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WELLHEAD ASSEMBLY 

The present invention relates to a wellhead assembly, for example a wellhead 

completion assembly, and to a horizontal tree (also referred to as a Spool 

5 TreeTM) for use in such an assembly. The invention is particularly concerned 

with assemblies for use in subsea wellhead installations. 

It is well known in the art of oil and gas exploration and production for wells to 

be cased and suspended from a wellhead housing. Once the well has been 

10 completed and production is to begin, it is conventional practice to install a so-

called Christmas tree on the wellhead housing, the Christmas tree having a 

bore therethrough in communication with the well and through which fluids 

from the well are produced. Conventionally, the Christmas tree is provided 

with one or more vertical bores. Access to the well while the Christmas tree is 

15 in place is provided by the one or more vertical bores. However, the access 

for downhole tools to enter the well is limited by the diameter of the vertical 

bore or bores in the Christmas tree. In the past, this has served as a major 

constraint to the downhole operations that may be performed with the 

Christmas tree in place on the wellhead housing. 

20 

These and other problems of conventionally designed Christmas trees and 

wellhead assemblies were overcome by the introduction of a horizontal tree or 

so-called Spool Tree. In the horizontal tree, production fluids leave the central 

bore of the tree through a port extending laterally through the tree wall. 

25 Should access be required to the well during production, tools may be passed 

through the central bore, for example through a conventional blowout 

preventer (BOP) located on top of the horizontal tree. Due to the relatively 

larger diameter of the bore of the horizontal tree, access to the well through 

the tree is significantly improved, compared with the conventional vertical tree 

30 design. This obviates the need to remove the tree when downhole operations 

are required, a dangerous task, in particular when dealing with subsea 
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wellhead installations which may be a considerable distance below the 

surface of sea and, hence, from the rig or platform servicing them. 

Examples of known tree and wellhead assemblies are disclosed in US 

5 2005/0121198, US 6,581,691, US 6,547,008 and US 5,544,707. 

US 2005/0121198 discloses a subsea production system having a Christmas 

tree. The tree comprises a vertical bore with a hub at its upper end. 

Production and annulus valves are connected to the tree by means of 

10 separate valve blocks. 

US 6,581,691 discloses a landing adapter for soft landing a tubing hanger in 

the bore of a production tree or wellhead housing. Again, US 6,581,691 

discloses a wellhead tree having an integral connection hub. A plurality of 

15 valves are provided, some of which are internal to the tree and others of which 

are external and connected to the tree by way of one or more valve blocks. 

A wellhead tree with a vertical bore and integral connector hub is disclosed in 

US 6,547,008. The tree is provided with production and annulus valves that 

20 are external to the tree and bolted to the outer wall of the tree. A similar 

arrangement is shown in US 5,544,707. 

Further, EP 0 719 905 and EP 0 989 283 both describe a particularly 

advantageous horizontal tree and wellhead assembly. The wellhead 

25 

30 

described comprises a wellhead housing, to which a spool tree is connected 

by means of a conventional connector assembly. The spool tree is of a 

generally vertical arrangement, having a central longitudinal bore therethrough 

of relatively large diameter. A production port extends laterally from the 

central bore through the wall of the spool tree. A production valve block, 

typically including a production wing valve, is bolted to the side of the spool 

tree body so as to communicate with the production port. The upper end of 

the spool tree body terminates in a vertical intervention hub, to which may be 
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connected a BOP using a conventional drilling connector. A set of annulus 

valves are also connected to the outside of the spool tree body, so as to 

communicate and align with a series of annulus ports extending through the 

spool tree body and communicating with the central bore of the tree. 

5 

More recent developments to the concept of the horizontal tree disclosed in 

EP 0 719 and EP 0 989 283 are described in US 6,050,339. The horizontal 

tree disclosed in US 6,050,339 comprises a vertically oriented longitudinal 

central bore. The tree is connected at its lower end to a wellhead housing. 

10 The upper end of the tree body is formed as a connector or hub, for 

connection to a BOP and a drilling riser or the like. A production port extends 

laterally through the body of the tree from the central bore. A production valve 

is incorporated into the tree body for controlling the flow of production fluids 

from the well. Similarly, annulus ports extend through the tree body to 

15 communicate between the central bore and the exterior. Valves incorporated 

into the tree body control the flow of fluid through the annulus ports. 

US 6,470,968 discloses a subsea tree and tubing hanger system. The 

subsea tree is of the horizontal arrangement, having a vertically oriented 	• 

20 central bore, from which extends a lateral production port through the body of 

the tree to a production valve bolted onto the exterior of the tree body. 

More recently, US 2004/0112604 discloses a horizontal spool tree with 

improved porting. Again, the tree comprises a vertically oriented central bore. 

