Blowout Preventer with Intervention, WorkOver Control System Functionality and Method
BACKGROUND TECHNICAL FIELD [0001]Embodiments of the subject matter disclosed herein
generally relate to methods and systems and, more particularly, to mechanisms and techniques for
controlling a subsea tree with controls provided on a blowout preventer stack. DISCUSSION OF THE
BACKGROUND [0002]During the past years, with the increase in price of fossil fuels, the interest in
developing new production fields has dramatically increased. However, the availability of land-based
production fields is limited. Thus, the industry has now extended drilling to offshore locations, which
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BACKGROUND
TECHNICAL FIELD
[0001] Embodiments of the subject matter disclosed herein generally relate to

methods and systems and, more particularly, to mechanisms and techniques for

controlling a subsea tree with controls provided on a blowout preventer stack.

DISCUSSION OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels, the
interest in developing new production fields has dramatically increased. However,
the availability of land-based production fields is limited. Thus, the industry has now
extended drilling to offshore locations, which appear to hold a vast amount of fossil
fuel.

[0003] Conventionally, wells in oil and gas fields are built up by establishing a
wellhead housing, and with a drilling blowout preventer (BOP) stack installed on top
of the wellhead, drilling down to produce the well hole while successively installing
casing strings. When the drilling is finished, the well needs to be converted for
production. For converting the cased well for production, a tubing string is run in
through the BOP and a hanger at its upper end landed in the wellhead. Thereafter
the drilling BOP stack is removed and replaced by a Christmas tree having one or
more production bores containing actuated valves and extending vertically to

respective lateral production fluid outlet ports in the wall of the Christmas tree.
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[0003]Conventionally, wells in oil and gas fields are built up by establishing a wellhead housing, and
with a drilling blowout preventer (BOP) stack installed on top of the wellhead, drilling down to produce
the well hole while successively installing casing strings. When the drilling is finished, the well needs to
be converted for production. For converting the cased well for production, a tubing string is run in
through the BOP and a hanger at its upper end landed in the wellhead. Thereafter the drilling BOP
stack is removed and replaced by a Christmas tree having one or more production bores containing
actuated valveg@dd]extendihy wedigiydot tespectivedatetaé prodhictidratie)idrevidetippbisein the wall of
the Christmas tree. [0004]This arrangement has involved problems which have, previously, been
accepted as iné¢REPRA dhineviahie dhurageme sefimtiver EhaNmheenttnBendg which can pass
through the prqggf:tion bgre unless mr%Chr'i
e

!R%whnc eAniess ﬁtmas ree is first [emov d E'E]}j rcrerpalg ed bsy'asF'OP stack.

D u e production bare un st ree Is fir
However, this involves setting plugs orvgrv S,Bvﬂléh may bé unréeliable” The well'is it & vulnerable

condition whilstdhe,Brisi1Rs a5 3% BOP SRS AISIRSINORYGARIGRTaRABIGETPNe is in position,

which is a lengthy operation. Also, if it is necessary to pull the completion, consisting essentially of the
tubing string orvitsdzangeh theyGhristrelzEbkee d neustlfitsinbe wanoasd enditizplagedtilyea BOP stack.
This usually involves plugging and/or killing the well. [0005]Another difficulty that exists in the subsea
wells, relates t&proimaRY RS SHAT atnghiarerjRaiehBeard anctineiienons riiceietiiosuch as fluid

flow bores, andW%llectric n the wellhead ment includinu%the tubing

I hydraylic i [ i
hanger, ChristMas I?rgeefaﬁl_-e’:an %é%‘r??%ﬁ%‘;nég?gﬂ% ’&?&88?1’?%&? BQ/%I scg??&%%ke(i?n Si88cause there
are many diffef&%ﬂﬁéﬁ?%?ﬂ@‘idﬂlﬁﬁ'@fﬁﬁé‘iﬁﬁﬁ&fﬁér’ib%ﬁ%@érﬁgﬁ% FASWIIRY fEpRg" alignment of the

functions cannot practically be achieved. [0006]Figure 1 (which corresponds to Figure 2A of U.S.
Patent Applicatiendved beatieplased by 2BUHAI2804rhilushaligmiver ettt dhghikinegrporated
herein by reference) shows a conventional BOP stack 10 provided on top of a wellhead 12. A subsea
tree 14 is provitiedvebtween the stack 10 and the wellhead 12. Subsea tree 14 has a port 15 for
receiving hydraulic and other signals, The wellhead 12 is attached to the ocean floor 16. Various rams

10a-e are providé®h the s’f‘é‘&y‘qum%‘étéﬂmﬁtm&'ﬂ %éHbﬁéﬁdgﬁrﬁ'ﬂt%ltﬁlBaWFﬁfS {8&onfigured
to connect the siack 13JA4Pgig5Reht nERRERHIOVEANEE AvsibAte d B Rg R BAY P&s

and electrical and hydraulic lines, when the wellhead equipment, including the tubing
hanger, Christmas tree, BOP stack and emergency disconnect devices are stacked
up. Because there are many different desighs and manufacturers for trees and
BOPs, ensuring proper alignment of the functions cannot practically be achieved.
[0006] Figure 1 (which corresponds to Figure 2A of U.S. Patent Application
Publication no. US 2010/0025044 A1, the entire content of which is incorporated
herein by reference) shows a conventional BOP stack 10 provided on top of a
wellhead 12. A subsea tree 14 is provided between the stack 10 and the wellhead
12. Subsea tree 14 has a port 15 for receiving hydraulic and other signals. The
wellhead 12 is attached to the ocean floor 16. Various rams 10a-e are provided in
the stack 10 for sealing the well when necessary. A connector 18 is configured to

connect the stack 10 to the tree 14. The configuration illustrated in Figure 1 may be
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used when work need to be performed inside the well. It is noted that in this configuration no control is
provided to tree 14 as the port 15s not connected to any control system. Also, it is noted that currently
the BOPs are not functionally connected to the tree. [0007]As discussed above, when the well is in
production, the BOP stack 10 is removed. However, if further work needs to be performed on the well,
the BOP stack 10 has to be brought back, which makes the production well not operational for an
extended amount of time. [0008]An alternative to using the BOP stack for doing workover is the usage
of an InstalisgidivNaronDveeSshittiet SoFRMEANIDTT Wisiorels ilfustraied GRS (which
corresponds to Figure 28 of U.S. Patent Application Publication no. US 2010/0025044 Al). Figure 28
shows theRBH IHENRIFT LA BOCOILeRIAFRRAIAEER IR SOt iSTRAIHEINEHER IRMe riser

package (LMRP) 20, emergency disconpect package (ED, 2, etc. The IWOC is controlled by an

