SYSTEM, METHOD AND APPARATUS FOR A MODULAR PRODUCTION TREE
ASSEMBLY TO REDUCE WEIGHT DURING TRANSFER OF TREE TO RIG

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention relates in general to production trees for subsea oil wells and, in

particular, to an improved system, method and apparatus for a modular production tree assembly

for reducing weight during transfer of the tree from a barge to a rig.

2. Description of the Related Art

[0002] A conventional subsea wellhead assembly includes a wellhead housing that supports one
or more casing hangers located at upper ends of strings of casing extending into the well. A
production tree or "tree” is landed on the wellhead for controlling the production of well fluids.

The tree usually carries a choke and valves to control the flow and sensors to monitor the flow,

[0003] Trees are cumbersome and very heavy. Prior to the installation of a tree on the sea floor,
it must be delivered to the offshore rig at sea and hoisted onto the rig platform. The size and
weight of trees makes it difficult to lift them from a delivery barge onto the rig. In order to lift
larger trees onto the rig, they must be broken down into their various components and then

reassembled and retested prior 10 deployment.

{0004] Deployment may require a flowbase to be guided onto the wellhead and then the tree
guided to the well and flow base to align the flowline connections. In shallow water this is
traditionally done with wires, such as a 5-leg sling sct made up to the tree frame. This adds
weight to the design as the frame must be suitably strengthened. In deep water a guideline-less
approach is normally used, such as a lift cap with a single leg sling that is clamped or dogged to

the tree mandrel.



{0005} In addition, some form of a guide funnel is normally required between the tree and the
flowbase and/or wellhead. This configuration also adds weight and complexity to the overall
assembly. A choke bridge may be used to connect a tree to a template, or be integral with the
tree which may require an additional pipe spool and hydraulic connection to make up to a
flowbase in the case of satellite trees. This again requires additional connections adding weight
and complexity. Although these solutions are workable, an improved design that overcomes the

Iimitations and expense of prior art designs would be desirable.



SUMMARY OF THE INVENTION

{0066) Embodiments of a system, method, and apparatus for a modular production tree
assembly to reduce the weight during transfer of the tree components from a barge to arig. The
tree assembly may comprise three modules, including an upper tree module, a lower tree module,
and a choke bridge module. In one embodiment, the upper tree module comprises the tree head,
the lower tree module comprises the guidance system and a means of tying in the flow lines to

the in-field infrastructure, and the choke bridge module comprises the choke and instrumentation

bridge to link the three components together.

[0007] Prior to delivery to the rig, the components of the modular tree assembly may be joined
together and tested on shore. The tree is then loaded onto a barge or other delivery vessel in its
assembled state, or disassembled prior to delivery. Upon arrival at the rig, the components are
individually lifted from the barge onto the rig by a standard outrigger crane. Since outrigger

cranes typically have a lift limit of 40 tons or less, lifting the modular components is far more

manageable compared to prior art techniques.

[0008] After the wee components are on the rig, the modular ftree is reassembled.
Advantageously, only interface tests, such as self-alignment (i.e., no bolted connections, single
bore tost) are required for what is required to make up the components after loading them onto
the rig. The entire tree assembly is then deployed to the sea bed with the draw works on the rig.
In some embodiments, the tree assembly is not designed to be recovered after it is deployed on

the sea bed.

10009} In one embodiment of the invention, the modular tree assembly comprises the upper tree
module having the trechead assembly, wellhead connector, control system (e.g., SCM/SCMMB)
and support frame work (with integral guideline or guideline-less interfaces). The lower tree
module comprises a guideline-less, downward-facing funnel to interface with the wellhead, a

manifold/flowline connection system, and associated pipe work for connection to the upper tree



via the choke bridge module. The choke bridge module carries all the appropriate sensors, flow
meters and choke components. These are operated from the upper tree module when the choke

bridge assembly is connected between the upper and lower free modules, to provide an integrated

tree system,

[0010] The foregoing and other objects and advantages of the present invention will be apparent
to those skilled in the art, in view of the following detailed description of the present invention,

taken in conjunction with the appended claims and the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

{0011] So that the manner in which the features and advantages of the present invention are
attained and can be undersiood in more detail, a more particular description of the invention
briefly summarized above may be had by reference to the embodiments thereof that are
illustrated in the appended drawings. However, the drawings illustrate only some embodiments
of the invention and therefore are not to be considered limiting of its scope as the invention may

admit to other equally effective embodiments.

