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Field of the Invention This invention relates generally to
subsea wel | equi pnment and. nmethods. In particul ar the invention

rel ates to apmaralopsz and net hods for conttrolling subsea 1Q ' s tree
functions during workover operations. 1 Descriytion ogﬁ'ﬁ%d/%%diggr Art

The conventional nethod of controlling underwater (subsea) tree functions
has been through a connection nethod froma renote hydraulic or

el ectrical/hydraulic 15 source acting via a control or unbilical |ine and
an interface plate(s). These interface pl at es have been di sconnect ed
and reconnected in various ways to switch renote WO 00/ 01922
- 2- PCT/ US99/ 14906

FOR: FLYING LEAD WORKOVER INTERFACE SYSTEM

BACKGROUND OF THE INVENTION

Reference to Prior Application
This application claims’priority from Provisional Application 60/091,560 filed

5 July2, 1998.

Field of the Invention
This invention relates generally to subsea well equipment and methods. In
patticular the invention relates to apparatus and methods for controlling subsea

10  christmas tree functions during workover operations.

Description of the Prior Art

The conventional method of controlling underwater (subsea) tree fanctions has
been through a connection method from a remote hydraulic or electrical/hydraulic
15 source acting via a control or umbilical line and an interface plate(s). These interface

plates have been disconnected and recomnmected in various ways to switch remote



operation froma production (or "host™) facility to a vessel overhead

duri ng equi pnent instal lation and | ater workover (well

i ntervention). wyaﬁ’/uﬁfzy to the interfaces is that ‘when in the

wor kover node, the production node of operza\tlon is | ocked oORET/USHN@4%DHy
preventing acci dental operation by outside sources when critical control of

the well 1is 5 reqw red by the overhead vessel. Fi gures 1A - 1D
illustrate comon,. ctlce hi eve .t hi ci.al

requi rement operat n %ﬁ%%&ﬁ%‘f’%‘?’ %‘”ﬁ%ﬁ%‘ﬁ ¢} overl edd durinig eqUHPIERte
1A and 1B ill trate that _for al | ow dept hs

di sconnect/re E@G’&a Jatr; Workowsr (M Sﬂ Intervention pI eek°Y2 a@eﬂﬁﬁe(gﬁﬁs 16 that
shal | ow wat er tree 4 as shown in Figure 1A, The shall ow water tree 4
i s secured bywihenirs thefwarkover modepthequroductias ntode af wpératiemis lbdkedhouththescby
secured to the seabed 16 A tree cap 18 cl oses the top of the tree 4.
A convent i onagr {dentdl éperatian'byCouteide Sludded wizh ChitiEATRREEE of the welrﬂae
production hydraulic urrbl i caI 6 fromthe host renote production

Pyar aal i c 5 HedusgRbl WRCovieR bier; iR S2 B b, gma%ea%hc?%&?%ﬂﬂ@% he
shallow water ! o achie vgtﬂllls 2rutc1af requirement.

Prior Shallow Water Arrangements

Figures 1A and 1B illustrate that for shallow water depths,

10  disconnect/reconnect operations employ a “stab plate” 2 as part of the shallow water

tree 4 as shown in Figure 1A. The shallow water tree 4 is secured by means of a

connector 16 to a wellhead 14 which is secured to the seabed 16. A tfree cap 18 closes

the top of the tree 4. A conventional stab plate 2 is a junction plate which connects

the production hydraulic umbilical 6 from the host remote production

15 platform/production tree 8 to the shallow water tree 4. In other words, hydraulic

power is directed to each of the valve actuators 10 of the shallow water tree 4 via the

- hydraulic lines of the hydraulic umbilical 6 via the conventional stab plate 2
connection. |

When waorkover operations are required, as Figure 1B illustrates, the

20 production hydraulic umbilical 6 .is removed (e.g., by a diver) and parked at a seabed

parking platé 12. The shallow water tree cap 18 is removed, parked on the seabed 16,

and a workover vessel 20 with a riser 22 and workover equipment is attached to the



- hydraulic lines of the hydraulic unbilical 6 via the conventional stab

pl ate 2 connection. When wor kover operations are
required, as Rygy§kionmB i1l ustrates, the 20 production hydraulic unbilical
6 is removed (e.g., Dy a diver) and parkeg.at a seabed’ PCHUSRAHS pl at e

12. The shallow water tree cap 18 is renoved, parked on the seabed 16,
and a workover vessel 20 with a riser 22 and workover equi pnent is attached

to the . - . .
PCT/ US99/ 1 490%0;1 of the YRIRY R4l free 4. A workover production umbilical 24 g_plugged mmt op

Tnto o o ey B rroraFiE A o sab i 2 (e 3Fae! of Geumes Spfioldlcc,

20 assumes control of t he hydraulic actuators 10 of the shall ow water
tree 4. the hydranlic actuators 10 of the shallow water tree 4.

S  Prior Deep Water Arrangements

Figures 1C and 1D illustrate prior art transfer of control from a
platform/production tree 80 to a workover vessel 200 for workover operations. A
wellhead 140 and tree master block 40 extend from seabed 16. Figure 1C illustrates
that a tree control pod 30 is placed adjacent a tree manifold 42 which is placed above

10  the tree master valve block 40. A hydraulic production umbilical 6° is connected
between the tree control pod 30 and the platform/production tree 80. Control over the
flow of each hydraulic line of umbilical 6’ is by means of an electrical control system
in the tree control pod 30. Control signals are transmitted from host
plétfonnlproduction free 80 via electrical umbilical 62. Each hydraulic line is

15 comnected in the tree manifold 42 by means of “U-loop” lines 46 in the tree cap 180.

Figure 1D illustrates a prior art or “conventional” deep water workover

. opeﬁtion. The tree cap 180 of Figure 1C is removed (with its “U loop™ routing paths)
from the tree manifold 42, thereby removing all control of valve actuators 100 from
the host remote production/platform tree 80. A completion riser free running tool 44

20 replaces the tree cap 180. Conventionally, a Lower Marine Riser Package (LMRP) 47

is secured to the top of running tool 44 and an Emergency Disconnect Package (EDP)

48 is secured to the top of the LMRD. A workover umbilical 240 is provided from the



5 Prior Deep Water Arrangenents Figures 1C and 1D illustrate

prior art transfer of control froma pl at.f or mf production tree 80 to a
wor kover vessi%)&%? %or wor kover operations. A wel | head 140 and tree
mast er bl ock St BAd from seabed 16. Figure 1C il ustrat #&T/USI14906hat a

tree control pod 30 is placed adjacent a tree manifold 42 which is placed

above the tree master valve block 40. A hydraul I ¢ production unbilical
6' is connec e 1. t

pl at f or n pr oh‘g %‘H‘W%g&%% tk Hindihd g’\?gr%t he °&8Y%\rfb%8¥£§8%h“‘??yﬁl‘éu| i c
line of unbilical 6 is b s_.of a trlcal control system I n
the tree contm%mge "y"n ‘BT“@Y& m%ﬁgﬁﬁ?ltg@d SOMC $a§e% an

platforn production tree 80 via electrical unbilical 62. Each hydraulic
line is 15 additional eltciro-hydraulic contrelnpod| W 42 the mnEnmfgennlexspomeches ‘

46 in the tree cap 180. Figure IDillustrates a prior art or
conventionaIPacla&gems\&@pﬁMdaEIfMtrolofhydmlieaatmt@ﬂconwwhee cap 180 of
Figure 1Cis renmoved (wWith its UIoop routing paths) fromthe tree

mani fol d 42, ther ﬁ%r ﬂl%r@%ﬂn Bﬁgili% V, ﬁ'mﬁﬁn% o)
t he host rermte pro u{clﬁ oéi}p at ormtree the fi‘ée e ﬂgélléflgérg&to?éedémd
unni ng 1001 e 0al SHAAERSEOR ol P 18 L bk L

Marine Ri ser
control over the tree valve actuators 100 is assumed again by the remote host facility
80 (that is, by the platform/production tree 80). In other words, the “U-loops” 46
which communicate with the tree control pod 30 are again in place and provide
10 control paths for hydraulic fluid to all valve actuators 100 of the tree 40.

