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(57) Abréegée/Abstract:

A system and method Is provided for converting a drilling rig between conventional hydrostatic pressure driling and managed
pressure drilling or underbalanced drilling using a docking station housing mounted on a marine riser or bell nipple. This docking
station housing may be positioned above the surface of the water. When a removable rotating control device I1s remotely
hydraulically latched with the docking station housing, the system and method allows for interactive lubrication and cooling of the
rotating device, as needed, along with a supply of fluid for use with active seals.
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ABSTRACT

A system and method is provided for converting a drilling rig between conventional
hydrostatic pressure drilling and managed pressure drilling or underbalanced drilling
using a docking station housing mounted on a marine riser or bell nipple. This docking
station housing may be positioned above the surface of the water. When a removable
rotating control device is remotely hydraulically latched with the docking station
housing, the system and method allows for interactive lubrication and cooling of the

rotating device, as needed, along with a supply of fluid for use with active seals.
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ROTATING CONTROL DEVICE DOCKING STATION

[0002) US Patent 7,836,946 1s hereby referred to.

This 1s a divisional application of Canadian Patent Application Serial No.

2,682,663 filed on Aprl 03, 2008.

[0004] This invention relates to the field of oilfield equipment. It is particularly
applicable to a system and method for conversion between conventional hydrostatic
pressure drilling to managed pressure drilling or underbalanced drilling using a rotating

control device.

It should be understood that the expression “the invention” and the like used

herein may refer to subject matter claimed in either the parent or the divisional applications.

[0005]  Marine risers are used when drilling from a floating rig or vessel to circulate
drilling fluid back to a drilling structure or rig through the annular space between the drill
string and the internal diameter of the riser. Typically a subsea blowout prevention (BOP)
stack is positioned between the wellhead at the sea floor and the bottom of the riser.
Occasionally a surface BOP stack is déployed atop the riser instead of a subsea BOP
stack below the marine riser. The riser must be large enough 1n internal diameter to
accommodate the largest drill string that will be used in drilling a borehole. For example,
risers with internal diameters of 21 % inches have been used, although other diameters
can be used. A 21 % inch marine riser is typically capable of 500 psi pressure
containment. Smallér S1Ze riéers may have greater pressure containment capability. An

example of a marine riser and some of the associated drilling components, such as shown

in FIGS. 1 and 2, i1s proposed in U.S. Patent No. 4,626,135.

[0006] The marine riser is not used as a pressurized containment vessel during

conventional drilling operations. Drilling fluid and cutting returns at the surface are

open-
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to-atmosphere under the rig floor with gravity flow away to shale shakers and other mud
handling equipment on the floating vessel. Pressures contained by the riser are hydrostatic
pressure generated by the density of the dnlling fluid or mud held in the riser and pressure
developed by pumping of the fluid to the borchole. Although operating companies may have
different internal criteria for determining safe and economic drill-ability of prospects in their
lease portfolio, few would disagree that a growing percentage are considered economically
undriflable with conventional techniques. In fact, the U.S. Department of the Interior has
conchuded that between 25% and 33% of all remaining undeveloped reservoirs are not
drillable by using conventional overbalanced drilling methods, caused in large part by the
increased likelihood of well control problems such as differential sticking, lost circulation,
kicks, and blowouts. '

[0007} In typical conventional drilling with a ﬂoatin_g‘ drilling ng, a riser telescoping or
slip joint, usually positionedl between the riser and the floating drilling rig, compensates for
vertical movement of the drilling rig. Because the slip joint is atop the riser and open-to-
atmosphere, the pressure containment requirement is typically only that of the hydrostatic
head of the drilling fluid contained within the riser. Inflatable seals between each section of
the slip joint govem its pressure containment capability. The slip joint is typically the
weakest link of the marine riser system in this respéct. The only way to increase the slip
joint’s pressure containment capability would be to render it inactive by collapsing the slip
jomt tnner barrel(s) into its outer barrel(s), locking the barrels in place and pressurizing the
seals. However, this eliminates its ability to ¢ompensate for the relative movement between
the marine riser and the floating rig. Such riser slips joints are expensive to purchase, and

expensive to maintain and repair as the seals often have to be replaced.

[0008] Pore pressure depletion, the hydraulics associated with drilling in deeper water,
and mcreasmg drilling costs indicate that the amount of known resources considered
economically undrillable with conventional techniques will continue to increase. New and
improved techniques, such as underbalanced drilling (UBD) and managed pressure dnlhng
(MPD), have been used successfully throughout the world in certain offshore drilling
environments. Both technologies are enabled by drilling with a closed and pressurizable
circulating fluid system as compared to a drilling system that is open-to-atmosphere at the
surface. Managed pressure drilling (MPD) has recently been approved for use in the Gulf of
Mexico by the U.S. Department of the Interior, Minerals Management Service, Gulf of
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Mexico Region. Managed pressure drilling is an adaptive drilling process used to more
precisely control the annular pressure profile throughout the wellbore. MPD addresses the
drill-ability of a prospect, typically by being able to adjust the equiﬂent mud weight with
the intent of staying within a “drilling window™ to a deeper depth and reducing drilling non-
productive time in the process. The drilling window changes with depth and is typically
described as the equivalent mud weight required to drill between the formation pressure and
the pressure at which an underground blowout or loss of circulation would occur. The
equivalent weight of the mud and cuttings in the annulus is controlled with fewer
interruptions to drilling progress while being kept above the formation pressure at all times.
An influx of formation fluids is not invited to flow to the surface while drilling.
Underbalanced drilling (UBD) is drilling with the hydrostatic head of the drilling fluid
intentionally designed to be lower than the pressure of the formations being drilled, typically
to improve the well’s prod‘uctivity upon completion by avoiding invasive mud and cuttings
damage while drilling. An influx of formation fluids is therefore invited to flow to the
surface while drilling. The hydrostatic head of the fluid may naturally be less than the

formation pressure, or it can be induced.

{0009] These techm'qu,eS présent a need for pressure management devices when drilling
with jointed pipe, such as rotating control heads or devices (referred to as RCDs). RCDs,
such as disclosed in U.S. Patent No. 5,662,181, have provided a dependable seal between a
rotating tubular and the marine riser for purposes of cOntrolling the pressure or flid flow to
the surface while drilling operations are conducted. Typically, an inner portion or member of
the RCD 1s designed to seal around a rotating tubular and rotate with the tubular by use of an
internal sealing element(s) and bearings. Additionally, the inner portion of the RCD permits
the tubular to move axially and slidably through the RCD. The term “tubular” as used herein

- means all forms of drill pipe, tubing, casing, drill collérs, liners, and other tubulars for oilfield
operations as 1s understood n the art.

[00010] U.S. Pat. No. 6,138,774 proposes a pressure housing assembly containing a RCD
and an adjustable constant pressure regulator positioned a the sea floor over the well head for
drilling at least the initial portion of the well with only sea Water, and without a marine riser.
As best shown in FIG. 6 of the ‘774 patent, the proposed pressure housing assembly has a
lubrication unit for lubricating the RCD. The proposed lubrication unit has a lubricant
chamber, separated from the borehole pressure chamber, having a spring activated piston, or

3

CA 2979797 2017-09-20



WO 2008/120025 ' PCT/GB2008/050239

alternatively, the spring side of the piston is proposed to be vented to sea water pressure. The
adjustable constant pressure regulator is preferably pre-set on the drilling rig (Col. 6, Ins. 35-
59), and allows the sea water circulated down the drill string and up the annulus to be
discharged at the sea floor. |

[00011] US. Pateilt No. 6,913,092 B2 proposes a seal housing contamning a RCD
positioned above sea level on the upper section of a marine riser to facilitate a mechanically
controlled pressurized system that 1s useful in underbalanced sub sea drilling. The exposed
RCD is not enclosed in any containment member, such as a riser, and as such is open to
atmospheric pressure. An internal running tool is proposed for positioning the RCD seal
housimg onto the nser and facilitating its attachment thereto. A remote controlled external
disconnect/connect clamp is proposed for hydraulically clamping the bearing and seal
assembly of the RCD to the seal housing. As best shown 1n FIG. 3 of the ‘092 patent, in one
embodiment, the seal housing of the RCD 1s proposed to contam two openings to res;»ectiire
T-connectors extending radially outward for the return pressurized drilling fluid flow, with
one of the two openings closed by a rupture disc fabnicated to rupture at a predetermined
pressure less than the maximum allowable pressure capability of the marine riser. Both a
remotely operable valve and a manual valve are proposed on each of the T-connectors. As
proposed in FIG. 2 of the ‘092 patent, the riser slip joint 1s locked in place so that there 1s no
relative vertical movement between the inner barrel and the outer barrel of the riser slip joint.
After the seals in the nser slip joint are pressurized, this locked riser slip jomt can hold up to

500 ps1 for most 21%” marine riser systems.

