26/ 02/ 2007 SUBSEA WELL PRODUCTI ON FLOW SYSTEM This invention relates to a
subsea wel | production flow systemand to a nethod of producti ongyest/ingo7
and recordi ng downhol e characteristics in a subsea well. In 5 particular,
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20 that connection point. Thirdly, the well must have sufficient energy to supply the fiuid to
the surface for the analysis to be carried out. Fourthly, a separate operation is required
to access the well.

Other situations in which it is advantageous to flow test a well are on exploration

wells, appraisal wells or early development wells to evaluate the production capabilities
25 prior to instaflation of the flow lines or for production wells where there are no means fo
flow the well individually. All of these may be situations in which there is no field into
which the fluid can be supplied. Currently, in order to flow test any of the above wells,
it is necessary to provide either a drilling vesse! or a work over vessel, together with a
riser system in which the fluids from the well can be delivered to the surface, where they
30 can be processed by a portable test séparator on the deck of the respective vessels.

' The disadvantages of the known arrangements are that the well must have
sufficient energy to flow to the surface and, as a significant number of wells will not flow
naturally to the surface, these cannot be tested. |

_ Typically, the duration of a flow test depends upon the required degree of
35 investigation, but last for at least two to three days, but could be for as long as several
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The di sadvant ages of the known arrangenents are that the well nust have

sufficient energy to flowto the surface and, as a significant mugpgb /fog7
wells will not flow naturally to the surface, these cannot be tested.
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In this way, the present invention allows the individual phases within the fluids
produced by a well to be continuously tested and analysed either subsea or at the

surface when a vessel is on the well. ‘

20 When there is sufficient field infrastructure in place to connect the well production
test system to, it wilt- allow the well bore surface intervention vessel fo depart and possibly
retumn at periodic periods over the production test duration if monitoring equipment is not
installed in the well. Alternatively, it could remain in place as an early production system.

; For subsea this avoids the need for a continuous surface intervention installation |
25 which, as described above, are costly, complex and not always suitable for all fields.

Preferably, the multi-phase flow is separated by passiﬁg the flow into a toroidal

separator. Such a toroidal separator provides a suitable separator which can be
mounted in a subsea separator package, such that the fluids can piped individually to the
surface, or can be commingled into either a nigid riser, flexible riser, or one or more flow

30 lines. If the well does not have sufficient drive on its own to the seabed, artificial lift, such
as gas lift, can assist the well to deliver the multi phase fiuid to the production flow test

system.

By providing pressure control devices on the outlets from the separator package,

the separator can be operated at below ambient seawater pressure, or below the well

35 - fluid's hydrostatic pressure at the seabed, but will therefore require one or more pumps

-2-




For subsea this avoids the need fora conti nuous surface intervention
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Examples of the present invention will now be described with reference to the
20 accompanying drawings, in which:
Fig. 1 shows a schematic side view of a stacked configuration of the present
invention with an intervention riser; '
Fig. 2 shows a schematic toroidal separator suitable for use in the present
} invention;
25 Fig. 3 is a schematic side view of the stacked configuration using a low pressure
drilling riser and a maximum well operating pressure internal riser;
Fig. 4 shows the present invention in a side-by-side arrangement but flowing up
a intervention riser;
Fig. § shows a further example of a side-by-side arrangement flow into a pipeline
30 bundle; and
Figs. 6A and B show external a:d internal caps for a spool tree for use in the
present invention.
Figure 1 shows the present invention in a stacked configuration with vertical bore
access 1o a surface vesse! using an intervention riser. An advantage of using an

35 intervention rise is that it can operate above the maximum well operations pressure. A
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may be nounted above the tree, to allow vertical access through the
separator package and into the subsea tree. Exanples of the presgnphz/2007
i nvention will now be described with reference to the 20 acconpanyl ng
drawi ngs, in which: Fig. 1 shows a schematic side view of a stacked
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t hat , Tawhen This configuration allows the surface intervention vessel to run downhole
monitoring equipment and to log the well, yet in an emergency can seal, cut, shut down
the vertical flow and disconnect the intervention riser,
A production fluid take-off 29 from the bore 15 passes through a multi-phase
valve 27 and a multi-phase choke 28 into the main bore 40 of the separator 11.

