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116,10 North Commumty House Road through Which the Well is drilled and completed by means(o% 
Sulte 200 a Wellhead A retrievable Christmas tree module (10) 
Charlotte’ NC 28277 (Us) containing a Christmas tree (12) connected to Wellhead 

connector (14) is mounted on the base structure (8) by the 
(21) Appl' NO': 10/491’883 Wellhead connector (14) so as to receive Well ?uid from the 

22 PCT Fl (12 0 L 11 2002 Wellhead. The module (10) contains tWo ?uid processing 
( ) 1 e c ’ separators (16) for processing ?uid received from the Well 

(86) PCT NO; PCT/GB02/04625 via the Wellhead (6) and the Christmas tree (12). In a 
modi?cation, additional modules are mounted on the base 

(30) Foreign Application Priority Data structure and each additional module has a ?uid processing 
separator (16), and the Christmas tree module routes pro 

Oct. 12, 2001 (GB) ....................................... .. 01246123 duetion ?uid t0 the separators via the base structure (8). 
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SINGLE WELL DEVELOPMENT SYSTEM 

[0001] The present invention relates to the economically 
viable extraction of hydrocarbon reserves from a single 
sub-sea Well. 

[0002] Existing single Well-developments are generally 
connected to a host facility Which is often located remotely 
from the Well, Where processing equipment is situated. In 
situations in Which the Well has insuf?cient drive or pres 
sure, pressure boosting of production ?uid by means of a 
pump is required. The ?oW may suffer from one of a number 
of ?oW assurance problems such as: slug ?oW (?oW 
containing slugs of gas and/or liquid); (ii) the formation of 
hydrates; (iii) corrosion; and (iv) sand precipitation. The 
provision of separate structures for treating the ?oW from a 
single Well and the consequent requirement for interconnec 
tions betWeen the Wellhead and the structures may not be 
economically viable When only a single Well is concerned. 

[0003] The object of the invention is to overcome at least 
some of the above-mentioned problems and provide a means 
by Which a single subsea Well ?eld can be economically 
developed. 

[0004] Thus according to the invention there is provided a 
single Well development system comprising: 

[0005] a base structure through Which the Well is 
drilled and completed by means of a Wellhead; 

[0006] (ii) a retrievable christmas tree module includ 
ing a christmas tree and connecting means for con 
necting the christmas tree module to the Wellhead so 
as to receive Well ?uid therefrom; and 

[0007] (iii) ?uid processing means for processing 
?uid received from the Well via the Wellhead and 
christmas tree and Which is connected closely above 
the base structure. 

[0008] The christmas tree module is primarily supported 
by means of its connection to the Wellhead. The base 
structure and/or the christmas tree module may include 
supplementary support means for the christmas tree module 
Which is independent of the Wellhead connecting means. 

[0009] The system may include at least one additional 
retrievable module. At least one said module may include at 
least part of the ?uid processing means. 

[0010] The ?uid processing means may accordingly form 
part of the christmas tree module and/or one or more of the 
additional retrievable modules. 

[0011] Conveniently the system includes at least one ?uid 
connector, the or each ?uid connector comprising ?rst and 
second engageable portions, the ?rst portion forming part of 
one said retrievable module and the second portion forming 
part of the base structure. The engageable portions may each 
include plural passageWays for separate ?uid ?oWs and may 
form part of the connecting means for connecting the 
christmas tree to the Wellhead. 

[0012] The retrievable christmas tree module may include 
a poWer and/or control pod. At least one said retrievable 
module may include a poWer and/or control pod in Which 
case such a pod may not form part of the christmas tree 
module. 
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[0013] Preferably, the system includes at least one elec 
trical connector, the or each electrical connector comprising 
?rst and second interengageable portions, the ?rst interen 
gageable portion forming part of said retrievable module and 
the second interengageable portion forming part of the base 
structure. The ?rst interengageable portion is connected to 
the poWer and/or control pod in the appropriate module. 

