WD 02/ 097008 PCT/ US02/ 16498 -1 HORI ZONTAL SPOOL TREE ASSEMBLY Rel at ed
Case The present application clainms priority fromU. S. Serial No.

60/ 293, 85wW0 03/0970bed on May 25, 2001. Field- of the Inventipen/UBaz1qapesent
invention relates to tree assenblies commonly referred to as trees, and
nore specifically to a tree suitable for1subsea use having a spool with 10
a lateral production port. Background of 'the |Invention Subsea wel | head
assenbl i es and productio r i i gas industry for
recovering hydrocarbons, %@éﬁ@”i&gé%@?ﬁéﬂé%ﬂgﬂ@ 15 supporting a
production tubing within a well bel ow a bl owout preventer which defines
therein a BefatediGaseThe bl owout preventer is conventional |y connected to
one or nore fluid Iines extending fromthe BOP to the surface. A workover

string extendi nghtr grasehe it&om tRirhB PRy ifforn e, f Deridil Nb.d60/293,857
comuni cation with the BOP bore. Subsea production assenblies may

general Ly C | fd 20 conventional or vertical production trees,
by BeprhaRe 2820,

singl e bore ees o include vertical production, and horizontal
trees. A single bore tree is disclosed in U S. Patent No. 5,143, 158.

Field of the Invention

The present invention relates to tree 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 Invéntion

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 single bore tree is disclosed in U.S.

Patent No. 5,143,158.



WO 02/ 097008 PCT/ USO02/ 16498 -2 Horizontal trees differ froma standard
Christmas tree for an oil or gas well wth respect to the spool body of a
, hori zontwb o2nemosvhi ch is connected above a wel |l head hou®cCagSoypisesl |y
nounted at the upper end of a casing string, and a tubing hanger | anded
Wi thin the housing to suspend a productign tubing string 5 within the

casi ng. The spool has production and anntil us valves to control fluid flow

fromtheir respective, areas, .and. | andi ng th ubj ng _hanger in.the spo

body a1 ows. ¢ hEoHZAGE tERs B! Ty e BachER GhERITAs AERICT ahey ol SR ek
spool body. This provides a significant advantage over nore conventional
trees wher vithtiespect to the speoldiodiaof adharizoptall treewhichhisngonredied abpee \aal ves
| ocated on the tree 10 provide access to the production and annul us bores

once the tiefhbad ihotisald Bphicalifdnbunterl avvileyapper entesfua rcadindustring, ahe a
installation phase to all ow access to the tubing/casing annulus after the

avai 1 abl o Ay Sr R e viEM, B HBubE b FiengtOX. pERREAA AN string
commun; at ML ERERRNG ndl T BBGE FonPrSHEHGN A1 EHELHEENERIHATEIoh uicknd o
wor kover port in comrunication with the BOP bore, and thus with the
wor kover  fibwi frgnékeiemespactive dreassand kndind tre tuBing hasgsr, ib4he BpToknaty
6, 039, 119 di scl ose horizontal tree
allows the hanger and tubing to be removed without removal of the spool body.
This provides a significant advantage over more conventional trees where
‘there 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 the 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 interest include U.S. Patents 4,853,611,

5465,794; 5,555,935; 5,582,438; 5,706,893, 5,730,473; 5,749,608, 5,865,250,



20 assenblies. O her patents of interest 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, 2500090997008 PCT/ US02/ 16498 -3 5,868, 204; 6, 0PCTA392/1@9962, 314;
6,119, 773; 6,158,716; 6,244,348 and 6,302,212. Another version of a

hori zontal spoof tree assenbly is depictgd on page 44 of the Dril-Quip
2000 General Catalog. U.S. Patent 6,378,613 discloses a Christmas tree and

Lechnol ogy SHGEE 0 n BHE% B 31 At R 91793587 600 817 #4850

00/ 47864; WO 01/173325 and WD 01/81801. WD 02/ 097008 PCT/ US02/ 16498 - 4-
Summary of 6132, 2heinashenversian, 6heahordznidal spasd treesassablyss glepictaddon or
supporting the production tubing string within a well below a bl owout
prevent er gaberidngf theeDM@RUIpRED0 Ghaerd)Catalay. .Sy Patent 6 878@!13&!]5@63&9 one
or nore fluid control lines extending from5 the BOP to the surface.

wor kover S‘ér(':ﬂrfi’stﬁ%ée ‘alﬁ&‘i’u&ﬂﬂbrf nigled sﬁé’ﬂg@”b‘fﬁéﬂr@{éva@?gﬂﬁf&tf&fﬁ% o@@%’c@&” ©

and the surface ree asse y~Inc a spoo or positioning

bel ow t he BOP def i ni a sppol. bod cen ral bo g
t ubi ng ﬁangé ?fn"leﬂ% gﬁﬁﬂp%dymﬁg@'@lﬁ%/@r 6\43 V51S0diie d@n%%s@f{é&é%}g \ﬁ/o
ext endi ng Iaterally fromthe central bore to a production valve, i.e

hori zont al 01/73255; WO 00/47864; WO 01/173325 and WO 01/81801.



10 tree. The tubing hanger is sealed to the spool body and adapted for
supporting the production tubing string therefrom The tubing hanger

pr ef er ablwoioao)wdes a tubi ng hanger central bore in flui e@Crarsnuni4gat i on
with the interior of the tubing string and a |ateral tubing hanger
producti on passageway extending laterally fromthe tubing hanger central
bore for fluid communication with the | ageral bore 15 in the spool body. A
wor kover flow path is provided extending axially through the tubing hanger

fromthe sgopimBRAyf tenhvahtidier € bel ow the tubing hanger to the spool body
central bore above the tubing hanger, thereby providing fluid

communi cati on Wyt 0 StUIl t -t i

hanger and surﬁoﬂ%ﬁﬁ%%%?@guéc{sﬁgﬁ) |¥ 8%?%9@% foﬁ%ugﬁbﬁﬁ{lgi}ﬂgé)w@%&&g is
positioned 20 within the workover flow path for controlling fluid fl ow

bet ween t hiibiRg &tring WHBIN & Yl bakouy? Ripweut PrRyentgs ¢rfinnmerBaRdage Tehul us
bel ow t he tubi ng hanger WO 02/ 097008 PCT/ US02/ 16498 -5 and surrounding the
product i onblowsouipreventeg islsonmected o tkevar mope flaid amtrdl tines eatehdatguifrenof

the tree assenbly that the spool body may al so include an annulus port in

a spool ghogy gﬁff{mﬂkgshﬁé@é.a'/\' YofdoREBY 3tHr gl Use Gs6d wrfmjidweomhﬂﬁi?al}igg -

