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System and Method for Well Workover with Hori zontl}s/\[fam_h2007

Tree Field of the Invention The present invention
relates to the techniques for workover of wells and,
nore particularly, to a system and nethod for workover

woabose2so88l | with a horizontal 0 tree. Backysomansiof
the Invention Wi le wells have been conventionally
conpleted wth trees wherein the production fluid
passes vertically fromthe well through the tree, sone
nore is recent wells have been conpleted with a

hor sg&Biddnd Method tbEWel Wdrkevdr maghugérizontdlTvégl passes

|aterally through a side port in the tree. Because the

Field Sl e@dnf uid fromthe well passes laterally,
prugs nay be installed in the bores of both a tubing

hRRe Bres@Minventib@idieito Bouenridies Srdrriamet ofivisils Bed,
hori zontal tree to provide redundant seals. 20

mord/WarkQNATy, RPE 5P BSd MBthad RioR@BERIF alwieieviareehorizontal

conventionally performed froma floating drilling rig
treeWhi ch connects a subsea drilling BOP to the top of the
hori zontal tree, with the drilling riser extending

fromthe surface to the top of the BOP. Wen a big

bore riser and BOP stack are placed on top of the
Bacld@sunditi@ Invdritie, various types of workover operations

may be pertformed, including pulling 25 and

r eWnaé aldits Mavé bbetbbatgrentichaigconhinsted avith trbee wherdin thehi gh

expense and tine of installing the subsea drilling
prodB&idnamid |pasgss dirticalty dony theewell dsmeti tiel tyed, sotheepere

recent wells have been cémpteted with a horizontal tree, wherein the production
fluid passes laterally through a side port in the tree. Because the production fiuid
from the well passes laterally, plugs may be installed in the bores of both a
fubing hanger and a tree cap above the side port in the horizontal tree to provide
redundant seals.

Workover operations on a horizontal tree are conventionally performed
from a floating drilling rig which connects a subsea drilling BOP fo the top of the
horizontal tree, with the drilling riser extending from the surface fo the top of the
BGP. When a big bore riser and BOP stack are placed on top of the horizontal

tree, various types of workover operations may be performed, including pulling

“and reinstalling a tubing string. However, due to the high expense and time of

installing the subsea drilling BOP and large diameter riser, especially in deeper
water, it is desirable to avoid that procedure when it is possible to do so. it is
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water, it is desirable to avoid that procedure
is possible to do so. It is | 9 March 2007 WO
2004/ 025068 PCT/ US2003/ 028876 s frequently necessary
to performa workover operation which does not require
pul l'ing the tubing, thereby potentially avoiding the
woslogwedossccant expense of installing/renoecngsdiessubsea
drilling BOP and |l arge dianmeter riser. U S. Patent
6, 367,551 provides a nmethod of workover in a well with
freqaentiyotidczssdrplto pederm dhriRenbpardes whiskdoeedol reqlike S
patent have several 0 shortcom ngs which have
pullingnthiee thbiney; ethéreby epotdrititt avéibing Sthet bigeifivemlt Viepbikset bE
tree cap may be prone to sticking open when the riser
instalingiremavieg theSabeealdrilinyeB P brd lane difnéei Giee to test the
closure of the shuttle valve while the riser is in
pl b Pdbent 88,367 ,581eprovides aananed bf aorikausit inag WeRlvith e
renoved before the valve closes, thereby. raising a
horipariteintieal THegrtedhiniet piscbdeaimin f tHidepataitv @ag esveital Ck
and/ or does 15 not close conpletely, or devel ops
shottemmhisgs itk hatehlimitedsaeremtantee dliistythe shuttienvahedn theltnée d,
the flow path fromthe annulus . line on the riser to
captrhay heeprbne tmsticking gpers whemthe risbeishrembverint Sdcond, diesre is
t hrough the aforenentioned shuttle valve, and then
no fepimiquecte testahe whisag dfathgehuttly valee mdnile dlus dsdryis imulaeer dl vy
and then radially inwardly through the tree housing
becausei they risesrcoanention st zotually bs rémovedpzfdre tiavalvesglodes, 20
prone to problens. Further, the tree cap nust seal to
therploit iaisingea pofbitiadsigsificent probiech if the valvetdoes etick anitohdods s
tree cap/tubi ng hanger arrangenent, the entire tubing
not plasy) eemplaielyn oe devaloisdeaksnefierdhe fiser evinectionde camovailt h
the tree cap, or wth seals between the tree cap and
Third Hbe flawipath framdbe anauied line arnibegisaptol tbatwell annulus goes

into the horizontal tree, through the aforementioned shuitle valve, and then
bypasses the tubiné hanger by going radially outwardly and then radially inwardly
through the free housing making for a complex annulus flow path that may be
prone to problems. Further, the tree cap must seal to both the tubing hanger
and the test tree. With this tree cap/ftubing hanger arrangement, the entire
tubing hanger may need to be removed if problems occur with the tree cap, or
with seals between the tree cap and the tubing hanger, and/or the complicated
annulus flow path through the tree cap.

| When it is not necessary to pull the tubing, then alt that may be required

for the workover operation is a small diameter riser, which may be referred to as

-a slimline OD riser, connected to the top of the tree, with a small diameter BOP

2
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annul us flow path through the tree cap. 25 Wen | ioglez
not necessary to pull the tubing, then all that 5}1&{?“ 007
required for the workover operation is a small
di aneter riser, which may be referred to as a
slimine OD riser, connected to the top of the tree,
womoddhw2zacssmal | di anmeter BOP 2 9 March 208@T/usdéds/v2ss7e
2004/ 025068 PCTI US2003/ 028876 5 on the surface, and to
establish a communication path to both the tubing bore

on tigurfdee, nddiongtablish! b usniRinatirhgath ubboih thatgsing bdiee
bore in the slimine riser needs to have a sufficient

and 2 {udingWinhulas delb®i ths talling hiigen Theborairt the dimtive degr and
t ubi ng hanger, and to provide full bore access to the
needsuibi Hige iansuffizizntvd to Puik ato@install diie plagelin the areel daplamdge
enough to pull the tubing hanger. Wrkover operations
tubirigthang e gnditosprovitié M BI kbcess taathe fuldngaini the well but does
econom cal, particularly in deep water applications,
not feqaifLIaeID Regeservugh tBOM theatckinghahdear Yéorkiver bparatianse
not required. Using a slimine riser thus provides

‘using @nslintiae 0D esacamawiativaly ehenomdeak pasticulaapan aleeprwataruch

that these operations are conmonly known as "qui ckie"
applicatidnsyiscauselthe Gihsen BOfestacinanddarge Obkiisep fire nod reguirethg a
drilling BOP and | arge dianeter riser, especially at
Using U Slimlirie siservehlis prieyiddss cortsiierabiey ecinomyhtes theewerkavered
that it would be highly desirable to provide a system
operafiorg hstick  that lhewer epérakianisy are compmnlyr Enem yast Fauichkial's
expensi ve wor kover. Those of skill in the art wll
workapgseci ate the present invention which provides
solutions to the aforenenti oned problens 20 and ot her
r dbiagretheptinab bedreost of installing a drilling BOP and large diameter

riser, especially at substantial weli depths, the inventor has determined that it
would be highly desirable to provide a system which is much more likely to
require only the less expensive workover. Those of skill in the art will appreciate
the present invention which provides solutions to the aforementioned problems

and other related problems.




3 9 March 2007 Sunmary of the Invention Exanpl
embodi ments of the present invention may seek t%Ma""hzow
provide an inproved horizontal tree workover system

for use when a subsea drilling BOP is not required to
be utilized. The exanple enbodi mrents may seek to
provide an i nproved well production system These and

ot her objects, features, and advantages of the exanple
Sumneinpoidhaivestiod | | becone apparent from the draw ngs,

t he descriptions given herein, and the appended

CErdrfile ehi®oBeints bit tthkésethUéTﬁl@ﬁ phOsbekhebravie dn st ed

obj ects and advantages are intended only as an aid in

improtdeirRbRtAC-Swe Kolé dystens R ©k6 whikn ahubesaanliey BOP
enbodi nents, are not intended to limt the invention

is notréalua@d/tobw“,zéad]d do not form a conprehensive or
exclusive list of objects, features, and advantages.

AeROShMBlet BmBodiliehts ﬁ%@eé‘éekofo b%@id@r%%ﬁbrdv@& apdii on,
there is provided a wofkover systemfor a subsea

- produéiRhisg@Bkal tree wherein a subsea drilling BOP is not
utilized and a riser extends fromt he subsea

htds2OM P botHer &bjd RVerE Sidirdsh %ndsé’cLI ng gs thens L@(gﬁ@;et ce

hor1 zont al tree conprising a t anger

embofrﬂg?tﬁ gﬁlﬁ b8¢hnTe %Egéréﬁlj frdrh qﬁe ﬁ?agw t ! eg E@%cﬂ {Hngué\{ the

anger orti I Ng ri ng

hereinilmgr%%thggﬁbenée?f B\H&\Fé?egwﬁlmﬂd%@%dathgﬁﬂﬁgg eﬁit ring

ann vveEn the casing string a e
. i th t
e A P B A

aspectgfof {hg%xample embodiments, are not intended to limit the invention in any

way, and do not form a comprehensive or exclusive list of objects, features, and
advantages.