[00012] It has also become known to use a dual density fluid system to control formations
exposed in the open borehole. See Feasibility Study of a Dual Density Mud System For
Deepwater Dnilling Operations by Clovis A. Lopes and Adam T. Bourgoyne, Jr., © 1997
Offshore Technology Conference. As a high density mud is circulated to the rig, gas is
proposed in the 1997 paper to be injected into the mud column in the riser at or near the
ocean floor to lower the mud density. However, hydrostatic control of formation pressure is
proposed to be maintained by a weighted mud system, that is not gas-cut, below the seafloor.

[00013] U.S. Patent No. 6,470,975 B1 proposes positioning an mternal housing member
connected to a RCD below sea level with a marine riser with an annular type blowout

preventer (“BOP”) with a marine diverter, an example of which is shown in the above
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discussed U.S. Patent No. 4,626,135. The internal housing member is proposed to be held at
the desired position by closing the annular seal of the BOP on it so that a seal is provided in
the annular space between the internal housing member and the inside diameter of the riser.
The RCD can be used for underbalanced drilling, a dual density fluid system, or any other
drilling technique that requires pressure containment. The internal housing member is
proposed to be nmn down the riser by a standard drill collar or stabilizer.

[00014] U.S. Patent No. 7,159,669 B2 proposes that the RCD held by an internal housing
member be self-lubricating. The RCD proposed is stmilar to the Weatherford-Williams ’
Model 7875 RCD available from Weatherford International, Inc. of Houston, Texas.
Accunmlators holding lubricant, such as oil, are proposed to be located near the bearings in
the lower part of the RCD bearing assembly. As the bearing assembly is lowered deeper into
the water, the prdemlre in the accumulators increasé, and the lubricant is transferred from the
accumulaiors through the bearings, and through a communication port into an annular
chamber. As best shown in FIG. 35 of the ‘669 patent, lubricant behind an active seal in the
annular chamber is forced back through the communication port into the bearings and finally
into the accumulators, thereby providing self-lubrication. In another embodiment, it is
proposed that hydraulic connections can be used remotely to provide increased pressure in
the accumulators to move the lubricant. Recently, RCDs, such as proposed in U.S. Patent
Nos. 6,470,975 and 7,159,669, have been suggested to serve as é marine riser annulus barrier
component of a floating rig’s swab and surge pressure compensation system. These RCDs |
would address piston effects of the bottom hole assembly when the floating rig’s heave
compensator is inactive, such as when the bit is off bottom.

[00015] Pub. No. US 2006/0108119 A1 proposes a remotely actuated hydraulic piston
latching. assembly for latching and sealing a RCD with the upper section of a marine riser or a
bell nipple positioned on the riser. As best shown in FIG. 2 of the ‘119 publication, a singie

' latching assembly is proposed in which the latch assembly is fixedly attached to the riser or
bell nipple to latch an RCD with the riser. As best shown in FIG. 3 of the “119 publication, a
dual latching assembly is also proposed in which the latch assembly itself is latchable to the
riser or bell nipple, using a hydraulic piston mechanism. A lower accumulator (FIG. 5) is
proposed in the RCD, when hoses and lines cannot be used, to maintain hydraulic fluid
pressure in the lower portion of the RCD bearing assembly. The accumulator allows the
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bearings to be self-lubricated. An additional accumulator (FIG. 4) in the upper portion of the
bearing assembly of the RCD is also proposed for lubrication.

[00016] Pub. No. US 2006/0144622 Al proposes a system and method for cooling 2 RCD
while regulating the pressure on its upper radial seal. Gas, such as air, and liquid, such as o1l
are alternatively proposed for use in a heat exchanger in the RCD. A hydraulic control 1s
proposed to provide fluid to energize a bladder of an active seal to seal around a drilling
string and to lubricate the bearings in the RCD.

[00017] U.S. Patent Nos. 6,554,016 B1 and 6,749,172 B1 propose a rotary blowout
' preventer with a first and a second fluid lubricating, cooling, and filtering circuit separated by
a seal. Adjustable orifices are proposed connected to the outlet of the first and second fluid

circuits to control pressures within the circuits.

[00018] Referring to the above discussed U.S. Patent Nos. 4,626,135; 5,662,181; 6,138,774,
6.470.975 Bl; 6,554,016 Bl; 6,749,172 Bl; 6,913,092 B2; and 7,159,669 B2; and Pub. Nos. U.S.
2006/0108119 Al; and 2006/0144622 Al, with the exception of the '135 patent, all of the above
referenced patents and patent publications have been assigned to the assignee of the present

invention. The '135 patent is assigned on its face to the Hydril Company of Houston, Texas.

[00019] Drilling rigs are usually equipped with drilling equipment for conventional
hydrostatic pressure drilling. The present inventors have appreciated that a need exists for a
system and method to efficiently and safely convert the rigs to capability for managed
pressure drilling or underbalanced drilling. Preferably, the system would require minimal
human intervention, particularly in the moon pool area of the rig, and provide an efficient and
safe method for positioning and removing the equipment. Preferably, the system would
minimize or eliminate the need for high pressure slip joints in the marine riser. Preferably,
the system would be compatible with the common conventional drilling equipment found on
typical rigs. Preferably, the system would allow for compatibility with a variety of different
types of RCDs. Preferably, the system and method would allow for the reduction of RCD
maintenance and repairs by allowing for the efficient and safe lubrication and cooling of the
RCDs while they are in operation.

CA 2979797 2019-02-07



[00020] One or more aspects of the invention is / are set out in the independent claim(s).

[00021] A system and method for converting a drilling nig from conventional hydrostatic
pressure drilling to managed pressure drilling or underbalanced drilling 1s disclosed that
utilizes a docking station housing. The docking station housing is mounted on a marine riser
or bell nipple. The housing may be positioned above the surface of the water. A rotating
control device can be moved through the well center with a remote hydraulically activated
running tool and remotely hydraulically latched. The rotating control device can be
interactive so as to automatically and remotely lubricate and cool from the docking station
housing while providing other information to the operator. The system may be compatible
with different rotating control devices and typical drilling equipment. The system and
method may allow for conversion between managed pressure drilling or underbalanced
drilling to conventional drilling as needed, as the rotating control device can be remotely
latched to or unlatched from the docking station housing and moved with a running tool or on
a tool joint. A containment member may allow for conventional drilling after the rotating
control device is removed. A docking station housing telescoping or slip joint in the
containment member both above the docking station housing and above the surface of the |

water may reduce the need for a riser slip jomt or its typical fimction in the marine riser.

According to an aspect of the present invention there is provided a method for
remote operation of an oilfield device, comprising:

positioning a first sensor for sensing the otlfield device removably positioned
in a housing;

detecting data of said oilfield device with said sensor;

transmitting satd detected data of the oilfield device to a remote location;

signaling in response to the transmitted data; and

providing interactive operation of the oilfield device resulting from the

transmitting and signaling.
In some embodiments, said first sensor comprises an electrical sensor.

