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Description

[0001] The presentinvention relates to a subsea well
intervention vessel.

[0002] Hydrocarbon production wells are established
by using a rotating drill assembly. A rotating drill assem-
bly is driven from the surface, generally in the case of a
subsea well from a rig mounted on a platform positioned
over the well. The platform can be mounted on the sea-
bed or may be a semi-submersible assembly the loca-
tion of which can be maintained in all but the most ex-
treme conditions. After completion of drilling, the well is
lined with tubing to enable hydrocarbon liquids to flow
through the tubing from any hydrocarbon reserve into
which the tubing extends. In some formations, hydro-
carbon fluids and water occupy the same reservoir, the
hydrocarbon fiuids forming a layer on top of the water.
If the production tubing of a well penetrates the forma-
tion initially occupied by the hydrocarbon fluids, as fluid
flows to the well tubing the phenomenon known as "wa-
ter coning” can occur, that is the interface between the
hydrocarbon liquids and water slopes upwards towards
the well. This effect results from pressure gradients es-
tablished within the reservoir formation as a result of flu-
id flow through the formation to the well tubing. If the tip
of the cone-shaped interface reaches the well tubing,
large volumes of water will enter the well tubing, reduc-
ing the rate of hydrocarbon liquid production and in-
creasing the costs of separating the produced hydrocar-
bon fluids from the water.

[0003] In wells where water coning has become a
problem, it is known to conduct further drilling operations
so as to prevent or minimise water cone generation. For
example, a bottom hole drilling assembly can be used
to drill lateral passageways into the hydrocarbon liquid-
bearing formation. This can be achieved by using con-
ventional drilling techniques, but such techniques de-
mand the shutting down of the well and often require the
removal of the tubing lining the well. This involves sub-
stantial costs and risks. In addition, the hydrocarbon lig-
uid bearing formation can be damaged by drilling fluids
required for the additional drilling operations.

[0004] In order to avoid the possibility of loss or dam-
age to a well resulting from driliing interventions, an ad-
vanced drilling technology has been developed which
allows technically difficult drilling to be achieved without
substantial risk of damage to the formation. The tech-
nigue is referred to as "underbalanced" drilling. With un-
derbalanced drilling, the well is live (positive pressure
at the surface) at all times. This can be achieved by ei-
ther using a lightweight drilling fluid or relying upon gas
lift control using a purpose-built blow out preventer as-
sembly. A clean drilling fluid is pumped down the well,
and this mixes with the formation fiuids that are allowed
to flow up the well, that flow transporting the rock cut-
tings to the surface. The five phases (gas, oil, formation
water, drilling fluid and drilling solids) are then separat-
ed. On land this is a straightforward process as space
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is not at a premium. The equipment however is large
and has not been thought suited for offshore operations.
fooos] Underbalanced drilling can be conducted us-
ing either conventional rotary drilling or coiled tubing
drilling. In the UK sector of the North Sea four wells have
been drilled using underbalanced rotary drilling but this
has only been possible using relatively large fixed (sea-
bed-supported) platforms. On land, coiled tubing drilling
has been used. In these known applications, a long
seamless pipe which is stored on a drum is pushed into
the well by an injector against the live well pressure. A
turbine drill is mounted on the bottom end of the pipe
and hydraulic pressure is delivered to the turbine drill
through the pipe. This drives the turbine and permits
drilling to take place. The small diameter of the pipe (typ-
ically 1 to 2 7/8") makes it possible for the pipe to pass
through existing well-lining tubing (normally referred to
as completions) so that it is not necessary to incur the
substantial costs and risks of removing such tubing.
[0006] Light intervention vessels are available which
make it possible to conduct operations such as well
servicing, e.g. well logging and general maintenance.
Such vessels however cannot be considered appropri-
ate platforms for interventions requiring drilling as they
are not sufficiently stable for such operations and fur-
thermore could not operate underbalanced drilling as
they are too small to handle the volumes of material that
result in such drilling. Furthermore, light intervention
vessels require large capital investments as compared
with the returns that can be generated, particularly as
they are highly vulnerable to bad weather such that in-
tervention costs are relatively high and utilisation time
is relatively low. It would of course be possible to use a
semi-submersible for well interventions but semi-sub-
mersibles cannot be used as yet for underbalanced drill-
ing. Even such an approach would require support ves-
sels to receive the produced liquids and solids.

