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muds improve the stability of the well bore, improve the performance of the drill bit by
) | providing betier lubrication and removal of cuttings as they are formed, and reduce the
torque generated in the drill string during use. For these reasons, oil based drifling
25 muds have been finding increasing use. While offering advantages during the drilling
operation, the oil based mud formulations present a problem with respect to disposal.
Cutting separated from the oil based muds after recovery from the well are inevitably
contaminated with the oil based formulation. Washing the cuttings has been
attempted, but only removes the mud from the surface of the cuttings particles, leaving
30  oil in the cracks and pores of the fragments. It is no longer possible to dispose of
cuttings recovered from an offshore well using oil based drilling muds in the same
manner as when water based muds are employed by simply pouring the cuttings into
- the sea, due to a damaging environmental impact, and corresponding environmental
regulations.
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|§ not edst hat the enbodi nents disclosed in
. assembly. The apparatus requires a port in the wellhead assembly. Avalveis
positioned to seal with the port by remote means using a ramp assembly supported on
a guide base positioned around the wellhead.
US Patent No. 5,884,715 discloses a method and apparatus for injecting
cuttings into a well while drilling operations are in progress. Two embodiments are
30  discussed in the disclosure. The first method requires a predrilled well bore to be
bored adjacent to and extending away from the well being drilled. The predrifled well
bore is used as a depository for the drilling cuttings produced from the well being
drilled. The second embodiment requires an injection tube to be installed within the
weli being driﬂed alongside the casings set into the well, thl:ough which access can be
.35  gained to subsurface formations into which the cuttings may be injected. A further
embodiment employs an annuius bstween adjacent casings in the well in order to gain
access to underground formations. It is noted that the embodiments disclosed in US
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mp. at the surf fius p&eﬁ?ﬁg.s 5,%?39,912, there is disclosed a cuttings disposal system in
which an injection adapter is employed to allow a slurry of cuttings to be injected into a
well. The well, designated an “injection well”, has an inner and an outer welthead
housing with at least one casing hanger and a respective inner casing installed in the
30  inner wellhead housing. The casing hanger is formed with a port through it,
connecting the bore of the well with the annulus between the inner casing and the
outer casing of the well. When it is desired to inject cuttings into the well, an injection
adapter is landed in the wellhead so as to extend into the bore of the well, allowing a -
central bore in the injection adapter to connect, through a port in the side of the
35  injection adapter body, with the port in the casing hanger. The central bore in the
injection adapter is connected by pipework to a pump at the surface, by means of
which a slurry of cuttings may be injested through the injection adapter and into the
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' 25  the Offshore European Conference, September 7 to 10, 1993, Ferguson et al. '
disclosed the resulis of field trials conducted to test a permanent guide base and
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time.

Summary of the Invention

According to a first aspect of the present invention there is provided an 7
injection spool for use in the injection of a fluid into a wellhead assembly, the wellhead
30 assembly having a central bore therethrough, the injection spool comprising:
' an outer housing having a centrai bore therethrough, the housing having a first
end for connection {o-a wellhead assembly such that the central bore of the housing is
aligned with the central bore of the wellhead assembly;
an inner housing having a central bore therethrough, the inner housing being
35  disposed within the central bore in the outer housing, whereby a cavity is formed
- between the inner housing and the outer housing; '



35 disposed within the central bore in the outer housing, whereby' “Q%\;tgﬁgr
s formedwderssem the i nner housing and the outer housi ng;péﬂug.ﬁ&g PR
WO 02/ 44520 PCT/ US01/ 43765 6 a port in thepouter housing having an opening
into the cavity between the inner housing and the outer housing; the inner

housi ng having a pegd ek 0 1 hi e. r LN eyond
the first end of t heﬁdgﬂﬁ g?é( ﬁ%&grﬁ%@%ﬁ&‘% %the'gﬁig@ﬂ?\% %Wﬁﬁtw%eﬂgﬁl'ﬁé% 5
assenbly to whPESiNg gad the; @iter kawisingool i s connected, the cavity thus forned
connecting the caw ' T Ig=Tol gyl . ' n annul ar cavit

defined by adj a;&aﬂ%%%iﬂhg%@ ::' rﬂgggﬁt;q %’?ﬁéﬁ:ﬁﬁg%ﬁggﬁ wiua Qmeﬁ'h@"s}lng

i nj ection spo £ag ghthejowerhausing feryfobeing mstavity withidizr wellHegdon a
subsea wekl heaggeﬁ%p{m,{,mch s ST , Lpj.ectiq opl pr.ovi des,
access to an _10 apnul ar cg\)&ﬁ@y B‘ et%dgﬁgac(ﬂkgg%th@ ﬁ%&ﬂ@ﬁ@%&ﬁ@ﬁ&&&"ﬁ' Nle
wel | head assefBISRVhE tas iniselipn §poelvdtht arcanmilar. cavity défined \Wyadjddent eisingguch as

arslurry of %béﬂtwm%ljh@gﬁag%gﬁ i njected into the injection spool
housi ng and punped_t hr ough the annufar cavity 0 between the casings into

t he underground f oftin spaa) ofdiieesent investiongmay be dvetaliedAtieictly o

equi pment NeGRBSSE Wellftad dak8mbiv! ' | Jppection.spool, such as
15 isol afjon valves and a coﬁ?\)ggg?@r#b%rgu%d?ﬁes@}%#@g ocﬂiﬁﬁo PP 1 o
the port'9n @RBUlapGadly bebvesmediatent kesings suspendedsinabé welhend assehideands Not

required in kP u fshﬁf" L EGL L eratiopns...| ndeed, a guide
bage need not be g‘trgggtg?tiégteﬁt Lnethwel *12’5’5& éél?%keaosp%ﬁ'ﬁg%g{ga@w ﬁé‘ﬁ"ﬁ%ma?ﬁs
pir)fo'[ mance #yecdedinto thetinjegtionrsneol heusing and mpedithrm@rbmbiamuhflcé 4 20
infection s n [es .can cconpl i she

