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Rel ated Case The present application clains priority fromU. S. Se

601293, 85%o0 @obtded on May 25, 2001. Field- of the InventippiyEhgidqsesent
invention relates to tree assenblies commonly referred to as trees, and
nore specifically.to a tree suitable for subsea use having a spool with 10
a |lateral production port. Background ofthe Invention Subsea wel | head
assenbl i es and producti Oq‘\kﬁ)Rﬂfs are used in the aoil _and gas industry for
recovering hydrocarbons PNEALSSRAGL TRER BXSEMBIYYy 15 supporting a
production tubing within a well bel ow a bl owout preventer which defines

t herei n a BeRtbd@aserhe bl owout preventer is conventionally connected to
one or nore fluid Iines extending fromthe BOP to the surface. A workover

string extendi nghkr Qf@steh? (%@fbhéa?tﬁﬁn ERirhS HrBFly o 18$, fsgrﬁo'r% d60/293 857

comuni cation with "~ the BOP bore. Subsea productl on assenblies

general Ly @% CCL@W%%@ 20 conventional or vertical producti on trees
single fjre so include vertical production, and horizont al
trees. A single bore tree is disclosed in U S. Patent No. 5,143,158, 2 2
NOV 2005

Field of the Invention

The present invention relates to free assemblies commonly referred to as
trees, and more specifically to a tree suitable for subsea use having a spool with

10 alateral production port,

Background of the !nvéntion

Subsea wellhead assemblies and production trees are used in the oil and

gas industry for recovering hydrocarbons, with the assembly conventionally

15 supporting a production tubing within a well below a blowout preventer which
defines therein a BOP bore. The blowout preventer is conventionally connected

to one or more fluid lines extending from the BOP to the surface. A workover
string extending from the surface to the BOP is used for fluid communication with

the BOP bore. Subsea production assemblies may generally be classified as

20 conventional or vertical production trees, single bore trees which also include
vertical production, and horizontal trees. A singlé bore tree is disclosed in U.S.

Patent No. 5,143,158.




WO 02/ 097008 PCT/ USO02/ 16498 -2 Horizontal trees differ froma st?zaﬂg 05
Christmas tree for an oil or gas well wth respect to the spool body Y %{‘]

, hori zontwip dz2roemoesvhi ch is connected above a wel |l head houschgrshyisel | y
nounted at the upper end of a casing string, and a tubing hanger | anded
wi thin the housing to suspend a production tubing string 5 within the

casi ng. The spool has production and anndd us val ves to control fluid flow
fromtheir respectjve areas, and |anding the u,b{' ng hang{ler in_ the spoql
body allows thé&oREAGE tregs dilien fremiasiaada Bgtds Heator anel gr 98¢ welke
spool body. This provides a significant advantage over nore conventi onal
trees wher avitht tespect ®© the sgdoldfodianf actdrzoptdiltrechwhiakbisngpnredextabdne wal ves
| ocated on the tree 10 provide access to the production and annul us bores

once the tipehbsd iHb‘iFsﬁ{q %icai\??‘gbhﬁ%‘ aﬁ/ﬂm'eVGE%éf End itk CadingdWthng dff a

installation phase to all'ow ss to the tubing/casing annulus after the

bi h . s _|landed d . . i all .
aval | ool o Taind SerBR° el wiBM, fe bBubllg b' fined Y b fE LBing g oo
body: a production port for production fluid; an annulus port for ]
comuni &at MahinEwewesinghd e speRithampragychen and amulug velvesdorenirhlyidand a

wor kover port in comrunication with the BOP bore, and thus with the
wor kover  slowi fngndkeiemdspegtive drbes,sand adingUth®. tuBatgenasgdr,ib4de 000! doudly
6, 039, 119 di scl ose horizontal tree 20 assenblies. Qther patents of

L bt M oy W oyghiout Rinoha g S 150
This provides a significant advantage over more conventional frees where
'thére is a risk of having to pull the tubing, since the valves located on the tree
10 provide access to the production and annulus bores once the tree is installed.
Additional valves are required during the installation phase to allow access to the
tubing/casing annulus after the tubing hanger is landed and sealed to the tree
body.
Commercially available horizontal trees include at least three ports from
15 thé spool body: a production port for production fluid; an annulus port for
communication between the production tubing'and the wellhead housing, and a
workover port in communication with the BOP bore, and thus with the workover
string extending to the surface.
U.S. Patents 5,544,707 and 6,039,119 disclose horizontal tree

20 assemblies. Other patents of inferest include U.S. Patents 4,853,611;

5,465,794; 5,555,935; 5,582,438, 5,706,893; 5,730,473, 5,749,608, 5,865,250,




2 2 NOV 2005 WO 02/097008 PCTI US02/ 16498 -3 5,868, 204; 6,050, 33% 2 oy 2005
6, 062, 314; 6, 119,773; 6,158, 716; 6,244,348 and 6,302,212. Another version
of a horiwani2ak7epool tree assenbly is depicted on page 4éTafsoi/Qes
Dril-Quip 2000 General Catalog. U S. Patent 6,378,613 discloses a
Christmas tree and tubi ng hanger system _Qher..relevant publications
directed to oilfield technol ogy, incIud?hg gate val ves, include WO

01/ 73258; 3275, 00/ 4 w V00 325 01/81801. 5 2 2
NOV 2005 Mé@%eog%é%oﬁé%%éiﬁﬂrﬂ%ﬁi o@r?ggé\q&véﬁ%‘gﬁih and
hori zontal spool tree assenbly is provided for supporting the production
t ubi ng st r Bag021Ri rArothet vetsironl a indrizantal spool éeecassbrhiiyiis glepideBam
bore. The blowout preventer is connected to one or nore fluid control

| i nes ext en@geg:kf bf)meﬁDrﬁlt(_BuiB%UOOGéhéra?rWaftéﬂ@ : LHS\"PE@%@,SM,BHB%WS@:?
used for fluid comunication between the B bore and the surface. The

tree asseml ¥ Sixkd Qnj A :

def i ni ng. o egniREscfEe Bndtahg IRAEKr 59 RECOMERLEYRE Y g el

spool baody. has,ka .l ateral production passageway extending laterally from

the centraf® bBV%‘I@ oi%FhﬁPmXctWS‘tﬁ‘dm v@gteLg{,afveg, HBP*IUE’SntWE‘ 1Y/ {3¢e8, e

tubi ng hanger is sealed to the spool body and adapted for supporting
01/73255; WO 00/47864; WO 01/173325 and WO 01/81801.




the production tubing string therefrom The tubing hanger preferabpynuny 2005
I ncl udes a tubing hanger central bore in fluid comunication wth the

interior Wb ¢fernbgbing string and a | ateral tubing hangepopiQeiteglidson
passageway extending laterally fromthe tubing hanger central bore for

fluid conmmuni cation with the |ateral bore 15 in the spool body. A workover
flow path is provided extendi ng axiall y_&_hrough the tubing hanger fromthe
spool body central bore bel ow the tubing hanger to the spool body central

bore abovegt ek 5Mehﬁ09ﬁﬁcn thereby providing fluid comunication with

t he mrkoverﬁprﬁa'q—rﬂmmul us bel ow the tubing hanger and surrounding
t he production tubin tring. A workover,h valve,i ositigned 20 within the
wor kover 11 ow it ROTERRLARALL HRerRFSENG 9 Dot GESHPparEnEan Profiuction
spool body above the tubing hanger and the annul us bel ow the tubing hanger
2 2 NOV 2008ingDstiigoeitbs ret/ hldaggut greventersigfinimgridie R hergr ddact i on

tubing string during a workover operation. It is a feature of the tree

assenbl y t bpwdl preponter o dynmasted ks onk st Mok figid contdl lisedPexibnlingdrsraool
body extending laterally froman annulus surrounding the production tubing

(9,20 22U eta VoSG 260k OBRAEPYALALE 8 oA TAISEoR

extendi ng l'ateral rougt e Spoo e tubrn .
val ve, - andbataess B HO8 e st TR atrerT: it Hecs U BRYERE SFeBsover
flow line. It is a further feature of the invention that the production
val ve may bedy for positioning below the BOP and defining a spool body central bore for
receiving a tubing hanger. The spool body has a lateral production passageway
extending laterally from the central bore to a production valve, i.e., a horizontal
10 tree. The tubing hanger is sealed to the spool body and adapted for supporting
the production tubing string therefrom. The tubing hanger preferably includes a
tubing hanger central bore in fluid communication with the interior of the tubing
string and a lateral tubing hanger production passageway extending laterally
from the tubing hanger central bore for fluid communication with the lateral bore
15 in the spool body. A workover flow path is provided extending axially through the
tubing hanger from the spool body central bore below the tubing hanger to the
spool body central bore above the tubing hanger, thereby providing fluid
communication with the workover string to an annulus below the tubing hanger
and surrounding the production tubing string. A workover valve is positioned

20 within the workover flow path for controlling fluid flow between the bore in the

spool body above the tubing hanger and the annulus below the tubing hanger




10 positioned within the spool body. Yet another feature of the i%;geﬂ ¥%05
is that the workover val ve positioned al ong the workover flow path in the

tubi ng hawgesz/0mps be a valve for holding pressure in eitber@hi/fGbd on. Yet
anot her feature of the invention is that the tree assenbly may include a

safety val ve positioned al ong the production tubing string bel ow the tubing
15 hanger. The tree assenbly may also inglude a first closure nmenber
positioned within the central bore in thé& tubing hanger, and a second

bore. 1 om (R SuRATAE BRI RRR0b Db SR BRI 5ol ol SPbAbB: o erbe

may thus be poatti oned between the first closure nenber and the BOP bore
for isolating tHes 3deqiureof e dipeassambly thabihe rRoYdrodibMay aiseiliphide cant
advantage of the present invention is that conmponents which 2 2 NOvV 2005 WO
02/ 097008 ROTANSOAS PEAYB a Spodldikaduextehdingslstarblly franeahigmuus shrraliding By
provi ding a workover flow path extending axially through the tubing

hanger, thehdefyd@iticnhhRIbFRP® ah! A FaRe. PRORBGI Egggirﬁ@c BRglhtile’d OV

which is lacking for enbodi ments wherein the spool es a
pascaqeny ol Golf R g dlarel GrLING Pl roebE ABFE ! B
pody. s, a NAPRG Croga0yen Beye o SRNIRG BRI i, COREOYeT RO b betipauGiore
used with conventional equipnent comonly rel ét ed to wel |l head assenbli es,
i ncl udi ng yaivet, yandad aressover valve for controlling fluid flow along the crossover flow
line.
It is a further feature of the invention that the production valve may be
10 positioned within the spool body. Yet another feature of .th'e invention is that the
workover valve positioned along the workover flow path in the tubing hanger may
be a valve for holding pressure in either direction.
Yet another feature of the invention is that the free assembly may include
a safety valve positioned along the production tubing string below the tubing
15 hanger. The tree assembly may also include a first closure member positioned
within the central bore in the tubing hanger, and a second closure member
positioned above the tubing hanger for isolating the BOP bore from the
crossover port in the spool body. The second closure member may thus be
positioned between the first closure member and the BOP bore for isolating the

20 first closure member from the BOP bore.