According to a first aspect of the present invention, there is provided a
workover system for a subsea horizontal tree wherein a subsea drilling BOP is
not utilized and a riser extends from the subsea horizontal tree towards the
surface, the subsea horizontal tree comprising a tubing hanger and a tree cap
| “having a central tree cap bore therethrough, the tubing hanger supporting a
produc_tion tubing string in a well, the well further comprising a casing string with
-an annulus between the casing string and the tubing string, the workover system
-comprising: the tubing hanger and the tree cap remaining within a bore of the
subsea horizontal tree during a workover operation; an adapter for connecting
the riser with the subsea horizontal tree; a flow path from the riser to the
production tubing string having a continuous bore without a valve along the flow

‘path; an annulus line extending from the surface for communication with the




subsea horizontal tree during a workover operatiop; %
adapter for connecting the riser with the subsea™am®
horizontal tree; a flow path fromthe riser to the
production tubing string having a continuous bore
wi t hout a valve along the flow path; an annulus line
extending fromthe surface for comunication with the
4 9 March 2007 annulus; a | ower end of the annul us
annullis; Relowert gl oothaanheads lite Bei® EbnriceRdi o poit iRadingirdd t he
adaptor and the subsea horizontal tree for
one of GTBAHpIGtdrnthel subsdaRorizaRtaNred foraddehnidnidaBiers with ke
val ve nounted between the | ower end of the annul us

annutlid; RAd a0 Gabhenesa NG MBuited beRER Bhd Ioher BhdlbOthk laKulus
bet ween the annulus |line and the annulus, the at

line ah® &Rt artifisMat Yshtldfing AuidTHoM Shwbéh fle ARkl REQNATthe
either a position external to the subsea horizontal

annulld, @R &ledst BRS Vil BeiM‘? bfthuRtel e af B4t dbe RRBERE a pSHAH di NG
to a second aspect of the present invention, there is

M8 A T o
BVeTo F7E sEERMRS S OSpRINRRITEFER fougee®
o worl B e for 2 e o B e A e BARGROP 1
rot wiffed, Y4 B S4RE: Trine RuE0. Mirdlel g kel
surtacky Bl Sposgr PRl R ESPe L AR FRBR, Wt
o B DTy e B R B Ao
a casify R0 i g oG Ao R s bussnbs BT Bne Pt ie Chine
i ng hanger and the tree ca remainingtvvithin,a

. tub . |
string, 5B WORKOVRI RYSLe GUIPTRAG: 20 A0ARIER 0B EOIPFITL G Mgk Wi er

the subsea horizontal tree; a flow path from the riser to the production tubing

007

string having a continuous bore without a valve along the flow path; a tree cap
defining a central tree cap bore therethrough; the tubing hanger and the tree cap
remaining within a bore of the subsea horizontal free during a workover
operation; an annulus line extending from the surface for communication with the
annulus; the annulus line being connected to a port for communication with the
annulus; and an insertable isolation sleeve insertable through the tree cap
central bore, the isolation sleeve having an end thereof for sealing engagement
with the tubing hanger, the isolation sleeve having a central bore therein without
a valve positioned along the central bore in the isolation sleeve.

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

workover system for a subsea horizontal tree wherein a subsea drilling BOP is

4a




operation; an annulus line extending fromthe surfac

for communication with the annulus; the annulugrﬂﬁﬁ 2007
bei ng connected to a port for comunication with the
annul us; and an insertable isolation sleeve insertable
through the tree cap central bore, the isolation

sl eeve having an end thereof for sealing engagenent

with the tubing hanger, the isolation sleeve having a

not utiliged mal Hase el fronvithd QUibscaahorbMal PEs itdwapdetheal ong
the central bore in the isolation sleeve. According to

surface, thY sObsRBPRGHzoRkI BE dOhRFRIAY & NUISRG ihaAger! ey Qubing
provi ded a workover systemftor a subsea horizontal

hangek E8SporitRrLhodaction RbR7 sHird ihianeeIBRR el furfdr Sorvprisity 2007

not utilized and a riser extends fromthe subsea

a casih@’ AR ttAe chEiRE strYRANS pddBction fuBME: ddififg AP afulus

horizontal tree conprising a tubing hanger, the tubing

thereb@ﬁﬁ&%r tr%uﬁl%%rrﬁ eHApsinY: AU 1ErURInRECtRh thd BsdrWwith

the 'well further conprising a caSing string,

the s&&%acﬁél‘li%ﬂﬁﬁttf NG, Bé;ﬁ%‘ﬁhuhﬁ”a%&'trﬁlg,tr‘ééfééy RgredN

annul us ere etmeen e sys enlconpr|3|ng an

theret z fulgfnlgr eeB&‘:gr{dncﬂe ke cE%?%Haﬁ% Rithin e GER? Bk

hor ree ca a central tree

R T e
rom g G PR B PRSEAUA b ADMAB 40, ¢ e
L us connect e

connefgfib p?fﬁﬁwdﬁ?ﬂi%ggﬂﬁﬂ@m e f?aggmumeamwﬂti "o

the annul bet wee thec strj. dt
annuih beERT dhe PRI 3088 Aghe itec ot i MRFoPRchr o
) 0Si on bel ow tree ca Acco di t f th
being BEBEt B poaioR BEIMCBRISE foent | o L her g | o or ovl ded a

According to a fourth aspect of the present invention, there is provided a
workover system for a subsea horizontal tree wherein a subsea drilling BOP is
not utilized, the subsea horizontal tree comprising a tubing hanger, the tubing
hanger supporting a production tubing string in a well, the well further comprising
a casing string with an annulus defined between the casing string and the tubing
string, the workover system comprising: an adapter for connecting the riser with
the subsea horizontal tree; an annulus line extending from the surface for
communication with the annulus; a lower end of the annulus line being
connected to a port leading into the subsea horizontal tree for communication
with the annulus, the port being within the adapter; and at least one valve
mounted between the lower end of the annulus line and the annulus for
controlling fluid flow between the annulus line and the annulus, the at least one

valve being mounted in at least one of either a position external to the subsea
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wor kover system for a subsea horizontal tree mhg%ﬁl N 3007
subsea drilling BOP is not utilized, the subse
hori zontal tree conprising a tubing hanger, the tubing
hanger supporting a production tubing string in a
well, the well further conprising a casing string
w th an annul us defi ned between the casing string and
the tubing string, the workover system conprising: an
horizoatdh jiree ror f a0 positiorn @ithinnige tthiging imagerviah hinserizglesisblatian
hori zontal tree; an annulus |line extending fromthe
sleevesinsdraabiz th@ugh dtaires cam tthe Bolatibrinsled@ laaving asontaubusner
end of the annulus line being connected to a port
bore Witadt angalvendlong the v sed the hsetbicisolalictesiédie having a
conmuni cation wth the annulus, the port being within

lower bﬁ?f@@@ﬂtr@re g@@&n@tt wWikahé tngy Néﬂgb‘leand”f@rhl apsst deativeen

t he | ower the annulus |ine and the annul us for

.Seahng@ﬁéég@Hehf\gmthlada‘Stpr bet ween the annulus |ine and
the annulus, the at |east one valve being nounted in

aphcdoRd@ng tPh @lﬁﬁfasSéét Re 'iheaprl%eéﬁttm\féﬂtlcﬂ?(ttﬁéré 3 pfidel
subsea 4b 9 March 2007 horizontal tree or a position

worko%rtsﬂr‘s’@mt foe ats‘dBéé'égh&&BHt%f irc@WhbiRates Saked drififbadmR

sl eéve insertable through the tree cap, the”isol ation

not utﬁh@oeéﬁd '%aHééFgax?eﬁGQrdenﬁ‘W§ béaar rl%ﬁtg‘lot'r'éef PowRY thedl ONg

or e; e insertabl e atlon sleeve having a
f | '
surfac%oﬁ%;}s@d%gg rg:anérﬁQIe{er@ H'g)ﬁgiﬁwtt BMI% Iﬂgﬁ%bz,g gﬁrirag'}]t{b%\% h

ol %&éﬁ@ﬁ%ﬂ% o i < P T bl
o o T B PG 0 e 55 AU
e S AR DO SRR e RS ™
the sugsea ho%zontal free; an annulus line for communication with the annulus; a
iower end of the annulus line being connected to a port leading into the subsea
horizontal tree for communication with the annulus; and at least one valve
mounted between the lower end of the annulus line and the annulus for
controlling fluid flow between the annulus line and the annulus, the at least one
valve being mounted in at least one of either a position external to the subsea
horizontal tree or a position within the tubing hanger.

