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WD 2004/ 025068 PCT/ US2003/ 028876 5 System and Met hod
for Wll Wirkover with Horizontal Tree Field of the
WO nagorijoe The present invention relates to theCT/US2003/028876
techni ques for workover of wells and, nore
particularly, to a systemand nethod for workover of a
well with a horizontal 10 tree. Background of the
I nvention Wiile wells have been conventionally
conpleted with trees wherein the production fluid
pass8ystemand Meghed dar Wall Warkoyvar wi HPH'GOFF@:["eEorre
nore 15 recent wells have been conpleted with a
Fieldafithe madntionee, wherein the production fluid passes
| aterally through a side port in the tree. Because the
pr e présehtiihvbriionf reiied teetheetebhpigaes sof wbrkoakr §f wells and,
plugs nmay be installed in the bores of both a tubing
RANAG bilkeVvEP6T a Waliitvith a horizontal
mohor| zgw{%gg' ?rég?ggﬁgggg%ﬁo§@uﬁ%§%t seals. 20

treeW.‘)rkover operations on a horizontal tree are

conventionally performed froma floating drilling rig
whi 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
Badkgreund ebthesliveniign st ack are placed on top of the
hori zontal tree, various types of workover operations
may Witileperells rhave, béert convengiopally icogisteginwith trees wherein the
reinstalling a tubing string. However, due to the high
Pro@UEHRSTS uih st a® \aditicdllystrainl theg wellletrsobgreahdrtréd,i smme more
BOP and | arge dianeter riser, especially in deeper
rec¥ft wbHs h%lvéé Q)tég%z%dréglbﬁalc{ wiitg\éphériid?ﬂél PES,CRHIeM Mreproduction

I'S possi
fluid passes laterally through a side port in the tree. Because the production fluid

from the well passes laterally, plugs may be installed in the bores of both a
tubing 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 to the top of the
horizontal tree, with the drilling riser extending from the surface to the top of the
BOP. 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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1 WD 2004/ 025068 PCT/ US2003/ 028876 5 frequently

necessary to performa workover operation which does
woed40zses re pul | ing the tubing, thereby poteneCHIUE2003/028876

avoi ding the significant expense of

installing/renoving the subsea drilling BOP and | arge

freﬂ?ﬁgﬁc%ésgéﬂf to Yerorfth e\ﬁ{)ll'kg\\llmélfépgl%)fww ﬁ/}ﬁid?\eaf)é% ot require

workover 1n a we orizonta

pulfil ST R uotabe ReFEaly; Al 3ht PRATERE bense o
instellingiPrip Lo dbseping. 807 47 gy EmBIsediar. t her o

is no technique to test the closure of the shuttle
valUS. vitateat ©n267,b8&rprovides plraeidodbelc waskoveridnra sxgll with a
connection nust actually be renoved before the val ve

horidoot# s treet hdihebytechnigeiesg disqghadesht inal this gpafentaimbve several
problemif the val ve does stick and/or does 15 not

shotcoafingO WbicH Rhve lifitedea®ePRidecaKipst, & ShuttiBevdIVS BT the tree
connection is renoved. Third, the flow path fromthe

capf‘ﬁ!tég'ﬁg}in%eto"&i&&fg {) é@ rwlﬁll‘\ fhReristlib r@MBYLYS SRR, there is

orizonta , rough the aforenenti oned
A en@n n i h er .

no JEiA R T 19 nBcloRniEor IHERSRRER Jelth WM Pl obrace

t hroygh the tree housin king for a co ex annul us
bodese A or R eAPTLEIB0 AERHIE Deq SISO 4 Heve closes.

the tree cap nust seal to both the tubing hanger and
therehy reising arpadentiglisignificantiprellesnf the vplvg dreryslick and/or does

arrangenent, the entire tubing hanger may need to be

notr@ose edmipletplyo lor edavetopsuleakst aftehthe riser capneaiion isi temoved.
seal s between the tree cap and the tubi ng hanger,

Thied)dhefloiwhpattofrol fad gAnulasNinkusn tHeovisgatd tHdivalldnriungs goes
tree cap. 25 Wen it is not necessary to pull the

intd Wk Hbrizbhed #éd, ifslighiarePsior@nBhi®skd shuttle valve, and then
bypasses the tubing hanger by going radially outwardly and then radially inwardly
through the tree 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/tubing 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 all 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
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for the workover operation is a small dianmeter riser,
which may be referred to as a slimine ODriser,

w@orvaezioesl to the top of the tree, with a smal PCT/US2003/028876
di aneter BOP 2 WD 2004/ 025068 PCT/ US2003/028876 5 on
the surface, and to establish a communication path to