production tubing to an annul us val ve. The spodol body may al so inc
crossover port extend] | ateral .y through e ,spool body above the tuping
hanger, a B?@‘é%%\/g?e %‘3& ??rﬁea%‘;(tﬂi%éiuﬁ{écgr oﬂq? HE ec?8§%r88§rmﬁ®fj?$t% SPRQP
production valve, and a crossover valve for controlling fluid flow al ong
t he crossobedy ffpppositioning 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 inthe 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



line. It is a further feature of the invention that the production valve
may be 1o positioned within the spool body. Yet another feature of the
i nventi orwD920pmmbs t he wor kover val ve positioned al ong t heCmarskowass f | ow
path in the tubing hanger may be a valve for holding pressure in either
direction. Yet another feature of the invention is that the tree assenbly
may include a safety valve positioned algong the production tubing string
bel ow the tubing 15 hanger. The tree assenbly may also include a first

closure memhersRRRINIRaE Wobﬂbﬂoﬁ@?cgﬁg%w oo ai\ﬁorth%FHP%r@EoH.ange“ and

a second cl osure nenber positione ve the tubing hanger tor i1solating
the BOP bore fromth crossover, port in t ool body. ,The second cl osure
renber may thus (D & JeRiTS Shdie sinrserinly ef B spasiac ainiaisa taciing  soo
bore for isolating the 20 first closure nmenber fromthe BOP bore. A

si gni f i can@na@ivaieagertdn a Reo@rkadnextending latarally fiohaancomdurestsowdiag WO
02/ 097008 PCT/ US02/ 16498 -6 nake up the assenbly are highly reliable. By

provi di ng ghevpréduetionf fubing @ Bn sndias ivalyeaxThs Ispdonbedgmapaldaiipicide a
hanger, the body of the spool tree acts as another barrier to fluid flow,

which s | . . . . q .
Ia!tgra: i%y gﬁgen Fﬁgfo\xgﬁg@%édﬁ E)I%{(%quﬁbel}dheéﬁ% yooé?gml%;&gguc%l gunbn%g

inth | body, .a first barri f k fluid is th
Eg;;agfe W?KQIarr]wger,ea gl%%(s)overo f?c}/w II%G r—,!xr’ée'?‘nd|n§1 rfrrolme {he 8rrosvs\%\r/e|9 E)/oerrt to ’thueI proldsuotior?

valve, and a crossover 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 'the 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 tree 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



t ubi ng hanger itself, while the second barrier is the spool body. As a
further advantage of the invention, the tree assenbly may be used with
convent i owealo2/oemos pnent comonly related to wel | head asse®olritse2/14408 1 udi ng
safety valves and closure nenbers. 10 A rel ated advantage of the
production assenbly is that fewer valves may be required conpared to prior
art production assenblies, especially ougboard of the tree body. These and
further objects, features, and advantages of the present invention wll

become appwaw b #F é@&rﬁ&g'&w ﬁ‘i@hfiﬁ' ehiabofd ‘?‘éﬁﬁfdvﬁﬁlh 8 WM?%\F‘érrﬂov}%ath

reference is nmade to the tigures iI'n e acco yi ng draw ngs

Descriptio he Dr A7 de ope 0 t of

hori zont al %g%#ms} ¢ lgs@gqﬂﬂ ﬁ‘%’é\q hgageb t?%ﬂ’ © ﬁltﬁ)? ?'P% flsf 8P

di fferent phases of operatlon 20 Fi gures B1-B7 disclose a second

enbodi nent a8pthemaTigsin ﬁwdg‘lmwwhlpées lagidrarfrryemhodinignis svherpinathesspufol
operation. WO 02/097008 PCT/ US02/ 16498 -7- Figures Cl-C7 disclose a third

oo o "0 G5 o B o egorbot. b iyl e pmucn
5 passageway in the spool body, a first barrier for workover fluid is the body of the
tubiﬁg 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 ciosure 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.



Description of the Preferred Enbodi nents There are discl osed bel ow three
enbodi nents of the inproved horizontal tree assenbly constructed in

accor dancwoweiodrobhi s i nvention. Each assenbly 10 is showrCirrusohes4o8 f f er ent
stage of operation, as will be described, and includes a 5 spool body 12.
The val ves and ot her closure nenbers for controlling fluid flow are
schematically indicated by an X within ay7square, with the X indicating the
valve is closed and a circle within the square indicating that the valve is
open. The flui ¢igurew Cn-Chediveibsous thir@vembodimenit|df demanodnen sguel femst i on
being performed, e.g., production fluid, test fluid, flushing fluid, gas
lift, etc. 0 9 0 1Y = | head housing 14, . spool or spoo
body 12 agﬁggé?h§#V£ﬁ?ﬁggéﬂﬁﬁégpﬁaPégﬁﬁhthe bl owout preventer (BOP) stack
16 above the spool 14 are connected with their respective bores 15, 13,

17, which preferably are axially aligned. The well head housing 14 may be
conventionally |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
t he 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 sone applications the casing nay be
omtted. 20 In the drawi ngs, the horizontal tree is shown follow ng the
running and | anding of casing within the well head housing, with the tubing
hanger 20 | anded



WO 02/ 097008 PCT/ US02/ 16498 -9 and supported in a bore 13 of the spool
body 12 for suspending a production tubing string 22, which conventionally
may ext ermotoogwgh a casi ng hanger and into the well. | nPeaaisovicsphe three
enbodi nents, the tubing hanger 20 is releasably 5 supported within and
sealed to the bore of the spool body 12, 8and has a vertical bore 28

t her et hr ough whose Iomer end is in f|UId communi cation with the production
tubi ng stri ge 28 opens to the bore 13 of the
spool body 2 i € g the running tool is renoved),
and thus with a space mnthln t he bore beneath the tree cap when the 10 cap
is in place. As Wifssuare dingiesedbgloyapeambedimenis opthe kgeraed3mrizantaigh

t he hanger 20 to one side of its central bore 28, and a workover valve 32
is install drbe absamebly.cohbtuptesisiagemmydarcelwithehigdhventiorsi Eaohaiseénibhe10r ee
assenbly serve different functions dependi ng on the phase. Seven

different RBaRBAnoh (B LAN SR SNSodRAhChEdil Bt ddiebln cgn %uhdesa

enbodi nment s for exanp eac show t tree

and its associ rt 05|t| nto flush flo , 86
ot end i APOR] DpL2er IneNaNERGRS AT St TRmeRiesn dorainig JHeion and
26 on opp05|te sides of the spool body 12. The crossover conduit 84, as
shown in t lesefgahemasioally ﬂﬂdamatednb)erarebe/ vitbimapesquese nwith tbeoX siodieating diae pat h
connecting at its lower left end