[n some embodiments, said first sensor comprises a mechanical sensor.

[n some embodiments, said first sensor comprises a hydraulic sensor.
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housing.

device.

In some embodiments, positioning the first sensor further comprises:

positioning said first sensor with said housing.

In some embodiments, detecting said data further comprises:

detecting the type of oiifield device that is removably positioned in said
In some embodiments, said oilfield device is a rotating control device
In some embodiments, detecting said data further comprises:

detecting the revolutions per minute of a rotating seal of said rotating control

In some embodiments, the method further comprises:

providing fluid to said rotating control device responsive to said detected

revolutions per minute.

comprises:

comprises:

In some embodiments, detecting said data further comprises:

detecting lubrication data of said oilfield device.

In some embodiments, signaling in response o the transmitted data further
activating a pump to pump lubricant.

In some embodiments, detecting said data further comprises:

detecting cooling data of said oilfield device.
In some embodiments, signaling 1n response to the transmitted data further
activating a pump to pump cooling fluid.

In some embodiments, the method further comprises:

detecting fluid data from said oilfield device.

In some embodiments, said fluid data comprises a temperature of said fluid.

Ta
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In some embodiments, said fluid data comprises a pressure of said fluid.

In some embodiments, said fluid data comprises a density of said fluid.

In some embodiments, the method further comprises:
positioning a second sensor for sensing the oilfield device;
detecting data of said oilfield device with said second sensor; and

transmitting said detected data of said second sensor to a remote location.

In some embodiments, the method further comprises:

comparing the transmitted data from said first sensor with the transmitted data

from said second sensor.

In some embodiments, the method further comprises:

processing the transmitted data with a central processing unit.

According to another aspect of the present invention there is provided a system

for drilling a borehole, comprising:
a riser positioned above the borehole;
a housing having a first channel and positioned above said riser;
a rotating control device having a first channel removably aligned with said

housing first channel for communicating a first fluid; and

a hydraulically activated latching assembly for remotely latching said rotating

control device with said housing.

In some embodiments, the system further comprises:

a second channel in said rotating control device for communicating a second

fluid between said housing and said rotating control device.

In some embodiments, the system further comprises a first sensor for sensing

said rotating control device while removably aligned with said housing.

According to a further aspect of the present invention there 1s provided an

apparatus for drilling, comprising:

7b
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a housing having a channel for receiving a fluid;

an oilfield device having a channel and being sized to be received with said
housing; -

a valve for control of the flow of fluid between said oilfield device channel and
said housing channel; and

a sensor for sensing data of said fluid moving between said oilfield device and

said housing.

In some embodiments, said sensor data is transmitted to a remote location for

providing interactive operation of said valve.

According to a further aspect of the present invention there 1s provided a
method for conversion between hydrostatic pressure drilling and controlled pressure
drilling, comprising:

positioning a housing above a borehole;

removably latching an oilfield device with said housing from a remote location
for controlled drilling;

remotely unlatching said oilfield device from said housing;

removing said oilfield device from said housing; and

removably latching a protective sleeve with said housing from a remote

location for hydrostatic pressure drilling.

In some embodiments, the method further comprises:

slidably positioning a containment member with said housing.

In some embodiments, the method further comprises:
communicating a fluid between a channel in said housing and a channel in said

oilfield device after removably latching said oilfield device.

In some embodiments, the controlied pressure drilling is performed without a

slip joint below said housing.

In some embodiments, the method further comprises:
moving said oilfield device to said housing with a running tool; and

releasing said running tool from said oilfield device.

Ic
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In some embodiments, the method further comprises:

sensing said oilfield device with a sensor to provide interactive operation of said

oilfield device.

According to a further aspect of the present invention there is provided a system
for drilling a borehole, comprising:

a riser positioned above the borehole;

a housing having a housing first channel and positioned above said riser;

a rotating control device having a rotating control device first channel, the
rotating control device being removably positioned in the housing such that said rotating
control device first channel is aligned with said housing first channel and configured to
communicate a first fluid; and

a hydraulically activated latching assembly configured to remotely latch said

rotating control device with said housing.

According to a further aspect of the present invention there 1s provided a system
for drilling a borehole, comprising:

a riser positioned above the borehole;

a housing having a first channel and positioned above said riser;

a rotating control device having a rotating control device first channel, the
rotating control device being removably positioned in the housing such that said rotating
control device first channel is aligned with said housing first channel and configured to

communicate a first fluid;

a hydraulically activated latching assembly configured to remotely latch said
rotating control device with said housing; and

a first sensor configured to sense said rotating control device.

[00022])  Some preferred embodiments of the invention will now be described by way of

example only and with reference to the accompanying drawings, in which:
[00023]  FIG. 1 s an elevational view of an exemplary embodiment of a floating semi-

submersible drilling rig showing a BOP stack on the ocean floor, a marine riser, the

docking station housing of the present invention, and the containment member.

7d
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[00024] FIG. 2 is an elevational view of an exemplary embodiment of a fixed jack up
drilling rig showing a marine riser, a BOP stack above the surface of the water, the docking

station housing of the present invention, and the containment member.

[00025] FIG. 3A is a elevational view of the docking station housing of the present
invention with a latched RCD and the containment member.

[00026] FIG. 3B is a plan view of FIG. 3A.

Te
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[00027] FIG. 4A is an elevational view of the docking station housing of the present
invention mounted with an above sea BOP stack, with the contamment member and top of
the RCD shown cut away.

[00028] FIG. 4B is an elevational section view of a RCD latched into the docking station
housing of the present invention, and the slidable contamment member.

[00029] FIG. 5 is a elevational section view, similar to FIG. 4B, showing the RCD
removed from the docking station housing for conventional drilling, and a split view showing
a protective sleeve latched into the docking station housing on the night side of the vertical

axis, and no sleeve on the left side.

[00030] FIG.61sa section elevational view of a RCD latched into the docking station
housing of the present invention, the contaimment member, and a hydraulic running tool used

to remove/install the RCD.

[00031] FIG. 6A is a section elevational view of a RCD latched into the docking station

housing of the present invention, and a drill string shown in phantom view.

[00032] FIGS. 7A and 7B are section elevational detailed views of the docking station
housing of the present invention, showing cooling and lubrication channels aligned with a
latched RCD.

[00033] FIG. 7C is a section elevational detailed view of the docking station housing,
showing the RCD removed from the docking station housing for conventional drilling, and a
split view showing a protective sleeve latched into the docking station housing on the nght

side of the vertical axis, and no sleeve on the left side.

[00034] FIG. 8 is a elevational view in cut away section of a RCD latched mto the docking
station housing using an alternative latching embodiment, and the containment member.

CA 2979797 2017-09-20
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[00035] FIG. 9 is a clevational view with a cut away section of a RCD latched into the
docking station housing of the present invention using a single latching assembly, and the
telescoping or slip joint used with the containment member.

[00036] FIG. 10 is a elevational view of an annular BOP, fiexible conduits, the docking
station housing of the present invention, and, m cut away section, the telescoping or slip joint
used with the containment member.

[00037] FIG. 11 is an elevational view similar to FIG. 10, but with the position of the
flexible conduits above and below the annular BOP reversed along with a cut away section
view of the annular BOP.

[00038] FIG. 12 is a clevational view of an annular BOP, rigid piping for drilling fluid
returns for use with a fixed rig, a RCD latched into the docking station housing, and, in cut

away section, the containment member with no telescoping or slip joint.

[00039] FIG. 13 is similar to FIG. 12, except that the RCD has been removed and the
drilling fluid retum line valves are reversed.

[00040] FIG. 14 is an enlarged section elevation view of the remotely actuated hydraulic
running tool as shown in FIG. 6 latched with the RCD for installation/removal with the RCD

docking station housing of the present invention.

