
1111111111111111111111 *159159* Pipe Sealing Field of the Invention
This invention relates to pipe sealing and, in particular, but not
exclusively, to an 5apparatus and method for sealing a damaged section,
defect or penetration in a subsea pipe, pipeline or the like. Background to
the Invention In many industries, pipes or pipelines are utilised to
transport fluid over 10  distance. For example, in the oil and gas industry
there is a need to transport fluid over great distances, often over largely
inaccessible terrain, in deep water or in other subsea environments.
In the event of damage to a section of pipe, the importance of sealing the
pipe in order to obviate or mitigate loss of fluid will be readily
understood. 15One repair option involves installing a repair clamp on the
pipe outer diameter. Traditionally, this may take the form of a split
sleeve bolted clamp with compression flanges at either end to provide a
seal to the pipe outer diameter. A taper lock grip may optionally be
provided often using the same compression flanges. As many subsea pipelines
are of relatively large diameter and transport fluid at 20  high pressure,
repair clamps such as described above, are typically large and heavy and
involve materials and manufacturing processes which result in significant
lead times.        Two traditional construction methods for the manufacture
of repair clamps are ring forging and fabrication. Ring forging requires a
very large billet of material which 25typically requires significant
machining. Both the materials sourcing and manufacture result in a
significant lead time.        Fabricated clamps involve simpler
manufacturing processes and may use more readily available materials such
as plate and pipe. Nevertheless, fabricating a clamp involves large
structural welds which must be capable of resisting the full separation 30
load and maintaining the rigidity of the clamp. Large structural welds
often result in a degree of distortion and require additional machining and
post weld heat treatment processes to be carried out, such that fabricated
clamps will also involve a significant lead time.             In addition,
due to the inaccessibility of many subsea pipelines, remotely 35operated
vehicles (ROV's) are required to deploy and operate the clamps. As such,
consideration must be given during the design and manufacture of such
clamps in 



11111111111111111111111111111111111 *G00002*  2 order that they are
suitable for ROV use. By way of example, when converting a split sleeve
clamp for ROV operation, sacrificial bolt tensioners may be provided to
operate the bolting, as a result of which a separate mechanism is required
to lock in the bolt pre-tension and permit the hydraulic supply to be
detached. 5 Summary of the Invention        According to a first aspect of
the present invention, there is provided a sealing apparatus for use in
sealing a pipe, the apparatus comprising: a sealing membrane adapted to
engage a pipe; 10first and second retaining members configured for location
about the sealing membrane; and        a closure member for securing the
first and second retaining members together to retain sealing engagement
between the sealing membrane and the pipe. Each retaining member may
comprise at least one plate, and in particular 15embodiments each retaining
member may comprise a plurality of plates.        In use, the sealing
membrane may be adapted for location about the outer surface of a section
of a pipe, for example a damaged section of pipe or pipe section having a
defect or penetration. The retaining members may be positioned around the
sealing membrane, in opposing relationship to each other. The sealing
membrane may 20  be configured to resist axial loads applied to the sealing
membrane, for example tensile and/or compressive forces generated by
expansion and contraction of the pipe. The retaining members may be
configured to resist radial loads applied to the sealing membrane which may
otherwise result in the loss of sealing integrity between the sealing
membrane and the pipe. 25Thus, an apparatus according to embodiments of the
present invention may comprise retaining members configurable to provide a
load resisting structure which is capable of maintaining sealing engagement
between the sealing membrane and the pipe but which does not require
structural welding to the sealing membrane. Accordingly, lead times in
manufacture of the apparatus may be significantly reduced in 30  comparison
to traditional clamp arrangements. In some embodiments, the retaining
members may be secured to the sealing membrane by a securement, such as a
small stitch weld or the like. However, the arrangement and construction of
embodiments of the present invention may mean that the securement or weld
may be of a relatively small size which does not generate distortion or
require additional machining or heat 35treatment processes to be carried
out, significantly reducing lead time. In addition, as the securement or
weld does not need to support high loads, these being carried by the 