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, spoo! or spool body 12
above the wellhead housing, and the blowout preventer (BOP) stack 16 above
the spool 14 are connected with their respective bores 15, 13, 17, which
preferably are axially aligned. The wellhead housing 14 may be conventionally
focated 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



20 with a passageway 27 in the left |lateral extension or production bl ock

26, which is in comunication with the first and second | ateral ports 34,
36 i n t hewDwbiopmyod\O 02/ 097008 PCT/ US02/ 16498 -10 hanger 2POTArsd2/s@edvl tree
body 12, respectively. The outer end of the passageway 27 of the block 26
is shown in fluid communication with theg upper end of the production flow
line 86. In all three enbodi nents, the production valve 38 is provided,

preferably wthi . r e i in a
Cepar at e L Ueleledahet Sl 287 SFBRHRIeN Shd 2 TBr Suspiing L Brodletiel 0.
36 to the production_line 86, and preferably is positjoned upstream from
the or ossdubing FHEGEAZ. WhishiamCRHGRRI: TaY SXBnatirgHob A Gesing hasdr a9
provided in the production block 26. A crossover valve 42 is provided at
the end adhtd the webbssover line 84 for fluid comrunication with the
passageway 27 in the 10 bl ock 26 and between the production val ves 38 and

40. As previousjry @f,esk t%%re@“érh%&iﬁné&ﬁéyﬂ]eﬁuﬂ)iﬁgi i | 20 id '}?Feﬁgag@" e 30

in the tubing hanger 20. lves 72 and 76 w be~di scussed bel ow. ¢
Fubi ng 5t rURPOTELEREIT AT ReTkarghS thar o8 198 SR AR 1yPAP BRE S be-
15 closed in response to one or nore predeterm ned conditions. Figures A5,
B5, and Cohatepi28t thenstvaughi whose rlpwgr sendii ifgins flais communisation eyt sthgar t
of the tubing to permt the injection of gas into the production fluid
during gasprodlition eeliatisifing 22. The upper end of the bore 28 opens to the bore 13
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 is in 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 depicted for the three
15 embodiments. Thus, for example, Figures A3, B3, and C3 each show the tree
and its associated parts in position to 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 spool 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



flow, usually below the SSSV. Each of the three enbodi nents may be used in
various nodes of 20 operation, including the flow test Figure 1, the flush
runni ng swoigom®dgure 2, the flush flow lines Figure 3, PoE/Usowti4es i on
flow Figure 4, the gas lift production flow WO 02/ 097008 PCT/ US02/ 16498

-11 Figure 5, the production crossover f bgw Figure 6 and the workover flow
Figure 7 nodes. The val ves and passageways in the tree assenbly perform

di fferent funct n d i [ c he he
val ves ar eh it ?@I %QQ ?’ﬁgg tps%r r#hﬂem@ r%s% EC@%V% ft}ﬁ{(fgt)wﬁésrp%%d grg@%ssed
bel ow. Each 5 enbodi nent includes a lateral part in the tubin in
comuni cat passagienay 2 hef fhediesk 8f ipehowand Y f g qomrapg|ca BPtW‘ﬁh t\en %?fool
body, a bore in the spool body, and a vertically extendi ng workover
passagewayehd dftthesproductionflowiline &6. vial aik threet Bmbodihagtshaing erodustion
controlling flowin either direction along the workover passageway. The

val ves areydipysa3danbifiel? phereRRR) akiifi tid RRer passadéal e obesl tiotyt he

figures. Figure 3 each’ nt depl cts a rst cl osure nmenber 4

1 oo cap SbomPlHinaa SERBALR RSkt Abep Ok o fnoBiafod dw Ah ™ o2

tree cap. The first closure nmenber may be a tubjng hanger w reline plug,
but in ot hpassagswdiyndtte the produetiareling86nhand pypfer ')I\}%.Wé'tlepe(é|u@§“¢@m
within the central bore in the tubing

from the crossover line 84. A second production isolation valve 40 is also
provided in the production block 26. A crossover valve 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 installed in the bore 30 in the tubing hanger 20. Valves 72
and 76 will be discussed below.
A subsurface safety valve (SSSV) 44 is shown conventionally installed 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 tubing
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



hanger. Simlarly, the tree cap 50 nay be provided with various types of
cl osure nenbers, including seats for sealing engagenent with wireline
pl ugs. Fiworoe/0470p8 | ustrates each of the plugs 46 and 48, 2E€TWS0Y/1&98t he
tree cap 50, renoved fromw thin 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 d* ng a flow test or other function.
Figure 2 shows t tree  a 7008 02/1

{1 Sehing of 191 S FGIRII G OSSAIPAIAE H9HiGst ARRdBe SUAROUELIPY U F s
54 of the BOP stack 16 closed about the running tool 52 above the.
connect i on medes Tdteokelveadand ipaseageways lin iiee Seee FapebY PrOREMaditferant
lines may be provided to a subsea tree. The BOP body 16 nay thus be

provi ded Wik, AepBBtimgsirdeomeareatss h tits dnibbdimeatmund aaki valvéstameen a
respectlve line 56 and the interior of the spool body 12 above the tubing

hanger. A WBLKBNES 8! bEfgm B Ao c‘ub’?'f&ﬂgﬂé sré; 59 GiGERYs< Doy USEdchor

conducti ng over “opéra I'Scusse r St osure
menber 46 as shown in Figure 3 narabe in n the 10 vertl e of

t
t he tubi™hg quyamean' 9@ Iptaral aertggripe |”I§3 FRO]TUBI Fy™ ’Onb‘élﬁ ath

the closure 46 is in fluid conmunication with the Iateral port 36 in the
spool body the.pratectsecpad aridbthe datemitpprt 48 the speabbady ya dmtesiaathiengpgol
installed in a bore in the tree cap 50, and is sealed to the tree cap to
forma body, and a vertically extending workover passageway in the spool body, with a
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



seal ed chanber 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
convent i owelokgp9mbso i ncl udes an annul us port 70 which exPemdsod/ates al |y
t hrough the spool body 12, and typically is slanted so that the entry to
port 70 is either above or bel ow the tub1é'|g hanger, and is shown below the
t ubi ng hanger (technicall y bel ow t he seal“’bet ween the tubi ng hanger and t he

20 spool bo he C enbqdi ment ve the t

the B enpoiirertbsniie ol & arf Sohg s aiBitlistoRes shheitAh etaffcsa ' "
t ubi ng hanger WO 02/ 097008 PCT/ US02/ 16498 -13 body, and controls flow
bet ween t h&fineBQR séagk H8clsed abat freotimtingtoal 7 akpvesthe: eapnaation i a

passageways 74 in the annulus block 24. The annul us block 24 shown in the

A enbodi mershokacritrl comtiepiee 560rVaricus Ethokedand Kiuiriesathag bewprobideetr tosgover
line 84, and a | ower port for fluid cormuni cation with annulus |ine 82. 5