WO urBHELP o B E o e PR GU b M CRee B YRR N ines 23 and 30

communicat v&i&@ew%lt\ﬁlot%gmbilical 26 and provide hydraulic pressure to the tree 14 (via port 15)
u

and to a hggflz? ic control unit 32. The IWOC umbilical 26 also provides electrical communication to a

port 34. [opRfFoweven dofiysiagdne N AR eI RS PPRIAROH e wedmegdr ¢iher to rent

the IWOO equipment (which today costs in the millions of dollars range) or to own the IVVOC
equipmentd ity teday sesteinitheteasirniliens &f solRisdiangepnithesednigh<psip associated

with the IWOC equipment are undesirable for the operator of the well. Additionally, many times the
IVVOC systaok muskbeadiegraiashiriack BODRsysiamistad MBRictbichetntail ®pegatanaidal of
an extended amount of time.
[0008] An alternative to using the BOP stack for doing workover is the usage
of an Installation WorkOver Control System (IWOC) which is illustrated in Figure 2
(which corresponds to Figure 2B of U.S. Patent Application Publication no. US
2010/0025044 A1). Figure 2B shows the IWOC 19 including an electrical-hydraulic
control of tree functions, lower marine riser package (LMRP) 20, emergency
disconnect package (EDP) 22, etc. The IWOC is controlled by an IWOC umbilical 26
that communicates with a vessel or rig at the surface. Hydraulic lines 28 and 30
communicate with the IWOC umbilical 26 and provide hydraulic pressure to the tree
14 (via port 15) and to a hydraulic control unit 32. The IWOC umbilical 26 also
provides electrical communication to a port 34.
[0009] However, for using the IWOC alternative, the operator of the well
needs either to rent the IWOC equipment (which today costs in the millions of dollars
range) or to own the IWOC equipment (which today costs in the tens of millions of
dollars range). These high costs associated with the IWOC equipment are

undesirable for the operator of the well. Additionally, many times the IWOC system

must be integrated into a BOP systems’s LMRP, which entails a great deal of
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modifications to the BOP when installing and removing. These operations add considerable expense
for the operator. Accordingly, it would be desirable to provide systems and methods that are better
than the background art. SUMMARY [0010]According to one exemplary embodiment, there is a
blowout preventer (BOP) stack configured to provide Intervention WorkOver Control System (IWOC)
functionality to a tree attached to a wellhead of a well. The BOP stack includes a lower marine riser
package (LMRP) part configured to be attached to an end of a marine riser; a lower BOP part
configured io b efachably-atiachediio the LHIRD Aarta pod extension mogulc aliaehed to the LMRP
part or the lower part and configured to recéive a 1uid under pressure and provide a set of

functions togie egBRSERARdBG it WaslesBresauS: AN AlIGRR M b had Btlashedia the LMRP

part or the lower BOP part and configured to receive electrical signals and the fluid under pressure and

to transmit egetires Sactiiapbaig RS dectheredRxMensipacpeuiR dite set of functions for the tree are
different from functions provided to the lower BOP part, [0011]According to another exemplary

embodiment, there is a system for controlling a blowout preventer (BOP) stack and a tree attached to
a wellhead of a well, the BOP stack including a lower BOP part and a lower marine riser package
(LMRP) part. The system includes at least a MaDVIBARYNfigured to be attached to the LMRP part or
the lower BOP part, to receive electrical signals and a fluid under pressure, and to provide a first set of
functions td@8d AMRP pArceAing eesp@xsenplaiyriibed itbank lbererBOP Qypttp ¢ Rigension
module configured to be attached to the lower BOP pail or the LMRP part, to receive the fluid under
pressure fréRRESRIKGOBHILFRS ¢ provide Hisnvg gy arvrisGankel rweteaseWathe received

fluid under pressure; and a control part configured to be attached to the tree and to communicate with
the pod extHGUNAILAIRE FRE BPRLe b NELRREIS) flTloe RIcTeRERDR SR ond et of

functions pigyegp s aweL BOERRINABIcoaRingIp siLatpheL syeplyy gmpodiment

thereisam or provi ower blowout preventer part, Wherein the

lower BOP s RSBRCrRIdPIRIP ISl {RAARG Heg @RS RAE T HEATLIO O AR stack thatis

1 ;
attached undersea to the tree. The method includes attaching a pdd extension module to the lower

BOP part op e 4 MizR:Rafsydimdiag bieeng sEnad I iRgs wiriension mirduiote gawygkaulic supply

system; electrically connecting the pod extension module to a MUX pod; attaching a hydraulic
connector teoiifeyprd extersios mdidienthse pysiaukiceennesiar keiag siqufieivad o Mmateawith a

corresponding connection of the tree; and configuring the pod extension module to provide a set of

functions tdtsedres tedftodnamsenip e sklideynddrapteastiseMidhpibie Mtbioh g tbtththENIRE.
part or the lower BOP part and configured to receive electrical signals and the fluid
under pressure and to transmit required electrical signals to the pod extension
module. The set of functions for the tree are different from functions provided to the
lower BOP part.
[0011] According to another exemplary embodiment, there is a system for
controlling a blowout preventer (BOP) stack and a tree attached to a wellhead of a
well, the BOP stack including a lower BOP part and a lower marine riser package
(LMRP) part. The system includes at least a MUX pod configured to be attached to
the LMRP part or the lower BOP part, to receive electrical signals and a fluid under

pressure, and to provide a first set of functions to the LMRP part, and a second set

of functions to the lower BOP part; a pod extension module configured to be
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BRIEF DESCRIPTION OF THE DRAWINGS [0013]The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate one or more embodiments and,
together with the description, explain these embodiments. In the drawings: [00141Figure 1 is a
schematic diagram of a conventional BOP attached to a tree; [0015]Figure 2 is a schematic diagram
of a IWOC control system aitached to a tree; [0016]Figure 3 is a BOP stack according to an exemplary
embodiment;

attached to the lower BOP part or the LMRP part, to receive the fluid under pressure
from the MUX pod, and to provide a third set of functions to the tree based on the
received fluid under pressure; and a control part configured to be attached to the tree
and to communicate with the pod extension module. The third set of functions for
the tree is different from the second set of functions provided to the lower BOP part.
[0012] According to still another exemplary embodiment, there is a method for
providing tree control via a lower blowout preventer (BOP) part, wherein the lower
BOP part is connected to a lower marine riser package (LMRP) part to form a BOP
stack that is attached undersea to the tree. The method includes attaching a pod
extension module to the lower BOP part or the LMRP part; hydraulically connecting
the pod extension module to a hydraulic supply system; electrically connecting the
pod extension module to a MUX pod; attaching a hydraulic connector to the pod
extension module, the hydraulic connector being configured to mate with a
corresponding connection of the tree; and configuring the pod extension module to
provide a set of functions to the tree and to transmit a fluid under pressure from the

MUX pod to the tree.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. in the drawings:

[0014] Figure 1 is a schematic diagram of a conventional BOP attached to a

tree;



[0017]Figure 4 is a BOP stack connected to a tree according to an exemplary embodiment;
[0018]Eigure 5 is BOP stack having a pod extension module that controls a tree via a hot stub
according to an exemplary embodiment; [0019]Figure 6 is BOP stack having a pod extension module
that controls a tree via a discrete connection according to another exemplary embodiment;
[0020]Figure 7 is a pod wedge that connects a BOP stack to a tree according to an exemplary
embodiment; [0021]Figure 8 is a MUX pod that controls a tree according to an exemplary

[0015] Figure 2 is a schematic diagram of a IWOC control system attached to
a tree;

[0016] Figure 3 is a BOP stack according to an exemplary embodiment;
[0017] Figure 4 is a BOP stack connected to a tree according to an exemplary
embodiment;

[0018] Figure 5 is a BOP stack having a pod extension module that controls a

tree via a hot stub according to an exemplary embodiment;

[0019] Figure 6 is a BOP stack having a pod extension module that controls a
tree via a discrete connection according to another exemplary embodiment;

[0020] Figure 7 is a pod wedge that connects a BOP stack to a tree according

to an exemplary embodiment;

[0021] Figure 8 is a MUX pod that controls a tree according to an exemplary
embodiment;
[0022] Figure 9 is a pod extension module for controlling a tree according to

an exemplary embodiment; and
[0023] Figure 10 is a flow chart illustrating a method for controlling a tree

according to an exemplary embodiment.

DETAILED DESCRIPTION

[0024] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The

following embodiments are discussed, for simplicity, with regard to the terminology and
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embodiment; [0022]Figure 9 is a pod extension module for controlling a tree according to an
exemplary embodiment; and [0023]Figure 10 is a flow chart iustrating a method for controlling a tree
according to an exemplary embodiment. DETAILED DESCRIPTION [0024]The following description
of the exemplary embodiments refers to the accompanying drawings. The same reference numbers in
different drawings identify the same or similar elements, The following detailed description does not
limit the invention. Instead, the scope of the invention is defined by the appended claims. The following
embodimesirsicreedis eus Sitls trksamh RO Cveitbteetsar oo évetéhaimlogpinagits to be

discussed next are not limited to these systems, but may be applied to other systems
that require to be supplied to with hydraulic pressure and/or electrical signals.