WD o o FEeeh he Cadihasal o Y88 RS iR feiegs sxiona:
convent i onal Angillary iegeigment secssparydopiisting fluids inte thd injsetiornspod Csuch &
componens Ofolalén Va8 cARARERh Yot fudBhBtlyeT bl cat L ope are

only very minor. The outer housing o
to the wel | heder heusingwiithe injedtion spoolstA guide bpsaisamwt ragiied in bRier 8 64rg o

one pret ot enle epon dbeflion Inde, 2 o HEE Bl Hobhe pirsp e Heflat of |
the first erffeoBnieperequjred fardhe pprioimanceef othendinkss. THe instafstineined
A o N T e L M AR
housi ng2@xt &ithsna merdifigatians io theeexisting wéllhead agsambly betd thieephvertionapol . 30
Tert hone hSWNER SRS TR e RO e onde i a5
t he connect m%mbémmtfrad. suchenodibicationg afohiy DeryGambng Wi thin the
ext endi ng i ¢ i n TR HAREEY offhg REPRgpod ey be conngcted 1o the welhead
assembly at its first end by a connector, the design of which is well known in the art for
: } 25  connecting welthead components. In one preferred embodiment, the connector is
formed as an integral part of the first end of the injection spool outer housing. In a
preferred armangement, the connector is arranged for installing the injection spool on
the high pressure housing of a subsea wellhead assembly.
The inner housing extends from within the outer housing of the injection spool.
30  The inner housing is preferably formed to connect with a casing within the wellhead
' assembly onto which the injection spool is installed. Preferably, the connection
between the inner housing and the casing within the welihead assembly is achieved by
having the end of the inner housing extending within the wellhead seal against a
casing hanger suspending the respective casing in the wellhead assembly.
3B In a preferred embodiment, the inner housing is a sleeve, separate from the
outer housing of the injection spool, secured at a first end within the central bore in the
outer housing. A seal is preferably provided around the first end of the sleeve between



casi ng han%%ﬂi?}%ﬁndi ng the respective casing in the well hepd RSS JIAY 05
“In a preferred enbodi nent, the inner housingis a sleeve, separate fromthe
outer housing of the injection spool, securegd at a first end within the

central bore ipn the outer housjng. A seal is preferably provided around
the first end f sTweaneE%om DRuBings InsorkiaAosdaa theywppep Padigbibe annular cavity
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of 5 the ||ﬁgﬁwhfg%ieﬂsyﬁabm!atqw&thp@eW@ﬂo@mmmmmw knd
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and the we
adsenbl ed wit ‘f‘f@htkqatgéﬁée'?glyyred. in the central bore of the spool prior
to the installati omhelinfbifon sHoBFinkf Be 2B0SIRA with b SRRVASLIERf the Hntral
be 1nstalled on a su ﬂead

Alternatively, the injectiaon spool” ma Sea wel
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i nst al | edigt he pR@bBVely. |the i Log.J i
Lo arl ow the panetVely,te 6o spid ey peReRicdon BB welineaddidmbiy i "
when in pl acelShthg aten housino heing it in plpce.anddhe sleeue instalid thareaftarn resuch a
housi ng ey beaseothieeshitedhousiss fimied H Bldef th byt SHSRI0 LE%arkalih Gt he

i njection spool, for exanple using a conventional casing hanger secured in
the central bBFteled inthe injertion sreelyvhey iaplaceon apethaadrasspmbly. Imthis i nj ecti on
spool may corgfdrgenitntahe Mher RORind1RES | L i Il bkl N
the first_inner nﬁgu‘si_e{rég.g Thg Secénﬁcf(;ﬁi?\Rg}?o%cg%g%ﬁgg&%ﬁ%ﬁg%ﬁ@eﬁy?‘ghﬁgh
descr i bed®abdln Hie Rigclien spgolfgr example usingiaeanventionsl aasing hanger seowrgd i0

annul ar cavi it bEntABREOAAL WARF nbIking bf e REIGPGRRE | nner housi ngs, whi ch

may be wused to connect wi.th a further annul’ar cavity between adjacent

casings within t helhejsiechnspapt marispmpiise arsesons inner housing extending r angenent
a further pordonisnthsly v the L& s o _ nul ar
cavity bet vveennthe fifst and gé%?ﬁlg?ﬁ%ﬁ%?&'oﬁ?u5| naéﬁ"%gﬁé{aé?#@%yﬁ%ner
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Che wel 120 W puler SRS orm el Beitonang i st Lol hie HlseR ineR B by oo
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} 25 Further inner housings may be provided in a similar manner, in order to access
_ additional annuli between adjacent casings within the wellhead assembly and the well.
With respect to the aforementioned embodiment of the invention in which one
or more sleeves are provided, the present invention provides, in a further aspect, a
spool for injecting fluids into a cavity in a we!ihead assembly on which the spool is
30 installed, the spool comprising: |
a spoo! housing having a central bore therethrough, the spool housing having
a first end for connection to a wellhead assembly;
a port in the spool housing having an opening into the central bore of the spool
housing;
35 : a retainer, whereby a sleeve may be secured in the central bore of the spool
housing at a first end, such that a cavity is formed between the sleeve and the spool
housing and the opening of the port in the spool housing communicates with the



a first end for connection to a wel |l head assenbly; a port in the ch@IM%YSQQ%

housi ng hawigng/4aspe0peni ng i nto the central bore of the spoo Waleks
retai ner, whereby a sleeve may be secured in the central bo?(e:’r}(;@“?%%%spool

