DRILLING RISER ADAPTER CONNECTION WITH SUBSEA FUNADNALITY

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates in general to offshore wisér adapters and, in particular, to a system for

connecting riser adapters to subsea equipmentswtibea functionality.

2. Brief Description of Related Art

In offshore drilling operations, the operator wakrform drilling operations through a drilling
riser. The drilling riser extends between the sabwellhead assembly at the seafloor and the
drilling vessel. The drilling riser is made upahumber of individual joints or sections. These
sections are secured to each other and run froserdeploying floor of the drilling vessel. The
drilling riser also normally has a number of awai conduits that extend around the main
central pipe. The auxiliary conduits supply hydi@dluid pressure to the subsea blowout
preventer and lower marine riser package.

The lower end of the drilling riser has an adaptat couples to a lower marine riser package
(LMRP) for connecting the riser to the LMRP. Varsoadapters have been employed. The
adapter connections include bolted flanges andingckegments radially moveable by screws.
The LMRP attaches to a blowout preventer assenBB3F). The BOP couples by a hydraulic
connector to a subsea wellhead assembly at thefle@a The LMRP also includes an
emergency disconnect to quickly release from thePBOThe various hydraulically driven
components of the LMRP are supplied with hydrafilicd and controlled by lines leading to the

surface vessel.

In both types of riser adapters, workers use wresnth make up the bolts or screws. Making up
the individual bolts is time consuming. Often wheaving the drilling rig from one location to

another, the riser has to be pulled and storediety deep water, pulling and rerunning the riser
is very expensive. At least one automated systesmown in US Patent 6,330,918 for making

up riser locking segment screws.
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In addition, the automated and non-automated edapters fail to provide a way to break out
the connection between the riser and the LMRP dineeadapter and assembly are on the sea
floor. Thus, where emergency events necessitateliity to quickly disconnect an existing
riser from the riser adapter while the LMRP remaonsthe sea floor, operators cannot quickly
do so. This can potentially further exacerbatealm@ady potentially dangerous situation. The

emergency disconnect is controlled from the vessel,the control line could be lost.
SUMMARY OF THE INVENTION

These and other problems are generally solvedrourovented, and technical advantages are
generally achieved, by preferred embodiments ofpilesent invention that provide a drilling

riser adapter with subsea functionality, and a weflor using the same.

An embodiment of the present invention provideysiesn for connecting a lower marine riser
package (LMRP) to a marine riser. The LMRP and B@IPbe placed subsea at a wellhead so
that the riser will extend from the wellhead tordlidg rig located at a sea surface. The system
comprises a drilling riser adapter, and a contrahgd. The drilling riser adapter has a
hydraulically actuated engagement assembly. Thagement assembly selectively engages and
disengages a lower end of the marine riser. Timr@opanel communicatively couples to the
engagement assembly and actuates the engagememibasso engage and disengage the lower
end of the marine riser. The control panel alss &aydraulic fluid pressure receptacle for

engagement by a remotely operated vehicle for uisses.

Another embodiment of the present invention praovidesystem for connecting a lower marine
riser package (LMRP) to a marine riser. Again, tMRP and BOP will be placed subsea at a
wellhead so that the riser extends from the wetliteaa drilling rig located at a sea surface. The
system comprises a plurality of engaging membansergagement assembly, and a control
panel. These engaging members are moveable betmeengaged position radially inward and
a disengaged position radially outward. The engege assembly is configured to actuate the
engaging members between the engaged and the ageeh@ositions. A crossover riser joint
inserts into the drilling riser adapter and hasipper end that couples to the riser. The crossover
riser joint has a lower end profile for mating withe engagement assembly when the

engagement assembly is in the engaged positioe. cdhtrol panel communicatively couples to
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the engagement assembly and actuates the engagassentbly to engage to and disengage the
lower end of the marine riser. The control pamneludes a hydraulic fluid pressure receptacle
for engagement by a remotely operated vehicle (R@\8Qupply hydraulic fluid pressure to the
engagement assembly.

Yet another disclosed embodiment provides a methodlisconnecting a lower marine riser

joint from a lower marine riser package. The mdthegins by providing a marine riser adapter
having a hydraulically actuated engagement assearidya control panel with a hydraulic fluid

pressure receptacle. Next, the method connectdiyeter to the LMRP. An end of a riser joint
is then inserted into a central bore of the mariser adapter. Next, the method supplies
hydraulic fluid to actuate the engagement assenmbby engagement with the riser joint. The
LMRP, marine riser adapter, and riser joint arentlosvered to a subsea location. An ROV then
stabs a probe into the hydraulic fluid pressureptacle and supplies hydraulic fluid to actuate

the engagement assembly to disengage the risertifromarine riser adapter.

In still another embodiment, a system is providadcbnnecting a lower marine riser package to
a drilling rig located at a sea surface. The lomw@arine riser package (LMRP) is to be placed
subsea at a wellhead. The system comprises aliplush marine riser joints for extending
between the drilling rig and the LMRP, each mariger joint having at least one end coupleable
to an adjacent marine riser joint. The system alstudes a drilling riser adapter for mounting
to the lower marine riser package. The drillingeri adapter has a hydraulically actuated
engagement assembly for selectively engaging asendaging a lower end of at least one
marine riser joint of the plurality of marine risgints. A control panel is mounted to the
adapter and communicatively coupled to the engageassembly. The control panel actuates
the engagement assembly to engage and disengadewbe end of the marine riser. A
receptacle for receiving hydraulic fluid pressugenounted on the control panel for engagement
by a remote operated vehicle (ROV). The ROV wilpgly hydraulic fluid pressure to the
engagement assembly.

Another embodiment provides a system for connedifagyver marine riser package to a marine
riser. Again, the lower marine riser package (LMRRo be placed subsea at a wellhead so that

the riser will extend from the LMRP to a drillinggrlocated at a sea surface. The system



comprises a blowout preventer (BOP) mounted atpgreiuend of the LMRP, and a drilling riser
adapter mounted to the BOP. The drilling riserpaeiahas a hydraulically actuated engagement
assembly for selectively engaging and disengagilogvar end of the marine riser, and a control
panel mounted to the adapter. The control panebnsmunicatively coupled to the engagement
assembly for actuating the engagement assemblggage and disengage the lower end of the
marine riser. The control panel includes a readptior receiving hydraulic fluid pressure on so
that a remote operated vehicle (ROV) may engagecdinérol panel to supply hydraulic fluid

pressure to the engagement assembly.