[0025] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0026] According to an exemplary embodiment, a BOP stack and a tree are
configured to exchange electrical signals and/or hydraulic functions without the need
of a dedicated IWOC system. In other words, existing BOP stacks and/or trees may
be retrofitted with appropriated interfaces and/or junction plates and/or pod extension
modules for allowing a direct communication (electrical and/or hydraulic) between
these two pieces of equipment and for supplying the functionality offered by the
dedicated IWOC systems. According to still another exemplary embodiment, a MUX
pod may be configured to have an interface that directly communicates with the tree
for controlling the tree. According to another exemplary embodiment, new BOP
stacks and trees may be directly manufactured to have the capability to
communicate with each other and thus, to provide the IWOC functionality.

[0027] The term “communicate” is used in the following description as
meaning at least transmitting information from the BOP stack to the tree. In one

embodiment, the term communicate also includes transmitting information from the
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structure of a BOP stack and IVVOC systems. However, the embodiments to be discussed next are
not limited to these systems, but may be appfied to other systems that require to be supplied to with
hydraulic pressure and/or electrical signals. [0025]Reference throughout the specification to one
embodiment or ‘an embodiment” means that a particular feature, structure, or characteristic described
in connection with an embodiment is included in at least one embodiment of the subject matter
disclosed. Thus, the appearance of the phrases "in one embodiment” or "in an embodiment" in various

I th hout th ification.,i t ily referr h bogdi t. Further, th

paiicular MG 2R SURF e ALHCIRO B GO Sa g GBI M i one or
bod| . ' ; : dim

Congured B S S Ty e e e e e

IWOC systemytin.other wardsne XS InGBOR Hpeks apslarciepmBvauberielrefitedbuitigpmsopriated

interfaces and/or junction plates and/or pod extension modules for allowing a direct communication

(electrical agefifayeraulichoanueePdineae &IpiRERS 45 aduinMeTtigne oy, sugphboadhe diinctionality

offered by the dedicated 'WOO systems. According to still another exemplary embodiment, a
t1/411.1X ptick RGP tachirthigtiiedgoainpecitpderfeibe thdRirpattyddarhthaiCatedacki¥ the tree for
controlling the tree. According to another exemplary embodiment, new BOP stacks and trees may be
directly marfufactdred anhapertosenpabildié EomddisatcARitiepistyidgbindhe U, stapkovide the
IVVOC functionality. [0027]The term "communicate" is used in the following description as meaning at

least transnfitin§NiAfBATas @S frdpratpe iBeimete lowahB@BLan théhahibedifeeiRESerm

communicate also includes transmitting information from the tree to the BOP_stack. The information

may includPEIESAal SignaiMpaRst AF SRRl REaRRGS Grtif! R SgHa1%re BRginally
itted f h oJ.e. f he ri [, by th f ll. The.el ical
Signals are HTURERFD TN R QB R a2 e BSERAE ot the BOP
k that i | i ! P F dund ,
X PoDs e e e R B 8 O o AR, s S0 inciucen 2 ower
BOP part 4 jincludeg yayigs %%%%m]awgwﬂ%m{é%|i§s%%i%ehﬁhh%a®2hmétedw lower

BOP part 46. Thé LRMP part 44 is attached to an end of a marine riser 49. The lower BOP part 46 is
traditionally afache dstentitarivg 1 erevie ahthewrst (itehRminstead of using a dedicated

IWOC system for doing workover when a tree 50 is in place over the wellhead 48.
Figure 4 shows the ocean floor 52 and part of the well 54 extending into the ocean
floor with one end and the other end being attached to the wellhead 48. The tree 50
(symbolically represented by a box but having a structure of its own depending on
the manufacturer) is attached to the wellhead 48, which indicates that the drilling
phase of the well has been finished and the well is now in the production phase.
[0029] However, as workover has to be done on the well, the BOP stack 45 is
lowered in place and connected to the tree 50 as shown in Figure 4. The BOP stack
45 can be an existing stack (e.g., drilling stack) that was retrofitted with the
components to be discussed next or a dedicated workover BOP stack. Those skilled
in the art would note that the operator does not need to rent or buy the IWOC system

to achieve the desired workover as the existing BOPs (which usually are owned by
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[0028]According to an exemplary embodiment illustrated in Figure 4, the BOP stack 45 is modified to
provide the 'WOO functionality instead of using a dedicated ANOC system for doing workover when a
tree 50 is in place over the wellhead 48. Figure 4 shows the ocean floor 52 and part of the well 54
extending into the ocean floor with one end and the other end being attached to the wellhead 48. The
tree 50 (symbolically represented by a box but having a structure of its own depending on the
manufacturer) is attached to the wellhead 48, which indicates that the drilling phase of the well has
been finishibe dntinbewdlbidorpaain phevpre thetamphasetid08RY lid dhetrer dsnwdifiexier has to be
done on the well, the BOP stack 45 is lowered in place and connected to the tree 50 as shown in
Figure 4. ThrsBOMdhacfolondan treaat BXstimgndREK@S., drilling stack) that was retrofitted with the
components to be discussed next or a dedicated werkoyer BOP stack, Those skilled in the art would

note that tHE%MRrator d6BS N hESR G PR BRI iR SErEN B BéHdvE%he desired workover
th isting BOP, hich | lly. ar illi tract ide th

o e g BOFS e P A PP I A e o e e

POD 40 (f%g@{gﬂb%g/tghﬁ]gﬁgﬁreP/E,B%Ps%%k%fﬁls Fﬁégéﬁ?ggggéggﬁegﬁ@ ARiF5pAlaL ipMUX POD 40)

is fluidly connected via one or more pipes to the lower ese pipes transmit fluid under

pressure frogs the- YR Rart 44 10 e IS ERPRALAGJE RERHITGYBIIQYS fupsiions. e-g., closing

or opening the BOPs 47 of the lower BOP part 46. In this regard, it is noted that a set of functions need

to be provided @ dbmdovepBRIRy RAL BOPAd this et efiinstiensdg aghiryadsaitherdytdiectly

providing the fluid under pressure (hydraulic) to the lower BOP part 46 and/or by transmitting electrical

signals fromptbe fvatiXsBQIPfdcintRenoseioBe P paltidé ttothacikivadirgoirgsarfudctiotshiProvisional
Patent Application No. 61/329,883 and Patent Application Serial Nos, 12/816,901, 12/816,912, and
12/816,923chbvifssighiats s tubiassit)pébarfindiprethe ptayiphigatierfladuinderporasedenerein in their
entirety by reference, disclose the above noted functions and the communication (hydraulic

andelectridalydsatiiekie the lowmRBRrpard 48 @il Bomittiag aBcliodlgidoaleermiteeexisting

MUX PODs may not be configured to handle o _ o
MUXPOD 40 to the lower BOP part 46 for activating these functions. Provisional

Patent Application No. 61/329,883 and Patent Application Serial Nos. 12/816,901,
12/816,912, and 12/816,923, all assigned to the assignee of the present application
and incorporated herein in their entirety by reference, disclose the above noted
functions and the communication (hydraulic and electrical) between the LMRP part
44 and the lower BOP part 46.