Anot her an%wbgé 5ol atdan Bg%l, \b%gZ’G nﬁf ? M—OQ@%W \&fﬁﬁdﬁ\% (%,hpno%cg;

bet ween t h& WOrRover |i e i'ne he “oper a |on

Val ves depior6iod, e Biddemdpiehian bs e@%ikﬁr§§$3w i 88 SRAUBP dRterE Y he

running string which carried the tubing hanger running tool 10 52 in

posi tion arie tspeopbody d2i aboveutbiertgbiagrhiange?2 A Woekdvepwirings isucipasaa tuling hus

allows fluid to flow through the central bore of the tree, and conventi onal

tests string, may also be used for conducting workover operations, as discussed
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 body) 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



may be conducted to ensure that each of the depicted valves is closed.
Referring to Figure A2, the conponents are positioned for flushing the
runni ng swoinwI7o® nce the valve 44 is closed and the prodectiusn2/vabse 38 is
open, 15 fluid nmay be forced horizontally out spool 12 and agai nst cl osed
val ve 40. The crossover valve 42 is open,,as is annulus valve 72, while
annul us isolation valve 74 is closed. Fﬂ%ld fl owi ng al ong the crossover

fl th th t i t | us. b the product i
Lubi ng. and BOKG: 2e) FUERR TSphBeM D st RBUHS BARDLRgnd, perLoRR NG

comuni cation from bel ow 20 the tubi ng hanger and the annul us surroundl ng
t he productsirimg Bodithg passeggways &bovithe hentlubibieckhamagerhd snpdusaitioakd24
t hereby all owi ng conmuni cation to the WO 02/ 097008 PCT/ US02/ 16498 -14

choke and Ighowrl innmeSA‘z erib&dieherRTHBINHE S BhAipRe ipeRERrifillel esminidicaRewith t he
tree, the interior of the running string and one or nore choke and kill

runni ng. to6row ehane il BIARER o Bt A o An kP THE RS Rte] Lihﬁg

string, therebg avoiding 5 flom1throu82 the valve 32. |In Flgure A3
tree cap arfingt ?%taf@ﬁﬂi%éé@ﬁﬂo'ém@MPJ iserefermbly pye¥idedofe hasblﬁp%v%us| y
di scussed, and all valves are cl osed except for annulus isolation valve

76, the crdsteeen tivalvwoekeherding 846 ahdth@anaaluedind®2. Accordingly, fluid flow
is permtted along the line 82, past the valve 76, along the |line 84,
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 tool
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



10 through the crossover valve 42, through the isolation valve 40, then
through the production line 86. Figure A4 depicts the conponents during
convent i owealo2psomaticti on flow follow ng renoval of the rumeirngor/oabs 52 and
installation of the tree cap 50, i.e., production flow fromthe tubing
string through the valve 44, through thq 15 production valve 38 and the

i solation valve 40, and out the producfigﬁ line 86. The remaining val ves
or plugs are closed.. Fi e 4.also shows,.th ree ,assenbly arranged for

ot ofucts onChoARR Sl eeh; FLid cpRuTREeRuts ebieen HRESENERI bR i B Tema. « ne
second cl osure nenber 48 discussed above in place. During crossover

pr oduct i ontheaintetienal the Fimnipe siég gnddose i nmiose cheb@agma Ké lresspegits ace
val ve 44 and the production valve 38, but the isolation valve 40 is closed

and the crfgsingrthy¥ almMringZstang. Val are altérrrite procedste, THe raiting tSolVay be
027097008 PCT/ US02/ 16498 -15 isolation valve 76 remains open so that

producti ony [ I%M% N _u I; Ll i ft
producti onl'f?‘?d;v?/tﬁggr%g%@v\mgﬁjﬁkg%gur e r{@ﬁsl{nﬁ\g Hl1l\‘7:}a vrleHsl esﬁﬁ?%qgseh#ﬂ/ gﬁéldﬂé
configuratjion except that both the annulus valve 72 and the annul us
i sol ati 8n AW Rropghdhe iah(® pen, so that gas can flow fromline 5 82 past
t hese val ves and into the annulus surrounding the production tubing,
t her eby cooperatn fdguiet A3t bee preedcapi and tfingli and stdodindgcloberey emetiibers ab ai n
gas lift production flow. \
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 installation 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 tree
assembly arranged for production flow with the first closure member 46, 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 annulus



Fi gure A7 depicts the position of the valves during a workover operation,

whi ch may not require the use of a choke and kill line. In a workover

oper at i orww0 020910b& runni ng tool 52 rmay be | owered into poPCTiUSN2/0@IRA

wor kstring, and comruni cation is established between the tubi ng hanger,

past the open valve 44, and the fornatﬁgp, and al so between the formation,
N

past the valve 32 and to the choke and line. Reverse fluid fl ow may

operati on. otk rdeling kPel B A BNPIFAE EirbHR ERbbR sRUSR R

designations B and C are simlar to the enbodi nent shown with the A

desi gnat i oaNNHHe lingc 82di RyIripg aas Jiftt pedyction flome aswshowpdndrigeiss &4 thel ow.
In the Figure B enbodinment, the annulus port 70 is provided above rather
t han bel owadlbhes tetpairgabamdhe A0 cohfigurbtivrs eaceptinheimboth thdraenholue vialvg e BOP
stack is thus always in comunication 20 with the annulus port 70, and

val ves 72 ér'?@tﬂ@gﬁﬂ[l s%olfalti?W’va"I’\?e fé%w%aﬂoﬁ@&% .tha‘Nqagts ﬁ&h.‘ffo?n\lAiBe

i ncl udi ng the subsurface safety valve 44 thus remain C ed during

02/ 097008 /1 USQ2/ 1649 -16.,a flogwtest, as shown in Figqure Bl. To flush
Che runni rbp S AeSk n@nes 0 Tatoe e, BET IS AR ETEID N MR (ORGP B nht ch
is the sanme position as Figure A2, except now the workover valve 32 is

cl osed andthenebyeoeperatingiwith the produpiéen tubimg sidise miraviechl ioableét gesiftt he

choke and kill line 56 and the interior of the 5 tree above the safety
val ve al | op@duktiehiieg. of the running string. In the second