housing at a first end, such that a cavity i*s forned between the sl eeve and
the spool hoygjgg and the opening of the port in the spool housing
comunicates wth the 2 5 MAY 20C5 WD 02/ 44520 PCT/ US01/ 43765 cavity. The
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retai ner nmay Hee high fressurehousingobz sebtcaiviihest 4édongbly.he end of a sl eeve
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[ g pr ef er abl yglmll p?g?\'/tpw of’gsé?eﬁ’e&&@%'ﬁgf‘l?yn?ﬁn'é"@%t her activity.
Addi tional retai nedbespeoliroay tempustoa séand|retaiiled,cte @ehiciPY sBSordl sREvE SRy e 2
simlar basi Sge, tlfléfE h t he .present invention provides a
wel | head asse%;_y %n a Lﬁ@ﬁ%@%ﬁ‘é&&@%@mm AfuBerparis praferably e
t her et hr 3@gh previdethieigaivatccess toithis furtﬂ?aaaﬁdrity. Aﬂbﬁoﬁﬂhéﬁdﬁ@és a7 &R }ﬁddfﬁo,ﬁl
conprising: 1g.4, ing. a.Jfirst casing extending into the well;
a second casi ng g%#&ﬁ%g‘%%i?{p?ﬁ‘ém\af {!S-casing into the well; an annul ar
cavi ty def i ned betm@mmfaspacsuhapmssmmﬁeams 4 ety a}%'ﬁﬁ;ﬂly iRECess
cap be gaine e rmation: 20 an injection spoo ousi ng
connect ed at q’éélﬁf'%s‘?&@%gatagg?rﬁé@\%vinﬂé‘a@qﬁﬁb&i’rﬁ %ﬁﬂ“"ml"r@nﬁﬂmﬂ%lwﬁbr e
t her et hr ough thenwelritive mietla¢acbasssmbly tdmapesiig:r al bore of the well head
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i nj ection spool hou ?Wf’ﬁ'n?"ne central bore of the well head housing; 25
a first cavity fomafgst dasingeexternding infothe weiisi ng and the injection spool

housi ng; a second cayi f.ormed hetween the inner housing and the wel | head
housi ng and conn‘%nﬁe%é?‘% ﬁﬁsw Fﬁ(def‘a'é'gf‘q'ﬁ'g‘ct‘@%ﬁttc?s’&ﬁd‘t?ﬁ’ée welkul ar cavity

B byt Apsivib i it b S e T
second casin ﬁﬁfaﬁgeﬁf’mtpéos‘ﬁaspﬁz‘f% rmation;
20 an injection spool housing connected at a first end to the wellhead housing and
having a central bore therethrough in communication with the central bore of the
wellhead assembly;

an inner housing extending from within the central bore of the injection spool
housing into the central bore of the welthead housing;
) 25 a first cavity formed between the inner housing and the injection spool housing;
a second cavity formed between the inner housing and the wellhead housing
and communicating with the first cavity and the annular cavity between the first and
second casings; and
a port in the injection spool housing opening into the first cavity.

30 One or both of the first and second casings may be supported with the
wellhead assembly by means of a casing hanger. If the second casing is supported in
such a manner, the casing hanger is preferably provided with one or more ports
therethrough, aliowing the second cavity to comrﬁ-unicate with the annular ca\rity.

_ Alternatively, the first casing may be supported with the wellhead housing and

35  the second casing supported below the wellhead housing by means of a casing
hanger landing below the housing. In this arrangement, the inner housing extends
though the bore of the wellhead housing and interfaces with the casing hanger below
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II’leCtIOI’l sp M"ﬁ‘#; | is
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As also noted, the second end of the sleeve preferably connects to the second

3_} - 25 casing within the wellhead housing, in particular by contacting the casing hanger
- supporting the second casing within the wellhead assembly. .

The sleeve preferably serves as a wear bushing, protecting the central bore of
the injection spool housing and the wellhead housing from wear and erosion caused by
the passage of drilling tools and other equipment through the welthead assembly into

30  and out of the well.

A cuttings riser interface assembly is preferably connected to the port in the
injection spool housing, allowing a cuttings injection riser to be extended from a
surface vessel or platform to connect with the injection spool on the welthead

~ assembly. The cuttings riser inferface assembly preferably comprises a valve for
- 35 isolating the first cavity from the exterior of the welthead assembly.

According to a still further aspect of the present invention, there is provided a

method for injecting drilling cuttings into an underground formation through a welthead
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while furthel et H@Wgﬂé’f”@%?@ﬁﬁ%ﬁ% Bf %‘%ﬁ%%‘hsﬁiéa@@%x@r?me we below.
enmbodi ment s d¥ccoringiy fhe atitisgsinictien hethalf oftthe presentinventionanay b@epsvatdd now
be descri bed jf L nlla Vi t he. acco nyi ng. dr.awi ngs. The
dot ai 160 des e B Welltbidint SHEhERG Baly P iGe PRIA S iLoniTe arc
by way of exeliplepanicylante Bjections of euttingsaoay be camict! cuberhile aphen Hrillideof

present jfveptd . B 1. Description of the Drawi ngs Preferred
enbodi maihq]s g*é\tgﬁle'ség‘gggh I'nvention will now be described, by way

Specfﬁc embodiments of the apparatus and method of the present invention
- will now be described in detail having reference to the accompanying drawings. The
detailed description of these embodiments and the referenced drawings are by way of
) example only and are not inftended to limit the scope of the present invention.

25  Brief Desecription of the Drawings
' Preferred embodiments of the present invention will now be described, by way
of exampie only, having reference to the accompanying drawings, in which:
Figure 1 is a side elevation cross-sectional view of an injection well of one
embodiment of the present invention in place ori a wellhead assembily;
.30 Figure 2 is a detailed view of a first portion of the injection spool of Figure 1;
Figure 3 is a detailed view of a second portion of the injection spool of Figure 1
Figure 4 is a side elevation cross-sectional view of an injection spool of a
second embodiment of the present invention in place on a wellhead assembly;
Figure 5 is a side elevation, partial cross-sectional view of a further
35 embodiment of the injection spool of the present invention, in place on a subsea
wellhead assembly; and
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Figure 1 is a side elevation cross-sectional view of an injection well of

one enbodi ment of the present invention i 1 pl ace on a wel | head assenbly;
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a well head assenbly; Figure 5 is a side elevation; partial cross-sectional

view of a furpbeiled®Dessiioh o8 e Prefdrhal Erﬁb@@ih‘leﬁﬂ; spool of the present
I nvention, in plac subsea well hea assenbl g and WO 02/ 44520 PCT/ U O
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second o@si Ngbb\R R firdteasihgHander P8 The Secdiidaing HRhgECAEisidIainbdined eat er
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bet ween the intq thetwethner casing 14 and the second inner casing 18. This is
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1a||owstU| |cuarasurr trngs to to the
casings 14 and 18 in the well without cementmg between them. In thls way, access is

obtained through the annular cavity 20 to the underground formation into which the
} first inner casing 14 extends and the annular cavity 20 opens. The arrangement

25  shown in Figure 1 allows fluids, in particular a slurry of cuttings to be injected into the
wellhead aSsembiy 2, through the annular cévity 20 and into the aforementioned
undefground formation. It wilf be appreciated that the injection spool of the present
invention, as described below, may be used to inject fluids, such as a slurry of drilling
cuttings, into other annular cavities within the welthead assemb!y 2 and the weli.