[0031] However, the existing MUX PODs may not be configured to handle
and/or control the additional functions associated with the tree. For instance, the
functions associated with the LMRP part and the lower BOP part may be different
from the functions associated with the tree. Even if the functions are the same (e.g.,
closing a valve) the pressure or flow rate requirement for closing the valve on the
BOP stack or the tree may be different. Thus, the existing MUX POD usually cannot
be directly connected to the existing trees as these two elements were not designed

to work together. Furthermore, the MUX POD capabilities may be limited for the
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and/or control the additional functions associated with the tree. For instance, the functions associated
with the LMRP part and the lower BOP part may be different from the functions associated with the
tree. Even if the functions are the same (c.a., closing a valve) the pressure or flow rate requirement for
closing the valve on the BOP stack or the tree may be different. Thus, the existing MUX POD usually
cannot be directly connected to the existing trees as these t vo elements were not designed to work
together. Furthermore, the MUX POD capabilities may be limited for the following reasons. The MUX

POD, Whict}éi)i%%ﬁée% \%?SQCFF‘E% E‘\%m@gg é. i\% ﬁgﬁfligyoredt ég @na{hee a [;:,hpaanritcglj1 cgnnection to a base

plate locate IS mechanical connection has a predetermined number of

Ports confaRf A% SORTEAGOeepARAIRg RV Lom e 1980 AL ALY Dftadigine lower BOP

part 46. In one application, t ports Is 96. Depending on the manufacturer and the design

of the BOP glgpk,dhiasumher-ceuhiridarashaesimaliess [RPRzdereaibdhripmés of toadUX POD are
used by the functions of the LIVIRP part 44 and the lower BOP part 46, traditionally, no other functions

may be congeiirfli R thecihs 0P Jdebpuadihe o ase @it alio n$/IR vbéchaao.iih gltotsfane available on
the MUX POD for controlling other devices, e.g., the tree. [0033]However, according to an exemplary
embodimenbilasBaIBchartFAgurin onthegdplvatiBO Bhpantmbanaf/ jretfitie8Go Raperd pudoexiession
module (PEM) 60 (to be discussed later) that is configured to communicate with the MUX POD 40 via,
for examplenaudaniecaoandtiskesiah béthe &ORstEMRIPIaNunEeneadRerBar pasAeThus, a
predetermined number of functions may be provided by the REM 60. In the eventuality that all the

functions ofl@98RIUX POPnasaditeaapis et NR T BeR et vt BFiIREMIN®OD may be
dedicated to the PEM 60 and that function may be restored on the lower BOP?part fro:ﬁ the REM 60.

However, a5MHRFREER £ b e IR E R MeaH P HaP BPRAIISRLBSY . FUIGHe thE A Rining

functions may beyspl R pg desited canil o e e S0 nanaiNEremhadpent, multpl

PEMs may etherto provide as many functions as required to operate the BOP

and tree fngine OORAIERAR BaBUS AN AR RENPOMALDS sorecied to a contol part 62 ofthe

tree to provi th electrical (communication and/or powe ydraulic
[0033] However, according to an exemplary embodiment illustrated in Figure

5, the lower BOP part 46 may be fitted to have a pod extension module (PEM) 60 (to
be discussed later) that is configured to communicate with the MUX POD 40 via, for
example, a connection (not shown) between the LMRP 44 and the lower BOP part
46. Thus, a predetermined number of functions may be provided by the PEM 60. In
the eventuality that all the functions of the MUX POD are already in use, one lower
BOP part function of the MUX POD may be dedicated to the PEM 60 and that
function may be restored on the lower BOP part from the PEM 60. However, as the
PEM 60 has a predetermined number of functions, e.g., eight, the remaining
functions may be used to provide the desired control to the tree 50. In another
embodiment, multiple PEMs may be daisy-chained together to provide as many
functions as required to operate the BOP and tree functions.

[0034] Figure 5 shows that the PEM 60 may be connected to a control part 62

of the tree to provide both electrical (communication and/or power) and hydraulic
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functionality. One or more electrical cables 64 provide the electrical connection while one or more "hot
stabs" 66 provide the hydraulic connectivity. In this regai is noted that it is possible to automatically
engage the electrical and/or hydraulic connections 64 and 66 when the BOP stack 45 is lowered on
the tree 50 (due to the weight of the BOP stack). Traditionally, a connection 68 between the BOP stack
45 and the tree 50 ensures that various electrical and hydraulic conduits connect to each other. The
electrical and hydraulic connections 64 and 66 may be provided with male and female parts that sit on
the BOP stacktimalitgl. ti@ntsee bd@ s cutcalatitady 6o ppte itteahelzletiecalbenrtbeiBOP stack 45 is
attached to the tree 50, [0035]Thus, the PEM 60 that is attached to the lower BOP part 46 has to be
configuredwbifit tne existinig fhnt s hidnegeileyhb & statiit pannetivitine tirddssegrbriéfore, the
PEM 60 may be installed on an existing lower BOP part 46 or on new BOP stacks, In one application,

the PEM 6 Rrighimdtdn e sribiada antamatireliy eveaderbameriredirndie svtHawux PoOD 40. An
advantage of this arrangement is that any lower BOP pad may be fitted or retrofitted with the PEM 60
i bR TR

to provide BPEMRFENSUREABHARYAISE RORE FhaRrie PP &0 LGSR $own in
igure 2. ceqrdi ngther exemplary embodiment | rated in, Fi isgrete
e s e T TR M S g

connection f'd may ea tweeén ree contro ISCrete connection

70 may NSRBI UACIC 4 S A RetibaRa AN SR LBBRIIRbrRE gmPle, readings

from the tree to the PEM 60. In one application, a dedicated pod 72 may be needed to be connected to

the tree copigl 601 nkRriasiaciti-he HissiRtecEARBEGIRD TPa Y BBGRRAVEFIBTdRdEMOte

operated vehicle (ROV) may be used to achieve the connection of the discrete connection 70 to the

dedicated padl hdl@fedtheraweaROMaat bashesoRedrnt a6 thel treetridsoeted that the REM 60 is
shown in Figures 5 and 6 as being attached to the lower BOP part 46. However, this is not the only

possibility entasiatied!lpycthislabpbeatiorthbr ahe a i EadiBrstdek REMaBchay tretbétdewedlio the LMRP

part 44 [0035] Thus, the PEM 60 that is attached to the lower BOP part 46 has to be
configured to fit the existing functions managed by the control part 62 of the tree 50.
Therefore, the PEM 60 may be instailed on an existing lower BOP part 46 or on new
BOP stacks. In one application, the PEM 60 may be installed on the LMRP part 44
to extend the functionality of the MUX POD 40. An advantage of this arrangement is
that any lower BOP part may be fitted or retrofitted with the PEM 60 to provide the
IWOC functionality and avoids the need of a dedicated IWOC system as shown in
Figure 2.
[0036] According to another exemplary embodiment illustrated in Figure 6, a
discrete connection 70 may be provided between the PEM 60 and the tree control
62. The discrete connection 70 may include discrete hydraulic lines and/or electrical
cables for transmitting, for example, readings from the tree to the PEM 60. In one
application, a dedicated pod 72 may be needed to be connected to the tree control

62 for interfacing with the discrete connection 70. In one application, a remote

operated vehicle (ROV) may be used to achieve the connection of the discrete
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In a similar way, the MUX pod 40 may be provided on the lower BOP part 46 instead of the LMRP part
44. (0037]According to another exemplary embodiment, the connection between the lower BOP part
46 and the control part 62 of the tree 50 may be achieved using a pod wedge connection as illustrated
in Figure 7, Figure 7 shows the pod wedge 90 being configured to move up and down along axis Z to
connect the lower BOP part 46 with a receiving base 92 attached to the tree 50. Holes 94 provided in
the pod wedge 90 are configured to transmit the fluid under pressure to the tree 50 when the pod

dge 90 i ed with th vi . di I t f dinth
foconing bASD L VAL B0 Yo PRELEAR ARG Vi HABE LEb e ORI WE G
lectrical ti ided t lyi bridgi
cloctical ca A A o e B o B g e A P TR aaeBg the 2 s

(0038)More,dlgtails aie RO BEOVied ARRMIPG A PRGAL ARG B bR YRR 40 may

be fixedly attached to a frame (riot shown) of the LMRP part 44 and may include hydraulically

activated valygsc3ddeallac e thsphtasidh, P ERLETeadPhhtsaives ke salampigatalues 82 that are

fluidly connected to the hydraulically activated valves 80. The solenoid valves 82 are provided in an
electronic sectianB@heand\anddesioneddabenagtbatprbiiyee nditigeaovale &OEapsigral ifrsteadn
electronic control board (not shown). Each solenoid valve 82 is configured to activate a corresponding
hydraulicallpfabtvatéeiR/abie 0. The MUX pod 40 may include pressure sensors 86 also mounted in
the electronic section 84. The hydraulically activated valves 80 are provided in a hydraulic section 88.