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 also between the formation, past the valve 32 and to
the choke and kill line. Reverse fluid flow may also 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 to 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



enbodi ment, the annulus port 70 is thus positioned above the tubi ng hanger,
but the position of the various valves is the sane as the first enbodi nent
when fl uwbiongofobow | i nes as shown in Figure B3, and duri mgTrusoed498
production flow as shown in Figure B4. During gas |ift production fl ow,
the valves 72 and 76 as 10 shown in Figyres B5 are open, but for this
enbodi nent the workover valve 32 is argé‘open since the annulus port is

above rat her_than bel ow t he, tupin nger ri ng crossover, producti on
o oo kvt Sabta o5 oM Fiowed Eh B flust His Bniag SFE b yelVe o
positioned as for the first enbodiment. During workover-as shown in Figure

B7, the rupositignéd res shown inl Gigdre d2uwhicht isothensamet pesitiabi amy FidBIret AZng
and thus the formation, and the annul us surrounding the tubing string is in

fluid comupb&Rt A e tbrkBeerchsItie BNR Kbbéd lahdeh8tanriillls 9ahee7y @ ¥ped?2 is
open. Conparing the first enbodinment to the third enbodi nent, the third

enbodi nment i nel udes a chok i i L1 Nk 4 10 o]y
wtn the EHBESBIERToRITE DR ReEihG AioRE 1 K IFRYED iR S RO S ite
spool body. During 20 flow test as shown in Figure Cl, the valves are

posi t i ohedireReabnyethgssafaly Yalve @llemsotishing of ReeRNNING AirY - ¢ Hb{%ﬁwqr@
string as shown in Figure C2, the WO 02/097008 PCT/ US02/ 16498 -17 wor kover
val ve 32 i smbodéradnt, Sieerntiue puot ROve thysopasiticnar ahvo\deth ectnbing haregert bbbl ng
hanger, the running string may be flushed with both the workover val ve 32

ggd the anfd woskhver fie YhASES valied lsufie bBfme hohb! M8 easbsuPent iwhdr gur e
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
B6, 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 56, 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 spoal 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



the val ves and plugs are positioned as with the first enbodi ment, but in
this case 5 the workover valve 32 is open and both the annulus valve 72 and
t he annulwe 02ios®b&ati on val ve 76 are open. Figures C4 and E@BTiuShusi4p@at e
conventional production and gas |ift production for this third enmbodi nent,
with the valves positioned the sanme as el t he A enbodi nent. During
production crossover flow as shown in &I gure C6, the workover valve 32 is

e open. WAMHE" YT o oo aincn BeglPe B T i Bronded bl e U, "

32 and the safety valve 44 are open, and-the other valves are closed. The
val ve 32 viibing banrgeothe furmm)strmlemﬁvme&qwad%ftwpﬂbv@rwwégyagé%9 32
t hrough the tubing hanger is preferably provided physically within the body

of the 15gadithéranhangeralvé iR digseal. t Eo Mlath \tee diololiiereas shownlid Figuner 68j ded
on top of or below the tubing hanger. The valve preferably is a ball valve

e L ke et

passag/eglay, s2nd. d b h osed In US. Application
No. 1 71,65 2., 20 T
i sci ossd e WoUHES BlresdZaoneh ahd Batainéaonilie e 1 7o R AR

enbodi nents in that, during a gas |ift WO 02/ 097008 PCT/ US02/ 16498 -18
oper at i on, isblasionavalye3 76 sarepepefor kigurds duft ngnd hEdu dhistiaée vepnsentional d
fl ow

production and gas lift production for this third embodiment, with the valves
positioned the same as in the A embodiment. During production crossover flow
as shown in Figure C6, the workover valve 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



t hrough the valve 32 may not be desired, since fluid floww | inherently
wear the sealing conponents of the valve. Al so, the second enbodi nent
during a waxlpfoos operation provides only one barrier abeoee/ushy1d4obi ng
hanger, that is the barrier 5 provided by the wireline plug in the tree
cap, and two barriers are preferred for nost' applications. The C

enbodi ment has a di sadvantage over the A8-embodinment in that both a | ateral
annulus port and a | ateral crossover port are provided in the spool body,
whi ch t henopetfilioneshe healvs 820ts apentfPoggs flawingdhiaighoiaavalvene Fadsiflovd t wo
barriers. The A enbodinent has only two |ateral ports 10 through the spool

tree: the piredghth®naler 32 whae hot baelesired ysinek aaidt fiaw twik ieremtty waantad
tree, and has the annulus port, and two barriers are continuously provided

ot B IR 0 AR AP P o o

t he productron osItionéd w I rably,
t he production valve could be 1 ositioned exteripor of the sppol, bad

whi 1 6 StiT PPTHIORGPOVIRES P Ao Rg T tpiia: Raadenli BRBRikatiEbns
will include the use of a safety valve as discussed along the production

t ubi ng &t r proyiddibytthe winaling plugaimdtheyipee cipaanditwe karmierare prajerredriort o
the concept of the invention. Wreline plugs are suitable first and second

cl osure MeRRsyts apslicitidRes Sethabey eerhBbdiffti R8s t Hedkaidoamigei Bybhethd0 A
t ubi ng hanger and the bore tree cap, respectively, although other types of

cl osure m%ﬁ'g%)sdimjem iR EhARRR S Matb P SRS EO Y & TafePs @bbsodP fief QRy 008

PCT/ US02/ 1

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 two 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 controlling 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, respectively, although other types of

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



-19 In a preferred enbodi nent, the spool body central bore axis is
essentially the sane as the BOP bore, and the bore in the tubing hanger is
subst ant iwblog/o9moeaxi al with the central bore in the spool Peadiso2/169%t her
enbodi ments, the upper end of the bore in the spool body nay nove off the
central axis for cooperation 5 with a simlarly configured throughport in a
running tool, which would allow the diafeter of the workover passageway in
t he tubi ng hanger to be increased. The term "axially extending" or

"extendi ng axi al liya prefuifed whibodimentsthie spoal Huoalyecentraltbora axip@seantially t he
bore axis is parallel to the central (vertical) axis of the tree, although

the bore ang?dgg%ebssitﬁgléﬁﬁdbérreor&nhhﬁevﬁ&tei E]a{hlel i Sit%i'%ﬂcn@%?%ogﬁlgstantiany

di scl osure escription of "thé invention Is ati1ve an

expl anatory of preferred enbodi nents. It uld pe preci at.ed ho
skilled inceadabwiththaceptal bere 'Bﬁéﬁéegomo%ep%?@@,r € mSF‘t%yné"ﬁeeVég?’s,
as well in the details of the illustrated construction or conbination of
f eat ures di sndsfdte thmreiin thespbel bedie meyt move aftthe eenigalfadsiarioopsratian of
the invention, which is defined 15 by the follow ng clainms. W 02/ 097008

