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Various types of equipment and techniques have been proposed for the

workover of horizontal spool tree wells. Workover operations are conventionally
- performed utilizing a floating drilling rig with a subsea BOP connected to the top of
the horizontal spool tree, and a drilling riser connected to the top of the BOP. When
a big bore riser and a BOP stack are placed on top of the tree, various types of
workover operations may be performed, including pulling and reinstalling the
tubing. One or more workover strings provide fluid communication with the
horizontal spool tree assembly, with the workover fluid passing through the tree cap
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Summary of the Invention

Example embodiments provide alternative configurations for porting a
horizontal spool tree assembly, and particularly the tubing annulus, the
production port, and the ports and lines for workover and crossover
operations. These configurations do not require an annulus passageway
through the tubing hanger, and thus do not require a value in the annulus

- bore of the tubing hanger.

In accordance with a first aspect of the present invention, there is
provided a horizontal spool tree assembly for controlling fluid flow through a
production tubing string within a well, the production tubing string defining a tubing
annulus surrounding the tubing string, and 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
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hori zontal spool tree assenbly, and particularly the
tubi ng annulus, the production port, and the ports
and lines for workover and crossover operations.
These configurations do not require an annul us
passageway through the tubing hanger, and thus do not
require a value in the annulus bore of the tubing
hanger. I n accordance with a first aspect of the
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the tubing annulus; a crossover flow line in fluid communication with the
annulus line between the first and second annuius valves and the production line;
a crossover valve positioned along the crossover flow line; and a workover flow
path in fluid communication with the annulus passageway between the first
and second annulus valves, such that the first annulus valve controls fluid flow
during a workover operation.

In accordance with a second aspect of the present invention, there is
provided a horizontal spool tree assembly for controlling fluid flow through a
production tubing string within a well, the production tubing string defining a
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t hrough the tubing hanger to the spool body centra
bore above the tubing hanger, thereby providing fluid
comuni cati on between the workover string and the
tubi ng annul us; a crossover flowline in fluid
conmuni cation with the annulus |ine between the first
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hanger and the first closure member for isolating the spool body central bore

between the first and second closure members.

In accordance with a third aspect of the present invention, there is
provided a horizontal spool tree assembly for controlling fluid flow through a
production tubing string within a well, the production tubing string defining a
tubing annulus surrounding the tubing string, and 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 a tubing hanger therein, a spoo! body production passageway above
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an annulus line; and an annulus valve for controlling
the fluid flow al ong the annulus passageway. a second
cl osure nmenber positioned above the tubing hanger and
the first closure nmenber for isolating the spool body
central bore between the first and second closure
menbers. I n accordance with a third aspect of the
present invention, there is provided a horizontal
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defi ning a spool
production line, and an annulus passageway below the tubing hanger

extending laterally through the spool body for fluid communication between
the tubing annulus and an annulus ling; the tubing hanger sealed to the spool
body and adapted to support the production tubing string therefrom, the tubing
“hanger having a tubing hanger production bore extending axially
| therethrough for fluid communication between the production tubing string
and the spool body production passageway; a first annulus valve for
controlling fluid flow between the tubing annulus and the annulus line; a
second annulus valve positioned downstream from the first annulus valve with

respect to the tubing annulus for controlling the fluid flow between the tubing
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for receiving a tubing hanger therein, a spool body
producti on passageway above the tubing hanger
extending laterally through the spool body to a
production |line, and an annul us passageway bel ow t he
tubi ng hanger extending laterally through the spoo
body for fluid comrunication between the tubing
annul us and an annulus line; the tubing hanger seal ed
anpgfus pad dhpannuiksding; andia duishiaydpatd is fpidmommirdcation with
roduyction tubing string therefrom the tubin hanger
the} SRAG| GORY SolbTGOR-FRRME e dabibgiNRIBEAE] tha ahaiivg

AT A i
thef e Bl Seth RASAGEG ¥EWoriBbr AW pafHYd Hilid GBhRudiChtion

controlling flurd™fl ow between't ubi ng annul us and

betwWesrathewWarkovdrzgringand 8RON8ing diHUNSs WBEN ehd> Mt bhAed
downstream fromthe first annulus valve with respect

valve is hpet abdilge secnndignriulus ealwe isotlbsety ant ehe fluid diofd pmth
bet ween the tubing 2c annufus and the annuius I|ine;
furtliey PEoViqing g cresspveriiaw pathifegiiuid eemmumicatien batwaenithe t he

o R B BRI B S A o ono
the"ﬁ%cﬁaﬂd%d evawecgrb?)l%ﬁ_r]nul us valve, the fluid flow
pa

providing a wo oveLrowkpathfor_quid ]
¢ ubi Mg eatiante Wi e Firasntts EPERKE T Wirifol ' e
pr@%&i‘ﬁoﬁ%@ﬁﬂsﬁ%@%&sag@émsw for %bﬂﬁ'@ﬁinlg‘ﬁlﬁd G {I—{I;H?QPF

fl ow pat urther providing a crossover flow pa
a prodiiction QBIvY bEinG vamirDS Wl ethet fredudtibAdutsihg @firg diinfiith
the annulus Iine when the first annulus valve is
tubgigameilansurreundirgethertdbiag retrings andlthe tres agpemblyl adapted
accordance with a fifth aspect of the Er esent
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body to a production line; the tubing hanger sealed to the spool body and
adapted to support a production tubing therefrom, the tubing hanger having
a tubing hanger production bore extending axially therethrough for fluid
communication between the production tubing string and the spool body
production passageway; an annulus passageway extending upward into the
tubing hanger and laterally outward through the tubing hanger and through the
spool body to an annulus line; a workover flow path exterior of the spool body
and extending from the production line external of the spool body to the annulus
passageway; and a workover flow path in fluid communication with the

annulus line between a first annulus valve and a second annulus valve each
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the tree assenbly conprising: a spool body defining a

spool body central bore for receiving a tubing hanger

therein, and a spool body production passageway above
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tubing hanger, laterally outward through the tubing hanger and into the spool
body, and laterally inward through the spool body to the tubing annulus.

In accordance with a seventh aspect of the present invention, there is
provided a horizontal spool tree assembly for controlling fluid flow through
a production tubing string within a well, the production tubing string defining a
tubing annulus surrounding the tubing string, and 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 a tubing hanger therein, the spool body including an annulus
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In one enbodi nent, a horizontal spool tree assenbly
includes a crossover flowline in fluid communication
with the annulus |ine between first and second
annul us val ves which control fluid fl ow between the

' nnul us and the annul us 2f WD 2004/ 055318
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spool body to the annulus line.

In another embodiment, the spool body production passageway is provided
above the tubing hanger and exiends laterally to a production line. The workover
flow path extends from the spool body central bore above the tubing hanger

“downward through a portion of the tubing hanger, laterally outward through the
tubing hanger and into the spool body, and laterally inward through the spool body to
the tubing annulus.

Various embodiments simplify the construction of the spool tree assembly by
providing a workover flow path which is also used to provide a crossover flow path,

- so that both workover and crossover operations are conducted using at least a

portion of the same flow line.



downward t hrough a portion of the tubing hanger,
|aterally outward through the tubing hanger and into
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The Figure 4 embodiment is similar to the Figure 3 embodiment;except that

the workover flow path is provided exterior of the spool body for fluid
communication between first and second production valves along thesproduction
line and first and second annulus valves along the annulus line.

In the Figure 5 embodiment, the horizontal spool tree assembly includes an
annulus passageway extending upward into the tubing hanger and laterally outward
through the tubing hanger and through the spool body to an annulus line. The
spool body production passageway is provided above the tubing hanger, and a
workover flow line is exterior of the spool body.

Figure 6 depicts a horizontal spool tree assembly with a spool body
production passageway above the tubing hanger. An annulus passageway below
the tubing hanger extends laterally through the spool body. A workover flow path
extends from the spool body central bore above the tubing hanger downward



t he workover flow path is provided exterior of the
spool body for fluid comrunication between first and
second production val ves al ong the&production Iine
and first and second annul us val ves al ong the annul us
wo bdod@ssakd) the Figure 5 enbodi nent, the hoghzedad o8P0
tree assenbly includes an annulus passageway
extendi ng upward into the tubing hanger and |l aterally
outward through the tubing hanger and through the
spool body to an annulus line. The spool body
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tubi ng hanger and into the spool o Y, ater
anmylygr d t hr ough the spool body to the tubing annul us.
In the Figure 7 enbodi nent, no tree cap is provided,
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body 12. The spool body central bore thus has a generally cylindrical configuration

for receiving the tubing hanger, and the interior wall of the spool body is adapted
for fanding the tubing hanger 22 thereon.