According to a sixth aspect of the present invention, there is provided a
workover system for a subsea horizontal tree wherein a subsea drilling BOP is
not utilized and a riser extends from the subsea horizontal tree towards the
“surface, the subsea horizontal tree comprising a tubing hanger, the tubing
hanger supporting a production tubing string in a well, the well further comprising

a casing string with an annulus defined between the casing string and the tubing
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hanger supporting a production tubing string in

well, the well further conprising a casing strlgrﬁﬁ[arChZOO7

wi th an annul us defined between the casing string and
~the tubing string, the workover system conprising: an
adapter for connecting the riser wwith the subsea
hori zontal tree; an annulus |line for conmunication
with the annulus; a |ower end of the annulus |ine
connected to ort |eadi into the subse
St”"gh@'ﬁ HrRvES SY %@C’F"BP”%‘EJ%?U@"@B‘PF canRaFing BedisRuy
| east one val ve nounted between the | ower end
the SHBSGF"h OLZANEA! UL | Aelretn 2P neeliaiguPuSeHBt re8ofER d1are ng
fluid fl ow between the annul us |ine and the annul us,
therethyquatytan aRulusoiiie oy, sprpmupieation Wisuke sanpils:he 128a4YS one
of either a position external to the subsea
line beivei spReerd tte < PeRt far pegMuniEAioan; Wit the RENUYIWE gy an
. hanger. According to a sixth aspect of the present
Inseﬂammat@n, slegner inseréabig dupuey thie trae rqagyvesntial bpemther a
subsea horizontal tree wherein a subsea drilling BOP
isolatipr slegys hauing a ead thetedd forissalingesigaaersentrvgihin the tehing ea
hori zontal tree towards the surface, the subsea
hangefiori zontal tree conprising a tubing hanger, the tubing
hanger supporting a production tubing string in a
wattording & avsevertiuaggdeet ofdberpressitrigventior; disera s woviderd)
wi th an annul us defined between the casing string and
a workdver $yslEnmtpr adsuibsea horizontal tree wherein-a subsea drilling BOP-s - - 9
March 2007 string, the workover system conprising: an
not uiidexpaad o dsercanereist frong thd@ulbsezehoriabhtal trbe towdrdeahe
hori zontal tree; a tree cap defining a central tree

surfacepthed 8tiltseat heizehial treg hcondpising nallttsing iHaRgérplihe tubing
conmmuni cation with the annulus; the annulus I|ine

hangeP eupi@rit@r R etesdioh QubhgMing i ArwaloMEUEIGaktAe? Rombiiding he
annul us; and an

a casing string, the casing string and production tubing defining an annulus
therebetween, the system comprising: an adapter for connecting the riser with
the subsea horizontal tree; a tree cap defining a central tree cap bore
therethrough; an annulus line for communication with the annulus; the annulus
line being connected to a port for communication with the annulus between the
casing string and the production tubing string, the port being formed at a position
below the tree cap.

According to an eighth aspect of the present invention, there is provided
a workover system for a subsea horizontal tree wherein a subsea drilling BOP is
not utilized, the subsea horizontal tree comprising a tubing hanger, the tubing
hanger supporting a producﬁon tubing string in a well, the well further comprising
a casing string with an annulus defined between the casing string and the tubing
string, the workover system comprising: an annulus line for communication with

the annulus; a lower end of the annulus line being connected to a port leading

4d




i nsertabl e isolation sleeve insertable through t
tree cap central bore, the isolation sleeve ha&’ rch 2007
end thereof for sealing engagenment within the tubing
hanger. According to a seventh aspect of the present
invention, there is provided a workover systemfor a
subsea horizontal tree wherein a subsea drilling BOP

is not utilized and a riser extends fromthe subsea

into t ogdb‘éggbglliz E‘ufa‘leﬁ‘eé %%Bgﬁ&ﬁgtlorf\%@ﬁ et nnhmg acﬂélb%“?&}sub i ng

rrsin aner

one VEI@F gﬁc;utnﬁég%ﬂfl%érpu” \Péroéﬂdcéf'tﬁé‘ aﬁMﬁu§ﬂ1eséﬁd A8 ahAulds

er conprising a casling string,
for coht8llirg fAdid oW tehbnaRE 2RRAGY fihd BRd tHePamaiu et Mehsan
annul us therebetween, the system conprising: an
one vallepheg ﬁ@un@dﬁﬁ@%m ohbeofreier avpdshion tdxersadl s alke
horizontal tree; a tree cap defining a central tree
subseadprizomtal traeharae pbsitmgkithiratheatnbing angernend amriser which
comuni cation with the annulus; the annulus |ine
extendreiongrdsdhmewdtasd from the pahseathorizangahinge tbariseseompt$ing he
annul us between the casing string and the production

a smdi%m@wa&@iﬁmﬁ@r thep@nsuitar disgiatey of d1eriebinghargebosi t i on

© o8 B BRnt efﬁeC Brae et a A LB or
a Subﬁ%ﬁ*q‘?{%‘ﬂ@%a% i BRVRRe Which ehgs Bot ddi e rs% Rty S6R: o
The éJb%Sa GRIBLNS e am%y? o'ﬁ?qrﬁ%‘”ge{ubpghﬁaﬁ aﬁrﬂﬁé‘gﬁe

orting a producti ing s |ng

produ@tﬂnl tuf)lH{; EH?\:Q i AD&I SUR%s 4h 6RahdIgr §3d Wol %t\&blla\ﬂay

annul us between the casing string and t

comprigela a&m%sgtﬁmgﬁ@herbiﬁ%md@%% véMﬁreagrbmmea ibStwen tﬁ’é‘
: annulus line for comunication with the annulus; a

casing WAy aed dhe tubirgestany) uh melpoeﬁblb@nﬁtg:dmmemb@(abrk@ea
port | eading 4d

system may comprise one or more elements such as, for instance, a riser

extending from the subsea horizontal tree towards the surface and an adapter for

connecting the riser with the subsea horizontal tree. An annulus line for

.43




9 March 2007 into the subsea horizontal tree f
communi cation with the annulus; and at |east on§M%FW%OO7
nount ed between the | ower end of the annulus |ine and
the annulus for controlling fluid fl ow between the
annulus line and the annulus, the at |east one valve
bei ng nounted in at | east one of either a position
external to the subsea horizontal tree or a position
commypicgtion withethe @pnds man getend apwardly towards\ihe ewfacewitnds
towards the surface fromthe subsea horizontal tree,
the risehend maybe widiapd tosistaplishcipmiativr throughdreprodertiandubdng t han
an outer dianeter of the tubing hanger. In a preferred
and thendrotiluseAtlowér erideofpthe snulus five maydre cannagied v @rpatl/st em
for a subsea horizantal tree is provided which does
such asat side pdrt foe ceammuhisatnadviihl the agnUBEPOne Themornzdes may
hori zontal tree may conprise a tubing hanger
prefershlp (ber ocagted bepwearnuttei lowet whidngf theranmglusine aved thesuch
as an oil and/or gas well. The well may conprise a
annulgafer sontelling rMyidfieey betwvean tlaen anhuwigs ve mal theearinsiysr bvi ded
between the casing string and the tubing string. In
one eMB&JiNestsa Bbtrot wdes maw e, mduUntedor lreatice, sgehaintothe
conprise one or nore elenents such as, for instance, a

subseé ildAZont& XfeeN G Agothe0BMbBEMeHD L falVed iy WY plovidee dor
towards the surface and an adapter for connecting the

annulds' doftrolit ok ifien G4t efe iBINgaRAGEL. In &rther AhbaBiféntis | i ne
for 4e 9 March 2007 communi cation with the annul us

receptﬂﬁé! Rt B ehddRer 8 the WSS tidaefoP %Je?ﬁ? Mdt Guiding o 1 ser

may be utilized to establish cir ation through

lower éﬁ@oﬂh@gHﬁflusolmet:h@'ﬂﬁﬁ contAuri&RioR WiH S sidé\pbeViGihe &Nd  Of

he annulus |1 ne my be connected to a port such as a

‘more éhﬂﬁjs" ﬁir{trof QRIVES TRy fGrabtabld B nolifteB M ddRt t iR O

nore val ves may
receptacle external to the horizontal tree.

The system may further comprise a tree cap, and/or an insertable
isolation sleeve insertable through the tree cap. The isolation sleeve may
preferably seal with the tubing hanger. In one embodiment, the side port is
spaced axially above the tree cap and communicates with the annulus along a
flow path adjacent to the insertable isolation sleeve through the tree cap. In
andther embodiment, the side port is defined within the adapter. In another
embodiment, the side port is defined between the tree cap and the tubing
hanger. Yet in another embodiment, the side port is defined below the tubing
hanger. In a presently preferred embodiment, the tree cap and the tubing hanger
are formed as separate components axially spaced apart with respect to each

other. In one




preferably be nounted between the | ower end of the
annulus line and the annulus for controlling fl ch 2007
fl ow between the annulus line and the annulus. In one
enbodi ment, a control valve may be nounted, for
i nstance, externally to the subsea horizontal tree.
wolzmsasedsher enbodi nent, a val ve nmay be prowvidedofssmn
annul us control at a position within the tubing
hanger. | n another enbodinment, a receptacle may be
5 embodimentpthettubinghitanier defines akubingdenfercentealdiove ng and
guiding a lower end of the annulus line into fluid
theratioouginin catmonicatidniwithhtbe &ibihg. Jbe tubifgtenger mapfugthemnul us
control valves may, for exanple, be nounted adjacent
definea ventical floaqett paditioned raefialigloff$ed fromehén tubirpdeingér t r ee.
The system nmay further conprise a tree cap, and/or an
centiahlsaret Altbetrol valed atay alsodlegesitonadstonigdid eertidal Gagh t he
tree cap. The isolation sleeve may preferably seal
passagaviaytfbrecontitdiinggfiubfiaye betwben the eneutibslihienandtthe atmilss. de
port is spaced axially above the tree cap and
10 communi cates with the annulus along a flow path
adj acent to the insertable isolation sleeve through
Briefescription ofthe Drawinasanot her enbodi ment, the side port is
defined within the adapter. In another enbodi nent,
t fréguse ¢idisglosas dne versianmd@ Hodranial iree Rdaptedfor eayprisaver t he
tubi ng hanger. Yet in another enbodi nent, the side
OpefiiblntuslngacﬁémﬁmﬁeaDUBBbwthe tubing hanger. In a
presently preferred enbodi ment, the tree cap and the
t Figurey2 sangiber embedimentas @ hagzanish ee edapieniss Aanickie
axi ally spaced apart with respect to each other. In
15 workey@s. 5 9 March 2007 WD 20041025068 PCT/ US2003/ 028876

Figure 3 is a third allemative of a horizontal tree adapted for a quickie

workover.

