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Pressure drops in oil reservoirs have presented serious proble '7f§EYT 2004
operators. In the instance where reservoir pressure drops sufficiently to
curtail all oil flow, electric or hydrlaulic subnersible punps (ESP/ HSP)
have been one nethod used to punp oil up the pipe. These punps are
dependent upon either an electrical or hydraulic cable or line. Simlarly,
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t ubi ng. tire arti nmay prove to be
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trees, in order ‘to provi hore econom cally via f &¥rean oyi ng
or servi bﬁeng:nmidnyeﬂt tibalg cﬂegimym&nt end sdreline deglopnént STabing yieplbymbuat ik e, i on
In one & he nStTmn ; rle quisn : %:h%nca ! OVlh(rjlee: fo ge ?e?:{nl'e%i(%g tea%l:h tu 1rnI scggtag 1tt ree
conprls?%g %mﬁh g, Tequiring le or g 8
is added to the string. Wireline deployment is lighter-and less time-consuming. However,
wireline deployed ESP/HSP systems cannot be used in wells where a deviated bore is used,
and the ESP/HSP can become stuck. Due to the environment in which it is operating, the life
cycle of any equipment located in the tubing is short. This means retrieval and replacement
on a regular basis, which is expensive and time-consuming, due to the fact that equipment
can only be retrieved by pulling back the tubing. Certain wells which require artificial lift
may prove to be non-viable using existing ESP/HSP deployment and servicing methods.
A third option is required whereby cable or line dependent equipment can be deployed and
retrieved at minimal added cost to the operator. The means of deployment should ideally be
applicable to both new and existing Christmas trees, in order to provide a more

economically viable means of deploying or servicing artificial lift or sensor equipment

Summary of the Invention
In one aspect, the present invention provides a horizontal Christmas tree comprising a tubing
hanger having a lateral production fluid outlet communicating with an axial through bore,

the tubing hanger being landed in a substantially vertical extending bore in the christmas



hanger having a |l ateral production fluid outlet comunicating wth an axi al
t hrough bore, the tubing hanger being landed in a substantlaQIV @@Tl
extending bore in the christmas 2 7 OC T 2004 2 tree, a coiled tubing
hanger being | anded within the tubing Ranger and being adapted to suspend

the coiled tubing wwthin the well, the coiled tubing carrying power or
signal lines to downhol e equi pment; characterised in that the axial
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depl oynment, there being si cant savings in Time and equi pnent costs
The exa n@qt@dmﬂmq ehaserthe m%mgolmngere thegomer arisignl gesosrdtingsthe tree upwendly e

power l&ﬁg% | ines and the punp or other equipnment nmay be installed or
replaced t %?sturblng the tree or tubing hanger. In an enbodi nent,
the coiled tubing hanger may serve as the plug, for exanple replacing a
crown plu preV|ousI installed in the tubing hanger through bore.
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fol | ow descrlpt ustrative enbodi nents, th reference to
t he dravhamger.in which:- Fig 1 shows a known hori zontal Chri stnas tree;

In an embodiment, the coiled tubing hanger may serve as the plug, for example replacing a

crown plug previously installed in the fubing hanger through bore.

Preferably, an upper wireline plug of an otherwise standard horizontal Christmas tree may
be replaced with an access plug including power or signal lines running through it, allowing
connection to the power and signal lines of the coiled tubing, without disturbing the tree cap.
The example embodiments may therefore be used to convert a former natural drive well for

ESP/HSP operation, once its reservoir has lost pressure.

