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SUBSEA PRESSURE CONTROL SYSTEM

TECHNICAL FIELD

The present disclosure relates generally to equipment
utilized and operations performed in conjunction with
drilling a subterranean well and, in an example described
herein, more particularly provides a subsea pressure control

system.

BACKGROUND

In the past, wellbore pressure control has been
achieved, for example, by controlling drilling fluid
rheology, controlling pressure applied by pumps at a surface
location, and variably restricting flow of the drilling
fluid from the wellbore at the surface location. These
surface activities generally require some modification of
surface equipment to accommodate the wellbore pressure

control equipment.

However, it would be preferable to avoid extensive
modification of surface equipment on facilities used for
shallow, deep and ultra-deep water drilling. Furthermore,

it would be preferable to control wellbore pressure at a
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subsea location, in order to maintain a desired wellbore

pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of the present disclosure.

FIG. 2 is a representative block diagram of a subsea
pressure control system which may be used in the well system
and method of FIG. 1, the subsea pressure control system

being depicted in a drill-ahead configuration.

FIG. 3 is a representative block diagram of the subsea
pressure control system, depicted in an interrupted

circulation configuration.

FIG. 4 is a representative block diagram of the subsea
pressure control system, depicted in a riser hydrostatic

pressure control configuration.

FIG. 5 is a representative block diagram of the subsea
pressure control system, depicted in another hydrostatic

pressure control configuration.

FIG. 6 is a representative block diagram of a subsea
process control system which may be used in the subsea

pressure control system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is an example of
a well system 10 and associated method which can embody
principles of the present disclosure. However, it should be

clearly understood that the well system 10 and method are
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merely one example of a variety of systems and methods which

are within the scope of this disclosure.

In the well system 10 depicted in FIG. 1, a floating
rig 12 is used to drill a wellbore 14. A generally tubular
drill string 16 has a drill bit 18 connected at a lower end
thereof, and the drill bit is rotated and/or otherwise

operated to drill the wellbore 14.

The drill string 16 could be rotated by the rig 12, the
drill string could have a Moineau-type fluid motor (not
shown) for rotating the drill bit, and/or the wellbore 14
could be drilled by impacts delivered to the drill bit, etc.
The drill string 16 could be continuous or segmented, and
the drill string could have wires, optical waveguides, fluid
conduits or other types of communication paths associated
with the drill string for transmission of data signals,
command/control signals, power, flow, etc. Thus, it will be
appreciated that the drill string 16 depicted in FIG. 1 is
merely one example of a variety of different types of drill

strings which could be used in the well system 10.

The rig 12 is depicted in FIG. 1 as being a floating
rig positioned at a surface location (e.g., at a surface 20
of a deep or ultra-deep body of water). However, if the
wellbore 14 were to be drilled from a shallower body of
water, the rig 12 could instead be a Jjack-up type of
drilling rig. Therefore, it should be understood that,
within the scope of this disclosure, the rig 12 could be any
type of drilling rig, platform, etc., capable of drilling
the wellbore 14.

In the FIG. 1 example, a marine riser 22 extends
between the rig 12 and a blowout preventer stack 24
positioned at a subsea location (e.g., at a mud line or on a

seabed 26). The riser 22 serves as a conduit for guiding
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the drill string 16 between the rig 12 and the blowout
preventer stack 24, for flowing fluids between the rig and
the wellbore 14, etc. However, in other examples, the

wellbore 14 could be drilled without the riser 22.

Interconnected between the riser 22 and the blowout
preventer stack 24 are an annular blowout preventer 28 and a
subsea annular sealing device 30. The annular blowout
preventer 28 is designed to seal off an annulus 32 about the
drill string 16 in certain situations (e.g., to prevent
inadvertent release of fluids from the well in an emergency,
etc.), although a typical annular blowout preventer can seal
off the top of the blowout preventer stack 24 even if the
drill string is not present in the annular blowout

preventer.

The annular sealing device 30 is also designed to seal
off the annulus 32 about the drill string 16, but the
annular sealing device is designed to do so while the drill
string is being used to drill the wellbore 14. If the drill
string 16 rotates while drilling the wellbore 14, the
annular sealing device 32 is designed to seal about the

rotating drill string.