30 The injection spool of the embodiment of Figure 1 and its method of use will
now be described.

Referring again to Figure 1, an injection spool, generally indicated as 40, is
installed by way of a connector, generally indicated as 42, on the high pressure
housing 8 of the wellhead assembly 2. The injection spool 40 comprises a generally

35 _cylindr‘ical injection spool housing 44 having a central bore 46 therethrough, The
injection spool housing 44 has a flange 48 at its first end, through which boits 50 pass
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wel | head assembP lsm mbom&nﬂoﬁﬁl erexisting' Ribesd KelhdddihsialiRh, wiknbe
supported by Y ntlgp The secoBd end 52 of the injection spool

housi ng .sho Wf’*“ﬁ"?gqsﬁ b St PP, stacl beieo feguied.a hub.
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enpl oyed. In this e ction spool may be pl aced betmeen t he
wel | head ass&ABP§ ?“éﬂwegﬁm‘{hr#eﬁ? @&«'Mﬁf %%é*ﬁfa'ya&are@iegﬁ gewponeptof a
conventi onal BOP spackt i ng subsea wel | head installation, with no

mogli fi cations to eijll?t her the Vil | head. assenbly or the BOP stack being
réquired. 10 Al t el REIGOPBRGIOr $4conpeeiing tas, stp?wéoltﬁjt%hwbm@ﬁym
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directly, as an | nt egral. conponent of OP stack. The connector
connecti Ry t Well KR ‘@'gf‘? #e rReteRn S'ﬁ'!?dt"fb”!%'f hiTbR CoRnasian 42 shewmsn l’f@lBe 61*9 ¢he
vel | head asseﬁt}lyﬂramm%ec QONRR B YW dr Al 0 supphdy ﬁﬁ&@?ﬁﬂrﬁuﬁ%ﬂw lihes Vel |

known to theﬂ%grson skilled in the "art. The connector 42 'shown in Figure 1
is of the hyflichshewn)extending framasiriagegaselor Platformi d suppl i ed t hrough

hydraul i c contr ol Thé iféctionspboSiry¥mprves @b éﬁ@ﬂﬂlﬁg%ﬁ%?&e\’iﬁ n Of
pl atform The |n| ection spool 40 conprises a port 60 exten

rough the
i nj ection fith and OQﬁH"QﬁﬁﬂFﬂﬁJGQH%bQ'ﬁéﬁceﬁﬁmﬂ ﬁ@!sesq'wﬂ lfFI'leqD@rt
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spool housing 44, that I's perpendicular to th ongi t

central bor eodee lmﬂwfeahaﬂ tthe Rerifr bprass a%ﬂ?&ﬁéled@ﬂ spag! #0. blewemeleitst ood
that the poryg@ Lﬁﬁ&&%@!ﬁgt m@rﬁ&liéb ﬂhQFe &?ﬁrbﬁgh ﬁ'léqﬂjecp&‘r'ﬁ%&ﬁ mg?f}sh s 2N

oblique angle, as required by the external arrangenent
assenbly ardl apipbligue anglg: avresyiies kv fhe exiemal amangemsns of 8= wellheat pseembly t he

exteri or of dnldShe associated equipment. An outlet spool 62 is bolted to the exterior of the
: ) - 25  injection spool housing 44 and has a central bore therethrough, which communicates
with the port 60 in the spool housing 44. A valve 64 is mounted on the outlet spool 62,
by means of which the port 60 may be sealed from the exterior, for example in the
case of an emergency. The valve 64 may be any of the conventional forms of vaive
known for use in subsea applicafions. The valve 64 is preferably a fail-safe closed
30 valve, thus allowing the port 60 to be closed automatically in the case of an
emergency. A flow loop 66 connects the actuator valve 64 to a cuttings riser interface
68, onto which a cuttings riser (not shown) extending from the surface vessel or
platform may be ianded. The actuator vaive 64, flow loop 66 and cuttings riser
interface 68 comprise a riser interface assembly, generally indicated as 70, through
35 which the flow of cuttings slurry into the injection spool 40 and the welthead assembly
2 is passed and controlled.
An isolation sleeve 72 is secured at a first end 74 within the central bore 48 of
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pack-off 84 servesato retain the first end 74 ati1on Ieeve 72
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Referring now to Figure 3, there is shown a detailed view of the second end 82
of the isolation sleeve 72. The second end 82 of the isolation sleeve 72 contacts the
second casing hanger 16. The second casing hanger 186 is of substantially

30 conventional design and has an inner profile 90 comprising a plurality of discontinuous
tapered surfaces, such that the bore of the casing hanger tapers generally from its end
in the direction of the well. The second end 82 of the isolation sleeve 72 has an outer
profile 92 comprising a plurality of discontinuous surfaces corresponding to those
making up the inner profile 90 of the second casing hanger 16. In this way, the

.35  second end 82 of the isolation sleeve 72 is seated within the second Casing hanger 16

