ﬁg‘é ltﬁﬁegnt i on
has been shown in ]ﬁnl one of its forms, it should be apparent to those
skilled in PHE WelheAPUTRES s not so limited, but is susceptible to various
changes w thout departing fromthe scope of the invention. 10 W) 03/046329
PCT/ US02/ 38088  elcammsniopfien et farmeid s thej aiter welheaddraaingexianding thoyshbl y
conprising: an outer wellhead housing; 5 an inner well head housi ng havi ng
a bore and asidewd ithepmtdrivorhlhedbbousarggls i n the outer wel |l head housi ng;
a pair of seals between the inner wellhead housing and the outer wellhead
10  housing, defining an annular chamber the seals being located above and below the
communication port; and

a passageway extending from the annular chamber to the bore of the inner

wellhead housing for communicating with a casing annulus.

2. The subsea wellhead assembly of claim 1, wherein the passageway enters the

15  annular chamber at a higher elevation than where the passageway enters the bore.

3. The subsea wellhead assembly of claim 1, wherein the passageway comprises
a plurality of passageways spaced around the circumference of the inner wellhead

housing.

4, The subsea wellhead assembly of claim 1, wherein the pair of seals are

20  elastomeric seals.

11



a conmuni cation port fornmed in the outer well head housi ng extendi ng through
a side of the outer well head housing; a pair of seals between the inner
wel | head wousimages2and t he outer wel |l head 10 housing, defi maTgusae/3sossul ar
chanber the seals being | ocated above and bel ow the comunication port;
and a passageway extending fromthe annul ar chanber to the bore of the

i nner well head housing for communicating with a casing annulus. 2. The
subsea wel | head assenbly of claim1l1l, wherein the passageway enters the 15
annul ar chagber dhesutitegivelhekdeysinitinof Llaim WiariBericomppidBigageway enters the
bore. 3. The subsea well head assenbly of claim1l, wherein the passageway

conprises a plu i i of
glgf) drla¥d Rwep %ﬁ%ﬂ%@é@ﬁé@?&éﬁ%tﬁfa@m&&? off thlreqﬁﬂér%?@&p

the inner well he housi ng. wel | head assenbly of claim1,

wherein the,pair_ of .sea [ | ast ric .S . / 046329

het) b0z o bBaie g Bl 8Pk BRI ot §a§’|"%’ijlt’r‘r’ﬁ(i)?‘19 urt her
conprising: upper and | ower upward facing conical .surfaces fornmed on the
i nner bore of tHBPH3RE OWIdPﬁ’Eﬁ’&rAr\%é@F%ag%S‘g@‘réﬁﬁch“E’reE}\Hntt ®OWStmuni cati on
port; and upper and | ower downwardly facing tapered surface forned on the
out er 5 Sur furasef thehansrnvedthegiehousingdhiianale mithtthagonieal suijoes on e QUdeT cal
surfaces on the outer wellhead housing. 6. The subsea wel | head assenbly of
claiml, ffivellherd mosippi sing a wear resistant surface on the outer surface
of the inner wellhead housing in alignment with the conmmunication port for
reduci ng wear due to the cuttings injected on the outer 10 surface of the

i nner wel |l head housing. 7. The subsea wel | head assenbly of claim1,

ftirther cogpri SiThgsutized walllicadavdefblRoelppol tfurtherieempiisii acxéa netdstait | east

partially around the
surface on the outer surface of the inner wellhead housing in alignment with the

communication port for reducing wear due to the cuttings injected on the outer

10  surface of the inner wellhead housing.

7. The subsea wellhead assembly of claim 1, further comprising:
a frame having a support member that extends at least partially around the
outer wellhead housing;
a flowline connector mounted to the frame for communicating with the
15 communication port;
a plurality of lock members on the support member for movement into

engagement with a mating profile on an extension of the outer wellhead housing.

8. The subsea wellhead assembly of claim 7, wherein the flowline connector has
a penetrator that moves between inner and outer positions, the penetrator having an
20  inner end that operably seals and engages the communication port and an outer end

for receiving a fluid for injection into the well.

12



outer well head housing; a flowine connector nounted to the frane for
comuni cating with the 15 comunication port; a plurality of |ock nenbers
on t he suponsto4emaber for novenent into engagenent wth aamarsongsessofil e
on an extension of the outer well head housing. 8. The subsea wel | head
assenbly of claim7, wherein the flow ine connector has a penetrator that
noves between i nner and outer positions, the penetrator having an 20 inner
end that operably seal s and engages the comuni cation port and an outer end

for receivipg a flihgisabseaivellNgadcissenibly BF clainh @, wikdrkin tH ke ABLAM0I2Rive
PCT/ US02/ 38088 9. The subsea wel | head assenbly of claim 7, wherein the

frame al | gnghd Qn&BF&INEd hdRBgOWIRE phB bk BB&Rs Mhﬂl@%’@e&élvﬁg%aﬂaﬁr &f sleeves
for slidingly receiving a pair of “guidelines. 10. subsea wel | head

assenbly for Q%ﬁ%%ngs injection, conprising: 5 an outer well head housi ng;
an inner wePlh&a housi ng having a bore and a | ower portion that lands in
the outer well head housing; a comrunication port forned in the outer
wel | head housi ng extendi ng through a side of the outer well head housing

for injecti cut,tings into the l.10.a pair. .of seal.s. above and bel ow
the communi o i ofs BB MlFRad el e iR it sRERTE ng and < ne
outer well head housing, defining an annular chanmber; a plurality of
passages’ ext endi A8 OFehWeHed HoHING:r chanmber to the bore of the inner
wel | head housing for comunicating with a casing annulus; and a wear
resi stant surf acendmet wellat drousing hageg aboraradiadpwer pestibihthatilandeithg in 15
alignnment with the comrunication port for reducing wear due to the cuttings
injected oobufchwelidadhonsing;ace of the inner well head housing. 11. The
subsea wel | head assenbly of claim 10, wherein the passageway has an
a communication port formed in the outer wellhead housing extending through
a side of the outer wellhead housing for injecting cuttings into the well;
10 a pair of seals above and below the communication port and between the inner
wellhead housing and the outer wellhead housing, defining an annular chamber;
a plurality of passages extending from the annular chamber to the bore of the
inner wellhead housing for communicating with a casing annulus; and
a wear resistant surface on the outer surface of the inner wellhead housing in