The annular sealing device 32 may be of the type known
to those skilled in the art as a rotating blowout preventer,
a rotating head, a rotating diverter, a rotating control
device (RCD), etc. The annular sealing device 32 may be
passive or active, in that one or more seals thereof may be
always, or selectively, extended into sealing engagement
with the drill string 16. The seal(s) of the annular
sealing device 32 may or may not rotate with the drill

string 1l6.

Drilling fluid 33 is contained in a reservoir 34 of the

rig 12. A rig pump 36 is used to pump the drilling fluid
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into the drill string 16 at the surface. The drilling fluid
flows through the drill string 16 and into the wellbore 14
(e.g., exiting the drill string at the drill bit 18).

The drilling fluid 33 then flows through the annulus 32
back to the reservoir 34 via a choke manifold 38, a mud
buster or “poor boy” degasser 40, a solids separator 42,
etc. However, it should be understood that other types and
combinations of drilling fluid handling, conditioning and
processing equipment may be used within the scope of this

disclosure.

In an important feature of the well system 10, a subsea
pressure control system 44 is used to control pressure in
the wellbore 14. As depicted in FIG. 1, the pressure
control system 44 is positioned at the subsea location,
where it can exert immediate control of pressure in the well

anhulus 32 at the subsea location.

In examples described below, the pressure control
system 44 can control the pressure in the well annulus 32
whether or not the drilling fluid 33 is being circulated
through the drill string 16. In other examples described
below, the pressure control system 44 can also control a
level of hydrostatic pressure applied to the well annulus 32

at the subsea location.

In different situations, it may be desired for pressure
in the wellbore 14 to be less than, greater than or equal to
pore pressure in an earth formation 46 penetrated by the
wellbore. Typically, it is desired for the wellbore
pressure to be less than a fracture pressure of the

formation 46.

Persons skilled in the art use terms such as
underbalanced drilling, managed pressure drilling, at

balance drilling, conventional overbalanced drilling, etc.,
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to describe how wellbore pressure is controlled during the
drilling of a wellbore. The pressure control system 44 can
be used to control wellbore pressure in any type of drilling
operation, and with any desired relationship between
wellbore pressure and formation pore and/or fracture

pressure.

The pressure control system 44 can be used to control
pressure applied to the well annulus 32 at the subsea
location by a column of fluid in the riser 22, or in a line
external to the riser. In an example described below, a
subsea pump is used to adjust a height of the column of
fluid, to thereby achieve a desired hydrostatic pressure of

the fluid at the subsea location.

The pressure control system 44 can be used to control
pressure over time at any location along the wellbore 14,
and for any purpose. For example, it may be desired to
precisely control pressure at a bottom end of the wellbore
14, or at a particular location relative to the formation
46, or at a pressure sensitive area (such as, at a casing
shoe 48), etc. Control over the wellbore pressure may be
for purposes of avoiding fractures of the formation 46,
avoiding loss of drilling fluid 33, preventing undesired
influx of formation fluid into the wellbore 14, preventing

damage to the formation, etc.

The pressure control system 44 can be used to control
pressure in the wellbore 14 by controlling pressure in the
annulus 32 at the subsea location. Such control can be
exercised whether or not the drilling fluid 33 is currently
being flowed through the drill string 16 into the wellbore
14, and from the wellbore to the rig 12 at the surface

location.
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Referring additionally now to FIG. 2, a block diagram
of one example of the pressure control system 44 is
representatively illustrated. The pressure control system
44 depicted in FIG. 2 can be used in the well system 10

described above, or in other well system configurations.

The pressure control system 44 is illustrated in FIG. 2
as including the annular blowout preventer 28 and annular
sealing device 30 described above, but it should be
understood that it is not necessary for the pressure control
system to include these elements or associated flow spool 50
and connectors 52, 54, since the pressure control system
could be connected to other equipment, such as existing

equipment, in other examples.

As depicted in FIG. 2, the lower connector 52 connects
the flow spool 50 to a flex joint 56 on top of the blowout
preventer stack 24. The upper connector 54 connects the
annular sealing device 30 to the riser 22, or to a riser-

less adaptor if no riser is used.