[6012] FIG. 1 is an isometric view of one embodiment of a modular production tree assembly

and is constructed in accordance with the invention;

[0013] FIG. 2 is a reverse isometric view of the modular production tree assembly of FIG. 1 and

is constructed in accordance with the invention;

[0014) FIGS. 3 - 6 are top, sectional, side and isometric views of one embodiment of a lower tree

for the modular production tree assembly of FIG. 1 and is constructed in accordance with the

invention;

[0015] FIGS. 7 and 8 are opposite isometric views of one embodiment of an upper tree for the

modular production tree assembly of FIG. 1 and is constructed in accordance with the invention;

[0016] FIGS. 9 - 11 are isometric, front and side views of one embodiment of a choke bridge for

the modular production tree assembly of FIG. | and is constructed in accordance with the

invention;

[6017] FIG. 12 is a schematic diagram of one embodiment of deploying a production tree and is

constructed in accordance with the invention; and



0018} FIG. 13 is an isometric view of one embodiment of a treehead constructed in accordance

with the invention.



DETAILED DESCRIPTION OF THE INVENTION

[0019] Referring to FIGS. 1-13, embodiments of a system, method and apparatus for a modular
production tree assembly to reduce the weight during transfer of the tree components from a barge to
an offshore rig are disclosed. The tree assembly 21 (see, e.g., FIG. 1) may comprise only three
modules, including an upper tree module 23, a lower tree module 25, and a choke bridge module 27.

This design greatly simplifies the assembly and transportation of the tree when it is deployed to the

rig.

{0020} In one embodiment, the invention comprises a method of deploying a production tree, such as
the tree 21 shown in FIGS. 1 and 2. The method comprises providing the modular production tree
assembly 21 with a plurality (e.g., only three) modules, including an upper tree module 23 (FIGS. 7

and 8), a lower tree module 25 (FIGS. 3-6), and a choke bridge module 27 (FIGS. 9-11).

[0021] As shown schematically in FIG. 12, one embodiment of the method comprises assembling the
upper tree module 23, lower tree module 25, and choke bridge module 27 on land to form the tree
assembly 21 (step 1201), and testing the modular production tree assembly (step 1203) while it is on
land. The tested tree assembly 21 is placed on a sea vessel 29 (e.g., a barge) and transported (step
1205) to an offshore rig 34. Alternatively, the tree assembly 21 may be disassembled on land after

testing 1203, and placed on the barge 29 as the individual modules 23, 25, 27 before the barge departs

for the rig.

[0022] After barge 29 delivers the tree assembly 21 or disassembled modules 23, 25, 27 to rig 34 (step
1207), a first crane (e.g., outrigger lift) 33 mounted to the rig 34 is used to separately lift the separate
modules 23, 25, 27 onto the rig 34 (step 1209). Crane 33 has typically has a limited lift capacity (e.g.,
of about 40 tons). In this step, the modules 23, 25, 27 are reassembled into the modular production
tree assembly 21 on the rig 34. At this stage, only interface testing (step 1211) is performed between

the modules 23, 25, 27. After testing 1211, the tree assembly 21 is



deployed to the sea floor 35 (step 1213) with a second crane 37 (e.g., the draw works) which also is

mounted to the rig 34. The draw works 37 has a larger lift capacity than outrigger crane 33.

[0023] Referring again to FIGS. 1, 2, 7, 8 and 13, the upper tree module 23 may comprise a tree head
41 (FIG. 13), or tree head assembly, having a wellhead connector 61, a master valve block 63, a
production wing block 65 and an annulus wing block 67. The upper tree module 23 further comprises
a subsea control system 43 (FIG. 8) and a remotely operated vehicle, or ROV pane! 45 (FIG. 7). The
upper tree module 23 also has a choke module muiti-bore connector 47 with support frame work

and integral guideline or guideline-less interfaces for subsea change-out of the choke module 27,

[0024] In some embodiments, the treehead is the assembly name for all of the main pressure-
containing components within a "tree", e.g., the wellhead connector, the central master valve block
that contains all the master valves and downhole isolation valves, and then the two wing blocks that

contain all secondary valves, pressure and temperature sensors and usually most of the chemical

injection equipment.

[0025] The lower tree module 25 (FIGS. 1-6) may comprise a guidance system 51 for aligning with the
upper tree module 23, counterweights 53 (for counterbalancing the final assembly), anodes for a
cathodic protection system, and means for tying in flow lines to an in-field infrastructure 57. The
lower tree module 25 also comprises a guideline-less, downwardfacing funnel 55 (FIG. 4) to interface
with a wellhead, a manifold/flowline connection system 57, associated pipe work for connection to
the upper tree module via the choke bridge module, and a choke module multi-bore hub connection
59. The lower tree also can be pre-fitted with the cathodic protection system required for the entire

tree assembly, which again reduces the weight of the other heavy modules.

