-1- COVPLETI ON SUB- SEA TEST TREE The present invention relates to a
conpl etion sub- sea test tree particularly, but not exclusively, to provide
tubi ng and annul us isolation in a production well and the invention al so

relates-to a nethod of rapid disconnection when conpl eting '
sub-sea proWRI6BWET wel | s. The requirenent to performa mellaggg%&®hh§9

sub-sea wel | before conpletion and tree installation is beconing

i ncreasi ngly common. At present, this_ys performed by running a test
string, performng the test and then tenporarlly suspendi ng the well prior
to conpletion. This proceducOMPIE ESUE D BST ITREE ee principal areas:
It increases cost and rig tine durlng runnlng and retrieving the test
string; it creates difficulties when retrieving the well_in both terns of
time and i ncr ease@heopreseandinvention relater o2 ROMRAREENI &g t he

Sutsﬁe[;s'toﬂ gagar leleset E!eahﬁﬁféhculgﬁwe mem@?sezfémmawlwl y re: ev?nt

Wi at ched_dri ose ot en sirahle to

over cone the§§°ﬁf"88v§ﬂg"f‘ﬂ 9{}% EV# ?rbv&%%l{c’dtdecg‘[% Hup to

be, conduct edankr uhghxavennpbntabmvrelmwm@mlwo% Fepiidh tub| ng

hanger to’ avgy ?. cbifeBeeMn! PheHNcansh M Ag td5d [Ede 1 (?Iém)'@& the running
0

and pul ling the suspensjon system and associ ated costs and problens. An
obj ect of thErEﬂ8§EﬁPnlﬁ9lﬁFron is to provide an apparatus which obvi ates
or mtigates at | zhet regaipéméfie eéqsem:mummbm dEstnen & subi-sea. obj ect

of the | nvenieqd haehfePbakbiie: AGRUA Y :tﬁﬁsﬂﬂ[va&%a u%o&ﬁuoaangf the

tubing string and a connectlon In t e of arig
posi ti oni ng QﬂéﬁﬁéﬁinleuF?HEQnobje%% Eﬁeﬁ?ﬁanﬁﬂﬁﬁﬂlquﬁi

provi de isol g;naRngf at Eesenaei-yﬁ pé&idsu.anmg nelié IEsvrisrdd whenhe
requirenent to cl oSe

A
further obj eEFmBPr?FéianﬁgﬁP?ﬁﬁ"?% %e p‘f%’t/:" c%r:t%&a% ‘T%Q'Ep%‘ @g:l) eL?gfe t he
conpl eti on sThiseproestutrecbasandnapos cippact in (heee mm& ng hanger

and areas: it increases cost and rig time during running and
retrieving the test string; it creates difficulties when
retrieving the well in both terms of time and increased
costs, and formation damage may be caused during the
suspension and re-entry phases. These problems are
particularly relevant with batched drill wells and those
with EWT potential.

It is desirable to overcome these problems in such a
way which allow a well test/clean up to be conducted
through a completion via a conventional production tubing
hanger to avoid the need to run and pull the test string
and the running and pulling of the suspension system, and
associated costs and problems.

An cbject of the present invention is to provide an
apparatus which obviates or mitigates at least one of the
aforementioned problems.

- A further object of the invention is to provide
apparatus which provides isolation of the tubing string
and allows disconnection from the well in the event of a
rig positioning problem. '

A further object of the present invention is to
provide isolation of the annulus from the main riser
without the requirement to close any of the blow-out-
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conpletion, into a desired position required to receive the production tree
and subsequent tie-backs when deployed. This is achieved by providing a
gonpl etion sub-sea test tree which defines a main bore, an auxiliary or
annul us bore aggogssgsidependent |y operated valve in the main boreBssvi1B -
further  valve in the annulus bore which, in turn, are operated by
respective i ndependent control |ines actln% on the operating nechani sm of
the respective valves within the test treé: The conpl etion sub-sea test

tree provides | e ARLn and/or annul us bore when required. In
a preferred arr %%g%%dgr géhga ves in_the main bore and annul us _are bal

val ves and isol ati onalgma?}?ﬂre\‘i’?deﬁ} fEt ghet doverEions df SopRrRERAet Hee hal |
val ves and val valsikiey sto Ailentateothef chypleticn sutesear eeptourdes assi st

closure to the Qé&& gqt he valves to
be forced cl osed | n&%ﬁé tﬁ ?H%ngg%?%%‘?c%ﬁ%ﬁ% req UI ring rapid
di sconnect. HydPmP %F%Qﬂnnkﬂﬁ@aﬁléﬁg EQ@CE@S%¢§9Rrﬂﬁguér§éoﬁﬁe€9°$§véchleved

usi ng i ndependeghe hpEbdidtieonstabe uhd chulsemeatedilephrksehase or al |l ow
the hydraulic ¥Stﬁ ‘%g vent when disconnect ed. Thi s has the advant age
a

of ensuring th I ng hanger hydraulic systens are not sensitive to
vol une changes gener’mm ilsy achéewed by preosdimy a‘fcempietihnrsmb sea

orientation of ¢ xﬁé‘e Wcﬁuaé %g@wqﬁa ?ﬁdﬁ%?’eagsv\%ﬁﬂﬁ A

orientation slot 0 utS| ter o

S mnth a
pi n depl oyed { YRS BeFes ARdyan Pﬁ&%fﬂ%ﬂ?&ﬁ&&é Kﬂa"%o’r‘?mm%/ hel d
cl osed by spri mgaffroterre Idpd.raufurtlmn&_salhte dpplhed ahaulbs boperwhints, of the

operating pi st cg [ -43: val ves.
Unl at chi ng. fro‘“} #é%dnéﬁ% BfEraffa ) {¥hpecrile iAbEGehdeRt bidinl
pressurisi ng a }idesh a&FH-PSoPnI Fhe M@F%miﬁﬁe°fo\?%srmv&j by
the latch spriRgalvds wighiRethe Stésc ai:}esw ng Hee cb ma:imlysxﬂmaal entation
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pi ston - bore when required. In a preferred arrangement the
valves in the main bore and annulus are ball valves and
isoclation is achieved by metal-to-metal seals between the
ball valves and valves seats. _ B