on tpgt éhrf ] t%gﬁﬁ%gso@ Qdcélﬂﬁwh‘&%{ulﬁﬁn AR 4b otk echev’t’ubih% bore

ange Ine riser need

on e 4 SR BB P05 Jh%“aumnne
o g g T

t ubi ng hanger. Wbrkover operations io using
tubiap heinger, andeta pravide; Bllyberecaraess e the subing mm élw yvqllnbut “does
deep water applications, because the subsea BOP stack
not asgliteangdDRrge eaough ¢o madl thedubingchangdesi W oskaleir dpienations
riser thus provides considerable econony to the

usmpoékg}fﬁlfne O Rkk Gt rRiVelynatoldiRral, qRatietlafdpsinadeep water
onmmonly known as "qui ckie wor kovers. is G ven the

apph& r@ngeeé’tﬁeﬁ% éJb%teﬁlé gsté‘cl@éhdéldr QCEI‘.‘W séf‘gré R6GRquired.

hr ser, esp eC|a at su ntla wel

i h

Usifg gam@hwas?p%%l“ ”Lis"rpﬁ?%‘é?% SotiEe) Hinorhy Ethe, Woikover
nore |likely require only the | ess expensive

opeiiaty BHOn YL ctNGBSs RPETAtIaNS: 66 agoMIIaNY QL 8t ¢ duickie
t he present invention which provides solutlons to the
workiéerenent i oned problens 20 and ot her rel ated
probl enms. 3 WO 2004/ 025068 PCT/ US2003/ 028876 5
Given the time and cost of installing a drilling BOP and large diameter

riser, especially at substantial well 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.
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Sunmary of the Invention It is an object of the
present invention to provide an inproved horizontal
wa e@e/ogfoskover system for use when a subsea drPdT/U81903/028876
BOP is not required to be wutilized. 10 It is yet
anot her object of the present invention to provide an
i mproved well production system These and ot her
obj ects, features, and advantages of the present
i nvention wl|] beconme apparent fromthe draw ngs, the
SU"‘ f en herein, and the appended cl ai ns.
wever, it wll be understood t hat | i sted qbje P
15t van RbinehOLUEPIBORHBVERAIHIG BivVISeAn Rdisued Toepntal
as an aid in understanding certain aspects of the
tree ivovieower systean formse Were adedsea drillingtBORdS inet eeauits torbe
any way, and do not form a conprehensive or exclusive
utilizegst of objects, features, and advantages. In a
preferred enbodi nent of the present invention, a

VOf} 'fé’%@tr anoYFéresb éé’tr of tRE presaMiPreriiohitd @ﬁé‘ﬂbetarrﬁmpreved

provi ded whi ch oes not utilize a subsea drilling BOP.

i zontal tree conprises a tubing hanger
We‘@E‘E é&'?ﬁ% sa%roductl on tubi ng string in a wel | such

n oi | d/ o
cag f%e apd P ﬂber (?gg%f)%hurgﬁ %?ﬁ\é%ntég%ée 5P prow ded
bet ween t he casi ng strl nd t he Eubl ng.stri %
invepfien pikkedmree @ﬁeatﬁntréfmm f%P%J ?d§§ ”253}?%'9/ erein,
conpri se one or nore elenents such as, for instanc

and theappendashdaims. Howevehdt wilaeandrrsiopgrthat apy @é’ted obJects
towards the surface and an adapter for connecting the

and ]lcadsréntagek lof theeinyshtiem ak® mitemdddhbnly rasean aid ianmdenstahiding
or 4

certain aspects of the invention, are not intended to limit the invention in any
way, and do not form a comprehensive or exclusive list of objects, features, and
advantages.

In a preferred embodiment of the present inyention, a workover system for
a subsea horizontal tree is provided which does not utilize a subsea drilling BOP.
The subsea horizontal tree comprises a tubing hanger supporting a production
tubing string in a well such as an oil and/or gas well. The well comprises a
casing string wherein an annulus or volume is provided between the casing
string and the tubing string. In one possible embodiment, the workover 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