A significant advantage of the present invention is that components which




and cl osure nenbers. 10 A rel ated advantage of the production assepblpyi g5
that fewer valves may be required conpared to prior art production

assenbl i ewo @apmesal |y outboard of the tree body. These apgshsidisy
objects, features, and advantages of the present invention will becone

apparent fromthe follow ng detail ed description, wherein 15 reference is
made to the figures in the acconpanying drawi ngs. Brief Description of the
Drawi ngs Figures Al -A7 depict one enbodiment of a horizontal spool tree

assenbly i [0 L Lion th |.ff erent, phases of
oper ati on. @%‘@id&@s Bgﬁé@b@d‘?f??ﬁggy gevl\f?g’@%n@;eﬁ{%’g"'%& wer k@eﬁgﬁ"%tﬁ’ﬁfﬁl
spool tree ssenbly,i | fferent phases of ogperation. 2 2 NOV 2005 WD
02/ 097008 %%Q@B@/%%B’Stﬂf%&rﬁ@m&ﬂﬁ: ogenitse Rasly of thei sppdl itesupatsnas of a
hori zontal spoof tree assenbly in different phases of operation. WO
02/ 097008 PODEBORATIEH 98 fluig-flade swhichtis dackig fdresrbedintants] wiebeiditheippoll her e
are disclosed bel ow three enbodi ments of the inproved horizontal tree
assenbly ceogliHelLEEs iZNaRFER SABARING WHrkohbSpbRVIANhE AWbinifAG th S BH0Lor O
5 passageway in the spool body, a first barrier for workover fluid is the body of the
tubing hanger itself, while the second barrier is the spool body. As a further
advantage of the invention, the tree assembly may be used with conventional
equipment commonly related to wellhead assemblies, including safety valves
and closure members.
10 A related advantage of the production assembly is that fewer valves may
be required compared to prior art production assemblies, especially outboard of
the tree body.
These and further objects, features, and advantages of the present

invention will become apparent from the following detailed description, wherein

15 reference is made to the figures in the accompanying drawings.

Brief Description of the Drawings

Figures A1-A7 depict one embodiment of a horizontal spool tree assembly
in various positions and flow paths for different phases of operation.
20 Figures B1-B7 disclose a second embodiment of a horizontal spool tree

assembly in different phases of operation.




is showmn in the different stage of operation, as wll be describspg ﬁg@ 2005
i ncludes a spool body 12. The val ves and ot her cl osure nenbers

control | iwe delowiodsfl ow are schematically indicated by anpgriishiigiosd
square, with the X indicating the valve is closed and a circle within the
square indicating that the valve is open. The fluid flowin the various
flow paths will depend on the function heing performed, e.g., production
fluid, test fluid, flushing fluid, gas |ift, etc. 10 As shown in Figure 1,
a wel | head housigjgurks, C%D@WdeéIoéé’Oé)'thiPd)fo*gQ@dm%HP‘b? éhﬁn‘ﬁ?ﬁfahes Bl Qi N,

and the bl owout preventer stack 16 ove the connected

with their whi ch preferably are axially

al i gned. Tﬁ%§§§¥ﬁ%t]@ﬁﬁgﬁﬁiﬁééﬁﬁ%ﬁQB% IOBOnventlonaIIy | ocated on the
subsurface | evel of a subsea well and may be connected to the 15 upper end
of a casing string (not shown) extending into the subsurface. The upper
end of the BOP stack 16, on the other hand, is conventionally connected to
a riser pipe (not shown) which extends upwardly to the surface. In
alternate enbodinents, the tree could be used in a | and-based application,
and in some applications the casing may be omtted. 20 In the draw ngs,
the horizontal tree is shown follow ng the running and | anding of casing
wi thin the well head housing, with the tubing hanger 20 | anded 2 2 NOV 2005
WO 02/ 097008 PCT/ US02/ 16498 _g_ and supported in a bore 13 of the spoo
body 12 for suspending a production tubing string 22, which conventionally
may extend through a casi ng hanger and




into the well. In each of the three enbodi nents, the tubing hang@gZngsgggg

rel easably 5 supported within and sealed to the bore of the spool body 12,
and has awgapjihmas bore 28 therethrough whose | ower endpiguishh/fsiss d
conmuni cation with the production tubing string 22. The upper end of the
bore 28 opens to the bore 13 of the spoqgl body 12 above the hanger 20
(assum ng the running tool is reaned)"Band thus with a space within the
bor e beneat , en the 10 cap is in place. As shown, there is
paral l el vd2esaption sl tho Bigiorred Brabadigietitee  hanger 20 to one side of its
central bore 28, and a wor kover valve 32 is installed therein. The
passageways and Tiere et vilssqhossd belosy tfree anmbodimeats efthieyingeoved hairikbetaent
functions, depending on the phase. Seven different phases of operation are

thus depi ctipsh b9serhibIg doRERBctelitin HHRRMI AR With TI*IT%nvérﬂfoneXEHBJl Sssdhgly B A3,

B3, and C3 each show the tree and its associated parts in p05|t|on to

a

ext ansi ons e ErBARdE SMtanEKaER o b iih ol SxeBRibad B WElpesZ e

crossover conduit 84, as shown in the figures with an |nverted U shape,
forns a r &POSUbRdY 18w phe Walissrand ptheralosure members &rrtcanitelling fhid Hios

passageway 27 in the left |ateral extension or production block 26, which
I's in conmarecsthieoratioliy indieatbdrisy sanX withional sqaties, alitip ahé SX 3ddicating thd he
tubing 2 2 NOV 2005 WD 021097008 PCT/ | US02/ 16498 - 10
valve is closed and a circle within the square indicating that the valve is open.
The fluid flow in the various flow paths will depend on the function being
performed, e.g., production fluid, test fluid, flushing fluid, gas lift, etc.

10 As shown in Figure 1, a wellhead housing 14, spool or spool body 12
above the weilhead housing, and the blowout preventer (BOP) stack 16 above
the spool 14 are connected with fheir respective bores 15, 13, 17, which
preferably are axially aligned. The wellhead housing 14 may be conventionaily
located on the subsurface level of a subsea well and may be connected to the

15 upper end of a casing string (not shown) extending into the subsurface. The
upper end of the BOP stack 16, on the other hand, is conventionally connected
to a riser pipe (not shown) which extends upwardly to the surface. In alternate
embodiments, the tree could be used in a land-based application, and in some
applications the casing may be omitted.

20 In the drawings, the horizontal tree is shown following the running and

landing of casing within the wellhead housing, with the tubing hanger 20 landed




hanger 20 and spool tree body 12, respectively. The outer end of %]Izeﬁgv 2005
passageway 27 of the block 26 is shown in fluid communication with"t

upper engoof2bfes production flow [ine 86. In all three eppofisi®ituss the
production valve 38 is provided, preferably within the | ateral passageway

in the spool body 5 12, or in a separate, bl ock such as block 26, for
controlling flow fromthe passageway 3% °to the production |ine 86, and

preferably is positioned ypstream fromthe crossover ling 84. A second

P duct i orand SEPPHR A 5 50 15 & thes posiKadida 1or Sumee ifiad o pras oBPBCk
26. A crossover valve 42 is provided at the end of the crossover line 84
for fluid tbimusirag 23nwhichhcartventieisallygesasiyextand throbgh Eocasiog hapgeandd

bet ween the production val ves 38 and 40. As previously noted, the workover

valve 32 igtd fisd@klled in the bore 30 in the tubing hanger 20. Val ves 72
and 76 w |l be discussed bel ow. A subsurface safety valve (SSSV) 44 is

Vaive 44 1 5 nor MFPSNCRE Kfite SnpRdfepts Pl SSgherbel AT dolbataf oy o

y open, onse 1O one O

predeterm ned conditions. Figures A5 B5, and C5 depjct.a production string
sl i di ng®s| @&RReTied withimpnd gealediarthe hore ﬁé%ﬁp?@%&{y i?eraﬁq heha veifiedt i on
of gas into the production fluid during gas |ift production flow, usually
bel ow t he I838V.28Edcdrettiroupt whoee lewkodémkris sinndlyicb ecosrehicatiorarditutheodes
of 20 operation, including the flow test Figure 1, the flush running

71T RG Ga Ml Ml a, ool D05 T RIORLR BORERBERgHSto o Brsis our

of the spool body 12 above the hanger 20 (assuming the running tool is

removed), and thus with a space within the bore beneath the tree cap when the

10 cap isin place. As shown, there is a parallel vertical passageway 30 through the

hanger 20 to one side of its central bore 28, and a workover valve 32 is installed

therein. The passageways and the valve positions of the tree assembly serve
different functions, depending on the phase.

Seven different phases of operation are thus depicied for the three

15 embodiments, Thus, for example, Figures A3, B3, and C3 each show the tree

and its associated parts in position fo flush flow lines 82, 84, 86 extending from

the left and right-hand lateral extensions or blocks 24 and 26 on opposite sides

of the spoo! body 12. The crossover conduit 84, as shown in the figures with an

inverted U shape, forms a crossover flow path connecting at its lower left end

20 with a passageway 27 in the left lateral extension or production block 26, which

is in communication with the first and second lateral ports 34, 36 in the tubing




PCT/ US02/ 16498 -11- Figure 5, the production crossover flow Fi gurzte%GPéwdzﬂgﬁ
the workover flow Figure 7 nodes. The val ves and passageways in e ee

assenbl y werd@mpinogli f ferent  functions, depending in sone gpasgsiPHiasshe
enbodi nent, and the valves are controlled to performtheir respective
functions, as discussed bel ow. Each 5 enphodinent includes a lateral port in
t he tubi ng hanger in conmuni cation with'“the production port and the

| ateral poyt in e spool b bore.in the spool od n rtically
ext endi ng 65?@%?5 ga sé@@ﬁgayqenaﬁ%& gﬁoorleSBB S t tﬁ‘? %\%ﬁarvgngngfﬁée

tubi ng hanger for controlling flowin either direction along the workover
passagewaypafsagensiyaE cirtbe tiloek 284p tsbewnoindliid senvaupication ¥l thadIppey
illustrated in the figures. Figure 3 of each enbodi nent depicts a first

cl osure neghgrof4feapRiactibe fickeniheass.bdnealPthret émbotithénts, trengesduztionand
also illustrates a tree cap 50 with a second closure nenber 48 within a

vertical b I - T %gg ;ng
hanger wi rg{“i%ﬁes%p'%nﬁ&@%?’ ?’%@@? V@%@menen@?vﬁsco ybeﬁqﬂﬂel?rt?ot de%rl b’?é%e of
val ve or closure within the central bore in t ubi n hanger. . Simjarly,
the tre8 cipg 50 ifad %%p@'ﬂ@/imﬁg‘vﬁqqh‘ a3 Plgels 48p BQ%EQI@%?IQW ﬁ@%éb?,
including seats for sealing engagement with wireline plugs. Figure 1

i 11 ustrat epassegevway 36 do phegsodectimdinesdt agndwerafeeably Fepositenasappsigaam
renoved fromw thin the bore of the spool 12, and a tubing hanger running
20 tool 52fpasind AReshovertilife 8ad K sacbHdprodustian Ngplatsn caheedatisoaisyi t h

the tubing hanger 12 during a flow test or other function. Figure 2 shows
the tree asseml¥in the production block 26. A crossover vaive 42 is provided at the end
of the crossover line 84 for fluid communication with the passageway 27 in the
10 block 26 and between the production valves 38 and 40. As previously noted, the
workover valve 32 is instalied in the bore 30 in the tubing hanger 20. Valves 72
and 76 will be discussed below.
A subsurface safety valve (8SSV) 44 is shown conventionally instailed in
the tubing string 22 beneath the hanger. Valve 44 is normally open, but may be
15 closed in response to one or more predetermined conditions. Figures A5, BS,
and C5 depict a production string sliding sleeve 47 installed as part of the fubing
to permit the injection of gas into the production fluid during gas lift production
flow, usually below the SSSV.
Each of the three embodiments may be used in various modes of

20 operation, including the flow test Figure 1, the flush running string Figure 2, the

flush flow lines Figure 3, the production flow Figure 4, the gas lift production flow




