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Title: Blowout Preventer Assembly

BACKGROUND OF INVENTION
1. Figid of the Invention

Embodiments disclosed herein generally relate to annular blowout preventers
used in the oit and gas industry. Specifically, embodiments selected relate fo a
new type of retrievable stripping sleeve for use with an annuiar type blowout
preventer or similar device. ‘Stripping’ is defined as the act of pushing or
pulling tubular's through an annular preventer element under pressure or
without pressure with the stripping element closed around the tubular.

2. Background Art

Well control is an important aspect of off and gas exploration. When drilling a
well, for axample, in ofl and gas sxploration applications, safety devices must
be put in place to prevent injury 1o parsonnel and damsage o equipment
resuiting from unexpected events gssociated with the driliing activities,

Drilling wells In ol and gas exploration involves penslrating a varisty of
subsurface geologic structures, or “lavers.” Occasionally, 2 wellbore will
penetrate & laver having a formation pressure substantially h.igher than the
pressurg maintainad in the wellbore, When this occurs, the well is said © have
“taken a kick” The pressure increase associated with the kick is ganerally
produced by an influx of formation fluids {(which may be a liquid, a gas, or g

combination thereo?) inlo the wellbore, The refatively high pressure kick tends

ip propagate from a point of eniry in the wellbore then uphoie {rom a high
pressure region o a low pressure region).  the kick is allowsad o reach the
surface, drilling fiuid, well iools, and other drilling structures may be biown out

of the weilbore. These “Dlowouis” may result in calastrophic destruction of the
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dritling eguipment {including, far example, the drilling rig) and substaniial injury
or death of rig personnel.

Because of the risk of biowouts, blowout preveniers ("BOPS™) are typically
nsislied at the surface or on the ses fioor in desp waler drilling arrangemsnts
o effectively seal 3 welibore untit aclive measures can be isken fo control the
kick. BOPs may be aclivaled so that kicks are adeguaisly controlled and
“circuiated out’ of the system. There are several types of BOPs, ane common
type of which is an annular blowout preventer.

Annular BOPs typically comprise annular, elastomeric “packing units” that may
be activaied o encapsulate drillpipe and well [00ls 1o completaly seal about a
wellbore. In situations where no drillpipe or well tools are within the central
hore or paszage of the packing unit, the packing unit can be compressed 1o
such an extent that the central hore or passage s entirgly céossad, acling a3 a
valve an the wellbore. Typically, packing unite are used In the case of sealing
aboutl a drilipipe, in which the packing unit can be quéciqiy C{::mpresaeﬁ, aither
manually or automatically, to effect 2 seal sbout the pipe o prevent a well from

blowing out.

An example of an annular BOP having a packing unit is disclosad in U.S, Pat
Mo, 2,808,836, ("Knox') and incorporated hersin by reference. The packing
unit includes a plurality of metal inserts embedded in an slastiomeric body. The
metal inserts are typically spaced gqual crcumferential distances Trom one
another about a longitudinal axis of the packing unit. The inseris provide
structural support for the elastomsric body whean the packing unit is radiaily
compressed to s2al against the well pressure. Upon compression of the
packing unit aboul a drillpips, or upon iself, o sesl agseinst the welibor
presaure, the slgstomeric body is squeezed radially inwardly, causing the
matal inserts 1o move radially inwardly as well

Figure 1 shows an examplie of a prior arl ‘'wedge type' annular
BOP 10 including & housing 12, The annular BOP 10 has & ceniral bore or
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pessage 14 exiending from top to boltom and is disposed about a langituding]
axig. A packing unit 18 is disposed within the annular BOP 10 about the
ingitudinal axis A, The packing unit 18 Includes an elastomeric annular
body 18 and a plurality of metaliic inserts 30. The metallic inserts 30 are
disposed within the elastormeric annular body 18 of the packing unit 18 and
distributed at equal ciroumferential distances from one another about the
longituding! axis A, The melallic inserts 30 each comprise an upper fingsr 302
and a lowsr fingsr 300 joined by a metal stabilising plate, the slastomeric body
18 lying between the upper 308 and lower 30b fingers. Ths packing unit 18
includes a generally central bore o passage 20 concentric with the generally
cantral bore or passage 14 of the BOP 10,

The annular BOP 10 is actuated by fluld pumped into a piston chamber in the
housing 12 via first port 22, The fluid applies pressurs 1o & piston 24, which
moves the piston 24 upward. As  the pision 24 moves upward, the
piston 24 exerts 8 force on the packing unit 16 through 8 wedge Tace 28. The
force axsrted on the packing unit 18 from the wedge Tace 26 is directed
upwards toward a remaovable head 28 of the annular BOP 10, and inwards
toward the longitudinal axis & of the annular BOP 10, Because the packing
unit 18 is retained against the removabie head 28 of the annular BOP 10, the
packing unit 16 does not displace upwardly from the force exerted on the
packing unit 16 by the piston 24, The relaxed stale of the packing unit 18 is
shown in Figure 24,

riowever, the packing unit 16 does displace inwardly from the force from the
piston 24, which comprasses the packing unil 18 toward the longiluding!
axis of the annular BOF 10, In the event a drill pipe 32 is located along the
longitudingl axis A, with sufficient radial compression, the packing unit 18 will
seal about the drill pipe 32 inio & "closed position.” The closed position is
shown in Figure 2B. In the event a drill pipe is not present, the packing unit 18,
with sufficient radial compression, will completaly seal the genarally central
hore or passage 20. The annular BOP 10 goes through an analogous reverse

3 H12878W0
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movament when fiuid i3 pumped inlo second parl 34 into the piston chamber
36 and reisased from the first port 22, The fluid exerts g downward force on
the piston 24, such that the wedge face 26 of the piston 24 allows the packing
unit 18 to radially expand to an “open position.” The open position is shown in
Figurg ZA. Further, the removabie head 28 of the annular BOP 10 gnables
sccess o the packing unit 18, such that the packing unit 16 may be serviced

or changed if necessary.