Figure 4 is yet another embodiment of a horizontal tree workover
application using a slimline OD riser.
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s enbodi nent, the tubing hanger defines a tubin
hanger central bore therethrough in communi cat i%oMarChZOW
with the tubing. The tubing hanger may further define
a vertical flow path positioned radially offset from

- the tubing hanger central bore. A control valve may

woah®e®230és posi tioned al ong the vertical fpoms:passsgenay
for controlling fluid fl ow between the annulus Iine
and the annulus. 10 Brief Description of the Draw ngs
Figure 1 discloses one version of a horizontal tree
adapted for a workover operation using a slimine CD

Detailed BescriptionuofdPréfeired Bmbbdimengnbodi nent of a hori zont al
tree adapted for a quickie 15 workover. Figure 3 is a
t Hihed spdterer aad ivethaf of ther preze@itainvdntior adagdé= daficus a
qui ckie workover. Figure 4 is yet another enbodi nent

embodimantso far zantiadting r & equivkick @eskoverappla batizontal Ussen gThe
slimine ODriser. 20 6 9 March 2007 WD 2004/ 025068

- workP @I/ dpeRAiioBs 02 86iiGvdveDhbdndtsiEtiblesiCa sylisearBQF stackfadr ed

Enbodi nents The system and net hod of the present

- only ianslisnine dPD iriser ardesn aanilauBow dind odparalidl withdhe cisedaret | ng

a qui cki e workover on a horizontal tree. The _
required, along with ancillary surface equipment, to perform the workover

operation.
Referring to Figure 1, the workover system 10 includes a wellhead W
having a conductor casing string CC extending downward therefrom, and

supporting a casing hanger CH from the wellhead, with a casing string CS

-extending downward from the casing hanger. A production tubing string PTS

passes upward through the wellhead W and into the horizontal spool tree 12,
which includes a production valve 14 for controliing fluid flow through the side
port in the tree which is in communication with the production tubing string PTS.
Production valve 14 may be hydraulically and/or manually controllable. A
slimline OD riser 16 may be run in the well together with an annulus line umbilical
18 external of the riser 16,

When the riser 16 is laiched on top of the tree 12 using an adapter 20, the
plugs (not shown in Figure 1 — but see Figure 2) are pulled from both the tree

cap 22 and the tubing .hanger 24. An isolation sieeve 26 may then be run inside

- the riser 16 and mechanically locked into a locking profile on the adapter 20, with

the isolation sleeve 26, at least in this embodiment, being sealed to both the

7
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wor kover operations do not involve the install at| f
a subsea B?P stack, and 10 only a slimine OD rids@gmﬁzom
and an annulus flow line in parallel with the riser
are required, along with ancillary surface equi pnent,
to performthe workover operation. Referring to

woRnguzsessl, the wor kover system 10 i ncl udesr/eszwebissread W
havi ng a conductor casing string CC extendi ng downward
therefrom and is supporting a casing hanger,CH from

- adaptdr @0Vl thefbing WahBerR4CH\p britorthbre R8a16 3 8 3. ETHE! il on

downward fromthe casing hanger. A production tubing
the i§dldition G1dBVS 26 HAGS BovidBYAidLdrb rebusR th ke PRIduERAGuMAgNd
into the horizontal spool tree 12, which includes a
stringoPPglucti on val ve 14 for controlling fluid flow through
the side port in the tree which is in commnication
W Afhulizeacpeseds ebhigved wtiizing tisd sarllis fThe-unddlicEr T8lwRich on
valve 14 may be hydraulically and/or manually _
passeDthtsugh laaitlethortA 9 if e hddpeer@D. In HRrendiodiont,RRlapion20 N
the well together with an annulus line unbilical 18

is utitzecdedbood tred calg2.r iTherflohcpathitein dxiendsipast trébcaps22 ay ched

on top of the tree 12 using an adapter 20, the plugs

any stiitatile meavgsuch abladlowdath betWoén iS6ietidn rave 2B8)andtree pap | ed
fromboth the tree 25 cap 22 and the tubing hanger

22, dtdothémnsiiableafiovo path @t eshdGm)yaliircuble rprésferred rsubstantibly t he
riser 16 and nechanically | ocked into a | ocking

vertical fidw path 34, hink indolthet anmull@, ofwhd free bineolinginlgahe izolatibreeve
26, at least in this enbodi nent, being sealed to both

sleevel#s. A7bdll vivive 32 [#6@ded W» 26iTIdd!) 2536 8inE EasLH5200B LI 28876
5 adapter 20 and the tubing hanger 24 by one'or nore

the tubirgd lsangér, 2430us Pfioeidbs centmh between the annulus surrounding the

production tubing string and the annulus line umbilical 18. Thus, it is possible to
establish circulation to circulate fluid through the production tubing string PTS
and then through the annulus. Ball valve 32 is preferably hydraulically and/or

manually operable, like valve 14. Unlike, the prior art valve system, ball valve 32

- can be tested as desired. Latching dogs 36 or a latching ring may be used to

' axially fix the isolation sleeve 26 to the adapter or other latching means may be

utilized. Conventional dogs or locking rings may be used to secure each of the
tree cap 22 and fthe tubing hanger 24 within the horizontal tree 12, with
conventional seals between the tree cap and the horizontal tree, and between
the tubing hanger 10 and the horizontal tree. In one presently preferred
embodiment, significant complexity over the prior art is achieved because nd
seal is required between the iree cap 22 and either the adapter 20, the tubing

8
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the isolation sleeve 26 thus provides full bore acce
to the production tubing string PTS. Annul us aé@@é@%ﬁﬂ@?
is achieved utilizing the annulus line unbilical 18
whi ch passes through a side port 19 in the adapter
20. In this enbodi nent, adaptor 20 iois utilized
woalansodsr ee cap 22. The flow path then exteoiapast
tree cap 22 by any suitabl e neans such as a flow path
bet ween isol ation sleeve 26 and tree cap 22, or other

hangsiti4, abihe isolstivh BREVe $810t shown), through preferred
substantially vertical flow path 34, and into the

anf WigisesO, 8hand 4etheSsum® WMk hldcudedObaddpith sinfilageve
26. A ball valve 32 provided in a vertically extending

comppasHage Wyredg, the skiliieeDtriger TWishatoeh i dith AHnRGIGY | des
control between the annul us. surroundi ng the

line upitliidaICts susitiorbd BBNGSide H@ rRBF Thb eis@atainie IACHR to the
unbilical 18. Thus, it is possible to establ.ish
top ofihe drab 42 ivith doRnedteras, ahigh fid alhidwptiﬁerdoatgagtdr.hﬁ e SEpi | on
tubing string PTS and then through the annulus. Ball
40, thelloweer3éhd of iicefeanalbs Vinbyidr Bubtablsdd jnterd reveptatend@l | y
operable, like valve 14. Unlike, the prior art valve
positisrysit @npr dbalit thedteecspddl. Dhe oR Mmdbe vilest £3arepoditishdaesh
Lat ching dogs 36 or a latching ring may be used to
the remeptatle \exidrior bihthe irenzbliclepor Isdtesneh@ feceptatianddieptres  or
ot her latching nmeans may be utilized. Conventi onal

- spoold@ds cantrol ik flovg fromrths umbiicdd neuticld thoasedus wireandingf

the tree cap 22 and the tubing hanger 24 within the
the pioductiooistang strieg  PRuigs 6t 48 aopulied fromintbé tree alap andttveeen
the tree cap and the horizontal tree, and between 25
tubing hangeutoi algwhanegss to 16e mnside toh thelppoduction aibingrsirng ih theone
presently preferred enbodinent, significant
well. Aumhiseccesy ioaehieveddyprovidingsa corinectiontfroay the: unekilicabt8 no
seal is required between the tree cap 22 and either

- to thetanaulgsi apa pesitin baldve theutbbing) har@jer thereby bypassing the need

to circulate fluid through the preferably vertical flow path in tubing hanger 24,
Therefore, one advantage of the system 40 as shown in Fig. 2 is that the

annulus valve 32 in the tubing hanger does not have to be operated by opening

and/or closing during the quickie workover operation. Figure 2 shows the plugs

46, 48 stili in the tree cap and the tubing hanger, respectively. Because flow
from the annulus is already isolated by the seals of tubing hanger 24, this
embodiment does not require the use of an isolation sleeve as shown, However,
if desired, the isolation sleeve or a protection sieeve may be utilized.

