
HORIZONTAL VERTICAL DEEPWATER TREE 

BACKGROUND OF THE INVENTION 

The present invention is directed to a Christmas tree for a subsea hydrocarbon 

production system. More particularly, the invention is directed to a tree which combines the 

ease of retrieval associated with vertical Christmas trees with the ease of power feedthrough 

associated with horizontal Christmas trees. 

Vertical Christmas trees ("VXT's") with fail safe closed ("FSC") barrier valves in the 

vertical bore are not compatible with hanging off elements in the top of the tree. Horizontal 

Christmas trees ("HXT's") are not easy retrievable, as the tubing hanger is suspended in the 

tree. 

SUMMARY OF THE INVENTION 

According to a first an aspect of the present invention, there is provided a subsea 

hydrocarbon production system which comprises: a tubing hanger which is positioned at an 

upper end of a well bore, the tubing hanger including a tubing hanger production bore; a 

tubing string which extends from the tubing hanger into the well bore and is fluidly connected 

to the tubing hanger production bore; a Christmas tree which is positioned above the tubing 

hanger and which comprises: a production bore which is fluidly connected to the tubing 

hanger production bore; a production outlet which is connected to the production bore; a first 

barrier element which is positioned in the production outlet; and a first closure device which 

is positioned in the production bore above or below the production outlet; wherein access 

from above the Christmas tree through the production bore does not require passage through 

a barrier element; a downhole equipment device which is positioned in the tubing string, the 

downhole equipment device being connected to a suspension string which is connected to a 

downhole equipment hanger that is secured to the tubing hanger production bore; wherein 

the downhole equipment hanger is located below the first closure device. 

In accordance with one embodiment of the invention, the subsea hydrocarbon 

production system comprises a second closure device which is positioned in the production 

bore above the first closure device such that the first and second closure devices provide two 

pressure barriers between the well bore and the environment during the production mode of 

operation of the Christmas tree. In this embodiment, the second closure device may 

comprise a tree cap or a wireline plug. In another aspect of the invention, the subsea 
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hydrocarbon production system comprises a third closure device which is positioned in the 

production bore beiow the production outlet. 

In accordance with another embodiment of the invention, the subsea hydrocarbon 

production system comprises a downhole equipment device which is positioned in the tubing 

string, the downhole equipment device being connected to a suspension string which is 

connected to a downhole equipment hanger that is secured to the production bore above the 

production outlet; wherein the downhole equipment device is installed through the first 

closure device. In this embodiment, the subsea hydrocarbon production system may also 

comprise a second closure device which is positioned in the production bore below the 

production outlet; wherein the downhole equipment device is installed through both the first 

and second closure devices. 

In addition, an end of the suspension string located in the downhole equipment 

hanger may be connected to an external power supply by a wet mate connector. In this 

embodiment, the wet mate connector may be connected to a power and/or utility feed 

through in a tree cap which is secured and sealed to the top of the Christmas tree. 

According to a second aspect of the present invention, there is provided-Disclosed 

herein is a subsea hydrocarbon production system which comprises: a tubing hanger which 

is positioned at an upper end of a well bore, the tubing hanger including a tubing hanger 

production bore; a tubing string which extends from the tubing hanger into the well bore and 

is fluidly connected to the tubing hanger production bore; a Christmas tree which is positioned 

above the tubing hanger and which comprises: a production bore which is fluidly connected 

to the tubing hanger production bore; a production outlet which is connected to the 

production bore; a first barrier element which is positioned in the production outlet; and a first 

closure device which is positioned in the production bore above the production outlet; 

wherein access from above the Christmas tree through the production bore does not require 

passage through a barrier element; wherein the wet mate connector is connected to a power 

and/or utility feed through in a tree cap which is secured and sealed to the top of the 

Christmas tree above the first closure device; and wherein the downhole equipment hanger is 

positioned below the first closure device and the wet mate connector is configured to extend 

through the first closure device. 

Alternatively, the end of the cable may be connected to a wet mate connector half 

which is configured to be engaged by a radial wet mate connector half mounted on the 

Christmas tree. 