To date, the “U-loop” tree cap 46 arrangement and method has been
acceptable. However, the “U-loop” tree cap arrangement and method requires twice
the mumber of porting connections for every subsea tree function. Ancillary
technology functions (e.g., chemical injection, multiple zone completion - “smart

15 well”, etc.) are requiring more and more functions through the top of the tree (which
requires doubled of the parting commections by the “U-loop” configuration).
- Pacliaging constraints, the degradation of reliability (becanse of the excessive number
of ports, check valves, and leak paths) and manufacturing costs associated with
assembling and testing the increasing number of lines makes the “U-loop”

20 configuration more and more impractical,

Workover control systems have traditionally been entirely hydraulic, but they

have been replaced recently with electro-hydraulic systems as the subsea oil and gas



IS secured to the top of running tool 44 and an Energency Di sconnect
Package ( EDP) 48 is secured to the top of the LMRD. A workover

unbi | i cal 240Wp4goe22vi ded fromt he WO 00/ 01992rus99/14906

PCT/ US99/ 14906 wor kover vessel 208 to the runni ng tool 44. During
wor-kover operations, tree valve actuators 100 are controlled directly
fromthe workover vessel 200. In sone cases, an addi tjonal

el ect r o- hydrindustey hnsbeem progaeing drogn desper andsdseper watse 3o Deem well depths
Package 48 is provided for control of hydraulic actuator control paths. 5
After the weintrense the \sixetdndreostsoff hydralietontroklinase Reelsrfor the hydsaulic; congrol

renoved and the tree cap 180 is replaced as in Figure IC. Wth the

tree cap 18%%5&:%@‘1% to handle G/ R respofise tibes g%% e sdbiseptees 100

I s assuned agal y the remote host facility is, by the

pl atorm pro ctior%ﬁtfee 80).. In other words, the "U | oops" 46 whi ch
comuni cat e YWPREHPR'PEee control pod 30 are again in place and provide

5

Identification Of Objects Of The Invention

~ A primary object of the invention is to provide a deep water workover interface
system which reduces costs associated with the “U-loop” tree caps of prior art deep
water vertical production trees.
10 Another object of the invention is to increase the control fanctions availah1’e in
a new workover interface arrangement for a sub;ca tree.

Another object of the invention is to improve the reliability of a deep water
workover interface arrangement by (1) providing a functioning subsea control pod
prior to demobilizing the host control, (2) eliminating potential hydraulic leak paths

15 inherent in the current “U-loop” tree cap arrangement and (3) improving hydrautic
testing characteristics of the arrangement during FAT/SIT and offshore testing time.
- Another object of the invention is to reduce rig time required of current
~ operations by eliminating a drill pipe trip to install the tree cap after workover
operations are complete and production operations are to begin again.

20



10 control paths for hydraulic fluid to all valve actuators 100 of the
tree 40. _ To date, the "U- |l oop" tree cap 46 arrangenent and
met hod has beewo o922 accept abl e. However, the "U-| oop" tree ca
arrangenent and nethod requires twice 6 the nunber of pbTrYVig4%6
connections for every subsea tree function. Ancillary t echnol ogy
functions (e.g., chemcal injection, nmultiple zone conpletion - "smart 15

wel I", etc.) are requiring Ree N\OF TP DRAWINGS t he top of the
tree (which r equi re%%mmns by the

"U-| oop" confi gurakion).. ackagi,n onstral nt.s. t.he d adat i on_of
reliability (beca% 8 Jc‘f’tﬁea%%géﬁ’\/ﬂ‘dn%’é?s of the ub‘fmbg?t‘gﬁlgi?ﬁ@&e %ﬁq’ es,
and | eak paths) and manufacturing costs associated wt assenbl i ng

h
and testing taRparest by xeference dorithy depwings whichwre: appended heretqyand wherpin like

configuration nore and nore inpractical . Wor kover contr ol
syst ens have tumeralsiindiedte Jikdbpats andtwheedin ah jithstrativecemtindimentaf the inventioaie _
been replaced recently with el ectro-hydraulic systens as the subsea oil and
gas 5 shown, of which:
Figures 1A and 1B illustrate shallow water production and workover
arrangements by which a production hydraulic umbilical is disconnected from a stab
plate receptacle and is parked prior to workover operations with a workover hydraulic
umbilical connected to the stab plate receptacle;

10 Figures 1C and 1D illustrate deep water production and workover arrangements
where a “U-looped” tree cap provides a flow path for each hydraulic lead from a tree
control pod to valve actuators and other devices in the tree and such flow paths are
disconnected from the tree control pod by removal of the tree cap and replacement of
same with a completion riser running tool which provides flow paths from a workover

15 vessel hydraulic umbilical to valve actuators of the tree;

Figures 2A and 2B illustrate an entirely hydraulic contro] embodiment of the
invention for despwater production and workover operations;

Figures 3A, 3B and 3C illustrate an electro-hydraulic control embodiment of
the invention for production and workover operations with Figures 3B and 3C
20 illustrating altemative “flying lead” arrangements during workover operations;

Figures 4A and 4B illustrate a preferred embodiment of a flying lead

connection arrangement during workover operations; and
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i ndustry has duci ng from deeper and deeper water d p well
dept hs Pﬁ@@ggég the size and cost of. hydraulic contrgﬁﬁﬂﬁwggggReels
for the hydraulic control | i nes beconme too |arge to handl e and/ or
response tinmes to operate the subsea tree becone too | ong.

Identification Of t TillGsthdi £ 'Q&dman%e ents for/ Hriz0ReY claiNnfad  of
the invention is p?gflla’d@dg eep wa?ﬁelrg wor kov rmi nt erface system
whi ch reduces cqst.s assqcjated wmth t "Ll oop", tree caps of prior art

deep wd%eg ﬁ@@?ﬁ%&}m@?ﬁ%ﬂr‘f‘w pverfgodeg. Anot her obj ect of

the invention is to increase the control functions available in anew
wor kover interface arrangenent for a subsea tree. Anot her
object of the invention is to inprove the reliability of a deep water
wor kover interface arrangeneSUMMARN OFTHEINYENTIONt i oni ng subsea
control pod s

5 The objects described above, as well as other advantages and features of the

invention are provided with alternative arrangements which replace the prior art “U-

loop” plumbing method for deep water wells. A first embodiment provides hydraulic

control; an alternative embodiment provides electro-hydraulic control.  Both

embodiments are operationally manipulated subsea by (Remotely Operated Vel}icle)

10 ROV flying leads which accomplish hand-off tasks between production and workover
configurations by disconnecting and reconnecting control lines.

The choice between electro-hydraulic control and hydraulic control depends on

the offset distance between the subsea tree and the remote host facility, and the

complexity and number of functions and monitor sensors which are to be controlled in

15 the subsea well.

DESCRIPTION OF THE INVENTION

Hydraulic Control Embodiment
20 Figures 2A and 2B illustrate a hydraulic embodiment of the invention where a

subsea tree 40’ is equipped for hydraulic control to operate the tree in the production

mode. As distinguished from the prior art shallow water embodiment of Figures 1A



prior to denpbilizing the host control, (2) elimnating potenti al hydraul'i C
| eak paths 15 inherent in the current "U | oop" tree cap arrangenent and

(3) inprovi ngfpgg({é!ﬁ%i Cc testing characteristics of the arrangenent-
uring Orfsnhore testing tine. not 0]
duri FAT/ SI fsh [ [ 8 AnotIaTUSS9148¢6  of

the invention is to reduce rig time required of current operations by
elimnating a drill pipe trip to install the tree cap after workover

oper ati ons ar g, LML ehCafiitheRf Sl YA SOGHRL b RV 36 pidte 9660 Bod 3 & the 2°