In Figure 3, the slimline OD riser 16 is run with the annuius line umbilical

18 alongside. The riser 16 is latched fo the top of the tree spool 12 with
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hanger 24, or the isolation sleeve 26. In Figur gsMreh 2007

3, and 4, the sane nunerals are used to depict simlar

conmponents. In Figure 2, the slimine ODriser 16 is

also run in with an annulus I|ine unbilical 18
woRaskist@@ned al ongsi de the riser. The ri sger/agab/mss?s

| atched to the top of the tree 12 with connector 52,

which is a sinplified adapter. In the systemio 40,

‘connédidt 520TRS Ioed epd of the apmulud like 18 isetabBed hitcsieadyitadt 4ht 0 a

. receptacle 42 positioned on or about the tree spool.
positiohédl 61 ofBBcut tifd €S sPdbl.an ahgoostdrh G0 dalan54 tHus controls
receptacle, exterior of the receptacle, or between the
fluid fiRESNEsH BedNAULS Bnd 188nd thp @phullLabout teritelationfsleaireal
flow fromthe unbilical line 18 to the annul us
26. ThEHlugs ReH then pubed pomdhe tré@tad adnd thg tabing hangePl angghet6,
48 are pulled fromthe tree cap and the is tubing
isolatltAngdesve t28 Bl upvn #reagstheaisthand kel indd thehttegroapdbet | on
tubing string in the well. Annulus access is achieved
connétorB60 Thel isolatian elebne?d man bé sealfed ethertiziel dap 22 (h&ead o
the annulus at a position below the tubing hanger
of adipter 2hys nyFigwei 1) ant tethedelsing hanger 24.LThet leoré thudughtthe ough
the preferably vertical flow path in tubing hanger 24.
isolatibnesiedver 26 agaia provides fidlebwé dchesss frometinediisendD dadba i n
Fig. 2 is that the 20 annulus valve 32 in the tubing

. produttigiebing string RIS foathad fiow be ifaleeire, fat rivgningpewirelige tephd/ or

cl osing during the quickie workover operation. Figure
or a Gilshtubingtsiringuihtaghe paBluctiod tghing string, artether pugpogese Thad
the tubing hanger, respectively. Because flow from
annulus @ceasa g oistained fromeling 185fof eanpection tolie wgigh below theibi ng
hanger 24, this enbodi ment does not require the use
tree @b 22randsabbee thertubing hargen24 thineugh. poridico &ie freepgpopli12.
desired, the isolation sleeve or a protection sl eeve
The araylub @aihtdontinued through the annulus valve 32, through the preferably
vertical passageway in the tubing hanger 24 to the annulus between CS and
PTS below the tubing hanger 24. Valve 55 is preferably hydraulically or
manually controllable.
In Figure 4, the slimline OD riser is run with the annulus line umbilical 18,
and the riser 16 may be latched o the top of the tree with adapter 20. The lower
end of the annulus line is then stabbed into a receptacie 42 on or about the tree .
spool below tubing hanger 24 to provide direct access to the annulus between
the production tubing string PTS and the casing string CS. The plugs are pulled

from the tree cap and the tubing hanger, and an isolation sleeve 26 is run inside

the riser and focked into a profile in the adapter 20 by connector 36, with the
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In Figure 3, the slimine ODriser 16 is run wt h
annulus line unbilical 18 al ongside. The riser JI%II @2007
| atched to the top of the tree spool 12 with 9 9
March 2007 WD 20041025068 PCT/ US2003/ 028876 s
connector 52. The lower end of the annulus line 18 is

wosbehmed i nto receptacle 42 positioned porose0abnsts t he
tree spool. In the system50, valve 54 thus controls
fluid fl ow between the annulus |ine 18 and the annul us

tsolatl%h%lgevé BEing Se4iad foTbtiptheeMeptePénd thia eubirigigmgen e Theen
led fromthe tree cap and the tubing hanger, and

bore fnhﬁe |sb§ﬂbrﬂélbé\fé SejaReptevidds fllbaddess forthe produtiontiibing i ser
and |l ocked into the tree cap by 10 connector 36. The
strind T8, 3nhAls Sb&RY & athievey frbm tiselirecid ib thel tabing aemilesap 22
(instead of adaptor 20 as in Figure 1) and to the
belovli !ﬁ@'pﬁ’cﬂiuﬁﬁﬁlﬂl@bmgﬁand@? e4 b guitatidcomirghabidrenlveisar sanilos
sl eeve 26 again provides full bore access fromthe
line 1@'rﬁa®f bd proti@ed, Blch & AdhCgareral tnooniing stabhinggstBEBre 42.
luid flowor, if desired, for running a wireline tool
Note ‘ﬂ’fat theaSithiRm dese agd atrangeg\emhﬂm\mhm Figueditighblbe t ubi ng
string, or other purposes. The 15 annul us access is
utilizeb rdesied, fo aldehé heed bBadaptor@dnnection to the region
below the tree cap 22 and above the tubing hanger 24
t NoRUgA: therdse o5 separdth evetiiead cap 8dland fuibingThasgenddul us
pat h conti nues through the annul us val ve 32, through
result iR eedunahstrseblsor mae tsaieh seplingsaittbeavel.i in thife t ubi ng
hanger 24 to the annulus between CS and PTS bel ow t he
embddithéntondhadditionalsbals\amé therdsreirequined betwesh welhesd £aPi cal | y
or 20 manually controllable. In Figure 4, the
22 arsd tubthg hengad2¢i The résslting atryatars i siwplanand therefqre more
unbi li cal 18,

reliable. As well, if desired, the well head cap 22 could be pulled without

requiring pulling out the tubing hanger 24. This arrangement also lends itself to

* much more flexibility in positioning the annulus port in the well spool, such as

above both well head cap 22 and tubing hanger 24, between well head cap 22
and tubing hanger 24, or below tubing hanger 24. Different types of isolation
sleeves 26 may be utilized and different connections to the risers, such as
connector 20, may be utilized. The valves for controlling annulus flow do not
require a special physical connection between the annulus valve and the
connection to the riser, such as that shown in the prior art wherein in one
embodiment the weight of the connection opens the valve. Thus, the present
invention provides a simpler, more reliable, and much more flexible system and
methods for well workovers with horizontal tree.

11




10

and the riser 16 may be latched to the top of the tree
Wi th adapter 20. The |lower end of the annul us IQN@H$§OU7
then stabbed into a receptacle 42 on or about the tree
spool bel ow tubi ng hanger 24 to provide direct access
to the annul us between 25 the production tubing string

woRliamtsst he casing string CS. The plugs aceupushBshs
fromthe tree cap and the tubi ng hanger; and an
isolation sleeve 26 is run inside the riser and

5 ) A gorosss
oo AR IS S s01e BRI ESS |

in thd BethaSRBLE SRS fMfe e@@,isﬁ%@% Wﬁﬁ@ﬁalé,%'w«éﬁ%és to the

production tubing string nul us access is

detai{%ﬁ)? tRVRBtrhleaBohfiRicko & c&ﬁzbh%ﬁ%:ﬂ& fésétbﬂea Qlis%{fééﬁh HereirP €l OW

e production tubing hanger . Suitable controllable
may ¥& 488 witRdut %BFéﬂih%froﬁ tREspf o TRE iRBNIIOWHRR & defHED as
In the general nounting stabbing structure 42. 10 Note
by tht Rbwing @lairg@! ati on sl eeve and arrangement shown in
Figure 2 mght be wutilized, if desired, to avoid the
need for adaptor 20. Note that the use of separate.
wel | head cap 22 and tubing hanger 24 result in
redundant seals for nore safely sealing off the well.
In this enbodiment, no additional seals are therefore
requi red between well head cap 15 22 and tubi ng hanger
24. The resulting structure is sinpler and therefore
nore reliable. As well, if desired, the well head cap
22 could be pulled without requiring pulling out the
tubi ng hanger 24. This arrangenent also lends itself
to nuch nore flexibility in positioning the annul us
port in the well spool, such as

12




above both well head cap 22 and tubi ng hanger 24,
bet ween well head cap 22 20 and tubi ng hanger 2%}“@?h2007
-bel ow t ubi ng - hanger 24. Different types .of isolation

sl eeves 26 nmay”be utilized and different-.connections

to the risers, such as connector 20, may be utilized.
The val ves for controlling annulus flow do not

