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(57) ABSTRACT 
An underwater drilling rig in modular form, Which can be 
simply assembled underwater and in Which standard tubu 
lars and tubular assemblies are stored in a novel arrangement 
Within containers and can be added to, and removed from, 
the string in the Well bore, Whilst there is continuous 
circulation of drilling ?uid and also continuous segregation 
of drilling ?uid from the seaWater, additionally: With a 
simple means of accessing the tubulars and gripping them 
from inside in order to make up tool joint connection to the 
top drive sub, With a means to guide and centralise each 
tubular or tubular assembly on entering the Well bore or 
When being returned to storage With a means to enable the 
top drive to snub With greatly reduced force and no risk of 
buckling the tubular, With a rig support vessel that, in the 
absence of a marine riser, drill string or drilling rig, is greatly 
reduced in siZe and can roam extensively to ride out bad 
Weather, While the seabed rig continues to drill; lastly With 
the novel ability to control the mud pressure and How both 
in and out of the Well bore at seabed level, thus greatly 
improving doWnhole pressure strategy, ultimately the ?rst 
system that can operate at Water depths of 10,000 to 20,000 
feet Which is still beyond the current economic and technical 
ability of offshore drilling rigs. 
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Fig.2 Front elevation Fig.3 Side elevation 
with pipe unn‘ 6A removed 

Fig.4 Plan view 
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DRILLING RIG 

[0001] The present invention relates to a drilling rig that 
can be used underwater. Drilling Wells, including their 
completion and Workover, is a Well established practice on 
land; and also offshore, on platforms, jack-ups, barges, 
semi-submersibles and drill ships. Subsea, hoWever, 
although there are some small seabed core sampling 
machines, drilling for hydrocarbons has not been carried out 
by a rig that is located totally underWater. 

[0002] We have noW devised an improved drilling rig 
Which can be used underWater. 

[0003] According to the invention there is provided a 
drilling rig Which comprises a stinger that can access 
stored tubulars and can convey mud into the string, (ii) a 
storage system for all tubulars and tubular assemblies, (iii) 
a drilling mast that carries the stinger and is able to move 
laterally betWeen the Well bore centre and the storage 
location of each tubular or tubular assembly in the storage 
system (iv) a continuous circulation coupler Which is able to 
segregate the seaWater from the drilling ?uids and can make 
and break the tool joint connections, under pressure and (v) 
an assembly means Which can launch and retrieve the rig 
from a rig support vessel and can assemble and disassemble 
the rig at the seabed. 

[0004] Preferably the rig is in the form of a modular 
system to enable the seabed rig to be easily launched and 
retrieved from a rig support vessel and easily assembled and 
disassembled at the seabed. 

[0005] In order to assemble and disassemble the rig and to 
operate the rig there can be remotely operated tools (ROTs), 
remotely operated vehicles (ROVs), ROT and ROV umbili 
cals and cables and autonomous underWater vehicles 

(AUVs). 
[0006] The rig is assembled and controlled from a rig 
vessel Which can include the drilling control centre, mud 
storage and pumps, pipe storage and handling, drilling 
poWer supply, heave compensated umbilical handling sys 
tems, 100 ton heave compensated cranes, gantry, ROT, ROV 
and AUV Davits etc. 

[0007] Preferably there is an automated, programmed or 
remotely controlled handling device, such as the stinger, to 
locate, penetrate and grip a particular tubular or tubular 
assembly. 

[0008] The stinger preferably provides internal support for 
a tubular to guide it and/or centralise it When entering a Well 
bore, drilling equipment or storage location and the stinger 
can grip a tubular or tubular assembly from the inside, While 
another tubular, such as the top drive sub, is connected and 
torqued up. 

[0009] Preferably the stinger resists the internal pressure 
of a Well bore or drilling equipment, While a tubular is slid 
off the stinger into the said Well bore or drilling equipment, 
thus greatly reducing the snubbing force that is typically 
required. This enables the top drive to snub a stand of pipe 
into a Wellbore, or drilling equipment, Without exceeding the 
limited maXimum snubbing force available from a conven 
tional top drive, or risking the buckling of the stand of pipe. 
A device for gripping the top of the pipe by a stinger is 
described in GB Patent Application 02079085. 
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[0010] The storage system preferably comprises contain 
ers for the tubulars and preferably there are one or more 
containers that serve to store most or all the tubulars and/or 
tubular assemblies such that each said tubular and/or tubular 
assembly is allocated a designated storage location. Prefer 
ably the containers accord With the International ISO stan 
dards such that the said containers may be transported as 
ISO containers by road, rail and sea. In use the containers are 
adapted to perform their function in the vertical or at any 
other angle in addition to their conventional horiZontal 
orientation or aspect 

[0011] In a preferred embodiment the containers are 
adapted so that they can be connected to each other such that 
one container can support the Weight of another full con 
tainer, When both are parallel but not in the conventional 
substantially horiZontal plane. For convenience the contain 
ers can be 10, 20 30 or 40 feet in length and also otherWise 
conform to standard ISO container speci?cation. 