25 The tree body is connected at its lower end to a wellhead housing, while its 

upper end forms a connector or hub for connection to a riser, BOP stack or 

the like. A lateral production port extends from the central bore through the 

. tree body. A production flow valve is included in the tree body to control the 

flow of production fluids. However, a second production valve for controlling 

30 the production fluid flow is housed in a block bolted to the exterior of the tree 

body. Similarly, annulus ports are provided through the tree body, with an 
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integral flow valve. However, a second annulus flow valve is located in a 

block bolted to the exterior of the tree body. 

Since their inception in the early 1990's, a significant number of horizontal 

5 trees have been built and installed, in particular in subsea wellhead 

installations, as a result of the advantages they offer over the conventional 

vertical tree design. However, a number of problems remain with horizontal 

trees. 

10 As noted above, horizontal trees are formed with a central, vertically arranged 

tree body, through which extends the central bore. A horizontal production 

port and various annulus ports are provided in the tree body. The lower end 

of the tree body may be formed as an integral connector for securing to a 

wellhead housing. The upper end of the tree body is invariably formed as a 

15 connector or vertical intervention hub, to allow connection to a BOP stack, 

riser or the like. In view of the wide range of rig and platform assemblies used 

to service subsea wellheads, the tree body needs to be formed with an upper 

connector or hub of considerable length, in order to accommodate the variety 

of connection designs that may be employed. As a result, the body of a 

20 horizontal tree is a massive component, the size of which limits the ability to 

machine and form other features or components. Accordingly, the need to 

provide the necessary production, annulus and cross-over valves as bolt-on 

components arises. The massive size of the tree body also limits the extent to 

which other features may be incorporated into the tree body, such as certain 

25 flowloops or cross-over lines. 

The inability to include the aforementioned features into the horizontal tree 

body may detract from the integrity of the tree. This is particularly the case if 

the production flow path of the known horizontal tree designs is considered. 

30 As noted above, it has been the case that the valves necessary to control the 

production fluid flow cannot necessarily be accommodated within the tree 

body. Thus, production flow valves have been incorporated using bolt-on 
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valve assemblies. This results in a potential fluid leak path at every joint of 

the bolt-on assemblies. The potential for a fluid leak is particularly high at the 

very high fluid pressures encountered in the production flow path, in which 

fluid is flowing at full well pressure before reaching the production choke. 

5 Indeed, an analysis of the known horizontal tree designs shows that the 

highest integrity of the horizontal tree body extends along the central 

longitudinal (vertical) bore and not along the production flowpath. While this is 

of advantage during downhole operations where entry to the well is required 

through the central bore, such operations occupy only a very minor portion of 

10 the working life of the wellhead assembly, with the majority of the time being 

spent with the well in production mode. Accordingly, the majority of the 

operations conducted through a wellhead assembly with a horizontal tree will 

involve using a fluid flowpath through the assembly that comprises one or 

more potential fluid leak paths. 

15 

There is a need for a design of wellhead assembly and horizontal tree that 

incorporates an improved integrity in the fluid flowpaths through the tree. 

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

20 assembly for use in a wellhead, the assembly comprising a tree body having 

an internal bore arranged in use to be aligned with the bore of a wellhead 

housing; the tree body comprising a lateral bore extending through the tree 

body from the internal bore; the tree body further comprising means for 

connecting to a connector so as to align the internal bore of the tree body with 

25 an internal bore in the connector, in use the tree body and the connector 

together forming a horizontal tree. 

In use, the tree body of the assembly and the connector are separate 

components, which when combined, form a horizontal tree that may be used 

30 in the same manner as the known horizontal trees described hereinbefore. 

However, a number of significant advantages arise from the use of a tree 

body and separate connector, such as a tree re-entry connection. 
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First, the connector is arranged for connecting to subsea equipment to be 

used in downhole operations to be conducted. In particular, the connector 

may be a hub, especially a tree re-entry hub for connection to a BOP stack. 

5 The present invention allows the connector, in particular the tree re-entry hub 

to be tailored to the requirements of the rig or platform to be used, the form of 

BOP assembly and to suit the other features of the wellhead assembly, for 

example the BOP guide funnel. A given tree body may thus be fitted with one 

of a variety of different connectors, to meet the precise requirements of the 

10 installation and operator. 

Second, the tree body may be manufactured to the end user's requirements 

and specifications independently of the connector and without the form of the 

connector needing to be specified. This greatly increases the efficiency of the 

15 overall assembly construction and manufacture. 