' and provides a smooth transition from the central bore of the isolation sleeve to the

bore of the second casing hanger 16 and the second inner casing 18 below it. Seals
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In the priorweith afd fhHeH SREAANNSn afBophiats ifuid! for Example a used drilling mud. At
- } 25  offshore locations, it is typical to grind the drilling cuttings to produce ﬁ'agments fine
enough to be siurried, as the costs of transporting the larger fragments as gravel io a
location where they can be used is generally prohibitive.
Once the fluid, such as the sturry of drilling cuttings is present at the surface
vessel or platform, it is pumped through a riser connected to the riser interface 68 of
30 the riser interface assembly 70. Flow of the fiuid is controlled by the valve 64, allowing
the fiuid to be fed to the spool 62 and the port 60 in the injection spool housing 44.
From the pott 60, the fluid enters the first annular cavity 76 and flows down through
the injection spool 40, through the bore in the connector 42 and into the second
annular cavity 78 within the high pressure housing 8 of the wellhead assembly 2.
35  From here, the fluid passes through the port 98 in the second casing hanger 16 and
into the annular cavity 20 between the first inner casing 14 and the second inner
casing 18. The fluid will leave the annular cavity 20 at the lower end of the first inner
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In this way, the injection spool of the present invention may be used in conjunction with

conventional wellhead assembly components, with no modification of the latter being

required before installation.
30 Referring to Figure 4, there is shown a second embodiment of the injection

spool of the present invention, in place on a subsea wellhead assembly. Components

of the embodiment of Figure 4 common to the embodiment of Figure 1 are indicated

using the same reference numerals and are as described above. In the embodiment

of Figure 4, the injection spool, generally indicated as 140, is formed as a unitary
35 component with the connector 142. The injection spool housing 144 extends to

provide the inner housing of the connector 142 and is seated directly on the high

pressure housing 8. The components and function of the connector 142 are as shown
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to dispense with the isolation sleeve and, EEonce the injection spool 40 is
in place on the well head assenbly 2, to install the second casi ng hanger

16 within the ,hmeeé}hbw]mggp&dp,éﬂu?% 4 ang@ﬁﬂg’ ﬂge second i nner

casing 18. In this wa the se casl ng the second 25 inner
casing 18 will forrﬁﬁtfﬁ@"QrﬁmElQUmﬁ.ltberﬁlSShewm arfsrttherremmﬁimmt oftheLihjettion

cavities 76 a t; housi 4 an
pressure hous:gggoﬂﬁ#gs %%%ht 'mflenlhgh qﬁtpﬁ%gs bs?ﬂé‘"qﬂ PI6H cl%gﬂll'hg}getshe
present inven ﬁWWWQ@@ﬁ&a%emW&ammmmedmrmm\s&mmﬂiguw hh¢ad
assenbl Sdtbed the latter red
bef or e ?/nggf) Iagt i on. aé%g%e e %ﬁf Ct $%E|s%§?%s$" "E"ﬁ‘éﬁ%‘ ?@Eﬁ%"c&@&b
ermbodi nent of Pregent 'ﬁY@“&Dﬂé@nfhaswdmeadfassdzreblpQemtetcdnﬁpoaﬁhtscbf,thé ihjdéilm§péﬁl a
sgybsea wel | he f Ddl ure conmmon
g t he enbodlgn‘g?l 0 U%:%ﬁ? @ glr;gm}l' |ca'}e"b°’8 Y& g"eslgﬁlgatteapémgﬁla%same
nuneral s and fereage ouseraisoantl alsasalestribachabaveb adblowotit pretertbiBOP) stadkh e
njection s s fo nitar
l:ojrrponlant vmloft)%é ?ﬁﬁ?ﬁiﬁ%&%géﬁg ig%%i“'ﬂ égﬁ %H'Oé’BE?gﬁoﬁ'g EW‘F&OI ﬁW‘é%?@nds
to provitfle tHe BaRstadk209 lﬁg'fgtﬂnmhtaomaidaﬂgnandlsflé’emmﬂ ioﬂhé@ﬁécﬁdn@pﬁ@l@ﬂﬁy
on the high ent,s_.and .f of the
connect or ? 14253’;%%@!:5 Hoém%ﬂn%og 5?%&?5%%@ Bﬁﬂg'%éfé@% 6?‘3‘2 fB"ﬁ"?F‘?’rQé"de
enbodl ment offupelgpé ezctead@lfrarrethwaop Btmhmmneddr@ﬂﬂrdwvd%‘fc&érbumhﬂem pgUr €
ther eis i n [ of t
pr Fesent |nve;pBﬁ)gﬁ d?ﬁi%'%ﬁ%@én%ﬁ?@%gﬁ%sﬂ %{;V\eelspﬂm ﬁ@l’ ﬁapcgﬁogneﬁgré:rgo
there is shole @JeﬁﬁwMZéﬁsiuMWeZnstaﬂbtmmfaﬁﬁBOP@a(ﬂézwom in Figure 1
and 5 depgri bed alﬂ%&ter@&cc%%ﬁ?& ecurgaﬂgawb%tlemcgtﬁﬁ OO' 2,31,9

according to the present 1nven
conponent s oﬁm&iﬁﬂnpa@mextemhdmijectbﬁ(}mom Rouginge24t. %@Hﬂiﬁohoadéb&eﬂdﬁdeﬁ I on

spool of Fi refe ence numeral s and are

ag descri beg %B%})'é‘é Qlégv% ?g%gsﬁ‘%'%g'Péé eﬁﬁ%}-}'l:ed?‘@-”? bofe A6 of the extnpsiedht ed

af ZEOZOIO S simnfmom ap@i@oasng%mtdedcﬁbcfdtébwe%ﬂ%hb?ﬁ ufﬁfgg}eszﬂg?d 340 The :SCP

st ac is of ¢ S| ured to the | i on spoo

340 by a Bop st otk ERENGET iiSta5h YodtRonsiBa 28 ampess & port SOmoensingcfom

connect 8P gmhacxtemnaedi oﬂémngmt@ﬂ!ésrr%rmuld?%a BHF76 baweehTne BabAdedieRafign
spool 240 and serves to