' Application of hydraulic pressure provides assist

closure to the spring force to cut coil tubing and '
enabling the valves to be ferced closed in the event of
an emergency situation requiring rapid disconnect. | '
Hydraulic communications across the tree disconnect is
achieved using independent hydraulic stabs which can
selectively isolate or allow the hydraul;c systems to
vent when disconnected. This has the advantage of
ensuring that the tubing hanger hydraulic systems are not
sensitive to volume changes generated by thermal or

.pressure effects.

. Correct orientation of the tree and tub;ng hanger
assembly is achieved by an orlentatlon slot on the
outside diameter of the tree which engages with a pzn
deployed from the BOP stack.

The ;ndependent valves are normally held closed by
sbring force. Hydraulic pressure applied to the upper
face of the operating piston will overcome the spring



can only operate once both valves are fully closed and the well isolated. A
chem cal injection facility is included in the conpletion tree and al |l ow
injection of chem cals, such as hydrate suppressants, anti-foanms and

corrosien inhibitors. The inj.ection point is |ocated between the val ves
al | owi ng f| (W@863585he di splaced into the conpletion bore vi 113
punp-through capability of the | ower ball valve. The injection point is

protected by dual independent check valveg.located in the valve body and '
further protection is also provided by the hydraulic stab which isolates

t he system af iforcai aeoapeﬁttm vdxrdde event of valve failure the well can
be killed by displ r ui ds .the' thro ability of
the valves into thgﬁ%g‘gﬁf‘g%g é@&ﬁ% 8Ps ggﬁ%ngeug}s%ﬁé)é"sr equi res
to fully openachdevefivby pressumising @ latcponontsglolinlefwmi@nt i al
pressure the wh&eemeytenatfaﬁéy detitRalced! B?r ghy 1aebRtépeidgie reservoir.
Thé& present d |f?n |s*gil rent fr.om.a C%Ehg <ﬁubs a test tree
_because annul iB¥F %ftrﬁ’é@é’&“gy e*PRPBgPRFY BBV es as opposed to
clgsing the B@ieanatimnasbéem fooibet retrieveda cohvﬁmtthmalsam:agn “This

al fows the co N4 t [ t vahd avoids
I ncreased Ien§§h6ﬁ¥.e }15 %v%ﬂgg‘;ﬁ %n}éﬂéﬁﬁw” Pf’i%a:q’bl ty of t he

operation by FPSRIRg ??Fémf%& HnE §P5Pyef‘ﬁﬂr9%l PIRLEOFHss t he
shear rans andahhentfospermgmionte both vaivespansdl fullykelosed 4ndlhe upper

val ve al so ha support a pressure differential from above
whi ch al | ows ‘::%‘Hﬁeﬂ) #e%%l?'{é/k ‘etc. to be tested prior_to open| ng the val ves

or upon re-1latch {8 ¢eanigpliigdentdeon Saciddeyr is ntpelided iinsthespect of

the present igympléeion hexree Ia&;doeq.\lbﬁedngeaameéf ofhémieaien saeh heee
conprising an % Elel atch asse a&g | at ch.neans. .a | ower 'val ve

assenbly deta S W%ﬁfﬁa& ?“ch%s %’fﬁﬁ%’l% sai-d | atch
means, said upphibimm asmuyljba-'w.ng pointele lodatied teewdent sheover

sai d val ve aspgtiuy. affdvﬁgléo&%z.'d%t B8 Basami/a@mi fitidl draner val ve
assenbly dEflnlqgletion ore %u%*%gedl ﬂp-éﬁﬂéég capability of the
lower ball valve. The injection point is protected by
dual independent check valves 1ocated in the valve body
and further protection is also provided by the hydraulic
stab which isolates the system after disconnection.

In the event of valve failure the well can be killed
by displaCing reservoir fluids via the pump through
capability of the valves into the main bore. The
maximum displacement pressure requires to fully open the
valves at 75 p.s.i.g. Upon loss of differential |
pressure the valves automatically reseat, thereby
isolating the reservoir.