2 2 NOV 2005 WO 02/097008 PCT/ US02/ 16498 -12 during flushing ofg?ebm%&ggﬁ
running string, and also illustrates conceptually the rans 54

stack 16 wipapsoheapout the running tool 52 above the. connpgwugﬁmfﬁggs a
choke and kill control |line 56. Various choke and kill lines may be

provided to a subsea tree. The BOP body 16 may thus be provided with one
or nore side 5 ports 60 for fluid conmuni tati on between a respectlve l'ine

56 and the |nter|or of the spool body 12 above the tubing hanger.
wor kover stgWg, stﬁ@mraeu%trqmgpﬁgom P FIgYrE\6 anééhwqrggmerfmeEdﬁwacL ng
wor kover operations, as discussed below. The first closure nmenber 46 as

shown i n Fingodes.3 Trey vhlwes rsichplhesageways in 1i6e \exet assdmblyr peddrnt tifférebt ng
hanger, while the lateral port 34 in the tubing hanger beneath the closure

46 is in f'th%d?ﬁosu eﬁarn fh Wbk EhSed %trﬁfr?é eﬁﬂ;rddu%@nt naﬁmhe%%ls bagy

12. The secon mentber 48 is renovably and sealingly installeéed in a

bore in the t nd,i s seale the tree ¢ tq f.0 al.ed
chanber w RNHONRS B,BeiroRs thefoteepretys duhBlots’ otk St thdolls JoRER s
48 may be installed and retrieved by mnrellne The spool body 12

convent ifon&ngodimest indudrses lateralnmnt u8 thetubing Rangsn in caremuysicatior vth y
t hrough the spool body 12, and typically is slanted so that the entry to

port 70 istleétﬂueﬂuamwpomariﬁetmvlatt@ml tpapt rgtteaspes!, badyd a bosddmwihdespoel t he
t ubi ng hanger (technically bel ow the sea] between the tubing hanger and the

20 spoo' Dby, bRd dGerfc@R e teRERRANERMVEr pAESaFEILIN fHe SpHl %dpaﬂ/ﬁﬁra' n

t he
valve in the tubing hanger for controlling flow in either direction along the

workover passageway. The valves are thus adapted to be opened or closed, as
10 illustrated in the figures.
Figure 3 of each embodiment depicts a first closure member 46 along the
central bore 28 of the tubing hanger 20, and also illustrates a tree cap 50 with a
second closure member 48 within a vertical bore in the tree cap. The first
closure member may be a tubing hanger wireline plug, but in other embodiments
15 could be another type of valve or closure within the central bore in the tubing
hanger. Similarly, the tree cap 50 may be provided with various types of closure
members, including seats for sealing engagement with wireline plugs.
Figure 1 illustrates each of the plugs 46 and 48, as well as the tree cap
50, removed from within the bore of the spool 12, and a tubing hanger running
20 tool 52 positioned at the end of a running string for cooperation with the tubing

hanger 12 during a flow test or other function. Figure 2 shows the tree assembly




enbodi ment. Annulus valve 72 is preferably provided within the tLgoiznﬂ?V 2005
hanger 2 2 NOV 2005 WD 02/ 097008 PCT/ US02/ 16498 -9 3 body, and controls

fl ow bet wa@nztobmoannul us surroundi ng the production tubi ngcraiseinidend t he
passageways 74 in the annulus block 24. The annulus block 24 shown in the
A enbodi nent includes an upper port for {: uid communication with crossover
line 84, and a | ower port for fluid comirii cation with annulus line 82. 5

Anot her annul us jisql.ati val ve 76 i s preferabl rovided.,in the block 24
borween + naiadii®G o fhesfingfne Sad A pE6 WisteeS tongrmtuguthe rapeat : on
of flow test as shown in Figure Al, the valve 44 is open and all the other
val ves depidftthe BPR stads4a clasediatnut the ruming ol fRyatnwe therdooestibri favm t he
runni ng string which carried the tubing hanger running tool 10 52 in

posi tion anghokBeart Ritlusint@ lihg H6N 9/ aidusnéhdkd add Rillfllin@Y ey bedRgviabHas 4 hus
allows fluid to flow through the central bore of the tree, and conventi onal

tests may nﬁj%;'gt r ] i val i

cl osed. Ref%(rsrS :é%g 0] Eﬂg‘;%%e@%}% d&htélgﬁ)ar?ggﬁ%nﬁé pyr}gdgg&’ 'ﬁ gﬂgdﬁ f%‘?% Isﬁjseni ng
the running string.  Si,nce the valve 44 is closed and the production val ve
38 is op%n,p%r%séfP i HidapnaBURisR %%ﬁM¢%ﬁtrﬁﬁm§ﬁtwﬁtl’r@p§ﬁ)F‘”@éh%ﬂﬂeﬁ@épﬁst
cl osed val ve 40. The crossover valve 42 is open, as is annulus valve 72,
whi | e annultbe speol hotlyri 2vatiove the4ubisgdlanged. ARvaikedbvet stringg saedhpag at taking
crossover flow path thus is in conmmunication with the annul us between the

ﬂ 3?302 ng:u %@g?gﬁnf@;ﬁq@gﬁgﬁa HeRrdondliBmey WASHYPEKBpEFatibabY 8s SRisbGsRREN.
below.

The first closure member 46 as shown in Figure 3 may be installed in the

10 vertical bore of the tubing hanger, while the lateral port 34 in the tubing hanger
beneath the closure 46 is in fluid communication with the lateral port 36 in the |
spool body 12. The second closure member 48 is removably and sealingly
installed in a bore in the tree cap 50, and is sealed to the tree cap to form a
sealed chamber within the spool 12 below the tree cap. Both the plugs 46 and

15 48 may be installed and retrieved by wireline,

The spool body 12 conventionally also includes an annulus port 70 which
extends laterally through the spool body 12, and typically is slanted so that the
entry to port 70 is either above or below the tubing hanger, and is shown below
the tubing hanger (technically below the seal between the tubing hanger and the

20 spool bedy) in the A and C embodiments, and above the tubing hanger in the B

embodiment. Annulus valve 72 is preferably provided within the tubing hanger




20 the tubing hanger and the annul us surroundi ng the production qy?iﬂgv 2005
string to above the tubing hanger is permtted, thereby all ow ng

conmuni cafyigaR/obmoeg he 2 2 NOV 2005 WO 02/ 097008 PCT/ US0211649%se2kfkaoschoke
and kill line 56. Fluid comunication between the central bore in the tree,
the interior of the running string and one or nore choke and kill lines
pernits flushing the running string, 1n1dn alternate procedure, the
running tool may be lifted off the tubing hanger when flushing the running
string, thdiashy aadosantrds flow betwaan Biagantyles varreengding the moguetionaBibinghe
tree cap and first and second closure nenbers are positioned as previously

di scussed, siragaht thel pessageeaysobeth thecaptulliobicukn2d.uShe seudts dlockada e
76, the crossover valve 42 and isolation valve 40. Accordingly, fluid flow

is permtt%%%rpm@}mbh&é'B@aaﬁ%nmﬁahd% %n@pi\éggzﬁfo@lrlawaéﬂwgﬁd%ﬁﬁgﬁmuﬁo

t hrough the crossover valve t hrou t l'at i on val ve

t hrough the r oduct i lin 6. Fiqure A4 depicts. the conponents . .durjng
convent i ondroBIBH nP R arEha 16seT BTG AR Gr caiie MRS Bre B2 and
installation of the tree cap 50, i.e., production flow fromthe tubing
string thr dvipthenannlus igalationr valye THels1prefesiyc tirovided! ire tiss klack tak

I sol ati on val ve 40, and out the production line 86. The renaining val ves
or plugs arngtwkes tle workwwar liheads and imvanniias tine®2. assenbl y arranged for

production flowwith the first closure nenber 46, the tree \
During the operation of flow test as shown in Figure A1, the valve 44 is
open and all the other valves depicted are closed, so that a flow test may be
conducted from the running string which carried the tubing hanger running fool
10 52 in position and the production tubing string 22. The flow test operation thus
allows fluid to flow through the central bore of the tree, and conventional tests
may be conducted to ensure that each of the depicted valves is closed. |
Referring to Figure A2, the components are positioned for flushing the
running string. Since the valve 44 is closed and the production valve 38 is open,
15 fluid may be forced horizontally out spool 12 and against closed valve 40. The
crossover valve 42 is open, as is annulus valve 72, while annulus isolation valve
74 is closed. Fluid flowing along the crossover flow path thus is in
communication with the annulus between the production tubing and the
wellhead. Since the workover valve 32 is open, fluid communication from below

20 the tubing hanger and the annulus surrounding the production tubing string to

above the tubing hanger is permitted, thereby allowing communication to the




cap 50, and the second cl osure nmenber 48 di scussed above in placq.gtﬁgyngmg
crossover production, as shown in Figure A6, production is through the 20
subsurface val ve 44 and the production valve 38, but the isolation valve 40
is closedvamduemes cr ossover valve 42 and val ve 76 are op@rdso2/T&es annul us
2 2 NOV 2005 WO 02/097008 PCT/ U802/ 16498 -15- isolation valve 76 remains
open so that production can be obtaineq1hbrough the annulus |line 82.
During gas |ift production flow as shown in Figure A5, the valves remain

as in the &@‘éﬁ&kﬁl%%%. @ﬁﬁﬁ%rﬁmch%ﬁbbﬁgete%“tﬂlé'déﬁtr}éﬁaeéﬁ iﬁffhe d the

annul us isolation valve are now open, so t gas can rom(lTThe 5

82 past the ) es j the annul us surroundi th duction,
Cublng, 1 nirel i oy, iR Tind B P3a RS Pl 5E Wil bpBRtR 47
to obtain gas |lift production flow Figure A7 depicts the position of the
val ves duri méhingvia svating giing: i [9ran aligmete pegeaseie.rtbgurpaingHecgaydie a
choke and kill line. In a workover operation, 10 the running tool 52 may
be | owered liftadoofidbet fubingohanganowien fiuslngathe woningnsidayi threrelsy esbiiig shed
bet ween the tubi ng hanger, past the open valve 44, and the formation, and

al so bet peefow Bieroligh id Veive 3Rast the valve 32 and to the choke and kill
line. Reverse fluid flow may al so be practiced. The other valves renmain

closed during thg PRIKOVE, tRBAFE 3B arkP fifdiCaP SBBhARbsLRé ieRBBRILAPNT s

shown in figure designations
positioned as previously discussed, and all valves are closed except for annulus

isolation valve 76, the crossover valve 42 and isolation valve 40. Accordingly,

fluid flow is permitted along the line 82, past the valve 76, along the line 84,

10 through the crossover valve 42, through the isolation valve 40, then through the
production line 86.

Figure A4 depicts the components during conventional production flow

following removal of the running tool 52 and instaliation of the tree cap 50, i.e.,

production flow from the tubing string through the valve 44, through the

15 production valve 38 and the isolation valve 40, and out the production line 86.