Figure 3 is an example of a prior art ‘spherical type’ BOP 110 disposed about
g fongiuding! axis as disclosed in U8, Pal. No. 3,667,721 (issued o
Vujasinovic and incorpeorated by reference in its entirety). The spherical
BOF 110 includes 2 lower housing 112 and an upper housing 128 releasably
fastaned iogether by 2 plurality of bolts 142, Typically, the upper housing
128 has g curved, semib-spherical inner surface 144, A packing unit 118 s
disposed within the spherical BOP 110 about the longitudingl axig. The
packing unit 116 includes a curved, glasiomeric annular body 118 and qurved
metallic inserts 130 o correspond 0 the curved, semi-spherical inner surface
118 of the upper housing 128, The metailic inserts 130 are then distributed
equal croumferential distances from one ancothar within the ourved,
elastomeric annuiar body 118. The spherical BOP 110 may be actuated by
fiaid, similar to the annular BOP 10 of Figurs 1 as described above, Figures 48
and 4b show the open and closed positions respectively for the packing unit
116 on the drill pipe 32 for this spharical type BOP.

For all the above patents cited there is 2 common dasign feature in that the
annular elemant is in divect contact with the drill pipe 32 or olher tubidar being
segied against. This gives a limited life of the packing slement when used in
‘stripping’ operations, Stripping occurs whan the pips is moved into the
wellbore or oui of the wellbore under pressurized wellbore conditions with the
element squeezed against the drilipipe. This results in substantial wear whean

the stripping i done for several thousand faef e.g. when pulling the drilibit a2l
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the way from boliom. This wear affecis the integrity and ssalability of the
packing alemant.

For the annular BOP designs shown and all annular BOF designs on the
market, it is required 1o dismantle the annular BOP 0 accsess the slemeant and
to change for a new elament. This reguires work 1o be stoppead and in the case

of repair to subsea annular BOPs can result in substaniial non-productive time,

To gvercoms this substantis! drawback of wear and maintenance a retrigvable
sotation ool 248 is proposed in US §,450,282, the isolation teol 248 being
inserted at the level of the annular BOPs previously discussed.

In L8 Pat. No. 5,450,262, in accordance with its #lustrated and preferred
embodiments, the isolalion oo, as shown in Figura 5 comprises 2 housing
248 adapted o be comnected a3 & lower continuation of the riser and having a
generaily central bore or passagse 214 through which the drill siring 32 may
extend during the drilliing of the well, an annular recess 230 aboul the
generally central passage, and a sids port 252 below the receass for connsecting
the generally central passage o 2 mud return line exiending alongsids of the
risar and lgading 1o the surface. An insert packer 254 including a sleave of
aslagtomeric material 258 is adapted 10 be lowered into and raised from a
fanded position in the generslly central passage ocpposiie an actusior 258
within the housing recess 250 having & siseve of slastomeric material 260
which, when retracied, ocoupies a position in which the insert packer 260 may
he removed, forming a confinuation of the generally central bore or passsge
s0 a8 o receive a drill siring there through. When the ingert packer 284 is in
place, the actustor siseve 258 is responsive 1o the supply of control fluid
thereto from an oculside soures 1o engage and contract the slesve 258 of the
ingert packer 2584 about the drill string 32, so that the drilling fluld flowing
upwardly in the annulus between the riser and drill siring 32 8 directed into the
side port in the housing from the generally central bore or passages 214 In
rasponse 1o the exhaust of the conltrol fluid, the inserl packer slesve 258 i3
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free {0 expand to fully open the generally central passage and the insert 254 to

he removed.

Also shown in Figure 5, is a set of hydraulically operaied pins 262 or bolis
carried by the housing 248 so that, when moved inwardly, they provide a
landing shoulder in the housing generally central bore or passage 214 to
position the insert packer 254 opposite the actuator 258. A second set of
hydraulically operated pins 264 carried by the housing are adapted to be
moved inlo an annular groove 266 about the insert packer 254 {o lock the
insert packer in place to prevent its up or down movement in the generally
central bore or passage 214. An upward pull on the drill string 32 can confirm
the iock down of the insert packer 254. The annulus between the housing
generally central bore or passage 214 and the insert packer 254 may be
sealed off by contraction of the aciuator sleeve 258 by means of fluid pressure
supplied fo the recess 250 about the sleeve to close about the drill string 32 to
seal off well fluid in the annulus above and below it. The pressure is such as o
allow the drill string and its fool joinis o pass through it while maintaining a
seal {siripping) in either direction. The actuator 258 also includes metal
rings 268 at both ends of sleeve 260, each carrying a seal ring (not shown)
thereabout to seal off the recess 250 to contain actuating fluid in the recess
250,

This patent proposes a refrievable ‘packing insert’ that is a custom component
of the ‘riser isolation tool. A problem with this solution is that it reguires a
custom installation of the riser isolation tool that limits the use of this packing

insert to that type of subsea installation as described in the patent.

SUMMARY OF INVENTION

According to one aspect of the invention, there is provided a blowout preventer
assembly comprising an annular blow out preventer having an annular packing
unit and an actuator operable fo reduce the internal diameter of the annular

packing unit, the assembly further comprising a stripping sleeve having a
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tubular elastomeric sleeve which in use is positioned generally centrally of the
packing unit so that the packing unit surrounds at least a portion of the
elastomeric sleeve, characterized in that the actuator comprises a piston
movable generally parallel to the longitudinal axis of the blowout preventer by

the supply of pressurised fluid {o the annular blow out preventer.

Herein disclosed is a blowout preventer assembly comprising an annular
blowout preventer having an annular packing unit and an actuator operable to
reduce the internal diameter of the annular packing unit, wherein the assembly

further comprises a stripping sleeve having
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a tubular elastomeric sleeve which in use is positioned generally centrally of
the packing unit so that the packing unit surrounds at least a portion of the

elastomeric sleeve.

This design resulis in a substantial elastomeric material thickness available for
wear during operational use. This may assist in preserving the integrity of the
blowout preventer for normal operations by not wearing its element. The
stripping sleeve is thus a wearable, disposable item that needs to be designed

{0 be easily inseried and removed from operation.

As mentioned in the above aspect, the actuator comprises a piston movable
generally parallel to the longitudinal axis of the blow out preventer by the

supply of pressurised fluid to the annular blow out preventer.