[0012] The assembled rig on the seabed preferably com 
prises a Wellhead module mounted on a foundation conduc 
tor Which has been driven or drilled into the seabed. The 
Wellhead module supports, laterally, a poWer module and a 
mud module and there are pipe modules Which are also 
mounted adjacent to the Wellhead module Which can store 
tubulars and tubular assemblies. 

[0013] The mast module can be attached directly on top of 
the Wellhead module such that the stinger can be moved in 
and out of a tubular by a carriage or mechanism mounted on 
the mast. There is preferably a top drive mounted on the 
mast that is moved along the length of the mast by a carriage 
or mechanism mounted on the mast. Preferably both the 
stinger and top drive are mounted on the mast such that the 
mud supply is to the stinger and the top drive seals to the 
exterior surface of the stinger. 

[0014] In use the mast can be moved laterally such that it 
can be made to line up With a tubular or tubular assembly 
that may or may not be on the centre line of the Well bore. 

[0015] The foundation conductor is driven into the seabed 
by a driving module, With a poWer module attached and 
eXtra lengths of conductor may be connected using the 
ROTs. Alternatively, the conductor may be jetted in or 
drilled in using the mast module With poWer module 
attached. 

[0016] When the rig is assembled on the seabed and a 
tubular is to be added to the drill string, the mast moving 
means moves the mast over a tubular storage module and the 
stinger penetrates and grips the selected tubular. The top 
drive loWers and screWs the top drive sub into the tubular, 
after Which the stinger releases the tubular and the top drive 
WithdraWs the tubular onto the stinger. The mast is then 
moved over the drill string and the tubular connected using 
the continuous circulation coupler and drilling continued. To 
remove a tubular the process is reversed. 

[0017] The rig can access a stored tubular or tubular 
assembly by penetrating it With the stinger, remove it from 
storage, move it laterally, line it up With a Well bore, insert 
it into a Well bore or drilling equipment, and drill With it, or 
connect it to a tubular string and then drill With it, or connect 
it to a tubular string and then release it to fetch another 
tubular or tubular assembly to add to the string. Optionally 
the rig can connect a tubular to a top drive or top drive sub 
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before inserting it into the Well bore or drilling equipment 
and can remove a tubular or tubular assembly from the Well 
bore centre line and place it in storage before untorquing and 
unscrewing the tubular or tubular assembly from the top 
drive or top drive sub using a stinger to grip the pipe. 

[0018] Preferably there is a submerged mud module that 
contains a choke or machine Which can reduce the pressure 
of the fresh mud supply before it enters the drill string and/or 
a booster pump or machine that increases the pressure of the 
returning mud and cuttings before it returns to the rig vessel. 

[0019] Preferably there is a submerged poWer module that 
provides electrical and/or hydraulic poWer to all other mod 
ules by transferring and transforming electrical poWer from 
the electric cable from the rig vessel. 

[0020] There can be a submerged Wellhead module that 
integrates the BOP stack, rotary BOP, slips and coupler into 
one unit. 

[0021] The rig can be connected to the rig vessel by 
?exible umbilicals, or ?exible risers, to transfer all of the 
necessary poWer, mud and instrumentation betWeen the rig 
vessel and the seabed rig, to enable the seabed rig to drill full 
siZed conventional Wells for oil and gas Without the need for 
rigid risers of any sort. Alternatively the rig can operate 
Without any connection With a rig vessel at all, provided 
poWer is supplied by a submerged generator or a poWer pack 
that is regularly replaced, mud is reconditioned for re-use on 
the seabed, cuttings are containerised and regularly removed 
and the pipe modules and supply of fresh drilling ?uids are 
regularly ?oWn in by AUVs. 

[0022] For convenience the rig can have any or all of its 
modules, conforming to the ISO standards for corners, 
dimensions or speci?cations. 