Further, the connector will not be subjected to fluids, such as hydrocarbons 

produced from the well. Rather, during such operations as installation and 

workover of the well, the connector is exposed to drilling muds and completion 

20 fluids. 	In addition, the connector will be exposed to such fluids for short 

durations and, in many cases at pressures below full production pressure of 

the well. Accordingly, it is possible to reduce the specification of the 

connector. In comparison with the horizontal trees of the prior art, where the 

connector portion of the tree body is manufactured to the full specification of 

25 the tree body as a whole, this may significantly reduce the size, weight and 

manufacturing costs of the connector. 

As the connector will not be part of the production flowpath of the wellhead 

installation, the production fluid leaving the wellhead housing, passing through 

30 the internal bore of the tree body into the lateral production bore, the joint 

between the connector and the tree body will not be subjected to production 

fluid under production conditions and does not present a potential leak path 
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for fluid from the wellhead installation. This in turn allows the connector to be 

formed from different materials to the tree body, sufficient to meet the reduced 

specification. This is in contrast to the known horizontal tree designs, in which 

the entire tree must be forged from a single block of a single material. 

5 

Still further, the separation of the connector from the tree body significantly 

reduces both the size and weight of the tree body, allowing it to be forged and 

manufactured with many more components integral to the tree body, in 

contrast to the requirement of conventional designs requiring such 

10 components to be provided by way of additional or bolt-on sub-assemblies. In 

this way, the overall integrity of the major flow paths for fluid through the tree 

body is significantly increased. 

The tree body may comprise some or all of the ports and valves required for 

15 the full operation of the wellhead installation. Thus, in one embodiment, the 

tree body comprises at least one valve to control the flow of production fluid 

through the lateral production bore. It is a requirement of wellhead 

installations that the production flowpath has at least two independent means 

for isolating the production path from the well. Indeed, it is a requirement that 

20 the wellhead installation should comprise at least two independent means for 

isolating any hydrocarbon flow from the environment, sometimes referred to 

as 'double barrier isolation'. Preferably, the tree body comprises both a 

primary production valve, also known as a production master valve (PMV), 

and a secondary production valve, also known as a production wing valve 

25 (PWM) or outer master valve (OMV), each of which independently controls the 

flow of fluid along the production flowpath. 

In a further embodiment, the tree body comprises a laterally extending bore 

through the tree body to provide a cross-over flow path. In conventional 

30 horizontal tree designs, the cross-over flow path is provided by a separate 

cross-over assembly mounted on the side of the tree body. By having the 

cross-over bore formed through the tree body, the integrity of the cross-over 
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flow path is increased, resulting in reduced potential for fluid leaks. 

Preferably, the tree body is formed to comprise a cross-over valve (XOV) 

within the tree body to control the flow of fluid along the cross-over flowpath. 

5 It is known to form horizontal trees with annulus passages or bores. Such 

bores are disclosed, for example in US 5,544,707 and are used to provide a 

path for fluid from the internal bore of the tree above a tubing hanger to an 

annulus below the tubing hanger. Valves to control the flow of fluid through 

the annulus passages may be mounted to the outside of the tree body, as 

10 shown in US 5,544,707, or integral with the tree body, as disclosed in US 

6,050,339. In a preferred embodiment of the present invention, the tree body 

is provided with one or more annulus flow passages as known in the art. 

Preferably, the tree body incorporates at least one valve to control the flow of 

fluid through the annulus flow passages. It is preferred to provide the tree 

15 body with both a primary annulus valve, also known as an annulus master 

valve (AMV), an a secondary annulus valve, also known as an annulus 

access valve (AAV) (formerly known as the workover valve), as integral 

components. Again, this provides the annulus flow path with an increased 

integrity and reduces the potential for fluid leaks from this path. 

20 

It is a particular feature of the tree body of the present invention that the 

forming and machining of the various bores, ports and passages extending 

through the tree body is significantly easier than with the known designs of 

horizontal tree. In general, the upper connector portion of the known 

25 horizontal trees restricts access to the internal bore of the tree, in turn making 

it difficult to bore and machine the various ports and passages. In the 

assembly of the present invention, the manufacturer of the tree body has 

significantly improved access to the entire length of the internal bore, alloWing 

all the necessary bores and passages through the tree body to be formed with 

30 greater ease and increased accuracy. 
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In the case of horizontal trees, it is a requirement for operation that two 

independent isolation means are provided within the tree to seal and isolate 

the well bore. Reference in this respect is made, for example, to the Norsok 

Standard Common Requirements for Subsea Christmas Tree Systems, U-CR- 

5 003, 1 December, 1994. Such isolation means include internal tree caps with 

plugs, in particular wireline plugs. Conventional horizontal tree designs 

incorporate one of the two independent isolation means within the internal 

bore extending through the connector portion of the tree. In the present 

invention, it is an advantage that two independent isolation means may be 

10 included in the tree body, thus fulfilling the operation requirements. This in 

turn leaves the connector free of internal isolation means. Suitable isolation 

means for inclusion in the tree body are internal tree caps and wireline plugs. 