The present design is different from a conventional
sub-sea test tree because annulus isolation is achieved _
‘by the integral valves as opposed to closing the BOP rams

“ on a slick joint as with a conventional des:.gn This
S allows the completion tree to be situated lower in the
- BOP stack and avoids increased length of the valve
assembly comprising the integrity of the operation by
* ' placing the latch and possibly the valve section across

the shear rams and therefore negating this unacceptable
risk. ' '



end of the tree to the other end of the tree, _an auxiliary or annulus bore
of smaller dianmeter than theﬂr@ggd@_@E BEEN g fromsaid one end to said

ot her end,. said main bore. an VA [pry re being parallel wthin
said tree houwou@umn | east ope Iaﬁ ¥ng di sposed i RPCHGB/OLILESN
bore and at |east one small valve belng di sposed in said auxiliary bore,
each of said large and small val ves bei ng ,i ndependent|y operable to nove
bet ween an open and a cl osed position, sai'd upper |atch assenbly having a

plurality of ports &R ﬁﬁﬁ@fwgﬂrétaqgoehs Ehe wiﬂéry Ja?gm kC

connections to each of sa val ves dto e Iatchlng

means mhereby,?ﬁﬁﬁﬁ“Eﬁléléé% %ége%Fﬁmtﬂ@°3$éﬁh¥ﬁﬂn§}¥ﬂV%lﬂ&r

comuni cati on fhtegpityhetenito ber testetihpriestts rmrﬂﬂtb t:lheourghvébe

auxi liary boreg gfu%gg igsiaééﬁﬁid%ﬁgwﬁﬁgnd% sh are in a closed
sal

position there Is conmuni cation naln ‘bore or through said
auxiliary bore. Preheeexiing o Iaaﬁéﬁsﬁeaﬁge%%n?ﬁ iEhes RuessRtalryentioabl e

pi ston coupl edchéréais prdalded a abmpaétianoéuzs-meang:%szou&bed to the piston

and to the sle ral tabl g,1.at ches ch sald Iatches
bei ng pi vot abl §¥'§%r%?§béj % tlt’{% ?‘Sﬁgﬁ'ngat 3 %S%ré%ﬁgﬁuafi%g 3%6&

assenbl y havi rgatm m|mam frog one endaf tdes sivgel &pchbs tbhhenhe
absence of hydémdll o€ the RrReSUGS afRil %ﬁ%rﬁnﬂ'u%t %z‘é’“éfe%ﬁ?ézd spring

forces said | atches int enent W th e tch g to.secure fhe latch
hosenbly 1o t HARRRAT e SRS RERh Vs, SRkanding. froBoenis SRR [ ed fo
nove pi ston aged reaid dther ng,df,oaaeé maud borte gl maidt auun.lméryer:gagerrent
wth said anm&:&iumgqutx% @ea %Qfaymsrwia{@a%&&e@u ﬁadsﬂ%evaecto be

wi t hdr awn. Prg{erabl gg% er va ves 1 n said ore and two
Sl | er vl vedlSap% Ane gr—ugamebe% Lanpaed, 40, 8810 BALR ORI | or
val ves being st et ileastr one simabl vdlkve dmjlﬂg dfispbselloinssaid
Co i entl I b I
nveni ently, salai hf%‘ife,aQQcﬁabE éﬁ’ée a\ﬁéssﬁ\?gl @Li dé a(e%%xrgef erably

Al ternatively,, ves or ves
each of said Mmﬂﬁnﬁwd°m¢ﬂbhhot%d‘lQYealPﬂtIWF&ﬂyanPﬁﬁnh%l%% &pring means

di sposed in sakbswd Poddtddfl WRePely, iwheh BaddAatvEsl dfeclerehd opfena
position there is communication through the main bore of
the test tree and through the annulus bore of the test
tree and when said valves are in a closed position there
is no communication'through said main bore or through
said annulus bore. .

Preferably there are two larger valves in said main
bore and two smaller valves in said annulus bore, the
larger valves and the smaller valves being spaced in
series along the length of the bores. Conveniently,
said larger and said smaller valves are ball valves.
‘Alternatively, said valves méy be roller valves or flap
valves

Preferably each of said valves in said main and sald
-auxiliary bores have spring means disposed in said
housing and coupled to a moveable valve element of a
respective valve for urging said valves to a cloged
position. Conveniently, said ball valves are apertured
ball valves which are moveable rotatlonally and axially
within said main bore and said annulus bore upon the
application of hydraulic pressure soO that the valves move
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respective valve for urging said valves to a closed position.
Conveniently, said ball valves ar e apertured ball valves which are nnveable
rotationally and axially ‘ ore and sai d annul us bore upon

t he appli-cation of hydradl at the val ves m*@%&the
open and cl J¥@8538%7 t i ong. ther aspect of t
a met hod of providing tubing and annul us

I nvention there is provi
i solation in a production well Qonpr|5|rm§jhe steps of, providing a
conpletion test tree conprising an upper |atch assenbly having | atch neans
and a | ower vbetweeasthd!gpaictanhadlosedeposttibast he upper |atch assenbly
by said |latch nean er. h_gas eeve
whi ch extends to cgse&ﬁf%%vozlfﬂ\?%tg%%e PQEE 2 E%XT&%HIP e%tt § '
recei vi ng st abherentstRrovGidesd wmth@dhyéraapvedemn@&inmm control sal d
| at chi ng nmeangnnalds Mo Fatliciniith &ppebdliatsbnaes BT béompih irveheval ve
assenbl y deflnﬁ na%n bore extending fromone end of the tree to the other
end of RRe7 €,  and an auxiliary or annul us bore of ‘snaller

di ameter than t he prowiding 2 xospdietdonr best atreenkawing 20 madind boxker end,
said main borgnang ﬁi*éhfgyﬂdﬂdyrﬁsbgbfebEIng paraIIeI within said tree
housi ng, di sposing,at | east rabl & val ve. el e i.nsaid . main bore
and at |east one O‘Bﬁ%ﬁ’é‘%zﬂ%\/geeggnﬁﬁﬁ Pﬂe§§mjea ‘f"tjsel&ﬂeé‘ dBerating

sai d val ves isaidimaimiboreoandapnt leashi dnenopéxablmrvalive @lemenet haen an

open and a cl gg¢4 midé)rbcﬁ:% r%ﬂiarﬁﬂin%%%&' %9.$%‘1hbc?ﬁ98nem | ons
to each of said, val es Vi sai d,  ports and I d sta el ement's ese and
ot her aspect einq lantﬂFIFaBEcBﬂBS ar® from the: fol I owi ng

description when tdﬂ@’aﬂﬂhg:@ﬁhdn&hlvasv\ihhsim mmpmeyang dhagafgs i n
e pr esen MR beve WPhELE Batuffn & WRAl RS Wibhel) TTODC O O
2 is an enlar qm:guatmmmursécwoqademwxﬁolﬁt@ ddepwelloart tee shown
in Fig. 1 Figrowidé ctimilidadeen ER¥oREh Pdid Lorgletdmptebbon

