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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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The disadvantages of the prior art are overcome by the present invention,

and a horizontal spool tree with improved porting is hereafter disclosed.

Summary of the Invention

The present invention provides 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 one embodiment, a horizontal spool tree assembly includes a crossover
flow line in fluid communication with the annulus line between first and second
annulus valves which control fluid flow between the tubing annulus and the annulus
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It is a particular feature of the horizontal spool tree assembly that 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.
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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
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As shown in Figure 1, valve 32 preferably is positioned on the housing 12 so
.1hat.the.closed valve seals.against.a.seat within.the spool.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

valve seals with a seat within the spool body along flow line 46, which is in fluid
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In the Figure 1 embodiment, the crossover flow line 42 is provided between
the annulus line 46 and the production line 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
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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
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anger |ncurr|ng the nore

S| gm Fﬂguam? |||us¢xgt? atutm@hangeugzmonﬁtenﬁmg an@rudm pmmtnon
12, . A ebris entragi ned wt
h s ?me;hwe féam'auegslwommwye%teﬁwm e rﬁamrpmaéﬂ Iséh%rs@ool body

@éﬁé@tﬁ&f&%@h%d@ @Oﬁ.&%% %f%aq?g LM%%%%@& QA9 of fife tubing

'annulus val ve 44, and t hus ack into the

h W@%ﬁ%&'@ﬂmms&!ml%&mmammwzﬁepamﬁ
oS Bl a0 HFS Bt LBl 0 5R38LieB It nd S AEnSiRSh RL troe ca

Hid Sy boaiydi2 hagallatetsliprodadtivh dutet 308 Joditey allede e tubing

t he external workover line 210. Valve 44 is preferabl

hanger ¢edor Preduation dlewt prst opeprd alnps 32oanthat ‘3aehdn peadyiction
BI?{)]&% Efé,ot"ﬂ{_eﬁlter:lﬂ%bgﬁ%lggﬁﬁ?iﬂgw Tl‘?@ﬁ.lﬂlr&% %Hﬁul 98le )@Q%{e spool body

I gure ment wor kover rou
lzlow thejuliing daogapl? shit vblyesiepositipridtewitintee Sﬂnﬁol body 12. The

PG o8 68 BB R M ool S8 s verta

. _piésageway.-portion. Bizmntammg avalve 314.located-in-the.spool body.12.. The. ..

vertical passageway portion 312 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. Valve 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.



openi ng production valve 32, closing valve 34, and

flowi ng production fluid through the crossover |ine
wQid4nss3the open val ve 214 and open val ve 50 tBCT/UR®03/039130

52, with valves 44 and 216 remaining closed. Figure 3

illustrates a tubing hanger 22 containing a vertica

production bore 26 which continuously conmuni cates

with the main bore 14 in the spool body 12 above the

t ubi nig therlr'g@.ureZSZemlibdrment$an@ alolig the Fidierey @r6 epdodiments, the
bore of the tubing A tree cap 62 is | anded

%rﬁeugfécw bare extepds I%?rﬁllg g'UQPQBé@? spswlptmy #id lsmrewe'dnabove the
3o 1Rt 22, MNe FRSF Y erABBa R o S phiiBiuiment
¢isauhsed subsequéerty, 30S tubitg hadgatose: ndxlebe obemigd, bmnge“ro lateral
Sl IEREARG ohSe Blro SRBAT Vb SRk el ports i
thb'%‘bo%ﬁboa')h eAbé@*dﬂ@l)arﬁW 5%lrﬂg¢e %éélt§4 h@@d %Bciﬂbweeg)for sealing

bel ow t he tubi ng hanger 22, val ve 44 positioned
hetweien thﬁ@@pgdﬂanbedgndme SIDQDI h@dys Sieomthestubirigshanger is non-

Hiettodedh FhieRay sesh@ad pblBAAER. At Werdbu oRl Giametgr af the

mbuﬂn@i%ﬁmtﬁﬁbtlrésﬁh&a&wme Rediredents bﬁan vaEhiatiah sleeve.
assa portl on 312 i nt ersects the | ateral

8 RLEN dor Padveldbadajowes 3 and ﬂﬂmm@m@ﬁ)mawmto orient the

tPPw Jf?rfﬁoe\?vffor; %‘ gﬁf'\éfrétg)& ﬁtﬁpgfat I%hg&gg?sa&ﬁ’t&a \)@W%tl gﬁ I 82 alternative
qjabﬂiaeaDrhqy lpmprawdmbﬁbrmssnpgdhrdmmwlhmrmul p ahd tHd gjbing hanger,

I ! 46 to ' 52, an

st 118 WBING DIRYS TBANRAPROTAN% n a bl ock seal i ngly
Connem&%ﬁﬁhlﬁﬁm%s S iFighifes @-m%@rpr&ﬂéé aﬁérrla‘ilves to a simple

p03|t|oned on the tubing hanger to seal the tubing

Yrdhigeh! H@%P%@&Wmmﬂda@m @in-whishfth Eﬁemtee%b@mwm«the

I'Pc{r{b%‘r’ ?\tet%ﬁ 2102( %Io e s@i%:c]e“tp% ds 2\0\/@ %‘%&Hﬁglg}élst%ghe QY & line.

I‘Wﬁ‘fﬁ’o&@ﬁ&ﬁé/s@n&&alﬁcﬁlnl Ilmes heayrbeg used foravbriidiaraid crzdodéseperations.
e Figure é 6 errbogw ments, the productl on bore
183'9% iuTe 3 eMBp imedy WaBtoven mayp AceRaplished fram the bore 14

aFHc%' tﬁstiuﬁhg\r@npﬁﬁzgtg@gﬂ ihérnaw #ARs 349 dé e f §Q«(‘g’fheva"ives 314

nbodi nment errbo ment
anﬂoé!éqpentfdnycomhwntqahongvnﬂrahlngetubmgeahmﬁls be. aurlegtaechfossover

G forby B 4 HoiareLHrdSaNG b ki pogfat i fne's closed,

_.production fluid may.flow through.the flow.paths 312.a ndsﬁalﬂ,:(l»xtoftheqan'ntilus,li.ne,
52. In the Figure 3 embodiment, the same flow path is thus used to 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



t he spool body. Accordingly, only a single seal 24
need be provided for sealing between the tubing
whangess3ad t he spool body. Since the tubi ng hBmEs200%039130
non- oriented, an orientation sleeve is not required,
and thereby the dianeter of the production bore 26 is
not restricted by the requirenents of an orientation
sl eeve. One option for each of the Figures 3 and 4
leamiogpeti 28:foir prodyctioa flooy past&rﬁertdda/al\teﬁﬂm gnd chhfln rthe production

HREK 8¢ ko BRiEine Ao TheyUped vl arisdho spool body 12
RS the t&ﬁl‘h@?ﬂﬁq PQﬁttﬁFo%rgﬁr emaPchtLﬂ? Wit 419 Qgr&%tgmed on the

so that t I'ng hange ns non-oriente
spod ibgdy 2. ohlke ehmﬂus |ﬂnwFpajb résthen &onfrosnipaiesi with flow

osBealar % R TE i el hrasted S oy 12.