In use, the tree body is oriented with the internal bore generally vertical, with 

15 the means for connection to the connector uppermost. The lower end of the 

internal bore is connected by suitable means to the exposed end of the 

wellhead housing. Suitable connection means for mounting to the wellhead 

housing are known. These may be formed integrally with the tree body during 

the forging and manufacturing procedure. Alternatively, for ease of 

20 manufacture, transport and assembly, the means for connecting to the 

wellhead housing are preferably separate from the tree body. 

In a further aspect, the present invention provides a wellhead assembly 

comprising an assembly as hereinbefore described. 

25 

As noted above, the present invention enables a horizontal tree to be 

prepared having an integral production flow path with significantly lower 

potential for fluid leaks from the production fluid flow. Accordingly, in a further 

aspect, the present invention provides an assembly for use in a wellhead, the 

30 assembly comprising a tree body having an internal bore arranged in use to 

be aligned with the bore of a wellhead housing; the tree body comprising a 

lateral bore extending through the tree body from the internal bore; the tree 
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body further comprising means for housing a production master valve and a 

production wing valve within the tree body to control the flow of fluid along the 

lateral bore. 

5 In order to allow the tree body to be forged and manufactured with the 

production flow path from the internal bore through the lateral bore fully 

integral with the tree body (that is not reliant upon externally attached 

components), it is preferred that the connector of the horizontal tree is a 

separate component, the tree body having means to connect to the connector. 

10 The connector may be any required form of connector, in particular a hub, 

such as a re-entry hub, for connection to a BOP stack in conventional manner. 

In order to provide an integral production fluid flowpath, the tree body 

comprises the necessary valves to control the flow of production fluid through 

15 the lateral production bore, the valves being formed integrally with the tree 

body. Preferably, the tree body comprises both a production master valve 

(PMV) and a production wing valve (PINV), both of which control the flow of 

fluid along the production flowpath. 

20 The tree body may be formed with some or all of the other ports and valves 

required for the full operation of the wellhead installation. Thus, in one 

embodiment, the tree body comprises a laterally extending bore through the 

tree body to provide a cross-over flow path. In conventional horizontal tree 

designs, the cross-over flow path is provided by a separate cross-over 

25 assembly mounted on the side of the tree body. By having the cross-over 

bore formed through the tree body, the integrity of the cross-over flow path is 

increased, resulting in reduced potential for fluid leaks or damage to otherwise 

protruding flow loops and the like. Preferably, the tree body is formed to 

comprise a cross-over valve (XOV) to control the flow of fluid along the cross- 

30 over flowpath. 
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In a preferred embodiment of the present invention, the tree body is provided 

with one or more annulus flow passages as known in the art. Preferably, the 

tree body incorporates at least one valve to control the flow of fluid through 

the annulus flow passages. It is preferred to provide the tree body with both 

5 an annulus master valve (AMV) and an annulus access valve (AAV) as 

integral components. Again, this provides the annulus flow path with an 

increased integrity and reduces the potential for fluid leaks from this path. 

Preferably, two independent isolation means for isolating the well bore are 

10 included in the tree body. This in turn may leave the connector free of internal 

isolation means. Suitable isolation means for inclusion in the tree body are 

internal tree caps and wireline plugs. Additional isolation means, such as an 

internal tree cap and wireline plug, may be included in the connector, if 

desired, to provide emergency or contingency isolation of the well. 

15 

In use, the tree body is oriented with the internal bore generally vertical, with 

the means for connection to the connector uppermost. The lower end of the 

internal bore is connected by suitable means to the exposed end of the 

wellhead housing. Suitable connection means for mounting to the wellhead 

20 housing are known. These may be formed integrally with the tree body during 

the forging and manufacturing procedure. Alternatively, for ease of 

manufacture, transport and assembly, the means for connecting to the 

wellhead housing are preferably separate from the tree body. 

25 

30 

In a further aspect, the present invention provides a wellhead assembly 

comprising an assembly comprising a tree body having an internal bore 

arranged in use to be aligned with the bore of a wellhead housing; the tree 

body comprising a lateral bore extending through the tree body from the 

internal bore; the tree body further comprising a primary production valve and 	, 

a secondary production valve within the tree body to control the flow of fluid 

along the lateral bore. 
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In general, subsea wellhead installations comprise a choke valve assembly in 

the production line, the function of which is to reduce the pressure of the 

production fluid to below well pressure to a level that can be handled by the 

downstream production installation. It is conventional practice to include such 

5 a choke valve assembly in the wellhead assembly. Typically, the choke valve 

assembly is mounted directly downstream of the production wing valve. In 

known horizontal tree assemblies, both the production wing valve and the 

choke valve assembly are components mounted externally to the tree, by 

means of suitable high pressure connections. It is an advantage of the 

10 present invention that a horizontal tree body is provided that, when installed in 

a wellhead assembly, provides an integral production fluid flowpath with flow 

control up to the inlet to the choke valve assembly. 