What is elaimed i speci al physical connection. between the
annul us val ve and the connection to the ri'ser, such

as t hAtwSROVEr systéSoP L élfths%%t %&f%n?éﬂré%ygﬁgei%% subsea drilling

enbodi nent the wei ght of t nnecti on

S0P 8 gr S R oy Sl Bt msrtce

thogs for wel| workovers with horizontal tree.
the SUb§eﬂ/QP8ﬁ0f2f9 tree Qginprsing @lubisg havuerspd edrarssitavinga eentral tree

foregoi ng di scl osure and description of the invention

cap boriestheratbeugit theetubing hangersupportngd ppecﬁfctrbhetdbmg strrng in a well,
enbodi nents. It would be appreciated by those skil

the weli farthbecempritingta din@sFingWANDES a'nHu %\!Né@ﬂ ﬂ‘?ﬁn@%ﬁmg and

materials, as well in the detail

f features di scussed
the tubrﬁg%ﬂr{gﬂtﬁe%r%verggﬂﬁ %@Pg 09

herein artrngfromthe spirit

tﬁ% Lftﬂoﬁﬁg hgﬁ@&aé@ﬁe%cc}@r%ﬂ%%rbged bpge g{] e subs¢ahorizontal

t d 1. A vvor'(kover system for a subsea horizontal tree
ree QUi QikQvey IHrilling BOPis not utilized and a
riser extends fromthe subsea horizontal tree towards
anrrdanier e sonnectingsthediser withi thersubisea heeizoolptresi ng a
" tubing hanger and a tree.cap having a central tree
a flow path from the riser to the production tubing string having a continuous bore
without a valve along the flow path;
an artnulus line extending from the surface for communication with the annulus;
‘a Iower end of the annulus line being connected to a port leading into one of the
adaptor and the subsea horizontal tree for communication with the annulus; and
- at least one valve mounted between the 'Iower end of the annulus line and'the
annulus for controllrng fluid ﬂow between the annulus line and the annulus, the atleastone
valve being mounted in at least one of either a posrtron external to the subsea horizontal

tree or a position within the tubing hanger.

2. The system as defined in Claim 1, further comprising:
- a receptacie mounted externally to the subsea horizontal tree for receiving and
~ guiding a lower end of the annulus line into fluid communication with the port, the at least

13




cap bore therethrough, the tubing hanger supportin
prgduction t ubi ng s?ring in a me?l, ?he MBFF ftﬂké$§ﬁ2007
conprising a easing string with an annulus between the
casing string-and the tubing string, the workover
system conprising: the tubing hanger and the tree cap
remai ning within a bore of the subsea horizontal tree

one valyerbieing moumtddudjacenisibahbeacemacrdapt er for connecting
the riser with the subsea horizontal tree; a flow path
fromthe riser to the production tubing string having
.a continuous bore wthout a valve along the fl ow

T SRR R e d R ST Ao Sokdsingha of ¢ ho

annul us. | ine being connected to a port |eading into
Yhds 3P|$el80|5!335§%revgr{as$lﬁ@bfgmeﬂﬁbe itresriep, the isoldton sleeve
. comuni cation with the annulus; and at |east one valve
having &g @ndder Beslingeengagemeteyitietig tibirtgiearmyenul us | i ne and
the annulus for controlling fluid fl ow between the
annulus line and the annulus, the at |east one valve
bei ng nounted in at | east one of either a position

£Xt erTrd SRy iz an N : i tlon
P T P e P S B A M PG 1 uRREd iy above
' L Si-pa. receptacl g nmounted,,
the troeoBbrarty ioHirtTkafR BEL IR Syl o0 acnbipate catioreny to the
‘ uiding a,lower end of the annulus line into :
: lnsedabﬁ'%]fﬁo&é{pm%f%gwd@q theree f@Pport, the at least 13 9 ,
March 2007 one val ve bei ng nmount ed adj acent to the
receptacle. 3. A system as defined in Claim1l,
further conprising: an insertable isolation sleeve
5. nserTrebbystedr asigbfind in cheme apwhbhsin ithelpakt BueHRRV Githin the

adapter._

6. The system as defined in claim 1, wherein the port is defined between the

tree cap and the tubing hanger.

7. The system as defined 'qlaim 1, wherein the port is defined below the tubing
hanger, |
8. The system as defined in Claim 1, wherein the tree cap and the tubing

hanger being formed as separate components-axially spaced apart with respect to each

other.
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havi ng an end for sealing engagenent with the tyhin
hanger. 4. The systemas defined in claim 3, V\hgﬁ\@ﬁ‘%hzom

the port is spaced axially above the tree cap and
conmuni cates wWith the annulus along a flow path

- adjacent to the insertable isolation sleeve through
the tree cap. 5. The systemas defined in claiml,

\ﬁhereiﬁnsstsih@ma:srdefirmddaf(tlam1\,/\/|’LirtHérr‘ch@ris apter. 6.
The system as defined in claim1, wherein“the port is

thed | tobthgp diange ind r g€ e ing _hanger . ) |

' 7. The sd;stem gsa%rg]flrilgheg E:| ai%%%e?éﬁﬁa& %’gl‘%oﬁer@tgmugh in
i I Lhg,..hanger. 8. The system as

Cmm%@‘f?@ﬂ V@ﬁ 9‘% g@‘%ﬁgl}h&b@ﬁ S&H@-t*ﬁ@ew@ﬁw ABgemelso defining a
.ng . hanger in ormed as separate conponents

Sumtaét':ﬂ%&?'i}gé{gg'&a% Eaﬁmwmoh epéielly offsetiom thettbising hadg8r central

b March 2007 9. A systemas defined in Caiml, further
ore, apg s aldear) onelvalveld pagitinaed alongehé menﬁ@amdmw@atﬁ%@r@%mng fluid

central bore therethrough in conmmunication wth

flow beprertutita amulubling antitheanntig. t ubi ng hanger al so
defining a substantially straight vertical flow path

which is radially offset fromthe tubing hanger
central bore, and. the at | east one valve is

ot A AR B fol 214 Bl 413 B Bl Ghereima subsea criling
BOPis O HBRRY T 2 8t efleis Hom (BapUbsahoniaig i cadBwassthe surface,
the subfiGn hofRonB ied coromising ot tibingLiangar, the Lbing hanger support

' ' d nanger supporting a

-producﬁon tubing string in. a well, the well further comprising a casing string with an
- annulus between the casing string and the tubing string, the workover syste.m comprising:

an adapter for connecting the riser with the subsea horizontal tree, |

a flow path from the riser to the production tubing string hé\)ing.a continuous bore
without a valve along the flow path; | -

a tree cap defining a central tree cap bore therethrough;

the tubing hanger and the tree cap remaining withina bore of the su-bsea horizontal
tree during a workover operation; :

an .annu_lus line extending frofn the s.urface for 'cpmmunication with the énnulus; '

the annulus line being connected to a port for corﬁmunication with the annulus; and |

an insertable isolation sleeve insertable through the tree cap central bore, the
isolation sleeve having an end 'thergof for 'seaiing engagement with the tubing hanger, fhe
.iso!ation sleeve having a central boré thersin without a valve positioned along the céntral

15




t he subsea horizontal tree conprising a tubing h er,
t he tubi ng hanger supporting a production tubiﬁgﬂgﬁ%2007
string in a wel!l, the well further conprising a casing
string with an annul us between the casing string and
the tubing string, the workover system conprising: an
a@%$ter,for connecting the riser wwth the subsea
e iselatian sleave: a f1ow path fromthe riser to the
production tubing string having a conti nuous bore
wi thout a valve along the flow path; a tree cap
defining a central tree cap bore therethrough; the
tldbi nFhbasystsm aistidfitedtin @l NOREH b r ;
of the szgggea hori zont a’P%ﬁilfggo’d‘ﬁle@'l%H ?ﬁ%’? g’i\b@rs?ee*?/% seals with
the ad@meration; an annulus line extending fromthe surface
f'or conmmuni cation with the annulus; the annulus line
bei ng connected to a port for comunication with the
annul us; and an insertable isolation sleeve
ggser%ﬁble through the tree cap central bore, the
ol af N@ns¥tedas definadhinglaisnd Ot mhesein therisciation Skeeve does not
.engagenment with the tubing hanger, the isolation
seal with theieeeheap ngntaldeorer al bore therein without a val ve
positioned along the central 15 - - - -------- - -
- 9 March 2007 bore in the isolation sleeve. 11. The
system as defined in claim 10,  wherein the isolation

g gt U T T

ith the tree cap central bore. 13. The
the treé;{)*./gsq cér‘ft?él bggé-%T ned in-claim 10, wherein the isolation

bore i

em as
sl eeve seals with

14. The system'as defined in claim 10, wherein the port is defined within the

-adapter;

1_5. The system as defined in 10, wherein the port is defined between the tree

cap and the tubing hanger.