These and other aspects of the invention will become
apparent from the follow;ng description when taken in
combination with the accompanying draw1ngs in which:

Fig. 1 depicts a completion tree in accordance with

. an embodiment of the present. invention located in the BOP
stack beneath the shear rams;

Fig. 2 is an enlarged longitudinal sectional view of
the completion tree shown in Fig. 1;

Fig. 3 is an enlarged view of part of the completion
tree shown in Fig. 2 depicting the ball valve in the main
bore and a ball valve in the annulus bore in more detail;

Fig. 4 ig a view s;milar to Fig. 3 but showing the
ball valve with the. spring in an extended position,

. Fig. 5 is an enlarged view of part of the completion
tree showing the latching arrangement of the completion
-tree sleeve to the valve section;

Fig. 6 shows the detail of the orientation slotlon a
completion tree for correctly orienting the tree on to

_ the tubing hanger, and : '

’ Fig. 7 is a top end view of the completion tree
showing the main bore and annulus bore and the hydraulic
ports for actuating the main bore valves and annulus bore
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tree shown in Fig. 2 depicting the ball valve in the main bore and a bal
valve in the annulus bore in nore detail; Flg 4 is aviewsimlar to Fig.

3 but showi.ng the ball valve w-th-the—sprHe—m an extended position; Fig.

5 is an enl ar ywologrisgsy of part FHIS SHEEBHﬂBeEUEEHn tree show ng RATUGBENTNS Ng
arrangenent of the conpletion|tree RERLACEDt 0 the val ve section; Fig. 6
shows the detail of the orientattTonmsror on a conpletion tree for correctly
orienting the tree on to the tubing hanger-®<and Fig. 7 is a top end vi ew of
t he conpl etion g?gg eshowi ng the main bore and annulus bore and the
hydraulic ports actuating the main bore val ves and annulus bore val ves..
Ref erence i s now madgef-ﬁr?#ﬁe 58 jmpow magaptet Fhe $' o 2'h conpietirnrEyee of

_theddraWI ngs. | 10t shbwh De Figg. of tﬁapaeawaﬁgd t hate tﬂQlCQEW etion tree 10
i s di mensi one 0 n i on..or

| nterventi on 1 s SPEREFREEES GO 3% SRbLEREPp e PY TP e RiRen Boneg ack 12
so that the topand propoxtivned o cbnpluhennat¢emph§tmqp panweadh t he shear

rams 15. Referrifngepouht foii® ranOthbNechlpfut G sutleen’ t&—ea g¢egpl etion
tree 10 has an u I at ch sectkpn gener a Iy I ndi cat_ed rence nuner al

16 whi ch may be%¥ ggﬁb?eﬂ B Fhack L2 PAgthabitRamP A aF 3 nd® Bwer the
conpl eti on treecdﬁpleminntanBCROsﬁacheﬁeahh thedhsarorame| LEcad. The

conpletion tree 10 g @gﬁ% n%i Eo aorf Sgnﬁ{é‘li%)éﬁlﬂgbca{:ﬁg g)y ei,erence

nuneral 18 and an X1 ar annu us val ves

22 and 24 are |9°WR *QF FFE%OWPFﬂI%nt%BPﬁ%J#FQﬁﬂw§ef§1°?h3§%eﬁé}}YvaJves
are of the typexnﬂin&tzﬂuby me&préncenhumeta&rnzuhhﬂ;hpmhyl baecdotpled to

Application WO, ves éé“’ziwafgﬂé r{é)globe¥a{:xgs 26 and 28,

whi ch are the sane Iype ag I'n Serkes, in the
annul us bore 2o¢°m&¥%qaémé=rﬁs ABuintecthe BOR). st@qisf ltzherdpmmg%lm ch
depi cts an’ enl aggEThedd®w. of part of the conpletion tree shown in Fig. 2.

el ement 30 whi ch had RS oR R B oA A BRARoRs B %A oh are,
in generally 1ndicated by reference numeral 18 and an
auxiliary annulus 2" bore 20. Two identical ball valves
22 and 24 are located in series within the main bore 18.
These ball valves are of the type disclosed in
applicant's co-pending published PCT Application Wo
93/03255. Similarly, two smaller ball valves 26 and 28,
which are the same type as valves 22,24, are located, in
series, in the annulus bore 20. _

Reference is now made to Fig. 3 of the drawings
which depicts an enlarged view of part of the completion
tree shown in Fig. 2. In this case it will be seen that
the ball valve 22 consists of a ball element 30 which has

" gpigots 32 journaled in ball trunnions 34 which are, in
fact, slots. As shown, the ball has upper and lower
-spherical surfaces 36 and 38 and which are shown engaged

- against respective upper and lower valve seals 40 and 42,
The ball element. 30 has a through aperture 44 which is of
the same diameter as the bore 18.