In accordance with another embodiment of the invention, the subsea hydrocarbon 

production system comprises a downhole equipment device which is positioned in the tubing 
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string, the downhole equipment device being connected to a suspension string which is 

connected to a downhole equipment hanger that is secured to the tubing hanger production 

bore; wherein the downhole equipment hanger is located below the first closure device. The 

subsea hydrocarbon production system may further comprise a second closure device which 

is positioned in the production bore below the production outlet; wherein the downhole 

equipment hanger is located below both the first and second closure devices. 

The downhole equipment hanger may also comprise a number of axial through bores 

which permit the passage of fluid through the tubing hanger production bore. Furthermore, 

an end of the suspension string located in the downhole equipment hanger may be 

connected to an external power supply by a wet mate connector. In particular, the end of the 

suspension string may be connected to a wet mate connector half which is configured to be 

engaged by a radial wet mate connector half mounted on the Christmas tree. Alternatively, 

the end of the suspension string located in the downhole equipment hanger may be 

connected via a suspension string extender to a termination head which in turn is connected 

to an external power supply by a wet mate connector. The wet mate connector may be 

connected to a power and/or utility feed through in a tree cap which is secured and sealed to 

the top of the Christmas tree. In one aspect of this embodiment, the downhole equipment 

hanger is positioned below the first closure device and the wet mate connector is configured 

to extend through the first closure device. In accordance with another aspect, the 

termination head is connected to a wet mate connector half which is configured to be 

engaged by a radial wet mate connector half mounted on the Christmas tree. 

According te a third aspect of the present invention, there is-provided Disclosed 

herein is a subsea hydrocarbon production system which comprises: a tubing hanger which 

is positioned at an upper end of a well bore, the tubing hanger including a tubing hanger 

production bore; a tubing string which extends from the tubing hanger into the well bore and 

is fluidly connected to the tubing hanger production bore; a Christmas tree which is positioned 

above the tubing hanger and which comprises: a production bore which is fluidly connected 

to the tubing hanger production bore; a production outlet which is connected to the 

production bore; a first barrier element which is positioned in the production outlet; and a 

first closure device which is positioned in the production bore above the production outlet; 

wherein access from above the Christmas tree through the production bore does not require 

passage through a barrier element; a hydraulic submersible pump which is positioned in the 

tubing string, the pump including a fluid power conduit which is connected to a downhole 

equipment hanger that is secured to the production bore above the production outlet and 

below the first closure device; and a pump conduit having a first end which is connectable to 
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a source of pressurized fluid and a second end which is connected to production bore below 

the first closure device and above the downhole equipment hanger; wherein with the first 

closure device closed, pressurized fluid is communicated through the pump conduit, the 

production bore and the fluid power conduit to activate the pump. 

In this embodiment, fluid exhausted by the pump exits the production bore through 

the production outlet. This embodiment may also comprise a pump valve for controlling the 

flow of pressurized fluid through the pump conduit. 

Ae6Qr4m#40-^-~feurth-aspeet-ef4t:ie-^re6eRyftveftti0nT4here^6^Brev-ided Disclosed 

herein is a subsea hydrocarbon production system which comprises: a tubing hanger which 

is positioned at an upper end of a well bore, the tubing hanger including a tubing hanger 

production bore; a tubing string which extends from the tubing hanger into the well bore and 

is fluidly connected to the tubing hanger production bore; a Christmas tree which is positioned 

above the tubing hanger and which comprises: an axially extending tree production bore 

which is connected to the tubing hanger production bore; a laterally extending production 

outlet which is connected to the tree production bore; a first barrier element which is 

positioned in the production outlet; and a second barrier element which is positioned in the 

tree production bore below the production outlet; a downhole equipment device which is 

positioned in the tubing string and is connected to a suspension string which in turn is 

connected to a downhole equipment hanger; wherein the downhole equipment hanger is 

landed in one of the tubing hanger production bore or the tree production bore below the 

second barrier element. 