[0007] WO9949172 describes an offshore drilling
systemwhere a subsea well is drilled from a dynamically
positionable tanker using a rotating drill.

[0008] Nakagawa "Application of aerated-fluid drilling
in deepwater" SPE, no. 52787, 9-11 November 1999,
pages 1 to 6, XP 002167680 Amsterdam discusses an
offshore well which is drilled using aerated fluid technol-
ogy. However, Nakagawa acknowledges that operation
of the system is not underbalanced.

[0009] Accordingly no attempts have been made to
use underbalanced coiled tubing drilling from floating
units.

[0010] It is an object of the present invention to pro-
vide a subsea well intervention vessel capable of re-en-
tering existing production wells in a manner which al-
lows well interventions to be performed without remov-
ing the well from its production mode and without pol-
luting the subsea production system with well interven-
tion effluent, e.g. drilling solids.

[0011] According to the present invention, there is
provided a subsea well intervention vessel comprising

L

&



k)

3 EP 1 240 404 B1 4

a dynamically positionable tanker and direct well inter-
vention equipment mounted on the deck of the tanker,
the direct well intervention equipment including equip-
ment for underbalanced non-rotating drilling and hydro-
carbon liquid separation coupled to storage tanks of the
tanker such that separated hydrocarbon liquids can be
stored in the tanker.

[0012] The invention also provides a method for con-
ducting off-shore underbalanced drilling, wherein a
tanker having direct well intervention equipment mount-
ed on its deck is dynamically positioned over a riser ex-
tending from a subsea well, the well intervention equip-
ment is coupled to the riser, and underbalanced non-
rotating drilling is performed, the resultant multi-phase
mixture being separated on the tanker and separated
hydrocarbon liquids being stored in storage tanks of the
tanker.

[06013] The term "non-rotating drilling” is used herein
to include any drilling in which there is no rotation of the
drill string including but not limited to underbalanced
drilling using a rotary drill head powered through a non-
rotating drill string.

[0014] The well intervention equipment may be
mounted on a superstructure above the main deck of a
conventional shuttle tanker. Coiled tubing equipment
may be mounted adjacent a skid deck which may be
displaced to an outboard position over a well riser to
which the coiled tubing equipment is to be connected.
Thus a well intervention can be achieved by dynamically
positioning the shuttle tanker adjacent a well riser, mov-
ing the skid deck to the outboard position, coupling the
coiled tubing equipment to the riser, and performing the
necessary interventions in the well to which the riser is
connected, fluids and solids produced during the coiled
tubing drilling process being separated by equipment
mounted on the superstructure and hydrocarbon liquids
being transferred from the separation equipment to the
shuttle tanker storage hold.

[0015] As an alternative to providing a skid deck dis-
placeable to an outboard position, the drilling equipment
could be mounted adjacent a moon pool extending
through the tanker deck.

[0016] Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic representation taken from
an available document showing the phenomenon of
water coning;

Figure 2 is a further illustration taken from a pub-
lished document showing the resuits of coiled tub-
ing drilling in the structure of Figure 1 so as to im-
prove the rate of production of hydrocarbon liquids;
Figure 3 is a side view of a known North Sea shuttle
tanker incorporating direct well intervention equip-
ment in accordance with the present invention;
Figure 4 is a schematic layout diagram of the direct
well intervention equipment shown in side view in
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Figure 3; and

Figure 5 is a schematic illustration of atanker which
defines moon pools through which coiled tubing
drilling can be performed,

[0017] Referring to Figure 1, this illustrates a series
of strata incorporating a hydrocarbon bearing stratum 1
which lies over a water bearing stratum 2. A well 3 is
drilled through the strata 1 and 2. Pressure within the
hydrocarbon liquid and water is such that flow is estab-
lished to the well 3. As a result of that flow a "water cone”
4 is defined around the well 3 and as a result a conical
interface 5 is established between the hydrocarbon lig-
uid and water. If the well 3 is lined with steel tubing down
to the top of the strata 1, and the water cone reaches to
adjacent the lined portion of the well, large volumes of
water will be produced. Clearly this is highly disadvan-
tageous and therefore it is known to intervene in wells
which suffer from the water coning effect. Figure 2 illus-
trates the results of such an intervention.