In the position shown in Fig. 3 the valve is in the
closed position. This is because a lower coil spring 46
acts on an annular pistén 48 which in turn acts on a ball

cage assembly to force the ball to be rotated and moved
[ —
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fact, slots. As shown, the ball has upper and | ower spherical surfaces 36
and 38 and which are sho ngaged agarnst respective upper and | ower valve
seals 40 and 42. The ball ' hr ough aperture 44 which is of
BERIb
AG e a | ower coil Micts on

"the sane-dianeter as the ition shown in Fig. 3 the valve
is in the cMRWPBYsition! ' Ebec aus‘ sﬁ?ﬁﬁ

an annul ar piston 48 which in turn acts a ball cage assenbly to force
the ball to be rotated and noved aX|aIIy to the position shown. I n order
to open the valve hydraulic pressure is applled via hydraulic Iine 50a

abo%/e tgg \éalmmy\/rudﬂth{ectbﬁselgzaﬁnsh?&npl StHY dder to %pehhbgédforces the
pi st on 0 in e faorce of spr scribed in

publ i shed covﬁ%ﬁ;ﬁ ﬁ&%ﬂﬁs"‘i EaPrER= WQ%?O%‘E%%P& H’e‘%ﬁ%’%ﬁé‘ 9% down into
the oblique s3G& aidvearthet valvel 22vehich chaneon iannudaxt pdstbnoagh [err] so
that the aperjyiich %z‘c"esalt Q”E@s%ﬁhsihd’c d& it et ?Sréf?' yg is

opened In order ta clqse the val ve draulic pressure IS a Vi a

li ne 54a whi GPHZE &% rof85ENEF 8 mé R dovmistBR QB %Lﬂ'élesprl ng 46
ang this prowsldss 34f,0msedagaribedt e miblizhetd dogpensiay the force of the

spring 46 in dﬁﬂl '&tta.laf‘z ﬁbsbgpoygg\gr déhgsr%ol\tl\]ﬂﬁlrv%t QF'EH‘Ee ggval ve from the

open position ' to 2; sed position as reC|ated t hat
the ot her vaRRtated shroych, d02 80| thatedhe apaxtize #h f-ﬁea h%e%y .
Ref erence i s with nchae boreFi§. add ofhud ekl axilivgs ishiopenddpi ct Sn adwrdeit ar ged

f | | h
S o 1 5 SR8 VRIS, A R BB A 9 e o
the val ve isasybdeh hastas ophlet |Fe§tb%v{9@rbf:hahén§u&arr@1m tdfe-

hydraulic |i aad@prang a6 aﬁdtfmergrmdsy eefe&eboagagnébecﬂal ve is shown
at the |ower l.,eft si

t he d I tuated to b
in the cl ose?"ﬁ&ﬂ‘t g t°R§?§?‘?'f‘ ﬁb"%%{‘i%o q?%gé fpﬁﬁﬂszngiﬁﬁggﬁ%ua engso |'?
will be seen tﬂieapibhenbupﬁardsfanma:mm rotattiegt theewalve hiwom dhe ch 59

whi ch is conf §Qs’i@11:ﬁck éh&ééﬁ% ?;Sgg_ggﬁr Sgo [1 is located in the

wel | head 62. erat| our, va h normal Iy cl osed.
Hydraul i c pressur ?‘-agp ?eﬂP%%F’t t the’ other va "es
~ 24,26,28 are configured to operate in the same way .

Reference is now made- to Fig. 4 of the draw;ngs which
depicts an enlarged view of annulus valve 26 which for a
comparison with valve 22 is substantially zdentlcal. In
- this case, the hydraulic line 56a for openrng the valve
is disposed at the upper left side of the drawing and the
hydraulic line S58a assisting the spr:ng force enclosing
the valve is shown at the lower left s;de." In the
~ drawings shown the valve is actuated to be in the closed
position.

Referring back to Figs. 1 and 2 of the drawings, it

 will be seen that the bottom of the sub-sea test tree 10
has a latch 59 which is configured to lock on the tubing
hanger 60 which is located in the wellhead 62.

B In operation all four valves 22,24,26,28 are
normally closed. Hydraulic pressure is applied via the
respective hydraulic lines 50a,b to open the valve 22 and
then valve 24 so that the well can be flowed and an
intexrvention core tubing wireline (not shown) can be
passed through the open valves 22,24.

Then annulus valves 26,28 are cpened in series via
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1

respective hydraulic lines 50a,b to open the.valve 22 and then valve 24 so
that the well can be flowed an core tubing wreline (not
shown) can be passed through t 2, R4. Then annul us val ves
26, 28 are opewededsssgeri es vi alhydr . urk in lines S@ETIEBOGONINt I O
the annul us pressure and all ow t he passage “of mnrellne equi prent . | f '
pr obl ens arise, for exanpl e the presence. of. water, then the control
lines 54a,b and 56a,b to the respective vaBves 22,24, 26, 28 can be bl ed

thereby allow n Pﬁ?ose sdQ@61$?i¥ﬁe§p§é§9§ éo ﬁ&&%éggbgbgéﬁ ective

~annul us pi stons e valv

reference to vaP¥RSIure anﬁf]éué'ﬂ’t éhﬁl §a$me m%gemeédnspemmem;ther
control line 70 in ti® prbleins aeesd) £8F &bénpld tHa g redenté aﬁed to
%