Vélee M@mﬁﬁrm@ﬂdudrmv Reanmais lieé ed. %rﬁéal'ﬁfétssé@ewa%ﬂo in block
restrict flowto the production |line Mor eover

4thintersegts ﬂwﬁe‘@wm@/ss:a@ewym?om hleehdlerwithvalve d28qweferably

R c@r@ég"&ﬁ bladkh 410 Fdhifcint AR ABHES éesqq‘ggfas/o%ﬁ;tg% line 422,

\hlalng s séﬁlmgiy cughedtbé td brodystibh Salé?ckZSIﬁddeél@eam dfhhe first master
ﬁg 314 nd 44 en for comruni catjon Wt

atichipsieeare of $6APN R%ieE yoke 34opm%ﬂwﬁme 422 is thus
ééiﬂlé’&td’fﬂldcﬁs ahH Qséﬁﬁli @S‘dAHadn\h%I%]s@a! 84 @@S(?sflh&?ecwﬁ“th%’tdmng hanger

val ve 32 cl osed production tlurd ma
toraeal thentubing baager tarible 31din thore Iatethmspﬂah botly.n Redﬁadanhclosure

F the sane flow path is thus
rhg&g)e:.rgg ‘?Bﬁ%ﬁcﬁmao tﬁggréq‘?% above the tubing hanger
t o beTiFidife YUUBMbEdiRREHIPS sifiar BItHROEIBUR BRIMtIhenBtkcept that

crossover operation. Fi jur e 4 also illustrates a

WerkoMgr-inhiéd-ippravidadb néhW@ uedipnpebise32-and-34-and-is-

st W S P AR 5 5o Mok M

amonTphshed iby openingigalves Bﬁeandeﬂdwmglﬂuhbﬂmwgh Wbﬁkover Ime 422 and

(BTN o Shal b S bud o Bk e
él@ﬁ@tf@éjsé‘m@ lm@ad,zezi Wlﬂl M]\?‘e Bzréﬁeﬁaénd%l@e 8l dd¥ed GRE valve 44

cap The spool has ateral production
Qm%and@elvpéaaow%%@@penéommagw compupiioo gt the annulus
&% 4JS2003/ 039130 hanger 22 for production flow past

opened val ves 32 and 34 each in the production

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 tree 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 line 36, as previously discussed. The tubing annulus
communicates with a vertical bore 510 in the bottom of the tubing hanger 22, which
intersects a lateral bore 512 in the tubing hanger 22. This lateral bore 512
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bl ock 33, then to production line 36. The tubing

annul us exits the spool body 12 bel ow the tubing
wha0vgess32® t hrough fl ow path 46, with val ve 44PCT/US2003/039130

positioned on the spool body 12. The annul us fl ow

path 46 then communicates with flow passageway 412 in

bl ock 414, which is sealingly connected to spool body

12. Valve 416 controls fluid flow to annulus |ine 52.

&lmntﬁwﬁd:atpa&&lhgel@raﬂaﬁm%llus lpbs:sldjrge\fdéwaﬂ leﬂﬁﬁ?z%)l bbey 12, with
fl 412 , th valv
iliF 8 BapGAted s e g B3 e soniraing Tomdront PPR§12 to valve
|
5’1 OWhicRP r@@éﬁgs‘é’\gﬁ?o - 1dcatb@ S@Eﬁ%’ﬁpgpﬁ%‘é‘%?? W51 E?controls flow

seal i ngl'y conne rod ‘downst r eam
ofcrorgoveardise S%Mdnch iscdeatingly mrmheutmitmreane ehdttb&pool body 12,

ERLBREF Eoif 20 Bladtibrion Bocke b drcatica iy eRueen valves 32
PO BY cnmaﬁewbpesztzuhls@@oh@mem LRI 8Mnddie phsdidtivay 514 with

hanger to the main bore at the spool” body. Redundant

\alya fed omnirerancsl hpdy.prkieh @@atrpl@ flaveta amrulgafine $Re A pair of

ThNACadalF 528, 528 Bre 3y Eblizd PhubP e haBbEr by ancibglow port
H2 tmee?ltthe tyving mhgeﬂwﬁhltwﬁ?a'il\ﬂlv b?ﬁ@sﬁﬁﬁpbﬂbg% 1}112 spool body
ex Bakly %&t@&w 40 @‘?ﬁe@aﬂsmmw t BpRyiRYRlY disrysseds?

and fTWF@rE'%r%BHWH*ﬁa‘é’OJ fapal P@gﬂ%&%é g%%oe\ygé}ﬁtthrough the

open valves 420 and 44 to the annu
spashvbiody abowearhe dhing hahgein22, raithoagh the tubidg hanget must be

R T e Nt
SoMRUthieGiood Body 1R fbhgastiity bHEUIUS HIBR] Gwart @ rdudH é‘ ®ortion of the

hanger 22 as shown in Fi gure 5 contains a vertical

Hbh@Rangar-thenbars Wmﬁmﬁa%we«samefadvantage&
TR NSl B viP e o

harrgercamd Hebds & I|l¢e|h;eto fatl thiack iftartbe Itubqu tanealusdef6i passing

e ok e o i Blas B0l b B vves 4

MRS 524 ake @@:’sédoénd Dsives %Q 588 and B %%Benb@h%f%vd?ﬁéver fluid
a |l ateral EQ&? uction outl et 508 | ocated above

flavs Hgoughathseling 526 end pmt@dhetttubmg fanOWUsvbﬁ vPprisg axrdssover

o34 P3mBRSko L SRPLERL 4 8t Ry yae 51 s cosed

dntbvaiges6m8lang 52mmmelﬁtcﬁ$uamt@h o@)muhhéﬁén befcenlthe...