4



10

15

20

25

WD 2004/ 025068 PCT/ US2003/ 028876 5 conmuni cation with
t he annul us extends upwardly towards the surface wth
w0 w4026 and may be utilized to establish ciPCUs1008028876
t hrough the production tubing and the annulus. A
| oner end of the annulus |line may be connected to a

comﬁﬂfﬁi?atﬁnc\&]ﬁfthé‘ anhtfisP&ktbnée'y Wiyr’c?%?%somé"‘sﬁﬁaéé‘ﬁnth the

e or m)re val ves a era y nount ed

e R S Bl S A

annulus l'ine and the apnul u I n one odi nent ,

and Jop @l Gelowey e b aANUISIneBa% he corleater dp 3, Port
to the subsea horizontal tree. In another enbodi nent,

suchhag al side peyt foe compvinieatigrowith zhe @nngiugo e pPr Frorg valves are
position within the tubing hanger. |In another

preferabbd imoamted betwesre teatdveemenyd bé thiannelds tlioet éied the annulus
hori zontal tree for receiving and guiding a 15 | ower

for @cﬁ\ﬂr&f dg HRiicTiom WetlveBR fhet anhlisdiie amdniisatdrmiulwe.t i one
the side port. One or nore annulus control valves

embBBineh" %6 | Galv Fem%?uﬁé ‘?ﬂo@t%ac%}t ins®aride_externall fo the

recept acl e erna ori zontal tree. The sys

fur np tr ng/ n r
subﬁe%mwéﬂt% rééan %ESﬁeéb?e'ﬁb{Sﬁ‘mﬂ‘g &R ot E%pb%%&’ed for
isolatio | eeve, prefer y .20 seal s Wlththe
annWigR gAY AL 8 AOSGiRpoRItE e RBOdTReE JFanatheebbguifent, a
axially above the tree cap and communi cates wth the
receptatie ubaylhen mayntedip ghe rherigoataldree &on reeiviag angbgeiding a
i sol ation sleeve through the tree cap. |n another
lowerrdrmbofhet anrufes Bnelntpdiuid cemdefnicaidnwiitthihe side port. One or
adapter. In another enbodi ment, the side port is

moréeanmMads bintee valvee trrage f@arexancb|é hbetmbuntedhadizent to the
Yet in 25 another enbodinment, the side port is defined

e L AN A

f oﬁ'ﬂ‘adsystem may further comprise a tree cap, and/or an insertable
isolation sleeve insertable through the tree cap. The isolation sleeve preferably
seals with the tubing hanger. In one embodiment, the side port is spaced axially
above the tree éap and communicates with the annulus along a flow path
adjacent to the insertable isolation sleeve through the tree cap. In another
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

5



as separate conponents axially spaced apart with

respect to each other. In one 5 WO 2004/025068
WEDANSDEO3/ 028876 5 enbodi ment, the tubi ng heeiyes2003/028876

defines a tubi ng hanger central bore therethrough in

conmuni cation with the tubing. The tubing hanger may

5 embdd rh@ﬁf thé ﬁleﬁ? hany&r défds 4 'tdbﬁh%ﬁbhg@f"ééﬁtfﬂ%%

radially offs fromthe tubi ng anger central bore.

ther\;ét@??ﬂéﬁ Fﬂ ﬁf@vh\}\ﬁ%béa%égglél\;\ﬁgtﬁﬁet ﬁﬁlﬁ% ﬂ?ﬁgépﬁa‘y further
defiBs acvareal dRare oS HoTR g th%‘.ssp i B tbind o

ver si on of hor| zontal tree adapt ed for a workover
cenlgaldhere; o‘hcg@tm{g/ah/esmamalmb@[wlt@@pd aenguihe vertigal flow
anot her enbodi nent of a horizontal tree adapted for a
passpgewa\efor tontvolikg Wleid flewdetwean the annwius dnalanerthatannsilus.
of a horizontal tree adapted for a quickie workover.
10 Figure 4 is yet another enbodi nent of a horizontal
tree vvorkover application using a slimine OD riser.

BriefDelc g%gm% T/ US2003/ 028876 5 Detail ed
SCr i ed Enbodi nents

Figure 1 discloses one version of a horizontal tree adapted for a workover
operation using a slimline OD riaer.

Figure 2 is another embodiment of a horizontal tree adapted for a quickie

15  workover.

Figure 3 is a third alternative 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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The system and net hod of the present invention

i ncl udes various enbodinents for conducting a quickie
woweoko2®ss on a horizontal tree. The workover PCT/US2003/028876

operations do not involve the installation of a subsea

BOP stack, and io only a slimine OD riser and an

annulus flowline in parallel with the riser are

required, along with ancillary surface equipnent, to

Deté’iFéJ BEQbﬁ&%nWﬁ‘r‘éY&Jred E@cﬁﬁn‘n@l Htg Referring to Figure

, e WOT KOVET —SySt el a wel | head W

th |h8f rsgﬁf%ﬂﬁ%ﬁé O%‘eghtﬂfi)n‘%t eﬁrl n'%égg ext e d| n \ggﬁownous

t he wel | head with a casing string CS extend| ng
emhaslimgais foF Sonduetings3 r@“ﬂﬁﬂg\é’ﬁ’rkqﬁ(ebr%&th%’liotnwl frge. The
string PTS passes upward through the well head W and
workowmes aperationd domadlineve the irstalletion aftv slibsea IR@Bsstack, and
production valve 14 for controlling fluid flow through
onlyt eslimlthee Qbriser antihan angalushflow ling innpa@iial withatheoriser are
Wi th the production tubing string PTS. 20 Production
reqm@d/ea%g”%ﬁthb%nBMGF}ﬂl’éLJrf‘a%b| ¥o@lpént, Mnpatbin the workover
control | abl e. mMine OD riser 16 may be run in
wel | toget her W|th an annulus line unbilical 18