Still another embodiment provides a method for eating a marine riser joint to a marine riser
adapter located at a subsea location. The methigbrises first stabbing a probe of a remotely
operated vehicle (ROV) into a hydraulic fluid press receptacle of a marine riser adapter
having a hydraulically actuated engagement assearaya control panel with a hydraulic fluid
pressure receptacle. Next, the method suppliesabld fluid from the probe of the ROV to the
hydraulic fluid pressure receptacle to actuateetngagement assembly to disengage a first riser
joint from the riser adapter. Then, the first riggnt is removed from the riser adapter, and a
second riser joint is disposed into the riser aglapThe method continues by stabbing the probe
of the ROV into the hydraulic fluid pressure reegi¢ of the marine riser adapter, and then
supplying hydraulic fluid from the probe of the R@¥the hydraulic fluid pressure receptacle to

actuate the engagement assembly to engage thedsesemnjoint with the riser adapter.

An advantage of the disclosed embodiments is bieatlisclosed drilling riser adapter reduces the
time necessary to make up the connection betweehMRP/BOP assembly and the riser at the
surface. In addition, the disclosed drilling risetapter requires fewer workers to make up the
connection. Embodiments of the present inventiensaitable for use with any riser connection
type with the addition of a crossover joint betwedble drilling riser adapter and the riser.
Furthermore, the disclosed embodiments provide idingr riser adapter that allows for
connection and disconnection of the riser from 1dRP/BOP assembly in a subsea
environment through the use of remotely operateldicles. This can be accomplished in
significantly less time and effort over prior arethods for making up and breaking out a riser

from a wellhead assembly in a subsea environment.



BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the features, advastage objects of the invention, as well as
others which will become apparent, are attained, @n be understood in more detail, more
particular description of the invention briefly somarized above may be had by reference to the
embodiments thereof which are illustrated in thpesmgled drawings that form a part of this
specification. It is to be noted, however, thae trawings illustrate only a preferred
embodiment of the invention and are therefore andbe considered limiting of the invention's

scope as the invention may admit to other equéliceve embodiments.
Figure 1 is a schematic representation of a dgltiser adapter in use in a subsea assembly.

Figure 2 illustrates a perspective view of thelidigl riser adapter of Figure 1 in accordance with
an embodiment of the present invention.

Figure 3 is a top view of the drilling riser adapté Figure 2.

Figure 4 is a schematic sectional view of a doalgkeng hydraulic cylinder of Figure 2 in a first

position.

Figure 5 is a schematic sectional view of the dedating hydraulic cylinder of Figure 2 in a
second position.

Figure 6 is a partial sectional view of the drigfinser adapter in an engaged position taken along
line 6—6 of Figure 3.

Figure 7 is a partial sectional view of a secondangagement assembly of Figure 6 in an

engaged position.

Figure 8 is a partial sectional view of the secopdangagement assembly of Figure 6 in a
disengaged position.

Figure 9 is a partial sectional view of the drifjiriser adapter taken along line 7—7 of Figure 3.

Figures 10 is a partial sectional view of the drgiriser assembly in a disengaged position taken
along line 6—6 of Figure 3.



Figure 11 is a schematic representation of a hyidractuation system of the drilling riser
adapter of Figure 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will now be described mor8yfiereinafter with reference to the
accompanying drawings which illustrate embodimesftshe invention. This invention may,
however, be embodied in many different forms anoukh not be construed as limited to the
illustrated embodiments set forth herein. Ratlieese embodiments are provided so that this
disclosure will be thorough and complete, and Willy convey the scope of the invention to
those skilled in the art. Like numbers refer t@lelements throughout, and the prime notation,

if used, indicates similar elements in alternagwabodiments.

In the following discussion, numerous specific dstare set forth to provide a thorough
understanding of the present invention. Howewewili be obvious to those skilled in the art
that the present invention may be practiced wittsuah specific details. Additionally, for the
most part, details concerning drilling operationg,operations, general riser make up and break
out, and the like have been omitted inasmuch aB details are not considered necessary to
obtain a complete understanding of the presentiie, and are considered to be within the

skills of persons skilled in the relevant art.

Referring to Figure 1, there is shown a drillingen adapter 11 configured to connect a marine
riser string 17 to a lower marine riser package lalod/out preventer (BOP) 13, which is, in turn
secured to a subsea wellhead or subsea tree lieolvell. Marine riser string 17 extends
upward from the drilling riser adapter 11 to a fiog platform 19 and is supported in tension
from floating platform 19 by riser tensioners 2Warine riser string 17 is comprised of a series
of riser joints 23 that extend from floating platio 19 to lower marine riser package 13. Marine
riser string 17 enables drill pipe 25 to be deptbjom floating platform 19 to lower marine
riser package 13 and on through wellhead 15 int dbabed through a central tube 27.
Auxiliary tubes 29 located around the central pgbemarine riser string 17 may be used for
purposes such as serving as choke-and-kill linesef@rculating drilling mud below a blowout
preventer (BOP) in the event that the BOP previows through central tube 27. A cross over

joint 31 enables marine riser string 17 to conteddrilling riser adapter 11. Crossover joint 31



has a profile on an exterior diameter surface lofager end of crossover joint 31. The profile is
configured to engage drilling riser adapter 11. upper end of cross over joint 31 is configured
to engage the coupling type used by riser joints 23person skilled in the art will understand
that the upper end of crossover joint 31 may be suyable joint configuration such that
crossover joint 31 connects to marine riser stfiig Similarly, a person skilled in the art will

recognize that alternative embodiments do not thelerossover joint 31.