WD 00/ 01922

PCT/ US99/ 1490 , : : -G .
BRI EF DESCRI P%W s PR AVR g workover operations begin, the;treecap ’gdesapﬂfﬁﬁbgl} and

features of the invention will becone nore apparent by reference to
t he drawi ngs Seabesh1G rand saisen @2 0andcancEmergatcyBiscennect Package 180 areuruartalthe
indicate like parts and wherein an illustrative enbodi ment of the invention
I'S top of tree 40’ and secured thereto. The EDP 180 includes a parking plate 182 to
5 which “flying lead” workover hydraulic umbilical is parked during running
operations. The coupling 181 at the end of umbilical 24' is “parked” on plate 182.
When transfer of control from the production mode of Figure 2A to the workover
mode of Figure 2B is achieved, the hydraulic supply umbilical 160 is disconnected
from the ROV stab plate 2000 by an ROV and is stabbed into a parking plate 12’ with
10 the ROV. The flying lead 24’ having a stabbing plug 18' at its end, is then stabbed by
means of a ROV into stab plate 2000. Hydraulic supply, and control, now is from the
workover “flying lead” 24'.
To put the tree back in the production mode, the workover flying lead 24’ of
Figure 2B is disconnected from stab plate 2000 of the tree 40’ and parked onto parking
15 plate 182 disposed on the riser emergency disconnect package (EDP). The riser 22" is
retrieved and the tree cap 18’ is reinstalled (See Figure 2A). The production hydraulic
_ umbilical 160" is moved from the parking plate 12’ and is reconnected by means of a
ROV to the ROV stab plate 2000. The riser 22’ and EDP 180 are removed, and tree

cap 18’ is reinstalled atop tree 40’ to again achieve the production arrangement of

20 Figure2A.



5 shown, of which; Figures 1A and 1B illustrate shall ow water
production and wor kover arrangenents by which a production hydraulic
unbilical is dygeppegcted froma stab plate receptacle _and is gar ked
prior to workover opérations with a workower hydraulic PCTHs P 4908y
connected to the stab plate receptacle; 10 Figures 1C and 1D
Illustrate deep water production and workover arrangenents where a
"U | ooped" tr lid€snérol ERWolRthéht ©F €ach hydraulic lead froma
tree COWO—VHF'W and other devices in the tree and
such flow paths a

of the tree cap a:@qeeiﬂbﬁ?g%% rég_}ecp%eeéiwfiélmg %@%ﬁ@@%&h gﬁéj F‘?%B‘F‘%D val

runni ng tool which provides flow paths froma workqver, 15 vessel

hydraul i ¢ unbthei sshsea; teeyin the p modeyfit may be used during the well intgryention 2
and 2B illustrate an entirely hydraulic control enbodi nent of the

i nvention formddepsowell Pigacku3Aishows hiatvemtput \lines droax attrezneontrol pod 300 are
Figures 3A, 3B and 3Cillustrate an el ectro-hydraulic control enbodi nent of

the invents ongdpected @ffedly 16 Vaive dctiBlolO 1000 ciedc400qatheihiah t6a Hkeeap TPldpd 3C
as shown in Figure 1C. However to transfer control, the umbilical lines 60, 62'
leading to the pod 300 from the remote facility must be disconnected and re-connected
with control lines from the surface vessel. Figure 3B shows the operations and
arrangement. A completion riser 52’ extends from vessel 200 to an Emergency
10 Disconnect Package 48’ and Lower Marine Riser Package 46 with a tree running tool
44 comnnected to the top of the tree 400 after tree cap 180" has been removed. Two
flying lead connection operations are requited: (1) 2 hydraulic supply umbilical 376 is
made up to the subsea tree’s umbilical hydraulic flying lead junction plate 377, and
(2) an electrical cable umbilical 378 is connected to the pod 300 at the junction 380.
15  The hydraulic 60 and electrical 62 umbilicals from host 80 are parked, by means of
ROV operations to a seabed 160 parking module 330 at plates 332, 334. Now, the
hydraulic supply during workover operations comes through a workover flying lead
umbilical 376 connected to an umbilical H via riser 52’ from the surface and workover
electrical conlrél signals come through an electrical flying lead 378 connected to an
20 electrical umbilical E via riser 52’, The rig takes both electrical and hydraulic control
over the tree as distingnished from the conventional method (as illustrated in Figure

1D) of breaking only the hydraulic power source.



20 illustrating alternative "flying | ead" arrangenents during workover
oper ati ons; Figures 4A and 4B illustrate a preferred enbodi nent

of a flying | connecti on arrangenent during workover operations;
and Gi’(’;‘(g""(ﬂb"zﬁ)OI 01922 | 7 PCT/US99/14906

PCT/ US99/ 14906 Figures 5, 61,o and 7 illustrate flying | ead
arrangenents for a horizontal christnas tree during installation,
production and workover, des. . . MVARY OF THE
| NVENTI ON 5 3CoHoRE. & variation; of the Aggnesment of Figurg 3B i prodkovet
advant ages and features of the i nvention are provided with

al ternative 0RCEH§BHents which replace the prior art "U | oop"

pl unbi ng nethod for deep water wells. A first enbodi nment provides hydraulic

conthr ol ; an alt er ffithe hydeniiodinbilival 60 is/madesue tocthe tree APO) it \Wah Gtayosonnedted
o to the subsea tree 400 via pod 300 in order to provide hydraulic source of hydraulic
5 pressure to power the tree’s functions. The only connection changed is the electrical

cable connection (as described by reference to Figure 3B) to transfer the actual control

of the pod (and the tree) to the surface vessel. This arrangement disturbs less

hydranlic lines (connections, check valves, ports, etc,) thereby improving reliability

and reducing connection times.

10
Benefits of the Arrangements of Figures 2A, 2B, and 3A, 3B, and 3C
The key features of the flying lead workover interface system embodiments
described above are:
(1) Access to electrical feedback equipment (e.g, DHPT,
15 SCRAMS and Tree P/T  transducers) during
installation/workover;
(20 Reduces stack-up height of tree by eliminating tree manifold;
20 . ‘ (3)  Reduces the number of hydraulic circuit tests during FAT/SIT
and prior to offshore installation,
(4) No new techmology required because flexible hose is
available for up to 13 lines (limited to about 4000' water
25 depth on 0 psi vented lines);

(5) Requires control pod to be function tested during workover;

(6) There are no “looped functions” Ieft untested after
30 installation; '



enbodi nents are oper'at i onal | y mani pul at ed subsea by (Renotely Operated
Vehicle) 10 ROV flying |eads which acconplish hand-off tasks between

producti on angyg\flekByer configurations by di sconnect iﬂnﬁ%ww
reconnecting control |ines. ) The choi ce between .
el ectro-hydraulic control and hydraulic control depends on t he of fset

di stance between the subsea tree and the renpte host facility, and the
conpl exity and nunber of functions and nonitor sensors which are to be

controlled in 15.he : i i d$PESCRI PTI ON
o THE | RYENT! o P ROV ?eﬂs@mﬁg de%%%g@%ﬁ%ﬁc Pying leads™=>r ires
oA and 2B illustrate al¥PRJHeERHCL OISRy he Pnventi on where a

subsea tree 40" is equi pped for hydraulic control indoperate the tree in
the production (8) nBequireadismrbing thei _ma!rdm&_ (FORBECHON; O 15| | ow
wat er enbodi nent of Fi contret pbd during a wireline intervention as opposed to

disturbing 36 hydraulic couplings.
The key benefits of the arrangements of the invention are:
10
(1) Reduces hardware costs.
(2) Increases fmctions of workover interface capacity.
15 (3) Improves reliability by providing:
(a) functioning control pod subsea prior to
demobilizing;
(b) eliminates potential hydraulic leak paths; and
(c) improves FAT/SIT and offshore testing time.
20
(4) Reduces rig time by climinating drill pipe trip to install
tree cap.
Detailed Description of Hydraulic Flying Lead Control
25 Figures 4A and 4B illustrate a preferred embodiment of the flying lead

arrangement of Figure 3B. At the vessel 200, electrical and hydraulic umbilicals E, H
extend via riser 52 to Emergency Disconnect Package 46. At the vessel an umbilical
hydraulic reel 700 spools hydrautic umbilical H to the riser 52'. A hydrautic power
unit 702 supplies hydraulic power to each line in the umbilical H via connection at
30 hydraulic reel ;700. Two electrical cable reels 704, 706 spool electrical cable

umbilicals to the riser 52'. The two electrical cable umbilicals, collectively labeled E,

have two branches, one being the electrical flying lead 378 corresponding to the

illustration of Figures 3B, 3C, and a second designated by reference numeral 379 to a