As shown in Figure 1, valve 32 preferably is positioned on the housing 12 so
that the closed valve seals against a seat within the spoot body, and may be used
to control flow from the production tubing 18, with a production block 33 sealingly
connected to housing 12 and including another production valve 34 for controlling
flow to the production line 36. Production line 36 may thus extend from the spool
tree assembly to the production platform. A crossover block 38 is sealingly
connected to production block 33, and includes a valve 40 for controlling flow from
the crossover line 42 to the flow line between the first and second production valves
32 and 34.

Annulus valve 44 is preferably provided within the spool body 12, i.e., the

vaive seals with a seat within the spool body along flow line 46, which is in fiuid



vertical production bore 26 in the tubing hanger 22 is
thus aligned with the interior of the production

tubing 18, while a lateral production bore 28 provides
fluid comunication between the vertical bore 26 and

Wogodmgggqg)nt al bore 30 in the spool body ;13 /U%Tb%
body central bore thus has a generally cy

configuration for receiving the tubing hanger, and
the interior wall of the spool body is adapted for
| andi ng the tubi ng hanger 22 thereon. As shown in
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to seal the bore 102 in the tubing hanger from the main bore 14 in the spool body
12, and thus from the tubing annulus, and to seal bore 102 from production bore
28..

In the Figure 1 embodiment, the crossover flow line 42 is provided between
the annulus line 46 and the production fine 36, and preferably connects with the
annulus line between the first annulus valve 44 and the second annulus valve 50,
and similarly connects the production line between the first production valve 32 and
the second production valve 34. By providing the valves 44 and 32 on the spool
body, fewer leak paths are provided, thereby increasing reliability. Each valve may
be mounted on the spool body and/or may be set at least partially within a pocket
provided within the spool body, but in either case the valve closure member seals

against a seat which is provided within the spool body, so that the respective valve



Figure 1 also depicts a first closure nenber 60, which
preferably is a tubing hanger wireline plug, which
cl oses of f the upper end of the vertical passageway 26
in the tubing hanger 22. A tree cap 62 is sealingly
wo eanangsted to the spool body 12, and a secnosboohewune
menber 64 is provided in the tree cap. In this and
ot her enbodi nents, a valve may be used instead of a
wireline plug. Figure 1 illustrates the tubing annul us
exiting the spool body or housing 12 via flow line 46
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crossover flow line 210. A crossover passageway 212 is provided to allow
crossover flow communication between passageway 206 and the production
passageway between production valves 32 and 34. Valve 214 is located along the
crossover flow line 212.

By providing an annulus passageway which extends from the tubing annulus
upward through a portion of the tubing hanger then laterally outward through the
tubing hanger and into the spool body, impingement of fluids and solids entrained in
fluids in the annulus bore occurs primarily on the tubing hanger, i.e., on the
uppermost surface of the port 202. Excessive wear due to impingement may be
rectified by replacing the tubing hanger, and without incurring the more significant
‘costs of replacing or repairing the spool body 12. Also, debris entrained within the
fluids in the tubing annulus 16 engages the tubing hanger before passing through



vertical bore 14 above the tubing hanger, then into
the vertical bore 104 and then through flow paths
102, 103 and through the open valve 44 and into the
tubing annulus 16. The val ve 50 remains closed to

Wo§80§}05§3,t|§ the annulus line 52, and val ve éﬂu%%o%a%‘?ﬁ)d

to seal off the crossover line. If desire e valve
40 could be provided on block 48, rather than on

bl ock 38 at the opposite end of the crossover |line
42. In the description of Figures 2-7 which follows,
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passagwy@éﬁus prowded entirely within the spool body 12, and includes vertical
passageway portion 312 containing a valve 314 located in the spool body 12. The
intersects the lateral production passageway 308 within the spool body upstream of
the first master valve 32 for controlling fluid flow along production line 36. Vaive 316
preferably positioned on spool body 12 controls flow along annulus passageway 46

- to annulus line 52, and may alternatively be located within a block sealingly
connected to spool body 12. An annular seal 24 is positioned on the tubing hanger
to seal the tubing hanger to the spool body main bore. The first master production

valve 32 could alternatively be provided within the spool body 12.



costs of replacing or repairing the spool body 12.
Al so, debris entrained wwthin the fluids in the
tubi ng annul us 16 engages the tubing hanger before
passi ng through 7 WD 2004/ 055318 PCT/ US2003/ 039130

W F@4890318 us val ve 44, and thus may fall BatkS20e8/03% ke
tubi ng annulus. By providing a workover flow path 210
which is external to the spool body 12, the cost of
manuf acturing the spool tree assenbly may be reduced,
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intersects the |ateral production passageway
and df opem far semepvinatipn with thestupiagmaneelus 16. During arcrossover

operation, valve 44 is closed and valve 316 is open, so that with valve.32 closed,
production fluid may flow through the flow paths 312 and 310 to the annulus line 52. In
the Figure 3 embodiment, the same flow path is thus used fo transmit fluid from
above the tubing hanger to below the tubing hanger during both a workover and
crossover operation.
Figure 4 also illustrates a tubing hanger 22 containing a vertical production
'bore 26 which continuously communicates with the main bore 14 of the spool
body 12 above the tubing hanger 22. There is no plug in the vertical bore of the
tubing hanger. A tree cap 62 is landed in and sealed to the main spool body. A
pair of plugs 404,406 are located and sealed to the vertical bore of the tree cap.
The spool body 12 has a lateral production outlet 408 located above the tubing



the first master valve 32 for controlling fluid flow
al ong production line 36. Valve 316 preferably
positi oned on spool body 12 controls flow al ong
annul us passageway 46 to annulus line 52, and may
woabdesssag i vel y be |ocated within a bl ock sealbagbyzot3o
connected to spool body 12. An annular seal 24 is
positioned on the tubing hanger to seal the tubing
hanger to the spool body main bore. The first master
production valve 32 could alternatively be provided
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The tubing hanger 22 as shown in Figure 5 contains a vertical production
bore 26 which again continuously communicates with the main bore 14 in the spool
body 12 above the tubing hanger 22. There is no plug in the vertical bore of the
tubing hanger. A free cap 62 is landed in and sealed to the main spool body. A pair
of plugs 504, 506 are located and sealed to the vertical bore of the tree cap. The
spool body 12 has a lateral production outlet 508 located above the tubing hanger 22

- for production flow. Valves 32 and 34 in production block 33 control flow along

production fine 36, as previously discussed. The tubing annulus communicates with a
vertical bore 510 in the bottom of the tubing hanger 22, which intersects a [ateral bore
512 in the tubing hanger 22. This lateral bore 512

10



and 44 open for conmunication with the tubing annul us
16. During acrossover operation, valve 44 is cl osed
and valve 316 is open, so that with valve 32 cl osed,
production fluid may flow through the flow paths 312
woamd/o8stdst o the annulus line 52. In the PEHUER0B039130
enbodi nent, the sane flow path is thus used to
transmt fluid from above the tubing hanger to bel ow
t he tubi ng hanger during both a workover and
crossover operation. Figure 4 also illustrates a
Wmmunigaﬂean@gla Iatgrat enndunpargageway 5 14ialthespueblibodyotR, with

