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well. This effect results from pressure gradients established within the reservoir
formation as a result of fluid 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, reducing the rate of hydrocarbon liquid production and increasing the
costs of separating the produced hydrocarbon fluids from the water.

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
conventional drilling techniques, but such techniques demand the shutting down of
the well and often require the removal of the tubing lining the well. This involves
substantial costs and risks. In addition, the hydrocarbon liquid bearing formation can
be damaged by drilling fluids required for the additional drilling operations.

In order to avoid the possibility of loss or damage to a well resulting from
drilling interventions, an advanced drilling technology has been developed which
allows technically difficult drilling to be achieved without substantial risk of damage

to the formation. The technique is referred to as “underbalanced” drilling. With



drilling interventions, an advanced drilling technol ogy has been devel oped
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place. The small diameter of the pipe (typically 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.

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 appropriate platforms for interventions
requiring drilling as they are not sufficiently stable for such operations and
furthermore 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
intervention 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-

submersibles cannot be used as yet for underbalanced drilling. Even such an

approach would require support vessels to receive the produced liquids and solids.
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under bal ang@gifling, wherein a tanker having direct well intervention equipment mounted on its
deck is dynamically positioned over a riser extending from a subsea well, the well
intervention equipment 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.

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.

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, moving 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



drilling using a rotary drill head powered through a non-rotating dril
string. The well intervention equi pnent nay be nounted on a superstructure
above the main deck of a conventional shuttle tanker. Coiled tubing
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a tanker S noon po t hrough which coiled tubing drilling can
be perforned; Figure 3 is a side view of a known North Sea shuttle tanker incorporating

direct well intervention equipment in accordance with the present invention;

Figure 4 is a schematic layout diagram of the direct well intervention
equipment shown in side view in Figure 3; and

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

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 established 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 liquid 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 disadvantageous and
therefore it is known to intervene in wells which suffer from the water coning effect.
Figure 2 illustrates the results of such an intervention.

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. It is
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superstructure 7 adjacent a gantry crane
equi prent Itillidig sgpos rtiipnent assembly 13 are also mounted on the superstructure 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 coupled to an
appropriately positioned flare stack, for example at the stern 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 transport.

In use, the tanker is dynamically positioned adjacent a subsea well riser. The
skid deck 9 is then moved to an outboard position (not shown) over the riser to enable
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.

The system described with reference to Figures 3 and 4 represents a
breakthrough in offshore drilling, testing, waste disposal and well maintenance. The
tanker cargo holds can be used for the collection of produced oil during
underbalanced drilling. The system can give direct access to test subsea wells for

extended durations. The system can be used for an extended water injection test and
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Cementing unit and blender;

Production test equipment including choke manifold, 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 observation tasks;

Water supplies for cooling and fire fighting services;

It is probably the case that there are of the order 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 order of 200,000 to 300,000 US dollars per day. Thus the
invention dramatically affects the technical capability of the offshore industry in the

context of the financial constraints which face that industry.



On that deck appropriate equi pnent can be installed such as: A skid nounted
derrick riser handling unit with subsea control panel; Stunps for the
subsea wel |l intervention equipnent; A pipe rack; Coiled tubing reels,
cont r ol VWQ0148AH power pack; Cenenting unit and bl ender POHGBIOHSYN t est
equi pnent includi ng choke mani fol d, heater treater, separators, degassing
boot and gas flare; Tanks for kill nud; ‘A closed circulation systemfor
handling drilling nmud and drilled solids during underbal anced drilling;
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wi t hout requiring additional storage vessels, thereby reduci ng demands on

cash fl ow vipHayaet alferativariesigdy. y 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 wells 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-submersible vessel or a
conventional purpose-built well intervention vessel.

In the embodiment of the invention described with reference to Figures 3 and
4, components necessary for the operation of the invention are mounted on a skid
deck which can be moved to an outboard position. In an alternative arrangement
illustrated in Figure 5, such components are mounted adjacent moon pools extending
through the structure of an otherwise conventional tanker.

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 manifolds 18, a derrick module 19, and a lay
down area 20. Area 21 houses gas compression and process units, area 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.

Taking a standard double hull shuttle tanker, the modifications required to
produce the vessel schematically illustrated in Figure 5 which can function in

accordance with the present invention would be an upgrade of the dynamic



avoi ding damage to a well as a result of drilling operations. The notion
characteristics of a relatively large shuttle tanker are nore suited for
delicate underbal anced drilling operations then the available relatively
smal | er vemoi/488%le  buoyant alternative vessels. This ext e®GI/GHOOAMBuNt of
time that weather permits operation ang reduces fatigue stress on the
coiled tubing where it is fed fromthe “tanker to the subsea well riser.
The invention also allows wells to be properly cl eaned after