WO 00/ 01922 : 8-

PCT/ US99/ 14906 and 1B, -the arrangenent of Figure 2A provides a ROV
stab plate 200, ?j‘ﬁi ,ed to the deep water tree 40'. Wen. wor kover
oper at i ons begl n € tree cap 18 is parjed on seabeRCTHESHHINE o

riser 22' and an Energency Di sconnect Package 180 are run to the top
of tree 40" and secured thereto. The EDP 180 includes a parking plate 182

unning C“ﬂ%"‘p?ﬁ’ﬂ%ﬁ?‘*’s‘ﬁ%ﬁ‘éﬁ%%ﬁ“ Hhf o1l bk ool Bl 99 )
mbde of Fi qur BAed R eSO L e a”?rfﬁmi%f?’%ié”" wsliceliah 880 The

hydraul i c supply unbilical 160 is disconnected from t he ROV stab
plate 2000 by an Fw riseticontrol podB8H plared im thekmergenay Riscormect Package 4@ is t he
ROV. The flying |lead 24" having a stabbing plug 18 at its end, is then

st abbed by aconuﬁamnfwmrﬁéﬂmmhydrmwahﬂsatfexymﬁc lid;dlhafelwn&umw and
control, nowis fromthe wor kover "flying | ead" 24’

5 electrical actnators by means of contro! signals of electrical leads 379. The output

hydraulic leads 383 from control pod 381 and other non-controlled leads 385 are
| combined at connector 387 to produce the hydraulic flying lead 376 of Figure 3B.
The electrical flying lead 378 is connected to plate 380 of control pod 300 during the
workover mode. The hydraulic flying lead 376 is connected to plate 377 of the tree
10  control pod 300 during workover operations. The tree control pod 300 controls
hydraulic signals by means of electrically controlled actuators via electrical leads 378
while other leads 387, 389, 391 from plate 377 of the tree control pod are provided for

tree workover function, chemical supply and annulus service.
Figure 4B is an elevational view of a subsea tree 400 with a tree control pod
15 300. Plate 377 provides a connection port by which a ROV can attach hydraulic

umbilical 376 to tree control pod 300.

Flying Lead Workover Control For Horizontal Trees
The description above specifies an arrangement and method for controlling 2

20 conventional, that is a vertical christmas tree, for deep water wells during changeover
from production to workover operations. A descrption of flying lead control

according to the invention of a horizontal tree is presented below.



To put the tree back in the production node, the workover.flyi ng | ead 24

of - Figure 2B is disconnected fromstab plate 2000 of the tree 40" and
par ked ‘ont 0 paw&biaezz15 pl ate 182 di sposed on the riser e % :
di sconnect package (EDP). The riser 22' i-$- retrieved and the tree cap

18" is reinstalled (See Figure 2A). The production hydraulic
unbilical 160" is noved fromthe parking plate 12' and is reconnected by

means of a  Workfédfd CéntirdlsSykeh OVOTS) Itafai@00. The ri ser 22' and EDP 180
are renoved, an ree cap 18" 1s reinstalled atop tree 40" to again

hi th d ' .
88/ 6%‘292 € producy ks LoRRIEYstedl (WAEDS) et ‘?@%onﬁgured to °°B&Frl}‘{?@q§’}‘k4906

cqui ppod i t RELRGE STEBPHSFPY AFTH, OF Jifert hvfablic Gopfger Gfons - disbiied
Figures 5, 6, and 7. The WOCS configuration for installing the tree body is shown in
5 Figure 5. This configuration is appropriate for both direct and E/H coﬁtrolled tree
options. In Figure 5, a horizontal christmas tree (HXT) 500 is connected to a
wellhead 14 at the seabed 16. A horizontal christmas tree running tool 502 secured to
drill pipe 504 runs the horizontal christmas tree 500 to wellbed 14. Hydraunlic 506 and
electrical 508 umbilicals run from vessel 200’ to a junction box and electrical parking

10 module 510. During installation of the horizontal christmas tree 500, a hydraulic
flying lead 512 runs from junction box 510, via umbilical shear plate 514 to the -
WOCS Module Quick Connect (MQC) 516 of the horizontal christmas tree 500. A
production plug receptacle, PROD MQC 518 is also provided on the horizontal
christmas tree 500.

15 During the tubing hanging and well completion work (when BOP is attached) a
ROV flying lead approach is used, as depicted in Figures 6 and 7, respectively. The
difference between the arrangements of Figures 5 and 6 depends on whether or not the
subsea control pod (SCM) 3000 of Figure 6 is present.

Prior hoﬁzontal tree arrangements used divers to connect workover umbilical

20  or stab plates mounted to the BOP’s modified frame to effect the needed control of

valves and functions on the tree. This cumbersome approach had to take the place of

completion risers and umbilical connections which easily accessed the top of a



the subsea tree in the production node, it nmay be used during the well

I ntervention node as vveI | . Figure 3A shows that output lines froma
tree control oﬁ)g%zare connected directly to val ve actuators 1000 on
tree 400 rat he ! to a tree cap U | oop4. as shown i FOEUSRHI490¢ C,

However to transfer control, the unbilical lines 60, 62 | eading to
the pod 300 fromthe renpote facility nust be disconnected and re-connect ed

wi th control C G ke i ons
and ar réangerre Hi corrp#{&e?o(ﬁ %ll se?fg’gf ten S frgyr?vfgggeerﬁggg‘géto an

Emergency 1 Di sconnect, Package, 48' and e Riser e A6

W th et e rAGR BAE Ggb o Rorisonial fien SRR fatibs Boedhidr (5 <opsSoYRe Aneibta e

after tree cap 180" has been renpoved. Two flying | ead connection

oper ati ons arayoveappreaslis aken.a hydraul i ¢ supply unbilical 376 is made
up to the subsea tree's unbilical hydraulic flying | ead junction plate 377,
and (2) an Byeaditig ROV ciiyihge leaiduimbilival ddhectionsp rthe taskd of @stablishixgd 300

at the junction 380. 15 The hydraul ic 60 and electrical 62 unmbilicals

from host &8 v@&rggge?ﬂtﬁﬂglilat )is TR 8fand sim sNo%vhﬂ%@\/ TREBAPI 20Sddes n%t feR0Rtel 60

par ki ng nodul 334. hydraul 1 c supply
O T S OLS REER 2140 B G U5 TS el PR S o 0 o

and workover main body of the BOP as illustrated in Figures 6 and 7. The main umbilical section

can be run with the BOP’s LMRP 522 on marine riser 524 in the same way that BOP

pod umbilicals are run. The flying lead portion is plugged into a special junction box

10 526 and laid out on the BOP in preparation for use subsea. The junction box 526

features the crossover hardware from the bundled umbilical to the flying lead Bnés

512, 513 and provides a shear plate assembly 528 which severs the flying lead lines in

an emergency when the LMRP 522 is disconnected. (The severed flying lead can be

recovered by the ROV and repaired/reattached to the recovered umbilical prior to re-

15  running the LMRP).

After the BOP 520 is landed and tested, the ROV is free to connect the

_ workover flying leads 512, 513 to the tree’s connection points for intervention

operations. If the tree has been in production with a production umbilical attached,

(e.g., as"in Figure 2A, for example) the ROV may discomnect the production

20 umbilicals and “park” them on a provided parking place 530 out of the way before

connecting the workover flying leads.



el ectrical control signals conme through an electrical flying |lead 378
connected to an 20 electrical unbilical E via riser 52'. The rig takes

bot h el ectri cavoea9Raydr aul.ic control over the tree ascfisbadedi shed
fromthe conventional method (as illustral®d in Figure 1D) of
breaki ng only the hydraulic power source. WO 00/ 01922
- 10- PCT/ US99/ 14906 Fi gure 3C shows a

vari ati on of the diwawgkoverintetvehtign agariénicnts anopriovided in Figures @aned At Fiosts .
If the hydraulic unbilical 60 is nmade-up to the tree 400, it can stay
connected  the ROVichaneowos figing el S0\ statppldteIAbeled WSS 506, P Thisi piste

hydraul i ¢ source of hydraulic 5 pressure to power the tree's functions.

o2 0T SRR HARIGRL Sl UG Gl O o ARG e
(AIV)), the tree connector functions, the tree connector test function, the tubing
5  hanger/tree cap test functions, and other functions only need to be operated during an
installation or workover.