V% 61 QBB Sf 1R B HaN o BANIAIG b hoh b P10 TR
ST whikdhepreferablynis afsiogeaited ohthevspool bl 1 ﬁo‘r/alveﬁjj 8 bentrols flow
' 62 | anded
ol PR 980 SRl b IR B SR BRAT o
andatdhe dtMnelnd;’eairedintlon bkoﬁk g8nt ila @btl@?ﬂcﬁdl%ﬁet?{é@g tvalwes 32
bod atera uct i
i B ezt be T fuuBionty s issstomdasdmit
vmmma@/@aeuaﬂy, \lglaugg eontdidls fiow tcpmdmmt dlln@trb"zf hwrflgif(
d e oducti on
et el 2ok o DS ad didhe sbing earidst Aby et el por
51®r<]tthSaltthé tﬁﬂ%ar@@i%ﬂtﬁﬁmetrﬁﬁh @\l&é difzgé Siion tgo%xﬁ gg& gg&? body
t W val ve POSI U1
a?ﬁ%‘gﬁqﬁ B{Wf‘fﬁg S'angf g, hR #R0dIMER; FH%Y'PPSJBGd‘?%ﬁed
 COMTUBIFGIr&s emuohmfénone@@fa‘@@fgﬁd@aruo%ﬁ pé&aebw%thﬁffbh the

which is sealingly connected to
- sPRgbadyAbPYE DeHHbING ATGsF 2EoAlthoNah tlublﬁ@ hQQger\V@ﬁt b@ al

oriRARa8 %Wthé?&séé’@eﬁ]a?%ﬁ 04hithe tutﬂﬁ% Fléf%fé' %\ch?% 643%?%

passagewa | ock 414, w't pre
S1¢dR the speetbasty 18Ifernesaing aﬂwluﬂmd ugwandrtgrongbwpprt@mof the

tuBAG erAiaerdig olibwrd. 'ﬁhfgg%rﬁg@gn%%mag bhd éarﬁeegwaﬂiygés

connec to production b wnstream o
of aiFigyre Br@mb@ﬂlmarélwezlzldamﬂ irapinge vpon be inres wel obihe tubing

nafe? i 3 ey 0 Backitep kg apful:g B0 BsIE o1
- through thelsinnglub pagsageway 54 é aDurirgethe workuyehaparatiort, valvee 34

anggbﬁl a%oélgs&t aﬁ@ 9a|2@53ﬂ|, ék?? %éd PEE gre n(g%erllltso thgts worEover fluid

rs are’' provi
ﬂows through the Ime 520 and into the tubing annulus 16. During a crossover

-operation, valve 34 remains closed and valve 32 open, but now valve 516 is closed
and valves 518 and 524 are open to maintain communication between the
production line and the annulus line.
Figure 6 illustrates a tubing hanger 22 containing a vertical production bore
26 which continuously communicates with the main bore 14 of the spool body 12
above the tubing hanger 22. There is no plug in the vertical bore of the tubing
hanger. A tree cap 62 is landed in and sealed to the main spool body. A pair of
plugs 604, 606 are located and sealed to the vertical bore of the tree cap 62. The
spool body 12 has a lateral production outlet 608 located above the tubing hanger
- 22 for production flow to opened valves 32 and 34, then to production line 36. The
tubing annulus exits the spool body through a first lateral flow path 46
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The Figure 4 enbodinent is simlar to the Fiaure 3
enbodi nent, except that workover |ine 422 is provided
bet ween the production valves 32 and 34, and is
external to the spool body 12. Wth valves 34 and 416

wodomedsatgor kover is acconpli shed by openeagudaloYE513R2
and flowng fluid through workover |ine 422 and past
open val ves 420 and 44 to the annulus 16. Crossover
flowis acconplished along the sanme |ine 422, with
val ve 32 open and val ve 34 closed, and valve 44 dosed
bedgw thedUbing harger iﬁleml‘@l\(m%pmsﬁlqmad oh dmpnsmg) h2ralonhg doweath

46’\"\}anetfﬁﬁn @‘Iﬂg %’r'ngﬁglrrlénp aﬁgo S[';I-OQ\% 66 ioﬂ &SI b%éy} ‘?Eb otp%

con a ns a v uct|
amluwlﬂluclﬂoagzatlm 46 atsbimnmmm:gatmmlma seca:mels%atmal Anrudes flay n

14 | 2 ab the t h
rBREF ok eNBesPRa e Efiha oBbEy s LA BoRe"
whiclbcorgmbaicates with the leare ddpn 62 dpsol l:]ftm@%ovmthancbuﬁg gh@gbr

ar e
23, 8o MR G280 e tore o B e Biopeicet 24 et
botaf16 Ehgghg;rmlt witlodiyd ﬂc&s rctaﬁmajtriogtesrvaw the Qébdgglléi?ral bore
t t e e ubl n an . r
o it sroohods fae ot eloneipaaseneen 20 spUasRinG e BEba%
and3he @édmd|610|léwv‘aﬁilm gathmmm@@;pb@ ol B@ut% flé¥® between the
annul us conmuni cat es

d. T b
o T nJhS bdodl baS Sp e LB nERPHE BOLTEH BRI B
- paﬂﬁdt@e&( paidof aniLiBNsédd 875 @H%r@iabsﬂcﬁ%a'on bR Ribi \%]h?enb& 39e

t ubi ng, hanger 22. This lateral bore
sealdh [binseandet el thessrsl Podkomam bar aherd @ratteeéowrteda@ral
boF@@ifHuﬁ'th@f@BH ?@,ssagevvay 514 in the spool body 12,
with valve ocated on the spool body 12 for

conf P@Figuref ﬁ!rﬂbwmeahﬁllmmovmg afggenghpreduction orahrasigh
d lve
op8] B84 1Bk Yo R uale ool Pl ol
WOH@NEI O/ Grossnyseeresdtian Dmeg @nvwbrkeves ppeiation diyidifiows and

dof e ioiehaF ned0bin ReRict R &RFa) S g el o558 R
thesypool bagydy, thendowhnebrd mash trecipenpalve £ e\aagi trﬁmdgrvwalhe 44
int%’t ﬁ%%@&%ﬂ il 559’36 @R%%Ive%@%dng‘@ose E90%L Rially {HeWnt Crow
path is used for a crossover operation, but in this case valve 44 is closed and valve
50 is open, so that communication is maintained between the bore 14 above the
tubing hanger 14 and the annulus line 52.
In Figure 7, a tubing hanger 22 contains a vertical production bore 26 and a

lateral production bore 28 similar to the Figure 1 embodiment. A pair of plugs 704,
706 are located and sealed to the vertical production bore 26 of the tubing hanger
22. The tubing annulus exits the spool body 12 through lateral flow path 46 below

- the tubing hanger 22, with valve 44 located along the flow path 46 and preferably
within the spool body. Valve 50 in block 48 controls flow to annulus line 52, Spool
body 12 also includes a vertical bore 710 which intersects horizontal bore 708
extending radially inward to an interior of the housing 12. Valve 712 is preferably

provided on the spool body along one of the bores 708,710 for
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annul ar seal s 526, 528 are positioned on the tubing
hanger above and bel ow port 512 to seal the tubing
hanger with the main bore of the spool body. The spoo
body assenbly is otherwise simlar to the enbodi nent

WORP@NG561i8| y di scussed. The Figure 5 enbodiPeEmiS200a83%30

| ateral production passageway through the spool body
above the tubing hanger 22, although the tubing hanger
nmust be oriented to align the passageway 510 in the

Y AR GRS T pallni o oA fram it fdagn o
c@%épbﬁdin@ﬁofeh?el 6 froteginiRe gﬁﬁngt et 8. effl‘él HoYe Qgta}%r d.

Thi s enbodi ment 'has the sane advant ages Igure 2

CRMpYRicAteawiths spcend Ia!ﬁ'ral v lpath P8 ng@e $podl hOﬁE Thentebing
hﬁﬁqe'r ZQEOﬁtQiﬁs b%ﬂﬁgl arﬂ%fﬁg ®bre mqmqag&#rﬁmhﬁlcétbg Slaﬁéve%ﬂ the

into t I Ng annul us ore passin

pfﬂrnaw@gre 141@ theines beusings Paahwxa fhesiuking Danger@Ztamé the lateral
d
PYBIMB 1P UG 14 i nher e BRA Fh BOR e

thBISQQSI hoﬂvdagh the line 520 and into the tubing annul us

ol o008 il T SFUBRAHk S AREFtie BTl F botind & B2 e

beth dalves marﬁzﬂ'ﬂ)ﬁhare [:Es@ldaha thniﬂblng dmangernamj the tree cap is

* AR B8 SIARER 8 oS i e,

harget will hiamg toabe/mlbd dfadither of theeplug sedts becorﬁ@s dwmage to the

oAt 9l o5STT PeleBl el ith rheal s boAlotpive e

- mpy be pravideddn therttibinghariger € rﬁblabb ¢hd plbgsﬂmdf émmm Crdssover

tree c 62.is | anded | ealed to the maj n_spoo
A R Mg Ao eecoBpA st Ao siplgE oha FEbR bl
erhisodihenty A Witk 8e dthercerabodimients IRe c@t@?\@? ﬂ%\ggﬁ?s ér@?ﬁge[y
outl e ocat e

2 h I I d
fﬁ%&éﬁ‘? ﬁ@gq 93% gtr E%%&fﬂ 312%%@% gy, d dysare facaipdivgthin

M@W@T@ioﬂ&b\p@@d&ﬂoﬁﬁ&e%‘ then to production Iine 36.
The  tubing annulus exits the spool bodél t hrough a