Further preferred features of the invention are in the dependent claims, and in the following
description of illustrative embodiments, made with reference to the drawings in which:-
Fig 1 shows a known horizontal Christmas tree;

Fig 2 shows an adaptation of the tree of Fig 1 embodying the present invention;

Fig 3 shows the tree of Fig 2 undergoing a flow test;

Figs 4 and 5 diagrammatically illustrate alternative embodiments of a tubing hanger and

plug for use with the present invention; and



Fig 2 shows an adaptation of the tree of Fig 1 enbodying the prgsen
invention; Fig 3 shows the tree of Fig 2 undergoing a flow tesf?? FéBsTél?UOlr
and 5 diagranmmatically.illustrate alternative -enbodi nents of a tubing o
‘hanger and plug for use with the present invention; and 2 7 OCT 2004 3

.Fig 6 is .a diagramof- an alternative flow t®st method, using a tenporary- -
Christmas tree 10 acconmobdat es
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crown pl ug . 36 ERPHBISPTQ Wit s produgtionpaster valve 18swiaueskapwed. t he upper end
of the tree 10. 15 Referring to Fig 2, the follow ng nodifications are nade
i n order. torrggbody a;[the present invention and provide for coiled tubing
li ne depl oynemtveriicat dhitough bolei 26 irh&irgebindGhanser 1 R\Wegied 4 ce of fhe. .
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ol ore 54 sealed by an upper crown plug 36. A debris cap or "top hat" 37 is

secured over the upper end of the tree 10,
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Referring to Fig 2, the follovs}ing modifications are made in order to embody tile present
mvention and provide for coiled tubing line deployment. A coiled tubing hanger 38 is
provided in place of_ the crown plug 2'8, to suspend coiled tubing 40 within the tubing
string 42.. The upper wireh'ng plug 44 is modified to include a fransition connector 46 that

?,0 supplies eIechicanpﬁcthydréuﬁc power or signals to the coiled tubing hanger 38. A
. self .orie.ntating wet mate connector 48 makes the electrical, optical or hydraulic

© . connection betweez'z_the tra:_:sition connector 46 and the coiled tubing hanger 38. The top
hat 50 is modified to include an electrical or hydraulic connecfor 52 that connects to the
transition connector 46 via a self orientating wet mate connector 54. A further wet mate

25 conuector 56 is provided between the top hat connector 52 and an external power cable or
signal line 58, |

As shown, the interfaces between thesp components are non-orientating. The BSP/HSP
/data retrieval equipment is run downhole to the required depth on the coiled tubing 40:
30 The power/signal cable is run either down the tubing bore, down the annulus between the
coiled tubing 40 and production tubing 42 (“coiled tubing annulus™) or down the annulus



hat 50 is nodified to include an electrical or hydraulic connector 52 that
connects to the transition connector 46 via a self orientati Wgnﬁ@glr
connector 54. A further wet mate - 25.connector 56 is provided bétwe L
top hat connector 52 and an external power cable or signal line 58. As A
shown, the interfaces between these conponefhts are non-orientating. The ‘
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the -tubing hanger 12, thereby facilitating hook up of the lines or- cables
bel ow the t tisitabingdmgeer. Wien the ESPI HSP/ data retrieval equi prent is at
the required depth, it is |locked into the 10 tubing, and the coil ed  tubing
installation string is removed. Fig 2 illustrates an electrical submersible
punp 60 | andgheantle BEH/AEPMatdHfiVa8 efuibmbst 14 @t tHRVWefuitdidepiBYit fshbckedBRBShe
production fluid is punped up the annulus between the coiled tubing 40 and
the produit tubing abil tbe aoiledtbinghinsialatiarhsripg dahgoioved. Hee 2 dllusiratey an elegtrigad
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downhol e hydraulic and el éctrical I'ines may be incorporated in e system.

to provide cprodustiomtubing £, ewdhrmighrthelprodhaion mastepvaie 18 eadsvisgivdvasOt e
S surface controlled subsea safety valve (S. C. S. 8. V) 62 is included in the completion

15 below the pump 60. Production fluid flow is represented by the arrows shown in Fig 2. .

If desired, additional downhole hydraulic and electrical lines may be incorporated in the
system to provide communication to the other downhole equipment items such as the S.
C. 8. S. V, ‘or temperature and pressure gauges. The lines are connected in a similar

20 manner to the power and signal connections described above.

The system described above has self orenting wet mate connectors 48, 54, 56. In the
circumstance that a -connection system is used that has a large -number of parallel
electrical/hydraulic/optical connections, it may be preferable to use an orientated system.
25 - That is, the trausition connector 46, tree cap 32, upper wireline piug 44 and coiled tubing
hanger 38 are all aligned as required to make up the connections. The ﬁlignment is

provided by means of keyways, orientation pins or orientation helices.