[0039]Accof8fiy o an eXsiepiaiyodmBoeines eepmstietea b eiurnb thecppngction between
the lower BOP part 46 and the control part 62 of the tree 50 may be achieved using

a pod wedge connection as illustrated in Figure 7. Figure 7 shows the pod wedge 90
being configured to move up and down along axis Z to connect the lower BOP part
46 with a receiving base 92 attached to the tree 50. Holes 94 provided in the pod
wedge 90 are configured to transmit the fluid under pressure to the tree 50 when the
pod wedge 90 is engaged with the receiving base 92. Corresponding holes (not
shown) are formed in the receiving base of the tree 50 for receiving the fluid under
pressure. Optionally, a wet-mateable electrical connection may be provided on the
pod wedge 90 and the receiving base 92 for bridging electrical communications. The
pod wedge 90 may be hydraulicaily activated to move along the Z axis.

[0038] More details are now provided about the MUX pod 40 and the PEM 60.
The MUX pod 40 may be fixedly attached to a frame (not shown) of the LMRP part
44 and may include hydraulically activated valves 80 (called in the art sub plate
mounted (SPM) valves) and solenoid valves 82 that are fluidly connected to the
hydraulically activated valves 80. The solenoid valves 82 are provided in an
electronic section 84 and are designed to be actuated by sending an electrical signal

from an electronic control board (not shown). Each solenoid valve 82 is configured

12



60 may include a fixed part 100 and a removable section 110. However, in one application both parts
100 and 110 are fixed. Figure 9 shows an implementation of the fixed part 100 and the removable
section 110 on the LMRP part 44, That means that the MUX pod 40 and the fixed part 100 are fixed to
the LMRP part 44. However, the PEM 60 may be fixed to the lower BOP part 46. The removable
section 110 is removably attached to the fixed part 100. The fixed part 100 includes one or more SPM
valves 106 (only one is shown for simplicity). The high pressure fluid is received via conduit 132 to a
first input 106atoktecaSPNesplve TRehydrihitcaly metisaeshvbbeiBent ISP vaRed Kbk inputs and
outputs 106a to 106f. SPM valves 106 with other configurations may be used. [0040]SPM valve 106 is
activated ByolegeipniegIHeefsiaseri8P iflgR predriae intiprladeyiasisiRidh chifrolled by pilot valve
108 provided in the removable section 110. Pilot valve 108 may have a similar structure as the SPM

valve 106 BX@E}%’%’@’&W@Y@&H&Q'&?@%@ E%%%%%WQE@%%%%’? e pilot valve 108 may
e L S e AN ot

hydraulic . Thus, b are implemented on xed part and the

removableseation 10:spRecHvely 166 BHAGINGAS MG snderrasswafovbe pilghalve 108. Similar

or different connections 136a an are used for providing the fluid under pressure from the pilot

valve 108 io, bie-HENbYANVEHIO WH SR P LRI ENBRANG BlGical sianah ifmblefRORMRS & gate I0Ba.

Thus, when the pilot valve 108 is activated, the fluid from conduit 132 flows via the pilot valve 108 to

the gate 1@6gtp-acsivateotnaRvevalvevkife Adsidhe BRid walveMrite to6gdis Bistivatedndluid from
conduit 132 flows via SPM valve 106 to outlet 138 and to the desired function to be controlled. [0041]it

is noted theiathiadliud) Mnter poessiliteecited pegdoduird 32audy the pidRiEecheitfer direetigrirom MUX
pod 40 along a conduit or from another source, e.g., hot line 144. The fluid may be regulated internally
at the MUXhpdeEAD 60heaydbdifiseriid theyldeesdipRdied 46 adhaenmeyabis sedieddddiithat
communicates with the ship (not shown) manning the operation of the LMRP. [0042]Similar to the fixed

part 100, tFeehapiacbedd tj'_mfdimquﬁemjgg. The fixed part 100 includes one or more

SPM valves 108 (only one is shown for simplicity). The high pressure fluid is
received via conduit 132 to a first input 106a of the SPM valve 106. In this
exemplary embodiment, SPM valve 106 has inputs and outputs 106a to 106f. SPM
valves 106 with other configurations may be used.

[0040] SPM valve 106 is activated by receiving the fluid under high pressure
at gate 106g. This fluid is controlled by pilot valve 108 provided in the removable
section 110. Pilot valve 108 may have a similar structure as the SPM valve 106
except that an electrical gate 108a is used to activate the valve. The pilot valve 108
may receive the fluid under pressure from the same conduit 132 used by the SPM
valve 106 or another hydraulic source. Thus, connections 134a and 134b are
implemented on the fixed part 100 and the removable section 110, respectively, for
bringing the fluid under pressure to the pilot valve 108. Similar or different
connections 136a and 136b are used for providing the fluid under pressure from the

pilot valve 108 to the SPM valve 106 when a corresponding electrical signal is
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more than one pilot valve 108. The removable section 110 also includes an electronic part 118 that is
electrically connected to the pilot valves for transmitUng various commands to them. The electronic
part 118 may be connected to power supply lines 140a and 140b that are connected to the MUX pod
40 via the fixed part 100. In addition, the electronic part 118 may include one or more lines 142 (e.g.,
RS 485 cables) for transmitting various commands from the MUX pod 40 to the corresponding
solenoid valves 108 via the fixed part 100. Corresponding wetmateabie electric connectors 145 (e.g.,

t fi t de-mat b b d on.the fixed part 100 and th
romovable SRR LT3 i ANeURET, DB.PL) YN Rl AN o ROBIS W the other,
Multiple fi - ' I j t b
Stuciure, OOAE A A bt OB e & T ke QoAb SLEAae Hiek Boply . 145

may be useqdio sREAABEHIAHRAS ROk RasvRId I REs e 3% dhiRpyer, each pilot

valve 148 would have its own output 150 fluidly communicating with a corresponding SPM valve 152.

In other worsiBMaaa somsabaodeie §Bxashirantdfandd enmeyahle srcbionbley having a
predetermined number of functions n (e.g., 8), there are n + 1 inlet hydraulic ports, one corresponding

to conduit 1@®4td the otharsatert eispiiheifigitbunidide ppests) bnteriog e apglit dti@mtinebeonduit 146
may be connected to another source of fluid under pressure instead of the MUX pod 40 or conduit
144. The repfovidbr eibwiotireclyrfrapimilit o atiél disrgentotidait didsashoothdnsherfigures. For
example, the removable section 110 may include one or more filtration devices, pressure sensing
devices, et€ SinfiAietid4ixdaBrichiagyimauas imey tiinaly atghehdidXpeddluidiorshpdos4]if the
fixed part 100 and the removable section 110 are disposed on the BOP stack, then the power supply

and the comPfuHicaiB STHRPIRAFSLQ AN U 6" RGHTMEIR BIBEaBBLRItRaT WAulic supply
T B R A e o cperatng e BoPs ot e

: pplicaton, e € fixedly attached to the fixed par
so that the fdzob{b?o is O@iﬂM?o(iﬂg]ﬁ)?é@B&rt 100, the removable section 110 may include

more than one pilot valve 108. The removable section 110 also includes an

electronic part 118 that is electrically connected to the pilot valves for transmitting

various commands to them. The electronic part 118 may be connected to power

supply lines 140a and 140b that are connected to the MUX pod 40 via the fixed part

100. In addition, the electronic part 118 may include one or more lines 142 (e.g., RS

485 cables) for transmitting various commands from the MUX pod 40 to the

corresponding solenoid valves 108 via the fixed part 100. Corresponding wet-

mateable electric connectors 145 (e.g., connectors configured to mate/de-mate

subsea) may be mounted on the fixed part 100 and the removable section 110 for

transmitting the electric power and the commands from one module to the other.