For the E/H control option of Figure 6 the WOCS flying lead interface also
provides a high and low pressure supply to the control pod. Valves operated by the
control pod during the production mode are also operated in the workover mode, but

10 with an electrical flying lead 513 suspended from the surface. (The ROV park’s the
“production™ electrical flying lead and plugs in the workover electrical flying lead.) A
surface control computer is added to the suite of WOCS equipment on the surface to
communicate with the pod and send commands and monitor data.

For the direct hydraulic control option of Figure 7, the workover flying lead

15 interface is split into two sets, one for the “WOCS” flying lead 512 interface, the
second 518 to the “PROD” flying lead interface. Again the WOCA bundle operates
the *workover only” functions, as mentioned above, and the “PROD” flying lead
operates the rest of the tree. However, instead of parking an electrical lead to a pod,
the ROV parks the hydranlic production flying lead and installs the second workover

20 lead in its place for direct control via the surface units. If desired, an electrical flying

lead may be attached to monitor pressure and temperature sensors on the tree via the



of the pod (and the tree) to the surface vesseL This arrangenent disturbs

| ess hydraultc |lines (connections, check valves, ports, etc.) thereby .-
improving reljabiljity and reduci ng connection tinmes. 14906 -
Benefits of ﬁ%@gﬂykéngenents of Figures.igd, 2B, and 3A, Béfniﬁ%¥Qﬁ?

The key features of the flying | ead workover interface system enbodi nents
descri bed above are: (D) Access to electrical feedback
equi prent  ( eel&:u&' # '%T g 184 interfaces (again once REWBirical fBductio ing 16245 has
transducers) i nstal |l ati on/ wor kover;

(2) Reduces stack-up height of tree by elimnating tree manifold; 20
(3) Reduceisenpatkedrber of hydraulic circuit tests during FAT/SIT

and prior to offshore installation; (4) No new technol ogy
requi red because flexible hose is avail able for up to 13
lines (limted to about 4000" water 25 depth on O psi vented
lines); (5) Requires control pod to be function tested

duri ng workover; (6) There are no "looped functions" |eft

untested after 30 install ati on;



WD 00/ 01922

PCT/ US99/ 14906 (7) - ROV nust disconnect electrical and
hydraul i ¢ flyi WE opateks fromtree prior topcgusisaideny
conpletion riser; and 5 (8) Reqi¥fres disturbing the electrical
flying | ead connection on control pod during a wireline
I ntervention as opposed to di sturbing 36 hydraulic
couplings. WHATIS CLMMERShenef i ts of the arrangenents of the

i nvention are: 10 (1) Reduces hardware costs. (2)
| ncreases {ungf i onAn dinpreved eubyea iwdlleadapementofeideyp waldy operations ifclrding a

| nproves rellablllty by prOV|d|ng (a) functioning
control ROk

(b) eli m nat es po? 1) ]S%"! | c I 1a4t0has?asealc)lled’ said dstFéer]ﬁ'vm(g c)

g time bé\” EY‘?TFF\?}A‘{"P%;J e ?99 Ferthlina produstion miodk to & TeHEE”

platform 80’ production tree by means of a hydraulic production umblhcal 160 and in
5 a workover mode to a workover vessel 200 by means of a hydraulic workover
6 umbilical 24, wherein the improvement comprises,

7 a Remote Operated Vehicle (ROV) stab plate 2000 disposed at said christmas
8 ftree, said stab plate 2000 being arranged and designed so that an ROV is capable of
9 unplugging said hydraulic production umbilical 160’ from said stab plate 18; and

10 plugging a coupling 181 at a lower end of said hydraulic workover umbilical 24’ into

11 said stab plate 2000.

1 2 The improved subsca well arrangement for deep water operations of claim 1,
2  wherein,

3 a riser 22’ and Emergency Disconnect Package 180 are run to said christmas
4  tree 40’ for workover operations, and wherein, the improvement farther comprises,

5 " a parking plate 182 coupled to said Emergency Disconnect Package 180, said

6 parking plate 182 being arranged and designed to accept said coupling 181 at a lower
7 end of said hydraulic production umbilical.

1 3. A subsea well arrangement for deep sea operations comprising,

2 a christmas tree 400 having valves controlled by hydraulic actuators 1000,

N



tree cap. Det ai | ed Description of Hydraulic Flying Lead Control 25
Figures 4A and 4B illustrate a preferred enbodi nent of the flying | ead
arrangement ofwFiogibs 3B- At the vessel 200, electrical and hydraulic

umbilicals E H extend via riser 52jgt0 Energency Di StoAe¥4®ackage
46. At the vessel an unbilical hydraulic reel 700 spools hydraulic
unbilical Hto the riser 52'. A hydraulic power unit 702 supplies

12 10| et il i gt
il ' 52 . T i cal ,
i 11 cal st cO SRRy og Sobileby B sad nyarilfaetpars o of Beid Gt i« e

electrical flying |ead 378 corresponding to the | il luystration of
Fi gures 385 3@id £eatrel ped 3AQ hawiss ana eleettipyinput; mpetion. 3% 9ad -4 hydrgulie, ipput
WO 00/ 01922 -12-

PCT/ US99/ 16.90fumction 377,

7 a remote production platform 80 connected in a production mc‘>de to said

8  hydraulic input junction 377 by means of a production hydraulic umbilical 60 and to

9 said electric input junction 380 by means of an electric umbilical 62, and
10 a workover riser arrangement connected in a workover mode between said
11 christmas trec and a workover vessel 200, said workover riser arrangement having
12 electric E and hydranlic H umbilicals from said vessel which terminate in a flying lead
13 hydraulic umbilical 376 and a flying lead electric umbilical 378 at said christmas tree
14 400,
13 wherein, in a workover mode, said production hydraulic umbilical 60 and said
16  production electric umbilical 62 are disconnected by a ROV respectively from said g
17 hydraulic input junction 377 and said electric input junction 380, and said flying lead
18  hydraulic umbilical 376 and said flying lead electric umbilical 378 are connected
19 respécﬁvely by a ROV to said hydraulic input junction 377 and said electric input
20  junction 380.

1 4.  Asubsea .well arrangement for deep water operations comprising,

2 a christmas free 400 having valves controlled by hydraulic actuators 1000,

3 an electro-hydraulic control pod 300 having hydraulic lines 30’ extending from

4  said control pod 300 directly to said hydraulic actuators 1000 on said christmas tree,

U



riser control pod 381. A control station 431 and workover control station

433 are pl aced at vessel 200 for providing control signals to
el ectrical unbwbiswmiz 378, 379. The riser cont ppbuRHseadl:
pl aced in the Enmergency Di sconnect Packagel946, is a control station

where certain hydraulic lines of hydraulic Iines H are controlled by 5
el ectrical actuators by neans of control signals of electrical |eads 379.
The output 5§ said donthohplod 300chaidng3 @R dlectmoe dnpat jaiction B3B8 indiachydrindic input

non-control l ed | eads 385 are conbi ned at connector 387 to produce the
hydraul i c kly?ﬂgﬁbﬁgde?G of Figure 3B. The electrical flying | ead
378 is connected to plate 380 of control pod 300 during the wor kover

10 sont rol” pod 306 "SI Brodiibn Bhiddsin 6 36ilcEhd, B Fthuchof oot 35 SiE°
ot uat or s i o ARl g JoReRs 337 BY means of A prelogRetL by el S beaLed and oy
fromplate 377 of the tree control pod are provided for tree wor kover
function, @hemstidzlectiqippyt jumetion 330 by mesns of aeelectric umbilical 62, apdgure 4B is an
el evational view of a subsea tree 400 with a tree control pod 15 300.
Pl ate 377 1pr ovi desa avdrkewes aisep arrpigeimeny cofectedoinR W ReveR thodd) bbixwben Lsaid

11 christmas tree and a workover vessel 200, said workover riser arrangement having an

12  electrical umbilical from said vessel 200 which terminates in a flying lead electric

13 umbilical 378 at said christmas tree 400,

14 wherein, in a workover mode, said production electric umbilical 62 is

15  disconnected by a ROV from said electric input junction 380 and said flying lead

16  electric umbilical 378 is connected by a ROV to said electric input junction 380.