PCT/ US02/51648 2 -sRfiathabniigurebiahfisghiport i aAuhfingzol alvhishoebultirafiew the
assenbly for supporting a production tubing string within a well, the tree

assenbly adapt ed fok HSE W IJLr »aVREEQAYEY it iHe i8idPhanger to be increased. The

»

Aterrr? "axially extending" or "extending axially" meanﬁg,/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.



fluid communication with the tree assenbly, the tree assenbly conprising: 5
a spool body defining a spool body central bore for receiving therein a

t ubi ng hawger/ogmds a spool body producti on passageway extemdirrpot/adses al |y
from the spool body central bore to a production valve; the tubing hanger
sealed to the spool body and adapted for supporting the production tubing
t herefrom the tubing hanger having a tti-ng hanger bore in 10 fluid
comuni cation with the production tubing string and a tubi ng hanger

product i on \yypasiedfimedest ending laterally fromthe tubing hanger bore for
fluid comyunication wth the |ateral production passageway in the spool

body; an annul us; port endi tied @ hbderhbliy GoO8U ing @oprodadtioratibing
fluid comunication %ﬁtéhigﬂlagg%ﬁ}gé about tIZe prop uction tubing string; 15

an annul us val ve for controlling fluid fl X

wor kover f IW%%W'%B%&L tﬁ@ it ﬂ%se[fﬂtg'%?d%ﬁ‘%%@?%ﬂ&ngrﬁw g%"‘é’%&.@%ﬁg’ foR
axially through the tubing hanger fromthe spool body cqnt ral _bore bel ow
the tubi ndludgmmurication wiibdhe tiegyassemblyl tng diee agsermPly MRS hanger ,
thereby providing fluid communication between the workover string and the

annul us 5 20 sur r@%ﬁ@bﬂﬁob?&j@m@@t spoolt biryngestrali bore tatdregeviik SVSPINVEl ve
positioned al ong the workover flow path for controlling WO 02/ 097008

PCT/ US02/ 16498, 1 2ad| o dpt BBLYRF8ad R RAsaab Ry éxiaiting l4tbeallfoomg

hanger and

.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
10 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 fluid
communication with an annulus about the production tubing string;

15 an annulus valve for controlling 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 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

20 surrounding the production tubing string; and

a workover valve positioned along the workover flow path for controlling



bel ow t he tubing hanger. 2. A tree assenbly as defined in daim1l, further
conprising: 5 a crossover flow line extending froma crossover port in
fluid cowouniogads on with the annulus port to the productipen/vsat/ve9s and a
crossover valve for controlling fluid flow al ong the crossover flow line,

3. Atree assenbly as defined in Caim1l, wherein the production 10 valve
is positioned within the spool body. 4. -B1tree assenbly as defined in Caim
1, further conprising: a safety val ve positioned along the production

t ubi ng st ri figidoBbowvbetineent thei eeptrainoene. abdve the tubieg kersgarbayd dse dafrivhesl | n
Claim1, further conprising: a first closure nenber positioned within the
bore in thepblly) e tBREFRangd: A tree assenbly as defined in daimb5,
further conprising: 20 a second closure nmenber positioned above the tubing
hanger and the first closure nenber for isolating a bore between the first
and second cl osure WO 02/ 097008 PCT/US02/ 16498 -22- nmenbers. 7. Atree
assenbly as defined in aiml1, further conprising: a first closure nenber
within the centrdl bofdremassmblyasdefinasyierClaind, further comprising:

5 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.

3. A tree assembly as defined in Claim 1, wherein the production

10 valve is positioned within the spool body.

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 closure member positioned above the tubing hanger and the

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



5 a second cl osure nenber positioned above the first closure nenber the
first closure nenber. 8. A tree assenbly as defined in aiml1, wherein the
spool bodyo oeentopal bore and the tubing hanger bore each RaTaSa2/16498
substantially coaxial axis. 10 9. Atree assenbly as defined in Caima1l,
wherein the tree assenbly is subsea, and the one or nore control |ines
extend froma BOP to the surface, and tdpe workover string extends fromthe
tree assenbly to the surface. 15 10. A horizontal spool tree assenbly as
defined i ngd@abspsl. wherein the workover valve is controllable to stop
fluid flowin eirther direction along the workover flow path in the tubing
hanger. 20 11. A horizontal spool tree assenbly as defined in Caiml,
wherein the annulus port is below a seal between the tubing hanger and the
spool body. WO 02/097008 PCT/US02/16498 -23 12. A horizontal spool tree
assenbly as defi’ned intrepgsgembly andetned i Claimskdughepeempesingnds

| aterally through the tool body above the seal between the tubing hanger
and the spool baditst didsure membervittin §rocéntraldmress enbdtubing hdsjéemetd n
Claim1l1, wherein the 5 annulus port is above a seal between the tubing

hanger and the sp Qrﬁogﬁsgfeﬁawé%nm pEBrd SBORE thé FPstaSS&IR! Mehfer the

supporti'ng a production tu

first closure member.

8. A tree assembly as defined in Claim 1, wherein the spool body
central bore and the tubing hanger bore each have a substantially coaxial axis.
10
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,

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

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

workover flow path in the tubing hanger.

20 11. A horizontal spool tree assembly as defined in Claim 1, wherein the

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



string wwthin a well, the tree assenbly adapted for use with a workover
string for fluid comunication with the tree assenbly, the tree assenbly
conpri si Nyo 0209A0spool body defining a spool body central POOMESt/om98
receiving therein a tubing hanger and a spool body production passageway
extending laterally from the spool body central bore to a production

val ve; the tubing hanger being seal ed t®g.he spool body and adapted for
supporting the production tubing therefrom the tubing hanger having a

tubing 15 hanggn, bomenbizdrtsl %ﬂﬁﬁ‘@é‘é&@nﬁtﬂ? a‘é’idé?inbﬁ‘%a@@ﬂﬁqtﬂ, Wher&iRl 019

string and a tubing hanger production passageway extending laterally from
t he tubi ng _hanger bore . for fluid communication wth the |atera oduction
bass ageviay CTIFDNEr Stcr<e iyl BB S5t S ad i ebats A& 353 RBLFEHT ng
hanger bore axes being substantially aligned; 20 an annul us port extending

| ateral |y the biing haegepand thsosgoald®dyn fluid communication with an
annul us about the production tubing string; W 02/097008 PCT/ US02/ 16498

-24 an annul us V3l ve Af Rérizomtalirspdol frgefdssieently awvdefinedah Cldim anRHErsin s t;  a
wor kover fl ow path spaced fromthe tubing hanger bore and extendi ng

The (VB nBTRaAs AT 5 HHoRe o Bt P R Ban S Knd ¥ ool iR Nanger

thereby 5 providing fluid conmunication between the workover string and the
annul us