[0018] Referring to Figure 2, a branch well 6 is shown
as being drilled into the stratum 1. Drilling such a branch
6 can substantially improve the proportion of produced
liquids made up by hydrocarbon liquids. It is well known
to form a branch such as the branch 6 of Figure 2 using
coiled tubing drilling techniques. ltis necessary however
when using such techniques to maintain underbalanced
conditions (that is maintain a positive pressure at the top
of the well 3) in order to avoid drilling solids damaging
the well. Such techniques have never been used off-
shore because the volume of material generated can
only be handled in large installations.

[0019] Figure 3illustrates a shuttle tanker embodying
the present invention. Figure 3 is based on a drawing
extracted from "First Olsen Tankers" and shows a shut-
tle tanker of the type widely used in the North Sea. The
only modification made to the standard shuttle tanker is
the mounting of a superstructure 7 above the main deck
of the tanker, for example at a height of approximately
3m so as to clear the installed deck pipes and vents. On
that superstructure all the equipment necessary for di-
rect well intervention is mounted, including a crane 8.
The detailed layout of the equipment mounted on the
superstructure 7 of Figure 3 is shown in Figure 4.
[0020] Referring to Figure 4, a skid deck 9 is centrally
mounted on the superstructure 7 adjacent a gantry
crane 10. Coiled tubing drilling equipment 11 of conven-
tional form is mounted adjacent the gantry crane 10. A
separator assembly 12 and ancillary drilling support
equipment assembly 13 are also mounted on the super-
structure 7. All other equipment relied upon to achieve
the required direct well intervention is also mounted on
the superstructure 7. The separator assembly 12 is cou-
pled to an appropriately positioned flare stack, for ex-
ample at the stem of the vessel (not shown) and to the
storage tanks of the tanker so as to enable produced
hydrocarbon fluids to be stored for subsequent trans-
port.
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[0021] Inuse, the tanker is dynamically positioned ad-
jacent a subsea well riser. The skid deck 9 is then moved
to an outboard position (not shown) over the riser to en-
able the coiled tubing equipment 11 to be coupled to the
riser. Appropriate interventions can then be made via
the riser and in particular coiled tubing drilling can be
conducted in a manner which produces a multiphase
mixture that is subsequently separated into its different
phases in the separator assembly 12.

[0022] The system described with reference to Fig-
ures 3 and 4 represents a breakthrough in offshore drill-
ing, testing, waste disposal and well maintenance. The
tanker cargo holds can be used for the collection of pro-
duced oil during underbalanced drilling. The systemcan
give direct access to test subsea wells for extended du-
rations. The system can be used for an extended water
injection test and also allows for the disposal of waste
into a subsea well. Existing systems in contrast cannot
perform coiled tubing drilling and cannot collect pro-
duced oil, requiring a separate shuttle tanker in the
event that oil is being produced during drilling.

[0023] Furthermore the original features of the shuttle
tanker are maintained and therefore the vessel can still
be employed in the charter market when not being used
for direct well interventions. As a result the invention of-
fers a solution to the problem of achieving direct well
interventions with coiled tubing drilling without the major
costs associated with building and operating specialist
vessels.

[0024] A standard North Sea specified shuttle tanker
with dynamic positioning can be readily chartered and
fitted with a new deck above the installed deck pipes
and vents. On that deck appropriate equipment can be
installed such as:

A skid mounted derrick riser handling unit with sub-
sea control panel;

Stumps for the subsea well intervention equipment;
A pipe rack;

Coiled tubing reels, control unit and power pack;
Cementing unit and blender;

Production test equipment including choke mani-
fold, heater treater, separators, degassing boot and
gas flare;

Tanks for kill mud;

A closed circulation system for handling drilling mud
and drilled solids during underbalanced drilling;
Storage tanks for chemical and solid wastes;
Craneage for subsea equipment and supplies;
Remote controlled vehicles for working and obser-
vation tasks;

Water supplies for cooling and fire fighting services;

[0025] It is probably the case that there are of the or-
der of 2000 subsea completions currently operative.
With the present invention, such completions could be
made accessible for of the order of 100,000 US dollars
per day in contrast with currently quoted costs of the
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order of 200,000 to 300,000 US dollars per day. Thus
the invention dramatically affects the technical capabil-
ity of the oftshore industry in the context of the financia!
constraints which face that industry.