1 5 A method for maintaining control of valves controlled by hydraulic actuators

2 1000 of a christmas tree 400 of a deep water subsea well between production

3 operations and workover operations, said christmas tree having an electro-hydraulic

4  control pod 300 having hydraulic lines 30’ extending from said control pod 300

5 directly to said hydraulic actuators 1000 on said christmas tree, said control pod 300

6 having an electric input junction 380 and a hydraulic input junction 377, said method

7 comprising the Steps of,

8 while in said production operations, connecting a production hydraulic

9 umbilical 60 and an electric umbilical 62 between a remote production platform 80

10  and said hydranlic input junction 377 and said electric input junction 380 respectively,

D
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unbi lical 376 to tree control pod 300. Fl yi ng Lead Wbrkover Contr ol
For Horizontal Trees The description above specifies an
arrangenent a tI d for controlling a 20 conventional, that is a
vertical christnas tTee, for deep water wgl.ls during chang®&Fa|s99/14%06 from
production to workover operations. A description of flying | ead control
according to the invention of a hori zont al tree is presented bel ow.

WD 00/ 019 . .
PoT/ Usoo) Thoos 1 changs fo said worko §¥}°’? oS, \Faepeting, & ¢watkover riser
Gi ther ol Bt rmgematt by 9 “’%S%;amﬁﬁ‘ése'g?e Fifie aieves gRseb PO et otayer
either e r

illustrated in Figures 5, 6, and 7. The WOCS configuration for
instal linip ttrset mmgamthMcBandhydrauthumblhcals from said vessel which

14 terminate in a flying lead hydraulic umbilical 376 and a flying lead electric umbilical
15 378 at said christmas tree,
16 disconnecting said production hydraulic umbilical 60 and said electric
17 umbilical 62 from said hydraulic input junction 377 and said electric input junction
18 380, and
19 connecting said flying lead hydraulic umbilical 376 and said flying lead elef;h'ic
20 umbilical 378 to said hydraulic input junction 377 and said electric input junction 38.
1 6. A method for maintaining control of valves controlled by hydraulic actuators
2 1000 of a christmas tree 400 of a deep water subsea well between production
3  operations and workover operations, said christmas tree having an electro-hydraulic
4  control pod 300 having hydraulic lines 30’ extending from said control pod 300
5  directly to said hydraulic actuators 1000 on said christmas tree, said control pod 300
6 having an electric input junction 380 and a hydraulic input junction 377, said method
7 comi)ﬁsing the steps of,
8 while in said production operations, comnnecting a production hydraulic
9  umbilical 60 and ‘an electric umbilical 62 between a remote production platform 80
10  and said hydraulic input junction 377 and said electric input junction 380 respectively,
11 to change to said workover operations, conmecting a workover riser

12  arrangement between said christmas tree and a workover vessel 200, said workover

_—
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5 Figure 5. This configuration is appropriate for both direct and E/H

controlled tree options. In Figure 5, a horizontal christmas tree
(HXT) 500 is Gpopfgssd to a wel | head 14 at the seabed 16 A
hori zontal christnas tree running tool 50f.-secured to PAI$P149%e 504

runs the horizontal christmas tree 500 to well bed 14. Hydraulic 506 and
el ectrical 508 unmbilicals run fromvessel 200" to a junction box and

el ectricajs paideg %mg&ﬁﬁﬂ%ﬁg 5&10e1e9d'¥c: T uinibBical | Béh Ohi®@f vdsba D06 | wRigh 2

christmas tree 500 aulic ying lead 512 runs fromjunction
box 510, yja ugbilical_ sh I : . Modul e Qui ck
Connect ( )It atg?ﬁiﬁgyﬁgﬁ?@ﬁ@ﬁéﬂié?#gﬁﬁgclﬂsgréasgﬁg,csp\ producti on
pl ug receptacle, PROD M) 518.is al so pr.ovided on i hori.zontal .

chri st masld ree 5o@isconnecting said efqgmq ‘Hﬁg %Pﬂgﬂ}é?e]ﬁ?tﬁﬁ inprt jwagtion 380,
conpl etion work (when BOP is attached) a ROV flying | ead approach is

used, as Hepianmded in Figures 6 and 7, respectively. The di fference
bet ween the arrangenents of Figures 5 and 6 depends on whether or not the

subsea copirol po%ﬁlﬁ@iﬁg 348 Qyfig 164d0d1ESi O uinbilRAESA Yo-said electric inr%;t ]itﬁfcjti@ﬁ
hori zontal tree arrangenents Used divers to connect workover unbilical 20
or stab p}fsat eggirount ed to the BOPs nodified frame to effect the needed

control o
1 7. A method for maintaining control of valves controlled by hydraulic actuators

‘2 100’ of a christmas tree 40’ of a deep water subsea well between production operations
3  and workover operations, said christmas tree having a ROV operable stab plate ?000
4 and having hydraulic lines extending from said stab plate to said actuators on said
5  christmas tree, said method comprising the steps of
6 while in said production operations, connecting a production hydraulic
7 umbilical 160 between a remote production platform 80’ and said ROV stab plate
8 through the use of an ROV,

9 to change to said workover operation, connecting a workover riser arrangement

10  between said christmas tree 40’ and a workover vessel 200, said workover riser

11 amrangement having a workover hydraulic umbilical 24’ terminated by a coupling 18 1-

12 at a lower end of said workover umbilical at said christmas tree,

13 disconnecting said production hydraulic tmbilical 160’ from said stab plate
14 2000, and
15 connecting said coupling 181 of said workover hydraulic umbilical 24’ with a

ROV into said stab plate 2000. \\
LT
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val ves and functions on the tree. This cunbersonme approach had to take the

pl ace of conpletion risers and unbilical connections which easily
accessed the top of a WO 00/ 01922 )

PCT/ US99/ 14906%© 00/01922 PCPIUS99/14906
conventional tree for transfer of control™Tom "production” to "workover”
nodes. Since a tree cap for horizontal tree can not be used for this
crossover fungtion, the . above approach is taken. .. By
using ROV i1 yfng | & sanizohsapipmcnt wEAmgelent JAKe Subeea Ve ROPriEEG b | shi ng 5

wor kover unbilicals is inproved and sinplified. The BOP 520 does not have
to be 2 nodi f i aborizontaf christmas tree §90diaming valves tontroligd by hydravlic actnatots, t he
unbi | i cal goes around the ~main body of the BOP as illustrated in
Figures 6 gnd 7. Theunikrightob™50d having & §eiictien box and elctidat ufnbiliodl témintioBOP' S
LMRP 522 on marine riser 524 in the sanme way that BOP
4 member 510, said running tool being coupled to said horizontal christmas tree andto a
5  drill string 504 from a surface vessel 200/, and
6 a flying lead hydraulic umbilical 512 running from said termination member
7 510 to a warkover umbilical connection member 516 of said christmas tree 500 for
'8 control of said christmas tree valves.
1 9 The control equipment arrangement of claim 8 further comprising,
2 a parking member 513 disposed on said running tool 502 to which an end of
3  said flying lead hydranlic umbilical 512 is placed when workover operations are not
4  performed.

