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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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the workover flow path is provided exterior of the spool body for fluid
communication between first and second production valves along the production
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
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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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Jaq’%é %%'ﬂel'gre'mé‘n@?t%&%t%‘ ified by replacing the

anger |ncurr|ngthe 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

lgure ment, wor kover rou
tlow theyullieg dangepl?2 shithl valyecdepositipridrewitkih ke Eﬂnﬁol body 12. The
pcasgggg\%ay %el Ovlg p\l/‘ngggd %RF re?)P \?vﬂh{l]wgthe spool body 12, and includes vertical

. .passageway.-portion-312 containing-a valve 314.located in.the.spool bady.-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.



the valve 44 to the tubing annulus 16. Crossover flow
may be acconplished by opening production valve 32,

wae bwgiossyis/al ve 34, and fl ow ng production fl ui BCT/DEZHO3HBI130
the crossover line 212 to the open valve 214 and open
valve 50 to line 52, with valves 44 and 216 renai ni ng
closed. Figure 3 illustrates a tubing hanger 22
containing a vertical production bore 26 which

conti Ihl.théf’o:llgurecﬂmlﬂﬂbdﬁh@ﬁ ahd isonia theiRgures @-8 émbobdihents, the
ove the tubi hanger 22. There i s no

mﬁﬁﬁgﬁ'w béee %’6?95 latergly éhroron Re fsgg@lrhpdy and is prayided above the

BT RGr IRERAES oBBooindl 418 ke TIAN s Bhutnon
dlscuSsed\mruseqaenﬂhortlwe tubindgbahgeenastpnot Fderispied| sincdyno lateral
g e PB4 b SRS EAER Ko pors
thalspdl BedRnA cédrdfhy ﬂlyrﬂrsﬂ‘%é%éélrﬁ Hé@&'ﬁeiﬁovnﬁ@&%n‘@ealmg

t he productl on line 36. The tubing annulus 16 exit
hetweepdbe twyng hespemnandthe sipval dodsnincethe twbirng hangar is non-

1G5 41 8PS 8 PR oS e o of e

groductich bared26 Rehotdestrickyd by tHe repRieAREYF Mbﬁéﬁtatlon sleeve.
é 112: cont ai ni nfgt a~val ve 314 | ocated in the.s
i BaPiion faeach of the Figwesidand fanbedimept %mavlhﬂqtosarzent the
tUBfrﬁl If‘aﬁﬁ#?n fget f(élh% Btﬁﬁ% 5k tcPB ?l’"eégén bgpb@ﬁss%?&?‘s’?@wﬁeg&%t in the alternative
stalb vaesma‘}obe pmwded farrpgsélhglttiro‘umvvheate@@poamim tubing hanger,
316 preferably po i oned on spool body

spofas i g e Bigi Aon-psBRleck booway 46 Lo

annul g bbﬁlﬁ;u’?@tlorﬁ%m in Ialbh?’ésﬁi?-ffi' ﬂ’l@ébr&ﬂdé ‘éﬂéﬁ'%@lves to a simple

within a bl ock sealingl y ‘connect e

y
Yyat-hightyseliablessppolime.ass : QHWWH&F%%B@@QWWGWH«@&

R o BT Gy B hioni

Mbt&ejvez,;tlag gg{né)gocv_vrﬁﬁgggo o%"g'ﬁg% f?ﬁvb?ﬁ&p%%ncb@@és&%r @peratlons
n the Figure

laihe ?%ﬁt 3 empadimen, waﬁi%r magth%gceprepl&h?edrqmﬁh@ bore 14

doie tHéQGHﬁgr@HQQPQQt ggg% 'ﬂ%)eﬁ%héfé&@rﬂ@’fb,t\ﬂ% valves 314

spool body IS provi ove
and 44 open for communication with the tubing annulus 16. During a crossover

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 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



tubi ng hanger 22. In the Figure 3 enbodi nent and the
Fi gure 4 enbodi nent di scussed subsequently, the

WO miwifss3nanger need not be oriented, since no PEL/@sENN3/039130
flow paths in the tubing hanger are provided for
conmuni cation with lateral ports in the spool body.
Accordingly, only a single seal 24 need be provided
for sealing between the tubing hanger and the spoo

haryer 23 for @rodectiontflongpastrapenedsyahes- 3D ane Bdashchan the production
ui,red, and, thereb

[ I i S, th
Rlpgk af 'egptofmggve QSAng. é@ﬁefgsrt@bnze anRUMis; s dte isppekibody 12
%ﬁp’l??vgﬁertgglkk 12 o? %?ﬁérc%@;&ﬁ[dg\g é 46)%4!% ﬁ%\\/§4#é>g%ﬁ|oned on the

tmsaai @odynézntTmmennmlubuﬂng/ wathgkﬁrthbn rcommemnieatestwith flow
in the

t al f ernative
PR RS At HadEh T4 YuiBh i ety fontiotdil tereRdty body 12.
\t/ate@ ABcarieblé Reidilow foaMaNgsline 590 \lérﬁéandé@ség@na;@m 0 in block
hanger remains non-oriented. The conflqlguratl ons

41 Irnt@r@eétﬁ thedlompassagswayet B indrleck #{1bswithvalve |4a@| weferably
odfoned ORI SHPRI AT AT RS TRt sagmyay 12 e flow ine 422

wiishris sealihglp casnected to predifotiontbiddkad8 tiowhsieeam of the ﬁrst master
t he sane i nes