Referring now to Figure 2, drilling riser adaptérray be a tubular member 33 having a flanged
lower end 35. Tubular member 33 may taper fromdarior diameter of tubular member 33 to
a slightly larger diameter adjacent to flanged loed 35. Tubular member 33 defines a central
bore 37 having an axis 38, and an inner diametghtl larger than the outer diameter of
crossover joint 31 (Figure 1), thereby enablingpadr end of crossover joint 31 to insert into
central bore 37. Tubular member 33 also defingisoallder 32 (Figure 6) within central bore 37
proximate to an opening 127, such that a profil8 &Bcrossover joint 31 may mate with an
engaging member 125 as described in more detaibeith respect to Figure 6. As shown in
Figure 2, flanged lower end 35 defines a pluralify holes 39. Holes 39 align with
corresponding holes in an upper portion of loweringariser package 13 (Figure 1) and are
configured to receive bolts (not shown) that wadtsre drilling riser adapter 11 to lower marine
riser package 13. The bolting attachment mechahetmeen drilling riser adapter 11 and lower
marine riser package 13 is shown for referencepeison skilled in the art will understand that
other attachment mechanisms, such as welding, al@mnetc., are contemplated and included in

the disclosed embodiments.

Drilling riser adapter 11 also includes an engagerassembly 41, a remote operation assembly
43, and an upper flange 45. Upper flange 45 estérmm an exterior portion of drilling riser
adapter 11 proximate to, but axially lower than,umper rim 47 of drilling riser adapter 11.
Upper flange 45 defines a plurality of slotted dpge 49 extending from a rim of upper flange
45 inward toward tubular member 33. Slotted opgid9 are of a size and shape to
accommodate cylinder rods, described in more délidbw. Upper flange 45 also defines
slotted auxiliary openings 53 extending from a omupper flange 45 inward toward tubular
member 33. Auxiliary openings 53 are generallgdaithan slotted openings 49 and are of a size

and shape needed to accommodate auxiliary tubesA%hown on Figure 3, upper flange 45
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includes two auxiliary openings 53. A person skillin the art will understand that more or
fewer auxiliary openings 53 are contemplated amtuded in the disclosed embodiments. In
addition, drilling riser adapter 11 may include #idtial openings extending from the rim of

upper flange 45 toward tubular member 33 to accodat®other lines, or devices secured to

marine riser string 17.

Referring to Figure 2, engagement assembly 41 dedlicylinder assemblies 55, and a cam ring
assembly 57. Cylinder assemblies 55 couple tonigege 45 and extend from a lower surface
of upper flange 45 toward lower flange 35. In ftilastrated embodiment, six cylinder
assemblies 55 are included. A person skilled & daht will understand that more or fewer
cylinder assemblies 55 may be included in drillireger adapter 11. Cylinder assemblies 55 are
spaced circumferentially around upper flange 45hstlat each cylinder assembly 55 is
equidistant from the two adjacent cylinder asseesb§5. Each cylinder assembly 55 includes
upper and lower support plates 59, 61, support 6&sand a cylinder 65. A base 69 of each
cylinder 65 is supported by a respective lower supplate 61. In the illustrated embodiment,
cylinders 65 are positioned so that the extensimke of each cylinder will extend toward rim
47 of tubular member 33, and the retraction strokeach cylinder will contract into base 69

toward flange 35.

In the exemplary embodiment, each lower suppote@a couples to a respective upper support
plate 59 with four support rods 63. A person skilin the art will understand that more or fewer
support rods 63, or any other suitable couplingesysproviding support for base 69 of cylinder
65 is contemplated and included in the disclosetasliments. Support rods 63 have a lower
threaded end that passes through bores in lowgosuplate 61 and are secured by nuts having
a sufficient strength rating to provide a reactéoto force exerted against lower support plate 61
by cylinder 65. Similarly, support rods 63 haveugper threaded end that passes through bores
in the upper support plate 59 and are secured by (not shown) having a sufficient strength
rating to provide a react force to force exertedigt upper support plate 59 by cylinder 65.
Upper support plate 59 in turn couples to the losiaface of upper flange 45. In the illustrated
embodiment, bores in upper support plate 59 aligh thireaded bores (not shown) extending

inward from the lower surface of upper flange 4Bolts 67 pass through the bores in upper



support plate 59 and screw into the correspondingatied bores in the lower surface of upper

flange 45.

Referring to Figures 4 and 5, cylinders 65 are talsting hydraulic cylinders that include a
base 69, a rod 71, and a piston head 70. Basef@®esl a chamber having an opening at an
upper end for passage of rod 71 from an interiadhefchamber of base 69 to an exterior of the
chamber of base 69. Base 69 is sealed at thadonoahere rod 71 passes from the interior to
the exterior of the chamber by any suitable seatwethod such as elastomer o-rings or the like.
Piston head 70 couples to an end of rod 71 and Gsegpa geometric shape configured to
substantially fill a width of the chamber of baged&hd divide it into a lower chamber 68 and an
upper chamber 72. A hydraulic fluid may variablgw into and out of upper and lower
chambers 72, 68 through an engaging circuit 151ugmebr port 147 or alternatively through a
disengaging circuit 153 and lower port 149. Asistrated in Figure 4, fluid will flow into
chamber 68 through port 149 and, as chamber &3 é&Hert a force on a face of piston head 70
that pushes piston head 70, and rod 71, up outasé I69. In response, hydraulic fluid in

chamber 72 will flow out port 147 until piston he&d occupies the position shown in Figure 5.

In a similar operation, fluid will flow into chamb&2 through port 147 and, as chamber 72 fills,
exert a force on piston head 70. In response,dwjidrfluid in chamber 68 will flow out port
149 until piston head 70 occupies the position shawFigure 4. Piston head 70 seals to the
interior surface of the chamber of base 69 with suntable sealing method such that piston head
70 may traverse between a lower position, showRigure 4, to an upper position, shown in
Figure 5. In this manner, cylinder 65 will actudate move rod 71 axially up and down.
Actuation of cylinders 65, in turn causes actuatbrtam ring assembly 57, described in more

detail below.