[0014] The base structure may comprise a drilling tem 
plate for drilling a Well. 

[0015] The base structure may include means for guiding 
the at least one retrievable module onto the base structure. 
In addition, the base structure may have means for support 
ing the at least one retrievable module. The system may 
include a plurality of additional retrievable modules, each of 
Which is connectable to the retrievable module containing 
the christmas tree via connection means, Whereby the mod 
ule connection means is con?gured to enable at least one 
additional retrievable module to be isolated and removed 
from the base structure Without affecting the connection 
betWeen the christmas tree module and any of the remaining 
modules of the system. Each module may include a module 
based part of the module connection means and the base 
structure includes a complementary base structure based part 
of the module connecting means. 

[0016] The connection means preferably includes ?uid 
connectors as described above for each module. The base 
structure may include ?uid delivery means, such as pipes, 
for conveying ?uid ?oWing from the christmas tree module 
to the base structure in separate and/or parallel ?oWs to the 
plural additional modules. The ?oW of ?uid to each such 
additional module being via the corresponding ?uid con 
nector enables the additional module to be isolated from the 
?oW. 

[0017] The base structure based second engageable por 
tion of the ?uid connectors may be connected to a ?oW line 
connection for conveying ?uid from the base structure to 
one or more external ?oW lines. 

[0018] The connection means preferably also includes 
electrical connectors as described above. The base structure 
may include electrical connection means for conveying 
electrical poWer and/or control signals from one or more 
additional modules to the Wellhead tree module. The base 
structure second interengageable portions of the electrical 
connectors may be connected to an integrated service 
umbilical for receipt by the system of electrical-poWer 
and/or control signals, injection chemicals for addition to 
?uids acted on by the system etc. 

[0019] Fluid processing means in one or more of the 
modules may comprise one or more separators, such a 
gravity separators, hydrocyclones etc. The ?oWs through 
Which may be controlled by means of ?oW control valves, 
preferably electrically actuated Which may be adjusted under 
control of a poWer and/or control pod. A poWer and/or 
control pod in one module may be connected to control 
components in another module. 

[0020] The invention also provides a method of exploiting 
the output from a single Well, comprising: 

[0021] installing a base structure; 

[0022] (ii) drilling a Well through the base structure; 
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[0023] (iii) installing a casing string in the drilled 
Well; 

[0024] (iv) terminating the casing string With a Well 
head; 

[0025] (v) connecting a retrievable christmas tree 
module containing a christmas tree to the Wellhead 
by means of connecting means so as to receive Well 

?uid therefrom; 

[0026] (vi) providing ?uid processing means con 
nected closely above the base structure; and 

[0027] (vii) processing ?uid received from the Well 
via the Wellhead and christmas tree With the process 
ing means. 

[0028] The method may also include employing any of the 
features referred to above. 

[0029] The invention Will noW be described by Way of 
eXample only With reference to the accompanying schematic 
?gures in Which: 

[0030] FIG. 1 shoWs a ?rst system according to the 
present invention; 

[0031] FIG. 2 shoWs a second system according to the 
present invention; 

[0032] FIG. 3 shoWs a third system according to the 
present invention; 

[0033] FIG. 4 shoWs a fourth system according to the 
present invention; and 

[0034] FIG. 5 shoWs a ?fth system according to the 
present invention. 

[0035] In the Figures, like numerals are used to designate 
like parts and the description of a particular part applies to 
correspondingly numbered parts in different Figures unless 
otherWise stated. 

[0036] A ?rst system according to the invention is shoWn 
in FIG. 1. A Well string 2 emerges from the seabed 4 and 
terminates in a Wellhead 6 installed through a base structure 
8 connected to the seabed 4. A retrievable module 10 
containing a christmas tree 12 connected to a Wellhead 
connector 14 is mounted on the base structure 8 by means of 
the Wellhead connector 14 being coupled to the Wellhead 6 
and possibly by other engagement means not shoWn. 