Advantageously, the stripping sleeve further comprises two annular support
parts, the elastomeric sleeve being positioned between the two support parts.
The outer diameter of each of the support parts may be greater than the outer
diameter of the elastomeric sleeve. In this case, the annular packing unit may
comprise an elastomeric body and at least one generally rigid insert, the insert
lying at least partially between the two annular support parts when the annular
packing unit engages with the elastomeric sleeve. Furthermore, the annular
packing unit may comprise first and second generally rigid, maybe metallic,
inserts, the elastomeric body lying between the first and second inserts and
the first insert being at a first end of the annular packing unit adjacent to one of
the support parts and the second insert being at a second end of the annular
packing unit adjacent to the other of the support parts, both inserts lying at
least partially between the two support parts when the packing unit is engaged

with the elastomeric sleeve.

The inner diameter each of the support parts may be substantially the same as

the inner diameter of the elasiomeric sieeve.



10

15

20

25

30

Each support part may be provided with a circular ridge which extends into an

end of the elastomeric sleeve.

Advantageously the maximum outer diameter of the stripping sleeve is less
than the inner diameter of the annular packing unit when the packing unit is

not acted on by the actuator.

By virtue of this, it is possible that the sfripping sleeve does not permanently
affect the bore of the system or the integrity of the blowout preventer or its
oacking unit. Moreover, the stripping slesve can be applied easily on the most
common wellbore configurations in use today for drilling and can be easily

delivered into the wellbore for operations.

In certain embodiments of the invention, the stripping sleeve further comprises
a polymeric sealing element which is arranged radially inwardly of the
elastomeric sleeve. In this case, the polymeric sealing element may contain a

plurality of apertures into which the elastomeric sleeve extends.

Also disclosed is a blow out preventer assembly including two annular blow
out preventers and stripping sleeves having any of the features set out above,
wherein the two annular blow out preventers are arranged around a common
central passage and are longitudinally displaced with respect to one another
along the common central passage, and the two stripping sleeves are

connected by means of a tubular connector.

In this case, the packing units and actuators of the annular blow out
preventers may be contained in a housing which encloses the common central
passage, there being a conduit provided in the housing to connect the volume
of the common central passage between the two annular biow out preventers

with the exterior of the housing.
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Further disclosed is a method of operating a blow out preventer assembly
according to the second aspect of the invention, the blow out preventer
assembly being subjected to fluid at a first pressure at a first end of the
assembly and to fluid at a second pressure at a second end of the assembly,
the method comprising connecting to the conduit provided in the housing to
fluid at a third pressure, the third pressure being higher than the first pressure

and lower that the second pressure.

This makes use of the fact that experience with annular preventers over the
years has shown that lower rates of wear of the elements are experienced with
tower well pressures. In this way the wellbore pressure can be staged down to
reduce the overall pressure drop across each stripping sleeve. This may
further enhance the longevity of the stripping sleeves. Such a system may also

allow detection of leakage of any of the elements.

Such a method also allows the staging through of the larger diameter tool-
joints as it is well known to those skilled in the art of stripping that leaks are
most likely to occur when stripping with a change in diameter of the tubular.
Having two stripping sleeves spaced further apart than the total tool-joint
length further enhances the pressure retaining properties of the system

disclosed.
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is g cutaway view of a prior art wedge itype annular blowout

nrevernter,

Figure Za is a cross-sectional view of & portion of a prior ol wedge lype
anrutar blowout preventer packing unit in the opan position,

Figure Zb is g cross-sectionsl view of 8 portion of a prior art wadge type

annuar biowout praventsr packing unit in the closed position,

Figure 3 18 a cutaway view of a prior art spherical annular type blowout

praventer,

Figure 4z 13 @ cross-sectional view of a portion of & prior art spherical annular
vpe blowout preventar packing unit in the open position,

Figure 4b is a cross-sectional view of & prior art spherical annular blowout
pravenier packing unit in the closed position,

Figure 5 is a cutaway view of & prior art riser isclation ool

Figure Ba is a perspective view of the stripping sleeve, according io the
invention,

Figure Bk is a cross-sactional view of the stripping slesve, shown in Figure 8a,
Figure Bo is a plan view of the siripping sleeve, shown in Figure 83,

Figure 7a i3 8 cross-sectional view of g portion of the stripping sigeve shown in
Figure 8a in use with & wedge type annular blowout preventer with the
stripping slesve opposite the annular blowout preventer packing unit in open
position,

Figure 7 is & cross-sectional view of a portion of the stripping sigeve shown in
Figure 88 in use wilh a wedge type annular blowout preventer with tha

10 H12878WO
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siripping steave opposits the annular blowoul prevenier packing unit in closed
position,

Figure 8a is a crosg-sectional view of the stripping sleeve shown in Figure Sa
i use with & spherical type annuiar blowout preventer with the siripping sleeve
opposite the annular blowout preventer packing unit in open position with no

running ool shown,

Figure &b is a cross-sectional view of the siripping sleeve as shown in Figurs
Bs in use with & spherical type annular blowout prevanter with the stripping
sigeve held in place with the annular biowoul preventar, wilh ne prassure
batow the blowout preventer,

Figure 8o i a cross-sectional view of the stripping slegve as shown in Figure
8a in use with a spherical type annuiar blowout preventer with the stripping
slegve opposite the annular blowoul preventer in closed position with a ool

oint being stripped through,

Figure 8d is a cross-sectional view of the stripping sleave as shown In Figure
ga in use with a spherical type annular blowoul preavenier with the stripping
sleave opposite the annular Blowout preventer in cpen position with a wol joint

st siripped through,

Figure 9g is an illustration of the longitudingl cross-section through the typical
stripping  slesve dimension when used in uge on an offshore flosting
instailation with norningl 8 5/8 inch drillpipe and a 21 inch riser with 18 %2 ingh

biowout preveniar,

Figure 9b is an dustration of the longitudingl cross-gection hrough the typical
stripping sleeve dimension when used in use on g fixed installabon with

nominal & inch drillpips and 13 5/8 inch blowaoul preventar,

11 H12878WO0
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Figure 10a is a semi-cross-seclional view of a running/retrieval ol for the
stripping steave shown in Figures 6a, 6b and 8¢ designed fo be used on any

installation,
Figura 10b is 8 plan view of the running/retrisval tool shown in Figure 10g,