t bot t he tubi ng hanger 22, which
produc?t?on I?ne gr%?he annulu ?l g J

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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intersects a lateral bore 512 in the tubing hanger 22.
This lateral bore 512 10 WO 2004/ 055318
wEOHS30903/ 039130 conmruni cates with a | at er aPCEOR208/839130
passageway 514 in the spool body 12, with valve 516
| ocated on the spool body 12 for controlling flow from
port 512 to valve 518, which preferably is also
| ocat ed on the spool body 12. Valve 518 controls flow
Hetow ttios suhirg hla'nger 22 0withvialeb 44spesitidrieniobry hoosing dealong flow path

‘%? Vi Hing BeamBadineri s 8RS hoWRAItANF L R Pody 12. This
Yl%sﬂlﬁa flodPath6 51@6%%%%&{«:5%% Wlﬂw é%%@bn@%‘ié!rajrgnnﬂlus flow

| y connects passageway 5 val've
pﬁbb@ﬂObodﬂye spboldiodyotid.r the tublngvhtaogammntamsla vertisa. boke 614

Ribh semmiEs b HehoBain BeRpooRiohl aSaE b

HaejeR 220 aA@evhivh tmentsb@ts@lafe@ora@reoém l‘r'ﬁhéﬁ@@lhgb%%ger 22. The
The spool body assenbly is otherwse simlar to the

alepaldhare §160s v pligrmentivitl asd daus sprmnmnicates with the second lateral

ST e it ) RO o s
46hand the sgcdg%@?a(b Iﬁ? Ilﬁwglpr?mh:’;] MeCkpvbiﬁoi Ebd)gt)orhﬂ’tﬂs ﬂow between

BEIEE A 1 Db R Ao BR e bR B annulus T o
S e S A S 40 o 2

seahthealthbing bgrgerdd the Bpgarkzody matroblhresatiovesindcleelowithd lateral
on _the inner wall of the tubing

Wéﬁbébnﬁéﬁ%?%ﬁguhénﬂﬁrl ikely to fall back into the

t ubi NtheAPiRure!® dMbdimep afsonsrovides @Uaterbinsroadetibri/bore through
passagevvaé 514. During the workover operation, valves

b@#@%&é@@a&haﬁse&avdakggrﬂ@zmaﬁemaﬁaelgq@a-ﬁe@betM—
vgcg'gg\é%lgortgﬂost\éﬁ(lgr‘)% ra bh“ ﬁ)ulrlhboéf@_cﬁ%&/rgrgge}a%nl ﬂlﬂﬁ flows

nto a crossover
dopavedrddhrough the talénngdmnges bote6 ¢4 anddut ity eheslaatem bore 610 in

BRSrSRaRl 12 AR b eI SRR 58 SR e 4

ihtotRe ABing il 61Swikh DSIve @O%’élﬁ% @Idsbhugdb%iéﬁlaﬂy the same flow
tubi ng hanger 22 containing a vertical production

psdh & PsRAVIrEhcrosaeverapesations Mﬁrﬂhﬂﬁ:&a@%@ vialvé 4érie closed and valve
955 Srid 86 e RlycalBl i PuREREE Basfebt B Bpld P 8bove 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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tubi ng hanger. A tree cap 62 is landed in and seal ed
to the main spool body. A pair of plugs 604, 606 are

wo omanssdieand seal ed to the vertical bore of theCt/usm®03/039130
cap 62. The spool body 12 has a lateral production
outl et 608 | ocated above the tubing hanger 22 for
production flow to opened val ves 32 and 34, then to
production |ine 36. The tubing annulus exits the

cortallinepithiv flohothghflew patrsd6 dethvestbai feamiae vale 44109
2004/ 055318 PCT/ US2003/ 039130 bel ow the_t ubj ng hanger
CEITOSHORANGLpE 14D HOYPLIR & bibna ianse 2 28 hgre AByalso

Rthihunttéte @'ﬁ“? %on@ﬁt'é@iﬁf?ﬁﬁh% in p?ﬁw I The tubing

posrtlone ann
heatger £2 mrﬂarnsmarmaimalua bhdredr 1<lewbicH doanmuaicates between the

B bararBEn B8t habsiiy, L2 Bnake e Ftia ahgg Zhand the latera

KBTS rﬁﬁth§$ut¥ﬂ1§ 'Prahgér b@r\ﬁméﬁ intBrdedes ﬁ%qﬁrergpéh/ntﬂ@é)%re 708 in
t he tubi ng hanger 2 which intersects a | ateral

thersposlbodyi12he t ubi ng hanger 22. The lateral bore

the <P psdimbnt R Bineh b e ERIN BRliRanteh xcept et

kR v@l\wsw (ssdgodaye F?&n@éﬂl retblel tapingttRariger sand ﬂf@ tfrléei cap is
t he secor\N 610 |ateral flow paths in the spool bod
ligpipatads Windg thig rRddes fqrée%r@ﬂmnemrwﬂ@oyﬁadreeom the tubing

AR P RAVOR) DO ST FIaiERr of FIhRD 528 peCorod bemdgRto the

edenit thahtiak mingtdmestndb reipabhaseq witPtheseat.e &ls amaltemlatimj, valves

may edrovigidn Setinng RndRPEPiacn es Pluete 4 guf £0B- Trossover

W add Wko@érﬂ‘ﬁ)\npfr%\{/' stescidr@ispiealin Bradrsér QﬁnIQPfoethe Figure 1
through sppo body 12 above the rubing hanger. Valve

gnbogipant rdisavi -sw-‘ hepenbedimentswihearossows-flgw-lines.are-closely-

@Qéegﬂ\{ﬁé V\§8§ Br a%%ﬂg\htﬂe"%r ?P%S@ryg o%gﬁgg%%g% ocated within

- tovbivenieat ofithe mbdubﬂrtm baitec2®l bore 610 in the spool
o o SRRl oL A Pl Bon
rH "i‘fe‘t’ﬁl s *éggﬁﬂarﬂltﬁ’ﬁ‘?ﬂheﬁ'r‘@affﬁ%bﬁé hid %BSBf%@GﬁsUf e : preferred

IS us for a crossover operati on ut In
emb@dlmr\te\ndllo,oqbwrdb tras shiltedvinl the arb0The embed;mentstsﬂrmwn and

(i:eeg:%?'ﬂ %?% s ' o mal'f?&%h e\ge“@%ta‘ﬁhﬁrdgoﬁﬁ it 1tA<') tﬁe preferred
embodiments may. be mege‘Whieh‘;eteﬂ,.wﬁmnvthe_,sprr:rt\,giihemrn,v.entrnn,é
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

following claims.
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In Figure 7, a tubing hanger 22 contains a vertical

production bore 26 and a |ateral production bore 28
wa@Rovloss318 o the Figure 1 enbodi nent. A pair of PEI/U§®03/039130