£1 r YWhip prefeized embeglinapts o the presant puerion hase beglllgstrated
in E’éﬁﬂ S Qﬁﬁérgﬁ%é’t%th&%w deliénd & é%p’tﬁi’&ﬂ? bf thé: F?r&’hltrgd

val ve posi tioned housi ng ong flow
embodiments will occur to those skrlled in the art The embodiments shown and

described are thus exemplary, and various other modifications to the preferred

- embodiments may be made which are within the spirit of the invention.
- Accordingly, it is to be expressly understood that such modifications and

adaptations are within the scope of the present invention, which is defined in the
followmg claims.
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46. Valve 50 in this enbodinent is also shown
posi ti oned on spool body 12. This annulus fluid flow
path 46 al so communi cates with a second | at er al
wo 200Rsdus flow path 610 in the spool body P@m\ﬁﬁdg 39130
t ubi ng hanger contains a vertical bore 614 ic%
communi cates with the bor_%%ﬁwg n the spool body above
t he tubi ng hanger 22, and Ich intersects a |l ateral
bore 616 in the tubing hanger 22. The lateral bore
616 is in alignment with and thus communi cates with
1.t he Adexizontallspoal tizk absamebly Bt Boritrdilihd Buis AR theRgdy.  Val ve
618 al ong passageway 620 connecting the first 46 and
a produclipretubing aitring64ithin @ ek, ahe ploduetipatibing dkriddi@efidgph body
] controls flow between the bore 14 in the spool body
tubing angivlis esutrhendingoiha dubivansteing, amd theatres abseaiblyladaptbg ui d f 1 ow
path 46. A pair of annular seals 622, 624 are
for use Wit i workoned sting fardlutdudormaunivatigenit?fette SSmbhe t ubi ng
hanger to the spool body main bore above and bel ow the
the tree gsgerably compiiging: 616 i n t he tubing hanger. The Figure 6
enbodi ment al so provides a | ateral production bore
a sincbbedy defipivola $pedybdly cabinaldotehier tedeivingy banges . Val ve
32 may remain closed for both a workover or a
hanger therejs,savies sppatbady produdiion ipagsagewsy kaslingy fatemlly on,
fluid flows downward through the tubing hanger bore
from the gpaol diedy wentrai oe fdndluldaccamralnidation Wik QG pPoduchien spool
body 12, then downward past the open val ve 618 and

line;  through valve 44 into the tubing annulus 16, with

val ve 50 being closed. Substantially the sane flow
theywibingihanggrewdthirothe apool bedoventrabimes ahd esaletitb then t hi s
case valve 44 is closed and valve 50 is open, so that
spool bodypthmivhiag hanaer adapted totsappartithb eradaetiont thisinkgastangl 4 above
the tubing hanger 14 and the annulus line 52. In
therefromi-ihguiiing hagger hiBVing) aHiebingehar@®r produgion o feerfiuidc al
production bore 26 and a |ateral production bore 28
communiaatign | with tthe t predudtignr isbitig estiigliangna . tuBingaitiangér pl ugs
. 704, 706 are |ocated and sealed to the verti cal
production, passagewanheiendingdaterly from thelbibing temgereprociBationThe

tubi ng annul us exits the spool body 12 through | ateral

bore for fiyi¢woprunicatiprowitindpe preductiobi pagsdgangeiin 3 spodih val ve
body: 44 | ocated along the flow path 46 and preferably
an annulus passageway extending laterally through the spool body
below the tubing hanger for fluid communication with the tubing annulus;

a first annulus valve for controlling fiuid flow between the tubing
annulus and an annulus line;

a second annulus valve positioned downstream from the first annulus

valve with respect to the tubing annulus for controlling fluid flow betweens the

tubing annulus and the annulus line;
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within the spool body. Valve 50 in block 48 controls
flowto annulus line 52. Spool body 12 al so includes
a vertical bore 710 which intersects horizontal bore
wo 20606bssextending radially inward to an i nt gdy@fs:iboeldi
housi ng 12. Valve 712 is preferably provided on the
spool body al ong one of the bores 708,710 for 12 WD
2004/ 055318 PCT/ US2003/ 039130 controlling flow from
t e argaveh oW 4t dhnyid eeammynicatiom ewithn|the amulus a
correspondi ng bore 716 provided in the tubing hanger
passggewayhend, gresingethegugh the cipreinbagit lateralivt intaathse 8ing
| ateral flow path 708 in the spool body. The tubing
hanggn, qgd upyarddiisiough He tbigg hangesfo tasarel oBy eentral horshi ch
copmuni cat es between the rimary bore 14 in the tree
abovg diiR fubing1hangsye (herehyerreiding uid sagewnipationkptween thet er al
bore 716 in the tubi ng hanger 12, which intersects the
workpygr siring apgh g tWangaiwiuBhs in  the spool body 12. The
Figure 7 enbodinment is simlar to the Figure 1
efoBERTARVRE flowingpin fuidcompuinication with themnawlys 7ine ar e
ro i%ed in the tubing hanger, and the tree cap is
betwg‘?rl ':419 £t anfl sagand anuysyalyes gndibs pragictioadiseiconponent s
W thout a tree cap, the tubing hanger will have to be
p@ITEgoYer velve Resitiased aleag fiewpssever o e eed danmge to
t he xtent that the plug does not reliably seal with
t e WORKQYEr AQW opaih) ¢ By ﬁ%&tﬂ | GUnMynigalig’ Wit yihey 2UBIGT ded

in th ubi anger to replace the plugs 704 and 706.
passegRyay pobieen ikl At seoRe FBRIS VAN eRaGLaIRBl R FaFh Shod

i n nmanne imlar to the Figure 1 enbodinment. As
an"“(ﬂ?t"%"‘? ﬁ%“q'@[st@fc{hbéﬂmﬂéﬁﬂ%@v?we@“@%sover flow |ines
are closely adjacent the spool body, or are within
the spool body, and thus are |ocated within twelve

feet of the @odu tion bore 26. Wiile preferred
8 e

efrbodi/WBRTZEN Irge @seambly &y defined dn Ty dugher
iJlustrated in detail, it is apparent that other
COMPYSHYT i cati ons and adaptations of the preferred

enbodj nents will, . occur to those skilled in the art.

TR | YRPOSUORRAPARR SPaPe Ry TRrespnirpling fhid flow
alongﬁﬁé?@n?é%iy p?lgﬁjc%{&réa%ggge%ager nmodi fications to the

3. A horizontal spool tree assembly as defined in Claim 2, further
comprising:
the crossover flow line is in communication with the production line

downstream from the production valve.

4. A horizontal spool tree assembly as defined in Claim 1, wherein
the workover flow path extends through a lateral port in the tubing hanger

spaced below the tubing hanger production passageway.
15
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enbodi nents may be made which are within the spirit of
the invention. Accordingly, it is to be expressly
under stood t hat such nodifications and adaptations
K4 hi n the scope of the present invenji j
‘woéﬁyﬁﬁg%ned inthe followng clains. 13 3&?@%8??@%&@15
PCT/ US2003/ 039130 CLAIMS 1. A horizontal spool tree
assenbly for controlling fluid flow through a
production tubing string within a well, the production
tubing string defining a tubing annulus surroundi ng
t 5 t ubihogzasital ispepl trea dissdrably pe defiresidnitlisimati fptied  f or
use with a workover string for fluid communication
COMpiistng: t he tree assenbly, the tree assenbly conprising:
a spool body defining a spool body central bore for
r @clstvelogyire medven positfeaad athinlibe dibing kangemprogoatibn body
producti on passageway extending laterally fromthe
bore §pibe tubgdiangemht ral bore for fluid comunication with a
production Iine; the tubing hanger wthin the spoo
body central bore and sealed to the spool body, the
t ubi ng hanger adapted to support the production tubing
s i ngA horeonte spepl ree @ssaniihngs Helingdrin dainry farthenbi ng
hanger production bore for fluid conmunication wth
COMPr{B@Ypr oducti on tubing string and a tubing hanger
producti on passageway extending laterally fromthe
t glseagndelesyse membeieasitionsd akave the fubingiadgerandithe cat i on
wi th the production passageway in the spool body; an
first Gloena Mempersionigelaling tha spaetibedy deatrdibartd ketwerrothglfirst he
spool body bel ow the tubing hanger for fluid
and sespRALHPHER Membeist h t he tubing annulus; a first annul us
valve for controlling fluid flow between the tubing
annul us and an annul us |i ne;

7. A horizontal spool free assembly as defined in Claim 1, further
comprising:
another production valve on a block connected to the spool body for

-contralling fluid flow alang the production line.