Figure 100 I8 a semi-cross-sectional view of ancther type of running/retrieval
ool for the stripping sleeve shown in Figures 8a, 6b and 8¢ designed o be

used on any installation,
Figure 10d is a plan view of the runningfretrieval tool shown in Figure 10¢,
Figure 113 is & cutaway view of & dual annular blowout preventer assambiy,

Figurs 11b i3 2 cutaway view of a dusl stripping sleeve assermbly suitable for
use in the dual annular Blowout prevenier assembly shown in Figure 11a,

Figure 12z is a cutaway view of the dual annular blowout preventer assembly
with the dual stripping sleeve insialied,

Figure 120, 12¢ and 12d show the sequence of & tool-oint passing through the
dugt siripping assembly shown in Figure 128,

Figure 13 shows a schemalic lustration of a fluid circult used to keap pressure
belween the dual annular bowout preventer assembly shown in Figures 12a-
12,

Figure 14 18 a cut away perspective view of a further embodiment of dusl
stripping sleeve according to the invention, and

Figure 15 i3 2 longiiudinal cross-sectional view of the dual siripping slesve
showr in Figure 14 in a blowout preventer stack comprising three spherical

annular Dlowout preventar.
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DETAILED DESCRIPTION

Referring now 1o Figure da, 60 and &¢, thers 15 shown a stripping slesve 300
comprising two annuiar support plates 302 jeined by an elastomeric sleave
304, The outer dlameters of the support pistes 302 are grester than the outer
diameter of the slasiomeric sleeve 304, whilst both have substantially identical
nnar diameters. in this example, the annular support piates 302 both include
a cireular ridge or flange 308 which exiends inio a corresponding groove
provided in each end of the elastomeric sleeve 304. These ridges 308 are
preferably made from sles! and may be integral with their respective support
piale 302,

The stripping sieeve 300 is designed 10 be used with any type of annular blow
out preventer (BOP) in common use and is size can be adjusted easily o fit
the most common BOP configurations used on land and fixed ofishore drilling
instaliations in the nominal size designated as 13 5/8 ineh BOP and for floating
offshore driling instaliztions in the nomingl size designaled as 18 3/4 inch
BOF. This will bes described further below.

By making the siseve 304 from elastomeric material similar o BOP
glastomerts slements with fop and bolom support pistes 302 sz shown
Figures 6a, Bb, and 8¢, the siripping sleeve 300 can be hald by any of the
gommon voes of annular BOP.

The stripping sleeve 300 may, for example be used in conjunction with a
wedge type annular BOP such as the one described above in relation to US
2,609,836 and shown in Figures 1, 2a and 2b. Figures 7a and 7b each show a
schematic illustration of the stripping sleeve 300 in use in such a BOP 10,
these figures showing only a section of drill string 32, and one side of the
packing unit 16 of the BOP 10, along with the corresponding section of
stripping sleeve 300, Figure 7a shows the BOP 10 in its apan position, whiist
Figure 7b shows the BOP 10 in is dosed position with the packing unit 14
activated so that i engages wilth the elastomenic slesve 304 of the stripping

13 H12878W0
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sieave 300 and pushes the elasiomeric slesve 304 into sesling engagement
with the dill string 32. This makes the siripping slesve an ‘aclive’ ivpe of
stripping sleeve meaning that force has o be applisd to restrict the inner
diameter of the stripping sleeve as opposed o ‘passive’ which relies on the
natural slasticily of the elastomeric stripping siesve along with wellbore
pressure (o press the sieeve into a sealing engagement with drill airing 32.

Ag the packing unit 18 is driven in g horizonts] annular motion {0 the closed
position as shown in Figurs 7o, the elastomeric annudar body 18 of the packing
unit 18 compressss and reduces in internal diameter, until it comntacts the
slasiomeric siseve 304 of the siripping sleeve 300, Then, as mors force is
appiied, the stripping sleeve 300 is constricted in internal diameter until &
engages with around the drill string 32 effecting a seal. The iower matal
fingers 30b and upper matal fingers 30a associated with the packing unit 18
jined by the metal siabllising plate move in o dose any extrusion gap of the
stastomeric body 18 of the packing unit. #t should be noted that in this position
ihe elastomeric bady 18 of the packing unit 18 I8 in & far less sressad siste

than as shown for usual operation which is depicted in Figure 28,

n Figures 7a and 7b, the drill string 32 is depicied with the stripping slesve
300 and packing unit 16 opposite a ool joint, La. an incregsed outer dismater
portion of drilf string, to show that, with the BOP 10 not activeted Le. in iis open
position, the stripping siesve 300 is completely ciaar of the maximum outer
dhameter of the drill string 22

The annular reinforcing ridges 3006 within the stripping sleeve 300 will keep the
tower and upper portion of the stripping sieeve 300 at 8 constant diameterto
pravent extrusion of the stripping slesve 300 past the packing unlt 16, as
pressure s resisted from below or above. In this way the packing unif 18 may
be designed for the combined application with the stripping slesve 300 o
ansurg that extrusion cannat ccour under pressure by ensuring that the upner
metal fingsrs 30a and lower metal fingers 30b overlap the reinforcing ridges
308 sufficiently.

14 H12878W0
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The stripping sleeve 300 may also be used in conjunction with a spherical tvpe
annutar BOP 110 as flustrated in Figures 8a 8, 8¢, and 8d. These show the
siripping sieeve 300 opposite the elastomeric body 118 with the packing unit
118 in open position with no running tool shown. The strioping slesve 300 is
again depicied opposite a ool joint of g drilf siring 32 10 show that with the
BOP 110 not actuated, that the stripping sleeve 300 is compistely clear of the
mgximum outer diameter of the drill string 32 which is typical of an ‘active’
system as described earlier. Figure 8z i not an opearational figure. i is merely
shown 1o depict the proportionality of the components in g non-active state.

Figure 8b shows the spherical annular BOP 110 slightly actuated to hold the
stripping sheeve 300 in 8 working position. This would be the typical position
when moving tubular in and cut of the well bore without pressure i.e. tripping
as opposed 1o stripping.