20 Fig. 2 shows a toroidal separator 11 having a main bore 40 which is provided with
exit lines 41 and 42 for heavier and lighter fluids respectively. The exit line 41 is
tangential to the bottom circumference of the bore 40 and is mounted on the lower cuter
portion of the bore. The exit line 42 for lighter fluids is mounted tangentially to the upper

b inner portion of the bore 40. The location of the outlet is, of course, dependent on the
25 actual flow which is expected to pass around the bore and therefore the location of the
connections of the exit lines can be changed without effecting the operation of the
- invention. \

The separator 11 is divided into a2 number of different interlinking areas, a gas
stabilisation section 43, a gas toroidal 44, a liquid toroidal section 45, a liquid stabilising
30 section 48, an oil separation section 47 and a solids removal section 48. The usual
~ medium would comprise a combination of sand and other solids, gaseous or liquid
hydrocarbons, and water. In this example, the multi-phase flow production enters the
~ main bore 40 through inlet 49 and is separated into wet gas, that is mainly gas but with
: entrained liquid, which exits through exit line 42, and solids, liquid hydrocarbons such as

35 oil, water and a little entrained gas which exit the bore 40 through exit line 41.
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10 operated, they can cut through the coil tubing 9 |ogging cable or wre
line within the riser and provide a single pressure nechanical 3&phat/iatm7
barri er between the pressurised production fluid and the surface. An
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through a solids choke 71. The remaining water is channelled through a water exit line |
20 72 past water sensors 73, a water isolation valve 74 and through the water choke 75.
Fig 1 shows a vertical well production test configuration to a surface vessel being
either a drilling vessel or a dedicated intervention well test vessel. This configuration can
be installed using a intervention riser 16 capable of containing the maximum wéll
: } -operating pressure by using a drilling vessel or a well test/intervention vessel.

25 Each of the exit lines from the separator Il for gas, oil, water and solids is
connected to arespective pump 76, 77, 78, 79 for delivering the separated phases to the
surface depending on the separator operating pressure. The choke line 80 can be
connected to the gas pump 76 to deliver the separated gas to the surface. The outlets
from the water 78 and solids 79 pumps are joined to deliver the water/solids, via the

30 intervention riser line 81 to the surface. The se'parated oif is delivered via oil supply line

- 82 back into the bore 15, above the upper production barrier valve 25, for delivery to the
surface.
If higher levels of separation are required, the separated phases can be admitted

'fpr further separation using a second or third separator. Alternatively, additional tubular




downst ream si de of gés sensors 52 and a gas isolation valve 53. The liquid
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the | owergmgst end of the spiral conduit 61, the sand/solids slurry,
containing some residual liquid and any sand or solids entrained in the
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75. Fig) Sguows Tzﬂallvertical V\l%y _@roduction test configuration to a surface
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choke Ii e gas punp 76 to deliver the separated
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to the syrf rated.oil is delivered via oil supply line 82 back
into theg%(??sg’%fg,gqg)gg%%??%gﬁL%%é?d‘ﬁeépcﬂﬁf?%ﬁ' barrier valve 25, for delivery
to t2@ surfaderiserlines 80, 81, 83 and 84 are shown as part of the riser but could equally
be flexible lines hung from the surface vessel and connected to the emergenéy
disconnect package 17.

Using a field support vessel with lifting capability, the test module can be

s w{.

positioned adjacent the tree and connected up, either in the stacked configuration in Figs.
25 2 and 3 or altematively and as shown in Figs. 4 and 5 in a side-by-side arrangement.
The appropriate flow lines can connect the test module to the field manifold such that,
once instalied and flowing, the field support vessel can depart.

Figs. 4 and 5 show side-by-side configurations, with the separator package 10,

emergency disconnect 17 and riser 16 mounted on a firm base, such as a pile 100, within

30 the sea bed and connected to a spool tree, in this case, a conventional spool tree 18 or
any type of subsea production tree via a bridging line 101, through which all the
necessary fluids can be caused to flow in individual lines. In this arrangement, there is,
clearly, no direct vertical access to the well. The riser can be removed as it merely
provides the means for getting the nécessary fluids to the production test vessel and,