opef‘eaﬁ gfnal of the riser 16. When the riser 16 is | atched
(n

tree 1 u3|n an ad 20, the | uas
(it ta Fiddr§ o e Wbl S4B vl 1551u8Ps o fetFaa w
fromboth the tree 25 cap 22 and the t ubi ng, hang
havipg ancoNgYEer | GAsIRG celiBg2 Qm‘%)(?'miﬂg b@OWUWa?qtsﬂ“GéF"ffq{Q and
riser 16 and nechanically | ocked into a | ocking
SuUppedingl 8 easingehangept@H from dhe tweltheed; ydthate @aswgeetmg CS
26, at least in this enbodi nent, being sealed to both
extenh!éng dowavwzio 4 aHa5Shes casing UWI A2 pdiction tubing string PTS

passes upward through the wellhead W and into the horizontal spool tree 12,
which includes a production valve 14 for controlling 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 controliable. 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 latched 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 sleeve 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
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5 adapter 20 and the tubing hanger 24 by one or nore
seals 283 30. The bore on the isolation sleeve 26 thus
w@eanvioziess f ul | bore access to the production tRGI/OR003/028876

string PTS. Annulus access is achieved utilizing the
annul us l'ine unbilical 18 which passes through a side

w8 R L
the éggaz'ogsélgg‘?g3&%&‘?%"%&‘%&%‘%% Pe epﬁﬁ%ﬂﬁn tubing

tree cap 22, or other suitable flow path (not shown),
stringi?o¥gh preferred substantially vertical flow path

34, and into the annulus of the tree surrounding the

i soAmnules acstsseiseactteved bitilizing dhe endlusr line detbilical 48 which

vertically extending passageway 34 in 15 the tubing

pasdudfiesugitia slléSpdt A9iif@ke @@Bpter 200 ehviRRerhbediamént! H8aptor 20
surroundi ng the production tubing string and t he

is ut#2BY! dove! thée ggp 33 Cé\*helﬁowTﬂH{ﬁ ghéﬁ éx?ergﬁsééé’lj f?%é ap 22 by

establish cir ation to circulate fl ul rou

t T2

any SfHHE T4 a'%%‘ﬂg%ﬂ?%fﬁpb g 5%@%%%3%?@%&% tree cap
and/ abl e i ke v Nl i the .

22, B cifer, SMGHR, by BalhnGt souyy Br5on oretmed “susistEtially
as desired. Latching dogs 36 or a latching ring may be

vertigaleiow pathy Jagng info thm@nngl@!ﬁa@f b ke syeonpding thﬁelsolatlon
adapter or other latching nmeans may be utilized.

slee @20 #t bolhaklveod? proviled ki regveiticglly exiendéingipadsageway 34 in
secure each of the tree cap 22 and the tubing hanger

the t2bing himdertddethiverprovidieslcontrekbéfveen the amuiveBlirO0Ating the
seal s between the tree cap and the horizontal tree,

prodﬁﬁﬂoﬁ%l%ﬁ@ Btrihg éﬁ@tﬁ&ghﬂ@ugﬁﬂ@%mﬂﬂcéﬁnﬁ t *Fﬁu@ Ok iZpBésible to

tree. In 0One presently preferred nbodi nment
estagth'P' rlét‘ﬂ%gén o 'q?ljcﬁ?ﬂté Z‘ﬂu‘lﬂd’ ﬁfé g‘i.@gt t\?\\g Bfodﬁf‘,ﬁ?ﬂrl Ztléﬁﬁ‘@ ?&Z‘;;Q PTS

and ?ﬁen %}orﬁ%k ﬁwréeagr% Bt ebaﬁ valveh %2t I%bpregerably 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 the 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 no
seal is required between the tree cap 22 and either the adapter 20, the tubing
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8 WO 2004/ 025068 PCT/ US2003/ 028876 5 hanger 24, or
the isolation sleeve 26. In Figures 2, 3, and 4, the
W@ 200e/0zi06%r al s are used to depict simlar conpOnEs1083/028876
In Figure 2, the slimine ODriser 16 is also run in
with an annulus |ine unbilical 18 positioned

hanq"éoroﬂg%rﬂ?e FSB%"”"}S@W%EG- riser again is latched to the

p of the tree connect or 52, mhicﬂ if a 4
i npl &£ dagpter, ,In th t 10 40, t . .
o TRHAbUER, 718" 40 I Fou BUBIPFR, 2%, ubel apr diiel Hir
compaerss: N5 ighee godfe SUmUEe D ok TPas GBIt wibcan aanulus