The remaining valves or plugs are closed. Figure 4 also shows the free

assembly arranged for production flow with the first closure member 48, the tree

cap 50, and the second closure member 48 discussed above in place. During

crossover production, as shown in Figure A8, production is through the

20 subsurface valve 44 and the production valve 38, but the isolation valve 40 is

closed and the crossover valve 42 and valve 76 are opened. The annuius




Care simlar to the enbodi ment shown with the A designation, and 2 NOV @05
accordingly only the difference will be discussed below. In the Figure
enbodi ment, the annulus port 70 is provided above rather than bel ow the

t ubi ng harg@22U008 n this arrangenent, the bore in the B@RA/stoaadsss thus
al ways in comunication 20 with the annulus port 70, and valves 72 and 76
control flow, as discussed above. Al the valves including the subsurface
safety valve 44 thus remain closed during 2 2 NOV 2005 WO 02/ 097008

PCT/ US02/ 16480 Gaive T6 M8 lopeSscolhitBrddhchbd ¢ tBlonhell Hifoh e

running string, the valves are "positio as shown i1 n gure

the sanme pogjt i . ig . cept, now the rkover, val ve i,s closed
and the ann’?ﬁri}gl?%)gﬁéeé:ilztt?@m@ggﬁ?qmFP'S’ldHC %#BWi %gtﬁ S Kt \%@é’ﬁeﬁﬁe tE‘F'roke
and kill Iim? 56 and the interior ?f the 5 tree above the safety valve

al lows 1 usHilYRP BIMRIRES iintienty* Sopiigation exsrptdaribeth tBatrstlientalve Ke
annulus port 70 is thus positioned above the tubing hanger, but the

posi ti on of anchthevammdus ispdatiossvalee Thars anw epen, Ise that gas cat ddivifeoth linken
flushing flow lines as shown in Figure B3, and during normal production

flow as 5shgvpashtifesguvslvés anBuhtd thegasniii tsupboddieli e proguetidrhaibiad,ves 72
and 76 as 10 shown in Figures B5 are open, but for this enbodi nent the

wor kover vahkpidsberdln iRt EFdElB@tién‘l"ﬁlbﬁ’p@r‘%igg\g RRble b9 818K, HALIR! than

bel ow the tubing hanger. ™ During crossover ron flow for tHe second
enbodi ment daa%\@%ad\p- Figure B6, the valves are positioned as for the
first enbodient. ring workover as

Figure A7 depicts the position of the valves during a workover operation,
which may not require the use of a choke and kill line. In a workover operation,

10 the running tool 52 may be lowered into position on a workstring, and
communication is established between the tubing hanger, past the open valve
44, and the formation, and aiso between the formation, past the valve 32 and to
the choke and kill line. Reverse fluid flow may alsc be practiced. The other
valves remain closed during the workover operation.

15 The second and third embodiment as shown in figure designations B and
C are similar fo the embodiment shown with the A designation, and accordingly
only the difference will be discussed below. In the Figure B embodiment, the
annulus port 70 is provided above rather than below the tubing hanger 20. in
this arrangement, the bore in the BOP stack is thus always in communication

20 with the annulus port 70, and valves 72 and 76 control flow, as discussed above.

All the valves including the subsurface safety valve 44 thus remain closed during




shown in Figure B7, the running line is in fluid conmunication w QNB? 2005
tubing 15 string and thus the formation, and the annul us surroundi ng the

tubing string is in fluid communication with the choke and kill |ine 56,
since the WOIREIBB i s open. Conparing the first enbodi neraT/U2ttbu08 t hi r d
enbodi nment, the third enbodi nent includes a choke and kill line 56 in

continuous conmuni cation with the crossqver Iine 84, which adds a third
| ateral port 71 in the spool body. Durin 20 flow test as shown in Figure

Cl, the val POSi.t. i : SB4'E T3S et : | t

fl ushi ng thé%&t\j\ﬁﬁlél‘sﬁ’ggglts H"ﬁ@ﬂﬁ@ﬁ&m [ F\I%F?%%r@feé&%{nﬁg& gﬂg,ﬂﬁ%\ya%%lgg%
021097008 PCT/.UUSO02/ 16498 -17- rkover yalve 32 is closed. Since th

wor Kover  poPESTGNG! 38: S i FABUTRaE s Wity SR gtamS 1R i A (IS wer RRg may
be flushed with both the workover valve 32 and the annulus valve 72

cl osed. To exegth nowetlte warkaveeyalye Thiswplosed png dhe agpulustvalve, A2 Ve opand

pl ugs are positioned as with the first enbodinent, but in this case 5 the

wor kover vaFiéd 83minsurigetionametwieen theheholte raridukell Vine Va6 d2d dhd intbdomaohtieus
i solation valve 76 are open. Figures C4 and C5 illustrate conventional

productign gBd agelthé tsafét@%ﬁrb!é?l&wfsoﬂuéhmgoﬁ Rt dnRMBeAHRENIn thd E8cdrie

val ves positioned the sane as in the A enbodi nent. ring production

TN e b T R e G e L
g O K b odfion DT Vatious Vives & 2" blmb"Ss YRS KRN EmBBanRnt i the
safety valv 24RO
flushing flow lines as shown in Figure B3, and during normal production flow as
shown in Figure B4. During gas lift production flow, the valves 72 and 76 as
10 shown in Figures B5 are open, but for this embodiment the workover valve 32 is
also open since the annulus port is above rather than below the tubing hanger.
During crossover production flow for the second embodiment as shown in Figure
B8, the valves are positioned as for the first embodiment. During workover as
shown in Figure B7, the running line is in fluid communication with the tubing
15 string and thus the formation, and the annulus surrounding the tubing string is in
fluid communication with the choke and kill line 86, since the valve 32 is open.
Comparing the first embodiment to the third embodiment, the third
embodiment includes a choke and kill line 56 in continuous communication with
the crossover line 84, which adds a third lateral port 71 in the spool body. During

20 flow test as shown in Figure C1, the valves are positioned the same as the first

embodiment. When flushing the running string as shown in Figure C2, the




open, and the other valves are closed. The val ve 32 which controlzszfggyv 2‘0@5
the fluid in the workover passageway through the tubing hanger is
preferably provided physically within the body of the 15 tubing hanger,
but in al twonati?w® enbodi nents coul d be provided on top afcusobedsosv t he

t ubi ng hanger. The valve preferably is a ball valve which is capabl e of
seal ing pressure either above or bel ow_the workover passageway, and a
preferable ball valve as disclosed in U'S. Application No. 10/071,650 filed

on Febfuaworgqovéro@awg@z T@%ao%@gggép%gbmgi %%véﬁ gggsn%' _@raeenat%\&uggef

Bl -B7 has a sadvantagé over I'rst and thir odinments int

during a gas,|ift 2 2 NOV 2005 02/.097008, PCT/,LJSO 498 - 18- r.af i on,
the val ve %Ebl@ hangers P ryaaing syifiggay ?Pﬁgﬁ‘ﬁﬁemh&%&{)i@e l‘y%dfoﬁ'%f I"%&g ﬁw ough
the valve 32 may not be desired, since fluid floww Il inherently ar the
seal i ng conywhtheranmsiug Malve2aoses. sho fiupla the oW dingsissahews in dgﬁ‘rﬁ\sgﬁ- gas
lift operation provides only one barrier above the tubing hanger, that is
t he barri erthd vahasi atetiplogs tane positienacas plithghe dirstleenbodimentaput inihis oase
barriers are preferred for nost' applications. The C enbodi nent has a

di sadvang aggcansikol8evaive FIORMIERNAND Botthéie BAtlIug ViapleeT2kndrthelamupes t and
a lateral crossover port are provided in the spool body, which then

o e oo oo RISt BT, 65 flemtaCcbner o2
production 'Fg)r%%ct\l’\c@ri %rz]adi Serllse rliﬁn[gljo%ugﬁokne?ort m:fs ttﬁfg e?nbodiment, with the valves
positioned the same as in the A embodiment. During production crossover flow
as shown in Figure C6, the workover valfve 32 is opened, and both the annulus
10 valve 72 and the annulus isolation valve 76 are open. During workover as
shown in Figure C7, both the workover valve 32 and the safety valve 44 are
open, and the other valves are closed.
The valve 32 which controls flow of the fluid in the workover passageway
through the tubing hanger is preferably provided physically within the body of the
15 tubing hanger, but in alternative embodiments could be provided on top of or
below the tubing hanger. The valve preferably is a ball valve which is capable of
sealing pressure either above or below the workover passageway, and a
preferable ball valve as disclosed in U.S. Application No. 10/071,650 filed on
February 8, 2002.

20 The second embodiment as disclosed in Figures B1-B7 has a

disadvantage over the first and third embodiments in that, during a gas lift




horizontal tree, and has the annulus port, and two barriers are 2 2 NOV 2005
continuously provided for containing fluid within the tree. In ea

enbodi menwosthzmeroog he fi gures, the production val ve was p@@ThB@ﬂﬁﬂmMﬂthln

t he spool body. Less desirably, the production valve could be 15
positioned exterior of the spool body while still controlling flow al ong
the lateral port 36. Many applications 81 include the use of a safety

val ve as discussed along the production tubing string, but the position
and type ofoparatignydhar@ivei32 isnppen ot gaes ftavéng dheowgh tife valvei nbksd flow
Wreline plugs are suitable first and second closure nenbers as di scussed

above for seaughdhéhaikos? nihy hbNbé Rs#Ed tsmaé]gu:aaﬂmwuame?é}ﬂlyb@é@r Here

cap, respectively, although other types of closure menbers wil

TN S T R

axis is essentiall h sarre as the BOP bore, Q@ bore in the tubing
hanger is SRBE %g"éi‘ff s @RiY,ong barres qtf%’ecf@ﬁtmglngb e thatds dhe barmigidy .

I n ot her enbodi nents, the upper end of the bore in the spool body may nove
of f t he 5ceprovtiedibystheowirelowpplugt inotheStree thpaasd mivbardriiesoars preferded for

t hroughport in a running tool, which would allow the dianmeter of the

wor kover  pagsgapplicdtidnshe THBI 0o dB&Amen® hes | AcarRaaeshtadbeovéeife A
“axially extending" or "extending axially" meant with respéct to a bore

that a Coﬁﬂfdrbg@?.eﬁf it Bt BUtR PtSrdt SRR b&t ah8 4 Mefd WrEMovbY Bk &3 )

axis of the

provided in the spool body, which then requires the use of additional valves to

obtain the desired two barriers. The A embodiment has only two lateral ports

10 through the spool tree: the production port which inherently makes the tree a

| horizontal tree, and has the annulus port, and fwo barriers are continuously
provided for containing fluid within the tree.