[0026] Referring now to FIGS. 1, 2 and 9-11, the choke bridge module 27 comprises a choke and

instrumentation equipment (e.g., pressure and temperature sensors, flow meters, sand



detectors, etc.) to link together the upper tree module 23, lower tree module 25, and choke bridge
module 27 to form the tree assembly 21. For example, the choke bridge module 27 may comprise
sensors 71, 72, flow meters 73 and choke components 75, 77 that are operated from the upper tree
module 23 when the choke bridge module 27 is connected between the upper and lower tree
modules 23,25 to provide an integrated production tree system 21. This design allows some
elements of the equipment on a single module so that, if it fails, it may be quickly and easily

‘retrieved for repair, leaving the heavier and more cumbersome components subsea.

[0027] By placing the control system on the upper tree it can be hard-piped to the tree head. As a
result there are reliable, pre-tested connections to the most complex module and also to the main
safety flow control elements (i.e., the isolation valves). The control system is thenpiped/connected
to the choke module through the multi-bore flow connection hub. This desigh again minimizes the
number of connections that have to be made up on the rig, since these connections are

automatically made up when the choke module is installed.

[0028] Since discrete modules are being used to make up the final tree assembly, any
counterweights required (e.g., for a neutral center of gravity of the full assembly) may be installed on
the lower module and still not exceed the 40 ton outrigger lift limit. As a result, the rig crew does not
have to start adding extra counterweights to the tree when it is assembled on the rig. This
configuration reduces the risk of accidents, time required for assembly and the risk of accidentally

omitting components before lowering and installing the tree on the sea floor.

[0029] The lower tree may be configured to also act as both the shipping and inspection stand for
the upper tree. This design avoids the need to take additional modules from the shore to the rig. For
example, if a lower tree module is placed on the rig, the upper tree module can be lifted off the
barge and landed directly onto the lower tree module on the rig. Access also can be provided
through the lower tree module for change out of wellhead gaskets within the connector of the upper

tree module. This design helps to reduce the space taken up on the rig floor by test and assembly

equipment.
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{0030] The invention has several advantages including a modular satellite tree design that
combines the advantages of a separate flowbase with a well jumper. Tie-ins to the tree are
provided into the singular assembly which saves rig time for installation as only a single trip is

required to deploy the modular assembly.

{0031} Combining the three modular sub-assemblies of the tree, flowbase and choke bridge into
a single assembly allows a single run for deployment and gains a number of advantages. For
example, the rig time for deployment is reduced since only a single run is required. No

additional connections are required between the tree and flowbase (since they are connected

through the choke bridge).

[0032} The modular design allows easy break down to aid offshore transportation where rig lifis
capacitics may be limited. The invention also allows simple unitization and testing on the rig
prior to deployment. The number of connections is reduced and therefore reduces potential leak

paths. The choke bridge may be removed and installed later in field life to allow replacement of

vulnerable items subject to high erosion.

[0033] Additional benefits include that no module exceeds the approximately 40 ton weight limit
for most outrigger lifts on the offshore rigs. This is especially significant for deep water, large
bore horizontal tree designs. The use of multi-bore connectors allows the choke bridge to be
controlled from the tree-mounted control system {e.g., subsea control module or SCM) without
the need for a separate hydraulic flying lead (HFL). The upper tree may be landed directly onto
the lower tree (which is already on the rig) during rig transfer without the need to lift the upper

tree with its dedicated shipping skid.

[0034) This design also eliminates bolted connections since it is simply aligned, stacked and
clamped with pins, and it permits more flow and flexibility to connections. The tree sub-frame

may be lifted onto the rig independent of the tree, and includes a jumper connector and multibore
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hub for the choke bridge module. The tree is lifted onto the rig independent of the sub-frame,

and the tree and subframe are interfaced and made up together on the rig.

[0035] While the invention has been shown or described in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.
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Claims
What is claimed is:
1. A method of deploying a production tree to a sea floor, comprising:
(a) providing an upper tree module, a lower tree module, and a choke bridge module;

(b) assembling the upper tree module, the lower tree module, and the choke bridge module
into operative engagement with each other on land to form a modular production tree

assembly and testing the modutar production tree assembly;

(c) after testing the modular production tree assembly, transporting the upper tree module,
the lower tree module, and the choke bridge module to an offshore rig;

(d) separately lifting the upper tree module, the lower tree module, and the choke bridge

module onto the offshore rig with a first crane mounted to the offshore rig;

(e) reassembling on the offshore rig the upper tree module, lower tree module and choke

bridge module into the modular production tree assembly; then

{f) performing interface testing of the modular production tree assembly of interfaces between
the upper tree module, lower tree module and choke bridge module; and then

(g9) deploying the modular production tree assembly to the sea floor with a second crane

mounted to the offshore rig.

2. A method according to claim 1, wherein the modular production tree assembly is

disassembled after completing step (b) and prior to step (d).

3. A method according to claim 1, wherein the first crane comprises an outrigger crane, and the

second crane comprises a draw works.