. of the receptacle, or between the receptacle and the
line upddlicat p8 rositioned alongside theuiser.f Thevrisebagaines latched to the
unbilical line 18 to the annul us surrounding the

top gfrthdurde t2 withbcargnestorn 52). wiith s adimphifiedandapier] iacthbrsystem
the tree cap and the 15 tubi ng hanger to all ow access

40, tHe bRet "I Othet BANBIIGAISE | 181 i$ UWhhBSBLiRIG récdpiscle 42
wel | . Annul us access is achieved by providing a

posifiGiiieeh o Biolf e Jeelicl’ Oe o molCyalhte At Sodiorkd on

e QE5fac I B3 Phchead OBl 6 653k g tre e

sPoqT 5B TDdH oM FoTa g BBiica 1Pel & Breg e udeding
not have to be operated by opening and/or closing

the produglion Rebingistiice Rdiigﬁoéér‘lg@& fulledh from e &reg eappand the
the plugs 46, 48 still in the tree cap and the tubing

tubingahareger toedipecaceesdsyto thednside dfltheyprédustionhebimgnstring in the
Is already isolated by the seals of tubing hanger 24,

well.tAnulus BbesEsTe richiR BWpraviding Becdnhectie® fion e umbilical 18
i sol ation sl eeve as shown. However, 25 if desired,

to th%{bﬁr{uitgdé‘tté PBsRbADEGoRthE tIBiRG BShh8PtHErE6Y By PEsIRG 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 still 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 sieeve or a protection sleeve may be utilized.

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

18 alongside. The riser 16 is latched to the top of the tree spool 12 with
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In Figure 3, the slimine ODriser 16 is run with the
annulus line unbilical 18 alongside. The riser 16 is

wo 2d08l0zs968 0 t he top of the tree spool 12 with POI/V&2003/028876
2004/ 025068 PCT/ US2003/ 028876 5 connector 52. The
| ower end of the annulus line 18 is stabbed into

conr[e%@ct?rgﬁeﬂl‘% bave? &Hd bORRhHUIY lifd 08ts sdbedantsrRebtacle 42

, he s%/rs]tem 50, valve 54 thus controls fluid flow

pe 1
pos SN s T s g T I 7B AR s ol
i SRS B S b S AR S reu Sl 88 §Bove

the tree cap by 1o connector 36. The iso]ation sl eeve
26. Thee plugsherestigndeulies fram theclsee gap and thestubipg hapger, and the
adaptor 20 as in Figure 1) and to the tubing hanger
isolaién slbeveb@Beist turoirgthrobigh theaiseriand kckedednfs thgy&ies cap by
provides full bore access fromthe riser IDto the

conri¥cishEe i THe [solitith Sibeve @6HhSy bersddied tb thetveercapi 22 (instead
desired, for running a wireline tool or a coiled

of a%%’;ﬁgfggsésf ihfﬁgp%Tﬁébtlig t8'RE Lﬂ&&ihgmaﬁqgar pg. Thel Biste tRfough the

g ur pose 5 annul'us access is obtained from
. [ r -
o S A5GV 1) it B0 R M L3 o
t . . [ s
prodhiisiom Pt srilenar 50 Sraford Ot fesifR fERBHIRLE Jgrgyine tool
vertical passageway in the tubing han_ger 24 to the

or aeied fiebipgshiirg ints tha proguaetiopdubig: $iENg sk AEe Agreses. The

24. Valve 55 is preferably hydraulically or 20
annulas wetess soohiapiddafrbm a line FiSyfior sonnectinn ta thel regiordpelow the
riser is run with the annulus line unbilical 18, and
treetda?hzz %@d abbvailye hﬂ)ih?lhehgdr 24 thioaghqorbb5 timéhe tree spool 12.
W adap

ter 20. The lower end of the annulus line is
The dMalius FRALDNtALES hroBERRAE BhAURR vailvedB2 alhdvtigh B prestably
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 controliable.