In the example configuration depicted in FIG. 2,
drilling is progressing, with the drilling fluid being
flowed through the drill string 16, into the annulus 32 and
back to the reservoir 34 at the surface. A choke manifold
58 receives the drilling fluid from the annulus 32 and
variably restricts the flow of the drilling fluid, to
thereby variably adjust pressure applied to the annulus at

the subsea location.

Although only one choke 60 is shown in FIG. 2, the
choke manifold 58 preferably includes multiple chokes, with
the ability to flow the drilling fluid 33 through one or
more of the chokes. 1In some examples, the pressure control
system 44 can detect plugging of a choke (e.g., by

monitoring pressure differential across the choke, flow rate
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through the choke, etc.), can switch flow from one choke to
another, can flush a choke to remove solids from a flow

passage of the choke, etc.

The choke manifold 58 can be automatically controlled,
for example, to automatically maintain a desired pressure
applied to the annulus 32 at the subsea location. If
pressure in the annulus 32 at the subsea location is less
than that desired (e.g., less than that needed to achieve a
desired pressure in the wellbore 14), restriction to flow
through the choke 60 can be increased, thereby increasing
the pressure applied to the annulus. If pressure in the
annulus 32 is greater than that desired, restriction to flow
through the choke 60 can be decreased, thereby decreasing

the pressure applied to the annulus at the subsea location.

The annulus 32 is sealed off by the annular sealing
device 30, thereby forcing the drilling fluid to flow out of
the flow spool 50, through open valve 62 to the choke
manifold 58, and then through open valves 64, 66 and via
fluid return line 68 to the rig 12. 1In this configuration,
the pressure control system 44 can be used for underbalanced

or managed pressure drilling, etc.

If, however, the drilling fluid 33 is not being
circulated through the drill string 16 and annulus 32 (such
as, while a connection is being made in the drill string,
while actual drilling is stopped, etc.), fluid can still be
flowed through the choke manifold 58 to thereby allow for
control over the pressure applied to the annulus 32 at the
subsea location. This flow through the choke manifold 58
can be provided by a pump 70, as depicted in the

configuration of FIG. 3.

The pump 70 can be a variable speed pump, the output of

which can be varied using variable frequency drive, variable
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hydraulic power, etc. Thus, the pressure and flow output by

the pump 70 can preferably be adjusted as desired.

Note that, in FIG. 3, the formerly open valves 64, 66
are closed, and another valve 72 is open, allowing fluid to
be pumped from the pump 70 to an upstream side of the choke
manifold 58. The choke 60 variably restricts this flow, to

thereby apply a desired pressure to the annulus 32.

Instead of using the pump 70 to flow fluid through the
choke 60 while the drilling fluid 33 is not being flowed
through the drill string 16 and annulus 32, the valve 62
could be closed to trap a desired pressure in the annulus.
For example, when it is desired to make a connection in the
drill string 16 (e.g., to add a section of drill pipe to the
drill string), the output of the rig pump 36 can be
gradually decreased while the valve 62 is gradually closed,
thereby trapping the desired pressure in the annulus 32.
After the connection is made, the output of the rig pump 36
can be gradually increased while the valve 62 is gradually
opened, thereby maintaining the desired pressure in the
annulus 32 while circulation through the drill string 16 and

annhulus is restarted.

The choke 60 and the pump 70 are controlled by means of
a subsea process control system 74 included in the pressure
control system 44. The process control system 74 could
instead be located on the rig 12 or at another surface
location (such as, at a remote operations center) in other
examples, in which case the process control system could
remotely control operation of the choke 60 and pump 70 via

wires, lines, fiber optics, telemetry, etc.

A subsea communication system 76 is used to supply
electrical, hydraulic and/or optical power and

communications for the process control system 74, the choke
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60 and the pump 70. Together, the process control system 74
and the communication system 76 are used to operate the
choke manifold 58, the pump 70 and at least valves 62, 64,
66, 72, 78, 80, 82.

In the event of a well control problem which cannot be
handled adequately by the pressure control system 44 (such
as, a large influx of gas into the wellbore 14, etc.), the
valve 82 can be opened to allow the drilling fluid 33 to be
flowed to the rig choke manifold 38 via a conventional rig

choke line 84.