704, 706 are |located and sealed to the verti cal

production bore 26 of the tubing hanger 22. The tubing

annul us exits the spool body 12 through lateral flow

path 46 bel ow the tubing hanger 22, with valve 44

Claimsed al ong the flow path 46 and preferably wthin

the spool body. Valve 50 in block 48 controls flowto

annulus line 52. Spool body 12 also includes a

vertigal bArgyri ' ' i :

708, et ends e EoNARPSO, e SESHERS, BRECARMAE 1,81 through a

piogisictign 1uhinystring withini asswelhr theqaradiigtioor tobingestriog defising a tubing

I of the b 08, 710 f 12 .
SR8 385uRuBYA08 35080 slriies GRodn froi a3oRgrY BeFplegkipr use with 2
Wbrkoviepstrivat for AGiddsurlihRatbA VAR thBerech s midly [Bedree assembly

corresponding bore 716 provided in the tubing hanger
oIMpHBdbore 46 al so conmunicates with a second

| at er al . 708 i T ' -
vonged PR AR b Gp LRl e 1 oh i g rancer
iheneinnand bespdot boeg pradutionpassayeway exibhding lttgally #6m the spool
ho SI% ]].?bﬁab%e the tubing hanger 22 and the |ateral
YeCortgalinere fr fyie cagmaneatiomwith graredustiandingsct s t he
I I '
at erfle 1@BMY KndRPMAthPthe é}fogrl %?g?{&%g{raﬁg%}éea]r% s&dl&d to the spool

Figure 7 enbodirent I's sim
dherfuhing daoger adapted t suppeorithee proddetian thitifg string therefrom,

AR B T B PR b5 i ot
with tiesipradiucties teising sty AndPandbinhaizeRer BidduchaN Daksadsway

;gul led if either of the plug seats becones danage to

HendiggiaieralinEermithe-tyhing-habger-awidustion-bpre/fos duid-eprmunication-

| iV, I .may be provided .
\&lnw%rﬁeiolﬂ)@ﬁaﬁﬁg%éeﬁ‘? I"etgFef’X’g’OI/ﬁ‘é%I ugs 704 and 706.

Cr ossarvannulils pasaageway krteadirfg Iaertﬁgu%eﬂMdd ivedy below the
enbodi nent. As

in.a,manner. simlar to the Figure i

thPing HaNS RN ommARiRRtion Wb the El)‘étg'ib@éP“‘F"IU@iN li nes

are ca ikt yinuRd BhRMor cBRtrIMAG MuRPY be )

t he spool body, and thus gre ?ogat ed w t[\%Iéénr?thgv\t/‘éjpi/r@ annulus and
ﬁréé'ﬂnl_dﬂst“ﬁ@; production bore 26. \Wile preferred

iemogg% ?g{%rgj Qﬂnﬁlns vav%Speo%Itidn%\ée ng/nosr%regaIﬁ/ ?rorbneﬁg first annulus valve
-with respect to-the tubing.annulus for. controlling fluid.flow. between the.tubing.-

annulus and the annulus line;

a workover flow path in fluid communication with the annulus passageway
and passing through the spool body, laterally into the tubing hanger, and upward
through the tubing hanger to the spool body central bore above the tubing hanger,
thereby providing fluid communication between the workover string and the tubing
annulus;

a crossover flow line in fluid communication with the annulus line between
the first and second annulus valves and the production line; and

a crossover valve positioned along the crossover flow line.
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in detail, it is apparent that other nodifications and
adaptations of the preferred enbodinents will occur
wo oootlosses skilled in the art. The enbodi nent s BODWA20a51089130
descri bed are thus exenplary, and various other
nodi fications to the preferred enbodi nents may be nmade
which are within the spirit of the invention.
Accordingly, it is to be expressly understood that
such 2odi f Aderizontal apdol teetnpssemisly asatefinedtiniClaithé, further
scoBe.of_the present invention, which is defined in
tHBPM$IBY} owi ng cl ai ns. 13 WO 2004/ 055318 |
PCT/ i i I : :
nssenty Tuson e pydidie on fherPhodt i fof Bftolhie uid fow
dpbd ile spaok hasyproductiomypassageway. wel |, t he production
tubing string defining a tubing annulus surroundi ng
the tubing string, and the tree assenbly adapted for
use W8th aA HapzEReeEpedItidtdadimbll WseHPBHUR G 2Nfurther
with the tree assenbly, the tree assenbly conprising:
@repdNgdbody defining a spool body central bore for
recei A
or oduf oS P HBR IRNGH solPRiTMhalor R e PaRluclifine
dgwinstredm diyone éhd pridubtiore valee. f 1 ui d communi cation with
a production line; the tubing hanger within the spoo
body central bore and sealed to the spool body, the
tubi g hangeforiagRtal E;ﬂoél‘?re%%%érrﬁblgé‘% R G C‘Pé]nt’]J,vaHQrein the
string therefrom the tubing hanger having a tubing
wakguer flewpath esiendstierough & laterdl portinuthiectabingnhangertspaced

' ing string and a tubing hanger
%%’@Wﬁ@?%kég‘%@ég%@“cﬁ% gﬁaﬁwwa'er ally fromthe
t ubi ng hanger production bore for fluid comrunication
with the production passageway in the spool body; an

annul®rs paA$eEERial-shaaltmeRpsembly-aridefinpd- buGlaien further

c%‘?msh*?@dy bel ow the tubing hanger for fluid

co nitation with the tubing annulus; a first annul us

val vea fist closate oidnbey ddsitichel withib ¢hevadiing hangeproduction bore in
tﬁnnulus and an annulus line; a second annul us val ve

BLRING NAP98bwnst ream from the first annul us val ve

6. A horizontal spool tree assembly as defined in Claim 5, further
comprising:

-a.second. closure.member positioned abave the tubing hanger.and the first.
closure member for isolating the spool body central bore between the first and

second closure members.