In Figure 4, the slimline OD riser is run with the annulus line umbilical 18,
and the riser 16 may be latched to the top of the tree with adapter 20. The lower
end of the annulus line is then stabbed into a receptacle 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 locked into a profile in the adapter 20 by connector 36, with the
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spool bel ow tubi ng hanger 24 to provide direct access

to the annul us between 25 the production tubing string
w@IB4meres he casing string CS. The plugs are pedT/882003/028876

fromthe tree cap and the tubing hanger, and an

i sol ation sleeve 26 is run inside the riser and

o S8 B GH S SAORE 58 g angerr T
o0 S SN 6P B o
g RO S3omthle G555 35 B 8B s

18 to the tubing annulus bel ow the production tubin
belotvethg @ro@dctioBuiubitig bangena4b| Buitakle ¢anteliablevahiasdpraniulus
l'ine 18 may be provided, such as in the general
line 1® Wity & pedvathsd neuct aslirt thegesralinonting stahbingneiructure 42.
i solation sleeve and arrangenment shown in Figure 2
Noté{li&%ﬁhé’%oléﬂdn‘ 41260k ahll aP@RGEATENt BROWMON Figure edghtfber

or 20. Note that the use of separate wellhead cap

o, s, CoaNATSRS i s 207 echnden, Sest s Tor
Wtewp?%@{@ttﬁs' is?e%*iﬁf&:ﬂ?ﬁﬁ?fﬁ;%&?ﬂ%hﬁq%@?ﬁ%@@{é{ o
resultén redrda & ,Orm@%f?'yﬁééﬁ%: gﬁr{%(‘e"@é‘gle!ﬁ ﬁ@sl' Sm |A2d

wi thout requiring pulling out the tubing hanger 24.
embbdirsent; naragititonal seals ar@riggrqf@@é]eﬂuir gd bﬁg@ﬁe'hg{e@head cap

flexibility in positioning the annulus port in the
22 ael tubigdminges &h Tise resutting Stoadtuneeis|simpred ansktherefargimore
t ubi ng hanger 24, between well head cap 22 20 and

relidbidi A8 WINGeleshéd, fHe Well fead dhp 22 dmngee ptledDviticrtent

types of i1solation sleeves 26 may be utilized and

reqillidd BUMRG SRS RILIAG hahGef DE 'THIS bFran§snaIso 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

connector 20, may be utilized. The val ves for

controlling annulus flow do not require a speci al
w@bopgiozzabs connecti on bet ween t he annul us val vePERUtS100&028876

connection to the riser, such as that shown in the

prior art wherein in one 25 enbodi nent the wei ght of

o RGBS BTG g i P BB e e on

nore flexihle stem.and, netho for well rkovers .
exolffatanof Pistrias ieRlimEnts b wog Resaopgciated By TR0E Skiled
~PCT/US2003/ 028876 5 The foregoi ng disclosure and
in thgestthadvpbaue changes in/ibetsizm sggpmqf watedelsy s avall in the

expl anatory of preferred enbodi nents. It would be
detailppf e Htistfatey ¢drsdmictibm bl edmbimatioheofdeaturbstiscassarliberein

changes in the size, shape of materials, as well in

maytBemadetwithsutefe d frbstheaipaft oTIRG invesitibANwAIch is defined
conbi nation of features discussed herein nay be nade

' 3 ing fromthe spirit of the invention,

byi%%ﬁ@ﬁ“@gfg@?ﬁ%éd 1o by the following clainms. 12 WO
2004/ 025068 PCT/ US2003/ 028876 5 What is clainmed is:
1. A workover systemfor 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
tubi ng hanger, the to tubing hanger supporting a
production tubing string in a well, the well further
conprising a casing string with an annul us defi ned
bet ween the casing string and the tubing string, the
wor kover system conpri sing:

12



an adapter for connecting the riser with the subsea

hori zontal tree; an annulus |ine for conmuni cation
wowdok/o2dee8 annul us; 15 a | ower end of the annul PEI/US2963/028876

bei ng connected to a port leading into the subsea

hori zontal tree for comrunication wth the annul us;

5- . one val ve nount ed between the | ower end
5 Wh i : : .
us line and the annulus for controlling

10

15

20

25

fluid fl ow between the annulus |ine and the annul us,

the at | east one valve being nounted in at | east one

of either a position external 20 to the subsea |

hofli zonaworkexerdysterp den & sstsaatharizonial tiagpyvhgrein a subsea

hanger. 2. The systemas defined in Caim1l, further
drillingrpOiFsisngot atilizecephda dseroexieads donerthalsupsea hadrizontal tree

subsea horizontal tree for receiving and guiding a

towardeetheesififatle, the stbBed Warikdrital iroé @ohﬁpﬂstﬂw%ertubmigd@érigm, the
with the 25 port, the at |east one val ve bei ng nounted

tubi t?ér?n@%tr %LB)I;; ené %Cﬁp RicRfctiSn tu@rng@%ﬁ)’lgt A agelfl &thengEll ifdrther

r” cohprising: 13 04/ 025068
0 8 rid.able: :
compliging Aofd ﬁées% {24 phisfi ¥ gt AbtB3 hg Sekng, string
t,ion ve havin end for. seallng engagenent
andvtﬁ? ﬁ‘%'ﬁ@ SEUEQ 5 %\fer%xs eﬁp,goggpglmg, as defined in
claim 3, wherein the port is spaced axially to above
t h@ma@t@a@rmneémmedaeéw thg Wéeam'ﬂeataétrsﬁg a
flow path adjacent to the insertable isolation sleeve
t heauinubeline éer capmusicatior vathstheranasilugef i ned in
claim1, wherein the port is defined within the
adapb@er 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.