In this embodiment, the downhole equipment hanger may comprise a number of axial 

through bores which permit the passage of fluid through the tubing hanger production bore 

and the tree production bore. Also, the downhole equipment hanger may be landed in the 

tubing hanger production bore. Furthermore, the downhole equipment hanger may comprise 

a wet mate connector half to which an end of the suspension siring is connected and which 

is configured to be engaged by a radial wet mate connector half for the supply of power 

and/or utilities to the downhole equipment device. In accordance with one aspect of this 

embodiment, the tubing hanger is landed in a wellhead located below the Christmas tree and 

the radial wet mate connector is mounted on the wellhead. Alternatively, the tubing hanger 

may be landed in a tubing head located below the Christmas tree, in which event the radial 

we mate connector is mounted on the tubing head. Further still, a portion of the downhole 

equipment hanger may extend into the tree production bore, in which event the radial wet 

mate connector is mounted on the Christinas tree. 
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In accordance with a further embodiment of the invention, the downhole equipment 

hanger is landed in the tree production bore. In this embodiment, the downhole equipment 

hanger may comprise a wet mate connector half to which an end of the suspension string is 

connected and which is configured to be engaged by a radial wet mate connector half 

mounted on the Christmas tree for the supply of power and/or utilities to the downhole 

equipment device. Alternatively, the downhole equipment hanger may be landed in the 

tubing hanger production bore and the tubing hanger may comprise a number of axially 

extending bypass flow ports which permit the passage of fluid around the downhole 

equipment hanger. 

Thus, it may be seen that embodiments of the Christmas tree of the present invention 

address the following needs in the subsea hydrocarbon production industry: the need for 

easy retrieval, as the tubing hanger is landed in the wellhead or tubing head, not the 

Christmas tree; the need for the possibility of hanging off elements in the tree through active 

barriers (i.e., barriers which are designed to be routinely actuated either manually or by 

remote control) in the vertical production bore; the need for the possibility of a power and/or 

utility feedthrough to downhole equipment, such as an electrical submersible pump ("ESP"), 

as in conventional HXT's; and the need for the possibility of increasing the bore diameter 

without having to increase the weight of the tree (i.e., the size of FSC valve actuators). 

The inventive Christmas tree increases the functionality of today's VXT's and provides 

a larger bore alternative to HXT's. The added functionality allows for the use of larger 

completions (e.g., 9-5/8") with minimum or no impact on tree weight itself. The proposed tree 

configuration also facilitates the use of a power and/or utility feedthrough and a suspension 

string for downhole equipment, such as submersible pumps. 

Embodiments of the Christmas tree of the present invention comprise the following 

technical features: a tubing hanger suspended in a wellhead or a tubing head; an 

installable/retrievable downhole equipment hanger located in the vertical bore above or 

below the lateral production outlet; a power and/or utility feedthrough in the tree cap or 

radially through the tree or tubing head; actuated barrier elements (as that term is defined 

below ) positioned in the production outlet, as in an HXT; actuated barrier elements having a 

size which is independent of the bore size of the vertical production bore; and optional 

closure devices ( as that term is defined below) in the production bore above and/or below 

the production outlet (e.g., in a similar location as the PMV in a VXT). 

Existing enhanced horizontal tree ("EHXT") systems are typically very costly to repair 

because, e.g., they require a mobile offshore drilling unit ("MODU") to pull the completion to 

enable the tree to be recovered for repair. In contrast, the Christmas tree of the present 
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invention can be installed on wire on a wellhead or a tubing head to minimize the cost 

associated with using mobile drilling rigs. 

Also, embodiments of the Christmas tree of the invention are especially suitable 

where the need exists for hanging off elements extending down into the well, as the active 

actuated barrier elements are located in the production outlet, similar to an HXT. 

For the foregoing, it may be seen that embodiments of the Christmas tree of the 

present invention offer the following benefits. The tree may facilitate vertical well access 

in large bore completions in a safe and cost effective manner. The tree may comprise a 

closure device in the vertical production bore below the production outlet which allows 

produced fluids to pass during normal production operations but can be closed in case of 

failure of a primary barrier element. The tree can accommodate additional closure devices in 

the form of non-conventional tree valves, such as coiled tubing strippers or variable bore pipe 

rams, thus facilitating the migration of some of the functionally that would exist in a well 

control package into the tree itself. This becomes practical because the tree is retrievable for 

maintenance without pulling the completion, particularly when downhole barriers are 

employed as intervention barriers, for example a combination of a surface controlled 

subsurface safety valve ("SCSSV") and a surface controlled formation isolation valve 