3 retaining members, securement may be provided rapidly, further reducing
lead time. The sealing membrane may be of any suitable construction.
In particular embodiments, the sealing membrane may comprise a split collar
having first and second sealing membrane portions. In use, the sealing
membrane 5portions may be provided about the pipe in opposing relationship
to each other.        The sealing membrane may be of any suitable shape to
facilitate engagement with the pipe. For example, for circular cross
section pipe, the sealing membrane may comprise a split cylinder having
hemi-cylindrical sealing membrane portions. The provision of a split collar
arrangement facilitates location of the sealing  10 membrane at any
location along the length of the pipe without requiring a section of the
pipe to be cut.        The sealing membrane may be comprised of any
suitable material capable of facilitating sealing engagement with the pipe.
In some embodiments, the sealing membrane may comprise a metallic material,
alloy or the like. In other embodiments,  15 the sealing membrane may
comprise a non-metallic material, including for example a plastic material,
polymeric material, ceramic material or composite material.        The
retaining members may be of any suitable construction and may be comprised
of any suitable material. In particular embodiments, the plates may be
arranged in a substantially transverse or perpendicular direction with
respect to a  20 longitudinal axis of the sealing membrane, which may also
be the longitudinal axis of the pipe. Beneficially, a transverse plate
arrangement gains the maximum strength from the plate structure as this
provides for efficient transfer of forces from the pipe to the plates Each
plate may be formed so as to directly engage with the sealing membrane.  25
In particular embodiments, each plate may comprise a cut-out portion having
an inner dimension, for example a radius, corresponding to an outer
dimension, such as outside radius, of the sealing membrane. In use,
internal pressure forces acting on the sealing membrane may thus be
transferred directly to the plates. Accordingly, the closure member alone
may be used to secure the plates to the sealing membrane. 30The closure
member may be of any suitable form or construction.        In some
embodiments, closure and pre-tension in the axial split line may be
provided by bolts. For example, the closure member may comprise one or more
flange secured to each of the retaining members, each flange configured to
receive one or a plurality of bolts for securing the retaining members
together. In use, the bolts may be 35configured for manual tightening.
Alternatively, the bolts may be configurable so as to be tightened using a
bolt tensioner, locally or remotely operated.  4        Alternatively, or
additionally, the closure member may comprise a tension member. The tension
member may, for example, comprise one or more pivot arm adapted for
location between the plates of the retaining member. The, or each, tension
member may be rotationally mounted to one of the retaining members and
configurable 



5to engage the other of the retaining members to secure the retaining
members together. In a preferred embodiment, the tension members may be
square or rectangular in section. Beneficially, the use of square or
rectangular section tension members provides for maximum tensile area
adjacent to an interface or split line between the 10sealing membrane
portions. The apparatus may further comprise a pipe interface arrangement
provided between the sealing membrane and the pipe. The pipe interface
arrangement may be of any suitable form for providing sealing engagement
between the sealing membrane and the pipe. 15The pipe interface arrangement
may comprise an axial face seal. The axial face seal may comprise one or
two seals provided in grooves with the mating surface being smooth. The
seals may comprise o-rings seals, although d-seals, copper tube, graphite,
or other suitable seals known to the person skilled in the art may be used
where appropriate. The seals may comprise compression seals, grout, lips
seals and 20the like. While conventional seals may generally work well
where a pre-tension is provided to maintain closure across all the seals,
there remains the possibility of leakage past the seals as a result of
bending moments between the internal pressure separation load and the bolt
pre-tension or pre-load. 25The pipe interface arrangement according to
particular embodiments of the present invention may further comprise a step
outboard of each seal which corresponds to an opposing step on the mating
face. In use, in the event of separation of the mating faces, the steps
will remain engaged, thereby permitting the required 