[0026] Coiled tubing drilling solutions include a cost-
effective bottom assembly for standard mud systems
and a wireline-based bottom hole assembly that fully ex-
ploits the benefits of through-tubing drilling, including
use of foam and air systems. The present invention al-
lows onshore underbalanced drilling technolegy to be
transferred offshore without requiring extended equip-
ment development. It also permits the production of sig-
nificant volumes of hydrocarbons without requiring ad-
ditional storage vessels, thereby reducing demands on
cash flow whilst simultaneously avoiding damage to a
well as a result of drilling operations. The motion char-
acteristics of a relatively large shuttle tanker are more
suited for delicate underbalanced drilling operations
then the available relatively smaller and more buoyant
alternative vessels. This extends the amount of time that
weather permits operation and reduces fatigue stress
on the coiled tubing where it is fed from the tanker to the
subsea well riser. The invention also allows welis to be
properly cleaned after interventions, thereby avoiding
polluting the sometimes sensitive production system.
Drilling waste can be managed in an optimal fashion,
and all this can be achieved in relative safety given the

- large deck space available. All of these advantages are

unavailable if using either a conventional semi-sub-
mersible vessel or a conventional purpose-built well in-
tervention vessel.

[0027] In the embodiment of the invention described
with reference to Figures 3 and 4, components neces-
sary for the operation of the invention are mounted on
a skid deck which can be moved to an outboard position.
In an alternative arrangement iflustrated in Figure 5,
such components are mounted adjacent moon pools ex-
tending through the structure of an otherwise conven-
tional tanker.

[0028] Referring to Figure 5, two moon pools 13 and
14 extend vertically through the structure of a modified
shuttle tanker. Three cranes 15, 16 and 17 can extend
over the moon pools and areas indicating cargo mani-
folds 18, a derrick module 19, and a lay down area 20.
Area 21 houses gas compression and process units, ar-
ea 22 a flare boom, area 23 a flare knock-out drum skid,
and area 24 a further lay down area served by a crane
25.

[0029] Taking a standard double hull shuttle tanker,
the modifications required to produce the vessel sche-
matically illustrated in Figure 5 which can function in ac-
cordance with the present invention would be an up-
grade of the dynamic positioning capability, installation
of a first moon pool (8m?2) for intervention work, instal-
lation of a second moon pool (4m2) for remotely operat-
ed vehicle work, mounting of cranes, process equip-
ment and lay down areas for deck-mounted equipment,
and the mounting of flare facilities and associated utili-
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A subsea well intervention vessel comprising a dy-
namically positionable tanker and direct well inter-
vention equipment (11) mounted on a deck (7) of
the tanker, characterised In that the direct well in-
tervention equipment (11) includes equipment for
underbalanced non-rotating drilling and hydrocar-
bon liquid separation (12) coupled to storage tanks
of the tanker such that separated hydrocarbon lig-
uids can be stored in the tanker.

A vessel according to claim 1, wherein the well in-
tervention equipment (11) is mounted on a super-
structure (7) above the main deck of a shuttle tank-
er.

A vessel according to claim 1 or 2, wherein coiled
tubing drilling equipment (11) is mounted adjacent
a skid deck (9) which may be displaced to an out-
board position over a well riser to which the coiled
tubing drilling equipment (11) is to be connected.

A vessel according claim 1 or 2, wherein coiled tub-
ing drilling equipment (11) is mounted adjacent a
moon pool (13, 14) located over awell riser to which
the coiled tubing drilling equipment is to be connect-
ed.

A method for conducting off-shore underbalanced
drilling, wherein a tanker having direct well interven-
tion equipment (11) mounted on its deck is dynam-
ically positioned over a riser extending from a sub-
sea well (3), characterised In that the well inter-
vention equipment (11) is coupled to the riser, and
underbalanced non-rotating drilling is performed,
the resultant multi-phase mixture being separated
on the tanker and separated hydrocarbon liquids
being stored in storage tanks of the tanker.

Patentanspriche

1.