and around t an I’tle f th r# [trﬁqg@
| ocate the st AT EONR S r‘W% o {9nfds pis injegtionispachddq pe
instal | at i orF’lgﬂremac@mmesaalkaﬂélﬁamﬂdSaﬂﬂhguﬁ&ﬁ fdrczhétesrmaﬁi@mb%n%o
connect or guj, nj.ecti.o p 40 has an extende
injection spo%les lﬁg‘%ﬁl ﬁr}H 8%5‘?'1 ?FBQI&ZQ% eé‘%’@éd%’&l”a"@@l"m t@rﬁ’%ﬁ'@éﬂe 272
i s provided ﬂ'tjesiwmmo!/\hddung 24xincenimaticatiohavithothe fpolt!ed. e%h@&qﬁﬁrfabé‘l ection
J@ool %SI %s&ﬁé}y‘? described abav and shown in Fiqures 1 and 2.
providéd as's own gure 1 and described above (omitied from Figure
5 for clarity). A hydraulic connector 208, of conventional design, is provided to connect
the riser interface assembly to the injection spigot 206,
Figures 6a to 6¢ show further alternative arrangements for the connection of a
riser interface assembly to the port in the injection housing of an injection spoo! of the
30  present invention. In each of Figures 6a to 6¢, an injection spool 40 is shown having
‘ an injection spool housing 44 as shown in Figures 1 and 2 and described above, with
components of the injection spools of Figures 6a to 6c common fo the injection spools
of Figures 1 and 2 being indicated with the same reference numerals, Referring to
Figure 62, an injection spigot 300 extends outwards from the injection spool housing
35 44 in communication with the port 60. The injection spigot terminates in a threaded
- male connector 302, to which a riser interface assembly may be connected using a
corresponding female connector of conventional design.
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The exten?@?’ldg{%%ﬁtion spool housing 244 conprises a port G%C%S%%@m\’f 2005

d opening into the first annular cavity 7 ween 1 he
ext ended isolation sleeve 272 and the extehtled injection spool housing

244. The injection spool 240 of Figure 5 incorporates an alternative
arrangenent for th&efeyAngde Fiavre 6b.ithe ppdin thednjection spaol bousing 4hisFpnadad a
An injection | r f s he . ' ool
nousi ng. 244 | AHEaid FEHRICERARCRor e, 354, 1b3ficH it CERHEHor p<loRbly g B8
assenbly i s patatheddising 3 sowpspondipgguale conserlonednpivbecorveotiona] design.ed from

Figure 5 for clar hEYérﬁn@ﬁngP%é.%nqg%éﬂi%&% le?/&etn%g%m%s?ﬁ%.tﬂgm an,

i's provided to connect _riser int asse O the 1njection
spi got 206 Finjpetien specltheusingsiddn communigatioh withribe pod 68r Tardejectionspiast t he

connecti on of < Lo ' fame rf il | pl LGt i ;
housi ng of anteﬁﬁfr%get%ﬁg ré @%@% I ﬁ%f “@%@Qﬂ&y%%gas@r%tﬁ tﬁ%v%mﬁggﬁ%%ﬁ%@%ﬁno riser
Fifgures 6a t cinriacamssemnblyt a® preyvinysly desctiliecs witivthé: ase nfamappropeate gasked ool
housi ng 44 as shawm i ihines 1 and 2 and described above, wth
conponent s of € I njection spools of Figures 6a to 6¢c common to the

i nj ection spools bionFthadeiailet! dasdriptidncofiibe emiodimants of thie présent inention set
ref erencggnu ) | ' ) ' ' cog
xt onds. a0t wagthebpue, Bl be 2ok fat HeltnBras oftfie bR ERS I RBnddH HBbs Mibteting
wi t h t he por tsubsea Welhead assembly tophgdified to agoontmedate fluidtinjectiohe duchhas the

connector 302, | ri - | wsenhly { LNg a

correspondi né"‘Fg%@ag%‘Hﬁ‘égt g'r%g# %ﬁ%ﬁﬁhm 'Wgééf;%ﬁ% %%Whﬁ%

ch / USCc/ t s7 equippisht beihgRefcessarpg Altornietively,ca wellhaadeassembly may he comgtricteidon

spool housin i 0 l.e, connect.or [t 304, to

whi ch a ri-se%‘"égﬁﬁg%éeoér ﬂgg'???ﬁ}ﬁ? ‘h%“?eg%sga?@?@@be B#ﬁﬁglﬁvﬁp&@m?di ng

mal e conng&ct eubstbnfial evedification ém theccomhpahestsgef. th&ekeihaeadassembiy cpnventionalhan

i nj ection spi 6 u om t he injecti.on ol ..housi ng

42 £ commnietevse (S Brefalt YRLER WG dtemay bbbt L RkeaRsEn

fl ange 308, wifithetprasgntieventibnche thetconsinmted fshvedha dhjédtiongiseoimtafaceser

-interface assenbl.y. as, previusly.descri bed L th.the.use of .an

appropr at e SESRERY gp H e SR kAL ARE oS i Ristie Brstdf of e

descri ption @lesehtineeition ot instafled withqut aseding ito velp bh @theratellhddd out above,
It can bg,seen that .the apparatus of the present inyention allqws

exi st1 gt subomRoGet e 308 RiiasPon oF 8 aREERE, AR M RribarAs plife

: nj elct i on,d_ fsprdse_atsintfélﬁlonf i .Lmbyébgiilmtaltmﬂ alldlahel mithad offiuid En'jé?o_n whefategbwithout fa
ittle nodification of.the existin ead equi pnent bei ng necessary.