extrusion gap to be maintained while preventing leakage past the seals.
30In preferred embodiments, the pipe interface arrangement comprises
inboard and outboard seal elements adapted for location between the sealing
membrane and the pipe wall. The seal elements may be of any suitable form
or construction. The seal elements may, for example, comprise elastomeric
seal elements or compression seals. The pipe interface arrangement may
further comprise a lock adapted for 35location between the seal element and
the pipe, the lock configured to retain the sealing membrane relative the
pipe and to maintain sealing pressure on the seals of  5 the pipe interface
arrangement. The lock may be of any suitable form or construction. In
particular embodiments, the lock may comprise inboard and outboard lock
elements. The lock elements may comprise taper locks. Beneficially, pipe
interface arrangements according to embodiments of the 5  present invention
remove the need for a secondary bolt tensioning lock as may otherwise be
required with conventional arrangements and are therefore particularly
advantageous in subsea deployments.        It has been discovered that one
failure mode for traditional clamps is the effect of temperature on
elastomeric seals. In particular, it has been found that relatively high 10
temperatures cause the seal elements to expand and extrude into design
clearances. When the temperature lowers again, however, the seal may not
recover fully resulting a leak path for fluid.        The pipe interface
arrangement according to particular embodiments of the present invention
may further comprise a resilient member adapted for location 15  between
the seal elements. In use, the resilient member is adapted to maintain a
load force on the seals while permitting temperature induced expansion. The
resilient member may comprise a spring element provided between a seal
annulus ring, which location of the spring element in the annulus between
the seal elements ensures that it can be kept isolated, for example from
pipeline product and/or seawater. In use, once 20  a clamp installation
annulus test is complete, the void may be filled with inert fluid to
protect the resilient member.         The apparatus may comprise a
plurality of pipe interface arrangements, for example located at respective
ends of the sealing membrane, thereby providing an isolated region around
the pipe. 25According to a further aspect of the present invention there is
provided a method of sealing a pipe, the method comprising:
providing a sealing membrane and engaging the sealing membrane with a pipe
to be sealed; 



locating first and second retaining members about the sealing membrane; and
30  providing a closure member for securing the first and second retaining
members together to retain sealing engagement between the sealing membrane
and the pipe.        Each retaining member may comprise at least one plate,
and in particular embodiments each retaining member may comprise a
plurality of plates. 35According to a further aspect of the present
invention there is provided a method of manufacturing a sealing apparatus,
comprising:  6 providing a sealing membrane;        providing a plurality
of retaining members for securing the sealing membrane to a pipe; and
providing a closure member for securing the first and second retaining
5members together to retain sealing engagement between the sealing membrane
and the pipe.        Each retaining member may comprise at least one plate,
and in particular embodiments each retaining member may comprise a
plurality of plates. Further aspects of the present invention are set forth
in the independent claims. 10 Further features are described in the
dependent claims below. It should be understood that the features defined
above in accordance with any aspect of the present invention may be
utilised, either alone or in combination with any other defined feature, in
any other aspect of the invention. 15Brief Description of the Drawings
These and other aspects of the present invention will now be described, by
way of example, with reference to the accompanying drawings, in which:
Figure 1 is a perspective view of a sealing apparatus according to an
embodiment of the present invention; 20Figure 2 is a perspective view of a
sealing apparatus according to an alternative embodiment of the present
invention, shown in an open position;        Figure 3 is a perspective view
of the apparatus of Figure 2, shown in a closed position; and
Figure 4 is a diagrammatic sectional view of a pipe interface arrangement
25according to an embodiment of the present invention. 