Accordingly, a further aspect of the present invention provides a wellhead 

15 assembly, in particular a subsea wellhead assembly, comprising a wellhead 

housing having an internal bore therethrough; a horizontal tree assembly, the 

horizontal tree assembly comprising a tree body having an internal bore 

aligned with the internal bore of the wellhead housing, the tree body 

comprising a lateral bore extending from the internal bore through the tree 

20 body to provide a production fluid flowpath having an inlet in communication 

with the internal bore of the wellhead housing and an outlet; the tree body 

comprising integral flow control means for controlling the flow of production 

fluid through the production flowpath between the inlet and outlet; and a 

choke valve assembly having an inlet in direct communication with the outlet 

25 of the production fluid flowpath; the arrangement providing in use an integral 

flowpath for production fluid from the internal bore of the wellhead housing to 

the inlet of the choke valve assembly. 

As noted above, known designs of horizontal tree require an external 

30 assembly connected to the exterior of the tree body to provide the required 

cross-over path. As also noted, it is an advantage of the present invention 

that a horizontal tree is provided that has an integral cross-over flowpath 
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extending through the tree body. Accordingly, in a further aspect, the present 

invention provides an assembly for use in a wellhead, the assembly 

comprising a tree body having an internal bore arranged in use to be aligned 

with the bore of a wellhead housing; the tree body comprising a lateral bore 

5 extending through the tree body from the internal bore; the tree body further 

comprising a cross-over bore extending laterally through the tree body. 

The function of a cross-over bore is to provide for a flowpath to circulate fluid 

through the production pipeline and annulus pipeline. In addition, the cross- 

10 over bore allows the pressure in the annulus flowpathto be equalised with the 

pressure in the production flowpath. Further, the cross-over bore is used to 

circulate fluid between a workover test string and the annulus return path, for 

example to flush the aforementioned lines, change or condition fluids, such as 

drilling muds, in the lines of the well. 

15 

The flow of fluid through the cross-over bore is controlled by one or more 

cross-over valves. In a preferred arrangement, the tree body further 

comprises provision for at least one cross-over valve to be mounted integrally 

within the tree body. In this way, the integrity of the cross-over path is 

20 maintained and the possible leakage of fluid from the wellhead assembly 

significantly reduced. 

As discussed above, in order to allow the tree body to be forged and 

manufactured with the production flow path from the internal bore through the 

25 lateral bore fully integral with the tree body (that is not reliant upon externally 

attached components), it is preferred that the connector of the horizontal tree 

is a separate component, the tree body having means to connect to the 

connector. The connector may be any required form of connector, in 

particular a hub, such as a re-entry hub, for connection to a BOP stack in 

30 conventional manner. 
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5 

In order to provide an integral production fluid flowpath, the tree body 

preferably comprises the necessary valves to control the flow of production 

fluid through the lateral production bore. Preferably, the tree body comprises 

both a production master valve (PMV) and a production wing valve (PWV), 

both of which control the flow of fluid along the production flowpath. 

In a preferred embodiment of the present invention, the tree body is provided 

with one or more annulus flow passages as known in the art. Preferably, the 

tree body incorporates at least one valve to control the flow of fluid through 

10 the annulus flow passages. It is preferred to provide the tree body with both 

an annulus master valve (AMV) and an annulus access valve (AAV) as 

integral components. Again, this provides the annulus flow path with an 

increased integrity and reduces the potential for fluid leaks from this path. 

15 Preferably, two independent isolation means for isolating the well bore are 

included in the tree body. This in turn leaves the connector free of internal 

isolation means. Suitable isolation means for inclusion in the tree body are 

internal tree caps and wireline plugs. 

20 In use, the tree body is oriented with the internal bore generally vertical, with 

the means for connection to the connector uppermost. The lower end of the 

internal bore is connected by suitable means to the exposed end of the 

wellhead housing. Suitable connection means for mounting to the wellhead 

housing are known. These may be formed integrally with the tree body during 

25 the forging and manufacturing procedure. Alternatively, for ease of 

manufacture, transport and assembly, the means for connecting to the 

wellhead housing are preferably separate from the tree body. 

As noted above, the assemblies of the present invention are particularly 

30 suitable and offer significant advantages in the manufacture, shipping and 

installation of wellhead installations in remote locations, in particular subsea 

wellheads where the installation is a considerable distance from the rig or 
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platform operating the well. The assemblies of the present invention are 

particularly advantageous when used in deep water locations, that is wellhead 

installations at a depth of up to 3,000 m (10,0000 feet). 