Referring to Figure 2, the upper ends of rods 7grekthrough slotted openings 49 and engage
cam ring assembly 57. Cam ring assembly 57 insluden ring 73 and secondary engaging
assemblies 75. Cam ring 73 has an inner diaméghtlg larger than the outer diameter of
tubular member 33 such that an inner diameter f tag 73 may slidingly engage the exterior
surface of tubular member 33. Cam ring 73 includdmder coupler protrusions 77 extending

radially from an exterior diameter portion of caimgr73 proximate to and axially over cylinders



65. In the illustrated embodiment, each cylindmxpier protrusion 77 corresponds and is axially
above a respective cylinder assembly 55, suchthleatumber of cylinder coupler protrusions 77
corresponds to the number of cylinder assembliesAsbshown, cylinder coupler protrusions 77
are box like protrusions of a sufficient strength ttansfer axial force exerted by cylinder
assemblies 55 on cylinder coupler protrusions 7@ata ring 73. A person skilled in the art will
understand that other shapes for cylinder coupletrysions 77 are contemplated and included
in the disclosed embodiments. Furthermore, a peskiled in the art will also understand that
cylinder assemblies 55 and cam ring assembly 57 meagriented in relation to one another so

that cam ring assembly 57 is axially beneath cgmabsemblies 55.

Referring to Figure 6, there is shown a partiabsreection of drilling riser adapter 11 illustragtin

additional components of cam ring assembly 57 thétnhexemplary embodiment, each cylinder
coupler protrusion 77 defines a bore 79 extendnognfa lower surface of cylinder coupler
protrusion 77 proximate to rod 71 to an upper s@faf cylinder coupler protrusion 77. Bore 79
has a lower bevel 81 transitioning from bore 79the lower surface of cylinder coupler
protrusion 77. Bevel 81 has a wider diameter atdlwver surface of cylinder coupler protrusion
77 and a narrower diameter at bore 79. Bore 79 ialdudes an upper bevel 85 transitioning

from bore 79 to a counterbore 80 at an upper seidhcylinder coupler protrusion 77.

Similarly, rod 71 includes a beveled surface 884itgoning rod 71 from a wider diameter on a
lower end of rod 71 to a narrower diameter apprataty equivalent to the diameter of bore 79.
The narrower diameter end of rod 71 inserts inteel®®. Rod 71 has an adapter portion 87
formed in an upper end of rod 71 that has a diansetaller than the diameter of bore 79. A rod
locker 89 inserts into counterbore 80 from the wppeface of cylinder coupler protrusion 77.

Rod locker 89 has a diameter substantially equitatethe diameter of counterbore 80 near the
upper surface of cylinder coupler protrusion 77 arueveled edge at a lower end of rod locker
89 that abuts bevel 85 of bore 79. Rod locker &9ues to the adapter portion 87 of rod 71,
thereby securing rod 71 to cylinder coupler prabms/7. A person skilled in the art will

understand that any suitable method to secure exdgmirtion 87 to rod locker 89 is

contemplated and included in the disclosed embauisne For example, the exterior diameter
surface of adapter portion 87 may be threaded tladnner diameter surface of rod locker 89

may have a matching thread that allows rod locleta8screw onto adapter portion 87. In this
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manner, motion of rod 71 may transmit into motidrcginder coupler protrusion 77 and cam

ring 73 as described in more detail below.

Drilling riser adapter 11 may include a secondargagement assembly 75 as described below.
A person skilled in the art will understand thaerdative embodiments of drilling riser adapter
11 may include secondary engaging assemblies dtteer those illustrated herein, or no
secondary engagement assembly at all. Still iefrto Figure 6, secondary engagement
assembly 75 includes a base member 91 that cotplée upper surface of cylinder coupler
protrusion 77. In the illustrated embodiment ofjlfe 7, base member 91 defines three
chambers, a first chamber 93 proximate to an exten radially outer end of base member 91
opposite tubular member 33, a second chamber 95aneenter of base member 91, and a third
chamber 97 proximate to the exterior diameter dbutar member 33. Each chamber has an
opening to the adjacent chamber allowing mechacmaimunication between the chambers. In
addition, chamber 93 has an opening at the extemor of base member 91 for mechanical
communication with an object outside of chamber 9Similarly, chamber 97 includes an
opening at the interior end of base member 91 prate to tubular member 33 for mechanical

communication between an object in chamber 97 aimalar member 33.

A latch 99, comprising a substantially cylindricaember having a handle at a first end, inserts
into chamber 93 from an exterior of base member $he handled end of latch 99 remains
outside of base member 91 and chamber 93. A semothaf latch 99 passes through chamber
93 and into chamber 95. A transmission rod 10lingabushing ends 103, 105 resides in
chamber 95. Transmission rod 101 substantially file height of chamber 95. Transmission
rod 101 has a length less than the length of cha@bgeallowing transmission rod to move
radially within chamber 95. A bushing end 103 hasnternal profile 107. The second end of
latch 99 comprises a matching profile to internalfie 107. The second end of latch 99 inserts
into bushing end 103 and mates with internal peafiD7 such that lateral movement of latch 99
will cause transmission rod 101 to move radiallyr@sponse. A bushing end 105 defines a
threaded opening for a bolt or set screw 109. ngmin 111 inserts into bushing end 105 and
is secured to bushing end 105 by set screw 109ingpin 111 moves radially in response to
lateral movement by transmission rod 101. Sprindlil passes from chamber 95 into chamber
97.
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A latch dog 113 having an engaged and a disengagstion, resides within chamber 97. Latch
dog 113 has an engaging end 114 having a heighttlem the height of latch dog 113.
Engaging end 114 passes through an opening in aa@ibto an exterior of base member 91
proximate to tubular member 33. The opening hhsight substantially equal to engaging end
114 but less than the height of chamber 97 sudhthieaopening defines a shoulder 98. In this
manner, engaging end 114 may protrude from cha@bewhile latch dog 113 is prevented
from completely exiting chamber 97 by shoulder @&tch dog 113 includes a recess 115 on an
end opposite engaging end 114 protruding from clear@d. Spring pin 111 inserts into recess
115 and is secured by a pin passing through adfaspring pin 111 and latch dog 113. Recess
115 has a counterbore defining a spring seat. g 17 surrounds spring pin 111 and is
interposed between a sidewall of chamber 97 pradn@ chamber 95 and the spring seat of
recess 115. In the illustrated embodiment, spfihg biases latch dog 113 to the engaged
position.