Detailed Description        Figure 1 shows a perspective view of a sealing
apparatus according to an embodiment of the present invention. In the
embodiment shown, the apparatus takes 30 the form of a subsea repair clamp
10. The clamp 10 comprises a sealing membrane in the form of a collar or
membrane 12 having first and second hemi-cylindrical portions 14,16. It is
envisaged that the membrane portions 14,16 may be formed from a single
section of pipe which has been split or otherwise cut to form the portions
14,16, although any suitable methods of construction or manufacture may be
employed. 35First and second retaining members 18,20 are provided in
opposing relationship to each other about the membrane 12, each of the
retaining members 18, 20 having a  7 number of axially spaced plates 22, 24
arranged generally transversely to the longitudinal axis of the respective
membrane portions 14,16. In the embodiment shown, the first and second
retaining members 18, 20 each have five spaced transverse plates 22.
However, it will be recognised that any number of plates may be 5used as
appropriate.       Each plate 22,24 is provided with a semi-circular
cut-out 26, 28 having a diameter corresponding to an outer diameter of the
respective membrane portion 14,16. In use, the cut-outs facilitate
engagement between the transverse plates 22,24 and their respective
membrane portions 14,16. 10As shown in Figure 1, two flanges 30 extend
generally perpendicularly across the upper surface of each transverse plate
22 (that is, the surface facing away from the membrane portion 14) to
secure the transverse plates 22 together to form the first retaining member
18 of the clamp 10. Similarly, two flanges 34 extend generally
perpendicularly across the lower  15 surface of each transverse plate 24
(that is, the surface facing away from the membrane portion 16) to secure
the transverse plates 24 together to form the second retaining member 20 of
the clamp.             Each of the flanges 30,34 have a number of bores 32
adapted to receive bolts (not shown) to clamp the retaining members 18, 20
together about the membrane 12,  20 and form a closure arrangement for the
clamp 10.        Referring now to Figures 2 and 3, there is shown
perspective views of a sealing apparatus, in the form of subsea repair
clamp 38, according to another embodiment of the present invention. Figure
2 shows the clamp 38 in an open position and Figure 3 shows the clamp 38 in
a closed position. 25As in the first embodiment, the clamp 38 comprises a
sealing membrane in the form of a membrane 40 having first and second
hemi-cylindrical membrane portions 42,44. Retaining members 46,48 are
provided in opposing relationship to each other about the membrane 40, each
retaining member 46, 48 having a number of spaced plates 50,52 arranged
generally transversely to a longitudinal axis of their respective  30
membrane portion 42,44. Each transverse plate 50, 52 is provided with a
semi-circular cut-out 54,56 having a diameter corresponding to the outer
diameter of the membrane portion 42,44. In use, the cut-outs 54,56
facilitate engagement between the transverse plates 50,52 and their
respective membrane portions 42,44.             In the embodiment shown in
Figures 2 and 3, the transverse plates 50 of the 35first retaining member
46 are each provided with two bores 58, 60, the function of 



which will be described below.  8        Pivot arms 62,64 are provided on
the first retaining member 46, each pivot arm 62,64 located between a pair
of the spaced transverse plates 50.        The transverse plates 50,52 and
the pivot arms 62,64 are rectangular in section where the separation load
path is applied. The rectangular section neatly fills the 5 available space
between the transverse plates 50,52 and so optimises the load bearing area,
this comparing with a round bolt which is limited in diameter to the gap
between the plates and the requirements for nut/torque equipment.
Each of the pivot arms 62,64 has a bore (not shown) at the upper end which
facilitates insertion of a hinge pin 66 through the first retaining member
46 when 10 aligned with the respective bores 58,60 in the transverse plates
50. It will be recognised that one hinge pin 66 is provided to secure the
pivot arms 62 to the transverse plates 50. Another hinge pin (not shown) is
provided to secure the pivot arms 64 to the transverse plates.
The distal end of each pivot arm 62,64 is also provided with a bore 74
through 15 which hinge pins 76 are located, permitting synchronous movement
of each of the pivot arms 62 and arms 64.         In use, the hinge pins 66
provide operational pinions permitting the arms 62,64 to pivot relative to
the retaining member 46. The pivot arms 62 are thus able to rotate about
one of the hinge pins 66 to engage a first recess portion 68 of the second
20 retaining member 48. The pivot arms 64 are able to rotate about the
other of the hinge pins 66 to engage a second recess portion 70 of the
second retaining member 48. In this way, the pivot arms 62,64 form the
closure arrangement for the clamp 38.        As shown most clearly in
Figure 2, connection between the pivot arms 62,64 and the lower retaining
member 48 is in the form of a taper wedge lock 72. The lock 72 25 takes the
form of a boss portion provided on the distal end of each of the pivot arms
62,64 and uses the mechanical advantage of a slight angle in a taper wedge
to minimise the external force required to apply closure pre-tension to the
clamp 38. This load could be applied with bolting from the sides of the
plates 50,52 or externally by an external deployment frame (not shown). In
some embodiments, the taper interface 30 may be machined with a high
friction or buttress tooth profile such that the closure will be self
locking. Accordingly, where a deployment frame is used, the frame would
only be required to provide a compressive force, for example with a
hydraulic cylinder, to pivot the arms 62,64.             It will be
recognised that the simplicity of this mechanism compared to torquing 35or
tensioning bolts offers significant cost and time savings, in particular in
the subsea environment which requires the use of remotely operated
equipment such as ROV's.  9 In addition, the deployment frame used to
engage the clamp 38 is recoverable and so can be re-used, in contrast to
conventional sacrificial mechanisms.       Referring to Figure 4, there is
shown a diagrammatic sectional view of a pipe interface arrangement 78 for
securing and sealing a clamp 80, specifically a clamp 5 membrane 82, to a
pipe 84 in accordance with an embodiment of the present invention, although
the arrangement 78 may equally be used for securing and sealing the
membrane 12 shown in Figure 1 or the membrane 40 shown in Figures 2 and 3.
Only one end of the membrane 82 is shown in the figure. However it will be
recognised that a corresponding interface arrangement may also be provided
at the other end of the 