Pressure, flow and temperature sensors 86, 88, 90, 92,
94, 96, 98, 100 are strategically placed in the pressure
control system 44 to monitor conditions at various locations
relative to the flow control components of the system.
Sensor 86 measures pressure in the annulus 32, and sensors
88, 90 and 92 respectively measure pressure, temperature and
flow upstream of the choke manifold 58. Respective
pressure, temperature and flow sensors 94, 96, 98 measure
pressure, temperature and flow downstream of the choke
manifold 58, and upstream of the pump 70. Flow sensor 100

measures the output of the pump 70.

Of course, in other examples of the pressure control
system 44, other numbers, types, combinations, positions,
etc. of sensors can be used to monitor parameters for use in
determining what a desired wellbore pressure should be, and
whether conditions are appropriate in the pressure control
system to achieve and maintain that desired wellbore
pressure over time. Control over the wellbore pressure can
be exercised in part by controlling the pressure applied to

the annulus 32 at the subsea location.

The pressure applied to the annulus 32 at the subsea

location is a summation of various factors, among them a
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hydrostatic pressure of a column of fluid above the subsea
location, back pressure due to a restriction to flow of
fluid through the choke 60, pressure applied by the pump 70,
fluid friction due to flow of the drilling fluid 33 from the
subsea location to the surface location, etc. Most of these
factors can be controlled by means of the pressure control

system 44.

With regard to control over the hydrostatic pressure of
the column of fluid above the subsea location, note that
this column of fluid could be in the riser 22, in a line
positioned external to the riser, etc. The pump 70 can be
used to adjust a height of the column of fluid, to thereby
adjust the hydrostatic pressure exerted by the column of

fluid on the annulus 32 at the subsea location.

As depicted in FIG. 4, the pump 70 can be operated to
adjust a level of fluid in the riser 22. The pump 70 is
connected to the fluid in the riser 22 via open valves 102,
104. The pressure at the lower end of the riser 22 is

monitored with a pressure sensor 106.

As depicted in FIG. 5, the pump 70 can be operated to
adjust a level of fluid in a flow line 108 external to the
riser 22. Alternatively, the line 108 can be used in a
riser-less drilling operation. In this configuration, the
pressure sensor 106 monitors pressure at the lower end of

the line 108.

Referring additionally now to FIG. 6, a block diagram
of one example of the process control system 74 is
representatively illustrated. In other examples, the
process control system 74 could include other numbers,
types, combinations, etc., of elements, and any of the

elements could be positioned at the surface location or at



10

15

20

25

30

WO 2012/091706 PCT/US2010/062394

- 12 -

the subsea location, in keeping with the scope of this

disclosure.

As depicted in FIG. 6, the process control system 74
includes a data acquisition and control interface 118, a
hydraulics model 120, a predictive device 122, a data
validator 124 and a controller 126. These elements are
preferably similar to those described in international
patent application serial no. PCT/US10/56433 filed on 12
November 2010.

The hydraulics model 120 is used to determine a desired
pressure in the annulus 32 to achieve a desired pressure in
the wellbore 14. The hydraulics model 120 models the
wellbore 14, the drill string 16, flow of the fluid through
the drill string and annulus 32 (including equivalent

circulating density due to such flow), etc.

The data acquisition and control interface 118 receives
data from the various sensors 86, 88, 90, 92, 94, 96, 98,
100, 106, 110, 112, 114, 116 and relays this data to the
hydraulics model 120 and the data validator 124. 1In
addition, the interface 118 relays the desired annulus
pressure from the hydraulics model 120 to the data validator

124.

The predictive device 122 can be included in this
example to determine, based on past data, what sensor data
should currently be received and what the desired annulus
pressure should be. The predictive device 122 could
comprise a neural network, a genetic algorithm, fuzzy logic,
etc., or any combination of predictive elements to produce

predictions of the sensor data and desired annulus pressure.

The data validator 124 uses these predictions to
determine whether any particular sensor data is valid,

whether the desired annulus pressure output by the
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hydraulics model 120 is appropriate, etc. TIf it is
appropriate, the data validator 124 transmits the desired
annulus pressure to the controller 126 (such as a
programmable logic controller), which controls operation of
the choke 60, the pump 70 and the various flow control

devices 128 (such as valves 62, 64, 66, 78, 80, 104).