There may be a requirement to flow test the well vertically prior to production via the
30 horizontal tree side outlet 16. In this circumstance, an intervention test tool 64 may be

used as shown in Fig 3. The tool 64 locks to the bore of the tree 10 and seals above the



C. S SV, -or tenperature and pressure gauges. The |lines are connected |n
.a simlar .20 manner to the power and signal connections desc | gﬁp

‘The systen1descr|bed above has self orienting wet mate connectors 4

'56. In the circunstance that a connection systemis used that has a Iarge
;-nunber of parall el electrlcallhydraullcloﬁglcal connections, it may be
‘preferable to, ls,.the transitian
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2004 5 upper annulus outlet 66. Fl'ow test to an I n

surface test @dvisgmethe Subwamaa\majdtb olosedttd EolitOBs awaT add tﬁ&‘&rﬁ&@&ﬁzﬁ 189 14 8¥654.
tree. During the fI w t est hﬁ}annul us 72 between the production tubing

42 and pr odudPFhReC §?9?jleiﬁ§dv eadantagy ofdifis ist that noeubses ltﬁattrea squipment is
control | ed byheadys e er mal ex i on of the
5 annul us fl uids. ﬁ/&aéﬁtgg%ggﬁgy \ggdslgiglgetgrl v‘z’tﬁgE DE RO diy i{ﬁ?gese%ﬁﬂw
the flow t estejronkéion\daringsthe fest. hElestrba by dridie/ABY opfc Gbﬂﬁ:%goﬁsoaﬁé &9@ sttv&gge
wel | -and th nt ei)\ﬁg'ihlb&ﬁ;ht%t tool 64 nmmy be disconnecte e advan ag
of-'this i st ef S P%C@WP‘Q‘F%M lings inffbetbeitobh64 Vie an intermediate
i nterventi Oncgﬁﬂéd@&-@]rl ng the fI ow test. The arrows in Fig 3 represent .
fluid circulation during the test. Electrical/hydraulic/fibre optic -

connections are made hetween 10 the coil ed tubing hanger 38 and
corresponding}llnqg in.the test tool 64 via an internmediate connector 69.

'n an altern Ay e Emb ewmmtlpa}lysﬁmmn im figugpsr £and Fndle Toilche
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15 fluids in the production bore during the test. Alternatively, flow by ﬂutes or holes 80 may
be prov1ded at the tubmg hanger inside diameter. After the test is complete, the coiled '.
tubing installation string is recovered by disconnecting a dedicated running tool 82 that is
locked to the coiled tubing hanger 38 and provides power communication via a wet mate |
connector 84 and power lines 86. Thg coiled tubing hanger 38 is left in place in the
20 tubing hanger 12 as shown in Fig 5. An adapter plﬁg 88 is then instalied above the coiled
| tubmg hanger 38 to seal off the production bore 26, The adapter plug 88 locks and seals
to the bore of the tubing hanger 12 above the coiled tubing hanger 38 and communicates
the power cables 86 between the transition and wet mate connectors 46, 48 and the wet
mate connector 84 of the coiled tubing hanger 38. Locking and sealing profiles are |
25 -dlag'cammatlcaﬂy indicated at 90. It will be seen that when in place, the adapter plug seals |
the flow by flutes or holes 78, 80, thereby sealing the tubing hanger through bore 26.
Alternatlvely, the adapter plug seals to the bore of the tubing hanger 12 and locks to the
: coﬂed tubing hanger 38 using the same lock interface as the running tool 82..