10membrane 82 so as to provide an isolated, sealed region about the pipe
84.        The pipe interface arrangement 78 comprises inboard and outboard
taper locks 86,88 with seal assemblies 90,92 positioned there between. In
use, the inboard lock 86 (towards the clamp centre) grips the pipe 84 and
prevents movement of the pipe 84 towards the centre of the clamp 80 (left
as shown in Figure 4). The inboard lock 86 15thus prevents the pipe 84 from
failing in compression inside the clamp 80.        In this embodiment, the
lock bowl 94 of the inboard lock 86 is integral to the membrane 82 and, in
use, the inboard lock segments 96 are forced down the conical ramp 98 to
contact the pipe 84. The bore of the inboard lock segments 96 has/have a
tooth profile 100 which beds into the pipe 84 at the interface there
between. The lock 20segments 96 may also have a tooth profile 102 for
gripping the ramp 98.        The outboard lock 88 has the tapered bowl 104
which tapers in the opposite direction to that of the inboard lock 86,
preventing the pipe 84 from exiting the clamp 80. In use, the outboard lock
segments 106 are forced down the conical ramp 108 to contact the pipe 84.
As with the first lock 86, the bore of the outboard lock segments 25106
has/have a tooth profile 110 which beds into the pipe 84 at the interface
there between. The lock segments 106 may also have a tooth profile 112 for
gripping the ramp 108.        Although the inboard lock bowl 92 is shown as
fixed, hydraulic operation could alternatively allow the outboard lock bowl
104 to be fixed. 30One benefit of this system is that the volume between
the locks 86,88 is fixed, so that loads generated by seal pressure act on
both lock segments 96,106 in a manner to further energise their grip. Thus,
once the locks 86,88 are activated, they not only provide dual directional
axial restraint, but also maintain the load on the compression seal,
thereby maintaining seal pressure. 35This restraint is fixed and
independent of the actuation system once the locks 86,88 are energised.
This offers the potential for hydraulic pistons to be used for  10 setting
the seals and locks where the hydraulic pressure can be removed and
disconnected without loss of actuation load on the seals and locks. The
compressive force required to set the locks and seals could also be
beneficially supplied by an external installation tool which would not
require hydraulic disconnection. 5Referring now to the seal assemblies 90,
92, compression seals 114 and 116 are provided which are axially compressed
by applying axial load via a compression flange 118. This axial load moves
a compression ring 120 associated with the first seal 114 towards a second
compression ring 122 associated with the second seal 116, the axial
compression causing the radial expansion due to the maintenance of seal
volume 10of the seals 114,116 towards the pipe, this radial contraction
generating a seal against the pipe 84. 