35  subsequently, passing the separated phases from the multi-phase medium back to the
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I f higher levels of separation are required, the separated phases can be

admtted for further separation using a second or third separat®s/02/2007
Al ternatively, additional tubular -5 26/02/2007 bores can be provi de(% as

part of one or each exit line, thereby providing additional separation
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A spool tree 18 is connected and sealed to a well head 20 comprising of a
connector 121 and a spool body 122. A orientated tubing hanger 123 is supported at a
20 precise elevation in the spool body 122. A lateral production port 124 provides a path for
the weill fluid to flow to a production master valve 125, then through a production isolation
valve 126, and into a pipeline (not shown).
In the main vertical bore of the tubing hanger 123, above the lateral port 124, are
two independent closure members 130, 131. The tubing hanger is provided with its own
25 mechanical locking system to the spool body 132 and above is a second mechanical lock

et

~ system 133 providing a dual independent lockdown system.
| | Below the tubing hanger 123 from the annulus, between the tubing 12 and the
spool body 122, a lateral port 140 connects to an annulus master valve 141, an annulus
| isolation valve 142 and to an annulus pipeline (not shown). A crossover line with a
30 -crossover valve 144 provides a fluid path between the annulus and production pipework.
'An annulus workover path with an annulus workover valve 145 communicates with the
.spool body bore 150 below the top of the spool body 122. A production port 151
communicates with the spool body bore 150 between the workover port 146 and the top
~ of the tubing hanger 123. | o




once installed and flowng, the field support vessel can depart. Figs. 4
and 5 show si de-by-side configurations, with the separator pack 7 39/2007
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wel | pr oceshinleicaBsh Behiden the SiHdI §E8BABHMRS thBaepadforlfd.i N Fig 5 could also
be used in the Fig 1 configuration direct connected to the spool tree 18.
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connector 121 and a spool body 122. A orientated tubing hanger 123 is

supported at a




20 precise elevation in the spool body 122. A lateral production port 124
provides a path for the well fluid to flow to a production masterg¥@byepo7
125, then through a production isolation valve 126, and into a pipeline
(not shown). In the main vertical bore of the tubing hanger 123, above the
| ateral port 124, are two independent closure nenbers 130, 131. The tubing
hanger is provided with its owm 25 nechanical |ocking systemto the spool
body 132 and above is a second nechanical |ock system 133 providing a dual
i ndependent | ockdown system Bel ow t k&AMfbi ng hanger 123 from the annul us,
bet ween the tubjpg, 9. Qm%he spool body 122, a lateral port 140 connects
to an annulus naster valve~141, an annulus isolation valve 142 and to an
annul us pi pel i n&SRAIPPI%YMF boratheresaglier 1ine with a 30 crossover valve
144 pro¥i des a 4 firstiptbspaé Bolkxy WeBE chlpS:dan sl $p5olbg) dnE OgHmsHd toRolRiepewor k. An
annul us wor kov ) I lve .1 Inicates with
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151. The tree cappddrin fuidsitiesicaion alitadaidiial take@fffdn@ Spool body bore 150 and
a internal cap ; | Leati or A r kover
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connect or & & ACSYWHIBIHAPIcS P RIFgdIPE R sinilar to the tree cap 160 that
al-fows vertical independent production and annulus communi cation between

t he spgol +Aree e . ' the use of a
interﬁgl ﬁfee giga%%%C%ngﬁrg@i@ﬁ%ﬁ%&%@g?@ggéﬁ$§§e§q%M?nternal bore of the
spool body 122. The internal tree cap 170 has a producti on/annul us

i sol ati on3seal Thesyseanf tihia pweticisidrppobi colpiliseaptledshencanbivd yspapdrt 146. I n
this arrangenent, the spool tree will provide doubl e nechanical pressure

isolation of the well bore with or without the tree caps 160, 170 in place
and when t4he The system of claim 3, wherein said at least one toroidal separator is mounted around :

20 said spool body.
5. The system of claim 1, wherein said second pressure isolating barrier is a flexible seal.
6. The system of claim 5, wherein said second pressure isolating barrier is an annular seal.
25
( 7. The system of claim 6, where said annular seal is integrated into said spool body:.
o}
8. The system of claim 1, further comprising a wellbore in fluid communication with said
bore.
30
9. The system of claim 8 wherein said wellbore is substantially vertically aligned with said
bore.
10. The system of claim 1, wherein said first pressure isolating barrier is operabie to isolate
35 - pressure within the bore from pressure below said first pressure isclating barrier when a

tubul_ar sfring is disposed within the bore.