8. A horizontal spool free assembly as defined in Claim 1, further
comprising:

a lower first seal between the fubing hanger and the spool body;
| an intermediate second seal between the fubing hanger and the spool
body;

a third upper seal befween the tubing hanger and the spool body;

16
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a second annul us val ve positioned downstream fromthe
first annulus valve with respect to the tubing
annul us for controlling fluid fl ow between the tubing

wo 20ansd3ws and the annulus |ine; 14 AVENDER:$HsR)s039130
(ARTI CLE 19) WD 2004/ 055318 PCT/ US2003/ 039130 a

wor kover flow path in fluid communication with the
annul us passageway. a SSi t hr ough t he spool body,
|a‘5%r“5a”fq99fi fic p%\@éntp[}g? NghBFger Peiag @PRESHAERYE# ough
t t ubi n anger to the spool body central bore

the 85, 83 k0 REFoRl e, aihee Hifbipd JAnesTn graduigien
conmuni cati on between, t he rkover .string and the

pas RN B P ARAfes DAIVE a8 DGt BPEA WG PRl P1 u G
communi cation with the annulus line between the first
and second annul us val ves and the production line; a

val iti I t fl
O B0 T B M BB o
ith,th I t the fjrst d
e bl G 5 s RESRIGHRYS BB SRBob6S f b el
bodg}zlal ve controls fluid flow during a workover operation.
. A horizontal spool tree assenbly as defined in

Caim1l1, further conprising: a production valve
positioned on the spool body for controlling fluid

o RS R AR TRl 2
e 4 PR S i SHGTRPA o i
cton s BERSHGH ol ¥ spi it 20n 1 spocl Lree

flow path extends through a lateral port in the tubing
hanger

11. A horizontal spool tree assembly as defined in Claim 1, further
~ comprising: a first closure member pbsitioned within the tubing hanger
production bore in a tubing hanger;

a second clbsure member positioned' within the tubing hanger
production bore in the tubing hanger above the first closure member; and

a workover valve Is positioned along the workover flow path for

controliing fluid flow to the first annulus valve during a workover operation.

12. A horizontal spool tree assembly as defined in Claim 12,
wherein the workover valve is positioned on the spool body for controlling fluid

flow along the workover flow path.
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spaced bel ow t he tubi ng hanger production passageway.
15 AMENDED SHEET (ARTI CLE 19) WO 2004/ 055315
PCT/ US2003/ 039130 5. A horizontal spool tree assenbly

wo Rey@Eehgned in Caiml, further conprisi %Tflﬁztfobﬁlﬁﬁsn
cl osure menber positi oned within the tubi ng hanger

production bore in the tubing hanger. 6. A horizontal
spool tree assenbly as defined in Claimb5, further
conpri St @zoatab%f@aﬁt{ﬁeasa@uw forsapleaiingdbiid flem eousibov e
the tubing hanger and the first closure nenber for
a PfOQB?fo' itWRING STENE Wk a iy the prdustiondublag stinaisfining e
and second cl| osure nmenbers. 7. A horizontal
wb@% BN BUToA8diRgHI, 1UbiB gEingnensl iha tieeAssemblyradepiear
riSin anot her roductlon val ve on a bl ock
forg n;ﬁ

e warkoyer oS d grpmuRigation Wi ke free Agsemkly. d

the production line. 8. A horizontal spool
their?%@ssgg'%@grﬁﬂ"ip“é'ggdefi ned in Claim1, further '
on‘pls] 8 ower first seal betvveenthetublng
hafgepol 410 y@ﬁ@"%%@i"’%@ - celyiral bere ferg@caiving febbiRg seal
bet yween th t ubi hanger and the spool bod a th| rd
hanger{ap el 200 s Q'?Pdméoquafuﬂnn@%ﬁm axendingeit
AVENDED SHE ARTI CLE 19) WO 2004/ 055318
fFO"P%*r"/yf@?ége%%‘i@ borg ey mﬁ L@ewwnwcﬁf&n) Wik 12 Preguctione

Iine't ubi ng hanger bei ng spaced between

a tree cap structurally separate from the tubing hanger and positioned
within the spool body central bore above the tubing hanger;

the tubing hanger within the spool body central bore and sealed to the
spool body, the tubing hanger adapted to support the production tubing string
therefrom, the tubing hanger having a tubing hanger production bore for fiuid
communication with the production tubing string and a tubing hanger
production passageway extending laterally from the tubing hanger production
bore for fluid communication with the production passageway in the spool
body;

an annulus passageway extending from the fubing annulus upward
through a portion of the tubing hanger and faterally through the tubing hanger
into the spool body and to an annulus line; and

| an annulus valve for controling the fluid flow along the annulus

passageway.
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the first seal and the second seal, and the tubing
hanger producti on passageway.bei ng spaced between the
second seal and third seal. 9. A horizontal spool tree

wo 208 y as defined in Caiml, wherein piRissRsNBo
annul us valve is positioned within a bl ock connected

to the spool body. 10. A horizontal spool tree
.asidﬁrrbly as defin g in Clatiam 1, wherein the first
a1 & ReaPonialispoo] iep (RBRTERY 6 deMedd G Héd furingr
cantrolling fluid flow along the annul us passageway
COMPHFR%igh t he spool body. 11. A horizontal spool tree

assenb as_defined in Claiml1, further conprising: a

TR SPNsE A el oL O b ceoip ooy v Tmol

han&eﬁ 1,0 ucti@n bore in a tubi na, hanger; a second
compupigian M@@"B U§ PaSSALRVaY 3N sxtandied dhyByghyaratatab r

production, bore in the tubi hanger above the first
portff B 5has! Rk e safel b lia) ore Glpipng GOpGBEBher

al ong the workover flow path for controlling fluid

flowto the first annulus val ve during a workover

opgratiqn.. 12 A horizontal spqol tree ass ly as

de 'neé‘q]oﬁzﬁ%%isﬂ?oq o6 E&i—!-Y ﬁgﬁﬂ%*eﬂm g[ﬂ%ﬂgxn/g-f%@ri s
comB?sli]t_i oned on the spool body for controlling fluid

- al ong the workover flow path. 17 AMENDED SHEET

19 2004/055318 PCT/ US2003/ 039130, 13. A
hot Pogndief Vé'ﬁ%??s'ﬁw’&s o 2oelhel ?%Ffeﬂr o tslpB‘f”I]t??FB’ B ui d
I thr a,.product.i on tubing strin ithin a well,
°°"‘E‘1%'@\QNBF‘§£|'§‘§%P"5‘H ﬂi)elﬂff’ E"Iéq qun; Iolefg Wl nlg g WIt ub: ng
annul us surroundi ng the tubing string, and the tree
assenbly adapted for use with a workover string for

astBe o f ORI e o sl o e Ry ERm il

comBﬁs%-Cent ral bore for receiving a tubing

a crossover flow fine in fluid communication with the annulus line and

the production line.

17. A horizontal spool tree assembly as defined in Claim 14, further
comprising:
a first closure member positioned within the fubing hanger production

. bore in the fubing hanger.

18. A horizontal spool tree assembly as defined in Claim 18, further

comprising:
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hanger therein, and a spool body production passageway
extending laterally fromthe spool body central bore
for fluid communication with a production Iline; a
wo %ésa8s3¢ap Sstructurally separate fromthe H%ﬁhﬁ 0RaRYH"
and positioned wthin the spool body centra ore
above the tubing hanger; the tubing hanger within the
spool body central bore and sealed to the spool body,
t e seqepil sipsWarpemb dapitiengdiabove theolubing frangercahdcthe on
. tubing string therefrom the tubing hanger having a
first £igpiira dnamaiiey & isplading fhei sPROIR9EK cendral bprgi hitwesmthafirstat i on
with the production tubing string and a tubi ng hanger
and 5econd slopwis Mardeseway extending laterally fromthe
t ubi ng hanger production bore for fluid comunication
Wi th the production passageway in the spool body; an
annul us passageway extendinghfron1the t ubi ng annul us
uplﬁar dA hefizenth sROPolres GEsemmbly s definesy imPlgist Hnd
| aterally through the tubing hanger into the spoo
whergiihe QH'E!}{‘{%V% igpesitioned o the:spadl§odw annul us val ve for
controlling the fluid flow al ong the annul us
passageway. 18 AMENDED SHEET (ARTICLE 19) WO
2004/053@15 PCT/ US2003/ 039130 14. A horizontal spoo
t rile abdenEnial sRoqhiiee assembly fer eaniroliing figid flowdkrough