[0037] The retrievable module 10 also includes ?uid pro 
cessing means 15 including a minimum of tWo separators 16 
Which substantially duplicate each other thus affording com 
ponent redundancy. The module could alternatively include 
only one set of processing means components. For the 
purpose of providing poWer and control to the module 10, 
and also transmitting signals therefrom, an electrical con 
nector 18 is provided having ?rst and second complemen 
tary interengageable portions 20 and 22 constituting parts of 
the module 10 and the base structure 8 respectively. An 
integrated service umbilical 24, for connection to a remote 
facility is connected to the second interengageable portion 
and a poWer and control pod 26 is connected to the ?rst 
interengageable portion. 

[0038] For the purpose of routing ?uid(s) aWay from the 
module 10, a ?uid connector 28 is provided including ?rst 
and second complementary interengageable portions 30 and 
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32 constituting parts of the module 10 and the base structure 
8 respectively. The second portion 32 being connected by 
one or more outlet pipes 34 to a ?oW line connection 36 
Which is in turn connected to one or more ?oW lines 38. 
Isolation valves 40 are incorporated in piping runs leading to 
the ?uid connector 28 Which can be closed When its ?rst and 
second engageable portions are to be separated. 

[0039] Fluid output from the christmas tree 12 to each 
separator 16 via separator input pipe 44 is controlled by tWo 
failsafe valves 42 and a choke valve 46. A gas output pipe 
48 from each separator 16 routes gas through a pressure 
control valve 52. The gas output pipes 48 communicate With 
a gas passageWay 56 of the ?rst portion 30 of the ?uid 
connector 28. Aliquid output pipe 54 from each separator 16 
routes liquid therefrom to a pump 50 and ?oW control valve 
53 to a liquid passageWay 58 in the ?rst portion 30 of the 
?uid connector 28. Electrical signals from various sensors 
(not shoWn) are routed to the pod 26 Which provides 
electrical signals for controlling the valves, the pumps, etc to 
control the operation of ?uid processing means 15 and in 
particular the level of the gas/liquid interfaces in the sepa 
rators 16. Signal/poWer lines betWeen the components and 
the pod 26 have been omitted for the sake of clarity. 

[0040] FIG. 2 shoWs a second system according to the 
invention in Which only one separator 16 is provided in the 
christmas tree module 60 rather than tWo. Liquid 62, gas 64, 
the liquid/gas interface 66 and interface level sensor 68 are 
shoWn in the separator 16 in FIG. 2. These features have 
been omitted from FIG. 1. 

[0041] FIG. 3 shoWs a third system according to the 
invention Which differs from that shoWn in FIG. 2 in that the 
?uid connector 28 and Wellhead connector 14 of FIG. 2 are 
replaced by a combined ?uid connector and Wellhead con 
nector 70 including a ?rst part 72 and a second part 74 
comprising parts of the christmas tree module 76 and the 
base structure 78 respectively. Such a combined connector 
70 could be employed in the system shoWn in FIG. 1. 

[0042] FIG. 4 shoWs a fourth system according to the 
invention in Which ?uid processing means 80 is provided in 
each of tWo additional retrievable modules 82 and christmas 
tree module 84 routes ?uid from the christmas tree 12 to a 
?uid connector 86 comprising ?rst and second portions 88 
and 90 forming parts of the christmas tree module 84 and the 
base structure 92 respectively. 

[0043] In each additional retrievable module 82, the-gas 
and liquid output pipes 48 and 54 and the input pipe 44-of 
the separator 16 are connected to a ?rst portion 96 of a ?uid 
connector 94. A second complementary portion 98 of each 
?uid connector forms part of the base structure 92. 

[0044] The base structure 92 includes ?uid delivery 
means, in the form of pipes 100, for conveying ?uid: from 
the Wellhead tree 12and ?uid connector 86 to the tWo 
additional modules 82 and into their separator 16; and (ii) 
from the separators 16 and ?uid connectors 94 to the ?oW 
line connection 36. 