("SFIV"). The tree makes conventional tree weight and size less dependent on completion 

size by positioning the FSC barrier devices in the production outlet instead of the vertical 

production bore. Thus, the tree eliminates the need for large FSC barrier device actuators in 

the production bore. The tree facilitates power and/or utility feedthrough and the suspension 

of cable deployed downhole equipment, e.g., ESP's, in VXT-type subsea completions. The 

tree allows operators maximum flexibility, as downhole equipment can be installed at any 

time during the production mode of operation of the tree, and also allows them to standardize 

on a tree type whether they intend to deploy downhole equipment or not. Thus, the same 

tree can be used, thereby simplifying procurement and optimizing project cycle times. The 

tree provides the ability to add additional downhole functions into the completion, thus 

allowing multilateral arid downhole surveillance technologies, like fiber optic distributed 

temperature sensing, to be employed. The tree allows a downhole equipment hanger to be 

located in several locations in the vertical bore, e.g., below the closure devices in the vertical 

bore, between the closure devices, or above the closure devices. 

The following are some of the main features of embodiments of the Christmas tree of 

the present invention. The tree provides improved well access because it only contains 

closure devices in vertical production bore. The closure devices in the vertical production 

bore may be replaced with barrier elements to ensure well control functionality as part of a 
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shut-down or well control philosophy. These barrier elements may be fail safe closed. One 

or more of the closure devices in the vertical bore, which are typically designed for use only 

during well intervention, can be "unconventional" valves for a tree, such as a ball valve, a 

coiled tubing stripper valve or a pipe or wireline ram, to facilitate well intervention and 

optimize the well access system. Traditionally this functionality would only exist in the well 

control package as a component that is added to the tree during a well intervention, but this 

results in high pressure well fluids being controlled in a large diameter bore, thus making the 

solution impractical as pressures continue to rise, and weight being moved further up from 

the wellhead, thus creating larger bending moments. This concept of merging tree and well 

access/control functionality becomes important for tree systems above 15k PSI. The tree 

facilitates the retrofit of downhole equipment in an existing tree without having to pull the tree 

and add electrical connections when the feedthrough is made through the tree cap. 

Traditionally, ESP's are deployed in horizontal subsea trees in which the electrical 

connectors for the ESP must be installed when the completion is run and the tubing hanger 

is latched in. The tree makes conventional tree weight and size less dependent on 

completion size by eliminating the need for large FSC barrier element actuators in the 

vertical production bore and providing well access through barrier elements or closure 

devices. The tree provides means for accommodating downhole equipment which is 

suspended from a downhole equipment hanger positioned in the vertical production bore or 

in the tubing hanger. The tree allows for the use of electric, optic and fluid connections. 

These connections may be wet mate, dry mate or even wireless, and they may extend 

through the tree cap or radially through, e.g., the tree. The tree is cost effective; it can be 

installed on wire without the use of a MODU and without the need to pull barrier elements, 

such as plugs, in the tree. The generally lateral production outlet can be formed in a number 

of possible locations, whereas in a horizontal tree it is typically located near the tubing 

hanger. Circulation lines can be fitted to the tree to facilitate circulating out of fluids trapped 

between closure devices, as is done with a subsea intervention system, or pressure testing 

between closure devices. In this way, the tree further integrates functionality that is normally 

provided by a well control package into the tree, thereby facilitating intervention. An 

intervention workover control system ("IWOCS") can be integrated between the tree and the 

well control package to thereby minimize the number of umbilicals in the water, thus 

simplifying integrated operation and allowing well control (valve actuation) operations to be 

conducted either (roughly) over the top of the well, as is typical, or from the host facility in the 

event the tree is tied back to a host through a production control umbilical or other 

communication to a remote location. 



These and other embodiments and advantages of the present invention will be made 

apparent from the following detailed description, with reference to the accompanying 

drawings. In the drawings, the same reference numbers may be used to denote similar 

components in the various embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a representation of an exemplary prior art vertical Christmas tree; 

Figure 2 is a schematic representation of a first embodiment of the Christmas tree of 

the present invention; 

Figure 3 is a schematic representation of a second embodiment of the Christmas tree 

of the present invention; 

Figure 4 is a schematic representation of a third embodiment of the Christmas tree of 

the present invention; 

Figure 5 is a schematic representation of a fourth embodiment of the Christmas tree of 

the present invention; 