G2 aniopstipin gﬁweé?&@dvaﬁtewawt%nghe oW lngA425 s thus
Salied & QI&@QQH'H?{EM Helar 8yl 58 |sag89ﬂ29blnédsﬁﬁ‘i'hé tBIhg hanger

the bore 14 above t e tu I ng hanger
tpIseal tha wbirgy banger 181be main rbovalat/the ool badyl Rcedupelant closure

the tubi ng annulus 16. During a
@?@?ﬁggf&b@ééﬁ%f{]i"% (FASRP-44 is closed and val ve 316
| S OpEe Fifuré Badmbbdimertiy Sindr & ﬂfiaeldlquré)?é%‘rﬁddlm&nt except that
fluid may. flow through the flow-paths 312 and 310 t

ww@e&ﬁﬁm%ﬁﬁfém@yrbwe@néhﬁw@t@z ’ i"‘é~314hend4s_
aﬂ ﬂ%&bl 'b%ﬁgn er\N/ftﬁQ/g stg tu%|c|olé' ﬁawfoFI%Uer is

above el ow
amcompgjlsbed tbyaopmmhg)valves 32chn fimging élu:cbimemwgh wnrkover line 422 and

e b 580 B, S sccomplises

1O L SN UD Withe f%e B8R Idpehlhd WiV B2 cfoskl, 2hdtVafve 44
spool bodgl 12 above the tubing hanger 22. Theré 1s no

Gosefl and valvep«hdli and 46 ppenito maintairugommunicagion with the annulus
{B?anp 62 is landed in and sealed to the main spool

ody.” A pair of plugs 404, 406 are | ocated and seal ed
t o t REheytabing hhndger 22 aé shbentin. F@me@conTm%WICEWMductlan

W% B%U\Mﬁi,qbzgg%rlr? Ico trlnou%lfj%}yl gonm%lfxtnllc%ttesdfv?/ﬁh Itl'?eC %Ia?l‘? bgPe 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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9 WO 2004/ 055318 PCT/ US2003/ 039130 hanger 22 for
production fl ow past opened val ves 32 and 34 each in
wo b@4pssatict i on bl ock 33, then to production PCTESRB3/039130

The tubi ng annul us exits the spool body 12 bel ow the

tubi ng hanger 22 through flow path 46, with valve 44

positioned on the spool body 12. The annulus fl ow

path 46 then communicates with flow passageway 412 in

bbrootunidates Mh@latsrataahmluglpﬁassagmmy EMﬁm’lclﬂml ol Ibogy 12, with
fl ui annu i ne

ek 'gg%iéé B SIRRbbodY P derSontioling ey Foe1 ORI to valve
519wy RiRh W@W?lﬁlglsb%&ﬁtéﬁ %géﬁé ﬂ)ﬁ(b# BodiRh ¥ e\é 51 8 controls flow

referably pos oned on or ‘contro
Ell @assovanlipesi2iyshish is1sealinglyl connected et2ane enﬁltoisposl body 12,

87 ph % ingr ST BFod GPh B 358t A \StioR ity BRbheS Valves 32
s8¢ 6ad PERShgEwuRI5Pe ﬁ%;ao&h@ody Wﬂbidﬂﬁcdﬂ‘?ed@ pb&é?geway 514 with
seal ed to blocks 414 and . An anndudl ar seal

YRI® PR vthersRaek bedyi VMIQfCh &ﬁgtf@ls flay teamnulus hn@n l5|2ng°\ pair of
BANASF s&4s t55 g% 3 OB6SitiBhe egﬁitrﬁwg ?l%ging ?%éggﬁg%%%% below port

closure are"provi
512;&1 sedl tbe‘mmlningelahgeswﬁh thé afaiih dotdref lfﬁeg?,zﬂ o®l Body. The spool body
Iment, excep - orkoyet-tin-&4

GFETR  Ofney e gk oy STap ek pEp bk BeeHEsect o
the sproFidires éf%bowéhé‘f'%%‘ée%téél Brifdudiéh Bégs:é;gedvay through the

wor kover |s acco openi ng val ves
spashicagy fabgve thmtdugg] hmgaro%ralthoughméz tubidg haager mmsh be

A8 B el LI 8 050 87Vl PhSover
Bpein thedspodl b@dﬁ42¢bp§@§ismgxaﬁnmah\ﬂﬁldﬁlépwéio%?&hcﬁﬂg portion of the

val ves 420 and 416 open to mai ntain conmunication wt

H@%ﬁﬂﬂ%hewﬂw%@m@—%ﬁiﬁ@ asraenbhagthe-same-advantages-
uréQerﬁb&g‘ore ,Z%R%ﬁu@mllgnﬁmg L{do%atjhe ipger wall of the tubing

o ucfio Inuous
hm*rgaunammebnswst Iikal;hte fmﬂlbacb tmite thd tubing Iaﬁnaltnrsdiefon@p@ssmg

LT aiale BaihosoiHlt 14 Murga e worRBIeF oigraser, waives 34

arahs24 avd cRBEJ SERY QQIVEQ 3phs1 %‘n@ ﬁ@oﬂee%@%/so ﬁaat RAirkover fluid

of plugs 504, 506 are |ocated and seal
fiovys theaugihthesling 520.and infe tba@ubmgw@ngmsom bPdging 2 drassover

c?pellgl ng E{L ang '? v%a?‘g rcchsrt'éo(g%l%(? O%We?&gt Z \égwg\ga%é% g16 is closed

.20 valves 648 cinddBRdhrcipaBioomaintaih. c‘dnﬂﬂhnmatlon,behmaan.@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

11



al ong production line 36, as previously discussed. The
t ubi ng annulus conmmunicates with a vertical bore 510

WO pootloss3loot t om of the tubi ng hanger 22, whi ch PCT/US2003/039130
intersects a lateral bore 512 in the tubing hanger 22.
This lateral bore 512 10 WO 2004/ 055318
PCT/ US2003/ 039130 conmuni cates with a | ateral annul us
passageway 514 in the spool body 12, with valve 516
Heboatties tuhing ihangpop?2, witllyalté 44opositiortedodn hogsihg d@ dlongiflow path

ort 51 alve 518, which referabl is also

485 cVpla St SpbedmEys 50 DRMpPsTisnaals BhDl o 12. This
drihuRIORHE kv béqheabégeo d@!ﬂ\rﬁﬁmgéte%%w 29k¥okd g sﬁnems flow

one end to spoo e other end
nartlmﬁd Otin dine spoalkb@ly ‘92 Ahé tuking dnangémmhtymlsea vmtmal bore 614