W U nclr qun 1 om e+ Stkgh £u Bonblod "Fisag Va1 and, 4845 Eoctiecuod by

?eved by
the pressure ackesRpaiivs Q&EdNe$223934n%6 2ihe=atmrhaebdbdsphengb174 to pivot

“latches 76 out av.il‘ﬁi%‘F tfo\e-‘cbhoﬁ R IR ﬁhﬁ;a%ha&t{iﬂﬁg%ﬂé‘ereby

al lowing the sleeve \inthd awn Prersﬁi? waﬁgdraullc l'ine
79 forces pistdit &H&u BEPR1LERNS Kiq (Glose; LR NBLVES, Wagg 78. It
wi || be apprecipnesticusdy dﬁscrdbedtwnmh(naﬂkrenme ronvalesi 221 i t yThehe desi gn
i s based on th%#dﬁ@dﬁtzfsy tﬁEﬁnﬂi‘éQsﬁedWﬁ'ﬁg% ‘fﬁrﬁth‘Bc@ng&lrSl e[of.;oset S,

t her eby aIIovvl[}gbﬁ:%ﬁar % or tubin nger._ systens andard
5" x 2" conple &8P18 cEﬁE?s{'g' el a’hﬂ?ﬂ’ul‘-&r F&El t Swhig et s of a
| at ch nodul e 8prmvide hydradtictpregmirety dliewnthet sieees i Do tndeal | ows

the sieeve 16 (igechbal SnBond! SEOMSREESLROTENELE Y6 SCThlARAL LN (he

event of |oss: r|g p33|t|on|ng or _severe wea ubi ng
modul e where e&Efhth&opiervn R s achiaviedebyatbe pressure apfiing/sve which

can be cl 0sed pistsal aneaghﬂnéﬁrlﬁ‘lé\@cﬁtdel oF Bpe h¢4V\§$|p1votE@%|&cﬁesba| |

| h h E 3
Patting 2 cor douEr S \EhGERERE SR o0 ol hefing a‘a%‘bj@hﬁ"w} 2 TR
“cutting. Thetbppebynaileeing dheialeeve 16t bof beewithdrawai.ch section and

| ock system f oprpBgueei &ﬂbﬁié&ﬂrfé ApaFaudicaige 3 | fotadd Yigredulhg which

i ncl udes the t annul | sol Ive a ovi des a .Crossover network
which al | ows tﬁp aHd ‘Ree eps t e(iatc %6 iock to the ring 78.

It will be appreciated that in order to provide
maxlmum flexibility the design is based on the industry
standard of interface of 5.375 and 1.875 offsets, thereby
allowing use with all major tubing hanger systems. The

- standard 5" x 2" cémpletion tree 10 consists of a modular
unit which consists of a latch module 80 which provides
the primary disconnect function and allows the sleeve 16
(Fig. 1) to be disconnected from the valve section 10 in
the event of loss of rig positioning'or severe weather,
the tubing isolation module where each isolation module
includes a 5" failsafe béll valve which can be closed .to

- isolate the landing string from the well. Bach 5" ball

- valve has a shaped and hardened edge 79 (Figs. 3,4) which

' is capable of cutting 2" core or coiled tubing and
obtaining a bubble type gas seal after cutting. The
upper module provides the interface to a latch section
and lock system for the orientation sleeve; an annular
isolation mpdule'which_includes the two annulus isolation
valves also provides a crossover network which allows the

T
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. the |ike.

systemto interface to alternative manufacturers tubing hangers running
tools, and an outer orientation sleeve which effectively fornms the outer

house for the assenbly. - -10--The outside dianeter is identical to the &
t ubi ng hanger_ vendor s[Qr . +em whi ch has the signj W=Tame

advant age oV ng|t | TASHEEN j ented to the t ubi ng hanger l%tlrfl’d al so
provi des rotational gJidanéﬁwﬁﬁﬁﬁgg rellatching. In this regard reference is

made to Fig. 6 of the draw ngs which depigcts the outer sleeve 16 including
an orientation slot 81 and a helical guide 82 formed by the edge 82a of an

out er houz i B%ﬁéwQ&&nlgerfheehﬁbgﬁﬁteﬁh&?ﬁvﬁZua'tMﬁi:é:iui'_e&-EetBQEng_t gckS%Z,
I'S engage oK and_once | 1 S-en " ul ae )
the pin 84 ré%iés’% %‘%ﬁ‘é‘g Eéz’aﬁf i?nﬁh%n p%l_:%ﬁ °e?g‘rr3eg‘§€§ - ﬁigﬁggsl ot 81 so

that the systwhich effiectdvelyofprms cthe wutrr dauas fon sheupssgmbliyiger 86.
Ref.elr etn_ce s [)m& 'rmﬁ%t i?!ét Eﬁ.ﬂmei.-%e?‘;] id h@d@k&@mm?d@ﬁ tiugiﬁ'g_f aanyéﬁwl ?f t|hF
conpl eti on sub-sea test tre shown i 0. ) ‘dr.awi_ngs” Wi
be seen that We@qlfngﬁﬁéaPa?Y??le'ﬁr’&{@géﬁﬁ &?ea ggf‘ﬁgwﬁﬁﬁﬁ bore 18 is
of f.set from tadyvashagee ofs aldovirg atine| tresh v 10 oriefitedsbot tha shows a
plurality of qiiky $3hce? 88K AP5o SFAHELY z%n‘%}t‘ircﬂa'lt Yu®Bantab elements

coupled to a jop sub (not_ shown) so that when the top Sub'Is coupled to the
conpl etion t 0% FSBEPE- 1 i nes are connected via ports 88a to 88k to