14, A horizontal spool tree assembly for supporting a production tubing
string within a well, the tree assembly adapted for use with a workover string for
fluid communication with the tree assembly, the tree assembly comprising:

10 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 the spool body and adapted for
supporting the production tubing therefrom, the tubing hanger having a tubing

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

20 an annulus port extending laterally through the spool body and in fluid

communication with an annulus about the production tubing string;



surroundi ng the production tubing string; and a workover val ve positioned
al ong the workover flow path for controlling fluid flow both fromthe
central bwoe2apooe the tubing hanger to the annul us bel oRCIrhES02/1d3phg
hanger and from the annul us bel ow the tubing hanger to the 10 central bore
above the tubing hanger. 15. Atree assenbly as defined in Caim 14,
further conprising: a crossover flow |lipg extending froma crossover port
in fluid comrunication with the annulu$ port to the production valve; and

15 a crossover valyv r ol Ling: £14i: t ver flow
line. 16. Atr e@gﬁﬁéﬁgﬁ \}&gg?‘%feﬁnﬁ@ﬁ‘ﬁgnwgﬁﬁqﬁ@%F eﬁuﬁiﬁiﬁoducti on
val ve is positioned within the spool body. 20 17. A tree assenply as,
defined in d ai ;warkover flawrpaibmpaced fiemdhe dpking wgﬁé%&%i%ﬁ%ﬁé&“al%g

t he production tubing string below the tubing hanger. W 02/ 097008

PCT/ US02/ 18498y thidughBtheAtibing resgentitom ahe defdoh dubdiynceditel rhare, belawt ther
conprising: a first closure nenber positioned within the bore in the tubing

hanger. 19, I [ i ' eARhkRBlY: 5
 second ol He e T o B! Dol Bl e e e R e

cl osuresrregirao%riding fluid communication between the workover string and the annulus

surro'unding the production tubing string; and

a workover valve positioned along the workover flow path for controlling
fluid flow both from the central bore above the tubing hanger to the annulus
below the tubing hanger and from the annulus below the tubing hanger to the

10 central bore above the tubing hanger.

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

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

16. A tree assembly as defined in Claim 18, wherein the production

valve is positioned within the spool body.

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

tubing hanger.



20. A tree assenbly as defined in Caim114, further conprising: a first

cl osure nenber within the central bore in the tubing hanger; and 10 a
second clweurmtmesber positioned above the first closure memieso2/adses first
cl osure nenber for isolating the BOP bore. 21. A tree assenbly as defined
in Caim1l14, wherein the tree assenbly is subsea, and the one or nore
control lines extend froma BOP to the surface, 15 and the workover string
extends fromthe tree assenbly to the surface. 22. A horizontal spool tree
assenbly as defined in O aim14, wherei n5the annul us port is bel ow a seal
between the tubing hanger and the spool body 20 23. A horizontal spool
tree assenbly ast efi'ﬁgfﬁq ﬂsmrablmaﬁldefweérlama&n dfoButes copuisingkt ends

| aterally through the too( body above the seal between WO 02/ 097008

PCT/ US02/ 16498  a ffsttdesurebmegbbapgsitiomed within thedsdrebiodlye tuding Aahged. zont al
spool tree assenbly as defined in Claim1l4, wherein 5 the annulus port is
above a seal between the tubing hanger and the spool body. 25. A subsea
hori zontal spool tree assenbly for supporting a production tubing string

within a well, t assenbl y, adapt d f.or.use a_workover string
For 11 upd communl Sat | BrSH BRoRRMY EotPREdd M d HelHes COMP BLGS nbl y
conprising: a spool body defining a spool body central bore for receiving
therein a a second closure member positioned above the tubing hanger and the

first closure member.

20. Atree assembly as defined in Claim 14, further comprising:
a first closure member within the central bore in the tubing hanger; and
10 a second closure member positioned above the first closure member the

first closure member for isolating the BOP bore.

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

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

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

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

20 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



t ubi ng hanger and a spool body production passageway extending |aterally
from the spool body central bore to a production valve; the tubing hanger
bei ng seawed2wrodbhe spool body and adapted for 15 suppor PCRFSOhEs498
production tubing therefrom the tubing hanger having a tubing hanger bore
in fluid communi cation with the production tubing string and a tubing
hanger production passageway extending baterally fromthe tubing hanger
bore for fluid conmunication with the Materal production passageway in the

spool bod%;? g@ém%{% t;p]%_rstﬁ?%{bgaﬂi ng laterally through the spool body

and in flul 1 on W an annul us about the production tubing
string; an annulus valve for controlling fluid flow through the annul us
port; WO 02/097008 PCT/ US02/ 16498 -27 a workover flow path spaced fromthe

t ubi ng hanger bgre and_extendi n xially throu .he . t.ubin nger from
the Spoor body Sént r & hordseia habledastehb e Hehies it Al A datershty
central bore above the tubing hanger, thereby providing fluid

communi gat thenameulue parttinabewe ia b§tvv$¢fgﬂ‘tﬂ1élbtﬂﬂehmgﬂﬂam the spoaal dedyi ng
the production tubing string; and a workover valve positioned al ong the

wor kover flow path for controlling fluid flow both between the central
bore above the tubing hanger and the annulus bel ow the tubing hanger.

© 25. A subsea horizontal spool tree assembly for supporting a
'production tubing string within a well, the tree assembly adapted for usé with a
workover string for fluid communication with the tree assembly, the tree

10 assembly comprising:

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 the spool body and adapted for

15 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;

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

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



10 26. A tree assenbly as defined in Caim25, further conprising: a
crossover flow line extending froma crossover port in fluid comunication
wi t h t he womalemoport to the production valve; and a cros®erarsovud4ve f or
controlling fluid flow al ong the crossover flow line. 15 27. A tree
assenbly as defined in Caim25, further conprising: a first closure nenber
within the central bore in the tubing harger; and a second closure menber
positi oned above the first closure nmenber. 28. A horizontal spool tree

bl def . . 1 . .
Seal between b TUkCRg TakR spHespatdtn (R GaRg T3R8 i, SxeRumY °
PCT/ US02/ 16498 ,-28 29, A i t al t nbl defi ned j

G ai m 11, SHaeoRoRc i e FEBRPr SEiadng a0k BREN, CaTaD Qe IOk body
above the seal between the tubé@g hanger and the spool body. 5 30. A

n
hor i zont altubjigphangee tadhespbgl bedyeenmaldbore abenenthesiubing: hanger, ttherebynul us
port is above a seal between the tubing hanger and the spool body. 31. A

hori zont al p@pﬁﬁﬂ%tﬂ@@ SSraRTUpicatibAr beMRRAT the IvarkBU@d 8 ingoBnHUHeNGnkAILEL i ng
within a well, the tree assenbly adapted for use with a workover string for

fluid mw%lg, I i I I the tree assenbly conprising: a
spool g%dy E@ﬁﬁ'ﬁ%ﬁ%ﬁ%‘%ﬁ%é@%gﬁﬁﬁ %nodre for receiving therein a
" a workover valve positioned along the workover flow path for controlling

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

annulus below the tubing hanger.