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

controlling fluid flow along the production line.
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with respect to the tubing annulus for controlling
fluid fl ow between the tubing annulus and the annul us
wo 2ove/o5818w0r kover flow path in fluid communi caP€DOS203/689130

t he annul us passageway and passing through the spool
body, laterally into the tubing hanger, and upward
t hrough the tubing hanger to the spool body central
bore above the tubing hanger, thereby providing fluid
commu8i cat Adorizehiat spoolhtecevassemisly sstdefimgdanClaine1, further
tub| n% annul us; a crossover flowline in fluid

Nfati on vvlth the annulus Iine between the first

2 sasond DU DARLYE b IRaRALHRE 1R BN

a crossover valve positione
| i ne. an infexnedistsasBel A OTMSIODR t0BBYWItanger add the spool body;

Far R AR St BERuEST Bt es ok speRLEoS

the sieakotkedir fiew paehintekhd fbirfd Hér‘?gér'tﬁélﬁg §bé’&9:1 b8fveen the first
spool body production passageway. A hori zont al

gl @ndithesegend serl and th@ftutw@g h.angex pioglugtion passrgeway being
t I isin

@omnﬁét:tg%eggngmstgﬁ8ﬁig¥§| u@]\tﬁlldoén 13| ne downstream

fromthe product| on valve. 4. A horizontal spool tree

asse defin aim wherejn the workov

f1 ow n%at h {Pé'ﬁaatat? fP %QJSF?%aﬁiSc%b'maS&ﬁfmedm Ghaim mbwhgrem the

é&!@ﬁl@ralﬁﬂmgalvéﬁ‘é BYsitiGRed Withifta BRI P Q%nﬁé%ﬁ% tﬁé‘ spool body.

passageway. 5. A horizontal spool tree assenb

defined in Clalml further conprising: aflrst

| d i h h
ot oaulTi ornoTibR Shl Sfeelbdabmbik 8 detBodth RN L rwhprein the
firpbahndlos valvese pokiionsd defthaeBoblbédAfofcantrbMid MBI flow alona the

f(,.‘,O r|S|n

ISt nnulu&passage way-through-the-spool-body--

11. A horizontal spool tree assembly as defined in Claim 1, wherein the
workover flow path is 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 workflow operation.

12.  Aherizontal.spool.tree.assembly as.defined in Claim. 1, further.
comprising:

a first closure member positioned within the tubing hanger production bore in
a tubing hanger;

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

the workover valve is positioned along the workover flow path for controlling
fluid flow to the first annulus valve during a workover operation.
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a second cl osure nenber positioned above the tubing
hanger and the first closure nenber for isolating the
W@ pwalossogly central bore between the first andPCEHESINGI039130
cl osure nenbers. 7. A horizontal spool tree assenbly
as defined in Qaim1l1, further conprising: another
production val ve on a bl ock connected to the spool
body for controlling fluid flow al ong the production
line. 185 V\lAhOﬁMrﬂEBﬁﬂcﬁalH@Uéﬁé@ﬂW a8YedAed # Caim 12, wherein

T WREREVRL xBTS phEEeaSs Bidhe fppat Dady-br Saniedng fivis flow along

thg)wag«ﬂ,@nggw @nﬁl_ t he spool body; an internediate
second seal between the tubing hanger and the spool

body; a third upper seal between the t ubi ng hanger

dt th Kk th,.l .t
Fubi nd hanbaloBBe) <bAGHER StemRl B ebrelug hgdlomssousn a
leﬁ:ﬂonl‘B@blﬁg%krmg’v\WﬂhW‘eﬁwbHbth@@brbéu”&ﬁfn b ﬁ?ihﬁ'ﬂg{f}iging a tubing

passagevva bej n% paced between the second sea
ANy 5S§§gpunglng hﬁé\dblﬂ@rﬁfmg ﬁb@dhettfe@eamlaﬁaamd for use with a

' d I
AR i s ort iRl i BB PRV SR assombly
b@mﬁpnsmgo A horizontal spool tree assenbly as defined

in CIalmlr (%1 rein the fIL t annul us valve is
posi t ASREAT b '@!B%@IS BoﬁbpeﬂféﬂtWE If@rrf&CﬁlVLana tubing hanger

fHe@éYnabﬁd'@ éd@)%l bbHy ?Fo@%Hh?%s@Q%%ﬁgf%nﬁmgoﬁg%} I)é?rom the spool

SpOO ori zont ree as
redly ﬁ@rmtralrboos zﬁcpnﬁmd cmﬂmnmmatidrewmblmmducﬁdmhnqqat his

oot wells PRE WP Vit Ui el Bl ot SLEGR AL geafed to the spoo

boady, thé @utﬁmg hbngéﬂaldjékﬁed%%@pﬁ@mﬁé’hg)rc{‘dgggﬁ ;uﬁlég‘gtrmq therefrom.

ur B wor kf | ow operation. 12. A

&Eeeﬁé gl%@4%@&hﬁn@rgp@dg_lcmmj.b@lwefpl;ﬂu@sgmmumeatienw
GRS f W pelds
FRMG Iy 5% o0 AP TGP mRBR! DAl ey
extending laterally from the tubing hanger production bore for fiuid communication
with the production passageway in the spool body;

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

an.annulus.valve for controlling the fluid.flow.along the annulus.passageway.

15. A horizontal spool tree assembly as defined in Claim 14, further
comprising:

a workover flow path exterior of the spool body and in fluid communication
with the annulus passageway and extending through a lateral port in the spool body
to the spool body central bore above the tubing hanger.
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a tubi ng hanger; a second cl osure nenber positioned
Wi thin the tubing hanger production bore in the

WO miwiss3manger above the first closure nenber; PenudS1008039130
wor kover valve is positioned al ong the workover flow
path for controlling fluid flowto the first annul us
val ve during a workover operation. 16 WO 2004/ 055318
PCT/ US2003/ 039130 13. A horizontal spool tree
assentby ad hisizontal spaoldree assemblwtasrdsfinedtin Glaink ddefurther
¥alve.i§_positioned on the spool body for controlling
Prapgst ow al ong the workover flow path. 14. A

hor i zgpreduciiBRCalVe B6siBSHEIB Y B8k ERBHEPb irﬁgsrgddv bldy for
flow through a production tubing string wthin a
srntrollinghéuig flemuaionerihe pedustiondineg def i ni ng a t ubi ng
annul us surrounding the tubing string, and the tree

assenbly adapted for use with a workover string for

f 1 ui d1Z.onmAimoriabhtain spboitrédasdaraisly a8sdamidky.in I8N 1 & further
assenbly conprising: a spool body defining a spool
HIBPIYBYt ral bore for receiving a tubing hanger

ther e} Bros3BJePIGRARL ful?‘ﬁg?fi (ﬁfﬂﬂggk{aﬂggmﬁgg%msomeeand the

extending laterally fromthe's

produélien iheonmuni cation with a production line; the
t ubi ng hanger within the spool body central bore and
sealed to the spool body, the tubing hanger adapted

to suppor tAhaEzenal 9ebbIqRd AdddmbIs bsi didink8§h El&iMM 4, further

the tubi ng hanger having a tubing hanger production
EHPRIFIBG: f1 uid communi cation wth the production

s it 1R Bfeafi TPl Rt 360 1% Bnasy pemayetion bore in
theddbioyihamgeer e for fluid comunication with the

producti on passageway in the spool body; an annul us
passageway extending fromthe tubing annul us upward

through an ReFitbMa) ﬁﬁo&lh%éé@ewgégg%mé&g%@éig{] gé,'tfigrther

through the tubing hanger into t
compiigiad:us |ine; and an annulus valve for controlling

the fluid f | th ul 5. A :
nor i ZofeSn fBareCemaRE oBifiped obaus M itino Baae and the firs
dlogurbenember for isolating the spool body central bore between the first and

second closure members.