1 10. A control equipment arrangement for workover operations of a subsea well

2  comprising,
3 a horizontal christmas tree 500 having valves controlled by hydraulic actuators,
4 a marine riser 524 having a lower marine riser package 522 coupled to said

5- hor.i.zontal christmas tree 500, said marine riser 524 extending downward into the sea
6 from a surface vessel 200,

7 electrical and hydraulic umbilicals running from said surface vessel 200" via
8  said marine riser 524 to a termination member 526 at said lower marine riser package

9 522,

A



pod unbilicals are run. The flying | ead portion is plugged into a speci al
junction box 10 526 and laid out on the BOP in preparation for use

subsea. The | ‘}N ﬁzbox 526 features the crossover hardware fromthe
bundl ed unbi I ica o the flying lead |ingsg. 512, 513 HAPPEHFYes a
shear plate assenbly 528 which severs the flying lead lines in an

energency when the LVMRP 522 is disconnected. (The severed flying | ead can

Brerbi li cal Sf?gfr? g“?%&ﬁwuﬁﬁ&ng thﬂ{a%%h&f@ﬁ%ﬁ&h@@@ﬁ%&’ﬁﬁ%@

520 is | anded and .t d, the ROV is free to connect the wor kover
flying | edds Ogﬁl h&l’ 6 a¢tRAOTS; ce' s connecti on points for intervention
operations. If the tree has been in production with a production unbilical

attached,12 ( edlyingleai ydtaglie eurﬁxﬂ,wai 512 ewnning &pm said RQwninstjoni membanect

the production 20 wunbilicals and "park” themon a provided parking place
530 out of3 t FREWeY Wik umbilical chafietivhinianbich §186f kaid cliristnié fige 506 dad

14 a flying lead electrical umbilical 516 running from said termination member
15 526 to said electrical control pod 3000.

1 11. A control equipment arrangement for workover operations of a subsea well

2 comprising,
3 a horizontal christmas tree 500 having valves controlled by hydraunlic actuators.
4 a marine riser 524 having a lower marine riser package 522 coupled to said

5 horizontal christmas tree 500, said marine riser 524 extending downward into the sea

6 from a surface vessel 200,

7 a hydraulic umbilical running from said surface vessel 200’ via said marine
8  riser 524 to a termination member 526 at said lower marine riser package 522,
9 a first flying lead hydraulic umbilical 512 running from said termination

10 member 526 to a workover umbilical connection member 516 of said christmas tree

11 . 500, and

12 a second flying lead hydraulic umbilical 518 running from said termination
13 member 526 to a production umbilical connection member 518 of said christmas tree

14 500,

—
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Two wor kover intervention arrangenents are provided in Figures 6 and 7.

First th@0 onnects a flying lead 512 to a stab pl ate | abel ed
"WOCS" 516. Thi's e provi des controls to the annul RPET/URM40Er
val ve (WOV annul us intervention val ve (AlV)), the tree connector

functions, the tree connector test furgtiifon, the tubing 5 hanger/tree
cap test functions, and other functions only need to be operated during an

instal lati on or workover. /E?[;t E/H control option of Figure
6 the WOCS flying |ead interface al so : vides a high and | ow
pressure supply to the control pod. \APREGRoARELed by the cont rol

pod during the production node are al so operated in the workover node, but
10 with an electrical flying | ead 513 suspended fromthe sufface.7( The
ROV parks the "production” electrical flying | ead aga—gtugs jin the
wor kover electrical flying lead.) A surface control cofjputer| jis added
to the suite of AOSS T -oir< fe_Jurrace o — — — comm)]i cat g Mrert he
pod and send commands and nonitor data. ~ __ __ For the {fjirect 1_ -
hydraulic control option of Figure 7, the workover flying |edd !

[Po— — — — — — —— — ——
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15 interface is split into tw sets, one for the "WOXCS" flying | ead 512

I nterface, the second 518 to the "TROD'" flying lead interface. Again
t he WOCA bundl e _oper at es the "workover. only" functifisg ggent i oned
above, and tﬁg’mﬁﬁﬁff flying | ead operates the rest of tggﬁ?ree.
However, initead of parking an electrical, lead to a pod, t he ROV
parks the hydraulic production fIyingZé%kiand installs the second wor kover
20 lead in its place for direct control via the surface units. |If desired,
an electrical flying | ead may be attachqﬁi&ﬁSnﬁ tor pressure and
tenperature sensors on the tree via the 00/ 01922

PCT/ US99/ 14906 {PRIOR ARLh6-  electrical
flying lead interfaces (a@ai npgnce the electrical production fly ds
has been parked).

? T i e el i
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WO 00/ 01922

PCT/ US99/ 14906 WHAT IS CLAIMED I S: 1 1. An i nproved subsea
wel | arrangenent for deep water operations including a 2 christnas tree
40' instal | ed BhO"18%2| | head 140 at a seabed, said christ mafCTUSH/IHNGi ng 3
hydraulically,controlled val ves 100' connected in a production node to a

r enot e 4 platform 80" production tree3ppgnmeans of a hydraulic production
unbilical 160 and in 5 a workover node to a workover vessel 200 by neans
of a hydraulic workover GW‘LEIQ)?Q 24' , wherein the inprovenent

conpri ses, 7 a Renut ret ed Vehicle (ROV) stab plate 2000

di sposed at said christmas (RR/OReARTSAI d stab plate 2000 bei ng arranged
and designed so that an ROV is capabl e of 9 unplugging said hydraulic
production unbilical 160" fromsaid stab plate 18 and 10fpHugeipgng a
coupling 181 at a | ower end of said hydraulic workover gobi\ri cal P4 into
11 said stab plate 2000.
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1 2. The i nmproved subsea wel | arrangenent for deep water operations of
claiml1, 2 wherein, 3 a riser 22' and Energency Di sconnect
Package 180 aﬁﬁO%MﬁmﬁQ said christmas 4 tree 40" for workover ogerations,
and wherein, the I nprovenent further conprises, 5 SR8 pl at e
182 coupl ed 4o said Energency Di sconnect ,Package 180, said 6 parking

pl ate 182 bei ng arranged and desi gned éa’éccept said coupling 181 at a

| ower 7 end of said hydraulic production unbilical. 1 3. A subsea

wel | arrangenent for deep sea operations co ] 2 a christmas
tree 400 having val ves controll ed by hydrauquéii%zgors 1000

WO 00/ 01922 (PRIOR ART)
PCT/ US99/ 14906 3 an el ectro-hydraulic control pod 300 having
hydraulic lines 30" extedding frpgp 4 said control pod 300 ‘?recrlm to
said hydraulic actuators++§00.on gaid christnmas tree, 80"‘[ I
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5 said control pod 300 having an electric input junction 380 and a

hydraul i ¢ 1 nput 6 junction 377, 7 a renote production platform
80 connéct ed iwodgpoducti on node to said 8 hydraulic input junction 377
by means of ,a production hydraulic unbilical 60 and to O PCHVSI4Ctric
input junction 380 by neans of an electglgéunblllcal 62, and 10 a

wor kover ‘ri ser arrangenent connected in a workover node between said 11
christmas tree and a wor kover vessel 200, said workover riser arrangenent
havi ng 12 el ect rlF(f@ 2ﬂdr aulic Hunbilicals fromsaid vessel which
termnate in a flyi'n 13 hydraulic unbilical 376 and a flying | ead
electric unbilical 378 at said christmas tree 14 400, 15

wherein, in a workover node, said production hydraulic unbil
sai d 16 production electric unbilical 62 are di sconndéfi'ediby a
respectively from said 17 hydraullc |nput ]UnCtIOH 377 anm said
i nput j unct i on SEt=art=SsEr Tt 8

said flying Ieaa'éTécT“lc unﬁ"TlcaI 378 are connecr—a "‘19” VET'y by
a ROV to said hydraul i c Thput JTOnctTon™377 and saird efectTT & 20~
junction 380.
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1 4. A subsea wel |l arrangenent for deep water operations conprising, 2
a christmas tree 400 having val ves controlled by hydraulic actuators 1000,

3 an el ¥OpBI28/dr aul i ¢ contrel pod 300 havi ng hydr aubigrukdeigsas 30

ext endi ng t{0n1 4 said control pod 300 directly to said hydraulic
actuators 1000 on said christnmas tree, g/14 WO 00/ 01922

PCT/ US99/ . -19-

PCT/ US99/ 14906 5 saiE/(@JtZ(B pod 300 having an electric input junction
380 and a hydraulic input 6 junction 377, 7 a renote production

pl atform 80 connected in a production node to said 8 hydraulic input

junction 377 by neans of production hydraulic unbilical 60 and to 9

said electric input jun on 380 by neans of an electric unbilg )