In each embodiment shown the figures, the production valve was

positioned within the spool body. Less desirably, the production valve could be

15 positioned exterior of the spool body while still controliing flow along the lateral

port 36. Many applications will include the use of a safety valve as discussed

along the production tubing string, but the position and type of a valve are not

important to the concept of the invention. Wireline plugs are suitable first and

second closure members as discussed above for sealing the bore within the

20 tubing hanger and the bore tree cap, respeclively, although other types of

closure members will be apparent to those skilled in the art.




al t hough the bore axis may be inclined fromthe vertical. 10 Theggrﬁggi 1105
di scl osure and description of the inventionis illustrative and

expl anat oww ©@fepef erred enbodi ments. It woul d be appreci abegishyidspse
skilled in the art that various changes in the size, shape of materials,
as well in the details of the illustrated construction or conbination of
features discussed herein maybe made w.thout departing fromthe spirit of
the invention, which is defined 15 by the following clainms. -20 2 2 NOV

2005 b F 10 NOV|2QQ%cWatd binpekifhemdiiesspdol Hhdyodreanbare SRiBlS cestially

assenbly for supporting a production tubing string within a well, the tree

assenbly adgpted for e Wkh a rkoyer ri foh. f hul I, Cadk |

wih the ir 0¥ seqengrynoar e b0SHE bosohheclibind Mo BIBERAR"
defining a spool body central bore for receiving therein a  tubing hanger
and a spool chadal withdoe cepirabberedndiapragh oy n’?’j‘ ¢thee emodimerts H't%‘éo ool

body central bore to a production valve positioned within the spool body;

the tubi ng badgsrihedaredn tive sheoksipomy maydyoaa dfftiepcenird axis o gooperajionhe
10 production tubing therefrom the tubing hanger having a tubing hanger

bore in fl ujgc ' i ' irQRnihE oA iEh Gifawt 1 ng
hanger Sr o%gt??ﬁdg%@gsg%%ggpg%hﬁgﬁﬁggrrg’ﬁrl}@gﬁ)g%vfwgh?ﬁjﬁmi\g}h\gnger

bore for fl Lcﬂacrln‘eter of the workover passageway in the tubing hanger to be increased. The

-terrrsl "axially extending” or "extending axially” meanpf‘—,/ with respect to a bore, that
a component of the bore axis is parallel to the central (vertical) axis of the tree,
although the bore axis may be inclined from the vertical,

10 The foregoing disclosure and description of the invention is illustrative and
explanatory of preferred embodiments. It would be appreciated by those skilled
in the art that various changes in the size, shape of materials, as well in the
details of the illustrated construction or combination of features discussed herein

maybe made without departing from the spirit of the invention, which is defined

15 by the following claims.




communi cation with the |ateral production passageway |n the spool lzoﬁm{ 2085
anrul us port extending laterally through the spool ,fl n fI 5
conmmuni cation with an annul us about the production t tf ¥'ng; / s
annul us valve for controlling fluid fl gg.through the ann 31

wor kover fl ow path spaced fromthe tubi ng hanger b ‘MM%G 6%‘%%003
axial ly twaHek ¢lgntyld.ng hanger fromthe spool body central bore bel ow

the tubi-ng hanger tTo The spool body central bore above the t ubi ng hanger,
g g p y g 9

t hereby 20 provi din t r str an

t he annul us s\t?rrou%%hg’&%ﬁgpgﬂoﬁa@%éos%%{'ﬁﬁ)f %]-%Ltprp ﬁ { b?“ 21 2

NOV 2005 tﬁ W ver val \{:&égam ti oped al g the wor kover fI ow
path for s ol M3 Wil & FeB s Emtvie Blapen e Hee it erv@rgawesmns ®fbi ng
hanger an% Hte annul us, bel ow t he tubi ng hanger. 5 2. A tree assenbly as
defined i eoRMUnigationeth Bentses apsrMbY. ﬂteotgeeaesembbvmmnesmst endi ng
froma crossover port in fluid comunication wth the annulus port to the
productsi on val vespesidbedycdefisioger spablbofiprcentrat boté forgrddeiving fthemsirmlzong
the crossover flow line. 10 3. (Cancelled) 4. A tree assenbly as defined in

Caiml, fubibhpéangenpnds sguolbosigimbiiustiinypagetieWay@dendingJatchallydir@gauct i on
t ubi ng Stl’l ng bel ow t he
the spool body central bere to a production valve positioned within the spool
body;
the tubing hanger sealed to the spool body and adapted for supporting the
10 production tubing therefrom, the tubing hanger having a tubing hanger bore in
fluid communication with the production tubing string and a tubing hanger
production passageway extending laterally from the tubing hanger bare for fluid
communication with the lateral production passageway in the spool body;
an annulus port extending laterally through the spool body and in fluid
I5 communication with an annulus about the production tubing string:
an annulus valve for cantrolling fluid flow through the annulus port;
a workover flow path spaced from the tubing hanger bore and extending
axially through the tubing hanger from the spool body central pore below the
tubing hanger to the spool body central bore above the tubing hanger, thereby

20 providing fluid communication between the workover string and the annulus

surrounding the production tubing string; and



tubi ng hanger. 15 5, A tree assenbly as defined in Claim1, furth%rz NOY 2005
.conprising: a first closure nenber positioned w thin.} bore j R heégi ng
hanger. 6. A tree assenbly as defined in Caimb5, “daadr ils@rﬁé, i a
second cl osure nenber positioned abovez{-he tubing hanger and the first
closure menber for isolating a bore between the W fohd: 128K e
menbers, 79 2 Ni¢kaP@Evave TRR1tioNAS, albhy the AvéModdiOflow path foF eenastiaghl y as

defined in Aaim1l, further conprising: a first closure nenber within the
central 8 i % S0 He8r e BRsiibsoned
above the lt|§rﬂsdt~|w,c g"sv%%'g tﬁr%n%i‘re{%?goéer%@reee a{s@é@oﬁ gs g@ I ned ﬁn Caiml,
wherei n the sppol. body central bore and the tubing hanger bore each have a
substanti%{?q?vqﬁgéw?@gwg?}‘ 9. Atree assenbly as defined in Claim1,
wherein the tree assenbly is subsea, and the one or nore control |ines
extend froma BOP to the surface, 10 and the workover string extends from
the tree assenbly to the surface. 10. A horizontal spool tree assenbly as
definedl in O a2.m 1,Aueerzssembly @swefirgddn Claim b fUetheb ROFEISEIS e to st op
fluid flowin either direction along the ) '

a crossover flow line extending from a crossover port in fluid

communication with the annulus port to the production valve; and

a crossover valve for controlling fluid flow along the crossover flow line.
10 3. (Cancelied)

4, A tree assembly as defined in Claim 1, further comprising:
a safety valve positioned along the production tubing string below the

tubing hanger.

15
5, A tree assembly as defined in Claim 1, further comprising:
a first closure member positioned within the bore in the tubing hanger.
6. A tree assembly as defined in Claim 5, further comprising:
20 a second ciosure member positioned above the tubing hanger and the first

closure member for isolating a bore between the first and second closure

members,

2t "'%3—)‘
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wor kover flow path in the tubing hanger. 15 11, A horizontal gag g,g &
assenbly as defined in Claim1l, wherein the annul us port is b \/\;\I P

bet ween t he tubing hanger and the spool body. 12. ms(ﬂ I/ imoj,‘% &e
assenbly as defined in Caim1ll, wherebp.a 20 cro

| aterally through the tool body’ above the seal bet \’L& ﬁﬁ.@@diﬂg&
and the spool body. A’Atreggs%%rﬁ ,9{93%1164@1 MiNg:13. A
y“as detl ne

hori zontal spool tree asse In Caim1l, wherei n t he annul us

or zom b ue o3 ek bR RE AP i DR R Bord B Gp RRndi na 14 A

hori zont al spo0l or supporting a produ

string within a well e tree ssenb t ed fo wth a mnrkover
string for fl Gl%?ceﬁ%?iﬂﬁué%m%ﬂ Pq‘?'{'%’ée‘f? v E?eﬂFﬁFV%SFWemFFé%EFassenm y
conprising; a spool body defining a spool body central bore for receiving
therein a tubing hanger and a spool body production passageway extendi ng
laterally from the spool body central bore to a production valve; 10 the
t ubi ngShanger Bei ngAstrabeassemblficas gefinet doyClairm E\dﬂbﬁw ftbe spaghgmdyi ng

t he production tubing therefrom the tubing hanger having a tubing hanger
bore in ftenithldoreanidantitobingiHamgehbore eastc have atsulistemtially icogxiahaxis. t ubi ng

9. A tree assembly as defined in Claim 1, wherein the tree assembly
is subsea, and the one or more control lines extend from a BOP to the surface,

10 and the workover string extends from the trae assembly to the surface.

10. A horizontal spool tree assembly as defined in Claim 1, wherein
the workover valve is controllable to stop fiuid flow in either direction along the
workover flow path in the tubing hanger.

15
i1. A horizontal spool tree assembly as defined in Claim 1, wherein

the annulus port is below a seal between the tubing hanger and the spool body.

12. A horizontal spacl tree assembly as defined in Claim 11, wherein a
20 crossover port extends laterally through the tool body above the seal between

the tubing hanger and the spool body.



hanger production passageway extending |laterally fromthe tubing 38216‘@\! 2005
.bore for fluid communication with the lateral pr is@: (RS ign t he
' zr@-%b r
ot

spool body, 15 the spool body central bore and thé&" Xes

bei ng substantially aligned; an annul-@8- port ext ( ‘at'}_a- gh

t he spool body and in fluid conmunication with an nar us anut t he

production tubhﬁg StA iHMGizoRMAI 3pBI HEe eiseeblp asC@efiried I Miaifd Y| dHereiw
t hrough the annul us port; 20 a workover flow path spaced fromthe tubing

ho”Spool TiesA) Bk PERIe BBoye el Bofificd fiotubirichel it e Bosrpad. ) O

t he spool ore ow I ng Manger to t | body
central bore above the tubing hanger, AVD WET 2 2 NOV 2005 -24- }V;, 2TR
t hereby providing fluid communi cati on between the central bore above the

tubi ng hanger and the annul us surroundi ng.the prodyction tubi.ng, string;
and a wor kover 14al ve BBB?Q'TtBh%%PC;I“@ﬁg"‘SLSﬁEﬂ%%F%ﬁQPOHI"&/\? B&?cﬁ‘qt'Bﬁ tShing
controlling fluid flow both fromthe central bore above the tubing hanger
to t heSansitingswittén sewell tiecree pssgmblyrRiaPtes dor yeMthe WoRkOVeS sENDIRT he
tubi ng hanger to the central bore above the tubing hanger. 15. A tree
assenbl y fhsiddmimmedicatioGvaihnthi4ree asscmibly cibegréesasgemblycogayiging: 1l ow | ine
extending froma crossover port in fluid 10 communication with the annul us
port to the pradipdd %W%Mﬁin?@spo@rm@ouentraiabum farr receivingtheram &l ui d

flow al ong the crossover flow line.
tubing hanger and a spoal body production passageway extending laterally from
the spool body central bore to a production valve;

10 the tubing hanger being sealed to the spool body and adapted for
supporting the production tubing therei;rom, the tubing hanger having a tubing
hanger bore in fluid communication with the production tubing string and a tubing
hanger production passageway extending laterally from the tubing hanger bore
for fluid communication with the lateral production passageway in the spool body,

15 the spool body central bore and the tubing hanger bore axes being substantially
aligneci;

an annulus port extending laterally through the spool body and in fluid
communication with an annulus about the production tubing strinq;
an annulus valve for controlling fluid flow through the annulus port;
20 a workover flow path spaced from the tubing hanger bore and extending

axially entirely within the tubing hanger from the spool body central bore below

the tubing hanger to the spool body central bore above the tublng hanger,

AMENDED SHEET



16. (Cancelled), 15 17. Atree assenbly as defined in Caim 14, é] i\kﬂgr 15
.conprising: a safety valve positioned al ong the, production tub| g %
bel ow t he tubing hanger. 18. A tree assenbly as defined in C aim 14,

further conprising: 20 a first closuregenber pddPHfEd WI {h'i t‘,,ﬁ, ore in
' i 2

the tubing hanger. 19. A tree assenbly as defi nefhgip g’w;

conpri si n%eé%yi’eﬁ@’%d cBHmlér%é tion beﬁﬁ%ﬂzl;] .;_Q.‘ al bor tdb'l'n

second cl osur positione ove anger and the first closure

first o oiapﬁeheﬁﬁyﬁ‘g Eﬂﬁﬁ'@é e Relrethe Bapeidf thind dhhACERdnGEr “and & 7

second cl osure ne tione v first cl first
cl osure nmenber & WPT kVﬁgpaSIﬁB!F%C?aﬁO &’E’Bﬂgrkcﬁ’frc}f&“‘f Pé&eﬁs@fﬁ{@
defined in Caim 14, wherel n the tree assenbly 10 is subsea, and the one
or more caHid Gow b TeRt diei oenkal BomRbowe tthe whingbangen fr) the @niiugoy er
string extends fromthe tree assenbly to the surface. 22. A horizontal
spool tir ebelwe ¢nditybiag hkefgenetnd frodl tHaranauluaheslewnthet bingrhanger foothe i s
bel ow a seal between the tubing hanger and the spool body.

central bore above the tubing hanger.