15  alignment with the communication port for reducing wear due to the cuttings injected

on the outer surface of the inner wellhead housing.

11. The subsea wellhead assembly of claim 10, wherein the passageway has an
upper end that opens into the annular chamber and a lower end that opens into the

bore.

20 12.  The subsea wellhead assembly of claim 10, wherein the pair of seals are

elastomeric seals.

13



upper end that opens into the annul ar chanber and a | ower end that opens
into the bore. 20 12. The subsea wel |l head assenbly of claim 10, wherein
the pair oo ®wabroare elastoneric seals. 13 WO 03/ 046329 HeQTUd0302/888088
13. The subsea wel | head assenbly of claim 10, ffirther conprising: a frame
havi ng a support nenber that at |east partially extends around the outer
wel | head housing; a flowine connector nounted to the frane for
comunicating with the 5 comrunication port; and a plurality of |ock
menbers on tlge supposubsersrdiead assemblyeafistaimi 19 Hirthenemoprising: with a mati ng
profile on an extension of the outer well head housing. 14. The subsea

wel | head assenbl y fedmechaaing alSippodt etepibier thaeaif leanpartigll € envedtbsundase a
penetrator that noves between inner and outer positions, the penetrator
having 10 aguiepflh&achobtias; operably seal s and engages the conmunication
port and an outer end for receiving a fluid for injection into the well.
15. The subsea I ggﬁ I in.the fr aligns to
receive the out\gr%ﬂmog‘ﬁﬁ%eca %%gor?g{e\?\ﬁ%#@%%? ?o\égg&%'uglec\?ggg ?V(I)t?lqg?i di ngly
receiving a pair .o[.g\%ui lel iines. 15 16. A nethod for comunicating with a
casing a nuf’%gmélfncﬁl PYhéB8 assenbly, conmprising the fol | owing steps:
provi di ng an inner wel | head housi ng having a passageway extending fromits
outer surface to?iplualiyof lockapemberpen te sypporhagaberdos meyementiing a

comuni cation port extending fromits outer surface to its inner surface;
t hen 20 | andigagemket witthamatieg predbelom ew sxtagsiomoftheowtet welllveal hbesidg.housi ng;
then sealing the outer surface of the inner well head housing to the inner
surface of 14

14.  The subsea wellhead assembly of claim 13, wherein the flowline connector
has a penetrator that moves between inner and outer positions, the penetrator having
10  an inner end that operably seals and engages the communication port and an outer end

for receiving a fluid for injection into the well.

15.  The subsea wellhead assembly of claim 17, wherein the frame aligns to
receive the outer wellhead housing with a pair of sleeves for slidingly receiving a pair

of guidelines.

15 16. A method for communicating with a casing annulus of a wellhead assembly,
comprising the following steps:
providing an inner wellhead housing having a passageway extending fgrom its
outer surface to its bore, and an outer wellhead housing having a communication port
extending from its outer surface to its inner surface; then
20 landing the mner wellhead housing in the outer wellhead housing; then

sealing the outer surface of the inner wellhead housing to the inner surface of

14



WO 03/ 046329 PCT/ US02/ 38088 the outer well head housi ng above and bel ow
both the opening of the passageway on the outer surface of the inner
wel | head Wwausimes2and t he comruni cation port in the outer rga/sveashshousi ng;
and then conmuni cating fromthe outer surface of the outer well head housing
to the 5 bore of the inner well head housing. 17. The nethod of claim 16,
wherein the communi cating step further conprises: connecting a flowine
connector to the comunication port fromthe exterior of the outer

wel | head hotlsi ewger wieitheadbonsing above aieyl belew boththe bpening ofihe pedsegavey d owl i ne,
connector and into the casing 10 annulus. 18. The nethod of claim 16,

wher ei n t hetlgosmersueatd Ohs inapr Welllidad hotHn® indihs commuaiatiesporign thef | oW i ne
connector to the comrunication port fromthe exterior of the outer

wel | head hogﬁhpgmuﬁ&glbhﬁﬁ 14Mdqkdd ng @ fluid through flow ine connector and
into the casing annul us. %5 19. The nmethod of claim 16, wherein the

comuni cating St eg, GoNBLReRon REbARE kil PR UcARBM HiRsRESS By © W th a

pressure t ransducer.

5 bore of the inner wellhead housing.

17. The method of claim 16, wherein the communicating step further comprises:
connecting a flowline connector to the communication port from the exterior
of the outer wellhead housing; and then
injecting a slurry of cuttings through flowline connector and into the casing

10  annulus.

18.  The method of claim 16, wherein the communicating step further comprises:
' /
connecting a flowline connector to the communication port from the exterior

of the outer wellhead housing; and then

injecting a fluid through flowline connector and into the casing annulus.

15 19. The method of claim 16, wherein the communicating step comprises

monitoring the casing annulus pressure with a pressure transducer.

15