Figure 8¢ shows the stripping element 300 in active working mods with
sufficient prassure applied to sesl around the drill siring 32 in the vicinity of &
ool joint, Typically encugh hydraulic pressure will be applied to the hydradic
chamber of the BOPF 110 o force the slestomeric body 118 against the
stripping sleeve 300 (o effect 8 seal over the whols range of movement
required o handie the variance In outer diameter of the drill string 32 being
stripped. This is shown in Figure 8d, where the ool joint has almost passed
through the siripping sleeve 300 and the seal is continuously effecied around
the ouler diameter of the drill string 32, The variation in hydraulic pressure to
make this a smooth operation is achieved by having buffer volumes of
compressed gas (accurruiators) in contact with the hydravhs fluid supply for
the spharical annular BOP 110, This ype of gysterm s in common use when
using prior art annuiar BOPs for stripping without a stripping sleeve 300
acoording o nvention,

Refarring now to Figura 8g, thers 1s shown a wross-sectional view of the typical
stripping sieave dimension when used in use on an offshore flosting
instaligtion with nominal € 5/8 inch drifipipe and 2 21 inch riser with 18 3% inch

15 H12878W0
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BOP. This s the most commaen configuration in use today on floating drilling

insialistions.

It contrast, Figure 8b shows a cross-sectional view of the typical siripping
slegve dimansion when 0 use on 2 fixed instaliglion with nominal 8 inch
driiipipe and 13 54 inch BOP. This is the most common configuration in use

today for offshore fixed installations and larger welibores on land.

The stripping slesvas described in this patent application can be used in sither
application, and the dimensions are shown by way of exampls Tor lusirative
purposes only and do not restrict the scope of the invention. The purpose s to
demonsirate technical viability of the concept across various diameters of

wellbore i common use.

it will be seen from these figures that the intermal diameter of the stripping
stegves is stightly more than the outer diameter of the tool loint Deing used.
The drill strings 32 have a smaller auter diameter over the main body of the
dritl string 32, This demonsirates active compatibility in that in the relaxed state
the siripping sleeve is not constralning the tubular,

The stripping slgave 300 maximum outer diameter is lass than the minimum
diameter of the bore of the wellbors system, in this example giving a
circurrdgrential clearance of 0.5 inches, and the outer diameter is also beiow
the clgarance bore {(nof shown) of the welibare gystem. This ensures that i
can be delivered o any point in the wealibore sysiem.

Taking into account all the dimensions shown in Figures 8a and 8b, i can be
sean that the stripping sleave has enough thickness {0 act a5 & wearsgbis #em
during operationat use. The clearance gives encugh afiowances for an upset on
the top and battom flanges o prevent extrusion of the stripping sieeve 300
rast the packing unit 16/ 118 when in use.

Referring now to Figures 108 and 10b, there is shown a sami-cross-seclional
view of & sub based runningfretrieval tool 400 designed fo be installed

16 H12878W0



WO 2011/128690 PCT/GB2011/056737

10

15

20

25

30

hebwaen two tubulars. K15 shown with 2 stripping siesve 300 assembled on it
The sub 401 is of the same outer diameter as the ool joints for the twbular
system and is connacied by the same thread system 402 as the tubular
system. it has an upper flangs 404 whose guler diamster s sguivalent to the
clearance dismeter of that welibore system. This snsures that the stripping
sieave 300, whose outer diameter i3 less than the clearance diameter and by
default less than the Hange ocuter diameler can be delivered into position
cpposite the annular BOP packing units 16, 118 in an  undisturbed,
undamaged and centralised mannear. The sub 401 has a generally oyiindrical
Body with fingers 408 running along the exterior surface of the bhody generally
paraiiel to its longitudingl axis, and these give an upsst slightly larger than the
inner diameter of the siripping sieeve 300. This can be seen more dearly in
figure 10b which shows that there are six fingers 408 in this embodiment of
running / retriaval ool 400, The stripping sieave 300 is placed sround the
cylindrical body of the teol 400 3o that the fingers 408 cause the glastomeric
gieeve 304 of the stripping sleeve o deform slightly. This causes the siripping
slaeve 30010 be relained on the running / retrieval ool 400 in an inlerference
fit firmly for instaligtion and retrieval of the siripping steavs 300,

Figure 10c is 3 semi-cross-sections! view of an alisrnative embodiment of
runming/retrieval ool 4007, This embodiment of running / refrieval ool 400" is
designed to be instalied on the main body of 3 drill string 32 or other twbular.
iz shown without the siripping siseve 300 instailled and figure 10d gives a plan
view. 18 made in two halves held {ogether by bolls 408 or olher suitable
fastener, and the two halves are placed around the drifl string 32 before baing
securad together. The drill siring 32 is therefore clamped belween the two
halves of the tool 4007 The tool 400 has an annular upper flange 404', a
generally oylindrica!l fubular mein body 401 which has the same ouler
diameter a3 the twbular tool joints and longitudinally extending fingers 408
which are the same dimensions as in the previous sub hased ool 400, The
siripping steeve 300 s mountad over the main body 407 with the fingsrs 408
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gripping the alastomeric sleeve 304 of the stripping sleeve 300 in an

interference it as in the pravious embediment of running / refrieval tool 400

With these tools 400, 400, stripping slseves 300 can easily be installed by
olacing the tool 400, 400" with a siripping stesve 300 opposite the BOP 10, 11,
closing the BOP 10 110 o 3 predetermined siroke so that the packing unit 18,
118 grips the elastomeric sleeve 304 of the stripping sieave 300, and then
withdrawing the tool 400, 4007, Removal is in much the same way or
siternatively as the drill bit is brought to surface it or the typically larger outer
diameter of the lower drilling assembily can be used 1o bring it to surface after

relaxing the annular.