32 22 body 12, .
Wil SRy aunER e EERAR 5. BE spofl SR sbo e ibinge
Hepeel 2DodMd WHiLIS thts@Bbisd @téﬂapbbuteosfmmwh@&ubmgma%er 22. The

pair of annular seals 526, 528 are positioned on th

|@f@bﬁi|r§?rﬁzﬁ4@e‘§ i pbgrmantwite od thies t:omsmutaie% with thegecond lateral
369 Y Shotf bl PV 638 358 BpadEiRGio Bfecting the first

@mmgthmsécqg«hﬁi @llaénal ﬂowqwilseuh thétspobl budyecﬁntrolﬁ flow l?]etween

odi ment has a | ater r ction passa rou _

tfip@ore Jgon th dpodhady aah%f%ttﬁstg%@na gpr 235 YA%M@O@H%S fluid flow
g 4bY qﬂ\mgglrf@ﬁ%%ﬁhlamﬁéélts%%%@ Z)@sftﬁtn%lj'togfgthhhﬁbmg hanger 22 to

passage hang
quﬁ@mbmg hangeri to thé spepldn;ddyamam harefanoveassl bejow the lateral

ann s f .U rd through a portl on of the

R 1B e bl RhEet " or 2 P a2 boa

arit ﬂhﬂaSFrthe 8rBmBeWiRRNe dlsoProdides GUaRra| mgaﬁdmﬂére through
Si nce/.fl uylvd w |l inpinge upon the inner wall of

: - BW@@W@QEH@N@WTWWWB%@WWN%-
&Rovéﬂbérr@ c%ﬂb%ﬁoﬁ’&faﬁ{ﬁ BRrim '}:gwoFlJbr\/gl"gPertatf'iSn aﬂﬂH leidivs
on, Vvalves

passageway he “wor over oper a
ddtvnveard tEngirthectlemgd]almd bmm ¢4 ahd, oﬁhﬂo&h‘@leﬁéﬁal boee 610 in

en spo t r kover fI i d | ows throu the |i
B85PaRcoady 52, Renammprd st e’ dRen veire i s:onc bidianyaive 44
lﬁlﬁethéttuﬁlﬂg é’rﬂiu‘l’@s 4, \K/iﬂWélQé 50' IR5iR§ c%@dV%db%téﬁﬁlaﬂg% same flow
but now val ve 516 is cl osed an val ves 518 and

ratle iopeed far en@‘onss@vefmﬁmtmrn Aut énthisscarsevalved4 is closed and valve
5 ig%Lb%H, 2] tll'léf]c,eorﬁ%ﬂnfc%'ﬁoﬁ@H\lalﬁa,n'eﬁebetween 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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Figure 6 illustrates a tubing hanger 22 containing a

vertical production bore 26 which continuously
wa@eomosidcat es with the main bore 14 of the spoptT/Ubzdy039130

12 above the tubing hanger 22. There is no plug in the

vertical bore of the tubing hanger. A tree cap 62 is

| anded in and sealed to the main spool body. A pair

of plugs 604, 606 are | ocated and sealed to the

caritiollirey fldwe frenothet fiay patred € dpwodtrearhfeorathe valveddd t2a
has a | ateral product)jon outlet 608 |ocated_above the

Gastshendigee "5 providgada e fubing ham#%@he@%ﬂ@@so
annﬁ{ﬂlﬂléﬁ\fes M{ﬁ éébo%(i?tléﬁél J héfﬁ@%&gﬁ tpe|%§ F (?}9 The tubing

exits the spoo roug
hangerﬁﬂmomslmh WI%MOMemWBMﬁQnBQteS between the

AR R4 B 4G Tusire, 12 Aboue e g bBRGer 1554 the latera

M@W'@ﬂﬁhe"c@bxﬁ?%néépw WRih ihteRtOtheSBRehl Rtiud Bore 708 in
This annulus f | ow path 46 al so communi cat es

thetspogl Bedyd. | ateral annulus flow path 610 in the

bore. BiG e 7,eriBoHi D AP fo, B BB 1 BBt except that
[sgth dlalvesdi0dey 204 age grthndf@l fretheeubidg, haﬁigérvﬁhdlfhe iree cap is

i ntersects a | ateral bore 616 in the tuhing hanger

22
efininaiest dVhile Wajs prevides for less epmpanens withot arfeea ¢ap the tubing
RS RLT8 (A DL SRR 818 o088 il i o
emlenh‘ihatsthe pllag aloes triod reslrab@nsleeﬂ Maith theesw‘t Ascan aléerhatlve; valves
bet t 14 _
AY bEUaYioBaA tip B fanedtiodepicades pifas Tid adybB. crossover
Wéhéﬁvcfrke'\v& ffd\nPPMayﬂﬂi SccdHmpldheaiih athaARGUdifilaPRAINe Figure 1

624 are positioned on the tubing hanger 22 to

%@b@dmtﬁé’@%ﬁW&P@@mﬁwemeth%%sww@w@&aFeweleselyr

%ﬁ%&%}ﬁﬂ%ﬁgSW% %é a?e n@gﬁin r@%%rpgpgégﬁ owdc}ggg Laé% ated within

-ﬂN@I\m@et pfth#umbduonckmb@retm ough .spoolLbod 12-nmab th :

N ey i e e
|
RERLEL 08 apb il AR oA S0 s profreo
emeodipmiits adbigca to tisme sidletiartte gt t Thérembodimenats\ehown and
into the tubi