i nterventi r o] | kyt 2 en

producti on §u019§f5@¥M@¥ hgbﬂﬂn eoiggh%é TRna eg&%%yzﬁ'o réé ]ﬁi

and al | thhr&:tzﬁlaﬂoﬂi)a)f acd&t:@n/dadncbdm pedla(dn®d faf ﬁirr)bt@lyvepbrhih@ ‘bea;ﬁcge \d@tkl( space
avai l able. Al of these advantages are uqfvall bl e |f using either a
convent i on&OUEERAS -y BiRBFS | PSS cSHUPMER g g‘?ﬂ‘e‘nﬁ‘&ﬂt?@ vel |
interventi qu ié&%ﬁ@%md e xﬁ&ﬁnﬁg’f&?@'ﬂa{@ﬂa&lhﬁfes Lﬁtﬁas's&{?[@& Pﬁ*ﬁn&esc” bed wi th
reference t I gures conponents necessary for the operation of
the invention are nDunted on a skid deck which can be noved to an outboard
position. In an alternative arrangenent illustrated in Figure 5, such
conponents are nounted adj acent noon pools extending through the structure
of an ot herw se conventional tanker. Referring to Figure 5 two npbon pools
13 and 14 extend vertically through the structure of a nodified shuttle
tanker. Three cranes 15, 16 and 17 can extend over the npon pools and
areas indicating cargo manifolds 18, a derrick nodule 19, and a lay down
area 20. Area 21 houses gas conpression and process units, area 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. Taking a standard double hull shuttle tanker,
the nodifications required to produce the vessel schematically illustrated
in Figure 5 which can function in accordance with the present invention
woul d be an upgrade of the dynam c WO 01/48351 PCT/ GBOO 04899 8
positioning capability, installation of a first noon pool (8nR) for
intervention work, installation of a second noon pool (4nR) for renotely
operated vehicle work, nounting of cranes, process equipnment and |ay down
areas for deck-nounted



equi pnrent, and the nmounting of flare facilities and associated utilities.
WO 01/ 48351 PCT/ GBOO' 04899 9 CLAIMS 1. A subsea well intervention vessel
conprising a dynam cally positionable tanker and direct well intervention
equi preMoO ¢i8ddled on a deck of the tanker, the direct WECHT/GBYP/BII_Nt i on
equi pnent i ncl udi ng equi pnent for underpal anced non- rotating drilling and
hydr ocarbon |iquid separation coupled t0 storage tanks of the tanker such
t hat separated hydrocarbon |iquids can be stored in the tanker. 2. A vessel
according to claim1l1, wherein the we g !i gigrventi on equi pnent is nounted
on a superstructure above the main d a shuttle tanker. 3. A vessel
according to claiml1l or 2, wherein coiled tubing drilling equipnment is
nount ed adj acent a skid deck which may be displaced to an outboard position
over a welll ri sAersu‘P%?a\/\}’YP]éHnEeﬁ‘éen@@PI‘&éS@(l UISTRRYISHG 1Al ﬁﬁg‘f@aﬂimm@ﬁtloﬂ@ﬂ?o be

connect ed. aﬂ‘ﬂ(efb‘aﬁ/c? 8§§Jt Wit H{t&'v&Ql l Ii?n]‘en? rm(?unté’éf| Sﬁﬁ %' cﬂ:cﬁ Odf 9 tatn!lj(gr Qﬂe

drilling equipnent Is nounted a t a noon poo cate over
ri ser to wdiredt WIaH imiri/ﬁdlomuqugmentr lricludn@ @qmpmmntfor uriderbakinc@n Iih@ﬁt ed S.

A nmet hod for con &H{shog baI anced dr| L1in wher ei n a t anker
havi ng di r E&gtRG Tl }nlgt TPEH %H 3O COUPISH tp (SEoTaRE, kanks of the

dynani cal | YankBosich ke 8&papmed h?drbba%%nﬁ 18O Jt&‘émﬁth%gg-ﬂ% well, the well
intervention equipnent " is coupled he riser, and al anced

non-rotating drilling is performned, the resultant multi-phase m xture

bei ng separated ,on t er and.separ. t ed carbon .liquids being
stored in étoragqev?sﬁgﬁgcc(?f&fl%éot Baf>, Wherem gﬁbg'gg I{R{?Wenflﬂ?%q{%’é’mqnbhs vessel
subst ant i akiounfd oher fipekehant: a@sgthehﬁ@ln%&mofmﬁﬁﬂl@ﬁﬁﬁerto Figures 3 and 4
or Figure 5 of the acconpanying drawings. 7. A nethod for conducting

of f shore underbal anced drilling substantially as hereinbefore described

wi th refergnce 14,0 40g a@&%ﬁﬁ%qg%iaﬂg ldd’razmgrse'in coiled tubing drilling equipment is

mounted adjacent a skid deck which may be displaced to an outboard position over a

well riser to which the coiled tubing drilling equipment is to be connected.

4. A vessel according claim 1 or 2, wherein coiled tubing drilling equipment is
mounted adjacent a moon pool located over a well riser to which the coiled tubing

drilling equipment is to be connected.

5. A method for conducting off-shore underbalanced drilling, wherein a tanker
having direct well intervention equipment mounted on its deck is dynamically
positioned over a riser extending from a subsea well, the well intervention equipment
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.

6. A subsea well intervention vessel substantially as hereinbefore described with

reference to Figures 3 and 4 or Figure 5 of the accompanying drawings.

7. A method for conducting offshore underbalanced drilling substantially as

hereinbefore described with reference to the accompanying drawings.