[0023] The method of using a continuous circulation cou 
pler is described in Patent Applications PCT/GB97/02815, 
PCT/GB99/03411 and PCT/GB01/04803. In one embodi 
ment the method provides supplying mud, at the appropriate 
pressure in the immediate vicinity of the tubular connection 
that is about to be broken such that the ?oW of mud so 
provided overlaps With ?oW of mud from the top drive; as 
the tubular separates from the drill string the ?oW of mud to 
the separated tubular is stopped eg by the action of a blind 
ram or other preventer or other closing device such as a gate 
valve. The separated tubular can then be ?ushed out eg with 
air or Water (if under Water) depressured, WithdraWn, dis 
connected from the top drive and removed. The action of the 
preventer is to divide the tubular connection into tWo parts 
eg by dividing the pressure chamber of the connector 
connecting the tubular to the drill string. The drill string 
continues to be circulated With mud at the required pressure. 

[0024] Preferably there are means Which seal off the 
circulating mud and other ?uids to prevent environmental 
contamination Whilst they are still circulating. 

[0025] A tubular can be added using a clamping means 
Which comprises a coupler and the top end of the drill string 
is enclosed in and gripped by the loWer section of the 
coupler, in Which coupler there is a blind preventer Which 
separates the upper and loWer sections of the coupler. The 
tubular is then added to the upper section of the coupler and 
is sealed by an annular preventer and the blind preventer is 
opened and the loWer end of the tubular and upper end of the 
drill string joined together. 
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[0026] In use the loWer section of the coupler beloW the 
blind preventer Will already enclose the upper end of the drill 
stand before the tubular is loWered and When the tubular is 
loWered into the coupler the upper section of the coupler 
above the blind preventer Will enclose the loWer end of the 
tubular. 

[0027] The tubular can be added to the drill string by 
attaching the loWer section of the coupler to the top of the 
rotating drill string With the blind preventer in the closed 
position preventing escape of mud or drilling ?uid. The 
tubular is loWered from substantially vertically above into 
the upper section of the coupler and the rotating tubular is 
then sealed in by a seal so that all the drilling ?uid is 
contained. The blind preventer is then opened and the 
tubular and the drill stand brought into contact and joined 
together With the grips bringing the tubular and drill string 
to the correct torque. 

[0028] The loWer end of the tubular stand and the upper 
end of the drill string are separated by the blind preventer 
such that the tubular stand can be sealed in by an upper 
annular preventer so that When the blind preventer is opened 
there is substantially no escape of mud or drilling ?uid and 
the tubular stand and drill string can then be brought together 
and made up to the required torque. 

[0029] To remove another tubular from the drill string the 
tubular spool or saver sub under the top drive penetrates the 
upper part of the pressure chamber, is ?ushed out With mud 
and pressured up; the blind ram opens alloWing the top drive 
to provide circulating mud and the spool and to connect to 
and to torque up the into the drill string. The pressure vessel 
can then be depressured, ?ushed With air (or Water if under 
Water) and the drill string raised until the neXt join is Within 
the pressure chamber, the slips and grips’ closed, the pres 
sure chamber ?ushed With mud and pressured up and the 
cycle repeated. 

[0030] Preferably the coupler includes rotating slips Which 
support the drill string While the top drive is raised up to 
accept and connect another driver. 

[0031] The making and breaking of joints can be carried 
out using conventional rotating slips or grips Which can be 
outside the coupler but preferably are Within the coupler. 

[0032] The clamping means preferably comprises clamps 
Which comprise substantially tWo semi-circular clamps 
Which can be positioned at either side of a tubular and driven 
inWards, e.g. hydraulically until their ends meet and the 
tubular is ?rmly clamped and the tool joint or connection 
betWeen the tubulars completely enclosed. 

[0033] As the mud, drilling ?uids or other circulating 
?uids can be kept segregated from the environment there is 
the capacity to reduce pollution and this is particularly 
advantageous as in the present invention Where it reduces 
the risk of contamination of the sea-Water, particularly With 
oil based muds Which Will not be able to enter the marine 
environment and no Water can contaminate the mud or reach 
sensitive Well bores. 

[0034] To assemble the rig in ‘soft’ seabed conditions, the 
foundation conductor is spudded in by the driving module 
and is then driven into the seabed. The foundation casing can 
be held vertical, or at Whatever angle is preferred, by the 
thrusters of a remotely operated tug (ROT) connected, for 
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the purpose, to the top of the driving module. Additional 
lengths can be added to the foundation casing and piled, as 
is normal practice. 

[0035] When the foundation casing has been installed, the 
driving module is removed and replaced by the mast module 
mounted on the base module. The mud and poWer modules, 
connected to the rig vessel by their umbilicals, are connected 
to the base module and a pipe module is also attached to the 
base module. The foundation casing is then drilled out With 
mud or Water, returning the drill cuttings to the rig vessel if 
necessary. 

[0036] The foundation casing may be further reinforced by 
installing an inner casing and cementing the annulus. This is 
particularly necessary When the laterally unsupported depth 
to ?rm consolidated sediment is considerable. 