Still referring to Figure 7, an upper end of tubbulaember 33 defines a secondary engaging
recess 119 proximate to upper rim 47. In the examgmbodiment, secondary engaging recess
119 is substantially rectangular and extends framexterior surface of tubular member 33
inward toward bore 37. A secondary engaging memBércouples to tubular member 33 in
secondary engaging recess 119, such as with tistrdted bolts. Secondary engaging member
121 substantially fills secondary engaging recd$s 1Secondary engaging member 121 has an
exterior profile configured to mate with engagimglel 14 of latch dog 113 and prevent latch dog
113 from moving upward axially toward upper rim when latch dog 113 engages secondary
engaging member 121. The profile may comprisellghraaw tooth shaped grooves. In this
manner, latch dog 113 engages tubular member 88&iengaged position, providing secondary
engagement of cam ring 73 to tubular member 33.

Secondary engagement assembly 75 has a locked gagesh position (Figure 7) and a
disengaged position (Figure 8) and operates irfdb@ving manner. Latch 99 may be pulled
radially away from tubular member 33 by an operatoa remotely operated vehicle (ROV).
Transmission rod 101 moves radially in responstéoposition shown in Figure 8. Similarly,
spring pin 111 pulls latch dog 113 radially awagnfr secondary engaging member 121 in
response. In the exemplary embodiment, latch 98ds rotated 90 degrees, by an operator or
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ROV, to engage a key 123, machined into latch 98 & shoulder 94, defined by a wall

separating chamber 93 from chamber 95. While enghgaged position of Figure 7, key 123
resides within the passageway between chamber @Xl@mber 95. Key 123 extends from
latch 99 to a height greater than the width offl&®, thus, when latch 99 is pulled radially and
turned 90 degrees as shown in Figure 8, a sidenfdtey 123 will abut shoulder 94 of the

passageway between chamber 93 and chamber 95is Imanner, latch 99 prevents spring 117
from returning latch dog 113 to the biased engagegged position of Figure 7. Prior to

stabbing a riser end into bore 37 (Figure 6), latobs 113 will be in the disengaged position as
shown in Figure 10. Operation of drilling riserapter 11 will be described in more detall

below.

Cam ring assembly 57 has an engaged positionraliest in Figure 6, and a disengaged position,
illustrated in Figure 10. Referring to Figure 10d 71 of cylinder 65 has actuated to raise
cylinder coupler protrusion 77 of cam ring 73 te tiisengaged position. In the disengaged
position, a lower surface of cylinder coupler puston 77, and consequently cam ring 73, is
axially above an upper surface of a cam dog 12&m @og 125 resides in an opening 127 in
tubular member 33 proximate to and axially benesglbondary engaging recess 119 and
secondary engaging member 121. Opening 127 extieodsthe exterior surface of tubular
member 33 through the sidewall of tubular membem&3 bore 37. An opening 127 is located
in tubular member 33 proximate to each cylinderpt@uprotrusion 77. A respective cam dog
125 substantially fills each respective opening 42d has a bevel 129 on an upper outer exterior
edge. Bevel 129 is configured to abut a corresjpgnidevel 131 of cylinder coupler protrusion
77 when cylinder coupler protrusion 77 moves fréwva disengaged position of Figure 10 to the
engaged position of Figures 6 and 9. The portio@eash cam dog 133 below bevel 129 tapers

outward.

In operation, cylinders 65 will actuate and pulll r6l down into base member 69 (Figure 1 and
Figure 4). In response, rods 71 will pull cylindsupler protrusion 77 and cam ring 73 axially
down. Bevel 131 of cylinder coupler protrusionwill contact bevel 129 of cam dog 125. As
rod 71 continues to pull cylinder coupler protrusit/ axially down, bevel 129 will slide along
bevel 131, thereby exerting a force that moves dam 125 radially inward into engagement

with a grooved surface profile 133 of crossovent@1 as shown in Figure 6. In this manner
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drilling riser adapter 11 will engage crossoveni@1, securing it to lower marine riser package
13 of Figure 1. Each cam dog 125 has a groovefilgoan its inner side that engages surface
profile 133.

Referring now to Figure 2, actuation of cylindeBsd@ cylinder assemblies 55 may be controlled
by remote operation assembly 43. Remote operassembly 43 includes a control panel 141, a
hot stab port 135, an engagement valve switch 48d,a disengagement valve switch 139. In
the exemplary embodiment, control panel 141 couigdsbular member 33 at upper flange 45.
Hot stab port 135, engagement switch 137, and deggment switch 139 couple to control
panel 141 facing away from tubular member 33 shett & remotely operated vehicle (ROV)
may insert a hot stab into hot stab port 135 tqplupydraulic fluid pressure and manipulate
switches 137, 139 to control cylinder assemblies IB5the exemplary embodiment, hot stab port
135 may comprise a hot stab receptacle or a hydrluld pressure receptacle configured to
receive hydraulic fluid pressure from an exterrairse into the hydraulic systems of drilling
riser adapter 11. Similarly, the hot stab is ama@ism for supplying the external hydraulic fluid

pressure to the drilling riser adapter 11 system.

Switches 137, 139 connect to control stems of wl¥d3, 145 (Figure 11) respectively.

Manipulation of switches 137, 139 will manipulalew through valves 143, 145 in response. In
the illustrated embodiment, hot stab port 135, eaddes 143, 145, are communicatively coupled
through hydraulic lines (schematically shown inufgy11) to upper and lower ports 147, 149 of
cylinders 65. Fluid passing through the hydralifies will flow through upper and lower ports

147, 149 actuating cylinders 65 by exerting a fanea piston head 70 coupled to rod 71. An
engaging hydraulic circuit 151 communicatively clasgpports 147, valve 143, and switch 137.
A disengaging hydraulic circuit 153 communicativelyuples ports 149, valve 145, and switch
1309.

In an operative example of the disengagement dfndyiriser adapter 11, drilling riser adapter
will be coupled inline in a marine riser as illeged in Figure 1 and be located at the sea floor.
The components of drilling riser adapter 11 willibehe positions illustrated in Figure 2, Figure
4, Figure 6, and Figure 7. As described hereimratpn of drilling riser adapter 11 will be

described utilizing crossover joint 31 with profilE33. A person skilled in the art will
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understand that drilling riser adapter 11 may sedirectly to a riser joint having a suitable
profile without need of crossover joint 31. An R@MI first grip each latch 99 in turn and pull

it radially away from tubular member 33. This willease each latch dog 113 from engagement
with secondary engaging member 121. After pulkagh latch 99 radially, and before moving
to the next latch 99, the ROV will rotate latch®iBiety degrees, thereby engaging key 123 with

shoulder 94 of base member 91 as illustrated iarEi§ and Figure 9.