18 .an hr,ough val ve 44 L nnu 16
GretrBad b Rl SR 50 el i M felii o ihe Bhererred
drhibgdiments 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

following claims.
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path is used for a crossover operation, but in this
case valve 44 is closed and valve 50 is open, so that

W@ oomsidesat i on i s nai nt ai ned between the bore BAT/ARINE039130
the tubing hanger 14 and the annulus-fine-5-2 In
Figure 7, a tubing hanger 22 contains a vertica
production bore 26 and a |ateral production bore 28
simlar to the Figure 1 enbodinent. A pair of plugs
Cims 706 are located and sealed to the vertica
production bore 26 of the tubing hanger 22. The tubing
annul us exits the spool body 12 through l|ateral fl ow

path 46 balym zE Fal‘sggbﬁgeeﬂég%@épllg%or %ﬁthllY@ ﬁt‘ﬁd%w through a

| ocated al ong t w pat era
pregiustion tuthind wiringawiikinzowel, tbqurkdwcﬁlomdubml satruhg dwfmmg a tubing

G mplfeing e JAH PAILE 0@ e el 53sHIY adapie for use wih 2

wOkowet etttignar fladi cfdnhMuhl&Wbﬁ' wWith tAB theal é‘éde%bl?fthbfiPee assembly
housing 12. Valve 712 is preferably provided on

cyBBIsSipgdy al ong one of the bores 708, 710 for 12 V\D

2004/ - f

S N T R ST —

merelasamh dl sppobbody piddustion Ipzhed?géw@)h t@ﬁtbﬂblﬂggatbgaﬂﬁfrom the spool
comunj cat es w a.secon

lP%qye? rqﬁ%{%g g%ﬂ’ %gmw%%%w@n agyaguctineingibi ng

hangeﬂhe&@bﬁ@ﬂﬁéhd’é? vﬂth‘ﬁ’? fHe' ol Poay c\éﬁtrQPBc?rJa]r}‘&né’\é%l&@ to the spool

conmuni cat es between I mary’ bore 14
bbrd)s ithe) tubing benger a@aptatj ito gupamg ¢he pduction Itublhgstrn'@ therefrom,

tub| ha er 12, which in ect s
tﬁgttgpéé%%trm\gv ng?rh@’ogHgfgﬂnB @YF iamdﬁ%nmumcatlon
\Eitlgtheepﬁ)cﬁmtl@ﬂltmﬁé strihoﬁérﬁﬂ hatbihg Ha'h%erﬂjHu%tlén passaaewav
‘enbodi nent, except that both valves 706 and 704 are

'%%W'&@daﬁeﬁalwé@mﬂ’eﬁﬁl@blnaﬂhgés%amuﬁh@ﬂ«b@%f%ﬂpidw@emmumeaﬂeﬂ» |
ik ?FO%QICHXW i agséé%vzae)p nqbe%g)%OL%d |.ess conponents
W t hou

a tree er will have to be

pul | eah aﬁnelusrpassageww epietmglr@elataahﬁm@m thosgl bady below the

Bl Uk iR ISP,

in tf@flﬁéﬂ*éhﬁﬁldéa\)% fdr%ohﬁ‘@ihﬁ??l d‘ﬁov?'b%ﬂﬁegrpﬁeatlﬁgsrﬁognnulus and

Crossover flow and workover Tl ow nay be acconp
gMaRnWHAMNEe; simlar to the Figure 1 -einbodi ent-A

r ' Ch e'i Qeé&?d AL VERESpdstidned Rowiistidafl irbheRe St annulus valve

.wnth 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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adj acent the spool body, or are within the spool body,
and thus are |ocated within twelve feet of the
w@e@dosision bore 26. Wil e preferred enbodi nenpeT/ob20051839130

present invention have been illustrated in detail, it
I's apparent that other nodifications and adaptations
of the preferred enbodinents will occur to those

skilled in the art. The enbodi nents shown and

descr2bed Arwrichotal speoijites gsseamisly \wardedinedadn iGiaim 1, further
nodi f.i.cations to the preferred enbodi nent may be
GRUHRMSIDEi ch are within the spirit of the invention

Accor 4i iahtyal i :
tioh baryetiohval® bRl Bl R SR TbP ol fuid flow
along dhe spovldasyayeduciion/passagewayhi ch is defined in

the followng clains. 13 WO 2004/ 055318

PCT/ US2003/ 039130 Cainms 1. A horizontal spool tree

assendl y fAmorigohtaPbpddldrdd ddsbnithQWstdeTinedin ©laim 2, further
(?roduc_tl on tubing string within a well, the production

QBPHYNGt ri ng defining a tubing annulus surrounding

t he twhbi [ 3 . t f oF.
use viiRicHsShek B ele i Sot B AR vREARKER G ine
dewmsttdeam tioee tresprdaciion Valwet r ee assenbly conpri si ng:

a spool body defining a spool body central bore for
receiving a tubing hanger therein, and a spool body

produgti ong m%%r@%@%k@“&é%&gb@%%ﬁ&a i @Rik'$, wherein the

spool body centra ore for fluird conmunication w
workoyautew path extendslerougbianigtérahpent inmihehiubinghrargsyepaced

. re and sealed to the spool body, the

‘?eﬂg?oﬁﬁgﬂé@ﬁéﬁgﬁggb%og’%ﬁogQsaa?qew% producti on tubing

string therefrom the tubing hanger having a tubing

hanger production bore for fluid communication wth

t he produchherzenigl-sppaltreerapsanbly-asesfingdinbdaim-1, further
dyng‘gi&g;ﬁ':on Dassaaewav e~ ieradt lat~r-~I ~e~t mty f e

#ebing ar ge~pr-eduQia"ar4-fflr u{d=c(r)m

i ul i ba kst olosuve trientier pasitibunetdi withip dlss agengiangert preduction bore in

|. body; an annul us passageway extending laterally
tﬁﬁ?@%‘&ﬂ%@e&pool body bel ow t he