provi de hydraul i c Isothdst regard créferencd vis eadecos Figd §oof hehé at chi ng
element. 1t \gdahes ' absfle & Hrss Wl 58t KRR made to
t he apparatughﬁé?ggﬁae %?g g%écr%%?%“%?%hout%ﬁﬁ%ﬁﬂﬁhg r%ﬁ??% Q%%ope of

the inventioPrientatigR,agire 81 and &jhelicado gyide; §7 £PERe OXHAM with
two ball val «tiye B2ahefnmahnotver ntbing dlddvevaBues Thet heliwalil ar bore,

the i n_bor SR B2 NBEB i AE ek REE dai 1s, Resabsa bl Akfnn. 1
will also be&dpfFig.alédandaoncenit dis @ngaged witbathevguids sk tie
replaced by ofiheigst ¥RearRl VR4 VSSHoBUD kil 2ReVpiKCHs bRbASEs WA etPS and
gg g 8nt a¥a<\>’ Cinat the Il 10N S ot Bl § ol fentst to ' M

the appropriate tubing hanger 86. | | _

Referenée is now made to Fig. 7 of the_drawings'
which is a top view of the completidn sub-sea test tree
10 shown in Fig. 2 of the'drawings. . I;'will be seen
that the tree is circular in cfoésASection and the main
bore 18 is offset from the centre as is the annular bore
20. The séction'shows a_plurality”of ports 88a to 88k
for receiving a plﬁrality of stab elements coupled to a
top sub (not shown) so that when the top sub is coupled
to the completion tree the hydraulic lines are connected
via ports 88a to 88k to provide hyaraulic connections to
four valve elements and to the latching element.

It will be appreciated that'vafiQQS modifications
inay be made to the apparatus hereinbefore described
“without departing from the scope of thé-invehtion. For
example, although the completion tree is shown with two
ball valves in the main bore and two ball valves in the
‘annular bore, it will be appreciated that it would be
possible to have a single valve in the main bore and a
single valve in the annulus bore. In addition, it will
also be appreciated that some or all of the ball valves

addi ti on, th
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-11- springs may be omtted and each respectlve val ve actuated by hydraulic

Jreans to open and cl ose. -12¢ 1 npl-eti on sub-sea test tree
‘ HASBERN: |
conprising an upper |atch assenply" R t Means, a | ower val ve
assenmbl y det WORePE7secured to the y L Vel ch a senbly by - FETCHISOLIAS
means, said upper latch assenbly haV|ng a sl eeve- whi ch extends to cover

sai d valve assenbly, said upper latch assenbly-and said | ower valve
assenbly deflnlng a main bore- extendlng A8m one end of the tree to the

other end of thg. e bore of snualler..di ameter
than the main bo ehgxte gl ng fro?n;%hae%tgﬁ’g e?fg Yﬁigﬁfas‘tﬁr}ﬁé’l‘s &8P sai d main
bore and sai d X@AVERarFobde® vRives padatthel likehi n @;ﬁﬁtnﬁnaeVHd&ehng at .
Iea;slt onle Ialr3 geypel combEhagichs dlls&l pal ds%&' n bﬂieaﬁﬁlfth% 'dﬁpat one g
smal | val ve e uxi,l i ar ore, ch of, sal arge an
smal | val ves bé %gg @ggqﬁ% %}95SaF§9I8aF KEIRSHA R MR 1S GEEHaERG a

cl osed positioRY xdaau meansc toaopenbhndhalese. a plurality of ports for
receiving stab elenents to provide hydraulic connections to each of said

| arge and snmall valves and to said | atching neans to allow control of each

of said large and small val ves and said l.at chi ng neans. wher eby, when said
val ves are in the open position there is comuni cation through the main

- bore of the test tree and through the auxiliary bore of The test tree and
when said valves are in a closed position there is no conﬁm@gggnmggmgh&gggm
said main bore or through said auxiliary bore. 2. A test
in claim1l wherein the latch neans conprises an axially mov Wm I:!'I
coupled to said sleeve, a plurality of springs coupled to t

the sl eeve, a plurality of pivotable |latches, each of said |atches being
pi votably coupled to the upper latch assenbly, the upper |atch assenbly
havi ng an annul ar latch ring for engaging said | atches whereby, in the
absence of hydraulic pressure applied to said piston, said spring forces

said latches into engagement with the latch ring to secure the |atch
assenbly to the val ve




-13- assenbly, and whereby, in the presence of h applied
to said piston, said pist 1efoi% Mﬁmnmgto pi vot
said | atches out of engagqmi® SHEE]i BEEM Ul ar QW &he upper

| at ch assenbl eeve |to beREPtAGEDamn $. -Atest tree as, i n
claim-1 mherc#ﬂ%e are arger_valves in said main bor?“@rﬁyﬁﬂlé
smal | er valves in said annulus bore, the | arger valves and the smaller

val ves being spaced in series along the Lepgth of theiT IEbpeblive bores—.