10 26. A tree assembly as defined in Claim 25, further comprising:
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.

15 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 positioned above the first closure member.

28. A horizontal spool tree assembly as defined in Claim 25, wherein

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



t ubi ng hanger and a spool body production passageway extending |aterally
from the spool body central bore to a production valve; 15 sealing the

t ubi ng hawger/0908 he spool body and adapted for supporti n@CTtuse2/piegiuct i on
tubing therefrom the tubing hanger having a tubing hanger bore in fluid
comuni cation with the production tubing string and a tubi ng hanger
producti on passageway extending | aterali2ag-fromthe tubing hanger bore for
fluid communication with the |ateral production passageway in the spool

body; 20 provi dpgg ap Ronzdrtal feudl text ssebimigly st dsfirlddyintGlaimgh, Whersipeo!
body and in fluid conmunication with an annul us about the production

tubi ng string;. L.dl C i |l

through t ndeaar B8 BEn a8 BB Rt P T B BbBUE e e ERn

wor kover fl ow path spaced fromthe tubi ng hanger bore and extending
axially thﬁ'&ﬁ'g"‘t%@a W%’@d%%%qﬁfqo@bh t he spool body central bore bel ow
the tubi ng hanger to the spool body central bore above the tubing hanger, 5
t hereby providing fluid comruni cati on between the workover string and the
annul us Ssur roundi ng the production tubing string; and positioning a

wor kover val ve @Pong?t heriz@itrbepeolftreqvasaembip as ddsiinedl ini G@im 113y iveheresw
both between the central bore above the tubing hanger and the annul us

bel ow t he thHgbamgulbangelis above a seal between the tubing hanger and the spool body.

31. A horizontal spool tree assembly for supporting a production tubing

10 string within a well, the tree assembly adapted for use with a workover string for
fluid communication with the tree assembly, the tree assembly comprising:

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;

15 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 spoo! body;

20 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



10 32. A nethod as defined in Caim31, further conprising: a crossover
flow line extending froma crossover port in fluid comrunication with the
annul us pwpoto2ig7odte production val ve; and a crossover val weTfuso2/o@pg rol | i ng
fluid flow al ong the crossover flowline. 15 33. A nethod as defined in
Claim 31, wherein the production valve is positioned within the spool

body. 34. A nethod as defined in Caim&B; further conprising: 20
positioning a safety valve along the production tubing string bel ow the

t ubi ng hangert, WO 02/ 097008 PCT/ US02/ 16498 -30 35. A nethod as defined in
Claim 31, further conprising: posi tioning a first closure nenber within

oo Scomor el otrHﬁhd_g% WB?Q@\V osurerﬁrﬂ)erﬁtémdﬁicej ﬂ?fﬂgb T}Laq\ggf {Bﬁgéta%l ng

further conprising a secon positione
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extend froma BOP to the surface, and the vvorkover string extends fromthe
tree assenbBlpw ibettwdingihanger to the spool body central bore above the tubing hanger,

5 thereby providing fluid communication between the workover string and the
annulus surrounding the production tubing string; and
| positioning a workover valve along the workover flow path for controlling
fluid flow both between the central bore above the tubing hanger and the

annulus below the tubing hanger.

10
32. 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; and
a crossover valve for controlling fluid flow along the crossover flow line.
15
33. A method as defined in Claim 31, wherein the production valve is
positioned within the spool body.
34. A method as defined in Claim 31, further comprising:
20 positioning a safety valve along the production tubing string below the

tubing hanger.



38. A nethod as defined in Caim31l, wherein the annulus port is
posi tioned bel ow a seal between the tubing hanger and the spool body. 15
39. A netwod2asgrodefi ned in C aim 38, wherein a crossover PCTIUSeX1&@nIS
| aterally through the tool body above the seal between the tubing hanger
and the spool body. 20 40. A nethod as defined in Caim31l, wherein the
annul us port is positioned above a seal3lset ween t he tubi ng hanger and the
spool body. WD 02/ 097008 PCT/ US02/ 16498 -31 41. A method as defined in
d ai m 31, furth&b. copmetiodyas definedin Cem®B hduthéocomatisiag: t he annul us
val ve, the workover valve, and a safety valve along the production tubing
string to flow pesiohliRy 4 FiRg cRsstREPhember ﬁﬁhin%m@%ﬁ%%ﬁ,ﬁrﬂ]ﬁ%géﬁ daim
31, further conprising:” closing the production valve, the an us- val ve,
and the workover valve to flush flowlines. 43. A nmethod as defined in
Claim 31, further conprising: 10 opening the annulus valve and the
production valve to inject gas through the annulus port for gas |ift
product i on f|om@6mtﬁmﬁ§1chaﬁgeﬂne@m Glaimelhdurteeroserapriging: A net hod as
defined in Claim31, further conprising:

5 a second closure member positioned above the tubing hanger and the

first closure member.

37. A method as defined in Claim 31, wherein the tree assembly is
10 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.

38. A method as defined in Claim 31, wherein the annulus port is

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

15
35. A method as defined in Claim 38, wherein a crossover port extends
laterally through the tool body above the seal between the tubing hanger and the
spool body.
20 40. A method as defined in Claim 31, wherein the annulus port is

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



15 a crossover flow line extending froma crossover port in fluid
comuni cation with the annulus port to the production valve; a crossover
val ve forwomwsmbsing fluid flow al ong the crossover fl owPICIrEsp2/16@b®si ng
t he annul us val ve, opening the crossover valve, and opening the production
val ve for production crossover flow. 20 45. A nethod as defined in Claim
31, further conprising: WO 02/097008 PGB1WUS02/ 16498 -32 fluidly connecting
the interior of a running string with the bore in the tubing hanger,
cl osi ng the anndflus Yamethahds deéined odGEimE, fatthver, camprigipgni ng t he
wor kover val ve for a workover operation.

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.

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

flush flow lines.

43. A method as defined in Claim 31, further comprising:
10- 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.

44. A method as defined in Claim 31, further comprising:
15 a crossover flow line extending from a crossover port in fluid
communication with the annulus port to the production valve;
a crossover valve for controlling fluid flow along the crossover flow line;
closing the annulus valve, opening the crossover valve, and opening the
production valve for production crossover flow.
20

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



WO 02/097008 PCT/US02/16498

-32-
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

workover valve for a workover operation.