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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tubi ng hanger for fluid conmunication wth the tubing
annul us; a first annulus valve for controlling fluid
wo bewobsstsveen t he tubi ng annul us and an annul BCT/UFI083/039130

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

annul us and the annulus line; a workover flow path in

f | ui d8conmAriarizontah spoohtredassembilyus delinedde @xim anflirther

gassi.n.% t hrough the spool body, laterally into the
anger and upward through the tubi ng hanger

toth t ' .

hanger  CPerC Rt HERRbER NG LR Gor a8 oy

t he wam miem’le@a%/e sgcm‘lddseaié)etwﬂmm’gwe tabimgl hemgest and the spool body;

o Bdfifd S 44 BetWecrs the B IHNGER g srapl 85ay:
val vetheandrkoler fow fhae irdd thd ﬂ!bmgfﬁﬁ'ng%br%éﬂ‘i’@ §N§éed’ Bbtifen the first
g osi tioned al ong the crossover in

Ao secpus feskaodthe dabiog hanger prockizton aassqgmvay being
REIARRN IS0 Bed 4l (A Bt L e

onprl sin ve posi'ti oned on the spool
body for control ling fI UI d fI ow along the spool body

Pcentl v o TERPAEY Shoodied ResEmiy Beainod ghGIFiEN hawherein the
éé&n@@ﬁﬁﬂ’tﬁ(@{/al@é @é"’pbélﬂSnéé wiit Plncé’ B]Béﬂ'c%ﬂhgeﬂéd%ttﬂe %PSgI body.

production [ine downstreamftromthe uction va
4. A hori zont al spool tree assenbly as defined in

d ai K £ h_ext end ,
Cheould: o R Bt ntaD Spodl e ielentnly A5 RiRE i iRt wherein the
firet a“’““lb@ Vh“’b' i5 @obRibaed oprthe e pbbPHodART 8BAMENNG 5Iu1d flow alona the

4vvr| zont al sapool -treeaaaset nbtya efieed-inC airn4
QH!?IU%- =" Irsflqgt-.xgI:;—thecspeeyldlaedyw

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 first closure nenber positioned within the tubing

hanger production bore in the tubing hanger. 6. A
whoeoopsisial spool tree assenbly as defined i n BIBUA2083/039130

further conprising: .a:,,secondclc sure .nenber,

posi tioned., above the tubing hanger.and-the first

cl osure nenber for isolating the spool body central

bore between the first and second closure npnbers: 7.

A hor it3ont &\ hepinarntat speol descadseyniiy adelkifined in Tldhat D wherein

b v 4ebRaE pastinted 36dhe shall fesly for sAniraling dgid flow along
fHéJW@rKdngﬂg\Wgﬁﬂ ht he productl on line. 15 WO

2004/ 055318 PCT/ US2003/ 039130 8. A horizontal spool
tree assenbly as defined in daim1, further

anged tnd? 8B sbpbiges BRsemblits B B By hrough o
brsduetion ttinsing $eirntowhRIRGE e M et f18dSERM tuBﬁ'@Vstnng ({eiﬁhfn% a tubing

per seal between the tubing hanger and
886 ylussyerolpeiogibe f@b'ﬁ@/ﬁﬁfmg? angttbettrae asssinniyly Iaaiagta*d for use with a

g@gﬂﬂ/e? @gﬁfggfopﬁ glﬁbcfgn'rtlf)ét\ng%tg?ltre%n%%t Qngtéli:g‘&gntree assembly

b@mpgsmgpaced betvveen the second seal and third seal.

9. Ahoriz spool tree assenbly as defined in )
d ai nf £PO poRk %fﬂe iR9 asR09hBOAY Aantal hre der fegeiving a tubing hanger

ﬂfé‘iréh' BAE S sWdol de? gpc%dlﬁﬁoﬁ Y285 a)'i thterﬁa'n'ﬁil‘égéraﬂ?%m the spool

A hori zont al tree asse
b}PféN gentraliose éCDrrﬂul(hGommmmatlvamls a\mbdacum fresi ti oned

st Do SGer it BiK S hy seplrSoer® Bt SBiled 16 the spool

h@cuy ahataing paabet a@@ptaa&@%‘abﬁo@%éigfdd%ﬂoh Rusth@istinks therefrom.
jnthe.vvor‘over | ow pat IS I N

| - «H@l%haww@gge@@mweef@mgmemtwmeauem
Witk %ﬁe Lﬁ%ﬁ&ﬁ ‘ﬁ%lﬁg %ﬁﬁ&?%@g%ﬁﬁlngﬂ%@& B acREn' pas%ageway

annul u ve cont
extending Iaterally from the tubing hanger production bore for fluid 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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flow during a workfl ow operation. 4-2., A .horizontal

spool ,tree. assenbly as-defined, in Claiml., further,
wa@eownsBisg: a first closure nenber positi onedP@i/UBio03/039130

t he tubi ng hanger production bore in a tubing hanger;

a second cl osure nmenber positioned within the tubing

hanger production bore in the tubing hanger above the

first closure nenber; and the workover valve is

posi t 1&nedAdiasizgntah epaol tkew assdrbly gsadefiniedrin Claim 14, further

gﬁﬂtnolljng fluid flowto the first annulus val ve

Pﬂﬂng'morkover operation. 16 WO 2004/ 055318

PCT/ US2e6UctidaAalve Basiti '

assen‘plg)y as defi needéiger;{u%]itipgwh @b%g?@ﬁﬁ} %féhee\islﬁq%\t;ggy for

centuadlingsflyd Slow alese the preductipndinebody for control |ing

fluid flow along the workover flow path. 14. A

hori zontal spool tree assenbly for controlling fluid

f1 ow thr oulhorizoptab dpedli tese hsdumigly Hisrdetidediih [B18iInR14, further

wel |, the production tubing string defining a tubing

ERHART®I89sur roundi ng the tubing string, and the tree

asse QL : M : e StL

it b Crossaet ol 16 i B Sk Bico BN M 15'4rifs e and the

prodeatidrylingonpri si ng: a spool body defining a spoo

body central bore for receiving a tubing hanger

therein, and a spool body production passageway

ext entB.ng Adofzhtal shoGitrded EsshNY ashRAne8 R Cidin P2 Rirther

for fluid communication with a production line; the

GQipPHYNGanger wit hin the spool body central bore and

o supfisr eR Babber o niB 6 o8 BroBERicRtcton bore i
thiitebingiamg#éanger - havi n