separator 10 is connected 15 When direct well access is required, the
closure nenbers 130, 131 have to be opened.or renoved and the V%E@ZMO?
ram barriers in the separator 10 will bécone the prine isolation barriers.
26/ 02/ 2007 CLAIMS 1. A system conprising: a spool body having a bore
therethrough; 5 a first pressure isolating barrier coupled to said spool
body and operable to isolate pressure within the bore from pressure bel ow
said first pressure isolating barrier; an second pressure isolating barrier
coupl ed to 15-ai d TR5Eem BhRIM dnfrtsp erpgpies 3tépaptone srneor op eadli e RIFEIH A t he
bore from pressuutetsaliewd sl dnweconchepbie3sdute@ming teadmotrg abdduziitgsf, a fl ui d
taking off in fluigsGRTIRLILG #ewdl W th the bore between said first pressure
isolating 10 barrier and said second pressure isolating barrier; a
separator in fluid communication with said fluid take off; and a plurality
of outl &t s 18i spOwegsten obddind 1 Jeper atrprisingrleweririser @ackhgeobmeabig cplpedad ity of
outlets has a prRpss|beyCBHN Bl Ml fiEshRURIAE dhigLeto. 15 2. The system of
claim1l1, wherein said spool body is a full bore spool. 3. The system of
claim1l1, wherein said separator conprises at |east one toroidal separator.
4. The sysfi®m ofheghdé¢mpfIjaimhorheicn ssdifict pressiedstatigtereos airatalsolsiopar at or i s
mount ed around p2Rhqs MedraRRGRb sOMol bBay. The system of claim 1, wherein said
second, pressure isolating barrier is a flexible seal. 6. The system of
claimb5, wherein said second pressure isolating barrier is an annul ar seal.
25 7. The %yst etipaystan efickaint]. wikreineadeaf thephrality af owdleta from sheisppaegiorad ed i nt o
sai d spool bodyeonddcted RBIoHYivdsGATA -eQiEtﬁ.g@bbLea htdst-D&breconpri sing a wel l bore in
fluid communi cation with said bore. 30 9. The system of claim8 wherein
sai‘d wel | bore is substantially vertically aligned with said bore.

15. The system of claim 1, wherein each of the plurality of outlets from the separator is

15 connected to individual flow lines to the surface.
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10. The systemof claim1l, wherein said first pressure isolating barrier is
operable to isolate 35 pressure within the bore from pressure lpg09293i0h7
first pressure isolating barrier when a tubular string is disposed wthin
the bore. 9 26/02/2007 it. The systemof claim1l, further conprising at

| east one sAgsTRACTON each of said pluraliity of outlets, wherein said sensors
are operable to determ ne the anbunt and quality of products produced by
the wel | . SHBEEA WReLsyROBncoforc|miow Isysfremt her conprising a | ower riser
package renovab I [e

i sol ating devi céxn%gw?ﬁgowﬁéegnu%e%w&‘ 'ﬁPW\ﬁgﬁ%ﬁ{ﬁ %Q?%E‘?&gﬂgeﬁbgggéu%r e

i sol at i ng HBapypryings autaphasomedion frgrackagese iteegtited rembmab;lalsdpa]atml
body. Y% i of the plural

out et & 1 Packdde 2L SLESEBho th8 'k pnRE Bl Il B piolé pResE Pl fsiren
subsea i nfpmsssture&;tthe preskbiresTbeing yshtzaileaf by bae on rhpref\blezfsemr@ coPEo| oéwdéaeﬂ
pIuraIity connected to | di vi dual flow

lines to 72U?$aoefgr8gkgge X a“%%%%ﬁh%%Eif OBRABIEPREIPHR: é ERNd A

met hod of aﬁhlgmnggea:rsubwonaldr hérePpiiadeded. det8fniAB tthe GneUMrdriP§ualitg oSt eps .
of : supplzln mul ti-phase medium froma subsea tree 18 to a renovabl e

separ at or dyge %3¢ Welng the nulti-phase flow into one or nore
phases at the deS|red pressures, the pressures being controlled by one or
nore pressure control devices 51, 67, 71, 75, 76, 77, 78, 79 on one or
nore outlets fromthe separator package 10; and anal ysing each of the one
or nore phases to determ ne the anount and quality of products produced by
the well.
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