30 As a further altemative, it may be preferable to flow test the well using épump 62 that is
temporarily suspended from the surface. (See Fig 6). Where present, the coiled tubing



15 fluids in the production bore during the test. Alternatively, flow by
flutes or holes 80 may be provided at the tubing hanger insid i _
After the test is conplete, the coiled tubing installation st?%ﬂgaggrezao4
recovered by disconnecting a dedicated running tool 82 that is |ocked to
the coiled tubing hanger 38 and provi des pdwer cormmunication via a wet mate
connector 84 _and power |lines 86. The coiled tubin hanggf'38 is left in
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adapter plug seals to the bore of the tubing hanger 12 and 1oeks to the
coi | ed t ubi nietHareandempdis glovmboleensrativok peufrerel quior 4s re-hemmenerinapt Of dhe
82. . 30 As fu ro.al tive, it be erable to flow test the
vel | using aﬁﬁavn{?%tggntlzaﬁ%{s’e{dsbam?’éeﬁ%?ﬁﬁ?aiq?{f’lgrﬂ%g@ﬁ BTG t he surface.' (See
Fig 6). Wiere present, the coiled tubing-2 7 OCT 2004 6 hanger 38 is

retrieved fromthe tubing hanger 12. Coiled tubing 40 is suspended at a
surface t et Thedevapdionnlows foribarsronunn devalopserd 41 fnve preasiwe dields misingestandard

surface tree_coiled tuhing hanger A sub t.es re ma '
provided in’ Wﬁgh% S@P\qgﬁﬂs%ﬁ?ssa? Sﬁéa%@eacqﬁg%fw a@’ﬁ?gﬁgﬁzﬁ)“r?ﬁgﬁ& 38 Sl
98, to enabl gs b sRAd | 56! HohOHiAN deiciiD 8P ESPIsO PO MoliBorRe Wakdrs 2kl Similar
advantage of this is that if at start up there are problens encounterelgll n
the |ower codpeeoiunsiadeagrimmerdel ow the punp 62, ‘then the test equi pment
can be easily retrieved and renedi al downhol e operations perforned pri.or
to re-conmencenent of the flowtest. In Fig 6, 100 represents sea |evel
and 102 the nudli ne. '




16 The invention allows for the econom c devel opnent of Iom1p22%§gjcaftﬁgﬂf
usi ng standard well heads and Christmag trees fitted with a coflle bi
depl oyed ESP's or HSP's, as well as the rapid and econoni cal servicing of
ESP's, HSP's, downhol e sensors and simlar cable connected equipnent. 7
CLAIMS 2 41 Wpl1s2004 1. A horizontal Christnas tree conprising a tubing
hanger having a lateral production fluid outlet conmunicating with an
axi al through bore, the tubing hanger being |anded in a substantially
vertical extending bore in the christmas tree, .a coil ed ubi ng hanger

bei ng | antted whHIOFAORRECRIRMAYITFRCOgATISTiZR *Bﬁﬁnﬁ&%aﬂ‘é‘agtaéat%@ pend t he

coi | ed { UoRGCintiid obild cHRblumidalifiy 6ot R dxlal R-ALIAREE YhabRRBReG! Si gnal
lines to ~ downhol e equi pnent; characterised in that the axial through bore
i s seal edbeiwlapdedhian a Jubstentzdllypregibat eitendingbdrein the chestiay trge, @l apgled an

i nt er nal ee ,ca eing instal,l.e it.hin the rtically extend bore
Lhove et B Hetan iRyt the Yibing Batett and fifihé Einich 5 Shepnt o
upwar dly ¢direauahing Wethfathe will, heleoiléz@p Icmegim'gspbmﬁoﬂsﬁgm afiesief i ned in
claiml characterised in that the coiled tubi ng hanger conprises the plug.

3. A hor i ovnhwle emiprenipeharactasised indhat theakiplthrough ke is pegledaberve 88d i n t hat

the coile ' LS 1 I ' . | D of a
croun pl ugterd PO lecifuiql! B o Picklf bl el WP od Wit

char act er vgtichliyrexténdingsboraaapte alie tubinghahgerphe poeedor sierahBndsidaitig thanger
axi al through bore above the coiled tubing hanger and the tubing hanger
and/ or t hisecywadlyithmoughthet38er are provided with fluid flow by holes or
flutes which are sealed by the adapter plug. 5. A horizontal Christmas tree
as defined in any of clains 1 to 4, characterised in that the tree cap

i ncl udes 2 pl ug hpazontek Cimistnadbiregasaletiesdin ddim pdvaeactarised irgthat the icoibes]

tubing hanger comprises the plug.