[00041] Generally, embodiments of the present mvention involve a system and method for
converting an offshore and/or land dnlling rig or structure S between conventional
hydrostatic pressure drilling and managed pressure drilling or underbalanced drilling using a
docking station housing, designated as 10 in FIGS. 1 and 2. As will be discussed later in
detail, the docking station housing 10 has a latching mechanism. The housing is designated
in FIGS. 3 to 13 as 10A, 10B, or 10C depending on the latching mechanism contained in the
housing. The docking station housing 10 is designated as 10A if it has a single latching
assembly (FIG. 6A), as 10B if it has a dual latching assembly (FIG. 4B), and as 10C if it has
a J-hooking latching assembly (FIG. 8). It is contemplated that the three different types of
latching assemblies (as shown with housing 10A, 10B, and 10C) can be used
interchangeably. As will also be discussed later in detail, the docking station housing 10 at

9
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least provides fluid, such as gas or liquid, to the RCD 14 when the RCD 14 is latched into
vertical and rotational alignment with the housing 10.

[00042] For the floating drilling nig, the housing 10 may be mounted on the marine nser R
or a bell nipple above the surface of the water. It is also contemplated that the housing 10
could be mounted below the surface of the water. An RCD 14 can be lowered through well
center C with a remotely actuated hydraulic running tool 50 so that the RCD 14 can be
remotely hydraulically latched to the housing 10. The docking station housing 10 provides
the means for remotely lubricating and cooling a RCD 14. The docking station housing 10
remotely senses when a se]f-lubricating RCD 14 is latched into place. Likewise, the docking
station housing 10 remotely senses when an RCD 14 with an internal cooling system is
latched mmto place. The lubnication and cooling controls can be automatic, operated
manually, or remotely controlled. Other sensors with the docking station housing 10 are
contemplated to provide data, such as temperature, pressure, density, and/or fluid flow and/or
volume, to the operator or the operating CPU system.

[00043] The operator can indicate on a control panel which RCD 14 model or features are
present on the RCD 14 latched into place. When a self-lubricating RCD 14 or an RCD 14
with an active seal is latched into the docking station housing 10, a line and supporting
operating system 1s available to supply seal activation fluid in addition to cooling and
lubnication fluids. At least six lines to the housing 10 are contemplated, including lines for
lubrication supply and return, cooling supply and retum, top-up lubrication for a self-
lubricating RCD 14, and active seal inflation. A top-up line may be necessary if the self-
lubricating RCD 14 loses or bleeds fluid through its rotating seals during operation. It is
further contemplated that the aforementioned lines could be separate or an all-in-one line for
lubrication, cooling, top-up, and active seal inflation. It is also contemplated that regardless
of whether a separate or an all-in-one line is used, return lines could be eliminated or, for
example, the lubrication and cooling could be a “single pass” with no returns. It is further
contemplated that pressure relief mechanisms, such as rupture discs, could be used on return
lines.

[00044] A cylindrical containment member 12 is positioned below the bottom of the
drilling deck or floor F or the lower deck or floor LF and above the docking station housing
10 for drilling fluid flow through the annular space should the RCD 14 be removed. For
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floating drilling rigs or structures, a docking station housing telescoping or slip joint 99 used
with the containment member 12 above the surface of the water reduces the need for a riser
slip joint SJ in the riser R. The location of the docking station housing slip joint 99 above the
surface of the water allows for the pressure containment capability of the docking station
housing joint 99 to be relatively low, such as for example 5 to 10 psi. It should be understood
that any joint in addition to a docking station housing shp joint 99 that allows for relative
vertical movement 1s contemplated.

[00045] Exemplary drilling rigs or structures, generally indicated as S, are shown in FIGS.
1 and 2. Although an offshore floating semi-submersible rig S is shown in FIG. 1, and a
fixed jack-up rig S is shown in FIG. 2, other drilling rig configurations and embodiments are
contemplated for use with the present mvention for both offshore and land drlling. For
cxample, the present invention is equally applicable to drilling rigs such as semi-
submersibles, submersibles, dnlil ships, barge rigs, platform rigs, and land nigs. Tuming to
FIG. 1, an exemplary embodiment of a drilling rig S converted from conventional hydrostatic
pressure drilling to managed pressure drilling and underbalanced drilling is shown. A BOP
stack B is positioned on the ocean floor over the wellhead W. Conventional choke CL and
kill KL hines are shown for well control between the dnlling rig S and the BOP stack B.

[00046] A marine riser R extends from the top of the BOP stack B and is connected to the
outer barrel OB of a riser slip or telescopic jomt SJ located above the water surface. The
riser slip joint SJ may be used to compensate for relative vertical movement of the drilling rig
S to the riser R when the drilling nig S is used in conventional drilling. A marine diverter D,
such as disclosed in U.S. Patent No. 4,626,135, 1s attached to the inner barrel IB of the riser
slip joint SJ. Flexible drilling fluid or mud return lines 110 for managed pressure drilling or
underbalanced drilling extend from the diverter D. Tension support lines T connected to a
hoist and pulley system on the dnlling rig § support the upper riser R section. The docking
station housing 10 is positioned above the diverter D. The containment member 12 is
attached above the docking station housinghll) and below the dnlling deck or floor F, as
shown in FIGS. 1, 2, 4A, 6 and 9-13. The containment member 12 of FIG. 1 is not shown
with a docking station housing telescoping or slip joint 99 due to the riser slip joint SJ
located below the diverter D.
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[00047] InFIG. 2 the fixed drilling rig S is shown without a slip joint in either the riser R
or for use with the containment member 12. Further, ngid or flexible dnlling fluid return
lines 40 may be used with the fixed drilling rig S.

[00048] Turnmg to FIGS. 3A and 3B, a RCD 14 1s latched imto the docking station housing
10A. The containment member 12 is mounted on the docking station housing 10A. The
docking station housing 10A is mounted on a bell nipple 13 with two T-connectors (16, 18)
extending radially outward. As will become apparent later in the discussion of FIG. 6, the
connection between the docking station housing 10A and the bell nipple 13 reveals that the
docking station housing 10A has a single latching mechanism, such as 78 shown in FIG. 6A.
Tension straps (20, 22) support the T-connectors (16, 18), respectively. Manual valves (24,
26) and remotely operable valves (28, 30) extend downwardly from the T-connectors (16,
18), and are connected with conduits (not shown) for the movement of drilling fluid when the
annular space is sealed for managed pressure or underbalanced drilling. It is contemplated
that a rupture disc 151, shown in phantom view, fabricated to rupture at a predetermined
pressure, be used to cover one of the two openings 1n the docking station housing 10 leading
to the T-connectors (16, 18).

[00049] ' Turning to FIG. 4A, a fixed drilling rig, similar to the one shown in FIG. 2,
docking station housing 10A is attached to a bell nipple 32 mounted on the top of a BOP
stack B positioned above the nser R. Rigid dnlling fluid return Imes 40 extend radially
outward from the bell nipple 32. It should be understood that flexible conduits are also
contemplated to be used in place of ngid lines for a fixed dnlling rng. A RCD 14 (m cut
away section view) is latched into the docking station housing 10A using one of the single
latching mechanisms disclosed in Pub. No. U.S. 2006/0108119 Al. Again, as will become
apparent later in the discussion of FIG. 6, the connection between the docking station housing
10A and the bell nipple 32 reveals that the docking station housing 10A has a single latching
mechanism, such as 78 shown in FIG. 6A. However, it is contemplated that a single latching
assembly, a dual latching assembly, or a J-hooking latching assembly (as shown in housing
10A, 10B, and 10C, respectively) could be used interchangeably. The RCD 14 is shown
without a top stripper rubber seal similar to seal 17 (FIG. 6). It should be understood that an
RCD 14 with a top stripper rubber seal 17 is also contemplated. The containment member 12
is attached between the docking station housing 10 and the bottom of the drilling deck, which
is shown schematically as F. An outlet 34 extends from the containment member 12 and can
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be connected to a conduit for drilling fluid returns in conventional drilling with the RCD 14
removed. It is contemplated that a rupture disc, such as disc 151 shown in phantom view, be
used to cover one of the two openings in the bell nipple 32 leading to pipes 40. It is also
contemplated that one of the openings could be capped. '