Schiff fir den Eingriff in Unterwasser-Bohrldcher,
das ein dynamisch positionierbares Tankschiff und
auf einem Deck (7) des Tankschiffs angebrachte
Ausrdstung (11) zum unmittelbaren Bohrlochein-
griff umfaBt, dadurch gekennzeichnet, daB die
Ausristung (11) zum unmittelbaren Bohrlochein-
griff Ausrdstung (12) zum unterausgeglichenen
nicht-rotierenden Bohren und Trennen von Kohien-
wasserstoff-Flissigkeiten einschlieBt, gekoppelt an
Lagertanks des Tankschiffs, so daB getrennte Koh-
lenwasserstoff-Flissigkeiten im Tankschiff gelagert
werden kénnen.
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2.

Schiff nach Anspruch 1, bei dem die Ausrustung
(11) zum Bohrlocheingriff auf einem Uberbau (7)
oberhalb des Hauptdecks eines Shuttletankschiffs
angebracht wird.

Schiff nach Anspruch 1 oder 2, bei dem Schlangen-
rohr-Bohrausristung (11) angrenzend an ein Ver-
schiebedeck (9) angebracht wird, das zu einer Au-
Benbordposition Uber einer Bohrloch-Steigleitung
verschoben werden kann, mit dem die Schlangen-
rohr-Bohrausristung (11) verbunden werden soll.

Schiff nach Anspruch 1 oder 2, bei dem Schlangen-
rohr-Bohrausriistung (11) angrenzend an eine Off-
nung (13, 14) fiir Olaufnahme im Schiffsboden an-
gebracht wird, die sich Uber einer Bohrloch-Steig-
leitung befindet, mit der die Schlangenrohr-Bohr-
ausriistung verbunden werden soll.

Verfahren zum Durchfiihren von unterausgegliche-
nem Offshore-Bohren, bei dem ein Tankschiff mit
auf seinem Deck angebrachter Ausrustung (11)
zum unmittelbaren Bohrlocheingriff dynamisch
Uber einer Steigleitung positioniert wird, die sich
von einem Unterwasserbohrloch (3) erstreckt, da-
durch gekennzeichnet, daB3 die Ausristung (11)
zum Bohrlocheingriff an die Steigleitung gekoppelt
wird und unterausgeglichenes nichtrotierendes
Bohren durchgefiihrt wird, wobei die resultierende
Mehrphasenmischung auf dem Tankschiff getrennt
wird und getrennte Kohlenwasserstoff-Flissigkei-
ten in Lagertanks des Tankschiffs gelagert werden.

Revendications

Navire d'intervention pour puits sous-marin com-
prenant un navire-citerne a positionnement dyna-
mique et un équipement d'intervention directe sur
le puits (11) monté sur un pont (7) du navire-citerne,
caractérisé en ce que |'équipement d'intervention
directe sur le puits (11) englobe un éguipement pour
le forage non rotatif en sous-pression et {a sépara-
tion des hydrocarbures liquides (12) couplé aux ré-
servoirs de stockage du navire-citerne, de sorte que
les hydrocarbures liquides séparés peuvent étre
stockés dans le navire-citerne.

Navire selon la revendication 1, dans lequel I'équi-
pement d'intervention sur le puits (11) est monté sur
une superstructure (7) au-dessus du pont principal
d'un pétrolier-navette.

Navire selon les revendications 1 ou 2, dans lequel
un équipement de forage a colonne enroulée (11)
estmonté prés d'un pont coulissant (9) pouvant étre
déplacé vers une position extérieure au-dessus
d'un tube ascenseur du puits sur lequel I'équipe-
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ment de forage a colonne enroulée ( 11 ) doit étre
raccordé.

Navire selon les revendications 1 ou 2, dans lequel
I'équipement de forage a colonne enroulée (11) est
monté prés d'un puits central (13, 14) agencé au-
dessus d'un tube ascenseur du puits sur lequel
I'équipement de forage a colonne enroulée doit étre
raccordé.

Procédé d'exécution d'un forage sous-marin en
sous-pression, dans lequel un navire-citerne com-
portant un équipement d'intervention directe sur le
puits (11) monté sur son pont est positionné de ma-
niére dynamique au-dessus d'un tube ascenseur
s'étendant a partir d'un puits sous-marin (3), carac-
térisé en ce que I'équipement d'intervention sur le
puits ( 11 ) est couplé au tube ascenseur, un forage
non rotatif en sous-pression étant exécuté, le mé-
lange a plusieurs phases résultant étant séparé sur
le navire-citerne, les hydrocarbures liquides sépa-
rés étant stockés dans les réservoirs de stockage
du navire-citerne.
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