Figure 6 is a schematic representation of a fifth embodiment of the Christmas tree of 

the present invention; 

Figure 7 is a representation of the tree of Figure 3 shown with a first embodiment of 

the ESP power feedthrough arrangement of the present invention; 

Figure 8 is a representation of a WCP interface which is configured for use with the 

tree of Figure 7; 

Figure 9 is an enlarged view of the tree of Figure 7; 

Figure 10 is a representation of the tree of Figure 3 shown with a second embodiment 

of the ESP power feedthrough arrangement of the present invention; 

Figure 11 is a representation of a WCP interface which is configured for use with the 

tree of Figure 10; 

Figure 12 is an enlarged view of the tree of Figure 10; 

Figure 13 is a representation of the tree of Figure 3 shown with a third embodiment of 

the ESP power feedthrough arrangement of the present invention; 
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CLAIMS 

1. A subsea hydrocarbon production system which comprises: 
a tubing hanger which is positioned at an upper end of a well bore, the 

tubing hanger including a tubing hanger production bore; 
a tubing string which extends from the tubing hanger into the well bore 

and is fluidly connected to the tubing hanger production bore; 
a Christmas tree which is positioned above the tubing hanger and which 

comprises: 
a production bore which is fluidly connected to the tubing hanger 

production bore; 
a production outlet which is connected to the production bore; 
a first barrier element which is positioned in the production outlet; 

and 
a first closure device which is positioned in the production bore 

above or below the production outlet; 
wherein access from above the Christmas tree through the 

production bore does not require passage through a barrier element; 
a downhole equipment device which is positioned in the tubing string, 

the downhole equipment device being connected to a suspension string which is 
connected to a downhole equipment hanger that is secured to the tubing hanger 
production bore; 

wherein the downhole equipment hanger is located below the first 
closure device. 

2. The subsea hydrocarbon production system of claim 1, wherein the first 
closure device is positioned in the production bore above the production outlet and 
the subsea hydrocarbon production system further comprises: 

a second closure device which is positioned in the production bore 
above the first closure device; 

wherein the first and second closure devices provide two pressure 
barriers between the well bore and the environment during the production mode of 
operation of the Christmas tree. 

3. The subsea hydrocarbon production system of claim 2, wherein the 
second closure device comprises a tree cap or a wireline plug. 
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4. The subsea hydrocarbon production system of claim 2, further 

comprising a third closure device which is positioned in the production bore below the 

production outlet. 

5. The subsea hydrocarbon production system of claim 1, wherein an end 
of the suspension string located in the downhole equipment hanger is connected to 
an external power supply by a wet mate connector. 

A subsea hydrocarbon production system which comprises: 
a tubing hanger which is positioned at an upper end of a well bore, the 

tubing hanger including a tubing hanger production bore; 
a tubing -string which extends from the tubing hanger into the well bore 

and-is4l«MI-y-con-neGted4©-the4ubifl||4:iafl'g0Fpf©dti6ti0FKb0r-ei 
a Christmas tree which is positioned above the tubing hanger and which 

comprises: 
a production bore which is fluidly connected to the tubing hanger 

production bore; 
a-pfe4wGtiefre«t-tet-whteh-is-G©me©ted4©-th«-pf©duGti©'n-l3©Fe7 
a first barrier element which is positioned in the production outlet; and 
afet-Gl©swe-4ev46e^ivWehHs-p©sltiened4n4he--pre4U'StioR--tefe^abe¥e 

the production outlet; 
wherein access from above the Christmas tree through the production 

bor^d0e&-BotTOqyiFe-passa§e4hFeog ̂ a-bamef^elemeR-tf 
^w.|q.eF&ifl4h-e-wet-mate-€efm'eGt©H&-€0flfleete4-te-a-p&weF-afl'd/ef-utility-

feed^thF©u-glHFha-tree-Gap-W'hi©h-is-seGyfed-aRd-sealed494h&^t©p-0f4he-©h'FMmas 
tree above the first closure device; and 

^vvheFeiivthe-d©wn-hele^q-u4pmeRt4iaRgef4s~-p©sitt0eed-belew4he-fiFst 
eIesu-Fe-de¥i6e-and-the-wet-FRate-60nfteet©r4s-e©R-fi§wed4©-e*tefld-tof©«gh4he-fiFst 
closure device: 