- t ubi ng=hangar pr oducttgn-bore-fo fluid om nuni oato
with the production tubing string and a tubi ng hanger

produgg i orp H@ﬁ%@gﬁﬁoolq eMeﬁgorﬂ/ ?Ffﬁe@héa it CO4TH 16 Jurther

t ubi ng hanger Ion bore conmmuni cat i
GENaPprigihg: pr oducti on passageway in the spool body; an

Sg\?\glragg?«ﬁc?rgﬁgﬁgﬁ’\@ m%)r%b%rr]%logﬁio%g rgbtoog tlgéJ derllﬁg gﬂgclaruasnd the first
closure member 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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a portion of the tubing hanger and laterally through
t he tubi ng hanger into the spool body and to an
w@nowlosss1s i ne; and PCT/US2003/039130
an- annul us. pvai ve.for,contr_olling.the_fluid..Iewal ong
.the.. annul _us,.passag_eway. 15. A horizontal spool
tree assenbly as defined in Caim14, further
conprising: a workover flow path exterior of the spool
body arspoohbbtly ddficiagraispanitbody centrahbdrecforreudivifg a tubing hanger

BB o BT K5 et b b Bt v Scencing
latorellg thanghithe SBobbddPd @ pratfiablTinebatdan ittt dssageway
below thet tibing lhangeriextenying lgierativ ¢thiooghhae seopbisodyi fondidid

. i £ t.h | b f trollj
Pt eRtH B iR tn® ubiliE aROfis S1REAn onuis T Sttt o
spool thig ebirmpRaysctted®f ihasghdon b&l@?ﬁﬁ d aptéd {d'Qipport the

conprising: a crossover flowline in ui
e

pa debipg therefrormdhe ftking bangaehayviag erabing hanger production

BE RS 85y AR R ool e bBRFEAEI procuction
tul bivsgy s ringeaTtekthepssid bode gradudtion ﬁdseag@\biapgAh anger

production bore in the tubing hanger. 19.
hori zontal spool tree assenbly as defined in Caiml1l8,

furthep  cANYrhR :sptéagl‘?éé’ Qﬁsé}hﬁfj/%fsed |¥1icr)lg{m 21, further

posi tioned above the I ng hanger and the
epwis@gdirenber for isolating the spool body centra

20. - ARG an e Bl extBRang 2EERDY yRET His e R rom the
pratluctidn pasbagaiay in 4 BRoaInsBdyUs tHalanfuius RssabbRB9%h aspool
}gggyfpool body. | 2

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

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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21. A horizontal spool tree assenbly for controlling
fluid flow through a production tubing string within
w@20me/055318 he production tubing string defi ni ngPer/Usi»031039130
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: 18 WO 2004/ 055318
PCT/ U88003A0Bwrizzmtal spoobtreb@aspeniblyi as defimeds moOlairh@dy further

ore for receiving a tubing hanger therein, a
%Sﬁg*ﬁkggy producti on passageway above the tubing

hangera wotlendir valvd gdsiticHddon tHeossBbl b68y$&068ntgig%ﬂ1% fluid flow

a pr otguctl on |ine, and an annul us passageway

Alng 8 WRrkRueIow athendi ng 1 ateral I'y through the
spool body for fluid conmunication between the tubing
annul us and an annulus |ine; and the tubing hanger

seal e@7t o Ahteorizomtdl Spodyires dseemblyest défiratPiRCThirh 28, further
on tubing therefrom the tubing hanger having

Er oduct i
OFRHFRY- hanger production bore extending axially

t her eghyothed fdw bhtH th%ﬂ%ﬂht%ﬂsg)ioggggﬁ ﬁ%g@]ié BSmmunication

roduction tubing string and
Be@tﬂmﬁh@mrpdss&gelimandihe Anholus tinat al spool tree
assenbly as defined in Caim?21, further conprising:
a wor kover flow path extending entirely within the

spool 280dy AfidiFohbst spBbPIFEE hbS8mBRSRASIRY i'hrugin% Ego#urther
body to the. annul us passageway in a spool body. 23.
POMBFIPIPENt al spool tree assenbly as defined in Caim

on ¢ il 4B ovef 0aR;eity, it o BBty Rl RaY Pl fi lia fow
alobgdhe warkoyerftomgpathy. 24. A-horizontal, spool..,tree

assenbly, a& defined ..in ,dainRl.,:.further
conprising: a first closure nenber and a second

ELSSE%% ' g‘;ﬂ’ﬁg{r]ggﬁféﬁ spBsI tréPa8sbrBly &s ddfMRdIARIZRPY®, 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. 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.