Multiple fixed parts 100 and corresponding removable sections 110 may be used on

the same subsea structure.

[0043] If more than one pilot valve 108 is provided on the removable section

110, the same supply line 146 may be used to supply the fluid under pressure to
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[0045]According to an exemplary embodiment illustrated in Figure 10, the MUX pod 40 may have an
interface 160 that is configured to directly communicate with the control part 62 of the tree 50. The
interface 160 may be retrofitted to an existing MUX pod 40 or may be manufactured as an integral part
of the tvlUX pod 40. The interface 160 is connected via a communication port 162 to the control part
62 of the tree 50. The communication port 162 may be configured to communicate electrical signals
and/or hydraulic signals between the MUX pod 40 and the tree 50. In another application, a MUX pod
40a is prodded ertitbe lRves RO part dhdnsteadonf ihet MR parivéd|dFavbissapplicaitpot an
interface 160a and a communication port 162a, similar to the interface 160 and the communication
port 162 arespriwidle deononnmiesti ip evitHUX oo gfdan ting) & figev8 0 eAlbathkr szt disdossed for the
previous embodiments equally apply to this embodiment, [0046]According to an exemplary
embodimeatcHnEaiareeiHeitiee partthiderddemaraeldseptionding hasiea fuypdatarmiRed blowout
preventer (BOP) part, where the lower BOP part is connected to a lower marine riser package

(LtV1RP) Mﬁ?f&hﬁ“&%@ﬁf’ S4810th& i aiRRrRl tiddalebBY LRI STRB method includes a step
1100 of attachi REM to the | BOP t; tep 1110 of hydraulical ing the REM t
VUX poq (T3S R SN AR B 0o S RETS LS5 R A IRy LB R el REM to the
MUX pod; t 1 f attachi ' t h , ' tor bei
configuredt T B canits Bhe SO B e g S B g the

REM to proyide a Seiaf fngtisnMess e neindansalt a fuikmrashrressHss from the MUX pod

to the tree. [0047]The disclosed exemplary embodiments provide a system and a method for providing
IMC functignalifydRdetiRseyiaignRAR slasknishondivhentndarstoes that Biadpraringon is not intended
to limit the invention. On the contrary, the exemplary embodiments are intended to cover alternatives,
modificatioasmandse dddlents) whiah audslodedinvitve siititiandisciope, pirdseuryeatisings defined by
the appended claims. Further, in the detailed description of the exemplary embodiments, numerous
specific detaNsase atet Sithilariprdes foxgr@adermyinchréd etfsivalevidesseapdingesithe claimed
invention. However, one skilled in the

regulators.

[0044] If the fixed part 100 and the removable section 110 are disposed on the
BOP stack, then the power supply and the communication supply may stay the
same, e.g., from MUX POD 40, but the hydraulic supply may provided by a hot line
that provides the fluid under high pressure for operating the BOPs of the BOP stack.
In one application, the removable section 110 may be fixedly attached to the fixed
part 100 so that the PEM 60 is one single component.

[0045] According to an exemplary embodiment illustrated in Figure 10, the
MUX pod 40 may have an interface 160 that is configured to directly communicate
with the control part 62 of the tree 50. The interface 160 may be retrofitted to an
existing MUX pod 40 or may be manufactured as an integral part of the MUX pod 40.
The interface 160 is connected via a communication port 162 to the control part 62 of
the tree 50. The communication port 162 may be configured to communicate

electrical signals and/or hydraulic signals between the MUX pod 40 and the tree 50.
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art would understand that various embodiments may be practiced without such specific details.
[0048]Although the features and elements of the present exemplary embodiments are described in the
embodiments in particular combinations, each feature or element can be used alone without the other
features and elements of the embodiments or in various combinations with or without other features
and elements disclosed herein, [0049]This written description uses examples of the subject matter
disclosed to enable any person skilled in the art to practice the same, including making and Using any
devices or systems and performing an incoré)orated methods. The patentable scope of the subject

matter is defihdPEFHP RIS "aAdIHAARRIGHR SREPEHIIEESHAVEEE R TPHESE LidHen the art.

Such other exaIpleR/s Iignded q.e wilhin. (16 seons. of lne Clme, AT I GLAIMED 1S: L.An
I control while perf

apparatus fo Ing pressure wh}i’l'g aﬁﬁlng subsea wélls an orming workover

operations ‘E)’&r"[1 %9&9&%&?’\{8'%8%8#3&9%60 and the communication port 162 are provided
to connect the MUX pod 40a to the tree 50. All other features discussed for the
previous embodiments equally apply to this embodiment.
[0046] According to an exemplary embodiment illustrated in Figure 11, there
is a method for providing tree control via a lower blowout preventer (BOP) part,
where the lower BOP part is connected to a lower marine riser package (LMRP) part
to form a BOP stack that is attached undersea to the tree. The method includes a
step 1100 of attaching a PEM to the lower BOP part; a step 1110 of hydraulically
connecting the PEM to a MUX pod that is attached to the LMRP part; a step 1120 of
electrically connecting the PEM to the MUX pod; a step 1130 of attaching a hydraulic
connector to the PEM, the hydraulic connector being configured to mate with a
corresponding connection of the tree; and a step 1140 of configuring the PEM to
provide a set of functions to the tree and to transmit a fluid under pressure from the
MUX pod to the tree.
[0047] The disclosed exemplary embodiments provide a system and a method
for providing IWOC functionality to a tree via a BOP stack. It should be understood
that this description is not intended to limit the invention. On the contrary, the
exemplary embodiments are intended to cover alternatives, modifications and
equivalents, which are included in the spirit and scope of the invention as defined by
the appended claims. Further, in the detailed description of the exemplary
embodiments, numerous specific details are set forth in order to provide a

comprehensive understanding of the claimed invention. However, one skilled in the
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a blowout preventer (BOP) stack having a lower marine riser package (LMRP) part configured to be
attached to an end of a marine riser suspended from a drilling vessel: a lower BOP part configured
to be detachably attached to the LMRP part and to land on a subsea production tree; at least one
multiplex (MUX) pod attached to the BOP stack, the MUX pod having solenoid actuated BOP pilot
valves hydraulically connected to BOP hydraulic valves, which in turn are connected to a hydraulic
pressure supply and to various components of the BOP stack for controlling pressure of a well while

drilling; gn%um@}ieé@@ﬂﬂ‘%ﬁé@@:ﬁ%hg Mﬁ%@%ﬁ@%ﬁ%@%&@t#&%&%ﬂ%ﬁ%& the drilling vessel
for supplying electrical control signals to the BOP pilot for performing selected functions with the

componeagts:efithadtddp stack; a pod extension module having solenoid actuated pod extension
pilot valves hydraulically connected to pod extension module hydraulic valves which in turn are
connected0@ifile hydrabitiwoppsthe éestippb/and elametéstridhé lmesertendimg ltnym MUX pod to the pod
extension module pilot valves for supplying electrical control signals via the umbilical from the drilling

vessel thregRdieente Xrp dexe/ird po dheaavrsidmeds indpilisuzi cegimiions, gasiidraulic connector

connected to the pod extension module hydraulic valve and adapted to be connected to the tree for

supplyingBY4Ya HcsirpEaare Hiaf ARNBAHHRRYE HSRIRALERIE R 12l REMAPES A Warious
gt TR I s e SR Ry

disclosed herein.