Those having a basic understanding of the process will appreciate that the
stripping sleeve may be relocated to different areas, volumes, or locations,
based upon design constraints, without departing from the scope of the
present invention. As well, those having a basic understanding of the process
will appreciate thal the number of units of siripping slseve may vary, beginning
with at least one unit, without departing from the scope of the present
invantion,

As discussed sbove in relatlion 1o figures 72 and 7b, 2 stripping sieeve iIn
accordance with the nvention may be used in relation b & wadge type annular
BOF 10 in addition 10 a spherical BOP 114, Figure 11a shows a culaway
assembly consisting of two wedge lype annular BOPs 10, The conventional
design of such BOPs 10 allows them easily 1o be bolied fogether as shown. A
first fluid flow line 38 i3 provided that aliows supply of fluikd betwsen the two
250Ps 10, An exit path Tor the fluid is provided by 2 second fluid fiow ling 38,
The fluld circuit is described further below. Both BOPs 10 are shown with a
surge bollle 44, The use of surge bottles for stripping operations is well
understood by thase skilled in the ant of stripping. Surge bollies 40 are ususlly
filied with a compressible meadium such a2s Nirogen gas and they serve io
sitow the pistons 24 (o move when g larger diamster tubular section 2.9, a ool
oint moves through the annular pushing oul the packing unit 18 forcing the
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piston 24 down. With constant hydraulic fluld pressure applisd from the surge
botltie 40 via ling 42 through port 22, this festure allows & variable diameter
tubudar to be stripped through while keeping a constant force on the pistons
24,

in figure 11b, a dual stripper sleeve assembly 300" is shown consisting of wo
stripping siesves 300 interconnected by a rigid tubular 308 which is provided
with holes 310, This assembly 3007 allows two siripping sleeves 300 o be
instalied in the dual BOP assembiy shown in Figure 11a with the correct
spacing to put the two siripping sleeves 300 in the correct position for the
packing units 18 i engage the sleeves 300 simultaneously as shown in figure
12a. For olarity this doss not show a running ool

in figure 13b, the pistong 24 of the BOPs 10 have moved up, pushing in the
packing unils 16 and engaging the lower fingers 300 and upper fingers 30a
between the annular support piates 302 of the stripping sieeves 300,
affectively locking the dual stripping assembly 300 in place. Figures 12¢ and
12d show sequentislly g ool joint moving down through the sysism (o
demonstrate that tool-joint s only soross one of the BOPs st any given time in
ihe stripping sequance.

By keeping a pressure in the space between the BOPs through line 36 the
pressure drop acoss the stripping slegve assembly 300" can be staged
betwaen the siripping slements 300, thus assisting in providing two reliable
barrigrs ai all times. For example, if the walibore pressure s 1000 psi then one
stripping stegve 300 would have a differential of 1000 psi acrogs & With two
stripping sieeves 300 exposed o 500 psi between the BOPs 10, each stripping
siseve 00 will only be exposed to 500 psi differential. it nas been found that
lower rates of wear of the sealing element of & BOP are experienced with
lower wall pressures, and so this staging of the pressure across the stripping

sieaves 300 may enhance the longevity of the stripping slesves 300.
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in Flgure 13 a fluld clreult is disciosed © enable s conslant pressurs to be held
betwesan the two BOPs 14, The fluid can be water or oll hased or other suiiable
fluid compatible with the driliing fuld being used. The intent ofthe system s o
provide g constant fluid pressure between the hwo BOFs 10, For the purposes
of this diszussion i is assumed the two pistons 24 are foresd closed sngaging
the stripping steeves 300 around the drill string 32 ag previocusly explained.

A Huid ressrvolr 44 supplies Huid o a pump 48 which pumps fluid under
prassure through & first flow meter 48 down the fiuid flow line 38 o the space
netween the two BOPs 10 via a check vailve B0, The fiuid exits via iine 38
through 8 second flow meter 52 and a backpressure device 54 such as 3
choke, adjustable choke or valve, After leaving the backpressure davice 54 the
fiuid is taken o an atmospheric separator 56 that allows safe venting of any
gas from wellbore B8 that may have bypassed the lower siripping sleeve 300
{not shown). The gas is vented through a vent Hineg 682 to g safe venting area.
Fluld car exit the separaior from an autlel and is refumed o the fuid reservolr
44 vig return ling B4, The fluid regervoir can have a level device 86 or other
means of verifying the fluld level and thersfore the volume of Huid in the fluig
reservoir 44, The reservolr 44 can be repienished from an extermnal source {(not
shown},

With this fluid circuit 2 constant pressure can be held between the BOPs. With
the in and out mefering capability, any fluid jogs from the sysiem across the
stripping stesves can be verified and any fiuid gain by wellbore fluids
bypassing the lower stripping sleeve 300 can be verifisd, Buch & system
orovides a high degres of safety for the operation as a failure of the lower
stripping slesve 300 zan be safely contained by the choking sffect of the
backpressure device 54,

it will be appreciated that a dual stripping sleeve assembly 308 fllustrated in
Figure 11b could egually well be used in an assembly of spherical BOPs 110,

as could the fuid flow circul! lustrated in Figure 13,
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Referring now to Figure 14, this shows an alternative configuration of dual
stripping sleeve 500 which comprises a support framework 502, which is
formed in three parts which are, in a preferred embodiment of the invention,
fabricated from a steei. The first part 502a is uppermost when the stripping
sleeve 500 is in use, mounted in a BOP stack 800 as shown in Figure 15, and
comprises an annular collar with a lip extended radially inwardly from the
lowermost end of the collar, the lip being inclined fowards the lowermost end
of the sealing assembly at an angle of around 45° to the longitudinal axis A of
the BOP stack 600. The inclined lip has at its radially inward edge an edge
portion with a surface which lies in a plane generally normal to the longitudinal
axis A of the BOP stack 600 and which faces the second part 502a of the
support frame 502.

The second part 502b is below the first part 502a and comprises a tubular wall
with a generally circular cross-section, having at both its uppermost and
lowermost ends a radially inwaraly extending lip. Both lips are inclined at an
angle of around 45° to the longitudinal axis A of the BOP stack 600 away from
the tubular wall. The uppermost lip is therefore inclined towards the first part
502a of the support frame, whilst the lowermost lip is inclined towards a third,
lowermost, part 502c of the support frame 502. The inclined lips at the
uppermost and lowermost ends of the second part 502b have at their radially
inward edge an edge portion with a surface which lies in a plane generally
normal to the longitudinal axis A of the BOP stack 600 and which face the first
part 502b of the support frame 502, and the third part 502c of the support
frame 502 respectively.

The lowermost part 502¢ of the support frame 502 also comprises a tubular
wall which has a generally circular transverse cross-section, with a radially
inwardly extending lip at its uppermost end. The lip is also inclined at around
45° to the longitudinal axis A of the BOP stack 600 away from the tubular wall
and towards the second part 502b of the support frame 502. The inclined lip
aiso has at its radially inward edge an edge portion with 2 surface which lies in
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a plane generally normal to the longitudinal axis A of the BOP stack 600 and
faces towards the second part 502b of the support frame 502.