[0037] In ‘hard’ seabed conditions, such that drilling is 
required instead of ‘driving’, then the mast module, mounted 
on the base module, With mud, poWer and pipe modules 
attached can initiate the hole. For this purpose, the base 
module can be supported on the seabed by a gimballed base 
to hold its lateral location and to resist rotation. The Whole 
drilling assembly can be held at the required angle by the 
thrusters of an ROT attached to the top of the mast module. 
If the base of the base module is unable to gain purchase on 
the seabed, then rotation of the seabed rig can be resisted by 
using the ROT thrusters to counter the torque of the mast 
module. 

[0038] Once this hole is drilled, the mast module moves 
aside and the foundation casing can be inserted and secured 
either mechanically or by cementing, using the mud circu 
lation circuit. 

[0039] To install further casings, the seabed rig drills 
ahead, using standard drill pipe, returning all cuttings to the 
rig vessel and installs casing as normal. For this purpose 
though, the base module contains a range of slips to support 
and grip Whatever string is hanging in the hole. All joints of 
drill string or casing are transported to the seabed rig in pipe 
modules and are accessed and extracted by the mast module. 

[0040] With the 18%“ casing in place, the base module is 
replaced by the 18%“ diverter module, through Which all 
further drilling for, and installation of, casings doWn to and 
including 133/8“ is carried out by the same seabed rig 
assembly. 
[0041] With the 135/8“ BOP stack and coupler in place, all 
subsequent drill pipe, casing and tubing is run through the 
135/8“ Wellhead module. 

[0042] Producing hydrocarbons to surface requires at least 
one of the tWo umbilicals to be rated at a differential of 5,000 
psi, or, preferably, for a third special riser to be connected to 
transport produced ?uids to a ?oating production vessel, 
While the Well is still under control of the rig vessel. 

[0043] For Well drilling in very deep Waters, Well head 
pressures of up to 15,000 psi could be experienced on 
conventional ?oating rigs, if the mud in the annulus, or the 
drill pipe, became displaced by gas. HoWever, With a seabed 
rig, the ability to shut in the Well at the seabed, both at the 
inlet and outlet, improves this situation. Additionally, the 
external pressure of some 10,000 psi in 20,000 ft of Water, 
enables a 10M rated system to Withstand up to some 20,000 
psi of internal pressure at that Water depth, Which could also 

May 26, 2005 

be the total of the mud pump discharge pressure on the rig 
vessel plus the 20,000 ft head of heavily Weighted mud. 

[0044] The mud module receives fresh mud from the inlet 
mud header and passes return mud and drill cuttings to the 
outlet mud header. Both headers run through the mud 
module, diverter or stack modules, and poWer module, so 
that, either umbilical can be connected to either header. On 
board the rig vessel are standard mud pumps and standard 
cuttings retrieval and mud cleaning equipment. 

[0045] At the seabed rig, Within the mud module, the inlet 
mud can be choked to control the inlet pressure at the 
seabed. This alloWs the mud Weight to be increased to 
achieve a high gradient over the exposed formation doWn 
hole, Without raising the pressure at the bit. With increasing 
mud Weight, hoWever, the loW pressure of the returning mud 
at seabed requires boosting to return it to the rig vessel. This 
can be done With one of the seabed pumps noW being 
developed for Dual Gradient Drilling. Preferably, the 
‘choke’ is a ‘pressure let doWn’ machine, reciprocating 
pump or turbine that can contribute poWer to the ‘booster 
pump’. 
[0046] The inlet mud is choked at the seabed to achieve 
the required inlet pressure and ?oW at the seabed. The 
booster pump is also controlled to achieve the required 
pressure and ?oW of the returning mud and cuttings in the 
annulus at the seabed. Both Well head pressures and ?oWs 
can be prescribed by a bore hole pressure model, Which 
simulates the bore hole, real time, as the Well is being drilled 
and alloWs the required doWnhole pressure at the bit to be 
achieved and maintained. 

[0047] Inlet mud Within the mud module is sWitched 
betWeen the stinger in the drilling mast and the coupler, as 
the tool joint connections are made, to maintain continuous 
circulation. In all other respects the mud system is the same 
as on a conventional rig. 