5 Embodiments of the present invention will now be described, by way of 

example only, having reference to the accompanying drawings, in which: 

Figure 1 is a cross-sectional view of a wellhead assembly comprising a 

horizontal tree assembly according to a first embodiment of the present 

10 invention; 

Figure 2 is a side elevation of a wellhead assembly according to a second 

embodiment of the present invention; 

15 Figure 3 is a vertical cross-sectional view of the wellhead assembly of Figure 

2; 

Figure 4 is a vertical cross-sectional view of a wellhead assembly of a further 

embodiment of the present invention; 

20 

Figure 5 is a vertical cross-sectional view of the tree body or the wellhead 

assembly of Figure 4; and 

Figure 6 is a vertical cross-section view of a wellhead assembly of a further 

25 embodiment of the present invention. 

30 

Referring to Figure 1, there is shown a wellhead assembly, generally indicated 

as 2, comprising a horizontal tree assembly, generally indicated as 4, 

according to a first embodiment of the present invention. Shown in Figure 1 is 

the upper end of a cased well having a wellhead housing 6, in which an 

uppermost production casing hanger 8 is mounted in conventional manner. 
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The horizontal tree assembly 4 comprises a tree body 10, mounted to the 

upper end of the wellhead housing 6 by means of a production connector 12, 

a connection ring 1'4 and bolts 16. 

5 

The tree body 10 has an internal bore 18, extending along the central 

longitudinal axis of the tree body and aligned with the internal bore in the 

wellhead housing 6. A lateral bore 20 extends from the internal bore 18 

through the tree body 10. In operation, the lateral bore 20 provides a flowpath 

10 for production fluid from the wellhead casing 6 via the internal bore 18 of the 

tree body 10. A production master valve 22 is mounted to the exterior of the 

tree body 10 at the opening of the lateral bore 20 and controls the fluid of 

production fluid through the lateral bore and from the wellhead assembly. 

15 Annulus flow passages 24 and 26 extend through the tree body 10 above and 

below the lateral bore 20, respectively, and have exterior openings. Annulus 

control valves 28 and 30 are mounted to the exterior of the tree body 10 to 

control the flow of fluids into and out of the annulus flow passages 24 and 26, 

respectively. A circulation path, arranged external to the tree body 10 and 

20 connecting the annulus flow passages 24 and 26 is indicated by dotted line 32 

in Figure 1. 

Two wireline plugs 34 and 36 are shown installed in the internal bore 18 of the 

tree body 10 above the lateral bore 20. The wireline plugs 34 and 36 provide 

25 independent isolation of the components described hereafter, and ultimately 

the environment, from hydrocarbons or other fluids in the production flowpath. 

The horizontal tree assembly 4 further comprises, as a connector, a well re-

entry hub 38 mounted on the tree body by means of a flange connection 42 

30 and bolts (not shown). The hub 38 has an internal bore 40 aligned with the 

internal bore 18 of the tree body. Together, the tree body 10 and the hub 38 
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form the horizontal tree assembly and function in the same manner as known 

horizontal trees, for example those described in US 5,544,707. 

The hub 38 may be provided with a further isolation means, for example an 

5 internal tree cap with wireline plugs, as demanded by the operations being 

carried out, in order to supplement the two isolation plugs 34 and 36 in the 

tree body 10. 

A blowout preventer (BOP) 44 of conventional design is shown mounted to 

10 the hub 38, in conventional manner. It will be appreciated that the hub 38 

may be arranged to couple with any equipment required during the lifetime of 

the well. 

The embodiment shown in Figure 1 is arranged with a minimal number of 

15 components integral with the tree body. In particular, it will be noted that the 

production and annulus valves 22, 28, 30 are external to the tree body 10. 

While this arrangement provides a tree body of reduced size, it is preferred in 

many cases, to form the tree body with many integral components, as will be 

described and shown in the following embodiments. 

20 

Turning to Figure 2, there is shown a side elevation of a wellhead assembly 

according to a preferred embodiment of the present invention. The wellhead 

assembly, generally indicated as 102, comprises a conical guide 104, which in 

use is used to guide the assembly onto a subsea wellhead, so as to mount the 

25 wellhead assembly in a similar manner to that shown in Figure 1. The 

wellhead assembly 102 comprises a tree body 106 and a re-entry hub 108 

mounted thereto by a flange assembly 110. The re-entry hub 108 is formed 

with an upper end portion 112, as viewed in Figure 2, of conventional design 

to connect to a BOP or the like. 