Between the first 502a and second 502b parts of the support frame 502 is
located a seal which in this embodiment of the invention comprises a seal
packing element 504, and a seal, in this example comprising a first sealing
element 506 and a second sealing element 508. The seal packing element
504 and the sealing elements 506, 508 together form a {ube with a generaily
circular transverse cross-section. The seal packing element 504 forms the
radially outermost surface of the tube, the second sealing element 508 forms
the radially innermost surface of the tube, with the first sealing element 506
being sandwiched between the two. The length of the seal packing element
504 increases from its radially innermost portion to its radially outermost
portion, with the seal elements 506, 508 being just slightly shorter than the
radially innermost portion of the seal packing element 504. The ends of seal
packing element 504 thus engage with the inclined face of the adjacent lips of
the first 502a and second 502b parts of the support frame 502, with the seal
elements 506, 508 being sandwiched between the edge portions.

A substantially identica! seal is provided between the second 502b and third
502c parts of the support frame 502.

Four assembly clamps 510 are provided, to connect the support frame to the
seals, a first assembly clamp 510a connecting the first part 502a of the support
frame 502 to the uppermost end of the uppermost seal, a second assembly
clamp 510b connecting the uppermost end of the second part 502b of the
support frame 502 to the lowermost end of the uppermost seal, a third
assembly clamp 510c connecting the lowermost end of the second part 502b
of the support frame 502 to the uppermost end of the lowermost seal, and a
fourth assembly clamp 510d connecting the third part 502c of the support

frame 502 to the lowermost end of the lowermost seal.
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In this embodiment of the invention, each assembly clamp 510 is a ring with a
C-shaped transverse cross-section. A first portion of the ciamp 510 is located
in a circumferential groove in the radially outermost face of the respective
support frame 502 part whilst a second portion of the clamp 510 is located in a
circumferential groove in the radially outermost face of the respective seal
packing element 504, the clamp 510 thus spanning the join between the
support frame 502 and the seal.

This embodiment of duat stripping sleeve 500 is shown in Figure 15 located in
the generally central bore or passage of a BOP stack 600 comprising three
spherical annular BOPs 110a, 110b, 110c similar to the spherical annular BOP
110 dlusirated in Figure 3. The uppermost seal of the dual stripping sleeve
500 adjacent the packing element 116a of the uppermost BOP 110a, and the
lowermost seal adjacent the packing element 116b of the middle BOP 110b,
the first part of the support frame 502 engaging with the uppermost housing
128z of the uppermost BOP 110z, the second part of the support frame 502
engaging with a first combined housing part comprising the lowermost housing
112a of the uppermost BOP 110a and the uppermost housing 128b of the
middle BOP 110b, and the third part 502c of the support frame 502 engaging
with a second combined housing part comprising the lowermost housing 112b
of the middie BOP 110b and the uppermost housing 128c¢ of the lowermost
BOP 110c.

When the pistons 124a, 124b of the uppermost BOP 110a and the middie
BOP 110b move to the active position, each packing element 116a, 116b is
compressed around and engages with the radially outermost surface of the
adjacent seal packing element 504. This compresses the seal, and, when a
drill string is present in the BOP stack 600, causes each seal to close tight, like
a sphincter, around the drill string. When the BOP stack 600 is mounted in a
riser, the engagement of the seal with the drill string, the packing elements
116a, 116b with the seal, and the packing elements 116a, 116b with the
housing 128a, 128b substantially prevents flow of fluid along the annular
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space between the BOP housing and the drill string. As such, the riser
annulus is closed by the movement of the piston 124a, 124b of either of the
uppermost BOP 110a or middie BOP 110b to the active position.

In this embodiment, the stripping sleeve 500 does not extend into the
lowermost BOP 110c in the stack 600, so when activated by movement of the
pistons 124a, 124b as described above, the packing element 116¢ of the
lowermost BOP 110c seals around the drill string without there being an
intervening seal. This means that when either or both of the seal elements
506, 508 in the stripping sleeve 500 wear out, the stripping sleeve 500 can be
removed from the BOP stack 600 and replaced with a new stripping sleeve
500, whilst the lowermost BOP 110c maintains pressure in the annulus. |t
should also be noted that the packing element 116¢ in at least the lowermost
BOP 110c can be activated to fully close the generally centrai bore or passage
of the BOP stack 600 without there being a drill string or any other component
in the generally central bore or passage of the BOP stack. The same may be
true either of the other two BOPs 110a, 110b, although in normal use, they
would not be required to do this as the stripping sleeve 500 is usually in place.

In this embodiment of stripping sleeve 500, the two tubular walls are provided
with an array of slots which extend generally paralle! to the longitudinal axis A
of the BOP stack 600. Hydraulic ports (not shown) are provided through the
housing connecting these slots to the exterior of the housing so that, in use,
iubricant may be circulated through these ports info the generally central bore
or passage of the stripping assembly 500 between the two seals, and between
the lowermost seal of the stripping sleeve 500 and the lowermost packing
element 116¢ of the BOP stack 600. It will be appreciated that, by virtue of the
supply of lubricant to these regions, the lubricant may assist in reducing the
frictional forces between the seal elements 508, 508 / packing element 116

and the drill string when closed around a drili string.

In this embodiment of the invention, movement of the stripping sleeve 500
relative to the BOP stack 600 is substantially prevented by means of a plurality

24 Hi2878W0



WO 2011/128690 PCT/GB2011/050737

10

i5

20

25

30

of hydraulically actuated locking dogs 512a, 512b. In this embodiment of the
invention, two sets of locking dogs 512a, 512b are provided - an upper set
512a, which is located in the uppermost housing 128a of the uppermost BOP
110a, and a lower set 512b, which is located in the second combined housing
part between the middie BOP 110b and the lowermost BOP 110c. It should be
appreciated that the locking dogs 512a, 512b need not be in exactly those
iocations. Also in this embodiment of the invention, each set 512a, 512b
comprises a plurality of locking dogs which are located in an array of apertures
around a circumference of the housing.