[0048] The poWer requirement on the seabed rig is similar 
to that of a conventional rig except that the mud pumps 
remain on the ?oating vessel. The typical poWer requirement 
for a 30,000 ft hole is 1,100 HP for Top Drive, 2,000 HP for 
DraWWorks and 4,000 HP for the mud pumps. The typical 
poWer requirement for the seabed rig Will be 1,100 HP for 
the top drive, 1,500 HP for the DraWWorks and some 500 HP 
for the mud choking and boosting system, tubular handling, 
BOP Stack and coupler actuation, subsea connections, light 
ing and cameras, instrumentation and communications, 
totalling some 3,000 HP. The maximum operational combi 
nation is estimated to be of the order of 2,700 HP, or some 
2 MW. At a depth of 10,000 ft to 20,000 ft it is probably most 
economic to run the poWer doWn the umbilicals at 6.6 Kv, 
and transform doWn Within the poWer module. 

[0049] In the event of sudden loss of poWer from the rig 
vessel, the seabed rig Will folloW a pre-programmed 
sequence to shut in the Well bore using a combination of 
stored energy, including hydraulic and/or battery poWer. 

[0050] In addition to normal instrumentation, CCTV on 
ROTs, ROVs and the seabed rig Will provide short range 
pictures and acoustic emitters/receivers Will provide 
medium range pictures. Additional sensors Will feed back 
information on the properties of the returning mud earlier 
than is possible in ?oating drilling rigs and tubular handling 
can be monitored continuously and recorded. All instrumen 
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tation and control signals Will pass through both umbilicals 
to the RSV to provide security and back-to-back signal 
comparison. 
[0051] In the event of sudden failure of both umbilicals, 
pre-programmed shut-in procedures Will be initiated to 
maintain safety of the Well and Wellhead equipment until 
control can be re-established from the rig vessel. The poWer 
for this Will come from the hydraulic accumulators and 
batteries Within the poWer and mud modules. 

[0052] Detailed real time computer modelling of the loca 
tion, status and ?ight paths of all subsea modules, ROTs, 
ROVs, AUVs and their umbilicals, Will facilitate simulta 
neous movements Without incurring collision. 

[0053] Most pipe modules Will be of a mass of less than 50 
to 75 tons. Those feW pipe modules carrying heavy tubulars 
such as drill collars or eXtra heavy drill pipe or tubular 
assemblies may be part loaded to limit the total mass to 50 
to 75 tons. 

[0054] The mud module, containing the seabed chokes 
and booster pumps, the poWer module, containing trans 
formers, sWitch gear and reserve poWer supply, the mast 
module, and the diverter module, containing an 18%“ BOP/ 
Diverter, may all be limited to 50 to 75 tons. 

[0055] The Wellhead module, though, is likely to be con 
siderably more than 75 tons but can be split into 2 or 3 
sections of about 50 to 75 tons each. The design could be: 

[0056] A 48“ loW pressure connector (to the founda 
tion casing), plus a 135/s“><10M Wellhead connector 
and three 135/s“><10M BOPs constituting the loWer 
Wellhead module; 

[0057] A 135/s“><10M connector, plus the returning 
mud header, plus 135/s“><5M RBOP, plus internal 
rotary slips, constituting the middle Wellhead mod 
ule; 

[0058] A 13%"><10M coupler, plus the poWer trans 
mission from the poWer module to the mast module, 
plus the inlet mud header, constituting the upper 
Wellhead module. 

[0059] This may enable all modules to be limited to less 
than 75 tons each 

[0060] It is assumed that, in relatively shalloW depths of 
5,000 to 10,000 feet, it may be more economic to use heave 
compensated cranes on the rig vessel to loWer and raise all 
modules, using the ROTs to attach the lifting cables, or, 
preferably, attaching the lifting cables to the ROTs, Which 
themselves grip the modules, thereby not having to attach or 
detach lifting cables under Water. 

[0061] In deeper Waters, of 10,000 to 20,000 feet, it may 
be preferable, in the course of time to use un-tethered ROTs, 
and buoyancy controlled modules, particularly When 
autonomous vehicles have been better established and more 
poWerful batteries or other independent poWer sources have 
been developed. 

[0062] The ROTs can attach to and guide all modules. The 
advantage of using the rig vessel’s cranes for transportation 
is speed, in that the Weight of the module can assist in the 
descent and crane poWer can assist in the ascent. This leaves 
the ROT’s poWer to be used to compensate for sea currents 
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and control the ?nal positioning. The possibility of combin 
ing the lifting, poWer supply and control signals in a single 
ROT umbilical cable is possible, at least for moderate Water 
depths. 

[0063] In a preferred embodiment of the invention the rig 
comprises a central unit, mounted on the foundation con 
ductor, Which is either a base module, a diverter module or 
a Wellhead module. The base module is used to drill for and 
install casing of 18%“ and larger and consists of: 

[0064] A connector that latches onto the foundation con 
ductor; a large annulus to contain and retrieve the returning 
mud and cuttings, Which is piped to the mud headers; a 
means for piping fresh mud from the mud headers to the 
Drilling Mast; an internal rotary slips to support and grip a 
short drill string and the casing strings; poWer drives from 
the poWer module to the mast module; and instrument, 
electrical and hydraulic connections betWeen all peripheral 
modules. 