2. The system as defined in Claim 1, further comprising:
a receptacle 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 one valve being mounted adjacent to the receptacle.

3. A system as defined in Claim 1, further comprising:

13
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15 6. The systemas defined in claim1, further
conprising a tree cap, and wherein the port is
waledosnzedhet ween the tree cap and the tubi ng hedmyes2007028876
The system as defined claim 1, wherein the port is
defined below 20 the tubing hanger. 8. The system as

def yBetdpl affgai m 1, further conprising a tree cap,
the tree Fjc?:z?p and the tubi ng hanger being fornmed as

se t S ' i I :

;AR sBIRENEh 94k PRIRERMABR o dhyife Besion

further conprising:, the tubing ha r defining a
sleeVgifiaNiIH AR 5 1OEAEAING SRAABRRIAVHT HleghEing hadbeho

2004/ 025068 PCT/ US2003/ 028876 5 communi cation with

the production tubing string, the tubing hanger also

defining a substantially straight vertical flow path

wh.ch i Fhesslistéémyasaddfimed ihrotaint Bewhetsimthe penh ieespaced axially

central bore, and the at |east one valve is positioned

abo%é engtreBeapeand edmmuricedaith therare@ly @lbh%; @qﬁvii giatlho
us. .

fl ow between the annulus |ine and t he annu

adja%eWPEd‘méeiha??tﬁf)ﬁ%él%@?s@é%?ﬁr&“u% itﬁggﬁe;énc g.ee wherein

a subsea ing I's not utilize ariser
extends fromthe subsea horizontal tree towards the
surface, the subsea horizontal tree conprising a

t ubi ng nger, the  tubing hanger suppopting, a , I
pridduct (G DEFAGSISgY NPk wheia thepert 1 defingd within
conprising a casing string with an annul us defi ned

the pdapi®&n the casing string 15 and the tubing string,
t he wor kover system conpri si ng:

6. The system as defined in claim 1, further comprising a tree cap,

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

7. The system as defined claim 1, wherein the port is defined below

the tubing hanger.

8. The system as defined in Claim 1, 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.

9. A system as defined in Claim 1, further comprising:
the tubing hanger defining a tubing hanger central bore therethrough in

14
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an adapter for connecting the riser with the subsea
horizontal tree; a tree cap defining a central tree

W@ ap4bozioes t her et hr ough; an annulus line for PCT/US2003/028876
conmuni cation with the annul us; the annulus |ine being
connected to a port for communication with the 20

conﬁﬁg.gaggﬁan' A 1R giré‘&?étfbﬂbcprﬁgig%gtiﬁ%i tﬂBttﬁlgiﬁﬁ‘SF%]ngB?ﬁfsbad%fﬁing

the tree cap cen tion

| eeve having.an end.thereof fqr.seali n e i
o scfreEa g St Y5 g P58 WridH B0l UReRREASAFR tuging
in claim10, wherein the isolation sleeve eals wth
hanggeceuispthare, and (s sideasbomp¥alvedsrPetien] glong1he Verical
12. The systemas defined in claim10, wherein the
flowi pathdor oantsoliey Suiddias hetwearaihevanriulusine aad theypnnulus.
central bore. 13. The system as defined in claiml0,
wherein the isolation sleeve seals with the tree cap
central bore. 10 14. The systemas defined in claim

10, 1ghergibrkb\rerititenh Fofafdubda NariZontltthe aHlapdigra subsea
15. The system as ‘defined in 10, wherein the port is

oI 05 L8 S Bpd B b6 8RR T e AL Horaontal vee
towépdes & éurifas’ceo,I %é "G sc?ae lh%Wzoﬁt%?trtegbéo%&ng %rtubing hanger, the
tubing hanger supporting a production tubing string in a well, the well further
comprising a casing étring 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;

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; 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.