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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25. A horizontal spool tree assenbly as defined in
Claim2l1, further conprising: a production valve on a
whb@akssits eri or of the spool body for control | PemUS103/039130

fluid flow along fromthe spool body production
passageway to the production line. 19 WD 2004/ 055318
PCT/ US2003/ 039130 26. A horizontal spool tree
assenbly as defined in Caim2l, further conprising:
workovkoskingvial fleidposnhunicetioowithtike treecsseathly fthe tree assembly
contralling the fluid flow along the workover flow

risi A horizontal spool tree assenbly as defined

oxt o oo peIeAg = PRI b Ponife B R Tooabl g hanger
therainen sphel hadyoprodiotion passagewayrabaverthietubingrieangs8 extending
Sip12f PG tRERR00 Lo 62 TR S Al pBpyuE Fsageway
bélewsthe elibig haniyer Sﬁftéll’:hﬂrrgiglb{éjﬁlkl iﬁﬁoﬂ‘udhﬂﬁb $pdy bodl §89fluid

t he wor kover flow pa ) orizontal spool "tree
eyevpicatian hedveee the ubingannEus andramarnulysiipe; si ng:

21 ongprEb TR s¥alelito RE SEEA A alalioBtsf h stbport the
praductiort tubing sgingl therkfidne\the teitiog thaeger Raviayiplubirigieanger
a first snnul s val ve for control hgg fluid fl ow

Biodetion paie exisnAipaamallvEemirougRdorfid cosnmypigation between the
; (Y i ol ow
AT B e PoPbod BRI b Bssadiplia
| i ne;a Eirsd aanulmskuaheg for icontrolling fiuikl flow bletweken the tubing annulus and
Q n'ca]tic_)n with the production |line between the
t?' r ?ﬂo&ﬂ?cti on val ve and the second production

val vea seshd anhiilué veivé posioned! dabhstred Font R MB0ahmIAus valve
i ne between the first "annulus val ve and t he
with.respect.to.thetubing.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 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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second annul us valve. 30. A horizontal spool tree
assenbly for controlling fluid flow through a
w@e@dosizion tubing string within a well, the ppOTiUS1008089130
tubi ng string defining a tubing annulus surrounding
the tubing string, and the tree assenbly adapted for
use with a 20 WD 2004/ 055318 PCT/ US2003/ 039130
wor kover string for fluid conmunication with the tree
assenBRy, éhronzontalapoehtiey assemplyi as defineal mpOlaim 30dwherein the

fi.nin spool body. centr bore fqr receiVving a
1! 0y ety BPR CorEniindic uf e bBag Hadhubelietioh Passageway
PatwatitiaY: i i
lateral |y Strﬁkraopt?ﬁpt%ﬁgirggﬂé%}lg i"é"é"?q? %Qﬁﬁ'g@?i*éﬁ%te rranda production

salve dar ednialing puidJlayeteihe medudtiariing. ubi ng hanger
extending laterally through the spool body for fluid
comuni cati on between the tubing annulus and an

annul 88. | i AchoriZodtdl wpobbtréeagssmbladsdefired RECIaRA3D, further
body .and adapted to support the production tubing
SPMPHENGher ef rom the tubing hanger having a tubing

hange j [ [ ] hr ough

for 1 PootREvalbabmet fitlh RO in B oBhicd) AIFIEN 51 g
string and the spool body production passageway; a
first,_,annul,ys val for, controlling fluid fl oy betwee ]
the' 31 no TR shgol R asseublds deiiedinddaial: wherein the
AiEFoms p 3 ig%mrtdfwgp&&m&fyrfsﬁmuiﬁfmﬁwbﬁicéﬁéﬁb?tween the
annul us valve w th-respectato’thetuf ing nnutus~-for
peastuction ling andaheannglys ling bet - wee =tk eAubi g

annul us and the annulus line; and a fluid flow path in
fluid conmuni cation with the spool body central bore
above3bhe Alwrixgntalspes! wes assembBiyrad defineisinTIaMR B4, further
bet ween the first annulus valve and the second
GABHSEY9val ve, the fluid flow path providing a

wor ko f £ A ki b cati i lines
the. v Loy soetRit milStor qdthiBIFRTTHE GR!0 i Bfeflction ine
f i r st a geaond praductienivalspion cantiolling flakitowd alomgutheproduction line;

val ve,, i nd. the fluid fla ath further:

. pr ovﬁhgma @,83’2‘?%@%%?0’?%' I°R W'ﬁtft. Rreguction fin between the
frstprotiuetibh galvedaidBR sddepdPredustidrovalléne and the

annulus |ine when the first annulus valve is

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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cl osed and the second annulus valve is open. 31. A
hori zontal spool tree assenbly as defined in Caim 30,
wo ootlos3318 conpri sing: the fluid flow path extendi/ng2003/039130
entirely within the spool body fromthe production
passageway in the spool body to the annul us passageway
in the spool body. 21 WO 2004/ 055318
PCT/ US2003/ 039130 32. A horizontal spool tree assenbly
as dehisped| bodydefining® spdut bedy cehtral horei fdr Fécavingaltubing hanger

I,S In co nication with the spool bod roducti on
6o BRE bk hodH RPRRL'ioBchasBads wey hoke The febias beeger
[ .
ShRIEHT fterap BtquaRing sBod bRl 16 prbplkfion fe: 55
hor i zthe wbingbahgen sealed toethiel spoat bddy iandcadapted @ safrt a

ri Sing: cont.rol val ve al on he fluid .
plstyeho SOTBbieem. iné Ribing handatiRadingarubii hanger production
bprobxtehemge@asiibihgrethraigihi Befuitntdrmufcfion WaRIE: M the production
the fluid flowpath is exterior of the spool body for

tyhing skimenand the spael bedvupeedudtion passagewayrand ne and

e doPThaniis BssedBuz) A LBuaRE IR the RS fRRGerand
[aterdily butmandathveudhothectabingdniges ahbiuth ebughae dpeBbbddeto an
jon |line; a second production valve for

roduc
g%‘t‘ Pﬁlt“f‘ﬁ'ng fluid flow al ong the production line; the
fluid flow path is in conmunication with the
production |ine between the first production valve
and t B8. seAdmiizontal spbobineey absemblyGas defined ind®lbimh 37, further
gﬁlglgh ihree assenbly as defined as O aim30, wherein
PG d, flow'path extends is fromthe spool :body

cent r glwdrbersivwy patéxtbHbr Gfah83PBEI bod\PARIRKEENFHPHEM the

‘a portion of the tubing hanger, then |laterally outward
-PrdyGHAndine-extarpakefthasgesl-tegdy-iodhe-anmlugppassageway.
and in comunication with the annulus |ine between
the first annulus valve and the second annul us val ve.
39. A horizontal spool tree assembly as defined in Claim 38, further

comprising:
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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37. A horizontal spool tree assenbly for controlling

fluid flow through a production tubing string within
w@20me/055318 he production tubing string defi ni ngPer/Usi»031039130