[0065] Once the 18%“ casing is installed, the base module 
is replaced by the diverter module, Which is the same as the 
base module but contains an 18%“ BOP stack or diverter, to 
contain and control shalloW gas or Water. 

[0066] Once the 133/8“ casing is installed, the diverter 
module is replaced by the Wellhead module, Which contains: 

[0067] A connector that latches onto the foundation con 
ductor; a BOP stack that connects With the 135/8“ casing 
head; a pipe manifold conveying returning mud from the 
annular off-take to the mud headers; a rotary BOP; an 
internal rotary slips to support and grip the drill string and 
casing strings; a Continuous Circulation Coupler; a pipe 
manifold conveying fresh mud supply from the mud headers 
to the drilling mast module and to the Continuous Circula 
tion Coupler; poWer drives from the poWer module to the 
drilling mast; and instrument, electrical and hydraulic con 
nections betWeen all peripheral modules. 

[0068] The drilling mast module includes: 

[0069] A stinger that grips the inside of each tubular; 
drives to the stinger for aXial motion and gripping; a 
travelling carriage on Which the stinger is mounted; a 
modi?ed top drive; drives to the top drive for aXial and 
rotary motion; a travelling carriage on Which the top drive is 
mounted; mechanical drive; mud supply, instrument, elec 
trical and hydraulic connections to the module beneath, 
Which may be the base, diverter or Wellhead module. 

[0070] It is a feature of the invention that the Whole 
assembly can be mobilised in modules Weighing less than 75 
tons from a ?oating vessel and be assembled, in a Water 
depth of up to 20,000 feet or more, into a Seabed Drilling 
Rig capable of drilling a full siZed conventional oil Well 
from the seabed. 

[0071] The invention is illustrated in the draWings in 
Which 

[0072] FIG. 1 shoWs underWater drilling using the inven 
tion 

[0073] FIG. 2 shoWs a front elevation of the rig 

[0074] FIG. 3 shoWs a side elevation of the rig 

[0075] FIG. 4 shoWs a plan vieW of the rig 
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[0076] FIG. 5 shows a detailed vieW of the mast moving 
means and 

[0077] FIGS. 6 to 10 show the sequence of constructing 
the Well 

[0078] Referring to FIG. 1 the modules forming the 
seabed rig are transported from the rig vessel (9) to the 
seabed rig (1) by remotely operated tools (10) and monitored 
by autonomous underWater vehicles (15). The rig vessel (9) 
is connected to the seabed rig (1) via tWo or more umbilicals 
(8) to the poWer module (4) and mud module (5) (FIG. 2). 

[0079] The tWo umbilicals (8) shoWn can transport either 
mud or mud and cuttings, or any other drilling ?uid, to or 
from the seabed rig (1) and both carry electric poWer, control 
and instrumentation signals. In the event that the combina 
tion of mud and poWer in the same umbilical requires an 
umbilical of such a diameter that it is impractical to coil it 
onto a reel, then poWer and mud, plus other services, may 
require separate umbilicals, thus increasing the number of 
umbilicals to three or four. 

[0080] Referring to FIGS. 2, 3 and 4 Which shoW the rig 
in position When drilling normally and FIG. 2 is a vieW With 
module 6a of FIG. 4 removed, a Wellhead module (3) is 
mounted directly on a foundation conductor (2) and a poWer 
module (4) and mud module (5) connect directly to the 
Wellhead module (3) and up to siX pipe modules (6) are each 
connected to the adjacent stack module, poWer module or 
mud module, three on one side (6) and three on the other side 
(FIG. 4). The pipe modules hold the tubulars to be added to 
a drill string during continuous drilling or to store tubulars 
When tubulars are removed from the drill string. 

[0081] There is mast module (7) mounted on the top of the 
Wellhead module (3) but can eXtend laterally to access any 
tubular, or tubular assembly, stored Within any of the pipe 
modules 

[0082] Referring to FIG. 5 the mast (7) comprises a 
structure consisting of tWo torsion tubes (21) betWeen Which 
travel the tWo carriages (16) and (18) on Which are mounted 
the stinger (17) and top drive (19) respectively. Beneath the 
top drive (19) is the top drive sub (20). The top drive (19) 
and the top drive sub (20) encircle and slide on the outer 
surface of the stinger (17). The top drive (19) seals against 
the outer surface of the stinger (17). Preferably, the top drive 
(19) includes a rotary seal betWeen the top drive (19) and 
rotating sub (20) and an aXial seal betWeen the top drive (19) 
and the stinger (17). 