76. The subsea hydrocarbon productioR system of claim 5, wherein the end 
of the cable is connected to a wet mate connector half which is configured to be 
engaged by a radial wet mate connector half mounted on the Christmas tree. 
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87, The subsea hydrocarbon production system of claim 1, wherein the first 
closure device is positioned in the production bore above the production outlet and 
the subsea hydrocarbon production system further comprises: 

a second closure device which is positioned in the production bore 
below the production outlet; 

wherein the downhole equipment hanger is located below both the first 
and second closure devices, 

98. The subsea hydrocarbon production system of claim 1, wherein the 
downhole equipment hanger comprises a number of axial through bores which permit 
the passage of fluid through the tubing hanger production bore. 

4#= l^e^ubsea-hy4F0Gai4)©F!-pFe4u©li0n"®ystem-9f-e4aim-1-r-whefein-a-n--en4 
©^•e-s^peRsi^FF-str+ng-teeatedHft^lh'e-dwmhele-equipmenttengerHS-Ge-Rfleeted-t© 
an external power supply by a wet mate connector. 

44. The subsea hydrocarbon production system of claim 10; wherein the 
end^0f4he-suspeRsi©n-stFifl^s-^0nfleete#-t©--a-wetma4e-60flRe©teFha1f-wWeh-is 
e0F!figwed-t0-be-eF!gage443y-a-Fa4ial-w-et-mate-€e'Rfle€-teF4ia!f-m0unteel-0n4be 
r*hrigtmnQ trpQ., vli I to trrrclo^;i O. 

129. The subsea hydrocarbon production system of claim 1, wherein an end 
of the suspension string located in the downhole equipment hanger is connected via 
a suspension string extender to a termination head which in turn is connected to an 
external power supply by a wet mate connector. 

4310. The subsea hydrocarbon production system of claim 129, wherein the 
wet mate connector is connected to a power and/or utility feed through in a tree cap 
which is secured and sealed to the top of the Christmas tree. 

1411. The subsea hydrocarbon production system of claim 1310, wherein the 
downhole equipment hanger is positioned below the first closure device and the wet 
mate connector is configured to extend through the first closure device. 

1512. The subsea hydrocarbon production system of claim 129, wherein the 
termination head is connected to a wet mate connector half which is configured to be 
engaged by a radial wet mate connector half mounted on the Christmas tree. 
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46: A^«bsea--hydfe6aFb&Ri3Fed«Gti©fl^ystem-wWGh-G©mpF}ses^ 
a tubing hanger which is positioned at aR upper end of a well bore, the 

tubing hanger including a tubing hanger product ion - bore; 
a4uMR§-^tmg^A#i-i6b-«xteRd&-ls^m-the-t-ubin§-teRg'er4Fite-tSTe^wet'!-te©fe 

aRdHS-fiuid-ly-eeflfleeted-te-thMubfng^angef-pfeduGtieR-bQfef 
a-Ghfis-tfflas4ree^wMGWs-p©stti©ne4-ab0ve-4be-tybmf-ban§'eF~afl4-wb!sb 

©emprises^ 
a-produotion bore which io fluidly connected to the tubing hanger 

predtiGtieR^erei 
a-ppeelyetiefv-eU'tlet-whreh-is-GeFmeGted-te-the-pFedwGtiefi-befe^ 
a4iFS.^arF!eFeteiTOfl4--wli-iGb4s---p0siti©nedHR4h€Kpfed«Gtien--0uttetf-and 
a-fir-st^Glesyfe-deviGe-whiG^ls^pesftien-edHn-the-preduGtiefl-befe-abe-ve 

th e-pr^d-eet i on-out let-
^w-heFei-R-aeees&-freFftTabeve4he-Ghfistmas4Fee-thr-©-ugt:i4he^pr©du-Gti©n 

b©FB-does--fle-t-req«-iFei3assa§e4h'F0y||h-a-baFFi-eF-elem-6Rt-f 
a44ydFauHG^u-bffl«Fsibfeiwmp-wl^iGh^is--p0slti9ned4n4he4u-b'm§-st-FiRgT 