After disengaging each latch 99, the ROV may stdimtastab into hot stab port 135. Valves
143, 145 will be closed, preventing hydraulic fldidw through either engaging circuit 151 or
disengaging circuit 153. The ROV may then maniggutavitch 139 to open valve 145 and allow
hydraulic fluid to pump through the ROV, the hatlsport 135, valve 145 and into disengaging
circuit 153. Hydraulic fluid will then flow througdisengaging circuit 153 and into ports 149
below piston head 70. As fluid pressure buildsbefw piston head 70, the resulting pressure
will force piston head 70 and rod 71 up, therebsgimg cylinder coupler protrusions 77 and cam
ring 73. When rods 71 reach their highest stradee,shown in Figure 10, the ROV will
manipulate switch 139 to close valve 145 and stoyw through disengaging circuit 153. The
internal pressure in disengaging circuit 153 widimain cam ring 73 and cam ring assembly 57
in the disengaged position. Operators at platfd@nwill then overpull the riser through
manipulation of the operating equipment at platfdi®n This will cause profile 133 to slide
upward past engaging member 125, forcing engagemlver 125 to move radially outward and

allowing removal of crossover joint 31.

Similarly, in an operative example of the engagenuérdrilling riser adapter 11, drilling riser
adapter 11 will be coupled to a subsea well headmakly 13 as illustrated in Figure 1 and be
located at the sea floor. In the exemplary embedinriser 17 has been damaged and removed
from drilling riser adapter 11 as described abave a new riser 17 is to be coupled to drilling
riser adapter in its place. The components ofimlyilriser adapter 11 will be in the positions
illustrated in Figure 5 and Figure 8. In the extanpembodiment, crossover joint 31 couples to
the end of riser 17. An ROV will guide crossovein} 31 at the end of riser 17 into bore 37 of

tubular member 33 until it occupies the positioowh in Figure 10.
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The ROV may then stab a hot stab into hot stab P86t Valves 143, 145 will be closed,
preventing hydraulic fluid flow from passing thrdugither engaging circuit 151 or disengaging
circuit 153. The ROV may then manipulate switclY 18 open valve 143 and allow hydraulic
fluid to pump through the ROV, hot stab port 13&|ve 143 and into engaging circuit 151.
Hydraulic fluid will then flow through engaging citit 151 and into ports 147 above piston head
70 (Figure 5). As fluid pressure builds up aboigtgm head 70, the resulting pressure will force
piston head 70 and rod 71 down (Figure 4), theltelwgring cylinder coupler protrusions 77 and
cam ring 73 (Figure 9). When rods 71 reach treirelst stroke, as shown in Figure 4, the ROV
will manipulate switch 137 to close valve 143 atampslow through engaging circuit 151. The
internal pressure in engaging circuit 151 will main cam ring 73 and cam ring assembly 57 in

the engaged position of Figure 9, securing crossioua 31 to drilling riser adapter 11.

Next, the ROV will operate secondary engaging abiem 75 to provide a backup engaging
mechanism. The ROV may first grip each latch 9%um and rotate each latch 99 ninety
degrees, thereby releasing key 123 from shouldesf3hse member 91. The ROV may then
release latch 99, allowing spring 117 to move latdy 113 radially into engagement with
engaging member 121 as shown in Figure 6 and Figuréptionally, the ROV may assist
spring 117 by moving latch 99 radially toward tudsumember 33 bringing latch dog 113 into
engagement with secondary engaging member 121.

In a similar manner, drilling riser adapter 11 ns&gure to crossover joint 31 while drilling riser
adapter 11 and crossover joint 31 are at platfd®mrior to running of the wellhead assembly to
it subsea location. The components of drillingriadapter 11 will be in the positions illustrated
in Figure 5, Figure 8, and Figure 10. An operatdr guide crossover joint 31 into bore 37 of
tubular member 33 with suitable platform tools Liotbssover joint 31 occupies the position
shown in Figure 10.

The operator may then secure a hydraulic line toskab port 135. Valves 143, 145 will be
closed, preventing hydraulic fluid flow from pasgithrough either engaging circuit 151 or
disengaging circuit 153. The operator may thenimdate switch 137 to open valve 143 and
allow hydraulic fluid to pump through the hydraulice, hot stab port 135, valve 143 and into
engaging circuit 151. Hydraulic fluid will thenoflv through engaging circuit 151 and into ports
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147 above piston head 70 (Figure 5). As fluid sgues builds up above piston head 70, the
resulting pressure will force piston head 70 and ¥d down (Figure 4), thereby lowering
cylinder coupler protrusions 77 and cam ring 73)yFe¢ 9). When rods 71 reach their lowest
stroke, as shown in Figure 4, the operator will ipalate switch 137 to close valve 143 and stop
flow through engaging circuit 151. The internaégsure in engaging circuit 151 will maintain
cam ring 73 and cam ring assembly 57 in the engagsdion of Figure 7, securing crossover

joint 31 to drilling riser adapter 11.

Next, the operator will manually operate secondargaging assemblies 75 to provide a backup
engaging mechanism. The operator may first grighdatch 99 and rotate latch 99 ninety
degrees, thereby releasing key 123 from shouldaf ®4se member 91. The operator may then
release latch 99 allowing spring 117 to move ladidy 113 radially into engagement with
secondary engaging member 121 as shown in FigamdGrigure 7. Optionally, the operator
may assist spring 117 by moving latch 99 radialldrd tubular member 33 bringing latch dog

113 into engagement with secondary engaging meftier

Accordingly, the disclosed embodiments provide numge advantages over prior art riser
adapters. For example, the drilling riser adagisclosed herein provides a way to break out the
connection between the LMRP/BOP and the riser tme¢. MRP/BOP assembly is at the subsea
floor. Thus, where emergency events necessitatelbility to quickly disconnect an existing
riser from the riser adapter and then reconne@vanser or other device, the disclosed drilling

riser adapter provides a means to do so.

In addition, the disclosed embodiments provideillirdy riser adapter that may be used with any
type of riser joint with the addition of a suitaldessover joint that is easier and faster to gecur
to the riser. The drilling riser adapter accontps this with less man power needed, while also
providing a backup system to ensure that the deess not disconnect from the BOP until an

operator specifically desires the release of therirom the LMRP/BOP.