[0083] In FIG. 5 the mast module (7) is shoWn displaced 
laterally from the centre line of the Well bore by the 
hydraulic mechanism (22) in order to access a tubular in the 
far side of a pipe module To access the tubular, the 
stinger (17) and stinger carriage (16) Will move doWnWards 
by some 6 feet to penetrate and grip the selected tubular 
from the inside. Then the top drive (19) and top drive 
carriage (18) Will also move doWnWards to screW the top 
drive sub (20) into the tubular. Then the stinger (17) Will 
release its grip on the tubular and the top drive (19) and top 
drive carriage (18) Will rise up to the top of the mast module 
(7) pulling the tubular onto the stinger (17), Which, is also 
raised to its top position. The mechanism (22) Will then 
return the Whole mast assembly (7) to the centre line of the 
Well bore and the top drive (19) can then insert the tubular 
into the coupler Within the top of the Well head module (or 
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the diverter module or the base module). The coupler Will 
then effect the connection betWeen the tubular and the string 
as described in any one of patent applications PCT/GB97/ 
02815, PCT/GB99/03411 and PCT/GB01/04803. When a 
tubular is to be removed the process is reversed. 

[0084] Referring to FIGS. 6 to 10 Which shoW the 
sequence of constructing the Well, starting With the instal 
lation of the foundation conductor: 

[0085] The conductor (2) is either driven in by the driving 
module (11), With the poWer module (4) attached and 
maintained in the required orientation by the ROT (10), or 
drilled in by the mast module (7) mounted on the base 
module (23) With the poWer module (4) and a pipe module 
(6) attached and maintained in the required orientation by 
the gimballed base (24) and the ROT (10). 

[0086] Subsequently the base module (23) is mounted on 
the installed foundation conductor (2) and the mast module 
(7), mounted on the base module (23), drills and installs 
casings doWn to a diameter of 18%“. The poWer module (4), 
mud module (5) and pipe modules (6) are preferably 
attached to the base module (23). 

[0087] Once the 18%“ casing is installed, the base module 
(23) is placed by the diverter module (12), Which contains a 
large bore BOP (probably of 18%“ siZe) to contain any 
shalloW gas or Water that may be found during the initial 
drilling. The diverter module (12) transports fresh mud from 
the mud module (5) to the mast module (7) and the returning 
mud and cuttings back to the mud module The diverter 
module (12) also transmits poWer and instrumentation and 
control signals betWeen the surrounding modules and the 
drilling mast. 

[0088] Once the 133/8“ casing is installed, the diverter 
module (12) is replaced by the Wellhead module (3), Which 
contains the smaller BOP stack (13) (probably 135/8“) and 
coupler (14). The sWitch from the diverter module (12) to the 
Wellhead module (3) can take place at a larger diameter than 
133/8“ if the particular ?eld requires it, provided the internal 
diameter of the Wellhead module (3) is increased. 

[0089] The assembly shoWn in FIG. 10 is capable of 
installing, testing and completing the Well provided all of the 
tubular assemblies including doWnhole production assem 
blies are delivered to the seabed rig stored in the appropri 
ately sectioned pipe modules 

[0090] The Wellhead production tree, controls and flow 
line connections can all be flown to the Wellhead and 
connected by the ROTs, monitored by ROVs and/or AUVs 
as is noW state of the art in subsea production technology. 

1-26. (canceled) 
27. A drilling rig for use underWater Which comprises: 

(i) a stinger that can access stored tubulars and can convey 
mud into the string; 

(ii) a storage system for all tubulars and tubulars assem 
blies; 

(iii) a drilling mast that carries the stinger and is able to 
move laterally betWeen the Well bore centre and the 
storage location of each tubular or tubular assembly in 
the storage system; 
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(iv) a continuous circulation coupler Which is able to 
segregate the seawater from the drilling ?uids and can 
make and break the tool joint connections under pres 
sure; and 

(v) an assembly means Which can launch and retrieve the 
rig from rig support vessel and can assemble and 
disassemble the rig at the seabed. 

28. A drilling rig according to claim 27 in Which the 
stinger is adapted to provide internal support for a tubular to 
guide it and/or centraliZe it When entering a Well bore, 
drilling equipment or storage location and the stinger can 
grip a tubular or tubular assembly from the inside, While 
another tubular is connected and torqued up. 

29. A drilling rig according to claim 27 in Which the 
stinger is adapted to resist the internal pressure of a Well bore 
or drilling equipment, While a tubular is slid off the stinger 
into the said Well bore or drilling equipment. 