4. A test tree as clained in claim2 wherein said.|ar lﬁekmm

val ves are ball valves. 5. A test tree as clained in ¢ Sai d
-l arger and sns#_sﬁg%al ves are roller valves. 6. - A testlﬂ mﬁrﬂ}ed I n
cl ai m 2 wher ei | arger and smaller valves are flap t est

tree as clainmed inany preceding clai mwherein each of, said valves in said
mai n and said ﬁUXI |4 afdtnﬂl@tﬁ%nhéug saal fesEegrde C&&iﬁl&%idgnat keelOUsi ng and

coupled to a | e valv. eotlve vaI e for sai d
noveabl e val v e:ﬁﬁft ssatiéiegfr(?ﬁgggﬂsgﬁgl??gﬁ? e §§t§rg g&l ned
in any one of imm ranel end ®£0the theecto ke bttt end\uéstheeta-pentaned

bal | val ves wmpfm&eahhﬁlﬁetﬁéfef?f'ymﬁﬂﬁ :ﬁi-d(?eew thef ggkd main

bore and sai d annul,us "bore u%gn the a cation of ulic pressure so
that the val vé@¥hROTs EREERIIRG Sﬁ%‘ﬁ &%éﬂ‘dpé'ﬁ ﬁaéﬁ]s°t§er end est
tree as cl ai mexhid main porecdndgsaidi suxikbiary ddhannules borkabeing -t he

tree hou5|rm]|§§§é§¥g§ @atﬁihagagln b, axé&ﬁfﬂ t %?“ié%sﬂ'gpg“igfa sald p|n

gui de engagi ng, .in use
rotating said & tq?l&gp%FPPBﬂdV\Hér%a%%é"a&l% gad aft hesatdone

orientation slsutame;raaw b&ifiglﬂﬂsﬁdib')édtih? ddice azﬁmqqasr Betky eacknéed when
el i cai gui do 5o 8255 Ao a%alF rvalvds efd YogeneRaBfiin oppiibls ' ° °
to move between an open and a closed position whereby,
when said valves are in the open position there is
communication through the main bore of the test tree and
through the annulus bore of the test tree and when said
valves are in a closed position there is no communication
through said main bore or through said annulus bore.
2. A test tree as claimed in claim 1 wherein there are
two larger valves in said main bore and two smaller
valves in said annulus bore, the larger valves and the
smaller valves being spaced in series along the length of
their respective bores. .
3. A test tree as claimed in claim 2 wherein said
lazrger and smaller valves are ball valves.
4. A test tree as claimed in claim 2 wherein said
larger and small valves are roller valves.
5. A test tree as claimed in claim 2 wherein said
larger and smaller valves are flap valves.

"6. A test tree as claimed in any preceding claim
wherein each of said valves in said main and said
auxiliary bores have spring'means disposed in the housing
and coupled to a moveable valve element of a respective
valve for urging said moveable valve elements to a closed

position.
7. A test tree as claimed in any one of claims 1 to 3



housing, ' | ui de being forned by the face of an outer housing
surface Hﬂm ? ﬂ?ﬂg inner heusmI SUriRC@EENY. A test tree as clainmed
Jdn any ore of ¢l s 1'80 3 and 6} TS e e'@ said | arge ball val ves have

a ball el emeng, w shaped-and har dent o Th i S capapgicBbs/sitis | N
2" coiled tublﬁ , 1 h the case of " ball valve elenent, and

“obtaining a bubble-type gas seal after cutting said coiled tubing. 12. A
met hod of providing tubing and annul as i Rg@+ation in a production well
conprising the steps of: providing a conpletion test tree conprising an

upper | atch as9Enfl yhaneingsaid delideyadvandase| apertyred oadds ypdves
detachably secwhgght aré hfiovddlsTe rtaltianatiPl indyastaIly abithifeaasd wherein

val ve nocenbi v BSRE dof (Td Babuled BYE Wok g SR el BE 7o ¢
provi di ng hydr bydrautiarpeessane a9 chatr bhe svalivesitmgverpahween, thed wherein

sai d upper |atghagSgRdtéYosut ddiRional, ve assenbly define a main bore
extending fromone end of thetree e, other end of, the_tree, and an

tQ t
auxiliary or afnul B BRFe Fees AR IcéFIHanH‘e?'nYt%?FF‘E nehictadBr e ext endi ng
from sai d one wherein sthel mitear smxdaceaosl tie nties chauslimgpiiccdudesi any bore
bei ng paral |l el jy4 tfi | g sLig, o di ' at opesQperabl e
val ve el enent ?#%gj%‘%}%%ﬁsg% g?al %%ﬁmf%dersdﬁ%:i’&a elg ement in
sai d annul us LeREATIRGr A0 HPeravdtBapvRin| 30 A RPRETRMOF ShE Lhkeqi g
annul us bore tandofer dtvatingathepedodnto sa ot gro wherenthe penui red, by

provi ding. hydr gubl o g QYISF 14008 o3eiPaP1gh SRY ey LhBusdhg ORLLS and

said stab el ene _
the tree is correctly oriented when in use.

9. A test tree as claimed in claim 8 wherein said pin
guide is a helical guide provided on the surface of the
housing, said helical guide being formed by the face of
an outer housing surface disposed above an inner housing
surface.
10. A test tree as claimed in any one of claims 1 to 3
and 6 to 9 wherein said large ball valves have a ball
element with a shaped and hardened edge which is capable
of cutting 2" coiled tubing, in the case of at least a 5"
ball valve elgment,_énd cbtaining a bubble-type gas seal
after cutting said coiled tubing.
11. A method of providing tubing and annulus isolation
in a production well comprising the steps of,

" providing a completion test tree having a main bore
and a parallel annulus bore, .

disposing at least one operable valve element in
said main bore and at least one operable valve element in
said annulus bore, said main bore and said annulus bore
"being disposed in the same housing, and
operating said valves in said main bore and in said
annulus bore to move between an open and a clbsed
position as required in order to isolate the well or to
provide communication through said completion tree.
-
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