Al ternativel §¥ gbagﬁﬁ@gcprgg%rgﬁ%b'gﬁ%eggac@ Htructed on the seabed

i ngor por fat: ng Ejh;awmje Vil _etbéipeeﬂfeﬂ'ﬁaehbmﬁirﬁém's afm?@rﬁsém\nm‘l I h'tiarlﬂhwiré heénbmsl Hom in

substanti a i ficatian to the conponents o he ad asse

coment | onal 19 Scshpay S Phvfes GnoHaanGRsl Shevle, & i notiatenaat il BEER S faken

) gﬁ:or POt i N linkiEtheticopé iob thespresént idfertibe and arsifications tHersuT canbelivade by

~constructed Lo 03)63 ih e bl wifhouf depariing from the Saiit of the present invention.



assenbly as a totally self contained unit, which allows the injection
system of the present invention to be |nstaIIed Wi t hout needing%éo rely on
ot her wel | head 20 conponents, such as the presence of a guide b MﬂMdgﬁg
the apparatus of the present invention may be installed and the nethod
fluid injection operated without a guide base being present at the subsea
location. Wiile the preferred enbodi ments of the present invention have
been shown, |, Qdahhg acconpanyi ng figures and descri bed above, it is not

i ntended t at these be taken 25 to |imt the scope of the present

i nvent i gMaAREctiRApddl feRlLsOR helif)EliBREr LRI R TRMBeadilserPE tKidih &l a‘s§brﬁth)‘? art

Wi t hout halepad dentg bbreanaréthRugi ithid ibjelon bR dnaiseRG: | nvention. 2 5
What we claimis: 1. An injection spool for use in the injection of a f|UId

into a weblitrdmdsiagamglacentd boratidrdizadgtagedwobsing hdvangiarigst andientanatctibotoea

t her et hwellhghd asshably sjescthatdie eopiorl boreehiheihoiising is alfgned wisth thh serdiahpréiafitherg a

centralWH@P@i$ﬁSWBWhrough t he housrng havrng a frrst end for connection to
d

: 3in g e t goraig gl usr L i OUSI n - Stha gne

\cl:metn[] fauh $§?sz%’%% X I’c‘hs ”E%ﬁhere af a"a% usi ng %er %%ﬁ ?ﬁ‘?’]er hSEF‘R‘/ﬁ‘% lq ﬁa I ng :

central in the outer housi ng, whereby a cavity |s forned betmeen t he

i nner h@part fﬁ%eaf‘&br%hl%lr@lﬁaerhg ah BpkwingGhto thelRavity Heﬂve%hﬂwe%ﬁe?ﬁoﬁﬂﬂ%h@%e%ié’r ng an

openi nghdusing; t he cavity between the inner housing and the outer housing;

the inner housing having a portion extending fromw thin the outer housing

beyond tha@nei hogsinghalingfa ponton estetding fnow withig th outef bousing heond dheifirst end dfither a

wel | hea®tteidigesig for forningha edvity within ajveliherd assepblyito which e mnirsteresbootihe cavity

t hus fo“r‘%j@%?t%r'i‘ﬁéé‘{"iy sfigfaed senneging thergauity iR thedmipgian spashivithanannglar eamibul ar

cavi ty “%BFY edIa5tS 'a%é’ﬁ‘fseeta%}hﬁd?”'iﬁagée B t he wel | head assenbly; the

first rises conne for ¢onn g the

spool ?tﬂ gﬁrg{eqtd%?thgghéag@g’“ cagprfsﬁggg%nﬁ Rectareqee {hgg ?Péc"t‘*} ”H%’?’?%‘Q spool to

a high pressure housi ng of a wel | head assenbly, and the portion of the

i.nner  hassdnigcters RNEbNABcthG &Y spbdl i Aniyh egéur@ﬁoda%%f@@euheaé SsBRbiylangconnect

to a casing wthin the wellhead. 2. The injection spool as clarned in

cl ai m lihe pdvtiamaif thetitver pausing@rteoding fhen vitie the lootes harging X4 femtidng cdrnectito i t hi n

t he out@eingwiiun thg wehdadr med to seal against a casing hanger secured within

the wel | head assenbly. 3. The injection spool as clainmed in claim1,

wher ei ¥ The'nieﬁtr?@rspﬂ%aé PaEendn daim) Telwhereia e pagipnaf thy iner ausing gdendlingiam t he

cent r al Wi5BRe gHerirEsion b Armadipsed goainst apraing Rgnget sestred waln thesvellnegdned in

claim 3¢ ein a seal is provided between the first end of the sleeve

dth . al [ '
Rl L R L

4. The injection spool as claimed in claim 3, wherein a seal is provided between the first end of the
sleeve and the outer housing.

5. The injection spool as claimed in claim 3, wherein the sleeve is adapted to be secured at a second
end within the central bore of the wellhead assembly.

6. The injection spool as claimed in claim 5, wherein the sleeve is adapted to be secured at a second
end within a casing hanger located in the central bore of the wellhead housing.

7. The injection spool as claimed in claim 3, wherein the sleeve may be secured in the injection spool
after the injection spool has been installed on a wellhead assembly.

8. The injection spool as claimed in claim 3, wherein the sleeve acts as a wear bushing for the
injection spool and the portion of the wellhead assembly into which it extends, when the injection
spool is installed on a wellhead assembly.

9. A wellhead assembly in a well, the wellhead assembly having a central bore therethrough in
commumcatron with the well, the wellhead assembly comprising:

a wellhead housing;
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end within the central bore of the well head assenbly. 6. The injection

spool as claimed in claimb5, wherein the sleeve is adapted to be? §ep1yweghﬂgt

a second end within a casing hanger located in the central bore of the

wel | head housing. 7. The injection spool as clained in claim3, wherein the

sl eeve may be secured in the injection spool after the injection spool has

been installed on a well head assenbly. 8. The injection spool as clained in

claim 3, wherein the sleeve acts as a wear bushing for the injection spool

and t he, Bt LdsRQ eREndifiFintdRhd fi§ad assenbly into which it extends, when the

injection spool is installed on a wellhead assenbly. 9. A wel | head

assenbl ¥ sédond cauirlg extehbigg winih the aidkt ess@nmb Yhelv@yj Ng a central bore

t herethrough in conmunication with the well, the well head assenbly

conpr i semgnnuier emity tefadd beywednipe firtBang sBedvid ¥a@BSthrogglh whish acass ¢ry bexgeieadi ng

i nt o t hie asbsurfage towealiet casi ng extending within the first casing into the

wel | ; an annul ar cavity defined between the first and second casin

“thr ougha’@eﬁtf?"§86‘%§8”56’§r?oﬁ'@ ﬁ%hah%ﬂf“ g it gf(;% RIS ANARRY B2 C%mraﬁ?ﬂ“’ectl on
spool  hBEEY IR Sheat i atign Wiihe <t 8’et°5 CHE e &P ousi ng and havi ng a