fee--pump-iF:tGl«ding--a-fl-uid"-powei-6©i:!4uit-whiGt:HS-GeRRe€ted4©-a-dewn'hel'e 
eqeipm-ent44aRgeF4hat4s^eeufed4©4he---pF0deGtiefl-~b©Fe~abeve4he-^F0duGti©ft-mrtlet 
and K[Q|AW fKA firof plr^nrA HAX/IAA' 53nH Wnti^vrtrTV tM^c# ril t;jt t^Sxj<?%ArXy XAv3-¥^€f I Sta 

a pump GORduit having a first end which is connectable to a source of 
pressuffeed4l«ld-a-Rd"a-^eGefld-eRd-whlGhHS-GOffl:!eGted-to-pf©d«Gtio-n-b©fe"-bel©w4he 
fiFst-G)0SUFe-de¥iGe'aFt€J-ab©ve4he-dGWfll;Yete-0qyipm©Rt-haR§eFi 

^w|_iefeifl-with4+ie4iFsl4}l©suF-e--d-eviGe^elesed7-pFessuF4zed41wd--is 
Gemm-bmiGated4hF0«g-h-4he^p-ufflp-€eR4u-il74be-pradyGt!e-R-beFe-and4h'e4l-y-id-p©-weF 
G0nduit4©-aGtsvate4h&-p«fflp-r 

1 j£_ :i4i©-sufesea-l:i'ydF9Ga-Fb0fl-pF©d'UGtioR-syst6-FR-©f--Gla-{'FR-467-w-h-eFe!F4-fl-uid 
exhausted-fey-the-p«m-p-ex-it&-thei3Fod«eli8fFb0Fe4hF©ufh4he-pF©dti'&ti©i'-:i-©y-ttetT 

4§_.—^^e^Sy^se.a^(-4yejf00api3en^pF©€jW|{0R^e.ysten':f-©:^GlaiFR-4§rftH#»eF 
G0-m-pr4si-R§-a--pU'mp^alV'e4©F-G0R'tF0ll-ift§-the4l©w-©f-pFessufized4l'U-i4-thf©w§h41:!e 
pum-p-Gondyttr 

49, A-subsea-hydF©eaFb©n-pF©d«-Gfen-^s-y&tem-jt/vhiGh-0©mpfises^ 
a4ttbiR-g-haflgeF-whiGh4s-p©sit}©Red-at-aR-wp-peF-©Bd-©f-a-welf-b©FeT-tl::!e 

tuteiRg-hanger4F:iGl«diRg-a4u-biR'g-haFiger-pFed«Gt4©F!-b0fe;-
a4y-biHg-stFiflg-whlGh-e*te-Rds^fF©m4he4tfbin^haRg€F4Rte4he"Wett~b©Fe 

afld4-s4l«-id4^-GeflneGte4-4©-4he-tuteiR§44aRger-pF©dyGfen-b©Fei 
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a^hFistmas4Fee^W©W&-p0si-li0Re€j-^te0ve4l::ie4ubinf-hafi§eF-afi'4-w-Ni©h 
rnmnriQpQ' Jj^f! rOt^O, 

afMMiaiiy'«xteRdm§-tFee-predy©ti©fl43©F€^wWeWs-G&RReeted-te-the 
tufeiRg-tefl§er-pF04y-etieR-bef6f 

a_4ateFal^^teRd-mg-pfe€i«eliei:i-©y-llel^W'hi6h-}s-6©n-Reeted4©^#i'e4Fee 
pF04e©ti©R-b«Fei 

a4iFstbaFFief-eteFRBRtwhfeh-IS"pesi:t-i©Red~iF^th0-pF0dtieli©F^©-y-ttetf-aR4 
-a-se©&R4-baFFsef-©lementwW©l:;!'-is-p0S!ti©Re44FF-lhe-tFee-pFe€kieti€)'R-befe 

below the productIOR outlet; 
a-d0WRh©le-^'quipmeR-Wevim-wW©h4s-p©sill©ne4-iR--the-tyb-iflg-&WR§ 

afl44€r~©©Fme©ted4e-a-~syspeFisi©R-~sMR§-whieb4Fv4um4s^©Rfl"eete440--a~d0wnbele 
Ant linmAni hancifir'. •O v|ctIJT711 lx?t rt^nwngCS , 

^wheF«iR4^e-d©-w-Fih©ie-e'quipFReftl4iaRgef4s4aflde44n-©Re-0f4he4ubiR§ 
hanger production bore or the tree productioR bore below the second barrier element. 