3. A horizontal Christmas tree as defined in claim 2 characterised in that the coiled

tubing hanger is installed in the tubing hanger in place of a crown plug.

4, A horizontal Christmas tree as defined in claim 1 characterised in that an adapter
plug is provided in the tubing hanger axial through bore above the coiled tubing hanger
and the tubing hanger and/or the coiled tubing hanger are provided with fluid flow by
holes or flutes which are sealed by the adapter plug.

5. A horizontal Christmas tree as defined in any of claims 1 to 4, characterised in
that the tree cap includes a plug permitting tubing access, the power or signal lines

running through the tubing access plug and coiled tubing hanger.

6. A horizontal Christmas tree as defined in claim 5, characterised in that power or
signal lines carried by the coiled tubing are connected to an external line via a wet mate
connector connected between the coiled tubing hanger and a transition connector in the

tubing access plug.



runni ng through the tubing access plug and coil ed tubing hanger. 6. A
horizontal Christmas tree as defined in claim5, characterised Pn7tR@T 2004
power or signal lines carried by the coiled tubing are connected to an
external line via a wet mate connector connected between the coiled tubing
hanger and a transition connector in the tubing access plug. 2 7 0OC T 2004
8 7. A horizontal Christmas tree as &lefined in claim6 characterised in
that a further wet mate connector is connected between the transition
connector and a further connector provided in a debris cap or top hat at
t he upper end ,0f Chri S, tree. 8. horizontal, Christnas tre def.i ned
ol A 7 Endy hevand St Siefradth S oprai RN deRuladto "an
ﬁxt er nal lpOi&@fe &@nhnsEton & cdnheagb]goean?hi thé tf&iﬁfi’ti?ﬁ rcioméctmxgl @ﬁjﬁﬂ&@h@:ﬁnec&rdA
orizonta ristmas tree as defined in any clainms 5-8, characterised in
that the tE}Bi‘”ri’ﬁdé?&éég@spﬂaBQrit@I?%éf*é‘Fl“@He‘i‘?’iﬁﬂfghﬂsﬁ‘éasé‘éFﬁ'in pl ace of an

upper wireline plug. 10. A horizontal Christmas tree as defined in any of
clainms 6 to 9 characterjised in that the. .wef. connector or, if re man
one is present} b A G biaeeed %@Aﬂf%féﬁg@;ﬁ}%@m@ li_léhaéélvﬁrtoprﬁ%t

ori entati NgeonhdetorisPBARREEADS ah bR PSWEDr 3 AN e AdtilFhkthef W&S tree as

defined in any of clains 1 to 10 characterised in'that the coiled tubing
hanger is r@agwceanectasd fl ow test equi pment is suspended in the well through
the horizontal Christnas tree through bore and an intervention riser,

using coiled tubing suspended froma surface tree. 12. A test nethod as
defined in %l & herizongh neasitee@s dpfindddn appeéelabns SBgeharaqtenised imtbat the

carried by i i r: R 3. A
hori zont al %ﬁ?ﬁ%@%%gg?%gghgﬁgé¥gﬁ§?g§$g&ggggéggﬁéggﬁﬁﬁjPﬁﬁﬁgwg ence to
Figs. 2-5 of the draw ngs.
10. A horizontal Christmas tree as defined in any of claims 6 to 9 characterised in that the
wet mate connector or, if more man one is present, at least one of the wet mate

connectors, is self orientating.

11. A method of flow testing a horizontal Christmas tree as defined in any of claims 1 to
10 characterised in that the coiled tubing hanger is removed, and flow test equipment
1s suspended in the well through the horizontal Christmas tree through bore and an

intervention riser, using coiled tubing suspended from a surface tree.

12. A test method as defined in claim 11 characterised in that power or signal lines are

carried by the coiled tubing suspended from the surface tree.

13. A horizontal Christmas tree substantially as described with reference to Figs. 2-5 of the

drawings.