15. A free assembly as defined in Claim 14, further comprising:
a crossover flow line extending from a crossover port in fluid
10  communication with the annulus port to the production valve; and

a crossover valve for controlling fluid flow along the crossover flow line.
16. (Cancelled),

15 17.  Atree assembly as defined in Claim 14, further comprising:
a safety valve positioned along the, production tubing string below the

tubing hanger.

18. A tree assembly as defined in Claim 14, further comprising:

20 a first closure member positioned within the bore in the tubing hanger.

18. A tree assembly as defined in Claim 18, further comprising:

oM
e



is 23, A horizontal spool tree assenbly as defined in Caim1l1l, mk%rglmma 2005
crossover port extends laterally through the tool body above the s&a
bet ween the tubing hanger and the spool body. 2 - .‘Zip | ol
tree assenbly as defined in Claim 14, wherein tm’m{g}; é(r)?&# %@ve a
seal between the tubing hanger and the spool bodywlﬁ '_?TLLGZNIW 2005 P
/Ls" 2/1644 -26- ” ; '

G-selcndy céosetljrgpnwr bt gositichet RE6R: e ngdt AN thedst

assenbly for supportin ction tubing string wthima we e tree

assenbl y ed for use with a workover string for fluid comunication
with the ?ﬁ%@g%&?g&?@, the tree assenbly conprising: 5 a spool body

defining a spool body central bore for receiving therein a tubing hanger
and a spool body production passageway extending laterally from the spool
body central bore to a production valve; the tubing hanger being sealed to
t he spool body28nd ANkseasseably aagptined HyClaid 1. ddiber MpUsiNgg t her ef rom
t he tubi ng hanger having a tubing 10 hanger bore in fluid comunication

wi th the produatfirsirclosurengesiber withimteacentrial bgreniartye tubingdwhgesanphs sageway
extending laterally fromthe tubing hanger bore for fluid communication

with the |ateralseuoadusitsns meshegpositionad tdboveptael firsbdpsureamemniven the port
extending laterally through the spool body and in fluid

first closure member for isolating a bore in the BOP.

21.  Atree assembly as defined in Claim 14, wherein the tree assembly
10 is subsea, and the one or more control lines extend from a BOP fo the surface,

and the workover string extends from the free assembly to the surface.

22. A horizontal spoal tree assembly as defined in Claim 14, wherein

the annulus port is below a seal between the tubing hanger and the spool body.

15
23. A horizontal spool tree assembly as defined in Claim 11, wherein a
crossover port extends laterally through the tool body above the seal between
the tubing hanger and the spool body.
20 24, A horizontal spool tree assembly as defined in Claim 14, wherein

the annulus port is above a seal between the tubing hanger and the spool body.

AT A



communi cation with an annul us about the production tubing string; 25 &gy 2085

.annulus valve for controlling fluid flow through puliUs /opra ;
S
oty ore

wor kover flow path spaced fromthe tubing hanger bdf .’t"{]'{
axially entirely within the tubing han.gg[ from t hel{28b
bel ow the tubing hanger to the spool body central bore above the tubing

hanger . her ebyepr oVAdsdd UheisHELINCRI | Pe DRESERRY By CElpSGHingOL"

above the tubing 20 hanger an S surroun e production

tubi ng string; .and a. workover. val ve posit, r.4&d Qw path
for cont r BiGdUsyBRAMEING TN iR = Beledlc 8 BeefblaliRetio uewin B hg
hanger and the annu] us bel ow the tubing hanger. r! Y 27 ~~ 6'4 4 W 2905
1~f [ Jw7~Workover ogtring tf'l%ef'”éévs‘éc?fﬁwnéc@t'g@f Wi the, e ﬁ?%{‘&ﬂ’ur@'ﬁeﬁ%
conprising: a crossover flowline extending froma crossover port in fluid
communi cadssemilyigerapésiaginul us port to the production valve; and 5 a
crossover valve for controlling fluid flow along the crossover flow |ine.
27. A tree assanipool ddyedéfivddgian sfbali hodp centrat here fwnecesing therefri ast

cl osure nenber within the central bore in the tubing hanger; and a second

oo S, R0 00Kk Vock oty e opten g o
the spool body central bore to a production valve,;

the tubing hanger being sealed to the spool body and adapted for
supporting the production tubing therefrom, the tubing hanger having a tubing

10 hanger bare in fluid communication with the production tubing string and a tubing
hanger production passageway extending laterally from the tubing hanger bore
for fluid communication with the lateral production passageway in the spool body:;

an annulus port extending laterally through the spool body and in fiuid
communication with an annulus about the production tubing string;

15 an annulus valve for cantrolling fluid flow through the annulus port;

a workover flow path spaced from the tubing hanger bore and extending
axially entirely within the tubing hanger from the spool body central bore below
the tubing hanger ta the spool body central bore above the‘tublng hanger,
thereby providing fluid communication between the central bore above the tubing

20 hanger and the annulus surrounding the production tubing string; and

a workover valve positioned along the workover flow path for contralling

fluid flow both between the central bore above the tubing hanger and the annulus

below the tubing hanger.



the annulus port is below a seal between the tubing hanggr and,the Y o7005
.body. 29. A horizontal spool tree assenbly as deflwn%? aﬂm( %w

a 15 crossover port extends laterally through the t0o dy above m.feal
between the tubing hanger and the spog7-body. 30. A nt%l

assenbly as defined in Claim13, wherein the annul} ove a seal
bet ween the tubing hanger and t he spool body. 20 31. A met hod of supporting
a production tubing "string within a well from a tree assenbly adapted for

dae Wb 8 orkayer g1kt WLASTOTTOLGRAS il Sohifisbgee, ssertl .
o Pl B R Bl e TR

| aterally fromthe spo body centr al uction val ve positi oned
within tﬁ@“‘s!BBB'PE’B%Wthéh§é’£'I”Pﬁ{j' R%tCth 8H§'1‘F8'é)’gl?’ ML spool body and

adapt ed for supporting the fproduct I on tub| ng t heref rom t he tubi ng hanger
havi ng %a t ubi n@ ¢rargevern@ive for gontraliag duithilew alangifegroaseves flombiniget i on
tubing string and a tubing hanger production passageway extendi ng
| aterally fromthe tubing hanger bore for fluid communication with the
| at eral production passageway in the spool body;
27, A tree assembly as defined in Claim 25, further comprising:
a first closure member within the central bore in the tubing hanger; and
a second closure member positicned above the first closure member,
10
28, A horizontal spool tree assembly as defined In Claim 25, wherein

the annulus port is below a seal between the tubing hanger and the spool body.

29, A horizontal spool tree assembly as defined in Claim 11, wherein a
15 crossover port extends laterally through the tool body above the seal between

the tubing hanger and the spool body.

30. A horizontal spool tree assembly as defined in Claim 13, wherein
the annulus port is above a seal between the tubing hanger and the spool body.
20
31. A method of supporting a production tubing string within a well from
a tree assembly adapted for use with a workover string for fluid communication

with the tree assembly, the method comprising:
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10 ]E)lrovijdi ng an annul us poLt extend: ng Igteral Ihy thrgugh the spo@l 7 Bd@hy 2@651
.in fluid comunication with an annul us about the productio

provi ding an annulus valve for controlling fluid L%L{Jifg%laﬁﬂ
port; form ng a workover flow path spapgd from t he. gﬁﬂg@%@ 7and
15 extending axially through the tubing hanger fro ent ral
bore bel ow thep&%ﬁﬁbﬁ& hél% 85l body ARGk sBBQVb@@Wcéﬁirapﬁél% R Feeiling

t ubi ng hanger ere ov dlng comuni cati on between the workover

string ang t [ t
posi tioni ﬁ&’gﬁv@a@wﬁl?@ﬁ %E'E hggqi d[Hryogver c?ﬁgwb%pagﬁ%gr con?'rﬁgl l'ing
20 fluid flow b et ween t e above .t he hanger, .and t he
annul us q"@w’ E u%ﬁﬁ@f’lht%\‘i‘fg’efzen QEE%OAB tanBr(‘i’ngt'%f’fit’fchqsﬂtc@ trf':“i'
further conpri sing: 2 NOV 2005 -29- ;40 2/16498 N Z003 a crossover flow
line ext el spedi Ib@ﬁ‘Va er port in fluid comunication with the annul us port
to the production valve; and a crossover valve for controlling fluid flow
al ong $he crossealing thmwuimmélangér 83 the Gpnokbody pndadaptadifabduapodiedi ned
in Claim31l, further conprising: positioning a safety valve along the
product i omet plyidugticn tuiag aE@irdmethe tubing hanger having a tubing hanger bore
in fluid communication with the production tubing string and a tubing hanger
production passageway extending laterally from the tubing hanger bore for fluid
communication with the lateral production passageway in the spool body;
10 providing an annulfus port extending laterally through the spool body and
in fluid communication with an annulus about the production tubing string;
providing an annulus valve for controlling fluid flow through the annulus
port;
forming a workover flow path spaced from the tubing hanger bore and
15 extending axially through the tubing hanger from the spool body central bore
below the tubing hanger to the spool body central bore above the tubing hanger,
theteby providing fluid communication between the workover siring and the
annulus surrounding the production tubing string; and

positioning a workover valve along the workover flow' path for controlling

20 fluid flow both between the central bore above the tubing hanger and the annulus

below the tubing hanget.

32. A method as defined in Claim 31, further comprising:

i s 3



tubi ng hanger, to 35. A nethod as defined in Caim31, further qggr' r}ﬂ
.positioning a first closure nenber within the bore in the tubing r‘@l 05

38. A nethod as defined in Claim35, further co | Si.00m o D iséeﬁ &

cl osure nenber positioned above the tubgng hangWéfA @ ure
menber. 37. A nethod as defined in Claim31l, whereln the ur @5,32@’@@ i s
subsea, and th : Obxtbhm: ndy : Tﬁﬁﬁ;ﬁ inefgar f ace,
and 20 the m?k%gsr&{s\cteﬁﬂgmggpgldéx%romat ﬁ?’tﬁree assenbly ?o trlle surface.
38, A net . i ' [ ' . ort is positioned
bel ow a sear iyl Fita ik AT SRy R BB SR 55 10" o v
2003 39. A nethod as defined in L m 38, Wwherein Crossove ft  extends
| ateral |y throB§PIINef %lp/eggrd @Bﬂlﬂg &‘Hg @&?!Oﬂetﬁ%&wfﬁ%ef B‘B‘m’&ehanger
and the spool body. 5 40. A nethod as defined in Claim31l, wherein the
annul us port is positioned above a sea! between the tubing hanger and the

spool body. 41. A nethod as defined in Caim31l, further conprising: 10
cl osi nf the pr38u@ammelled)ve, the annulus val ve, the workover valve, and a

34. A methad as defined in Claim 31, further comprising:
positioning a safety valve along the production tubing string below the

tubing hanger,

10
35. A method as defined in Claim 31, further comprising:
positioning a first closure member within the bore in the tubing hanger.
36. A method as defined in Claim 35, further comprising:
15 a second closure member pasitioned above the tubing hanger and the first

closure member.

37. A method as defined in Claim 31, wherein the tres assembly is
subsea, and the one or more contro! lines extend from a BOP tot he surfacs, and

20 the workover string extends from the tree assembly to the surface.