cent ralasé)ﬂﬁ& &Eéﬁﬁﬁgg m{ﬂ}mﬁﬂ{’é‘ﬁéﬂﬁﬁ%ﬂe th\éﬂl &:tl&rh 08 LEI lnE)QF]gc&ftrFF

vel | he Meadhbus QQH AU EX beREVchre® Il MVirktind Withf tifhiral bore
of the pd 6ahé @fécﬁﬂ%@bol ROWEFHGRBd kit sl b Borhieitt Bed sechif éhdeé theRecomelchigad

housi ngwitHifht@e ivaiead bsssmblg 1S a sl eeve secured at a first end within the

central bore of the injection spool housing and the sleeve connects at a
second @firet dawitytfbroned bevedn thadineghousing knhthe irgediie $poeldwusissenbl y; a first
cavity formed between the inner housing and the injection spool housing; a
second ERFPRY VY RERPARSIVRSR fNetipier PeH§Eg qﬂéd?l"}‘ﬂﬂheéﬁd‘ot'%@ 08| PRERAICABGYNItRg and
comuni tE%lf"Sh vily 37 the guiey avity Q%theafﬁat ﬁ”ﬁée‘é?ﬁﬂﬁ?%’?gscaw ty between the
first a spool housi ng opening

e rﬁﬁﬁ}%'?@e&.?t% yﬁb%@;}og%n&?,%e m\;aent{) ﬂ% fh & and,

into the"Tirs ing is a high pressure

housi NGpe JBiheddRovdRL iNERGh eseidlNsiAg C! al n'ed inclaim9, wherein the first
casing is supported within the wellhead assenbly by a casing hanger. 11.

The wel {0hEedweBssidsymBg aCtifmee th didim @ @hdieil theVline adinY it BepSREDWREhiCAs1 Ng |1 S
suppor tvedhgadidssemiinby a vesinghesgbrassenbl y by a casing hanger. 12. The
wel | head assenbly as clainmed in claim111l, wherein the casing hanger
suppor t’ihéhﬁt welhexasaembly as¢laigen Bglam l@owléﬁf‘é'h&‘reéﬁmf@&gﬁﬂg 8 suprioged witen %'econd
cavi ty weyNRasATEAT Ry Wstnﬁ heRge-annul ar cavi ty 13. The wel | head assenbly

e

' nl eCt 'ﬁnl't%QMEem&érﬂgy as claimed in claim 9, wherein the first end of the injection spool housmg
comprises a connector.

14. The wellhead assembly as claimed in claim 9, wherein a seal is disposed between the first end of
the sleeve and the injection spool housing.

15. The wellhead assembly as claimed in claim 9, wherein the second end of the sleeve contacts a
casing hanger supporting the second casing within the wellhead assembly.

16. The wellhead assembly as claimed in claim 9, wherein the sleeve acts as a wear bushing within
- the injection spool housing and the portion of the wellhead housing into which it extends.

7. The wellhead assembly as claimed in claim 9, further comprising a cuttings riser interface
assembly connected to the port in the injection spool housing.

. 18. The wellhead assembly as claimed in claim 17, wherein the cuttings riser interface assembly
comprises a valve for isolating the first cavity from the exterior of the weilhead assembly.

19. The wellhead assembly as claimed in claim 9, further comprising a blowout preventer stack
installed on the injection spool housing.

20. A method for injecting drilling cuttings into an underground formation through a wellhead assembly
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15. The wel | head assenbly as clained in claim9, wherein the second end of
the sl eeve contacts a casing hanger supporting the second casiﬁ@hﬁ&ﬁﬂﬂms
the wel | head assenbly. 16. The wel |l head assenbly as clainmed in claim?9,
wherein the sleeve acts as a wear bushing within the injection spool
housi ng and the portion of the well head housing into which it extends. 17.
The wel | head assenbly as clained in claim9, further conprising a cuttings

. e _ . T et o |
ot ng o iy A BRI N oGANARER S0 b DnBhatol, hd el Eghdrdo” POOL
cut ti NOBrolitmgbin inftlcBsH P68 REREITI He weMERH LSEMbR, M@knY&tiéﬁpo&lgﬁbi%E Renttahe

first cpstetherdttiromgntii Goreklifdation wigf the Bentaebdrépak RamesidstemdP e wel | head
assenbly as clained in claim9, further conprising a bl owut preventer

stack pmsitiad bédt cavity Wighin the egrcliorspsploshilehuaigainigg th2@entrs! bet tedetfirough apeect | ng

drilling cuttings into an underground formation through a wellhead assenbly

19 2 5 NRYYiDgeSecond gaviy wihig dgrelnead gseemihelp spmBRieAior with e Segt eayitgandan | n

the for ia{)ﬁa"'tiH‘ﬁW. 118 @digennprasion gxteptinafran g wathepd pesemblinte Bisol

i nst al | Y8 AEREIT head assenbly, the injection spool having a central

bore th : A I ' [ REE bore in the well head
@ﬁ%fy%gpg{am tf FROTEH S cg&nﬁnicﬁ?oh%%ﬁ&%gwt?

assenbly; ng a frrst cavit e I njectron spool, while

Mai nt ai RfebighglaurGdnine ahiiRPARINEOBFRIGA IHRYBR iDRE Miectidh PBbiGHH thedirs? em?zd cavity
within the well head assenbly in comunication with the first cavity and an
annul ar the anjdctign di@tilirgesutingDo@disatda tvelb iratigss &% temiitag thrsugmiieheszinedd head
assenbl gssembl ankiethe njedéangf owliings oorunswvhiterihe welloy beingdriled.port in the injection
spool .in comunication with the first cavity; injecting a slurry of the

~drilling cuttings through the port in the injection spool into the first
cavity; the injection of drilling cuttings occurs while well operations
are conducted through the well head assenbly; and, the injection of

cuttings occurs while the well is being drilled. 20
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