A radially outward end of each locking dog 512a, 512c is provided with an
actuating stem which extends into a hydraulic connector mounted in an
aperture at the exterior surface of the housing. Sealing devices are provided
between the hydraulic connector and the housing and between the hydraulic
connector and the stem, so that the hydraulic connector and stem form a
piston and cyiinder arrangement. The locking dog 521a, 512b may therefore
be pushed into a locking position in which a radially inward end of the locking
dog 512a, 512b extends into the generally central bore or passage of the BOP
stack 600 by the supply of pressurised fluid fo the hydraulic connector.

The stripping sleeve 500 is dropped or lowered in the in the uppermost end of
the BOP stack 600 with the uppermost set of locking dogs 512a retracted into
the housing whilst the lowermost set of locking dogs 56 are in the locking
position. The stripping sleeve 500 thus comes to rest with its lowermost end in
engagement with the lowermost locking dogs 512b. Once the stripping sleeve
42 is in this position, hydraulic fluid is supplied to the uppermost hydraulic
connectors to push the uppermost locking dogs 512a into the locking position
in which their radially inward ends extend into the generally central bore or
passage of the housing. The stripping sleeve 500 is positioned such that
when the locking dogs 512a, 512b are in the locking position it lies between
the two sets of locking dogs 512a, 512b, and an end of the stripping sleeve
500 engages with each set of locking dogs 521a, 512b. By virtue of this,
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longitudinal movement of the stripping sieeve 500 in the BOP stack 600 is
prevented, or at least significantly restricted.

It should be appreciated that a drill string extending through a BOP or BOP
stack may rotate relative to the BOP stack during drilling, and that there may
also be ftranslational movement of the drill string generally parallel to the
longitudinal axis A of the BOP stack, for example during stripping or tripping
operations, or, where the drill siring is suspended from a floating drilling rig,
due to movement of the drilling rig with the swell of the ocean. When a seal is
pushed into engagement with the drill string as described above, this relative
movement will cause wear of the seal. The materials from which the
elastomeric seal 304 or seal elements 506, 508 of the stripping sleeves 300,
500 are constructed are selected to reduce wear of the seal and heating
effects due to frictional forces between these elements and the drill string.

In particular, in the first embodiment of stripping sleeve 300 described above
and illustrated in Figures 6a, 6b, and 6c¢, the elastomeric sleeve 304 may be
made from polyurethane or hydrogenated nitrile butadiene rubber.

Alternatively, in one embodiment of the stripping sleeve 500 illustrated in
Figure 14, the second sealing element 508, which is in contact with the drill
string, may be a polymeric material selected to provide such properties whitst
having the mechanical integrity to provide an effective seal. The polymeric
sealing element 508 may be made from polytetrafluoroethylene (PTFE) or a
PTFE based polymer. To provide the seal with this necessary resilience to
move out of engagement with the drill string when pressure from the packing
elements 116a, 116b of the adjacent BOP 110a, 110b is released, there is a
further sea! element, namely the first seal element 5086 which is made from an
elastomeric material. The elastomeric sealing element 66 may be made from
polyurethane or hydrogenated nitrile butadiene rubber.

Whilst in the elastomeric sealing element 506 and the polymeric sealing
element 508 may be fabricated as separate tubes and placed in mechanical
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engagement with one another, or they may be co-moulded to form a single
part. in one embodiment of seal, the polymeric seal 508 includes a plurality of
apertures (preferably radially extending apertures), and the elastomeric
sealing element 506 is cast or moulded onto the polymeric seal 508 so that the

elastomer extends into, and preferably substantially fills these apertures.

White the invention has been described with respedct 1o a limited number of
smbodiments, those with extensive experience in well contro! operations, and
having benafit of this disclosure, will appreciate that other embodiments may
be devised which do not depart from the scope of the invention as disclosed
herein. Accordingly, the scope of the invention should be Hmited only by the
attached claims.
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CLAIMS

1. A blowout preventer assembly comprising an annular blow out
preventer having an annular packing unit and an actuator operable to reduce
the internal diameter of the annular packing unit, the assembly further
comprising a stripping sleeve having a tubular elastomeric sleeve which in use
is positioned generally centrally of the packing unit so that the packing unit
surrounds at least a portion of the elastomeric sleeve, characterized in that the
actuator comprises a piston movable generally parallel to the longitudinal axis
of the blowout preventer by the supply of pressurised fluid to the annular blow

out preventer.

2. A Dblowout preventer assembly according to any preceding claim
wherein the stripping sleeve further comprises two annular support parts, the

elastomeric sleeve being positioned between the two support parts.

3. A blowout preventer assembly according to claim 2 wherein the outer
diameter of each of the support parts is greater than the outer diameter of the

elastomeric sleeve,

4, A blowout preventer assembly according to claim 3 wherein the annular
packing unit comprises an elastomeric body and at least one generally rigid
insert, the insert lying at least partially between the two annular support parts

when the annuiar packing unit engages with the elastomeric sleeve.

5. A blowout preventer assembly according to claim 4 wherein the annular
packing unit comprises first and second generally rigid inserts, the elastomeric
body lying between the first and second inserts and the first insert being at a

first end of the annular packing unit adjacent to one of the support
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parts and the second insert being at a second end of the annular packing unit
adjacent to the other of the support parts, both inserts lying at least partiaity
between the two support parts when the packing unit is engaged with the

elastomeric sleeve.

6. A blowout preventer assembly according to any one of claims 2 to 5
wherein the inner diameter each of the support parts is substantially the same

as the inner diameter of the elastomeric sleeve.

7. A blowout preventer assembly according fo any one of claims 2 to 8
wherein each support part is provided with a circular ridge which extends into

an end of the elastomeric sleeve.

8. A blowout preventer assembly according to any preceding claim
wherein the maximum outer diameter of the siripping sleeve is less than the
inner diameter of the annular packing unit when the packing unit is not being

acted on by the actuator.

9. A blowout preventer assembly according to any preceding claim
wherein the stripping sleeve further comprises a polymeric sealing element

which is arranged radially inwardly of the elastomeric sleeve,
10. A blowout preventer assembly according to claim 9 wherein the

polymeric sealing element contains a piurality of apertures into which the

elastomeric sleeve extends.
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