30. A drilling rig according to claim 27 in Which there is 
at least one container that serve to store at least some of the 
tubulars and/or tubular assemblies such that each said tubu 
lar and/or tubular assembly is allocated a designated storage 
location. 

31. Adrilling rig according to claim 30 in Which in use the 
containers are adapted to perform their function in the 
vertical or any other angle in addition to the horiZontal 
orientation or aspect. 

32. A drilling rig according to claim 30 in Which the 
containers are adapted so that they can be connected to each 
other such that one container can support the Weight of 
another full container, When both are parallel but not in the 
conventional substantially horiZontal plane. 

33. A drilling rig according to claim 27 in Which the 
stinger is attached to a carriage or mechanism mounted on 
the mast stinger such that the stinger can be moved in an out 
of a tubular. 

34. A drilling rig according to claim 30 in Which the 
stinger is attached to a carriage or mechanism mounted on 
the mast stinger can be moved in and out of a tubular. 

35. A drilling rig according to claim 27 in Which there is 
top drive mounted on the mast that is moved along the length 
of the mast by a carriage or mechanism mounted on the 
mast. 

36. A drilling rig according to claim 35 in Which both the 
stinger and top drive are mounted on the mast such that the 
mud supply is to the stinger and the top drive seals to the 
exterior surface of the stinger. 

37. A drilling rig according to claim 35 in Which there are 
means to move the mast laterally such that it can be made to 
line up With a tubular or tubular assembly that may or may 
not be on the centre line of the Well bore. 

38. A drilling rig according to claim 27 in Which the 
continuous circulation coupler is able to connect and dis 
connect tubulars from a drill string Whilst there is continuous 
circulation of mud or drilling ?uid doWn the drill string. 

39. A drilling rig according to claim 30 in Which the 
continuous circulation coupler is able to connect and dis 
connect tubulars from a drill string Whilst there is continuous 
circulation of mud or drilling ?uid doWn the drill string. 
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40. A drilling rig according to claim 27 in Which the 
continuous circulation coupler is able to connect and dis 
connect tubulars from a drill string Whilst the drill string is 
rotated. 

41. A drilling rig according to claim 40 in Which there is 
a drilling mast module mounted on a Wellhead module, 
Which is mounted on a foundation conductor that has been 
driven or drilled into the seabed. 

42. A drilling rig according to claim 41 in Which the 
Wellhead module laterally supports a poWer module and a 
mud module and a-number of pipe modules Which can store 
tubulars and tubular assemblies. 

43. A drilling rig according to claim 27 in Which there is 
a submerged poWer module that provides electrical and/or 
hydraulic poWer to all other modules by transferring and 
transforming and/or storing electrical poWer from an electric 
cable from the rig vessel. 

44. A drilling rig according to claim 38 in Which there is 
a submerged poWer module that provides electrical and/or 
hydraulic poWer to all other modules by transferring and 
transforming and/or storing electrical poWer from an electric 
cable from the rig vessel. 

45. A drilling rig according to claim 27 in Which there is 
a submerged mud module that is able to choke or otherWise 
control the pressure and/or ?oW of the mud entering the drill 
string substantially at the level of the seabed. 

46. A drilling rig according to claim 38 in Which there is 
a submerged mud module that is able to choke or otherWise 
control the pressure and/or ?oW of the mud entering the drill 
string substantially at the level of the seabed. 

47. A drilling rig according to claim 45 in Which there is 
a separate cuttings module or container Which can be 
returned periodically to the drill vessel and a mud module 
Which can transfer concentrated drill cuttings to the separate 
cuttings module or container. 

48. A drilling rig according to claim 27 in Which the 
assembly means comprises a driving module Which can 
drive in a foundation conductor either by the diving module 
With the poWer module attached, or drilled in by a mast 
module With the poWer module and a pipe module attached. 

49. A drilling rig according to claim 27 in Which there is 
a submerged Well head module that integrates a BOP stack, 
rotary BOP, slips and continuous circulation and/or rotation 
coupler into one unit. 

50. Adrilling rig according to claim 27 in Which there are 
means to connect the rig to a rig vessel by ?exible umbili 
cals, or risers in order to be able to transfer all of the 
necessary poWer, mud and instrumentation betWeen the rig 
vessel and the rig. 

51. A drilling rig according to claim 27 in Which there is 
a submerged generator or a poWer pack to supply poWer and 
means to recondition mud for re-use on the seabed, and 
means for containeriZing and regularly removing cuttings 
and a means to remotely control the drilling operation such 
that a rig vessel is not required to be permanently located 
substantially above the seabed rig. 

* * * * * 