[00050] FIG 4B shows the docking station housing 10B, comprising a bell nipple 36 and a
latching assembly housing 160. A RCD 14 with a single stripper rubber seal 15 is latched
into the docking station housing 10B. Notwithstanding the type of RCD 14 shown in any of
the FIGS. 1-14, including FIG. 4B, it is contemplated that the docking station housing 10 of
the present invention can be sized and configured to hold any type or size RCD 14 with any
type or combination of RCD seals, such as dual stripper rubber seals (15 and 17), single
stripper rubber seals (15 or 17), single stripper rubber seal (15 or 17) with an active seal, and
active seals. A dual latching assembly 38, such as described in Pub. No. U.S. 2006/0108119
Al, could be used in the docking station housing 10B. The dual latching assembly 38 is used
due to the wall height of the bell nipple 36. While the lubrication and cooling systems of the
docking station housing 10B are not shown in FIG. 4B, it is contemplated that at least one of
the channels (not shown) would run through both the latch assembly housing 160 and the bell
nipple 36 for at least one of such lubrication and cooling systems. It is also contemplated that
channels could be run for lubrication supply and return, cooling supply and return, top-up
lubrication, and active seal inflation. Although a dual latching assembly 38 is shown, a single
latching system also described in the ‘119 patent publication is contemplated, as is a J-
hooking latching assembly. '

[00051] Two openings 39 m the lower bell nipple 36 connect to piping 40 for drilling fluid
return flow m managed pressure or underbalanced drilling. The containment member 12 is
slidably attached to the top of the bell nipple 36 and sealed with a radial seal 37. Itis
contemplated that the containment member 12 may also be fixedly attached to the top of the
docking station housing 10B, as is shown in other drawings, such as F 1G. 6. The remotely
actuated running tool 50 for msertion/removal of the RCD 14 mates with a radial groove 52
in the top of the RCD 14.

[00052] For conventional hydrostatic pressure drilling operations, the RCD 14 is removed,
as shown in FIG. 5, and the containment member outlet 34 is used for return drilling fluid
coming up the annulus of the riser R. The outlet 34 could be twelve inches in diameter,
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although other diameters are contemplated. On the right side of the vertical axis, an optional
protective pipe sleeve 170 is shown latched with the dual latching assembly 38 into the
docking station housing 10B. The left side of the vertical axis shows the docking station
housing 10B without a sleeve. The sleeve 170 has radial seals 172 to keep drilling fluid and
debris from getting behind it during conventional drilling operations. The sleeve 170 protects
the docking station housmg 10B, mcluding its surface, latches, sensors, ports, channels, seals,
and other components, from impact with drill pipes and other equipment moved through the
well center C. It is contemplated that the seals 172 could be ring seals or one-way wiper
seals, although other seals are contemplated. It is contemplated that the protective sleeve 170
will be made of steel, although other materials are contemplated. The sleeve 170 could have
one or more J-hook passive latching formations 174 for latching with a corresponding
running tool 50 for msertion/removal. It is contemplated that other types of passive latching

 formations could be used in the sleeve 170, such as a groove (similar to groove 52 im RCD 14
in FIG. 14) or holes (FIG. 7C). 1t is contemplated that other types of running tools could be
used for placement of the sleeve 170. It 1s also contemplated that installation of the sleeve
170 may selectively block the lubrication 58 and cooling (68, 69) channels (shown in FIG.
7A and discussed therewith) and/or trigger automatic recognition of sleeve 170 installation at
the control panel. For example, installation of the sleeve 170 automatically shut off the
lubrication and cooling systems of the docking station housing 10 while indicating these
events on the control panel. Although the sleeve 170 1s shown latched into a dual latching
assembly 38, it is contemplated that the sleeve 170 could be latched into a single latching
assembly 57 (FIG. 7C) and a J-hook latching assembly 90, 92 (FIG. 8) as well.

[00053) Turning to FIG. 6, a bell nipple 44 is attached to the top of an anmular BOP 46.
Rigid pipes 40 are shown for dnlling fluid returns during managed pressure drilling or
underbalanced drilling. Such rigid pipes 40 would typically only be used with a fixed drilling
rig, similar to FIG. 2, otherwise flexible conduits are contemplated. The docking station
housing 10A is fixedly attached to the bell nipple 44. A single hydraulic remotely activated
latchihg mechanism 48, as described more fully in the ‘119 patent publication, latches the
RCD 14 m place mn the docking station housing 10A. As can now be understood, a dual
latching assembly, such as assembly 38 in F1G. 4B, may not be necessary since the docking

station housing 10A is mounted on top of a bell nipple or riser.
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[00054] The RCD 14 comprises upper 17 and lower 15 passive stripper rubber seals. The
running tool 50 inserts and removes the RCD 14 through the containment member 12. As
will be described in detail when discussing FIG. 14, the running tool 50 mates with a groove
52 in the top of the RCD' 14. It is contemplated that one or more fill lines 54 will be m the
containment member 12. The fill lines 54 could be three inches in diameter, although other

diameters are contemplated.

[00055] FIG. 6A shows a bell nipple 76 with rigid drilling fluid return lines 40 for use with
a fixed drilling rig S (FIG. 2). The RCD 14 is again laiched into the docking station housing
10A with a single latching assembly 78. The containment member 12 1s not shown for
clarity. The upper 17 and lower 185 stripper rubber seals of the RCD 14 are sealed upon a
tubular 80 shown m phantom. The RCD 14, shown schematically, can be nmn in and out of
the docking station housing 10A with the lower stripper rubber seal 15 resting on the top of
pipe jomt 80A.

[00056] FIGS. 7A and 7B show the docking station housing 10A with a single latching
assembly 57. A RCD 14 with upper 17 and lower 15 stripper rubber seals is latched into the
docking station housing 10A. The containment member 12 1s bolted with bolts 120 and
sealed with a seal 121 to the top of the docking station housing 10A. Other methods of
sealing and attaching the containment member 12 to the docking station housing 10A known
in the art are contemplated. The RCD 14 shown in FIG. 7A is similar to the Weatherford-
Williams Model 7900 RCD available from Weatherford International, Inc. of Houston,
Texas, which is not a self-lubricating RCD.

[00057] Turning to FIG. 7A, a conduit 64 from the lubricant reservoir (not shown) connects
with the docking station lubrication channel 58 at a lubrication port 55. The docking station
lubrication channel 58 in the docking station housing 10A allows for the transfer of lubricant,
such as oil, to the bearing assembly 59 of the RCD 14. Upon proper insertion and latching of
the RCD 14 in the docking station housing 10A, the docking station lubrication channel 58 is
aligned with the corresponding RCD lubrication channel 61. Although one channel is shown,
it is contemplated that there could be more than one channel. A lubrication valve 60 in the
RCD 14 can control the flow of lubricant to the RCD bearings 59. At least one sensor S8A,
for example an electrical, mechanical, or hydraulic sensor, may be positioned in the docking
station housing 10A to detect whether the RCD 14 needs lubrication, in which case a signal
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could be sent to activate the lubricant pump P to begin the flow of lubricant. It is
contemplated that the sensor or sensors could be mechanical, electrical, or hydraulic.