4. A method according to claim 1, wherein the upper tree module comprises a tree head and a
subsea control system, and the lower tree module comprises a guidance system,
counterweights and means for tying in flow lines to an in-field infrastructure.
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5. A method according to claim 1, wherein the choke bridge module comprises a choke and
instrumentation bridge to link together the upper tree module, the lower tree module, and the

choke bridge module.

6. A method according to claim 1, wherein the upper tree module includes a treehead assembly,
a wellhead connector, a subsea control system and a support frame work with integral guideline

or guideline-less interfaces.

7. A method according to claim 1, wherein the lower tree module comprises a guideline-less,
downward-facing funnel to interface with a wellhead, a manifold/flowline connection system, and
associated pipe work for connection to the upper tree module via the choke bridge module.

8. A method according to claim 1, wherein the choke bridge module comprises sensors, flow
meters and choke components that are operated from the upper tree module when the choke
bridge module is connected between the upper and lower tree modules.

9. A method of deploying a production tree to a sea floor, comprising:

(a) providing three modules, consisting of an upper tree module, a lower tree module, and a

choke bridge module;

(b) assembling the upper tree module, the lower tree module, and the choke bridge module
on land to define a modular production tree assembly and testing the modular production tree

assembly on land;

(c) after testing the modular production tree assembly, loading the upper tree module, the
lower tree module, and the choke bridge module onto a vessel and transporting the upper
tree module, the lower tree module, and the choke bridge module to an offshore rig;

(d) disassembling the modular production tree assembly and separately lifting the upper tree
module, lower tree module, and choke bridge module from the vessel onto the offshore rig

with a first crane mounted to the offshore rig;

(e) reassembling the upper tree module, lower tree module and choke bridge module into the

modular production tree assembly on the offshore rig; then
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(f) performing interface testing between the upper tree module, the lower tree module and the

choke bridge module; and then

{(9) deploying the modular production tree assembly to the sea floor with a second crane

mounted to the offshore rig.

10. A method according to claim 9, wherein the modular production tree assembly is
disassembled in step (d) either on land, or on the vessel.

11. A method according to claim 9, wherein the first crane comprises an outrigger crane, and

the second crane comprises a draw works.

12. A method according to claim 9, wherein the upper tree module comprises a tree head and a
subsea control system, and the lower free module comprises a guidance system,
counterweights, a cathodic protection system, and means for tying in fiow lines to an in-field

infrastructure.

13. A method according to claim 9, wherein the choke bridge module comprises a choke and
instrumentation bridge to link together the upper tree module, the lower tree module, and the

choke bridge module.

14. A method according to claim 9, wherein the upper tree module includes a treehead
assembly, a wellhead connector, a subsea control system and a support frame work with

integral guideline or guideline-less interfaces.

15. A method according to claim 9, wherein the lower tree module comprises a guideline-less,
downward-facing funnel to interface with a welthead, a manifold/flowline connection system, and
associated pipe work for connection to the upper tree module via the choke bridge module.

16. A method according to claim 9, wherein the choke bridge module comprises sensors, flow
meters and choke components that are operated from the upper tree module when the choke
bridge module is connected between the upper and lower tree modules.

17. A method of deploying a production tree fo a sea floor, comprising:

(a) providing an upper tree module, a lower tree module, and a choke bridge module, the
upper tree module comprising a tree head and a subsea control system, the lower tree
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module comprising a guidance system, counterweights, a cathodic protection system, and
means for tying in flow lines to an in-field infrastructure, and the choke bridge module
comprising a choke and an instrumentation bridge to link together the upper tree module,
the_lower tree module, and the choke bridge module;

{(b) assembling the upper tree module, the lower tree module, and the choke bridge module
on land to define a modular production tree assembly and testing the modular production

tree assembly on land;

(c) transporting the upper tree module, the lower tree module and the choke bridge module

on a vessel to an offshore rig;

(d) disassembling the modular production tree assembly and separately lifting the upper
tree module, the lower tree module, and the choke bridge module from the vessel onto the

offshore rig with an outrigger crane mounted to the offshore rig;

(e) reassembling the upper tree module, the lower tree module and the choke bridge
module into the modular production tree assembly on the offshore rig; then

(f) performing only interface testing between the upper tree module, the lower tree module

and the choke bridge module; and then

(g) deploying the modular production tree assembly to the sea floor with a draw works

mounted to the offshore rig.

18. A method according to claim 17, wherein the modular production tree assembly is

disassembled in step (d) either on land, or on the vessel.

19. A method according to claim 17, wherein the upper tree module includes a treehead
assembly, a wellhead connector, and a support frame work with integral guideline or guideline-
less interfaces, and the lower tree module comprises a guideline-less, downward-facing funnel
to interface with a wellhead, a manifold/flowline connection system, and associated pipe work
for connection to the upper tree module via the choke bridge module, and the choke bridge
module comprises sensors, flow meters and choke components that are operated from the
upper tree module when the choke bridge module is connected between the upper and lower

free modules.