In this manner, the choke 60, pump 70 and flow control
devices 128 can be automatically controlled to achieve and
maintain the desired pressure in the annulus 32 at the
subsea location. Beneficially, this control is exercised at
the subsea location in relatively close proximity to the
wellbore 14 (and the lower ends of the riser 22 or line 108
if a height of a fluid column in either of these is used to

control hydrostatic pressure applied to the annulus 32).

It may now be fully appreciated that the above-
described well system 10, pressure control system 44 and
process control system 74 provide a number of advancements
to the art of controlling pressure in a wellbore during
drilling operations. In the described examples, the subsea
choke 60 and the subsea pump 70 can be used to control
pressure in the annulus 32 at the subsea location, with the
choke and the pump being desirably positioned at the subsea

location.

The pressure control system 44 can be integrated into
virtually any drilling operation without requiring extensive
modifications to the rig 12. 1Instead, the pressure control
system 44 is desirably located subsea, in close proximity to

the wellbore 14 and access to the annulus 32.

The pressure control system 44 can be used in virtually
any water depth (e.g., shallow, deep, ultra-deep water).
The same pressure control system 44 can be used for

different water depths (i.e., there is no need to change a
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pressure control system to configure it for different water

depths).

The pressure control system 44 as depicted in FIGS. 2-5
is preferably modular, in that the choke manifold 58 the
process control system 74, the communication system 76 and a
pump module 130 comprising the pump 70 are separate modules
which can be connected to each other and configured to
achieve certain purposes. The valves 62, 64, 66, 78, 80,
104 could likewise be combined in a flow control module or
manifold, if desired. The sensors 86, 88, 90, 92, 94, 96,
98, 100, 106, 110, 112, 114, 116 could be incorporated into

various ones of the modules.

In particular, the above disclosure provides to the art
a subsea pressure control system 44 which can include at
least one subsea choke 60 which variably restricts flow of
drilling fluid from a well annulus 32 to a surface location,
with the choke 60 being positioned at a subsea location. A
subsea process control system 74 can automatically operate
the subsea choke 60, whereby a desired pressure is

maintained in the well annulus 32.

The subsea process control system 74 can automatically
operate the subsea choke 60 in response to measurements made
by at least one subsea sensor 86, 88, 90, 92, 94, 96, 98,
100, 106, 110, 112, 114, 116. The subsea sensor 86 can be
used to measure pressure in the well annulus 32. The subsea
sensors 92, 98 can measure flow rate through the subsea
choke 60.

The subsea pressure control system 44 can include a
subsea pump 70 which pumps the drilling fluid from the
subsea location to the surface location. The subsea pump 70

may pump the drilling fluid to the surface location via a
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marine riser 22, or via a line 108 external to the marine

riser 22.

The drilling fluid may flow from the subsea choke 60 to
the subsea pump 70. The subsea pump 70 may also be used to
flow the drilling fluid through the subsea choke 60 while
the drilling fluid is not flowed through a drill string 16.

The subsea pump 70 may be used to regulate a fluid
level in a marine riser 22, or in a line 108 external to the
riser, whereby a desired hydrostatic pressure is applied to

the well annulus 32.

The subsea pressure control system 44 may include a
subsea annular sealing device 30 which seals off the well
annulus 32 while a drill string 16 rotates in the subsea
annular sealing device 30. The subsea choke 60 may receive
the drilling fluid from the well annulus 32 below the subsea

rotating control device 30.

Also described by the above disclosure is a subsea
pressure control system 44 which includes at least one
subsea choke 60 which variably restricts flow of drilling
fluid from a well annulus 32 to a surface location, the
choke 60 being positioned at a subsea location, and a subsea
pump 70 which pumps the drilling fluid from the subsea

location to the surface location.

It is to be understood that the various embodiments of
the present disclosure described herein may be utilized in
various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present
disclosure. The embodiments are described merely as
examples of useful applications of the principles of the
disclosure, which is not limited to any specific details of

these embodiments.
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Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present disclosure. Accordingly,
the foregoing detailed description is to be clearly
understood as being given by way of illustration and example
only, the spirit and scope of the present invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A subsea pressure control system, comprising:

at least one subsea choke which variably restricts flow
of drilling fluid from a well annulus to a surface location,

the choke being positioned at a subsea location; and

a subsea process control system which automatically
operates the subsea choke, whereby a desired pressure is

maintained in the well annulus.