It is understood that the present invention mag takny forms and embodiments. Accordingly,
several variations may be made in the foregoingaout departing from the spirit or scope of the
invention. Having thus described the present itiganby reference to certain of its preferred

embodiments, it is noted that the embodiments assd are illustrative rather than limiting in
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nature and that a wide range of variations, madlibms, changes, and substitutions are
contemplated in the foregoing disclosure and, imesanstances, some features of the present
invention may be employed without a correspondisg of the other features. Many such
variations and modifications may be considered @lwiand desirable by those skilled in the art
based upon a review of the foregoing descriptiopreferred embodiments. Accordingly, it is
appropriate that the appended claims be construmatly and in a manner consistent with the

scope of the invention.
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Claims

1. A system for connecting a lower marine riser paekél3) to a marine riser (17), the
lower marine riser package (13) (LMRP) to be plaseldsea at a wellhead so that the riser (17)
will extend from the LMRP (13) to a drilling rig 9} located at a sea surface, the system

comprising:

a drilling riser adapter (11) for mounting to thevker marine riser package (13) and
having a hydraulically actuated engagement asser@dy for selectively engaging and

disengaging a lower end of the marine riser (17);

a control panel (141) mounted to the adapter (ht) @mmunicatively coupled to the
engagement assembly (41) for actuating the engageassembly (41) to engage and

disengage the lower end of the marine riser (17; a

a receptacle (135) for receiving hydraulic fluickegsure on the control panel (141) for
engagement by a remote operated vehicle (ROV) pplgithydraulic fluid pressure to the
engagement assembly (41).

2. The system of Claim 1, the system further compgigircrossover riser joint (31) having
a lower end profile (133) for mating with the engamgnt assembly (41) when the engagement
assembly (41) is in the engaged state and an @ppkeconnection assembly (75) for connecting
to the riser (17).

3. The system of Claim 1, wherein the drilling risdapter (11) comprises:
a tubular member (33) defining a central bore {8#)ing an axis (38);

the central bore (37) having an inner diameterdiatban an outer diameter of the lower
end of the riser (17) such that the lower end efriker (17) may insert into the central bore
(37);

a plurality of openings (127) in an upper end & thbular member (33) proximate to a
rim (47) of the tubular member (33);

the openings (127) extending from an exterior di@msurface of the tubular member to
the central bore (37);
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a plurality of engaging members (125), each engpgiember (125) substantially filling
a respective opening (127);

the engaging members (125) moveable between amgeagesition radially inward and

a disengaged position radially outward; and

the engagement assembly (41) configured to actttegeengaging members (125)
between the engaged and the disengaged position.

4. The system of Claim 3, wherein each of the engagieghbers (125) has a profile for

engaging a matching profile (133) on an exteriofame of the lower end of the riser (17).
5. The system of Claim 3, wherein the engagement ddgddil) comprises:

an axially moveable cam ring (73) circumscribing tipper end of the tubular member
(33) proximate to the engaging members (125), &me 6ng (73) having an inner surface that

slidingly engages outer surfaces of the engagingimees (125); and

a plurality of hydraulic cylinders (65) to move tbam ring (73) axially over the surface
of the tubular member (33).

6. The system of Claim 5, wherein the engagement ddgdudil) further comprises:

a plurality of cylinder coupler protrusions (77)texding radially from an exterior

diameter portion of the cam ring (73);

a flange (45) formed in a portion of the tubulamnber (33) axially below the cam ring
(73); and

each cylinder (65) having a first end mounted ®ftAnge (45) and a second end coupled
to a respective cylinder coupler protrusion (77) dgerting an axial force on the cam ring
(73).

7. The system of Claim 5, wherein the engagement ddgdudil) further comprises:

a latch dog (114) coupled to the cam ring (73),l8eh dog (114) biased radially inward
to an engaged state;

a lever (99) coupled to the latch dog (114) for mguhe latch dog (114) between the

engaged state and a disengaged state; and
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an inner end of the latch dog (114) configuredrigage a grooved exterior surface of the

tubular member (33) in the engaged state.

8. The system of Claim 7, further comprising a key3)jlfbrmed in a surface of the latch
(99) and configured lock the latch dog (114) inisedgaged state when pulled radially and
rotated by the ROV.

9. The system of Claim 1, further comprising:

a latch (75) that selectively locks the engagenaseembly (41) in an engaged position;
and

a handle (99) on the latch (75) configured to bgaged and manipulated by the ROV.

10. The system of Claim 1, further comprising a pairvafves (143, 145) on the control
panel (141) to direct the hydraulic fluid presstoengage and release the engagement assembly
(41) from the lower end of the marine riser (1hg valves (143, 145) being configured to be
engaged by the ROV.

11. A system for connecting a lower marine riser paekéB) (LMRP) to a marine riser
(17), the lower marine riser package to be placdmbsa at a wellhead so that the riser (17)

extends from the LMRP (13) to a drilling rig locdtat a sea surface, the system comprising:
a plurality of engaging members (125);

the engaging members (125) moveable between amgedgssition radially inward and

a disengaged position radially outward;

an engagement assembly (41) configured to actbatertgaging members (125) between

the engaged and the disengaged positions;

a crossover riser joint (31) having a lower endfifgo(133) for mating with the
engagement assembly (41) when the engagement dgs@rpis in the engaged position
and an upper end connection assembly for connettitite riser (17);

a control panel (141) communicatively coupled te #ngagement assembly (41) for
actuating the engagement assembly (41) to engagedadisengage the lower end of the

marine riser (17);
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a hot stab receptacle (135) on the control parél)(for engagement by a remotely

operated vehicle (ROV) to supply hydraulic fluicepsure to the engagement assembly (41).