20. Ahorizontal spool.tree. assembly.as defined.in Claim. 14, wherein.
the annulus valve is positioned on the spool body.

21. 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:
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conprising: a workover flow path exterior of the spool
body and in fluid comrunication wth the annul us
weamgassray and extendi ng through a | ateral popPCT/UR20081€39130
spool body to the spool body central bore above the
t ubi ng hanger. 17 WO 2004/ 055318 PCT/ US2003/ 039130 16.
A horizontal spool tree assenbly as defined in Caim
14, further conprising: a production valve positioned
on a klspolol badedefiningfa sl Hodylcehtrdybdrerfor esuwiving i toping hanger

. L B8 kGt B 1 s g

I I
gég%lxﬁﬂérg?lggﬁh% PO chyalfrﬁJnéu"f’y fo L{élﬁgfe\ Wg% é’hﬁ an annulus passageway

pelsathe ohing Inmgezriextexmog iaterally thropgblthe rspeolammairflmd

Sl Cn, 25 sBbi e und ArRlus RERE aBPHGisiieg end
pr odugtid bikPhandger sdaied fdﬂ.*h'e%o‘éﬁb@@? anél%daﬁted to suplport the

hori zontal spool tree assenbl¥| as defined in daim
prrauetien teling thesiefigm, dhe &ehing hengehaving @iubing hanger production

P?éséktgﬂﬁgﬁb%@éﬂ %Q?etﬁfbkﬂtgrﬂ%lnﬁwg%ogirﬂﬂn%%ﬁgﬁ '@rgﬁv%/?%? the production
hdrieg bizingesmd theesfdol bbdapeodurtionrhsshgewag. nenbers.

20. A horizontal spool tree assenbly as defined in
Claim 14, wherein the annulus valve is positioned on

t he spool Nﬁbhzo%ﬂal sﬁo? red 9 §é’rhb pe%oéieﬁﬁ inASIREA24Y further

for controlling flui owt roug a production
COMPAgINgt ri ng within a wel |, the production tubing

Cubi ng E kTR oufpbt ?P%‘@B%@%S it S 5y gom the
pidduction paskay@vay irf 4 BpoditBody taitHe @@h’mw Sesa@Bway if a spool

the tree assenbly, the tree assenbly
body.-

23. A horizontal spool tree assembly as defined in Claim 21, further
comprising: 4

an annulus valve positioned on the spool bbdy for controlling fluid flow along
the annulus passageway.

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

a first closure member and a second closure member each positioned in a
tree cap above the tubing hanger.

25. 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

fluid flow along from the spool body production passageway to the production line.
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conprising: 18 WD 2004/ 055318 PCT/ US2003/ 039130 a
spool body defining a spool body central bore for
WO e@eiosi3mgy a t ubi ng hanger therein, a spool bpdyUS2003/039130
producti on passageway above the tubing hanger
extending laterally through the spool body to a
production line, and an annul us passageway bel ow the
tubin% hanger extending laterally through the spool
body 8r herizoniahspoohtree msbemivyeas detinadiin Ogim 21, further
'ﬂﬂ nd an annulus |ine; and the tubing hanger
ea 0 the spool body and adapted to support the

pr oducd workdvebivalyel hsyitidricdon tHespadliboely W&ﬁ{trc{?f?’ig A2 fluid flow
a t ubji nqwanger producti on bore extending axi

Averfiow pathl conmuni cati on bet ween t he
productlon tubing string and the spool body
producti on passageway. 22. A horizontal spool tree

assen@ly a# hiwfomeal spooireé Eisgdmblyad @@ﬁned?mr@léhﬁ'mgfurther
a workover flow path extending entirely within

SPURf1S¥P8dy fromthe production passagevvay in a spool

body vadrRSveraﬁHWkJ%\% Qﬂ%ﬁ@gm}rﬂ ép'aof"té&f&? élu?oog%ﬂhnﬁﬁ\'ication

A horizontal spool tree ass

betweeany thegproductig line agd tlwaamniulsmeval ve positioned
on the spool body for controlling fluid flow al ong

t he annul us passageway. 24. A horizontal spool tree

assenpBy ap HinfZonesl spBoQréd BsgdmblyWd (ﬁ@‘fnedciﬁ'mﬁ_{)nz?‘?gfurther

a first closure nenber and a second cl osure ne
EYPRISPGi tioned in a tree cap above the tubing

et 1 nga Gkt DB IR A YRS SelbRRGTRECS o g i fow

a_la)hgéhewcnkmvem‘lovepaml or of the spool body for
controlling the fluid flow along fromthe spool body
producti on passageway to the production |ine.

29." A horizontal spool tree assembly as defined in Claim 27, further
comprising:

a first production valve for controlling fluid flow along the production line:

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

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

-a second.annulus.valve for. controlling.fluid flow. beiween 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.