[00058] It 1s contemplated that the one or more other sensors or detection devices could
detect if (1) the RCD 14 or other devices, as discussed below, latched into the docking station
housing 10A have rotating seals or not, and, if rotating, at what revolutions per minute
“RPM?”, (2) the RCD 14 or other latched device was rotating or not, or had capability to
rotate, and/or (3) the RCD 14 was self-lubricating or had an internal cooling system. Itis
contemplated that such detection device or sensor could be positioned in the docking station
housing 10A for measuring temperature, pressure, density, and/or fluid levels, and/or if
lubrication or cooling was necessary due to operating conditions or other reasons. It is
contemplated that there could be continuous lubrication and/or cooling with an interactive
increase or decrease of fluids responsive to RPM circulation rates. It is contemplated that
there could be measurement of the difference in pressure or temperature within different
sections, areas, or components of the latched RCD 14 to monitor whether there was leakage
of a seal or some other component. If the RCD is self-lubricating, such as the Weatherford-
Williams Model 7875 RCD available from Weatherford International, Inc. of Houston,
Texas, then the pump P would not be actuated, unless lubrication was needed to top-up the
RCD 14 lubrication system. It 1s contemplated that the RCD 14 lubrication and/or cooling
systems may have to be topped-up with fluid if there is some internal leakage or bleed

~ through the RCD rotating seal, and the sensor would detect such need. The lubrication

conftrols can be operated manually, automatically, or interactively.

[0005§] In different configurations of bell nipples, such as with a taller wall height as
shown in FIG. 5, it is'contemplated that the docking station lubrication channel 58 would also
extend through the walls of the bell nipple. A manual valve 65 can also be used to
commence and/or interrupt lubricant flow. It is contemplated that the valve 65 could also be
remotely operable. Check valves (not shown), or other similar valves known in the art, could
be used to prevent drilling fluid and debris from flowing into the docking station lubrication
channel 58 when the RCD 14 is removed for conventional drilling. It is contemplated that
the lines could be flushed when converting back from conventional drilling to remove
solidified drilling fluid or mud and debris. This would be done before the protective sleeve

170 would be installed. Also, the protective sleeve 170 would prevent damage to sealing
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‘surfaces, latches, sensors and channel 58 from impact by drill pipes and other equipment
moved through the well center C.

[00060] If the RCD 14 has a cooling system 66, such as proposed in Pub. No. U S.
2006/0144622, the docking station housing 10A provides cooling fluid, such as gas or liquid,
to the RCD 14. Several different cooli'ng system embodiments are proposed in the ‘622 patent
publication. While the external hydraulic lines and valves to operate the cooling system are
not shown in FIG. 7A, docking station cooling inlet channel 68 and outlet channel 69 in the
docking station housing 10A allow for the transport of fluid to the RCD 14. Upon proper
insertion and latching of the RCD 14 in the docking station housing 10A, the docking station
cooling inlet channel 68 and outlet channel 69 are aligned with their corresponding cooling
chamnels 71, 73, respectively, in the RCD 14. It is contemplated that the channels and valves
would automatica]ly open and/or close upon the latching or unlatching of the RCD 14. It is
also contemplated that the channels (68, 69, 71, 73) and valves, including valve 72, could be
opened or closed manually. It 1s contemplated that there may be more than one cooling
channel. It should be undérstood that docking staﬁon cooling channels 68, 69 may extend
into the bell nipple 56, if necessary. Likewise, it is contemplated that the bell nipple 36 in
F1G. 5 would have one or more of such cooling channels extending through it due to its taller
walls. Returning to FIG. 7A, a cooling port 74 provides for the attachment of external
cooling lines 111 (shown in FIG. 10). A valve 72 in the RCD inlet cooling channel 71 can
control flow into the RCD 14.

[00061] A sensor 69A (FIG. 7A) m the docking station housing 10A remotely senses the
fluid temperature in the outlet channel 69 and signals the operator or CPU operating system
to actuate the hydraulic controls (not shown) accordingly. It is contemplated that the sensor
could be mechanical, electrical, or hydraulic. Altematively, the controls for the cooling can
be operated manually or automatically. It is contemplated that the CPU operating system
could be programmed with a baseline coolant temperature that can control the flow of coolant
to the RCD 14. Check valves, or other similar valves known in the art, could be used to
prevent drilling fluid and debris from flowing into the docking station cooling channels 68,
69 when the RCD 14 ts removed for conventional dnlling. It is contemplated that the lines
could be flushed of drilling fluid and debris when converted back from conventional drilling.
This would be done before installation of the protective sleeve 170. Also, the protective
sleeve 170 would prevent drilling fluid and debris from flowing into the docking station
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cooling channels 68, 69 when the RCD 14 is removed for conventional drilling. It would also
prevent damage to the sensors, latches, ports, surfaces, and channels 68, 69 from impact by
drill pipes and other equipment moved through the well center C. '

[00062] FIG. 7C is similar to FIGS. 7A and 7B, except that the RCD 14 is shown removed
for conventional drilling. A bell nipple 56 is shown mounted to the upper section of a marine
riser R. The docking station housmg 10A 1s bolted by bolts 126 and sealed with seals 128
with the top of the bell nipple 56, and the containment member 12 is attached to the top of the
docking station housing 10 using bolts similar to bolt 120. Other methods and systems of
sealing and attachment are contemplated. The single latching assémbly 57 is illustrated
disengaged on the left side of the vertical axis since the RCD 14 has been removed. The
details of the docking station housing 10A are more clearly shown in FIG. 7A. Since the
docking station housing 10A is mounted to the top of the bell nipple 56, only a single latching
assembly 57 is used. The protective sleeve 170 is shown latched with single latching
assembly 57 and radially sealed 172 into the docking station housing 10A on the right side of
the vertical axis. The sleeve 170 is optional, and is shown removed on the left side of the
vertical axis i an alternative embodiment. The sleeve 170 has passive holes 176 for
insertion and removal with a running tool 50, although other passive latching formations,

such as a groove (FIG. 14) or J-hook formation (FIG. 5) are contemplated.

[00063] FIG. 8 shows an alternative embodiment for latching or J-hooking the RCD 14 mto
the docking station housing 10C. One or more passive latching members 92 on the RCD 14
latches or J-hooks with the corresponding number of similarly positioned passive latching
formations 90 in the interior of the docking station housing 10C. A radial ring 94 in the
docking station housing 10C engages and grips the RCD 14 in a radial groove 96 on the
exterior of its housmg. The docking station housing 10C is shown mounted on a bell nipple
86 which has two openings 88 for return mud flow.

[00064] Turning to FIG. 9, a RCD 14 is latched into the docking station housing 10A.
While the flexible drilling fluid return lines 102 are necessary for use with a floating drilling
rig S, they can also be used with fixed drilling rigs. It is contemplated that one of openings
for the lines could be covered with a rupture disc 151, which is shown in phantom. The
containment member 12 has a docking station housing telescoping or slip joint 99 with inner
barrel 100 and cuter barrel 98. The outer barrel 98 of the containment vessel 12 is shown
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schematically attached to the underside of the drilling floor F. The docking station housing
slip joint 99 compensates for vertical movement with a floating drilling rig S such as shown
in FIG. 1. It 1s also contemplated that the slip jomt 99 can be used with a fixed drilling rig S,
such as shown in FIG. 2. The location of the docking station housing slip joint 99 above the
surface of the water allows for the pressure containment capability of docking station housing
joint 99 to be relatively low, such as for example 5 to 10 psi. Although a docking station
housing slip joint 99 is shown, other types of joints or pipe that will accommodate relative
vertical movement are contemplated. Riser slip joints used in the past, such as shown in FIG.
1 of U.S. Patent No. 6,913,092 B2, have been located below the diverter. Such riser slip
joints must have a much higher allowable containment pressure when locked down and
pressurized, such as for example 500 psi. Further, the seals for such riser slip joints must be
frequently replaced at significant cost. An existing riser shp jomt could be locked down if
the docking station housing joint 99 in the containment member 12 were used. Itis
contemplated in an alternate embodiment, that a containment member 12 without a docking
station housing joint 99 could be used with a floating dnilling rig. In such alternate
embodiment, a riser telescoping or slip yjoint SJ could be located above the water, but below
the docking station housing 10, such as the location shown in FIG. 1. '