[0049] This written description uses examples of the subject matter disclosed to

enable any person skilled in the art to practice the same, including making and using

any devices or systems and performing any incorporated methods. The patentable

scope of the subject matter is defined by the claims, and may include other examples

that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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3. The apparatus of claim 1, wherein the hydraulic connector comprises a hot stab connection
configured to automatically connect the pod extension module valve' to the tree when the lower BOP
part contacts the tree. 4. The apparatus of claim 1, further comprising: a wet-mateable
electrical connection between the pod extension module and a control part of the tree, wherein the
wet-mateable electrical connection transfers electrical signals between the pod extension module and
the contrd¥ b'ﬁ?d}s[MMED 1% The apparatus of claim 4 herein the wetmateable electrical
connection is configured to be connected to the control part of the tree by a remote operated vehicle.
6. The apparatus of claim, wherein: the wet-mateable electrical connection is configured to be
connected to thed .contralnpapparfadiae foeeantretinhelevsardBepditiogrdabiedhecieand while The
apparatus of claim 1, wherein the hydraulic connector is configured to be connected to the control part
of the trepepipaiethwRskser Sieeratidiiglen a praiuctiens@, semaRrisingaim 1, further comprising: a
pod wedge between the pod extension module and a control part of the tree, wherein the pod wedge is

configured to diftBIRMRUhRIBYRRIE HRPR) Rtar i iae Qiveb matredGe eraskets(MatiAYdraulic

valves toctck)]n iggr%'d to be attached to an end of a marine riser suspended from a drilling vessel;

a lower BOP part configured to be detachably attached to the LMRP part and to land

on a subsea production tree;

at least one multiplex (MUX) pod attached to the BOP stack, the MUX pod having
solenoid actuated BOP pilot valves hydraulically connected to BOP hydraulic valves, which
in turn are connected to a hydraulic pressure supply and to various components of the BOP

stack for controlling pressure of a well while drilling;

an umbilical connected to the MUX pod and adapted to be connected to the drilling
vessel for supplying electrical control signals to the BOP pilot for performing selected

functions with the components of the BOP stack;

a pod extension module having solenoid actuated pod extension pilot valves
hydraulically connected to pod extension module hydraulic valves which in turn are

connected to the hydraulic pressure supply;

an electrical line extending from MUX pod to the pod extension module pilot valves
for supplying electrical control signals via the umbilical from the drilling vessel through the

MUX pod to the pod extension module pilot valves; and

a hydraulic connector connected to the pod extension module hydraulic valve and
adapted to be connected to the tree for supplying hydraulic fluid pressure from the pod
extension module hydraulic valves to various components of the tree while performing

workover operations on the tree.
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9. The apparatus of claim 8, wherein the pod wedge is movably attached to the lower BOP part and
configured to move along a predetermined axis to connect and disconnect from the tree, with a control
part in the tree only through the pod extension module. 11. A system for controlling a blowout
preventer (BOP) stack during drilling of the subsea well and a subsea tree during workover operations,

the BOP stack igclucingg Ipper AR 1K AN Fegng dser artaan NRERaG e system

comprising: at least one multiplex pod configured to be attached to the BOP stack to receive
electricakgiopalp ¥agn umbilical from a drilling vessel during drilling and workover operations, the
MUX pod having solenoid actuated BOP pilot valves hydraulically connected to the BOP hydraulic
valves to control the BOP hydraulic valves to provide k&%{graulic fluid pressure from a hydraulic

pressure supply3o a firStSEPBRIKTRIGAIR brHherenRIe PUrta4lici SRS ALCCRSISES Adthents of the
lower BOP part; a pod extension module confi be attached to the BOP st d
e;;lensior‘? oﬁ?ﬁ@"?%\%f % @w&@ltg&ﬁg%@%ﬁ% ye(:;gr(%ajrrqlgs‘lcjcgﬁ%rene%%:ljl Sgpﬁ[% '?/% vgeg%?/d?&%%gqléngomected
to pod e@ggmﬂﬁg(%%%ygwlﬁaxaégﬁé&et é)g,@@_(tension module pilot valves being electrically

connected to the pod to recelve electrical signals sent from the drilling vessel to the MUX pod via
the umbilical during workover operations; and a hydraulic connector extending from the pod
extension module hydriidiapedvatsianticbaintiuiethes bemittisgrgd to the tree to communicate hydraulic
fluid pressure from the pod extension module hydraulic valves to components of the tree during

workover operafiga-mateableglrctiralesanmestiambeiveandaPaskerirsion cnashiR et 2omprises:

control part of the tree, wherein the wet-mateable electrical connection transfers electrical

signals between the pod extension module and the control part of the tree.

5. The apparatus of claim 4, wherein the wet-mateable electrical connection is

configured to be connected to the control part of the tree by a remote operated vehicle.

6. The apparatus of claim, wherein:
the wet-mateable electrical connection is configured to be connected to the control

part of the tree when the lower BOP part contacts the tree.

7. The apparatus of claim 1, wherein the hydraulic connector is configured to be

connected to the control part of the tree by a remote operated vehicle.

8. The BOP stack of claim 1, further comprising:
a pod wedge between the pod extension module and a control part of the tree,
wherein the pod wedge is configured to directly transfer the hydraulic fluid pressure from the

pod extension module hydraulic valves to the tree.

9. The apparatus of claim 8, wherein the pod wedge is movably attached to the
lower BOP part and configured to move along a predetermined axis to connect and

disconnect from the tree.
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a hot stab connection for connecting between the pod extension module and a control part of the tree,
wherein the hot stab connection is configured to automatically connect the pod extension module to
the tree when the lower BOP part contacts the tree. 13. The system of claim 12, further
comprising: a wet-mateable electrical connection for connecting between the pod extension
module and the control_rpart of the tree, wherein the wet-rnateable electrical connection tr nfers

electrical signald Betwells FRPBEIERLAGEH yhgie e MY Erprbissanfiguisd fReemmunicate e
system o ﬁ#‘?'ﬂ:&ﬁﬁgy E&SF??E dhepetmateap) r(]elﬁgtﬁ&?le%)gnré?é:éi%rh;gu?eqnfigured fo be connected to
the tree .

the control part o y a remote operated vehicle. e system of claim 13, wherein the
wet-mateable electrical connection is configured to be connected to the control part of the tree
automatically wHén the AosyeteBO& pantrodim@etdlthetigeet éitee (BOR) ratadictirimd rilunge réitnéhe

hydraulic connector comprises: a pod wedge betweenpod extension module and a control part of
the tree, FHRSRANMBIEFHER REBRRA S D ATIHUGMOIEQYiRE efg kiRt A BRJtptafic TRligipeademe from the
pod extension module hydraulic valves to the tree, and the pod wedge is movably attached to the

lower BOBPaREHEéh We’&?ﬂ%é\?@%%ﬁ@%%%&@rﬁﬁﬁe@ﬁﬂ% PSR disconnect from

the tree. at least one multiplex (MUX) pod configured to be attached to the BOP stack to

receive electrical signals via an umbilical from a drilling vessel during drilling and workover
operations, the MUX pod having solenoid actuated BOP pilot valves hydraulically connected
to the BOP hydraulic valves to control the BOP hydraulic valves to provide hydraulic fluid
pressure from a hydraulic pressure supply to a first set of components of the LMRP part, and

a second set of components of the lower BOP part;

a pod extension module configured to be attached to the BOP stack, the pod
extension module having solenoid actuated pod extension module pilot valves hydraulically
connected to pod extension module hydraulic valves the pod extension module pilot valves
being electrically connected to the MUX pod to receive electrical signals sent from the drilling

vessel to the MUX pod via the umbilical during workover operations; and

a hydraulic connector extending from the pod extension module hydraulic valves and
configured fo be attached to the tree to communicate hydraulic fluid pressure from the pod

extension module hydraulic valves to components of the tree during workover operations.