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: 22 WD 2004/ 055318

PCT/ USR.003A0RDizB0tah sppoldtecrasse e iasi definedsp @ainb88ywherein the

central -bore for.receiving a tubin anger  therein, .

e Aaisash & g oot g ) dhovus e between a firs

AnUIDE vVBRBERATD a 8¥E6RYRRAUILEANR dach ARAHEE vANE capeghi'n fluid

body to a production Iine;, the tubing hanger seale tg

earemuipinsitiopalgngithe aomwyuedneéo support a production

tubing therefrom the tubing hanger having a tubing

hanger production bore extending axially therethrough

for fluid comunication between the production tubing

st ri ng-andAhesizepedspeeldiearassambly @s definedde ®dgim andurther

ﬂﬂ“ WHLus passageway extendi ng upward into the tubing

ané@$ nd laterally outward through the tubing
hangea fiest ¢ldsure ngdmbéieasd aGecbnd tldsaré henitistuh éstrée B8p above
%;. Gmh rizontal spool tree assenbly as defined in
HWMNGNaNGErs her conprising: a workover flow path

exterior of the spool body and extending fromthe

production |ine external of the spoof body to the

annul us passageway 39. A horizontal spool tree

assenbly as defined in Caim38, further conprising:

a wor kover val ve positioned al ong the workover |ine

for controlling fluid flow during a workover

operation. 40. horizontal,spool free assenbly as

defined in,d aima38,further conprising: a first

production val ve and a second production val ve each

positioned along the production |ine for controlling

fluid flow, and
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t he wor kover flow path extends fromthe production
line between the first and second production valves
WO eooloss3asinul us passageway. 23 WO 2004/ 055318 PCT/US2003/039130
PCT/ US2003/ 039130 41. A horizontal spool tree assenbly
as defined in Claim38, wherein the workover flow
path is in fluid comunication with the annulus |ine
between a first annulus valve and a second annul us
val ve48ach Adnoridamnéalspiooktre assemblyrfgr tontralling fluid flow through a

' j . . i,ne. .. A hori I .
SRERbF 3400 o BB e R PR o tbing
eANDILs SURBUNAirg thettuBingSstiny, IR tAsladscRI5I9 Mapted for use with a
cl osure nmenber In a tree cap above the tubing hanger.

workgyes stinates fuisl cammmusication oGt the tresasgermblyi thertreg assembly
iree assenbly for controlling fluid flow through
EB@‘?QS@@H on tubing string within a well, the

pr oduatspool batly defisihgiangpabtbody sengal thdrerfor reitiéﬁmhrgé tubing hanger
ﬁll%r_oundl ng éjlg(z tubing, string, and the tree assenbly
Bine 8Nl & SRRQL bray ipraduclioniRArsageway myove the fuhing hanger

) , . !
ST Btrahy 1 & Bro ol iferaid B dhn i podEiouay below the
gy bangeréxtbodiagflaterallydbrotighgthe spaol bgdyéordiiid communication

i . | b d i b
PR s AR A s A A P § 2 5 2 aduot 1 on
li ne, thdibiy Wr%aﬂ&ﬁﬁﬁﬁ@"@bopﬁbé’%’ahﬂ%daFtBt?)J;)tggsufpgort a

ha(&ger_ extending laterally through the spoo / r
progiugtien iwking shinwinerefeametbe tuhing: hangey having atubing hanger

H-~Re; : l: Lo, the spoal
B o R Bl PP R B AR28br botween tre
ptaduction helriag string A theufpord body pesdbetionnthssaewangand
hanger producti on &gre,ext»e ding axially therethrough
for 1 PUGIKOGRHHIAY. Eah erieBUnadim e sponl Bdvacsiral bere-gpove the
fibind'Ha C ' :
e i PERRIEOY (PR (ABR A IRAYRY Pl butward
theerghthenisibingabangenana into the spool body, and laterally inward through the

spool body to the tubing annulus.

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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t ubi ng hanger downward through a portion of the tubing

hanger, laterally outward through the tubing hanger
wa@ap@4ioptses t he spool body, and | aterally inwardP¢huszgs039130

the spool body to the tubing annulus. 44. A

hori zontal spool tree assenbly as defined in C aim43,

further conprising: an annul us val ve positioned on

the spool body for controlling fluid flow along the

annuldés pasbarzonigl spel treelassemblyt as defined it Claém 43, further

assenbly as defined in Caim43, further conprising:

C&”%BPHEzer val ve positioned on the spool body for

cont ofirkt BiBstiRemiibed andWsedrNdlobinge membeY # afttedl shp above

passageway. 25 WO 2004/055318 PCT/ US2003/039130 46. A

the tublaghangehool tree assenbly as defined in O aim 43,

further conprising: a first closure nenber and a

second closure nmenber in a tree cap above the tubing

hanger. 47. A.horizont spool tree assenbl S

ot (1ida | BPEAGHIAESPCT e GoSoREGRD SENgeD it Rk futher
HApPrRIRLsi tioned on a block exterior of the spool body
for controlling the fluid flow along fromthe spool

body appreductiommalvagesiionad aroa blaek exteribrafitoe spooldody for

c8fpfind3ne AR} o SRERLrBRe PO oy Plpdciehiusegoway to the

préd@dtidin ihd. nwar d t hr ough the spool body to the
t ubi ng- - annul us
-incl udes-a--portion--of-the-annul us- passageway- n-t he-

Spoolygbodyp poriZbhtal 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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