38, A method as defined in Claim 31, whersin the annuius port is

positioned below a seal between the tubing hanger and the spool body.



safety valve along the production tubing string to flow test th@@rﬁev 2605
~assenbly. 42. A nethod as defined in Caim31, further corri lg;hq Si ng

t he production valve, the annulus val ve, and themu

flush flow lines 43. A nethod as defingg.in C ai rther corrpr|3| ng:
openi ng the annulus valve and the production valve {AE_&’(NA% Qﬂﬂ ugh
the annulus port for gas lift production flow, ver val ve

bei ng cl osed. 20 44. A nethod as defi ned in d ai m31 further conprising: a
crossover flow,Li ne gx di fr m.a4cf° loddO LT Luj %@ ation
wi th the annul 3? por'tE ftn%t %d«;g%"rc?% ﬁ\ﬁ%ﬁ3§ yhﬁ@nzéogl%sﬁﬁ? 6 u
AIVIEIET 31 2 NOV ‘M 5,498 ISl Vacr spyer | ve for
controlli ﬁljteﬂdﬁi'ﬁteﬁ‘l&ﬂ?‘é‘Plﬂﬂgr’gﬁ/@OLP%@%ﬂgﬁYe equ glweal ﬁﬁﬁ’é"?%égﬁgﬁul us
val ve, opening the crossover valve, and opening the production vdrvwe for
productloﬁndrtb%§99@'rb¢d>bw S 45. A nethod as defined in Oaim31, further

conprising: fluidly connecting the interior of a running string with the
bore i ¥ the tubing

40. A method as defined in Claim 31, whergin the annulus port is

positioned above a seal between the tubing hanger and the spool body.

41, A method as defined in Claim 31, further comprising:
10 closing the production valve, the annulus valve, the workover valve, and a

safety valve along the production tubing string to flow test the tree assembly.

42. A method as defined in Claim 31, further comprising:
closing the production valve, the annulus valve, and the workover valve to

15  flush flow lines.

43, A method as defined in Claim 31, further comprising:
opening the annulus valve and the production valve to inject gas through
the annulus port for gas lift production flow, with the workover valve being closed.
20
44, A method as defined in Claim 31, further comprising:
a crossover flow line extending from a crossover port in fluid

communication with the annulus port to the production valve;
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hanger, closing the annulus val ve and the production val ve, and opan a3
.wor kover valve for a workover operation. 10 46_ A hw

assenbly for supporting a production tubing string a mell the tree
assenbly adapted for use with a workougf.string for mrxy Eﬂe

with the tree assenbly, the tree assenbly conprising: dd(f ‘def’i ni ng
a spool body camkéovBPLEVEdbr é@fﬂﬁdamgmmewalang thé eRid2vERflsRlinand @

spool body pro uct1 on passageway exteénding |ater from 15 the spool

body central e J}ﬁ[@ t t he
spool body andaég étotgg ?@rﬂﬁg%%%g@t %ﬁbxlﬁ]ﬁ ﬁ.'gp?%gg%\{go dgel[nr?s 6 e ftﬁgm t he
t ubi ng hange han borg in fluid communication with the
product i oﬂ’%ﬁ[‘j’ﬁp‘ﬂ@v P?fﬂbp@r@%go‘t‘ G%?%%&Vﬁ%ﬁ%r production passageway
extending laterally fromthe tubing hanger bore for fluid 20 communication
with the lateral production passageway in the spool body; an annulus port
extending laterally through the spool body and in fluid comunication with
an annfil us abod#®. t hé\ prethdt a5 definedimGlaimr3 hdurther comprisisdival ve for
controlling fluid flow through the annulus port; AMENDED SHE 2 2 NOV 2005

Pc/ US uz/iu4d -fddlylébriNedtioghe mtmrlqﬁ\mruﬁdimg/vstuiagmiﬁ'pﬁmehbﬁeriorthe tebingbi ng
hanger bore and extending axially through the tubing hanger fromthe spool

body centgahgdioichdied eMe tduidsibane dangies dredidtors paiok, Badyos®iing ahebor e
above the tubing hanger, thereby

workover valve for a workover aperation.

10 46. A horizontal spool tree assembly for supporting a production tubing
string within a well, the tree assembly adapted for use with a workaver string for
fluid communication with the tree assembly, the trlee assembly comprising:

a spoo! bady defining a spoo! body central bore for receiving therein a
tubing hanger and a spool body production passageway extending laterally from

15 the spool body central bore to a production valve;

the tubing hanger sealed to the spool body and adapted for supporting the
production tubing therefrom, the tubing hanger having a tubing hanger bore in
fluid communication with the production tubing string and a_ tubing hanger
production passageway extending laterally from the tubing hanger bore for fluid

20 communication with the lateral production passageway in the spool body;

an annulus port extending laterally through the spool body and in fluid
communication with an annulus about the production fubing string;

an annulus valve for controlling fluid flow through the annuius port;

AMENDED SHEET



providing fluid conmuni cati on between the workover strirng .and th &rgmb!ﬁl{s &5
,Surroundi ng the production tubing string: a workover mﬂsﬁt anéd4atyong
t he workover flow path for controlling fluid flow between the cent r‘?!,.}(ﬁﬁe

above the tubing hanger and the annul ugz.bel ow t he th@ﬂ,
cl osure nenber positioned wthin the bore in the tubi anger; and 10 a

second cl osur e NRARGTVePAUBDIW qu?‘negpe?c.fé‘EJVﬁohhﬁ\efﬂgbg{goﬁﬁlﬁ’%él’nlgor@%(exféﬁdinqree

i solating a bore between the first and secon S nbers. 47. A
assenbl y Ldefin I Clal. r r4.GO, L SL.0g; 0SSV l'i ne
ext endi ng%?(‘;@i ‘E‘"@?%“s@B%é@'ﬁ@ﬁ?aﬁi‘??fffﬂﬁéh%%%m ?:%tltl? ln&\?'w%t ﬁélpweméénnul us
port to the ,praqductign valve, and a crossover, val ye r. controlljing fluid
fl ow al on&’eti'ﬁgcf'@"@@ggﬂ?épe fAPORf gPa%.C%g’?Fﬁ%er 8lovR "Q&Wf'n%ﬁg?w Claim
46, wherein the production valve is positioned within the spool body. 20
49. A trebreMdiagbflyidasomaiynieatiam befween 48 workoNer st ransd the annglyset y
val ve positioned along the production tubing string below the tubing
hanger 5 s@8candi®y tResodidiondobb@. stng:r ee assenbly as defined in C ai m 46,
wherein the spool body
a workover valve positioned along the workover flow path for controlling
fluid flow between the central bore above the tubing hanger and the annulus
below the fubing hanger;
a first closure member positioned within the bore in the tubing hanger; and
10 a second closure member positioned above the first closure member for

isolating a bore between the first and second closure members.

47. A tree assembly as defined in Claim 48, further comprising:
a crossover flow line extending from a crossover port in fluid
15 communication with the annulus port to the production valve; and

a crossover valve for controlting fiuid flow along the crossover flow line.

48. A ftree assembly as defined in Claim 46, wherein the production
valve is positioned within the spool body.

20

49. A tree assembly as defined in Claim 46, further comprising:

a salety valve positioned along the production tubing string below the

tubing hanger.
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central bore and the tubing hanger bore each have a substantially coaxi al
.axi's. 5 51. Atree assenbly as defined in Caim46, wherein the @ éeli0Y 2005
assenbly is subsea, and the one or nore control ’s Pd f_ggg]a BQP to
the surface, and the workover string esg.ends fromEHé=ree~ass fy td the
surface. 52. A horizontal spool tree assenbly as defi ned in Claimi4

wherein 10 the workover valve i's controllable t gmgeﬁ/\fz i t her
direction along the Workover flow path in the t nge

port 15 bel ow 3%scal RuiEs gﬁé*ﬁﬁfégﬁf{eﬁégﬂ =hg%@f§r1{§ %ervsvﬂ‘bé Babgod s,

hori zont al tree sse as d erein prossover
por t et oreatrACeeiETg e Ebhghaiest ioer Sash aiea, SlnsiantaliicopXidlaxk. °; he

t ubi ng hanger and the spool body. 20 55. A hor| zontal spool tree asserrbly
as defined in Claim46, wherein the annulus port is above a seal between

t he tubi ng hanger and the spool body, 4 2 NOV 2U X16498 11 -34- WW 1~n~
i~ ~f 15~ 1 e56. 'Atiesrasaembly aspipdinedrir €laigsdtwheredn thef tree@ssemdlyai m
46, wherein the workover flow path extends axially entirely within the
spool bodys subsea, and the one or more control lines extend from a BOP to the surface,

and the workover string extends from the tree assembly to the surface.
52. A horizontal spool tree assembly as defined in Claim 46, wherein
10 the workover valve is controllable to stop fluid flow in either direction along the

workover flow path in the tubing hanger.

53. A horizontal spool tree assembly as definred in Claim 46, wherein

the annulus port is below a seal between the tubing hanger and the spool body.

15
54. A horizontal spool tree assembly as defined in Claim 53, wherein a
crossover port extends laterally through the tool body above the seal between
the tubing hanger and the spool body.
20 55. A horizontal spool tree assembly as defined in Claim 46, wherein

the annulus port is above a seal between the tubing hanger and the spool body,



.a tree assenbly adapted for use with a workover str ll.qg
comuni cation with the tree assenbly, the tree assenbly corrprl SI ng:
positioning a spool body defining a sp@dt body centrgal.be f Mﬁﬁwmg
therein a tubing hanger and a spool body producti on §asSEgE ‘el di ng

lateral 'y frongghe sqo%hzm@ysﬁ@alttrréé 2R85Mbly0ad derfindd dh lmﬁlrwaﬂs\/evhelrﬁln
seal ing the tubing hanger to the spool body 'and adapted for supportlng t he

producti o Hddﬁl ng hanger bore
in fluid @gﬂ%ﬁ#&ggk hSwﬁ:szt e‘hrﬂ‘i atﬂ%’ﬁ’ct | igﬁ?gﬁg}aﬁgﬂsg@?ﬂg d a tubing
hanger production passageway extending laterally fromthe tubing hanger
bore for fluid conmunication with the |ateral production passagevvay in the
spool body; 15 rovi di ng an anpnul us port extending l.aterall hr ough .t he
spool body and®/in A dm m@énﬂﬂﬁi‘e&?mgﬂ FiPrpdy 'Oé‘nﬁr{n‘u% S&‘B‘&M Ve 3 W88uct i on
tubing string: roviding an annulus valve for controlling fluid flow

t hrough tflemarmuires pesemblyoradantpth f@br Wem ewith] gwvyikavasnsting yfog twidn t he
t ubi ng- hanger spaced from 20 the tubing hanger bore and extending axially
t hr ough t temuriicatidnawigle the reenaishembpyy the tredyassembiyatomprigingzl ow t he t ubi ng
hanger to the spool body central bore above the tubing hanger, thereby
provi di ng fl ui gosifommyi £8pboNbéey vefiming e spuol lodie cestral ngreafiod reteiviagnul us
surroundi ng the production tubing string; and -35 a z NOV 2005

therein a fubing hanger and a spool body production passageway extending

57, A nethod of supporting a production tubing stri ii ﬁfi hin_ a |2 N@f fZWﬂﬂ

laterally from the spool body central bore to a production valve;

10 sealing the tubing hanger to the spool body and adapted for supporting
the production tubing therefrom, the tubing hanger having a tubing hanger bore
in fluid communication with the production tubing string and a tubing hanger
production passageway extending laterally from the tubing hanger bore for fluid
communication with the lateral production passageway in the spool body;

15 providing an annulus port extending laterally through the spool body and
in fluid communication with an annulus about the production tubing string;

providing an annulus valve for controlling fluid flow through the annulus
port;
forming a workover flow path entirely within the tubing hanger spaced from