2Q~, The^'ybsea4iy4FeeaFb©'n--pF«4y©ti0FF^ysteR^^6teiffF4#rwh'eFem4he 
downhole equipment hanger comprises a number of axial through bores which permit 
the-passage-0f44u-i44-hF©y§h4he4ybifl§4:iaR§eFpF04u©ti©fl-b0-Fe^aRd4h-e-tFee 
pF©4y©fen-b0Fe-r 

24~. :Phe-sybsea4iy4FeeaF-bef:^pF04yGlien-sy'Stem-©f-elaim-48T^vheFeiR4he 
4©wn-h©ie-eqy-lpmeR-t4ian§eFis4aR€l€€HR-the-tybiflg4ian§eF-pF©4u©tieR-b0FeT 

22. The subsea hydrocarbon production system of claim 21, wherein the 
40wnhe1e-e€fuipmeRt43aft§eF-e©rop4ses^wet~mate-e©nReet©F4^aff4©--whM^RH3-R4-©f 
the^syspeRsi©n--stFifl§^©0Rneeted-and-whi©h4s-G©nfigyFe44€^b©-eflga§e4-by-a-fa4ial 
wet mate connector half for the supply of power and/or utilities to the downhole 
equipmeflWeviee-r 

23; T-hfr-sybsea4Fy4F©©aFb&R-pf©4y©ti0i:^«y'Stem^©f-elatm422rwheFeiR-the 
tubi Fig-hang eF4s4an4ed4R^a-wejlh©ael4©Gate4-bel©w4he-GhF!stmas-tFee-aFs44he-radial 
wet mate connector is mounted on the wellhead. 

24. 4:he^sybsea-hy4F©eaFb©R-pF©4y©ti©R-sy-steR:^©f-6l-a™-22r-wheFeifl4he 
tyMRg^haR§eF4&4an4ed4Fva4yfeFR§^hea44©©ated-beJ©w4he-6hfist-mas4Fee-and4he 
Fa4iaf-we-mate-e©nneGter4&-FR€HJ-Rted-©n4he-tybi-Rg-headT 
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25;—The^«fesea^y^re6afteflnpF©€kjeti0H-system^^©telfB422T^h€>Feifl'-a 
p©r4lefi~ef4he-4©wF4h©le^€plpiTieRt43an§©F^tefids4nte4he4F^e43F©dy©tt©F4-beFe-an4 
fe&^ad4al^et-mate-e©fine€t©FH^m©yfl-t-ed-©fF4h©^hF'istiwas4FeeT 

26. The subsea hydrocarbon production system of claim 19; wherein the 
d©wfl-h©fe-eqwpm-efl4-ha-R'gerH€4afided4F44b©4Fee~pF©d-U€ti©fi-b©feT 

27, The subsea hydrocarbon production system of claim 26, wherein the 
d©Wfl-h©le-e^«ipmer4t4:iangef-©©mpr4ses-a-w-et4:na-te-69e'ne6t©f^half4&-whle^an-eRd^ef 
t4>e^uspeRsi©n-stf!Rg4s-GeFifle'6tec4-a4:i4jwh-ieh4s--e©nfigufed4©-be-efl§a§ed-by^Fadiaf 
w©t-mate-€©nnect©Fhatf-4:H©y'F4ted-©n4he-ehFistFnas-tFee4:©F4he-s«pply-©^p©weF 
afld/9f-u4ilitie&-te4he^d©wF4h©le^|yjpme'RWe¥fGe-r 

28; The subsea hydrocarbon production system of claim19rwherein the 
d©wfl-h©le-eq wpmeFrt4iai:4ger4s-'4aaded4F44he4u-bmg-haRg'eFi3F©du©ti©!^b© re^a Fid4he 
tubmg4iangeF-G©mpFise&a^ui:Hber-©f-a*ia'II-y-ey4e-nd4n§-bypass4tew-p©r-ts~wWGh 
peFmit4h-e~passa§e^©f44ui4~aF©tmd4h©-d©w«h©l©-e€|uJpmeftW:iaRgeFT 
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