co riséng: a wor kover f|OMI$ath exterior of the spoo
a Pf%@@onaﬁq ing tring Within acwetntie: RragyCEen Hbing stren defiina
T%assa emay and extending through a lateral port in
tubingrannuitis SHreyng: he fybinossiig apddie Fesepsamily pdapiedye
the_h%bin hanger. 15. A horjzontal spool tree
for uge Wil 5 Workavep afing &y firid cemg)upication Wi thedree 25pPbNsI ng:
the tree assembly comprising:

a spool body defining a spool body central bore for receiving a tubing
hanger therein, a spool body production passageway above the tubing hanger
extending laterally through the spool body fo a production line, and an
annulus passageway below the tubing hanger exiending laterally through the
spool body for fluid communication between the tubing annulus and an
annulus line;

the tubing hanger sealed to the spool body and adapted to support the
production tubing therefrom, the tubing hanger having a tubing hanger
production bore extending axially therethrough for fluid communication

between the production tubing string and the spool body production

passageway,and
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a production val ve positioned on a bl ock exterior of
the spool body for <controlling fluid flow al ong the
production line. 16. A horizontal spool tree assenbly
wo AbydEghisned in Caiml4, further conprisiRgudoosnzerso
crossover flow line in fluid comunication w t?w t%e
annulus | ine and the production line. 17. A
hori zontal spool tree assenbly as defined in O ai'm 14,
f uf teekoverciismpipath iexigndiag pitirely withinsthe epoelrimdy fposihei oned
within the tubing hanger production bore in the
ProqugHeripsragey@y in 3 8poohbedt to Amaniuluspassagavwesy imaspatil y as
defined in Caim18, further conprising: 19 AVMENDED
bodgHEET (ARTI CLE 19) WD 2004/ 055318 PCT/ US2003/ 039130 a
second cl osure nenber positioned above the tubing
hanger and the first closure nmenber for isolating the
spool body central bore between the first and second
cl 8kur & hsiedplspoaldree msprymbly ga dafinesio &lainy 86 fukhasnbl v
as defined in Claim11l4, wherein the annulus valve is
- COMBPEYRG:i oned on the spool body. 20. A horizontal spool
tree assenbly for controlling fluid flow through a
pr %I%Pf”é rYapvainosijonsdranhe wpedh ibadw forepmtrolting:fiyid %@‘M ction
t ypi n% string defining a tubing annulus surroundi ng
alongﬁlée%mug@a gPWY: and the tree assenbly adapted for
use with a workover string for fluid comuni cation
with the tree assenbly, the tree assenbly conprising:
a ool .bod efining a spool body central baore for
r etei vf‘rf@"ég/'itﬂ 5PPe] tref aagambly AR defined i Glajao? 1, Beder

-comBEs?;E’g‘;JC“ on passageway above the tubing hanger

a first closure member and a second closure member each positioned

in a tree cap above the tubing hanger.

23. A horizontal spool tree assembly as defined in Claim 21, further.
comprising:

a production valve on a block exterior of the spool body for controlling
| the fiuid fiow along from the spool body production passageway to the

production line.

24. A horizontal spool tree assembly as defined in Claim 21, further
comprising:

a workover valve positioned on the spool body for controlling the fluid
flow along the workover flow path.
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extending laterally through the spool body to a
production line, and an annul us passageway bel ow t he
t ubi ng hanger extending laterally through the spoo
wo 2egbgsFipr fluid communication between the Juhing. . o.-0
annul us and an annulus line; the tubi ng hanger séaled
to the spool body and adapted to support the ‘
production tubing therefrom the tubing hanger having
a £ubi Agharizarfal spopitisgassembly I8 defined BnGlainyg 2 Axfuehdry
therethrough for fluid comunication between the
CompRYdict i on tubing string and the spool body production
passageway; and 20 AMENDED SHEET ( ARTI CLE 19) WO
20@)!’)‘38‘95@ Tiowrreth extienivn af hespae) bogdy rfkisl eamimunicatioat h
extending entirely wthin the spool body fromthe
bewﬁﬁﬁ@M%@P%Wmﬁﬁﬁ§ﬁﬂEuﬁymﬁﬁkﬁ“@%ool body to the annul us
passageway in a spool body. 21. A horizontal spoo
tree assenbly as defined in Claim2l1, further
conprising: an annulus val ve positioned on the spoo
b f Srharigental apeplitge @searebly po defingdbindlaine2a futhais
assageway. 22. A horizontal spool tree assenbly as
comg'é?"?%ed in aim21, further conprising: a first
cl osure menber and a second cl osure nenber each
po@ivariayetvalyeexierior efdhe appoh berlvdor pentialiiso ihe fiiddew. 23,
A horizontal spool tree assenbly as defined in Caim
along {he WoIKYeEHoW egffipr i si ng: a production valve on a bl ock
exterior of the spool body for controlling the fluid
flow along fromthe spool body production passageway

t o27t. heA horizontal spool tree assembly as defined in Claim 27, further
comprising:

a first production valve for controlling fiuid flow along the production
line;

a second production valve for controlling fluid flow along the production
line; a first annulus valve for controlling fiuid flow between the tubing annulus
and the annulus line;

a second annulus valve for controlling fluid flow between the tubing
annulus and the annulus line; and

a workover flow path is in fluid communication with the production line
between the first production valve and the second production valve, and is in
fluid communication with the annulus line between the first annulus valve and

the second annulus valve.
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production line. 24. A horizontal spool tree assenbly
as defined in aim?2l1, further conprising: a
wor kover val ve positioned on the spool body for

wo 26RRE55G 1 ing the fluid flow along the wop 0
pa?h. 21 AMENDED SHEET ( ARTICLE 19) WO 5@8&%&?@%@?
PCT/ US2003/ 039130 25. A horizontal spool tree
assenbly as defined in Gaim21, further conprising:
a wor k Svarizentawperl trae asgembly for sbnirdlimgShisoiovbiebughor
flui d conmuni cation between the production |ine and
a prpgyction bing string ydthinzgs wel the prodoetical tuisipg string definiag aenbl y
.as defined in Claim?27, further conprising: a
tubirg, annis rsuranngingethe diking stoing.t ane! pdse dsselybly adapted
controlling the fluid flow along the workover flow
for ysgwith epworkoven sting §tfliid copmBunication with deartbs assemidy, i ned
in Caim?27, further conprising: a first production
the treq qssemBly coBPAISINGF | i ng f1uid flow al ong the production
l'ine;, a second production valve for controlling fluid
f 1P BRfy dahBing eotnget pasty cantrakborg fori reseiving @utbisg val ve
for controlling fluid flow between the tubing annulus
hanggs dhargig, %?ﬂ?ﬂ‘ Qi%ylpr%'fm& Rassagavayrabave hevubine harger
controlling fluid fl ow between the tubing annulus and
ex‘e{‘ﬁgg Aﬂﬁf&l%ghw% the, gepoh Rsvkiy @r Produstiopaling, iandi anf | ui d
ommuni cation with the production line between the
annyigs BSsagea BEIoMhe A1 BRRger Rateagio ieteraholuRighdhe
I i's in
spooYabo\és? ’foFFJl ﬂgidlcon'ltmunication between the tubing annulus and an
annulus line;
the tubing hanger sealed to the Spool body and adapted to support the
production tubing string therefrom, the tubing hanger having a tubing hanger
production bore extending axially therethrough for fluid communication
between the production tubing sting and the spool body production
passageway;
a first annulus valve for controlling fluid flow between the tubing
annulus and the annulus line;
a second annulus valve positioned downstream from the first annulus
valve with respect to the tubing annulus for controlling the fluid flow between
the tubing annulus and the annulus line; and
a fluid flow path in fluid communication with the spool body central bore
above the tubing hanger and the annulus passageway between the first
~annulus valve and the second annulus valve, the fluid flow path providing a

workover flow path for'ﬂuid communication between the workover string and
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fluid communi cation with the annulus |ine between the
first annul us valve and the second annul us val ve. 22
AMENDED SHEET (ARTI CLE 19) WD 2004/ 055318