30. 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
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19 WO 2004/ 055318 PCT/ US2003/ 039130 26. A hori zont al
spool tree assenbly as defined in Caim2l, further

W@ owp0sBiIsg: a wor kover val ve positioned on t heCEpPSINN3/039130
body for controlling the fluid flow along the
wor kover flow path. 27. A horizontal spool tree
assenbly as defined in Caim?2l1, further conprising:
a wor kover flow path exterior of the spool body for

Wbrkioyec strimgrfor Aiidawomrenication with the deecissembly taearsd assembly
the annulus line. 28. A horizontal spool tree assenbly
RMBE¥NGed in A aim27, further conprising: a

wor koyg o¥id e@éﬁ‘frﬁr’ig Qrsp%l ) F%L | bR Yorl @E:elvmg a tubing hanger

control Ing t uid flow along the vvor over
iherein, 2spool bodyoprodoaticn paﬁﬁagewaye@m@stéaﬁllbmgshanger extending
furt her

e thrafo it S ogte AirorieaH trids Hiasih anaills presageway

l@él@ﬂ!&hé't@tﬁinb'ﬂéﬁgeﬁeﬁ@h@ﬁ@ IBfé?QWﬂw'r@urgWﬂié@p&ﬂ hody for fluid
controlling fluid flow al'ong the production line; a

eQMEUNIgANAN hetwaen she BibingarrwWHs iang an anrules Eaebet ween

annul 18 EPOTHAGER sB3R biti 3800 il B3B38 ipgor e

rbmldun’gpratlmuth stnn@r’tbletd‘ﬁmn@,rtha ltwising Ihaﬁgeﬁhéw&g\w{ulbmgehanger
ni catl o

piegHeiE Bore W@nduaetmwrﬂwm@eﬂmopsh%rrwaqmrraﬂumgaw between the

RRHA Ocd'léﬁﬂw' MW
cogﬁgﬂtmat | ongtvr\nm ht eegﬂ’r?éfhé@’(f’ chidn! eﬁgésﬁé‘g?\/’r st
annul aifirsi annglusrnivehtor coatrollidg dniddlaw between tr@0tubing annulus and

tﬂf%oeéﬂﬁ”ﬂ'} a]L spool tree assenbly for controlling fluid

a production tubing string within a

well, g Eb@onﬁf aAhdLE Qalvbbﬁus"tq)n%wddwsi@‘anﬁnfr@&] fhet fitet A8nulus valve
annul us surrounding the-tubing strin and the tree

R Eapept-ihiedubingsannides-{griopntrolling-th e.ﬂu;daﬂewnbetweenfths%ubmga
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 the tubing annulus
when the first annulus valve is open and the second annulus valve is closed, and

_ the fluid flow path further providing.a.crossover flow.path for fluid communication. . ...
between the production line and the annulus line when the first annulus valve is
closed and the second annulus valve is open.

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

the fluid flow path extending entirely within the spool body from the
production passageway in the spool body to the annulus passageway in the spool
body.
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20 WD 2004/ 055318 PCT/ US2003/ 039130 workover string
for fluid comunication with the tree assenbly, the
WO e@e/05B3senbl y  conprising: a spool body defi nP@mUS2003/039130

spool body central bore for receiving a tubing hanger
therein, a spool body production passageway above the

tubi ng hanger extending laterally through the spoo

body to a production line, and an annul us passageway

bel owdRhe Autdnizpnialrspeol ttee assembly as defindd/int Qlaim @0, wherein the

ol . body for fluid c ni_cation between the
D6 R BrirUR O caftminicafion FE B RESOLER R B RG onpgsageway
peflaxh the iRl $BEY ceRadVbaBBNBRhE dubiAg HARBEF 5Ra Ialf:froduction
production tubing string therefrom the tubl'ng hander
Malverier ecntrallingfluid gy to theqaduction ling.e ext endi ng
axially therethrough for fluid comunication between
the production tubing string and the spool body
produBsi onAdrsrivantaiapoobiréé bssermblyudsigefitidavia Elaim 30, further
controlling fluid fl ow between the tubing annul us and
FREPHRRGl us |ine; a second annul us val ve positioned

downstr, ' : I A spect

0" ohBRol LA cllind Hehuid BBt siin YO8 oM ngo P o

bet ween the tubing annulus and the annulus |ine; and

a flugd fl ath.in flpid comrupj cati o jth_the ]

< pool Ybody AdutEearAI3Bpel i SRR SIS e e aRawherein the
filig fRANpAINSs RIGSTRIVIMe BEbMRRIHYIBEAIN ImADRIAHSN between the
val ve and the second annul us valve, the fluid flow

peaduiciienlingiang thevannwbiading. | ow path for fl uid
comuni cati on between the workover string and the
tubi ng annulus when the first annulus valve is open

and t 88 seAdwizantallspsoMede assemblyaredefiradn Claen BY Uiudther
flow.path further providing a crossover flow path for

e

FPIPESIE8MuNi cation  between the production Iine and
the agmipd oﬂh&fbﬁwge mf‘cofn'trbﬁhgqmﬂﬂ‘h% ég&rg ﬁgélﬁroguction line;

cl osed and the secon annul us val ve I's ope
hor i zaseapnd poedudtionerahestorncbytraking dhichiaiv imfong therpré@uction line;

gﬁ[ ,t r re)f"{iﬁﬁﬁwrﬁétﬁgs gt@%pﬂ{y%%ﬂ%% ! hpr%éhgt?éjri f?rge between the

first production valve and the second production valve.

36. A horizontal spool tree assembly as defined as Claim 30, wherein the
fluid.flow.path extends.from the spool body central bore above the tubing.hanger. . .
downward through a portion 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.

37. 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:
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producti on passageway in the spool body to the annul us
passageway in the spool body. 21 WO 2004/055318
wWEOHS3003/ 039130 32. A horizontal spool treePEEES2008/§39130
as defined in Caim30, wherein the fluid flow path
is in comunication with the spool body production
passageway between the spool body central bore above
t he tubi ng hanger and a production valve for
cont r aldpooy bbdyiddfifihgw s;mdi bedprcedtrat bove for receiviiy aﬁeublng hanger

ﬂiﬁrlzontg q tree as defined in Claim3
oS oKy Pradisiomg ssaaewayab@e«fg the&iking hanger
Bk latdralg ot nng@" the 8hdbifdory. roéue%ﬁ fogt al

spool tree as as d erein
the thaiubing bangertsealed ‘exmerspmol bbdy Iaedanimlted)tmsuﬁpmt a

TP P 55 Bl B30 B Bionuctor
Berglektenahhg dxishyatheretroughroPftid CEMPUhalsn beﬁ/vééﬁ ﬁ\te production

roduction valve for controlling fluid flow along t
stringrand the 81390;-5 ey @rcpdtmlontnasﬁagawag, arm‘

contr I |ne t he

© 8 A bRy A B BRRE R g i handFana
t:atm—hdly oubmard theodgﬂ theetabingehariger %hdﬂhﬁtﬁughtth@%pbél N&dy to an
and thﬁpsecond production val ve. 36. A horizontal

anRdLsiipge assenbly as defined as O ai m 30, wherein

the fluid flow path extends fromthe spool body

central bore above the tubing hanger downward through

a por B8on Afharlrentalispngl theangssemblyeas defiredainl GlaimuBRafutther

Q%BH%M the tubing hanger and into the spool body,
8omuni cation with the annulus line between

the fanedrkevarfiow pud egedtofithe s%@@PB&d;ﬁaﬁ&‘ Les&ﬁen\amfﬁom the
37. A horizontal spool tree assenb for controlling

'zpm&#umw@%aﬁ%%%mfémﬁp@@amwwmawm -n
a well, the production tubing stri.ng defining a tubing
annulus surroundi ng the tubing string, and the tree

assenBdy addmirizonfadsposletred bfsemblyerskdsfiedsihGlagn B8y further
fluid.conmunication with the tree assenbly, the tree

GLRfsng-

a workover valve positioned along the workover line for controlling fluid flow
during a workover operation.