16.  The system as defined claim 10, wherein the portis defined below the tubing

“hanger.
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the tree cap central bore. 14. The system as defjned

in claim10, wherein the port is defined within %¥arch2007
adapter: 15. -The system as defined in 10,  wherein the
port is defined between the tree cap and:the tubing
hanger. 16. The system as defined claim10, wherein

t part is defined below the tubing hanger. 16 9
I@Efchqrf'ﬁogﬂsi‘?m aheetped Lraias 18ewheseindhai insartsblevisniation sleeve

the insertable isolation sleeve insertable through

insertabifs throagh dlag treencamtentoalebdre iseviallablbenldus nbs ufled or has been
utilized or has been renpved. 18. A workover system
removédr a subsea horizontal tree wherein a subsea drilling
BOP is not utilized and a riser extends fromthe
subsea horizontal tree towards the surface, the
subsea horizontal tree conprising a tubing hanger, the

bi n e upporti ng production tubing string
ﬁﬁ a &Q\P@%ﬁ%é@&n ttF-"ﬂrat ﬂ@?se@o*ﬁ%rﬁ%tﬁlgtr%e whereig a subsea drilling
BOPi stri&n;;z‘,EF the casing string and production tubing
P isfot viiizeg aad adiraliextends Sioabhembseatiosizoytst Eoe towards the surface,
conprising: an adapter for connecting the riser with
the suhseq karfzontalitted compesingraetybiag theeger, ahe dabingi Hithgdr supporting a
‘central tree cap bore therethrough; the tubing hangeP

productionl tibiieg strie iapwet NMRicNVely fdrtﬁé?idbn%r%%i?ﬂ{ashi@gsntﬁH&St% casing

hori zont a! tree du_ri ng a workover ‘operation;
R o T T kTR Sp——
ét}fggé’?t%f%}%mgcﬁﬁg thePR4er ith H2Csihis aorir.lzgmazi (t)rrc]ete?l
a tree cap defining a central free cap bore therethrough;
the fubing hanger and the tree cap remaining within a bore of the subsea horizontal
tree durihg a workover operation;
an annulus line extending from thé surface for communication with the annulUé; and
the annulus line being- connected to a port in the subsea horizontal tree for
- communication with the annulus between the casing string' and the production tubing

string, the port being formed at a position below the tree cap.

19. The workove_r system of claim 18, wherein the port is defined below the

~ tubing hanger.

20. A system as defined in Claim 18, further cdmprising:
an insertable isolation sleeve insertable through the tree cap, the isblation sleeve
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conmuni cation with the annul us between the casi
string and the production tubing string, the pg’gl}/lamhzow
bei ng forned..at a position below the tree.cap. 19. The
wor kover system of claim 18, wherein the jport is
defined bel ow the tubing hanger. 20. A system as
defined in Claim118, further conprising: an insertable
having;afyend fosvesiioe eagRGRBENLYIte thértuiuhahgert r ee cap, t he
isolation sleeve 17 9 March 2007 having an end for
~ seal ing engagenent with the tubing hanger. 21. The
system of claim 18, further conprising a centrally

posi tTh@@?stelmbldﬁg:lalhﬁﬂsefuer&%&ﬁé\W‘%a%ﬁ%%@&bﬁ%honed tubing

vertically extending flow passage
RWESssa I ubi n nger, fl ow
hangergassagsesv\g ﬁ gﬁ%ag%ﬁnﬁ%r@%g@hg Pz &’%5(&”%@@69 hanger

it he rt. stem as defined in C|a|m18
d ad‘a"yf‘ifh"‘tcﬁarf r°<5'6 “9?&0\%&&85%@@( and itheommewnication with the
and t he tubi ng hanger bei ng forned as separate
annulug gRAdMEAEE- axi al |y spaced apart with respect to each
other. 23. A workover systemfor a subsea horizontal
tree wherein a subsea drilling BOP is not utilized,
t he subsea horizontal tree conprising a tubing hanger,

2he tTHY sgmtemaém@éﬂrﬁdomﬁa'lrﬁgi 82 FEHRG YR lrtr%git% ggRJvherein

string in a well, the wel further conpri si

the treesdaf et ween. t he cas
P 4 the oD rRRiger 8‘3'3'@5'5 188 e SePaERe spa Al spaced
n pter for connectlngtherlser W th
apanwﬁ}ﬁgggsdﬁgtgjgeﬂ(gﬁ)%ﬁt al tree; an annulus |ine extending
fromthe surface for comunication with the annul us;

23. A workover system for a subsea horizontal tree wherein a subsea drilling
BOP is not utilized, the subsea horizontal tree comprising a tubing hanger, the tubing
hanger supporting a production tubing string in a well, the well further comprising a casing
string with an annulus defined between the caéing string and the tubing string, the
- workover system comprising: | |

an adapter for connecting the riser with the subsea horizontal tree;

an annulus line extending from the,éurface for communication with fi1e annulus;

a lower end of the annulus line being connected to a port leading into the subsea
horizontal tree for c_:ommunication_with the annulus, the‘porf being within the adapter; and

at least ohe valve mounted between the lower end of the annulus line and the
annulus for controlling fiuid flow between the annulus fine and the annulhs, the atleastone
valve being mounted _in at least one of either a position extérna! to the subseé horizontal

18




a lower end of the annulus |ine being connected a
port leading into the subsea hori zogt al tree foé&amhmm
communi cation.with the annulus, the port heing wthin

the adapter; ‘and at |east one valve nounted between

the lower end of the annulus line and the.- annulus for

ralling.fluid.fl ow between the annulus Iine and
tree Of%§5§ﬂ95|%@1,1n kh?epuging Ba3fgerone  val ve being mounted in
' at |east one of either a position external to the
S5eertaRieiiseation sleege inseriable #06dgh thetreorcap, tresbolation sleeve
within the tubing hanger; an insertable isolation

havingsa sentinuousdydre withoub aoedle élbﬁg'tlﬁ@%oﬁﬁpano‘ he isolation
sl eeve having a continuous bore w thout a val ve al ong

HheineeMableASelatibe sleBveHadlbicta I UnfYor ShAMERtAgeRert with the

ower end for sealing enga

; r. seal i ng engagenent with
tubing FRRGE ol 6n UbphPRRE 8L5dBh cibBushfariatinheiasiapiars,
further conprising a tree cap, the tree cap and the
t ubi ng hanger being fornmed as separate conponents
Xi all% spaced apart with respect to each other. 25.
Adwor kB systoyi eerdefined d iGlaith 28, fOrthiemcamprisher £irae g, the tree
‘ ﬁ%ggéa&_aslg%g\éeml Mg;ﬁ/ seal ed ngh the tree. 18A 9
capan n ei &8s 2} ,
hori zontal tree V\ﬁer ein a S?k’i'e;ﬁ%rfﬁF??%gé%@llygpanc&d apartwith
- respecifbiddchesthand a riser extends fromthe subsea
“horizontal tree towards the surface, the subsea
hori zontal tree conprising.a tubing hanger, the tubing
hanger supporting a production tubing string in a

[, wel | further comprising a casing: ,
IET A W?J?kover systemas def‘lznergjin C?a|m923, whereingthe isolation sleeve is not

sealed with the tree.
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string with an annul us defined between the casi b 2007
string and the tubing string, the workover systeMf¢
conprising: an adapter for connecting the riser with
t he subsea horizontal tree; an annulus line for
conmuni cation with the annulus; a |ower end of the
annul us |line being connected to a port leading into
the subsea horizontal tree for conmunication with the
annul us; and at | east one val ve nounted between the
| owbr  ehwotkpvarisystem fon a subseadorrental iree vherein asubssa driling
caontrol ling fluid flow between the annulus |ine and
BOP (g nghHiilized and Raisge exteads fromrthe wubsea hasizonjal-irsentowardsithe
t least one of either a position external to the
SU"‘S%s@a SURER4 beyiRealpl e compriging gs fubingnhapoehithe tyking hanger
té?ing hanger. 27. The system as defined in claim26,,
SUPPOTHRS, & Prediflien &ybjng. stang i a el the well fitrlbar eqmeising fyFasing
.the, subsea hor,izontal tree for receiving and .guidin
string Wigh.ap Anfulug defied batwesn the £nng, #iing ANG e lubing string, the
communj cation with the port, the at |east one valve
WOrKONELSYSIRRL CAMRFS G acent to the receptacle. 28. A system

VaPA RG0! dnfoclhs T et (R suReBeHEIGA Feti ot on

<1 SEHEhBIRR I S bR ellfe RS Sterent i th che

i 810 SR e O S B 6 = B ot R B
horizEf GITBH gAY IrBUREAS, Ton <1 ceve t hr ough

e s, ol PR R e 4 B ' 3 e
annulus for controlling fluid flow between the annulus line and the annulus, the at least
one valve being mounted in at least one of either a position external to the subsea

horizontal tree or a position within the tubing hanger.

27.  The system as defined in claim 26, further comprising:

a receptacle mounted externally to the subsea hotizontal tree for receiving and

guiding a lower end of the annulus line into fiuid communication with the port, the at

least one valve being mounted adjacent fo the receptacle.