[00065] FIG. 10 shows an embodiment of the present invention that 1s similar to FIG. 3A.
Two T-connectors (104, 106) attached to two openings in the bell nipple 108 allow drilling
fluid returns to flow through flexible conduits 110 as would be desirable for a floating
drilling rig S. It is contemplated that a rupture disc 151 be placed over one opening. Manual
valves (24, 26) are shown, although it is contemplated that remotely operated valves could
also be used, as shown in FIG. 3A. 1t is further contemplated that relief valves could
advantageously be used and preset to different pressure settings, such as for example 75 psi,
100 psi, 125 psi, and 150 psi. It is also contemplated that one or more rupture discs with
different pressure settings could be used. It i1s also contemplated that one or more choke
valves could be used for different pressure settings. It is contemplated that conduit 150 could
be a choke/kill line for heavy mud or drilling fluid. A docking station housing joint 99 in the
containment member 12 is used with a floating drilling rig S. An outlet 34 in the containment
member 12 provides for return drilling fluid in conventional drilling. External hydraulic lines
112 connect to hydraulic ports 113 in the docking station housing 10A for operation of the
latching assembly. External cooling lines 111 connect to the docking station housing 10A for

operation of the RCD 14 cooling system.
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J00066] FIG. 11 shows an alterative embodiment to FI1G. 10 of the present invention, with
different configurations of the T-commectors (104, 106), flexible condut (110, 114) and
annular BOP B. It is contemplated that a rupture disc 151, shown in phantom, could be used
to cover one of the openings in the bell nipple 108 leading to the conduits 114. Itis
contemplated that a preset pressure valve 152 could be used for the other opening in the bell
nipple 108 leading to the conduit 114 for use when the annular seal B1 of the BOP B is
closed, decreasing the area between the seal B1 and the RCD 14, thereby increasing the
pressure there between. Likewase, it is contemplated that a rupture disk would be used to
cover one of the openings leading to the T-connectors (104, 106). 1t is also contemplated that
relief valves could be used instead of manual valves (24, 26) and preset to different pressure
settings, such as for example 75 psi, 100 psi, 125 psi, and 150 psi. It is contemplated that one
or more rupture discs could be used for different pressure settings. It is contemplated that
one or more of the lines 110 could be choke or kill lines. It is contemplated that one or more
of the valves (24, 26) would be closed. The docking station housing jomnt 99 in the
containment member 12 and the flexible conduit (110, 114) are necessary for floating drilling
structures S and compensate for the vertical movement of the floor F and lower floor LF on
the dniling rig S. It is contemplated that tension support members or straps (20, 22), as
shown in FIG. 10, could be used to support the T-connectors (104, 106) in FIG. 11.

[00067] Turning to FIGS. 12 and 13, an RCD 14 1s latched mto the dockmmg station housmmg
10A in FIG. 12, but has been removed in FIG. 13. The containment member 12 does not
have a docking station housing slip jomnt 99 in this fixed dnlling rig S application. However,
a docking station housing slip joint 99 could be used to enable the drilling assembly to be
moved and installed from location to location and from rig to rig while compensating for
different ocean floor conditions (uneven and/or sloping) and elevations. Likewise, the
drilling fluid return pipes 116 are rigid for a fixed drilling rig application. A conduit would
be attached to outlet 34 for use in conventional drilling. The docking station housing 10A is
mounted on top of a bell mipple 118, and therefore has a single latching assembly 78. Ift1s
contemplated that a rupture disc 151, shown in phantom, be placed over one of the openings
in the bell nipple 118 leading to the drilling fluid return pipe 116. Manual, remote or
automatic valves 117 can be used to control the flow of flud above and/or below the annular

BOP B.
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[00068] Turning to FIG. 14, the running tool 50 installs and removes the RCD 14 into and
out of the docking station housing 10 through the containment member 12 and well center C.
A radial latch 53, such as a C-ring, a plurality of lugs, retainers, or another attachment
apparatus or method that i1s known n the art, on the lower end of the running tool 50 mates
with a radial groove 52 in the upper section of the RCD 14.

[00069] As can now be seen in FIG. 14, when hydraulic fluid is provided in chamel 150,
the piston 154 is moved up so that the latch 53 can be moved inwardly to disconnect the
running tool 50 from the RCD 14. When the hydraulic fluid is released from channel 150 and
hydraulic fluid is provided in channel 152 the piston 154 is moved downwardly to move the
latch 53 outwardly to connect the tool 50 with the RCD 14. A plurality of dogs (not shown)
or other latch members could be used in place of the latch 53.

[00070] As discussed above, it i1s contemplated that all embodiments of the docking station
housing 10 of the present mvention can receive and hold other oilfield devices and equipment
besides an RCD 14, such as for example, a snubbing adaptor, a wireline lubricator, a test
plug, a drilling nipple, a non-rotating stripper, or a casing stripper. Again, sensors can be
positioned in the docking station housing 10 to detect what type of oilfield equipment is
installed, to receive data from the equipment, and/or to signal supply fluid for activation of

the equipment.

[00071] It is contemplated that the docking station housing 10 can interchangeably hold an
RCD 14 with any type or combination of seals, such as dual stripper rubber seals (15 and 17),

single stripper rubber seals (15 or 17), single stripper rubber seal (15 or 17) with an active
seal, and active seals. Even though FIGS. 1-14 each show one type of RCD 14 with a
particular seal or seals, other types of RCDs and seals are contemplated for interchangeable

use for every embodiment of the present invention.

[00072] 1t is contemplated that the three different types of latching assemblies (as shown
with a docking station housing 10A, 10B, and 10C) can be used interchangeably. Even
though FIGS. 1-14 each show one type of latching mechanism, other types of latching
mechanisms are contemplated for every embodiment of the present invention.

{00073] Method of Use
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[00074] Converting an offshore or land drilling rig or structure between conventional
hydrostatic pressure drilling and managed pressure drilling or underbalanced drilling uses the
docking station housing 10 of the present mvention. The docking station housing 10 contains
either a single latching assembly 78 (FIG. 6A), a dual latching assembly 38 (FIG. 4B), or a J-
hooking assembly 90, 92 (FIG. 8). As shown in FIG. 7C, docking station housing 10A with a
single latching assembly 57 1s fixedly mounted, typically with bolts 126 and a radial seal 128,
to the top of the bell nipple 56. As shown in FIG. 4B, docking station housmg 10B with a
dual latching assembly 38 is bolted into the upper section of annular BOP B.

[00075] If the docking station housing 10 is used with a floating drilling rig, then the
drilling fluid return lines are converted to flexible conduit such as conduit 102 in FIG. 9. If a
fixed drilling rig 1s to be used, then the drilling return lines may be rigid such as piping 40 in
FIG. 6A, or flexible conduit could be used. As best shown m FIGS. 7A, 10, and 11, the
hydraulic lines 112, cooling lines 111, and lubrication lines 64 are aligned with and
connected to the corresponding ports (113, 74, and 55) in the docking station housing 10. Ifa
fixed drilling rig S is to be used, then a containment member 12 without a docking station
housing slip joint 99 can be selected. However, the fixed dnlling rig S can have a docking
station housing slip joint 99 in the containment member 12, if desired. If a floating drilling
rig S is to be used, then a docking station housing slip joint 99 in the containment member 12

may be preferred, unless a slip jomt is located elsewhere on the niser R.

[00076] As shown in FIG. 7A, the bottom of the containment member 12 can be fixedly
connected and sealed to the top of the docking station housing 10, typically with bolts 120
and a radial seal 121. Alternatively, the containment member 12 is slidably attached with the
docking station housing 10 or the bell nipple 36, depending on the configuration, such as
shown in FIGS. 4A and 4B, respectively. Although bolting is shown, other typical
connection methods that are known in the art, such as welding, are contemplated. Turning to
FI1G. 9, if a docking station housing slip joint 99 is used with the containment member 12,
then the seal, such as seal 37 shown in FIGS. 4B and 5, between the inner barrel 100 and

outer barrel 98 is used.