30 

A production choke assembly 114, which may be of conventional design, is 

shown in Figure 2 connected to the production outlet of the tree body 106. 
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Also shown in Figure 2 are the actuators for the various valves integral to the 

tree body 106, including a primary production or production master valve 

5 

(PMV) 116, a secondary production or production wing valve (PWV) 118, 

annulus valves 120, 122 and a cross-over valve 123. 

The components of the wellhead assembly 104 of Figure 2 are shown in 

vertical cross-section in Figure 3. 	As will be seen in Figure 3, the tree body 

106 has an internal bore 126 extending vertically, as shown in the figure. A 

10 lateral bore 128 extends through the tree body 106 from the internal bore. 

The primary and secondary production master valves 116 and 118 are formed 

in the tree body, appearing in Figure 3 as cavities, having valve seats 

machined therein. Additional bores (not shown in Figure 3) extend into the 

tree body 106 and accommodate components of the valves, in particular the 

15 valve stem and gate and provide access for actuators to position the valve 

stem and gate, as required. 

The tree body 106 further includes annulus flowpaths formed by bores 130 

and 132, with their respective control valves 120 and 122. The bores 130 and 

20 132 are formed with cavities to form the respective valves, in same manner as 

the production valves, as described above. A bore 125 is machined into the 

tree body 106, fluid flow through which is controlled by the cross-over valve 

123. 

25 The choke assembly 114 is connected to the exterior of the tree body 106 by 

a conventional connection 134. It will be noted that the production flowpath 

through the internal bore 126 of the tree body 106 and the lateral bore 128 up 

to the connection at the inlet of the choke assembly 114 is an integral 

flowpath, with no joints. 	It will thus be appreciated that the integrity of the 

30 production flowpath can thus be significantly greater than a conventional 

production flowpath comprising several separate components. This in turn 
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can significantly reduce the potential for leaks of fluids, in particular 

hydrocarbons, from the wellhead assembly. 

The means for isolating the internal bore 126 of the tree body above the 

5 lateral bore 128 have been omitted from Figure 3, for reasons of clarity. 

However, they may be internal tree cap and wireline plugs installations as 

described above in connection with Figure 1. 

Turning to Figure 4, there is shown a wellhead assembly, generally indicated 

10 as 202 in place on a subsea wellhead housing, 204. The components of the 

wellhead assembly 202 are generally as shown in Figures 2 and 3 and 

described hereinbefore. Accordingly, components common to the assemblies 

of Figures 3 and 4 are indicated using the same reference numerals. The 

differences between the embodiments shown in Figures 3 and 4 are as 

15 follows: 

The assembly 202 as shown in Figure 4 further comprises a BOP 206 

mounted on the upper end portion 112 of the hub 108. The BOP 206 is of 

conventional design and comprises a guide funnel 208 for ease of landing the 

20 BOP on the hub 108. 

The tree body 106 of the assembly of Figure 4 comprises an integral cross-

over bore 210, shown in more detail in Figure 5. The cross-over bore 210 

extends laterally within the tree body 106 from the junction of the annulus 

25 bores 130 and 132. The cross-over bore 210 intersects the bore 125 in which 

is formed the integral cross-over valve 123, as hereinbefore described with 

respect to the production valves. The cross-over bore 210 and the bore 125 

provide a fluid connection between the lateral bore 128 and the annulus bores 

130 and 132. Fluid flow through this cross-over flowpath is controlled by the 

30 cross-over valve 123. 
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An annulus wing valve block 212 is connected to the exterior of the tree body 

106 and comprises an annulus bore 214 and an annulus wing valve 216, 

controlling the flow of fluid through the annulus bores 130 and 132. 

5 Providing the cross-over flowpath through bores and valves internal to and 

integral with the tree body again increases the integrity of the horizontal tree 

assembly and reduces the potential for leaks of hydrocarbons and other well 

fluids into the environment. 

10 As will be appreciated from Figure 5, the tree body 106 of the present 

invention, while comprising integral flowpaths and control valves, is also a 

compact and flexible component, that can be designed and manufactured to 

suit a particular need. This flexibility is further enhanced by the ability to 

combine different tree bodies and different hubs, to meet specific end use 

15 requirements. 