40. 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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conprising: 22 WD 2004/ 055318 PCT/ US2003/ 039130 a
spool body defining a spool body central bore for

WO e@eiosi3mgy a t ubi ng hanger therein, and a spopCT/DSZIY3/039130
producti on passageway above the tubing hanger
extending laterally through the spool body to a
production line; the tubing hanger sealed to the spoo
body and adapted to support a production tubing
t her e4t.om Athegizontal spobidrepasseambly gsaddfinedrig Glaing88, wherein the

roduct Lon e, ext.endi ng axi,ally.therethrough for .
FPAOYEE BN patR it g combdieaor Vit die Anuce doeihgtween a firs
SARUIDE vane dritea SBEGhd BﬁﬁMu@r\/Qﬂ}éCéédWa@ﬂﬁﬁé‘9§Wﬁ360nﬂEﬂih fluid
an annul us passageway extending upward into the tu |n8
eRMgenication glongihe apnyusiibe.d t hrough the tubi ng
hanger and through the spool body to an annulus |ine.
38. A horizontal spool tree assenbly as defined in
Caim37, further conprising: a workover flow path
ext er4dr of\ hoigosisbspodldtae asherellly @sdlafigetiioGlaihe3?, further
&ﬂﬂgHﬁﬁbDn i ne external of the spool body to the
annul us®passageway. 39. A horizontal spool tree
assendfirst atostes imetbénafd aisecdBd closuid AlemiseNTard Béd18ap above
_@ %oékover val ve positioned al ong the workover line
§rubpethangeIng fluid flow during a workover

operation. 40. A horizontal spool tree assenbly as
defined in Caim38, further conprising: a first
production val ve and a second production val ve each
positioned along the production |ine for controlling
fluid flow, and the workover flow path extends from
t he production |ine between the first and second
production valves to the annul us passageway. 23 WO
2004/ 055318 PCT/ US2003/ 039130
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41. A horizontal spool tree assenbly as defined in

Claim 38, wherein the workover flow path is in fluid
w@ormsideat i on with the annul us |ine between ar€1/1S1003/039130

annul us val ve and a second annul us val ve each annul us

val ve controlling fluid comunication along the

annulus line. 42. A horizontal spool tree assenbly as

defined in daim37, further conprising: a first

cl osud8. meAbkorizomtalspootveel assermblydfoneabizolling flaidt ftavethrough a

24 WO 2004/ 055318

B ER8H Supba 1ty Wi SURS metedheigbifiomg Signo defining a tubing

anAeiislsuricvindiR thealibingdting!i ghdf thewrdd'a84HbIG adapted for use with a
production tubing string within a well, the production

. g LW !
wopkouer strinchtpr diefd eermuaicalipnivgth therfiee essamblyuting treg assembly
EBﬁlpﬁ'iH I.ng string, and the tree assenbly adapted for
use'wth'a workover string for fluid conmunication
wi th afepobt bedpndsfimihya sgdut bbdg eeasaEbtre)for RENING BGbing hanger
ﬂggg.ool odg/ Q(.}Efl ni ng spool body central bore for
iNy ARY 2SRAM bRYY kpdestioninassagaway adoxe dhwe Bibing hanger
. . : .
Siiendiq 1aterlhy AR el i b it AP BaRaggway below the
tubing bangersextgrdiag |aterally throught thbi sppohbodye fordkid ooinninication

| t h th | b f fluid
%gﬁﬁf{ﬁaﬁ %@?ttflg{ﬂ‘%u%m%%ﬂﬁ&%g 3(%”8’? 'rginul ﬂls and an
annul tife fubiiRj hamgerls8aldbtotABEPOoPBAHPENY %dtaB%osﬂgosQJpport a

body and adapted to support a production tubing
Riadugton fehiag shing theseframi thg thhmgdrangerinaying a tibiimg hanger

: | [ ' Lal by theret hr.ough
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ptaductontubihb strirpahd tedspdul Gddg tirodudisgsgsagewadghd
wor kover flow pat'h extending fromthe spool body °
cent r&tvad \éerat&%‘@a Hexterdipg ot epog] ctrahbersgbove-the—
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thipegthe/tubingahangenandinta the spapbbbdipoatyd tateraliy inwdrdrigrough the
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44. A horizontal spool tree assembly as defined in Claim 43, further

comprising:

an annulus valve positioned on the spool body for controlling fluid flow along
the annulus passageway.

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

a workover valve positioned on the spool body for controlling the fluid flow
along the workover fluid passageway.
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conprising: an annulus val ve positioned on the spoo

body for controlling fluid flow al ong the annul us
weamgassmay. 45. A horizontal spool tree assenmptTUS®03/039130
defined in Caim43, further conprising: a workover

val ve positioned on the spool body for controlling the
fluid flow along the workover fluid passageway. 25 WO
2004/ 055318 PCT/ US2003/ 039130 46. A horizontal spoo

t r ee 48s s efohgrizantalespont tree mssemibly as defined eClaim 43, further
conprising: a first closure nenber and a second

¢ ‘'menber in a tree cap above the tubing hanger.

47. A firef tisshfcdnehite?lantl £ e asiRPEBENredReHder e tied cap above
Claim43, further conprising: a production valve
thetihinghangen a bl ock exterior of the spool body for
controlling the fluid flow along fromthe spool body
producti on passageway to the production line. 48. A
hori zant al Qol .tree assenbl defiped, in_ Cl ai 3
wher dn' “hBBREnte{od fi3g Spabr b e e Ihetidi4Y, fither
cofpfsthg:hrough the spool body to the tubing--annulus

-1 ncl udes-a--portion--of-the-annul us- passageway- n-t he-
spoola redyction gglve positioned on a block exterior of the spool body for

controlling the fluid flow along from the spool body production passageway to the

production line.
48. A horizontal spool tree assembly as defined in Claim 43, wherein

the workover flow path extending laterally inward through the spool body to the
tubing annulus-includes-a-portion-of-the-annulus-passageway-in-the-spool-body. -
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