12.  The system of Claim 11, wherein each of the engagiembers (125) has a profile for

engaging a matching profile (133) on an exteriofaze of the lower end of the riser (17).
13. The system of Claim 12, wherein the engagementdsdygg41) further comprises:

a latch dog (114) coupled to an upper portion ef ¢am ring (73), the latch dog (114)

biased radially inward to an engaged state;

a lever (99) coupled to the latch dog (114) for mguhe latch dog (114) between the

engaged state and a disengaged state; and

an inner end of the latch dog (114) configuredrigage a grooved exterior surface of the

tubular member (33) in the engaged state.
14.  The system of Claim 11, wherein the engagementhdsdgg41) comprises:

an axially moveable cam ring (73) circumscribing tipper end of the tubular member

(33) proximate to the engaging members (125);

a plurality of cylinder coupler protrusions (77)temding from an exterior diameter

portion of the cam ring (73);

a flange (45) formed in a portion of the tubulamnber (33) axially below the cam ring
(73);

a plurality of hydraulic cylinders (65), each cylar (65) having a first end mounted to
the flange (45) and a second end coupled to actgpeylinder coupler protrusion (77) for
exerting an axial force on the cam ring (73), alligwthe cam ring (73) to move axially over

the exterior surface of the tubular member (33§ an

a bevel (131) on an interior lower end of the cang 1(73) for slidingly engaging the
engaging members (125) when the cam ring (73) maxedly downward over the openings

in the tubular member (33).

15.  The system of Claim 14, further comprising a ke¥3(1formed in a surface of the lever
(99) and configured lock the latch dog (114) inisedgaged state when pulled radially and
rotated by the ROV.
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16. A method for disconnecting a marine riser (17) jdrom a lower marine riser package
(13) (LMRP), the method comprising:

(a) providing a marine riser (17) adapter havingydraulically actuated engagement
assembly (41) and a control panel (141) with a &wtilc fluid pressure receptacle (135);

(b) connecting the adapter (11) to the LMRP (13);

(c) inserting an end of a riser joint (23) intoemtral bore (37) of the marine riser adapter
(112); then

(d) supplying hydraulic fluid to the hydraulic fthipressure receptacle (135) to actuate
the hydraulically-actuated engagement assemblyt¢iéhgage the riser joint (23);

(e) lowering the LMRP (13), marine riser adaptet)(land riser joint (23) to a subsea
location; and

() stabbing a probe of a remotely operated veh{&®V) into the hydraulic fluid
pressure receptacle (135) and supplying hydraluid to actuate the engagement assembly
(41) to disengage the riser joint (23) from the imariser adapter (11).

17. The method of Claim 16, wherein step (d) furthempdses manipulating a valve (137,
139) on the control panel (141).

18.  The method of Claim 16, wherein, while the mariisenradapter is on a drilling rig (19)
at a surface of the ocean, step (d) comprises:

connecting a hydraulic line to the control pandl1(jt

manually operating a valve (137, 139) on the cdngamel (141) to activate a hydraulic
circuit (151, 153) of the engagement assembly (41);

passing hydraulic fluid through the hydraulic lirerough the control panel (141) and
into the hydraulic circuit (151, 153); and

actuating hydraulic cylinders (65) of the engagenassembly (41) in response.

19. The method of Claim 16, wherein, while the marireer adapter (11) is subsea, the
method further comprises:
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operating at least one valve (137, 139) on therobmanel (141) with the ROV to
activate a hydraulic circuit (151, 153) of the marriser adapter (11);

passing hydraulic fluid through the ROV, througle #tontrol panel (141) and into the
hydraulic circuit( 151, 153); and

actuating hydraulic cylinders (65) of the engagetma&ssembly (41) in response, to

actuate the engagement assembly (41).

20. The method of Claim 16, further comprising mechalhyc latching the engaging
apparatus (41) into engagement with the riser j@8j.

21. A system for connecting a lower marine riser paekda) to a drilling rig (19) located at
a sea surface, the lower marine riser package((MIRP) to be placed subsea at a wellhead, the

system comprising:

a plurality of marine riser joints (23) for extendibetween the drilling rig (19) and the
LMRP (13), each marine riser joint (23) having @adt one end coupleable to an adjacent

marine riser joint (23);

a drilling riser adapter (11) for mounting to thevker marine riser package (13) and
having a hydraulically actuated engagement asser@dy for selectively engaging and
disengaging a lower end of at least one marine jaset (23) of the plurality of marine riser
joints (23);

a control panel (141) mounted to the adapter (ht) @mmunicatively coupled to the
engagement assembly (41) for actuating the engageassembly (41) to engage and

disengage the lower end of the marine riser (17); a

a receptacle (135) for receiving hydraulic fluickegsure on the control panel (141) for
engagement by a remote operated vehicle (ROV) pplgithydraulic fluid pressure to the

engagement assembly (41).

22. A system for connecting a lower marine riser paekél3) to a marine riser (17), the
lower marine riser package (13) (LMRP) to be plaseldsea at a wellhead so that the riser (17)
will extend from the LMRP (13) to a drilling rig 9) located at a sea surface, the system

comprising:
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a blowout preventer (BOP) (13) mounted at an uppérof the LMRP (13);

a drilling riser adapter (11) for mounting to th©B (13) and having a hydraulically
actuated engagement assembly (41) for selectivejgging and disengaging a lower end of

the marine riser (17);

a control panel (141) mounted to the adapter (ht) @mmunicatively coupled to the
engagement assembly (41) for actuating the engageassembly (41) to engage and

disengage the lower end of the marine riser (17; a

a receptacle (135) for receiving hydraulic fluickegsure on the control panel (141) for
engagement by a remote operated vehicle (ROV) pplgithydraulic fluid pressure to the

engagement assembly (41).

23. A method for connecting a marine riser (17) jomatmarine riser (17) adapter located at

a subsea location, the method comprising:

(a) stabbing a probe of a remotely operated velfR®V) into a hydraulic fluid pressure
receptacle (135) in a control panel (141) of a neriser (17) adapter having a hydraulically

actuated engagement assembly (41);

(b) supplying hydraulic fluid from the probe of tROV to the hydraulic fluid pressure
receptacle (135) to actuate the engagement assédilyo disengage a first riser joint (23)

from the riser adapter (11);
(c) removing the first riser joint (23) from theer adapter (11);
(d) disposing a second riser joint (23) into tiseriadapter (11);

(e) stabbing the probe of the ROV into the hydaflliid pressure receptacle (135) of the

marine riser (17) adapter; and

(f) supplying hydraulic fluid from the probe of tiOV to the hydraulic fluid pressure
receptacle (135) to actuate the engagement ass€dilyto engage the second riser joint
(23) with the riser adapter (11).
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