11.  The system as defined in claim 10, wherein the isolation sleeve

seals with the adapter.
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20 17. The system as defined Claim 10, wherein the
insertable isolation sleeve insertable through the

wa e@e/ oz central bore is avail abl e but is notPai/Ubi0age28876
or has been renoved. 18. A workover systemfor a
subsea horizontal tree wherein a subsea 25 drilling

BOP2i s nie L!s%ién’? ad defifled if chfh ﬂ("vﬂfé‘ﬂémfth@"%dlé‘t%n sleeve
subsea horizontal tree towards the surface, the

e ing a tubing hanger, the

do%ﬁﬁ%aﬂ%héﬁ@&%h&r (?er&'cam%‘;%ductl on tubing string in

a wll, the well further 16 WO 2004/ 025068

PCT/ US2003/ 028876 5 conprising a casing string, t he

casing string and production tubing defining

anidl us Wﬁsﬂéﬂé@mﬁeﬁeﬁﬂ%mﬁ}%mﬂ@c‘ﬂhﬁﬁeﬂ%th@glsoh’ﬁﬁlon sleeve

adapter for connecting the riser wwth the subsea
seatowith dine fleetaapegentral boese cap defining a central tree

cap bore therethrough; an annulus line for

conmuni cation with the annulus; and io the annul us

line being connected to a port for comrunication with

theg an%é@d@éﬁ"&e@eﬁﬁ@i Wc%lélﬁmét\!’vh@&uﬂﬂ{é ;56\@ is defined
production tubing string, the port being formed at a

| ow the tree cap. 19. The workover system
Wltmﬁ%ﬁ‘% bar%)%g wherein the port is defined below 15 the

t ubi ng hanger. 20. A systemas defined in Caim18,
further conprising: an insertable isolation sleeve
insertahle through the tree cap, the isolation sleeve

hatPng athesyptemrassdefinacyineyyyarein th@inast isigefinggibgiween
hanger. 20
the treegcap and the tubing hanger.

16. The system as defined claim 10, wherein the port is defined below

the tubing hanger.

17. The system as defined Claim 10, wherein the insertable isolation
sleeve insertable through the tree cap central bore is available but is not utilized

or has been removed.

18. 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
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21. The systemof claim 18, further conprising a

centrally positioned tubing hanger flow passageway,
wanwismwes tical |y extendi ng fl ow passageway i nPCT/082003/028876

tubi ng hanger radially spaced fromthe tubing hanger

fl ow passageway and in conmunication with the annul us

con%%ir*g{]ﬁ z%%ﬁﬁgc gﬁn@'gz the -@%\%lr@/ §ﬁ'|ﬁ§‘ #d Sﬁfdd&ﬁgn 't[]bﬁgadi@ﬂnmg an

Ising a tree cCap, he tree cap and

ng . h s separate conponent s

a“”ﬁﬁi 4“?65'3 e%%ﬁ@&?tﬁ@&gﬁ@@% $182003/ 028876 5 spaced

part ect to each other, 23, A .

oy Sreananer T shagectiuPeRer i hesthags SoHEa Gl e
dr|II|ng BOP is not utilized, the subsea horizontal
t r @ctre® ApP defingyaa cemralgreenearybere theesthigsiahy hanger

supporting a production tubing string in a well, the

weldn armdlus litesforaompmusicationa withsthagnaulusngndi t h an
annul us defined between the casing string and the

t ulfhél anflilusBe BdhSg VBRKSOted t6 uicktTor eBRmShiBgtiomwith the
annulus line for comunication with the annul us; a

annhm’éeﬁ?tﬁfé n%e %Q@m@ﬁiﬁﬁé‘%ng'tﬁ‘@ E@dr oﬁ‘i?u"t?]ﬁ?r & Q?Qhé‘ port

ort Into sea I zont a

o TR B0 PP . 0 3 3t et e

line and the annulus for controlling fluid flow
bet ween the annulus |ine and the annulus, the at

| east one val ve being nounted in at Ieast one _of
ei t19er alheowptkowar sydternall claify 18 neheighs the PRt iséefingd below

tree or a position within the tubing hanger; and a
the tulsing hahgeh ext ends towards the surface fromthe
subsea horizontal tree,

20. A system as defined in Claim 18, further comprising:
an insertable isolation sleeve insertable through the tree cap, the isolation

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

21.  The system of claim 18, further comprising a centrally positioned
tubing 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.

22.  The system as defined in Claim 18, further comprising a tree cap,
the tree cap and the tubing hanger being formed as separate components axially
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20 the riser conprising a smaller internal dianeter

than an outer dianeter of the tubing hanger. 23. The
waymbersoes defined in Caim22, further conpriBCTYSA03/028876

tree cap, the tree cap and the tubing hanger being

formed as separate conponents axially 25 spaced apart

spatibd BphRSARFlesheceRFdac bffer. 18

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 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 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; 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.
23. The system as defined in Claim 22, 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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