[00077] As shown in FIG. 4A, the top of the containment member 12 can be fixedly
attached to the bottom of the drilling rig or structure S or drilling deck or floor F so that
drilling fluid can be contained whale it flows up the annular space durmg conventional
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drilling using the containment member outlet 34. The running tool 50, as shown in FIG. 14,
is used to lower the RCD 14 mto the docking station housing 10, where the RCD 14 is
remotely latched into place. The drll string tubulars 80, as shown in phantom in FIG. 6A,
can then be run through well center C and the RCD 14 for drilling or other operations. The
RCD upper and lower stripper rubber seals (15, 17) shown in FIG. 6A rotate with the tubulars
80 and allow the tubulars to slide through, and seal the annular space A as is known in the art
so that drilling fluid retumns (shown with arrows in FIG. 6A) will be directed through the
conduits or pipes 40 as shown. It is contemplated that a rupture disc 151 could cover one of
the two openings in the bell nipple 76 shown in FIG. 6A. Altematively, as discussed above,
it is contemplated that a plurality of pre-set pressure valves could be used that would open if
the pressure reached their respective pre-set levels. As described above in the discussion of
FIGS. 10 to 13, preset pressure valves or rupture disks could be mmstalled in the drilling fluid
return lines, and/or some of the lines could be capped or used as choke or kill lines.

[00078] If the RCD 14 is self-lubricating, then the docking station housing 10 coﬂd be
configured to detect this and no lubrication will be delivered. However, even a self-
lubnicating RCD 14 may require top-up lubrication, which can be provided. If the RCD 14
does require lubrication, then lubrication will be delivered through the docking station
housing 10. If the RCD 14 has a cooling system 66, then the docking station housing 10
could be configured to detect this and will deliver gas or liquid. Alternatively, the lubrication
and cooling systems of the docking station housing 10 can be manually or remotely operated.
It is also contemplated that the lubrication and cooling systems could be automatic with or

without manual overrides.

[00079] When converting from managed pressure drilling or underbalanced drilling to
conventional hydrostatic pressure drilling, the remotely operated hydraulic latching assembly,
such as assembly 78 in FIG. 6A, 1s unlatched from the RCD 14. The running tool 50, shown
in FIG. 14, 1s ingerted through the well center C and the containment member 12 to connect
‘and lift the RCD 14 out of the docking station housing 10 through the well center C. FIG. 4B
shows the docking station housing 10 with the RCD 14 latched and then removed in FIG. 5.
The drilling fluid returns piping such as 40 im FIG. 6A would be capped. Valves such as 24,
26, 152 1in FIG. 11 would be closed. The outlet 34 of the containment member 12 as shown
in FIG. 12 would provide for conventional drilling fluid returns. Fluid through the external

hydraulic 112, cooling 111, and lubrication 64 lines and their respective ports (113, 74, 55)

23

CA 2979797 2017-09-20



on the docking station housing 10 would be closed. The protective sleeve 170 could be
inserted and latched into the docking station housing 10 with the running tool 50 or on a
tool joint, such as tool joint 8QA, as discussed above for FIG. 6A. It is further
contemplated that when the stripper rubber of the RCD is positioned on a drill pipe or
string resting on the top of pipe joint 80A, the drill pipe or string with the RCD could be
made up with the drill stem extending above the drilling deck and floor so that the drill
stem does not need to be tripped when using the RCD. The drill string could then be
inserted through the well center C for conventional drilling.

[00080] Notwithstanding the check valves and protective sleeve 170 described above,
it is contemplated that whenever converting between conventional and managed pressure
or underbalanced drilling, the lubrication and cooling liquids and/or gases could first be
run through the lubrication channels 58 and cooling channels 68, 69 with the RCD 14
removed (and the protective sleeve 170 removed) to flush out any drilling fluid or other
debris that might have infiltrated the lubrication 58 or cooling channels 68, 69 of the

docking control station housing 10.

[00081] The foregoing disclosure and description of the invention are illustrative and
explanatory thereof. Although the invention has been described in terms of preferred
embodiments as set forth above, it should be understood that these embodiments are
illustrative only and that the claims are not limited to those embodiments. Those skilled
1in the art will be able to make modifications and alternatives in view of the disclosure
which are contemplated as falling within the scope of the appended claims. Each feature
disclosed or illustrated in the present specification may be incorporated in the invention,
whether alone or in any appropriate combination with any other feature disclosed or

illustrated herein.
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The embodiments of the invention in which an exclusive property or privilege 1s claimed

are defined as follows:

1. System for drilling a borehole, comprising:

a riser positioned above the borehole;

a housing having a housing first channel and positioned above said riser;

a rotating control device having a rotating control device first channel, the rotating
control device being removably positioned in the housing such that said rotating control device
first channel is aligned with said housing first channel and configured to communicate a first

fluid; and

a hydraulically activated latching assembly configured to remotely latch said rotating

control device with said housing.

2. The system of claim 1 further comprising:

a second channel in said rotating control device configured to communicate a second

fluid between said housing and said rotating control device.

3. The system of claim 1 further comprising: a first sensor configured to sense said rotating

control device while the rotating control device 1s positioned in said housing.

4. The system of claim 3 wherein said first sensor comprises an electrical sensor.
. The system of claim 3 wherein said first sensor comprises a mechanical sensor.
6. The system of claim 3 wherein said first sensor comprises a hydraulic sensor.
7. The system of claim 1 further comprising:

a valve configured to control the flow of the first fluid between said rotating control

device first channel and said housing first channel.
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8. The system of claim 7 further comprising: a sensor configured to sense data of the first

fluid moving between said rotating control device first channel and said housing first channel.

9. The system of claim 8, further configured to transmit said sensed data to a remote

location for providing interactive operation of said valve.

10. The system of claim 1 further comprising:
a sensor configured to detect the type of said rotating control device removably

positioned in said housing.

11. The system of claim 1 further comprising:

a sensor configured to detect the revolutions per minute of a rotating seal of said rotating

control device.

12. The system of claim 11 further comprising:
a pump configured to provide the first fluid to said rotating control device responsive to

said detected revolutions per minute.

13. The system of claim 1 further comprising:

a first sensor configured to detect lubrication data of said rotating control device.

14. The system of claim 1 further comprising:

a sensor configured to detect temperature, pressure and density of the first tlund.

15. The system of claim 13 further compnising:

a second sensor configured to sense lubrication of said rotating control device;
a comparator configured to compare said first sensor lubrication data with said second
sensor lubrication data; and

a central processing unit configured to process the lubrication data.
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16. The system of claim 1 further comprising:

a protective sleeve configured to be received in said housing when said rotating control

device is removed from said housing.

17. The system of claim 1 further compnising:

a containment member disposed above said housing.

18. System for drilling a borehole, comprising:
a riser positioned above the borehole;
a housing having a first channel and positioned above said riser;

a rotating control device having a rotating control device first channel, the rotating
control device being removably positioned in the housing such that said rotating control device
first channel is aligned with said housing first channel and configured to communicate a first
fluid;

a hydraulically activated latching assembly configured to remotely latch said rotating

control device with said housing; and

a first sensor configured to sense said rotating control device.

19. The system of claim 18 further comprising:

a valve configured to control the flow of fluid between said rotating control device first

channel and said housing first channel; and

a second sensor configured to sense data of the first fluid moving between said rotating

control device and said housing;

wherein the system is configured to transmit said sensed data to a remote location for

providing interactive operation of said valve.

20. The system of claim 18 further comprising:

a second sensor configured to detect the revolutions per minute of a rotating seal of said

rotating control device; and
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a pump configured to provide the first fluid to said rotating control device responsive to

said detected revolutions per minute.
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