WO T6aJo54492003/ 039130 28. A hori zont al spoolp(%,r,@gﬁosmgm
assenbly for controlling fluid flow through a
production tubing string within a well, the production

i tu&i ng stri nghedefi ning a tubing annul us surrounding
e HRING A9nwEs dhennte ThHPNHIES tvelvee s operbland dbiapeednd f or

rwse W{Vth a workover string for fluid comrunication
anniijus Yayg ds ¢lpged. aad dippliud flow pathifudberprowdinpya crossovesi ng:

a ol body defining a spool body central bore for
flovy %"@’2? il Gaxmwfcﬁ@on trohweparthe nwp%gn linesprddhe Bomigus
i prodﬁgtion passa%emay above t he tubi ng hanger
ine Whel 187 kst ieRpidps Malye srrieseg ene Hbiesspeond Boelyus valve is
c)eﬁroduction line, and an annul us passageway bel ow t he
P ubi ng hanger extending laterally through the spoo
body for fluid comunication between the tubing
annul us and an annulus line; the tubing hanger seal ed

to,4 he ,spool body and adapted to support the

pr dtuctY ATZeniss g%:o feei gsgerpible pe rdefined tmelainu B nfyrthemger
co havi ng a tubi ng hanger production bore extending

MRIFIE | y therethrough for fluid communication between

th oductiop tybipg string _and the spool body
pr@ﬁ %qdﬁ?\” Pﬁﬁbeﬂeﬁ{%ﬁntm PR Hensnagk body dremf the
ntrolling fluid fl ow between the tubing annulus and
proqiiion pasndivay i dhe sposlieadido dima@ntidus ARsEdpway in bacd
590‘?8’ treamfromthe first annulus valve wth respect
e tubing annulus for controlling the fluid flow
between the tubing annulus and the annulus |ine; and
a fluid flow path in fluid communication with the

S%(.)l Roﬁlgﬁz%ﬁ%‘ rs%loolblcr)efee assembly as defined in Claim 30,

wherein the fluid flow path is in communication with the spool body production
passageway between the spool body central bore above the tubing hanger

and a production valve for controliing fluid flow io the production line.

31. A horizontal spool tree assembly as defined in Claim 30, further
comprising:

a control valve along the fluid flow path to control fluid flow.

32. A horizontal spool tree assembly as defined in Claim 30,

wherein the fluid flow path is exterior of the spool body for fluid

communication between the production line and the annulus line.
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above the tubi ng hanger and the annul us passageway
between the first annulus valve and the second
annul us valve, the fluid flow path providing a

I r flow path for fluid comunicati he
wo M\A%{dl?%gﬁr string and 23 AVENDED SHEET (A%ﬁ%%%@%l%
2004/ 055318 PCT/ US2003/ 039130 the tubing annul us when
the first annulus valve is open and the second
anﬁéi ugh Daizpatal spag| FReasseaily ahdefinediinl Oldin\a4p atrther
further providing a crossover flow path for fluid
COMPRRENi cati on between the production |ine and the
annutléis line when the first annulus valve is closed
and WrefeProdiclpR valum frueonirallivg fiuid flaypeleng2be production
Iine'hori zontal spool tree assenbly as defined in O aim 30,
further conprising: the fluid fl ow path extendi ng
entirel chf hin the spool body fromthe production
pa§§3ﬁ¥ﬁﬁ° ustiomaive fabsonyslipo fididiflew alenaihe prosstiongevay
in the spool body. 30. A horizontal spool tree

lineiassenl y as defined in Claim30, wherein the fluid

fl %W P@tf[;) I s in._comunication with the spool body
- pr B&HE oW Pagisdn garominisaiaRaith tha@ragvstian linecietuesit r al
e abave the tubing hanger and a production valve
the ?’g{mﬁwﬁ?‘bYﬁ'Yeﬂ‘dr%Fﬁ%Wa%clusﬂ%\@!\ﬁ oduction |ine. 31.
A horizontal spool tree assenbly as defined in Caim
30, further conprising: a control valve along the

otk zof SIVBRlsh sPBol ciomcanmbly & dsdrecnes Gt 80m 30
hofERL i i path i iTdRa e, Ao95E DRGE ROIFL befecakev! on
the Hbﬂ% ﬁaanncgiyelI ngr?v{r]arll ltlgjrguglglg rz]aepo%g'n of the tubing hanger, then
laterally outward through the tubing hanger and into the spool body, and in
communication with the annulus line between the first annulus valve and the

second annulus valve.

35. A horizontal spool free assembly for controlling fluid flow through
a production tubing string within a well, the preduction tubing string defining a
tubing annulus surrounding the tubing string, and 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 a tubing
hanger therein, and a spool body production passageway above the tubing

hanger extending laterally through the spool body to a production line;
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AVENDED SHEET ( ARTI CLE 19) WD 2004/ 055318
PCTI US2003/ 039130 33. A horizontal spool tree
assenbly as defined in Caim34, further conprising:

wo Modiskfs production valve for control l'ing ddiaidodslofise
al ong the production Iine; a second production valve

for controlling fluid flow along the production [ine;
gﬁflmdflow path is in comunication with the

UPing Hanges éeﬁ'é‘é W 8§ spaiek bpdy and péanterttd sippediare

g t he second ;ahctl on val ve. 34. A hori zontal
pro@t;} o1 thhing, there e JUbir i asgera badingi antaing haneeei n

fluid fl o path xtends fromthe spool body
pm@gﬁ?q atr°f%o‘?>‘ée B8y @X'a'fyh éh%thrwhh &o7gHridd sommangation ough
| aterally

rtion of .the tubin er. then
botegfl i RGN HHHES 1 A1 g rfer el Baslo prasbibigool
bod and in comunication with the annulus Iine
PaSpRENREN t he flrst annulus val ve and the second
annul us .val ve. rizontal spool tree assenbly
fo?" EBW‘fsoﬁ’qSF?ﬂf“lﬂm " NG W P ch iih thefubing dhaggeroand
wel |, the production tubing
etelgly i eihioiin essobite Brnde st B dha spantibecy torea
tub ng string, and the tree assenbly adapted for use
anny h‘a wor kover strlng for fluid communication with

SPGB rges wtséﬁep%ﬁﬁéfﬂ??éhty b é?%nfﬁxg:
Pf°cfef?fa§°3u¥9% I%%tﬁrrﬁﬁé*?%eg%wal?boﬁ%ié P %ﬁq‘%ma%‘%age%ai%@% e
or S PR B s 3 sl B leeds ot inevivs) oo

bem?eQR %/ f%%%%u uspva veUa‘lgnz ao g’e{cgg %%gulus valve each annufus valve

controlling fluid communication along the annulus line.

36. A horizontal spool free assembly as defined in Claim 38, further
comprising:
a workover valve positioned along the workover line for controlling fluid

flow during a workover operation.

37. A horizontal spool tree assembly as defined in Claim 38, further
. comprising:
a first production valve and a second production valve each positioned
along the production line for controlling fluid flow; and
the workover flow path extends from the production line between the

- first and second production valves to the annulus passageway.
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t he tubi ng hanger sealed to the spool body and adapted
to support a production tubing therefrom the tubing
hanger having a tubi ng hanger production bore

wo Rxi@esgds ng axially therethrough for fluid ggaassatdoon
bet ween the production tubing string and the spool

body production passageway; an annul us passageway
extendi ng upward into the tubing hanger and laterally
outward through the tubing hanger and through the
spool body to an annul us || a wor kover flow path
exteri Srharontasrepbisre %walé(rﬁf dsfingehin Glgine Béniufther
roduction line external of the spool body to the
GO"ﬁHﬁm us passageway; and a workover flow path in fluid
n| cation wth the annulus line between a first
anEﬁ FshSlogarieBemRer and @ceRvand: SinsWigsmeEbokinea diseaiiul us
ntrolling fluid conmunication along the

abo‘éﬁ%’?ﬁl‘ﬁ{%‘g?\aﬁg‘ar 36. A horizontal spool tree assenbly as
defined in Caim38, further conprising: a workover
val ve positioned al ong the workover |ine for

SO h oSty 'E'ngg'a%&f’a%?rﬁ@yE@scemvﬁqﬁ{n@gfﬁf%@cﬁf T
a prgEbef o 5o Ghin § Mok bE Puefin bR shingats '%=i1§2ed
tubift s NP e g BT RO R obr skl SeBistce | on
for ysp Wi & Mgt SR i e R R R Shpeseemioyn o1 £

the t&‘ﬁ) ! 6004/ 055318 PCT/ US2003/ 039130 38. A hOTI zont al
O PR ROTBRIHh | v as defined in O aim37, further

a spool body defining a spool body central bore for receiving a tubing
hanger therein, and a spool body production passageway above the tubing
hanger extending laterally fo a production line, and an annulus passageway
below the tubing hanger extending laterally through the spool body for fluid
communication between the tubing annulus and an annulus line;

the tubing hanger sealed to the spool body and adapted to support a
production fubing string therefrom, the tubing hanger having a tubing hanger
production bore extending axially therethrough for fluid communication
between the production tubing string and the spool body production
passageway; and

a workover flow path extending from the spool body central bore above
the tubing hanger downward through a portion of the tubing hanger, laterally
outward through the tubing hanger and into the spool body, and laterally