20 the tubing hanger bore and extending axially through the tubing hanger from the
spool body central bore below the tubing hanger to the spool body central bore
above the tubing hanger, thereby providing fluid communication between the

workover string and the annulus surrounding the production tubing string; and

huft.‘i(ji{} i’k&*}



09116 498 A/ g6 1013GV 208 positioning a workover valve along th

.wor Kover' flow path for controlling fluid flow both between the c@n?r%@%’bﬁﬂ&
above the tubing hanger and the annulus bel ow the t LUlkss h ANos ]g SR.

met hod as defined in Caimb57, furtherggonprising, ¢ Do\er 4 | %%S
extending froma crossover port in fluid comuni c t'_h tN@'\ﬁ S
port o the PrggugbhiAg & orfovel Vaive §r09§sm\éew@k,é %F‘%htrﬁﬂmb' ui d

fl ow along the crosso fTow line. 9. A nethod as d ined in Cla|m57
wherein t 1.0 1.Q

met hod as '@gﬁ{oﬁgﬁgkn %:vg Pn\{g% C%Pﬁ Isl#r? %%%é?%ﬂnbm%nggfghﬁlgggéngg ety

val ve al on% thﬁ% grgdu l on tubing string below the 15 tubing hanger. 61. A
met hod asPtdew thedu 3519#?(57 wherein the tree assenbly is subsea, and the
one or more control lines extend froma BOP tot he surface, and the

wor kover string extends fromthe Lree assenbly to the surface. 20 62. A

nmet hod as defined in Caim57, wherein the annulus port is positioned bel ow
a seal 5bet ween58he Wmahlg)maagieflna%d’l Craimsphdurthernigomprigiog: ~q? / 16N4

a crossover flow line exiending from a crossover port in fluid
communication with the annulus port to the production valve; and

a crossover valve for controlling fiuid flow along the crossover flow line.

10 59. A method as defined in Claim 57, wherein the production valve is

- positioned within the spool body.

60. A method as defined in Claim 57, further comprising:
positioning a safety valve along the production tubing string below the

15 tubing hanger.

61. A method as defined in Claim 57, wherein the tree assembly is
subsea, and the one or more control lines extend from a BOP tot he surface, and
the workover string extends from the lree assembly to the surface.

20

62. A method as defined in Claim 57, wherein the annuius port is

positioned below a seal between the tubing hanger and the spool body.

I ¥ 3k SHERT



98 -36- 10 NOV 110V 63. A nethod as defined in Caim 62, V\,her |@ MOY 2[1[]5
.crossover port extends laterally through the tooI Q%’ﬂz%
between the tubing hanger and the spool body. 5 6 hod as in

Claim57, wherein the annulus port is.ggsitioned am‘@? Nﬂ\@eé

t ubi ng hanger and the spool body. 65. A nethod as a| m 57,
wherein the \ADBBOVGfAan%o@ata@ Hefifed | ihe CYail @l ”thFéuﬁpQOéro%&Yer pOrt66. A

met hod as defined in Claim57, further conprising: closing the production

b oduct | O EIRE S WS’ Kok SEBHSE e ! Fl orng  n

defined in Q(,JQ"?I m 57 rt her conprising: closing the product i on val ve, the
annul us VvaTt eﬁﬂ%"*t ¥nor kover valve to flush flow lines. 68, A method as
defined in daimb57, further conprising: 20 opening the annulus val ve and
the production valve to inject gas through the annulus port for gas lift
production flow, with the workover valve bei ng closed. 69. A nethod as
definel in O abén 57 A froethhdras eiefinediingClaim 57 Nohezeiosthecarnalgapod7s NO
1033

positioned above a seal between the tubing hanger and the spool body.

65. A method as defined in Claim 57, wherein the workover flow path
is entirely within the spool body.
10
66. A method as defined in Claim 57, further comprising:
closing the production valve, the annulus valve, the workover valve, and a

safety valve along the production tubing string to flow test the tree assembly.

15 67. A method as defined in Claim 57, further comprising:
élosing the production valve, the annulus valve, and the workover valve to

flush flow lines.
68, A method as defined in Claim 57, further comprising:

20 opening the annulus valve and the production valve to inject gas through

the annulus port for gas lift production flow, with the workover valve being closed.

69, A method as defined in Claim 57, further comprising:



a crossover flow |ine extending froma crossover port in fluid g2 HOY 2003

.comuni cation with the annulus port to the productigR xal we. cr.ossqver
valve for controlling fluid flow al ong the crosso {4 or,"' ZnZl Erilogég

¥ LY h "‘|'15 )

LA glﬂba@td‘em in

t he ‘annul us val ve, opening the crossoveyy.val ve, ang
production valve for production crossover flow. 708 : _

G aim 57, furtherceoapvdSimay [ihe!l Sxderkpefrbiidat teodsthF | PbrtOfinafilknni ng
string with the bore In the tubing hanger, closing the annulus val ve and

t he produgh A ' ve for a workover
operati onSbbﬁﬂu%%ntg@hS@xﬂggg%gﬁpﬁ%dﬂ}ﬁtod%% #‘n‘ng&Yﬁ\r’%{'ﬁ%r conpri si ng:

provi di ng the workover flow path entirely wthin the tubin anger..fromthe
central bore bé& %&P‘E%\éeft"a&er@f ﬁﬁ'ﬂﬁ%li""g @“h@é’%é’ﬂ%ﬁh%b%?%sc&%@gwgﬁﬁft ubi ng
hanger. 15 72. A nethod of supporting a production tubing stri ré%vm hin a
wel | from a tcksingfeBnjuligamiv qReNIng heacrassgvab ¥R APeRPS 818 1 ui d
communi cation wth the tree assenbly, the method conprising: positioning a
spool Bodprebidtiohriplve Epeoddustion @essaver flgvke for receiving 20 therein a

t ubi ng hanger and a spool body production passageway extending laterally

fromthe spool body central bore to a production valve; sealing the tubing
hanger to the spool body and adapted for supporting the production tubing

therefrom theypubi pomaeigarss BaihediraClaii ST faRgetorhprisings ME' 2 2 NOV 2BOY

fluidly connecting the interior of a running string with the bore in the tubing
hanger, closing the annulus valve and the production valve, and opening the

10 workover valve for a workover operation.

71. A method as defined in Claim 57, further comprising:
providing the workover flow path entirely within the tubing hanger from the
central bore below the tubing hanger to the bentral bore above the tubing hanger.
15 |
72. A method of supporting a production tubing string within a well from
a tree assembly adapted for use with a workover string for fiuid communication
with the tree assembly, the method comprising:
posltioning a spool body defining a spool body central bore for receiving
20 therein a tubing hanger and a spool body production passageway extending
laterally from the spool body central bore to a production valve;
sealing the tubing hanger to the spool body and adapted for suppotting

the production tubing therefrom, the tubing hanger having a tubing hanger bore

AMEM}ED m



1 38- 16 - 8- 10 NU 2003 in fluid comunication with the producg i20 @tjumg&g
- .strinhg and a tubing hanger production passageway e g t aé

the tubing hanger bore for fluid conmunication w mmaf r/a;ﬂ r&(ﬁﬁl on
passageway in the spool body; providinggn annul erally
t hrough the spool body and 5 in fluid comunica mapeﬂg\h%@about
the pr Odeih'Mdtéﬂ?hﬁﬂmﬁartlbﬁgwﬁh Qﬁ@%r@ﬂﬂ%cﬂ{‘ taiRy! stﬁny %ﬁ@ af Qfbis® Hanglek | N9
fluid flow through the annulus port; formng a workover flow path entirely

et PRI i S AT b e
h to th bod b bi h th b
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ranger and (e aMUNSSUTOSng LhS BroleLLon LR SRy

15 fluid flow both between the cent ral bore above the tubing hanger and the
annul us® e flid eeremuigatignhwitiyen annglus/aebaut el PErduglion deing stmgii m 72,
further conprising; a crossover flow |line extending froma crossover port
in fluid 20 cqrovdingadnannuiushvalve faneohtreilipgrituid dlovhéhrpughidbei amukad ve;
and a crossover valve for controlling fluid flow along the crossover flow
line. 74. pyrirethod as defined in Claim72, further conprising:

forming a workover flow path entirely spaced from the tubing hanger bore

and extending axially entirely within the tubing hanger from the spool body

10 central bore below the tubing hanger to the spool body central bore above the

tubing hanger, thereby providing fiuid communication between the central bore

above the tubing hanger and the annulus surrounding the production tubing
string: and

positioning a workover valve along the warkover flow path for controiling

15 fluid flow both between the central bore abave the tubing hanger and the annulus

below the tubing hanger.
73. A method as defined in Claim 72, further comprising:
a crossover flow line extending from a crossover port In fluid
20 communication with the annulus port to the production valve; and

a crossover valve for controlling fluid flow along the crossover flow line.

74. A method as defined in Claim 72, further comprising:

AT R s



2 ZJNW 2005 498 -39 10 NOV Mon positioning a safety valve al ong 2 N8Y 2005
-production tubing string below the tubing hanger. : ef hod as | fded
in Claim72, wherein the tree assenbly is 5 subsﬂrm 'on%&oge?pae
control lines extend froma BOP tot he3surface, apd.atdag V\g“(m\j ‘gﬁ@rng
extends fromthe tree assenbly to the surface. 76¥%FEMoOU “as defined in
Gl aim 72, wher ppsitibhiggaarsdiety wsIvé dlér%g;(!ﬁétpr@ﬂﬁéhdiﬁ&%?ﬁﬁ Hgewaas the
t ubi ng hanger and the spool body. 10 . A nethod as defined in Claim?72,
wherein tg iﬁHHH%@T port is positioned above a seal between the tubing
hanger and t spbol body. 78. A nethod as defined in Caim72, further
conprising: |15 closing the production valve, the annulus valve, the

wor kover valve, and a safety valve along the production tubing string to

flow test the ee assenbly. 79. A nethod as.,defined jn Claim72, further
conprising: cl 6% ng™t et Eﬁc‘?“?fgﬁd\/%ﬂ gi?’"'t %@ Aieienstheafree asseamblyds
wor kover valve to 20 flush flowlines. ~ 7/ 1~47a

5 subsea, and the one or more control lines extend from a BOP tot he surface, and

the workover string extends from the tree assembly to the surface.

76. A method as defined in Claim 72, wherein the annulus port is

pasitioned below a seal between the tubing hanger and the spool body.

10
77. A method as defined in Claim 72, wherein the annulus port is
positioned above a seal between the tubing hanger and the spool body.
78. A method as defined in Claim 72, further comprising:
I closing the production valve, the annulus valve, the workover valve, and a

safety valve along the production tubing string to flow test the tree assembly.

79. A method as defined in Claim 72, further comprising:

closing the production valve, the annulus valve, and the workover valve to

20 flush flow lines.



-40 we", 10 Nov 2 1lih 80. 80. A nethod as defined i @YW 2 /Lo ke O
vconprising: 2 2 NOV 2105 opening the annul us val vepi e ptoduction

valve to inject gas through the annulus port for gas lift productl iow,
with the workover val ve being closed. -40-81. A met howmedﬁwa@'%
72, further conprising: fluidly connecting the inteM a rLégni ﬂﬁ\ﬁgﬁﬂréng
with the bore o t ha methbdas defingarin Glhins 78gfurther gamprisingral ve Ad 0
production val ve, and opening the workover valve for a workover operation.
opening the annulus valve and the production valve to inject gas through

the annulus port for gas lift production flow, with the workover valve being closed.

5 81. A method as defined in Claim 72, further comprising:
fluidly connecting the interior of a running string with the bore in the tubing
hanget, closing the annulus valve and the production valve, and opening the

workover valve for a workover operation.
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