An alternative embodiment of the present invention is shown in Figure 6. In 

Figure 6, there is shown a wellhead assembly, generally indicated as 302 in 

place on a subsea wellhead housing. The components of the wellhead 

20 assembly 302 are generally as shown in Figures 4 and 5 and described 

hereinbefore. Accordingly, components common to the assemblies of Figures 

4 and 5 are indicated using the same reference numerals. The differences 

between the embodiments shown in Figures 4 and 6 are as follows: 

25 The tree body 106 of the assembly 302 of Figure 6 comprises an integral 

annulus wing valve arrangement. Thus, an annulus bore 304 is formed in the 

tree body 106, extending from the junction of the two annulus bores 130 and 

132. The tree body 106 is further provided with an integral annulus wing valve 

306, formed in the tree body as hereinbefore described with reference to the 

30 other integral valves. The integral annulus wing valve 306 provides a control 

of the fluid flow through the annulus bores 130,132 and 304, in addition to the 

control provided by integral annulus valves 120 and 122. It will be 
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appreciated that the tree body 106, by having fully integral annulus valves 

120, 122, 306 and annulus bores 130,132, 304, provides an annulus flowpath 

with a very high degree of integrity, thereby minimising 

leaks from within the tree body into the environment. 

the potential for fluid 

It will be seen that the assembly of Figure 6 comprises a tree body of the 

highest integrity, having all the production, annulus and cross -over bores and 

their respective primary and secondary flow control valves formed 

within the tree body. 

integrally 

10 
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CLAIMS: 

 

1. An assembly for use in a wellhead, the assembly comprising a tree body having an internal bore 

arranged in use to be aligned with the bore of a wellhead housing; the tree body comprising a lateral bore 

extending through the tree body from the internal bore; the tree body further comprising a primary 

production valve and a secondary production valve within the tree body to control the flow of fluid along 

the lateral bore; the assembly further comprising two independent isolation means, in use to seal and 

isolate the production bore of a well to which the assembly is connected; in use the lateral bore providing 

the production bore for fluid produced from the well and the primary and secondary production valves 

controlling the flow of such produced fluid through the lateral bore. 

 

2. The assembly according to claim 1, wherein the tree body comprises means for connecting to a 

separate connector so as to align the internal bore of the tree body with an internal bore in the connector, 

in use the tree body and the separate connector together forming a horizontal tree. 

 

3. The assembly according to claim 1 or 2, wherein the tree body comprises a second laterally 

extending bore which, in use, provides a cross-over fluid flowpath. 

 

4. The assembly according to claim 3, further comprising at least one valve within the tree body to 

control the flow of fluid along through the laterally extending bore. 

 

5. The assembly according to any of claims 1 to 4, wherein the tree body comprises at least one 

annulus passage. 

 

6. The assembly according to claim 5, further comprising at least one valve within the tree body to 

control the flow of fluid along the or each annulus passage. 

 

7. The assembly according to claim 6, wherein the tree body comprises a primary annulus valve and 

an annulus access valve within the tree body. 

 

8. The assembly according to claim 1, wherein the independent isolation means are selected  

from internal tree caps and wireline plugs. 
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9. The assembly according to any of claims 1 to 8, further comprising means for connecting the tree 

body to a wellhead housing. 

 

10. The assembly according to claim 9, wherein the means for connecting the tree body to a wellhead 

housing is detachable from the tree body. 

 

11. A wellhead assembly comprising a wellhead housing having an internal bore; an assembly 

according to any of claims 1 to 10 mounted on the wellhead housing, a first end of the internal bore of the 

assembly being aligned with the internal bore of the wellhead housing; and a means for providing a 

connection to a second end of the internal bore in the tree body. 

 

12. The wellhead assembly according to claim 11, wherein the means for providing a connection to 

the second end of the internal bore comprises a connector, separate from the tree body, the tree body 

comprising means for connecting to the connector, the connector having an internal bore aligned with the 

internal bore of the assembly. 

 

13. The wellhead assembly according to claim 12, further comprising a blowout preventer mounted 

on the connector. 

 

14. The wellhead assembly according to either of claims 12 or 13, wherein the connector is of a 

different material to the tree body. 

 

15. The wellhead assembly according to any of claims 11 to 14, wherein the wellhead is subsea. 

 

16. A wellhead assembly comprising: 

a wellhead housing having an internal bore therethrough; 

a horizontal tree assembly, the horizontal tree assembly comprising a tree body having an 

internal bore aligned with the internal bore of the wellhead housing, the tree body comprising a lateral 

bore extending from the internal bore through the tree body to provide a production fluid flowpath having 

an inlet in communication with the internal bore of the wellhead housing and an outlet; the tree body 

comprising integral flow control means for controlling the flow of production fluid through the 

production flowpath between the inlet and outlet;  
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a choke valve assembly having an inlet in direct communication with the outlet of the production 

fluid flowpath; the arrangement providing in use an integral flowpath for production fluid from the 

internal bore of the wellhead housing to the inlet of the choke valve assembly; and  

the assembly further comprising two independent isolation means, in use to seal and isolate the 

production flowpath between the inlet and outlet. 

 

17. The wellhead assembly according to claim 16, wherein the wellhead assembly is a subsea 

wellhead assembly. 