2. The subsea pressure control system of claim 1,
wherein the subsea process control system automatically
operates the subsea choke in response to measurements made

by at least one subsea sensor.

3. The subsea pressure control system of claim 2,
wherein the subsea sensor measures pressure in the well

annulus.

4. The subsea pressure control system of claim 2,
wherein the subsea sensor measures flow rate through the

subsea choke.

5. The subsea pressure control system of claim 1,
further comprising a subsea pump which pumps the drilling

fluid from the subsea location to the surface location.
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6. The subsea pressure control system of claim 5,
wherein the subsea pump pumps the drilling fluid to the

surface location via a marine riser.

7. The subsea pressure control system of claim 5,
wherein the subsea pump pumps the drilling fluid to the

surface location via a line external to a marine riser.

8. The subsea pressure control system of claim 5,
wherein the drilling fluid flows from the subsea choke to

the subsea pump.

9. The subsea pressure control system of claim 5,
wherein the subsea pump also flows the drilling fluid
through the subsea choke while the drilling fluid is not
flowed through a drill string.

10. The subsea pressure control system of claim 1,
further comprising a subsea pump which regulates a fluid
level in a marine riser, whereby a desired hydrostatic

pressure is applied to the well annulus.

11. The subsea pressure control system of claim 1,
further comprising a subsea pump which regulates a fluid

level in a line external to a marine riser, whereby a

desired hydrostatic pressure is applied to the well annulus.

12. The subsea pressure control system of claim 1,

further comprising a subsea pump which flows the drilling
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fluid through the subsea choke while the drilling fluid is
not flowed through a drill string.

13. The subsea pressure control system of claim 1,
further comprising a subsea annular sealing device which
seals off the well annulus while a drill string rotates in

the subsea annular sealing device.

14. The subsea pressure control system of claim 13,
wherein the subsea choke receives the drilling fluid from

the well annulus below the subsea rotating control device.
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15.

A subsea pressure control system, comprising:

at least one subsea choke which variably restricts flow

of drilling fluid from a well

the choke being positioned at

annulus to a surface location,

a subsea location; and

a subsea pump which pumps the drilling fluid from the

subsea location to the surface location.

16. The subsea pressure
wherein the subsea pump pumps

surface location via a marine

17. The subsea pressure

wherein the subsea pump pumps

control system of claim 15,
the drilling fluid to the

riser.

control system of claim 15,

the drilling fluid to the

surface location via a line external to a marine riser.

18. The subsea pressure

control system of claim 15,

wherein the drilling fluid flows from the subsea choke to

the subsea pump.

19. The subsea pressure

control system of claim 15,

wherein the subsea pump also flows the drilling fluid

through the subsea choke while the drilling fluid is not

flowed through a drill string.

20. The subsea pressure

control system of claim 15,

wherein the subsea pump regulates a fluid level in a marine

riser, whereby a desired hydrostatic pressure is applied to

the well annulus.
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21. The subsea pressure control system of claim 15,
wherein the subsea pump regulates a fluid level in a line
external to a marine riser, whereby a desired hydrostatic

pressure is applied to the well annulus.

22. The subsea pressure control system of claim 15,
further comprising a subsea process control system which
automatically operates the subsea choke, whereby a desired

pressure is maintained in the well annulus.

23. The subsea pressure control system of claim 22,
wherein the subsea process control system automatically
operates the subsea choke in response to measurements made

by at least one subsea sensor.

24. The subsea pressure control system of claim 23,
wherein the subsea sensor measures pressure in the well

annulus.

25. The subsea pressure control system of claim 23,
wherein the subsea sensor measures flow rate through the

subsea choke.

26. The subsea pressure control system of claim 15,
further comprising a subsea annular sealing device which
seals off the well annulus while a drill string rotates in

the subsea annular sealing device.
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27. The subsea pressure control system of claim 26,
wherein the subsea choke receives the drilling fluid from

the well annulus below the subsea rotating control device.
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