10 a wor kover riJSEr ngenent connected in a mqgé
200
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11 christmas tree and a workover vessel 200, said workover riser
arrangenent having an 12 electrical unbilical fromsaid vessel 200 which
term nates i Ny dolowhg | ead el ectric 13 unbilical 378 at Pégjug”ﬁ]%g st mas
tree 400, 14 wherein, in a workover node, said production

el ectric unbitical 62 is 15 disconnect;? gy a ROV fromsaid electric

i nput junction 380 and said flying | ead 16 electric unbilical 378 is
connected by a ROV to said electric input junction 380. 1 5. A et hod
for maintaining control ?;. | w@s, control |l ed by hydraulic actuators 2
1000 of a christmas tree dggoziésdeep wat er subsea wel| between production
3 operations and wor kover operations, said christmas tree having an

el ectro-hydraulic 4 control pod 300 having hydraulic lines 30" extending
fromsaid control pod 300 5 directly to said hydraulic qgluator[

said christmas tree, said control pod 300 6 having an tric

junction 380 and a hydraulic input junction 377, said nethoj 7 |
t he steps of, 8 = =L c 1 St O—PT GOEICIOMR—0p&Fat+ojs, 'Co
production hydraulit —9 umbiti cal—60 and an el®ctrit umbiTjcal 6
a renote productieﬁ—pka%fOfﬁ18@—-10-and'said-hydraulic‘rnpu.P
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to change to sedcbgsrkover operatlons
arrangenment between said christmas tree and a workover ves
13+riser arrangenment having el
14 termnate in

wor kover

fromsaid vessel which

-20-

2
Eéﬁf%%h’%%. d
é?LJIC E and hydraulic H unbilicals

ying | ead hydraulic unbilical
15 378 at said christmas tree,

connecting a workov

376 and a flying lead electric unbilical

16 di sconnecti ng
electric 17 unbilical
electric input junction

62 fromsaid hydraufli

sai d production hy?f?(? thBbllical
h

18 380, and 19

60

and said

unction 377 and said
connecting said flying

| ead hydraulic unbilical 876 and said flying lead electric 20 unbilical
378 .to said hydraulic inpuf juncti op0877 and said electric ifiput JfUfction
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1 6. A nmet hod for maintaining control of valves controlled by hydraulic
actuators 2 . 1000 of a christmas tree 400 of a deep water subsea well

bet ween’ pr oducwbo@#eisd operati ons and wor kover operations, said christmas
tree having an electro-hydraulic 4 control pod 300 havi ng Ff/dYS0149%8 | i nes
30 extendind‘fron1said control pod 309 45 directly to said hydraulic
actuators 1000 on said christnmas tree, !“H control pod 300 6 having an
electric input junction 380 and-a hydraulic input junction 377, said nmethod
7 conprising the steps of, 8 mhlle éb(broductlon oper ati ons,
connecting a production hydraulic 9 unblllc nd an electric
unbilical 62 between a renote production platform80 10 and said
hydraulic input junctionf3/7 and said electric inputjunction 380

respectively, 11 to cﬁﬂube to sai d workover operat flons, ¢dnnecting
a workover riser 12 arr nt/ bet ween sai d chri st nas 8¢ and ? wor kover
vessel 200, sard—workover WO 00/ 01922
PCT/ US99/ 1490 | ! ) =
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13 riser arrangenent havfng an electric E unbilical fromsaid vessel 200
which 14 termnates in a flying lead unbilical 378 at said christms
tree, 15 nfdzsconnecting said electric unbilical 62

W dﬁﬁ%ﬁ
electric |nput(?unct?on 380, 16 and 1b714° connecting sal ??ylng
| ead el ectric unbilical- 378 to said electric input junction 18 380. 1 7.

A net hod for nalnqalnlng control of_val ves ¢ ntrolled by hydraulic_ _

actuators 2 10 of a chris{fres
bet ween producti ot operations

tree having a ROV |operable sta plat
extending fromsai,d stab pl at
tree, said nmethod jconpri sing
producti on operatijons, conn
bet ween a renote Jroduction

t hrough the mg%lﬂan ROV,

change
connecting a‘workqver risef far}
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while in said
lic 7 unbilical

ROV stab plq7

i e ove

flree 40' of a deep water subsea wel 1]
d wor kover operations, said christ
43300 4 and having hydraulic |

aid actuators on said 5 christnmas
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10 between said christmas tree 40° and a workover vessel 200, said wor kover
riser 11 arrangenent having a workover hydraulic unbilical 24' term nated
by a coupling 181 12 at a | ower end of said workover unbilical at said

christmas tre&000 Y2 di sconnecting said production REEUSHIHWG
unbi | i cal 160" fromsaid stab plate 14 2000, and 15 connecti ng
said coupling 181 of said workover hyg@rApfic unbilical 24" with a 16 ROV
into said stab plate 2000. WO 00/ 01922

PCT/ US99/ 14906 1 8. A control egpiggsent arrangenent for a subsea wel |
conprising, 2 a horizontal chyifstjyras ee 500 having val ves

control |l ed by hydraul 0 runni ng tool 502 having a
junction box and elef??(g ZBbI|ICa| tjr nat fiipn
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4 menber 510, said running tool being coupled to said horizontal christnmas
tree and toa 5 drill string 504 froma surface vessel 200", and 6

a flying | ead ic unmbilical 512 running fromsaid tergn i menber
7 510 to a Rﬁ*@@?ﬁ# unmbi | i cal connection nmenber 516 of sé?hﬂgﬁyﬁ%Fnas
tree 500 for 8 control of said christnmas tree valves. 1 9. The contro
equi pnent arrangenent of claim8 furtfi@htéconprising, 2 a parki ng
menber 513 di sposed on said running tool 502 to which an end of 3 sai d
flying |l ead hydraulic unbilical 512 is placed when workover operations are
not 4 perforned. 1 10. A control equipnent arrangenent f200 ‘or kover
operations of a subsea well 2 conprising, 3 a hori Zontal

chri st mas treﬁ—SGG—hav+ﬁg—va+ve5"c0nrrof1Ed‘by‘hydraurrC‘aétu fors,” |4

a marine risert 524 having a | ower ngfji ne riser package 522 coupled tp said
5 horizontaﬂ christmas tree 500, g@id marine riser 524 extendi ng downward
into the sea [6 froma surface vessglf 200", 7 - electrical ahd
hydraul i ¢ unbigicals running fromsad surface vessel 200" via-:
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8 said marine riser 524 to a term nation nenber 526 at said | ower marine
ri ser package 9 522, . WO 00/ 01922

PCT/ US99/ 14906 wq go/01922 - 23- 10

an el ectrical contror pod 3000 on said horizontal christnas PCRES9HAW6f or
control 11+ of said hydraulic actuators 12 a flying | ead
hydraul ic unbilical 512 running fron1s%ﬂ%ﬂé<arnination menber 13 26 to a

wor kover unbilical connection nmenber 516 of said christnmas tree , and
14 a f |i-ng ead—el-ect-r+ecak b i-cal—516—+r wani-ng -f+.em sai -
term nation nmefrber * 15 526 to said electrical control pod 3000. 1 11.
A control equi pnment arrangenment f pper ati ons of a subsea I 2
conpri si ng, | |
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3 a horizonal christmas tree 500 havi ng val ves control | ed by
hydraul i c actuators. 4 a marine riser 524 having a | ower marine

ri ser package #Pdwwoepl ed to said 5 horizontal christnas e RsnPues S d
marine ri ser 524 extending downward into the sea 6 froma sur?ace vessel

200, 7 a hydraulic unbilicalpgragni ng fromsaid surface vessel
200' via said marine 8 riser 524 to a termination nmenber 526 a20®%ai d
| ower marine riser package 522, 9 a first flying | ead hyﬁraulic

unbi lical 512[running from said terninafion 10 nenber 526 to a workover

HXT-MCP
HXT-HPU

b NI N N N N T | :3_[\\\\5\\\\;\)\1

unbi l'i cal conpection nenber 516 of rgaid christmas tree 11 500, andnl 12
a second flyi Fg | ead hydraulic uppigical 518frunning fromsaid term nation
13 nmenber 526!to a production urL C conngcti on _nenber 518 of saio]
christmas trep 14 500, : CONTROL |
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