12. The system of claim 11, wherein the hydraulic connector comprises:
a hot stab connection for connecting between the pod extension module and a
control part of the tree, wherein the hot stab connection is configured to automatically

connect the pod extension module to the tree when the lower BOP part contacts the tree.
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17.A method for providing drilling and tree control via a lower blowout preventer (BOP) part, wherein
the lower BOP part is connected to a lower marine riser package (LMRP) part to form a BOP stack
that is suspended from a drilling vessel, the method comprising: providing the LMRP with a
multiplex (MUX) pod having solenoid actuated pilot valves connected to BOP hydraulic valves that in
turn are connected to ghydiaulin BfessHIa sUBRheraRthpRaRAgEting the BOP hydraulic valves to various
BOP components of the BOP stack; connecting a umbilical from the drilling vessel to the &AUX pod,;
providing a pod £xietnsistedbleclissthiasi ngmadetioid @civatedtpidobatalyes tenmertetkigibydraulic valves
that are connected to the hydraulic pressure supply: electrically connecting the pod extension module
to the Mo@dd;and thsrevitngreidctfite rgravdrrainetha Wetpoateipithelestisiitednoasiose the pilot
valves of the MUX pod to supply hydraulic signals to operate the BOP hydraulic valves, which deliver
hydrauliciRipisressties sianait Isranit B XCasIp A B RSt e RAES RAERDIS WRA: the
components of the BOP stack while drilling: landing the BOP stack on a subsea production tree
having hydraulically actygteckiErs SUBRANSNRHRAEARBGRRIAHRGBIRSBIRAC HiRrERRFAIPONeNtS via
hydraulic fluid passages;

configured to be connected to the control part of the tree by a remote operated vehicle.

15. The system of claim 13, wherein the wet-mateable electrical connection is
configured to be connected to the control part of the tree automatically when the lower BOP

part contacts the tree.

16. The system of claim 12, wherein the hydraulic connector comprises:

a pod wedge between the pod extension module and a control part of the tree,
wherein the pod wedge is configured to directly transfer the hydraulic fluid pressure from the
pod extension module hydraulic valves to the tree, and the pod wedge is movably attached
to the lower BOP part and configured to move along a predetermined axis to connect and

disconnect from the tree.

17. A method for providing drilling and tree control via a lower blowout preventer
(BOP) part, wherein the lower BOP part is connected to a lower marine riser package
(LMRP) part to form a BOP stack that is suspended from a drilling vessel, the method
comprising:

providing the LMRP with a multiplex (MUX) pod having solenoid actuated pilot valves
connected to BOP hydraulic valves that in turn are connected to a hydraulic pressure supply,

and connecting the BOP hydraulic valves to various BOP components of the BOP stack:
connecting a umbilical from the drilling vessel to the MUX pod,;

providing a pod extension module having solenoid actuated pilot valves connected to

hydraulic valves that are connected to the hydraulic pressure supply:
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attaching a hydraulic connector from the pod extension module to the receptacle of the tree, and
providing electrical signals via the umbilical to the MUX pod and directing the electrical signals from
the MUX pod to the pod extension module, causing the pilot valves of the pod extension module to
provide hydraulic signals to operate the hydraulic valves of the pod extension module, which deliver
hydraulic fluid pressure from the hydraulic fluid pressure supply to the tree components to perform

selected functiofS AiFAINS AL IBRERE extensipy mRdUIRLAEE MRAYL7, wherein the hydraulic

valves of the pod module are connected to the hydraulic pressure supply via the MUX pod. 19.

The method of glaioidiy &sthesreiprssitginesingesemeiarrperaitidrehiciade werirelinsbydraulic
connector of the pod extension module to the receptacle of the tree. 20. The method of claim 18,

further carinprdifigX pod tsmugpplyweidiaubt tgnB B Rosipelate therB@et iertwyidraaliesomniestor of the pod
extension module to the receptacle of the tree. An apparatus for controlling pressure during

subsea d¥fikey dyeraubmBuithararsieeoro peediistia ko RipsRIfR SUPPlyA D RRMOITN Heiosie’r (BOP) stack
having an upper end for connection to a marine riser supported by a drilling vessel and a lower end for

connectiSMEYS Ml GeRmeaFiRG RRIRGY sitrk e dAHRS a production tree during ,vorkover

operations, the BOP stack having a plurality of rams for closing around a pipe string extending through
the marine risenip@igeneeltbeatkck on a subsea production tree having hydraulically actuated tree

components and a receptacle connected to the tree components via hydraulic fluid

passages;

attaching a hydraulic connector from the pod extension module to the receptacle of

the tree, and

providing electrical signals via the umbilical to the MUX pod and directing the
electrical signals from the MUX pod to the pod extension module, causing the pilot valves of
the pod extension module to provide hydraulic signals to operate the hydraulic valves of the
pod extension module, which deliver hydraulic fluid pressure from the hydraulic fluid
pressure supply to the tree components to perform selected functions with the tree

components.

18. The method of claim 17, wherein the hydraulic valves of the pod module are

connected to the hydraulic pressure supply via the MUX pod.

19. The method of claim 18, further comprising: using a remote operated vehicle

to connect the hydraulic connector of the pod extension module to the receptacle of the tree.

20. The method of claim 18, further comprising:
using a weight of the BOP stack to connect the hydraulic connector of the pod

extension module to the receptacle of the tree.
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a multiplex (MUX) pod attached to the BOP stack, the MUX pod having solenoid actuated BOP pilot
valves and BOP hydraulic valves, which are connected to a hydraulic pressure supply and to the rams,
the MUX pod adapted to be connected to an umbilical extending downward from the vessel for
supplying electrical control signals to the BOP pilot valves; a pod extension module attached to

the BOP stack, $ie podexippsiof.sluls baing selenricantptegdaatmiiensianangrp ot vaives
u

and pod extension module hydraulic valves that are connected to the hydraulic pressure supply; a
hydraulicstreesteperdessingofipmsthg: pod extension module hydraulic valves for connection to the
tree during workover operations; and an electrical line extending from the MUX pod to the pod
extension modudebfowpubpigiventer RO dlextenziing modplEepiod fahvesrestitickl sigaadlesent from the

drilling vessel via the umbilical to actuate components of the tree.
riser supported by a drilling vessel and a lower end for connection to a subsea wellhead

during drilling operations and to a production tree during workover operations, the BOP stack
having a plurality of rams for closing around a pipe string extending through the marine riser

into the wellhead;

a multiplex (MUX) pod attached to the BOP stack, the MUX pod having solenoid
actuated BOP pilot valves and BOP hydraulic valves, which are connected to a hydraulic
pressure supply and to the rams, the MUX pod adapted to be connected to an umbilical
extending downward from the vessel for supplying electrical control signals to the BOP pilot

valves;

a pod extension module attached to the BOP stack, the pod extension module having
solenoid actuated pod extension module pilot valves and pod extension module hydraulic

valves that are connected to the hydraulic pressure supply;

a hydraulic connector extending from the pod extension module hydraulic valves for

connection to the tree during workover operations; and

an electrical line extending from the MUX pod to the pod extension module for
providing to the pod extension module pilot valves electrical signals sent from the drilling

vessel via the umbilical to actuate components of the tree.
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