28. A system as defined in ¢laim 26, further comprising: -
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adapter. 31. The system as defined in claim 26,
further conprising a tree cap, and wherein the Jggpich 2007
is defined between the tree cap and the tubi ng hanger.
32. The system as defined claim26, wherein the port
is defined below the tubing hanger, 33. The system as
defined in claim26, further conprising a tree cap,

t hea traceeap, ampareinserizbR iSokition Gldas mesrtdbRI tRBUGR tBFbeasap, the

separate conponents axially spaced apart wth respect
isolatioregledvediabiog an 8dd foAsanlifg engagemestiwithark ubing Ihahger26,

further conprising: the tubing hanger defining a

t ubi ng hanger central bore therethrough in

conmuni cation with the production tubing string, the

t uBPng Hengyeterahs detiedd ini ckajma28, Achedein/iine po? G Epaced axially

substantially straight vertical flow path which is

abovg dhieaires, capr angbtonimugnieatérewithy thierapnilam glong ackewt paih ddjmcent to
and the at |east one valve is positioned along the

the {nsertabieisolptionglasye threugh thetser eapl. | i ng flui d fl ow bet ween
the annulus line and the annulus. 35. A workover
system for a subsea horizontal tree wherein a subsea
drilling BOP is not utilized and a riser extends from
t hel- sufBe &St jas sietingd in rclaim 26vibersintthe pord ifr defioed withia the
subsea horizontal tree conprising a tubing hanger, the

adaptfhi ng hanger supporting a production tubing string
ina well, the well further conprising a casing

string wth an annul us defined between the casing
stem

SIAN ng_gand the tubing string, the workover sg_
cc;ﬁpri M gYsteln as fgdned i gaing dBnEberreprmising; & dee \gaphand
the[ subsea horizontal tree; ]

wherein the port is defined between the tree cap and the tubing hanger.

32. The system as defined claim 26, wherein the port is defined below the

tubing hanger.

33.  The system as defined in claim 26, further comprising a tree cap, the tree

cap and the tubing hanger being formed as separate components axially spaced apart

with respect to each other.
34. A system as defined in claim 26, further comprising:

the tubing hanger defining a iubing hanger central bore therethrough in

~communication with the production tubing string, the tubing hanger also defining a
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a tree cap defining a central tree cap bore
t her et hrough; an annulus |line for comrunication 9Wh2007

the annul us; the annulus |line being connected to a

port for conmunication with the annulus; and an

insertabl e isolation sleeve insertable through the

tree cap central bore, the isolation sleeve having an
sulstmtisiyestaht Leticl 9Bl jith RRBR SRRy WSS e tHolBbing hanger

hanger. 36. The system as defined in claim 35,

cendaEb@re nafd el &0kt oS vEIVE RY PositRAbS awinbhe VBBicR dioRtfRikh for
37. The system as defined in claim 35, wherein the

contrsifihgfivid flovs beteen theamniles lines@dtherdnuhishe tree cap
central bore. 21 9 March 2007 38. The system as

defined in claim35, wherein the isolation sleeve

seals with the tree cap central bore. 39. The system

as3fef iwdrkpyersystem 852 sulisea dibrizante tnee vherein debbseadirlling

within the adapter. 40. The system as defined in 35,
BOR e neti wlilized apd at rises edefdsnicain st eetiseat ireeizontalctreectepamia dhe

t he tubi ng hanger. 41. The system as defi ned claim 35,
surfageertee subsea puizontak treke fcompidbings b dubing ehangeibithey tikinggbanger

42. The system as defined claim35, wherein the
SUppQitngr 2 @mcglctl@bt@mgoﬁﬁ@ ey wellj theewelbhirbet horoprigingt égasing

_tree cap central bore is available but is not utilized
string withaan ppaus definsdcdetween the casing string and the tubing string, the

workover system comprising:
an adapter for connecting the riser with the subsea horizontal tree;
a tree cap defining a central tree cap bbre therethrough;
an annulus line for communication with the énnulus;

the annulus line being connected to a port for communication with the annulus;

and
an insertable isolation sleeve insertable through the tree cap central bore, the

isofation sleeve having an end thereof for sealing engagement with the tubing hanger.

36. The system as defined in claim 35, wherein the isolation sleeve seals with

the adapter.

37. The system as defined iﬁ claim 35, wherein the isolation sleeve does not

seal with the tree cap central bore.

21




43. A workover systemfor a subsea horizontal tr
wherein a subseaydrilling BOP is not utilized §ﬁ§w§h2007
ri ser extends fromthe subsea horizontal tree towards
the surface, the subsea horizontal tree conprising a

t ubi ng hanger, the tubing hanger supporting a
production tubing string in a well, the well further
conprising a casing string, the casing string and
production tubing defining an annul us therebetween,

t hegg. SY $h& Bt BE HHinBin AdmB5VhERInAHE Botafidh HEARIREIS with
for connecting the riser with the subsea hori zont al

theltreeaiapRehtf Boreap defining a central tree cap bore
t heret hrough; an annulus |ine for conmunication with

the annulus; and the annulus |line being connected to a
port for communication with the annulus between the
casiong She systenaas défihed i clgivie 85, Gvhekalh BHRGpoBt i§ idetihedtWithin the
port being fornmed at a position below the tree cap.
adaplier. The wor kover system of claim43, wherein the port
is defined below the tubing hanger. 45. A system as
defined in claim43, further conprising: an insertable
i sol ation sleeve Insertable through the tree cap, the
i sé0.at i The systemnes defived in @5awhareit thopors salefing) leatgaete free
Wi th the tubing hanger. 46. The system of claim 43,
capfand thectubivgp hpndes.i ng a central Iy positioned tubing
hanger fl ow passageway, and a vertically extending
fl ow passageway in the tubing hanger radially spaced
fromthe tubing hanger flow passageway and in
cofhuniTbatsysiam o6 defined elaim s whesand thehgorpisrdefined below the

tubing hanger.

42._ The system as defined claim 35, wherein the insertable isolation sleeve
insertable through the tree cap central bore is available but is not utilized or has been

removed,

43. A workover system for a subsea horizontal tree whersin é subsea drilling
BOP is not ufilized and a riser extends from the subsea horizontal tree towards the
surface, the sv;lbsea horizontal tree comprising a tubing hanger, the fubing hanger
supporting a production tubing string in a well, the well further comprising a casing
string, the casing string and production tubing defining an annulus iherebenueen. the

system comprising:
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47. The system as defined in claim43, further
conprising a tree cap, the tree cap and the tul9|1\4§r°h2007
hanger being forned as separate conponents axially
spaced apart wth respect to each other. 23 9 March
2007 48. A workover system for a subsea horizontal

tree wherein a subsea drilling BOP is not utilized,

t e PO Tor R @b b S B Wos R it PrsREL D ng o
st ra'ﬂ%eaa an%e%ﬁ#aﬁré@%hlbwﬂa&g{m% gprising a.

casi ng s r|n an ann |ne bet ween t he

Cag é\&uﬁfsmh@%re&ﬁmm@mrom e rinkifl;angt e vior kover

system conprising: an annu I'ne for comrunication

W 8 ahhtﬂu@ﬂfélbéﬁg céhrcOieR to s%n%r SdnSmEHREHEbY mhltm.e annulus

bei ng connect 0 a port leading into the subsea

betwt@hitidBdshlg Stiarddohe mmuﬁuno@suh Btritb [ the PB& bRMgUbifed at a

and at | east one val ve npunt ed etvveen he | ower end

posifidn By MBMekesp.| i ne and the annulus for controlling
fluid fl ow between the annulus line and the annul us,

the at | east one valve being nounted in at |east one
of either a position external to the subsea

hadi z OTHeahoko @R spster o @Riirh 4N whbrbini the bR i YbiinRd below the
hanger, and a riser which extends towards the surface
tubinfthangdrhe subsea horizontal tree, the riser conprising
a smaller internal dianmeter than an outer dianmeter of
the tubing hanger. 49. The systemas defined in claim
48, further conprising a tree cap, the tree cap and
t 48 t bswstenhandefined i oldmf4d; fimtberapnmpdging:at € conponent s
axially spaced apart wth respect to each other. 24
an insertable isolation sleeve Insertable through the tree cap, the isolation sleeve

having an end for sealing engagement with the tubing hanger.

46. The system of claim 43, further comprising a centrally positioned fubing
hanger flow passageway, and a vertically extending flow passageway in the tubing
“hanger radially spaced from the tubing hanger flow passageway and in communication

with the annulus and the port.
47.  The system as defined in claim 4-3. further comprising a tree cap, the tree

cap and the tubing hanger being formed as separate components axially spaced apart

with respect to each other.
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48. A workover system for a subsea horizontal tree wherein a subsea drilling
BOP is not utilized, the subsea horizontal tree comprising a tubing hanger, the tubing
hanger supporting a production tubing striné in a well, the well further comprising a.
casing string with an annulus defined between the casing string and the tubing string,
the workover system comprising:

an annulus fine for communication with the annulus;

a lower end of the annulus line being connected to a port leading into the subsea
horizontal free for communication with the annulus; and

at least one valve mounted between the lower end of the annulus line and the
_annu!us for controlling fivid flow between the annulus line and the annulus, the at least
one valve being mounted in at least one of either a position external to the subsea
horizontal tree or a position within the tubing hanger; and

a riser which extends towards the surface from the subsea horizontal tree, the

riser comprising a smaller internal diameter than an outer diameter of the tubing hanger.

49.  The system as defined in claim 48, further eomprising a tree cap, the tree

‘cap and the tubing hanger being formed as separate components axially spaced apart

with respect to each other.
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