[0045] Isolation valves 40, only some of Which are 
labelled, are provided for closure When the ?rst and second 
portions of the ?uid connectors 86 and 94 are to be sepa 
rated. 

[0046] The poWer and control pod 26 of each additional 
module 82 is connected to a supplementary electrical con 
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nector 103 Which is connected via transmission means 102, 
such as Wires in the base structure 92 to a christmas tree 
module electrical connector 104. The supplementary and 
christmas tree module electrical connectors 103 and 104 are 
similar to the electrical connectors 18. Both of the christmas 
tree module electrical connectors 104 are connected to all 
appropriate components (eg sensors, choke valves etc) in 
the christmas tree module 84 and accordingly the christmas 
tree module 84 can be controlled via or by either of the 
additional modules 82 for eXample if the other additional 
module had to be removed for any reason. 

[0047] FIG. 5 shoWs a further system according to the 
invention Which differs from that shoWn in FIG. 4 only in 
that the ?uid connector 86 and Wellhead connector 14 are 
replaced by a combined ?uid connector and Wellhead con 
nector 106 comprising ?rst and second portions 108 and 110 
constituting parts of the christmas tree module 84 and base 
structure 112 respectively. The combined connector 106 
performs the functions carried out by the ?uid connector 86 
and the Wellhead connector 14 in the system depicted in 
FIG. 4. 

[0048] Although the systems depicted in FIGS. 4 and 5 
employ tWo additional modules 82, more could be included, 
connected in a like manner, if required. 

[0049] Such systems Would also be suitable for other 
environments in Which access poses a problem; for eXample 
in sWampy areas. 

[0050] The modules may form part of the: modular system 
designed by Alpha Thames Limited of Essex, United King 
dom and named AlphaPRIME. 

1. A single Well development system comprising: 

(i) a base structure (8) through Which the Well is drilled 
and completed by means of a Wellhead (6); 

(ii) a retrievable christmas tree module (10) including a 
christmas tree (12) and connecting means (14) for 
connecting the christmas tree module to the Wellhead 
(6) so as to receive Well ?uid therefrom; and 

(iii) ?uid processing means (15) for processing ?uid 
received from the Well via the Wellhead (6) and christ 
mas tree (12) and Which is connected closely above the 
base structure (8): 

2. A system as claimed in claim 1, Wherein the christmas 
tree module (10) is primarily supported by means of its 
connection to the Wellhead 

3. A system as claimed in claim 1, Wherein the base 
structure (8) and/or the christmas tree module (10) include 
supplementary support means for the christmas tree module 
Which is independent of the Wellhead connecting means 
(14). 

4. A system as claimed in claim 1 including at least one 
additional retrievable module (82). 

5. Asystem as claimed in claim 1, including a plurality of 
additional retrievable modules (82), each of Which is con 
nectable to the retrievable module (84) containing the christ 
mas tree (12) via connection means (86,94) Whereby the 
module connection means is con?gured to enable at least 
one additional retrievable module (82) to be isolated and 
removed from the base structure Without affecting the con 
nection betWeen the christmas tree module (10) and any of 
the remaining modules of the system. 
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6. A system as claimed in claim 4, Wherein the ?uid 
processing means (15) form part of the christmas tree 
module (10) and/or one or more of the additional retrievable 
modules (82). 

7. A system as claimed in claim 6, Wherein each module 
(82,84) includes a module based part (88,96) of the module 
connection means (86,94) and the base structure includes a 
complementary base structure based part (90,98) of the 
module connecting means. 

8. A system as claimed in claim 7, Wherein the base 
structure (92) includes ?uid delivery means (100) for con 
veying ?uid ?oWing from the christmas tree module (84) to 
the base structure (92) in separate and/or parallel ?oWs to the 
at least one additional module (82). 