‘inward through the spool body to the tubing annulus.
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conprising: a first closure nenber and a second
cl osure nenber in a tree cap above the tubing hanger.
39. A horizontal spool tree assenbly for controlling
wo 2bd4esgd1d | ow t hrough a production tubi ng Scriuishevhdoiten
a well, the production tubing string defining a
t ubi ng annul us surroundi ng the tubing string, and the
tree assenbly adapted for use with a workover string
for fluid communication with the tree assenbly, the
tree assenbly conprising: a spool body defining a
sP8ol MHbarizadalspad! tegrassenhly ge definedhiy Gaiubl. dgrtheRanger
therein, and a spool body producti on passageway above
Cm“mﬁé@tublng hanger extending laterally to a production
line, and an annul us passageway bel ow the tubing
h@ﬁgfﬁllﬂu'éit\/éwg|D|5P§’t"l”wdé¥1a‘lhf9;$99¢irh§’§§ffPrtQﬁ’étf%‘W@oﬂ‘U’%ﬂw for
fluid comruni cation between the tubing annul us and an
alongtha@nngus ineesageway+ ubi ng hanger seal ed to the spool
body and adapted to support a production tubing
string therefrom the tubing hanger having a tubing
hanger production bore extendlng axially therethrough
f &+ f | iharigestighsrrel diee sissepldly Re asTinedbin frlaf 43 ifgihef ubi ng
string and the spool body production passageway; and
compyisidi kover flow path extending fromthe spool body
central bore above the tubing hanger downward through
a PYPHOBE Yaiva prsitioned AY theasrad boq'yaf%é eentiolling dhg Hd o
t hrough the tubing hanger and into the spool body, and
ﬂowalaﬁaamv'(oykoweﬁﬂmaaﬁ@aw the spool body to the tubing
annul us. 27 AMENDED SHEET ( ARTI CLE 19) WD 2004/ 055318
PCTI US2003/ 039130 40. A horizontal spool tree

assenbl as defined in aim43, furth 0 i ng:
2. ¥1or|zontal spool tree asserﬁbly as defined in Cﬁa[m zfa r}.prliher g

~ comprising:

a first closure member and & second ciosure member in a tree cap

above the tubing hanger.

43. A horizontal spool free assembly as defined in Claim 43, further
comprising:

a production valve positioned on a block exterior of the spool body for
controlling the fiuid flow along from the spool body production passageway to

the production line.
44. A horizontal spool free assembly as defined in Claim 43,

wherein the workover flow path extending laterally inward through the spool
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an annul us val ve positioned on the spool body for
controlling fluid flow along the annul us passageway.
41. A horizontal spool tree assenbly as defined in
wo 20d4asnt3, further conprising: a workovempcYaky@sn3e13o
positioned on the spool body for controlling the fluid
fl ow al ong the workover fluid passageway. 42. A
hori zontal spool tree assenbly as defined in Caim43,
bodyf igr thé &bingcammpiuissinglydesaa ortion of Itls enmulusepaseagesay in
second closure nenber in a tree cap above the tubing
the spaeidpedy. 43. A horizontal spool tree assenbly as
defined in Caim43, further conprising: a production
val ve positioned on a bl ock exterior of the spool body
for controlling the fluid flow along fromthe spool
by ph barireniabsperl dreagesebly for controlingduidstawathraughe.
44. A horizontal spool tree assenbly as defined in
a pregusiiom tyling styipg: véihin a well.\tbe Rduetion) taling atring exiiniagia ng
laterally inward through the spool 28 AVENDED SHEET
tubing manylag surimnding the duins steng, edzeEreBlY 30apteddy t o
the tubing annulus includes a portion of the annul us
for upe Wit g sREkpvenstring fardlyist caseraynication withiias froeatsembipool
tree assenbly for controlling fluid flow through a
the tfoe SERRRILORPMAISING string within a well, the production
tubing string defining a tubing annul us surroundi ng
t [FeSPofibhady @t?minaga, smgb@%cwreb 8 Seisrsiving agriag f or
use with a workover string for fluid communication
hanggr thergim dhe speol Jkadyipglyding @R annplbe PRSSASRYRY e¥iSRFIRY si ng:

laterally through at least a portion of the spool body for fluid communication
between the tubing annulus and an annulus line;

a tree cap structurally separate from the tubing hanger and positioned
within the spool body central bore above the tubing hanger;

the tubing hanger adapted to support the production tubing therefrom,
the tubing hanger having a itubing hanger production bore extending axially
therethrough for fluid communication between the production tubing string and
a spool body lateral production passageway through the spool body above the
tubing hanger;

the tree cap positioned above the spool body production passageway

for closing off flow through the spool body central bore, the iree cap having a

vertical bore therein; and

first and second closure members each received within the vertical

bore in the tree cap for closing off flow through the tree cap.
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a spool body defining a spool body central bore for

receiving a tubing hanger therein, the spool body

i ncl udi ng an annul us passageway extending laterally
wo Jotwassgh at | east a portion of the spool Bedyushesofhis d

conmuni cati on between the tubing annulus and an

annulus line; a tree cap structurally separate from

t he tubi ng hanger and positioned wthin the spoo

b cénftarizbntbbospeohitre assemdlyt ashdafiged ingleim 49.Hurthalbi ng

hanger adapted to support the production tubing
compriaingf rom the tubing hanger having a tubing hanger

production bore extendi ng axiall t her et hrough for

f lauwarkewenfion pedih puandiea atéeast mﬁélaérﬂamugh ithenspogbhadly

string and a spool body |ateral production passageway
and flyidhu eennepiingsiheotentaldyora b dlke sheol bodpiakgveh teglebingt he

tree cap positioned above the spool body production
hanges $& g duRing anmduscarsksi ng of f f1 ow t hrough the spool

body central bore, the tree cap having a vertica

b Wotkaestvalve canklingflyid fiewplens-the wotkoweriow petber s

each received within the vertical bore in the tree

cap for closing off flow through.the tree cap. 29
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P UsPdusizogelishgol s, assetblyi asotefiaed ifelgim 49.durther

assenbly as defined in Caim49, further conprising:
compfisigkover flow path extending at |east partially

t hrough t he spool bod and fluidly connecting the

c eﬁw??ﬁguct@a rV@'VnerPrt ihélog% gyerigrad hea irppk bedheior gentieding

hanger to the tubing annul us; and a workover val ve

the @ﬂﬁtf.lqw ifioRy the §pee!hasly, ates gPresistion rmessagewey da at h.

47, A horizontal spool tree assenbly as defined in
prodegtiondip@o,  f ur t her conpri si ng:

48. A horizontal spool tree assembly as defined in Claim 49, further
comprising:
the production bore in tubing hanger has a substantially uniform

diameter bore so as not to restrict fluid flow.

49. A horizontal spool tree assembly as defined in Claim 49, further
comprising:
the annulus passageway intersects the central bore in the spool body

below the tubing hanger.

50. A horizontal spool tree assembly as defined in Claim 49, further

comprising:
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a production valve on a block exterior of the spool
body for controlling the fluid flow fromthe spool
body | ateral production passageway to the production
WO 200408531818. A hori zontal spool tree assenblpcmss26i8hionsd
in Caim49, further conprising: the production bore
i n tubing hanger has a substantially uniform dianeter
bore so as not to restrict fluid flow 49. A
hdP$ Aiulils Rassageway sxtensis cyRsligally dhraeah acrpriion ¢f tiem 49,
further conprising: .the annulus passageway intersects
tubingiangeh ang latgygicoytiiardfa thespap! hadity  bel ow t he t ubi ng
hanger. 50. A horizontal spool tree assenbly as
defined in Caim49, further conprising: 30 AMENDED
S;%ET (ARTI CLE 19) WD 2004/ 055318 PCT/ US2003/ 039130
t 1 andulerEopiatepoghiieg s Jefined ipflaim di, fydbay a
ortion of the tubing hanger, and laterally outward to
°°mBrl‘?€‘gspool body. 51. A horizontal spool tree assenbly

def i in Clam49, furth | Si Nng: h of
o b e HAAgR Bt e dsliob e Al ive St oRoNody

roducti on passageway being .jn c nication with the
prodfi6R | Passage b N SAPEUBIERtRB I e SPAR RSV IsEREAl  and
boretb%Fwéénetﬁe ‘t:u%?ﬁg f?a%gelpé%wﬁ)gpeg chaEp;T (ARTI CLE 19)
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