9. Asystem as claimed in claim 8, Wherein the retrievable 
christmas tree module (10) includes a poWer and/or control 
pod (26). 

10. A system as claimed in claim 4, Wherein at least one 
said additional retrievable module (82) includes a poWer 
and/or control pod (26). 

11. A system as claimed in claim 10, Wherein a poWer 
and/or control pod (26) in one module (82) is connected to 
control components in another module (84). 

12. A system as claimed in claim 4, Wherein the base 
structure includes electrical connection means (103) for 
conveying electrical poWer and/or control signals from one 
or more additional modules (82) to the Wellhead tree module 

(84). 
13. A system as claimed in claim 12, Wherein ?uid 

processing means (15) in one or more of the modules 
comprises one or more separators (16). 

14. Asystem as claimed in claim 13, including at least one 
?oW control valve (52,53) for controlling the ?oW through 
at least one said separator (16). 

15. A system as claimed in claim 9, Wherein the at least 
one ?oW control valve (53) are adjusted under control of said 
poWer and/or control pod (26). 

16. Asystem as claimed in claim 9, including at least one 
electrical connector (18), the or each electrical connector 
comprising ?rst and second interengageable portions (20, 
22), the ?rst interengageable portion (20) forming part of a 
said retrievable module (10) and the second interengageable 
portion (22) forming part of the base structure 

17. A system as claimed in claim 16, Wherein the ?rst 
interengageable portion (22) of the electrical connector (18) 
is connected to the poWer and/or control pod (26) in the 
appropriate module. 

18. A system s claimed in claim 16, Wherein the base 
structure second interengageable portion (22) of the electri 
cal connector (18) is connected to an integrated service 
umbilical (24). 

19. A system as claimed in claim 17, Wherein the con 
nection means includes said electrical connector (18). 

20. Asystem as claimed in claim 1, including at least one 
?uid connector (28), the or each ?uid connector comprising 
?rst and second engageable portions (30,32), the ?rst portion 
(30) forming part of one said retrievable module (10) and the 
second portion (32) forming part of the base structure 

21. A system as claimed in claim 20, Wherein the base 
structure based second engageable portion (32) of the ?uid 
connector (28) is connected to a ?oW line connection (34,36) 
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for conveying ?uid from the base structure (8) to one or 
more external ?oW lines (38). 

22. Asystern as claimed in claim 20, Wherein the engage 
able portions (30,32) each include plural passageways for 
separate ?uid ?oWs and form part of the connecting means 
(14) for connecting the christrnas tree (12) to the Wellhead 
(6) 

23. A system as claimed in claim 20, Wherein the con 
nection means (86,94) includes said ?uid connector for said 
at least one module. 

24. A system as claimed in claim 1, Wherein at least one 

said rnodule (10,82) includes at least part of the ?uid 
processing means (15). 

25. A system as claimed in claim 1, Wherein the base 
structure (8) comprise a drilling template for drilling a Well. 

26. A system as claimed claim 1, Wherein the base 
structure (8) includes means for guiding the at least one 
retrievable rnodule onto the base structure. 
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27. A system as claimed in claim 1, Wherein the base 
structure (8) has means for supporting the at least one 
retrievable module. 

28. A method of exploiting the output from a single Well, 
comprising the steps of: 

(i) installing a base structure (8); 
(ii) drilling a Well through the base structure (8); 
(iii) installing a casing string (2) in the drilled Well; 
(iv) terminating the casing string (2) With a Wellhead (6); 
(v) connecting a retrievable christrnas tree module (10) 

containing a christrnas tree (12) to the Wellhead (6) by 
means of connecting means (14) so as to receive Well 
?uid therefrom; 

(vi) providing ?uid processing means (15) connected 
closely above the base structure (8); and 

(vii) processing ?uid received from the Well via the 
Wellhead (6) and christrnas tree (12) With the process 
ing means (15). 