The seals 114,116 are separated by a spring assembly 124, although where
elastomeric seals are used within limited temperature range, this can be a
single plate with the compression load being maintained by the elastomeric
properties of the seal. 15 If non elastomeric seals are used, for example,
graphite or PTFE seals, the spring assembly 124 will maintain a compression
load on the seals 114,116 for the life of the clamp 82. The spring assembly
124 will also accommodate elastomer volume change due to temperature
fluctuation. The spring assembly 124 comprises two rings 126 and 128 with
one or more 20 spring elements 130 separating these. In the embodiment
shown, the spring elements 130 comprise an array of wire coil springs with
counter bores on the plates for location, although it will be recognised
that any suitable spring element such as compression springs, spring
washers, gas springs, and compressed elastomer may be used where
appropriate. The volume between the seals 114,116 offers a sealed test
boundary for 25  clamp assembly, which can be filled with inert fluid after
the clamp 82 is assembled for preservation of the spring elements 130.
In use, once the seals 114,116 are energised, the outboard lock 88 is set.
The outboard lock bowl is driven axially by compression flange 118, this
axial movement driving lock segments outboard lock segments radially inward
to grip the pipe 84. 30 Once engaged, this clamp 82 prevents the pipe 84
from exiting the clamp 80 with any outward axial load being converted to
radial force. This radial force further energises the grip of the locks
86,88 to the pipe 84. A by-product of this restraint is that the
compression ring is axially retained by the lock.           With
compression ring 122 being supported by inboard lock 86 and 35compression
ring 120 being supported by outboard lock 88, the seal volume is
restricted. With a pre-load in a restricted volume, the seal pre-load is
maintained. The  11 seal pre-load also maintains the pre-load on both locks
86,88. As a result, the compression load provided by the compression flange
118 is thereafter not required to be maintained after initial activation.
This allows the compression flange 118 to be hydraulically actuated with no
requirement to mechanically retain the stroke as in 5normal stud tensioner
operation.        In other embodiments, the compression flange 118 could
also be mounted on a deployment frame (not shown) and not retained on the
clamp 84 at all, such that no bolts are required. This would allow the
compression flange 118 to be retracted after setting and recovered with the
deployment frame. 10Embodiments of the present invention thus provide
repair clamps adapted for location about a section of a pipe, for example a
damaged section of pipe or pipe section having a defect or penetration. The
pipe interface offers both sealing and structural grip of the pipe and is
capable of withstanding tensile and/or compressive forces generated by
expansion and contraction of the pipe which may otherwise result 15 in the
loss of sealing integrity between the sealing membrane and the pipe.
Embodiments of the present invention also obviate the requirement for
structural welding, reducing lead times.             Other advantages of
this design are that only the membrane of the body sees product. Thus, the
transverse plates and pivot arms can be constructed from materials 20
independent of pipeline fluid compatibility.         It should be
understood that the embodiments described herein are merely exemplary and
that various modifications may be made thereto without departing from the
scope of the invention.                 For example, it will be understood
that reference to the term pipe includes any 25 elongate construction
including, for example, but not exclusively, an oil or gas pipeline,
whether subsea, above or below ground, downhole tubing, or indeed any other
conduit 



suitable for transport or storage of fluids.        It will be recognised
that all locks, rings and compression flanges may comprise a number of
split rings to allow fitting around the pipe. 30Although the described
embodiment of the clamp design uses a wedge taper to apply the closure
load, it can be seen that any other mechanical, hydraulic, pneumatic or
electrical system could be used to apply the closure load-including
threaded tooling, cams, induction a magnetic.             While the
described embodiments make use of a separate sealing membrane, 35in some
embodiments, the assembly could be mounted directly on the pipe with the
pipe effectively being the membrane.  12 Claims 1.A sealing apparatus for
use in sealing a pipe, the apparatus comprising: a sealing membrane adapted
to engage a pipe; 5first and second retaining members configured for
location about the sealing membrane; and        a closure member for
securing the first and second retaining members together to retain sealing
engagement between the sealing membrane and the pipe. 102.The sealing
apparatus of claim 1, wherein each retaining member comprises at least one
plate.  3. The sealing apparatus of claim 1 or 2, wherein each retaining
member comprises a plurality of plates. 15 4. The sealing apparatus of any
preceding claim, wherein the retaining members are configured for location
about the sealing membrane in opposing relationship to each other. 205.The
sealing apparatus of any preceding claim, wherein the sealing membrane is
configured to resist axial loads applied to the sealing membrane. 



6. The sealing apparatus of claim 5, wherein the sealing membrane is
configured to resist at least one of tensile and compressive axial loads
applied to the sealing 25membrane.  7. The sealing apparatus of any
preceding claim, wherein the retaining members are configured to resist
radial loads applied to the sealing membrane. 308.The sealing apparatus of
claim 7, wherein the retaining members are configured to resist radial
loads applied to the sealing membrane which would otherwise result in the
loss of sealing integrity between the sealing membrane and the pipe.  13
10.The sealing apparatus of any preceding claim, wherein the sealing
membrane comprises a split collar having first and second membrane
portions. 511.The sealing apparatus of any preceding claim, wherein the
sealing membrane is shaped to facilitate engagement with the pipe.  12. The
sealing apparatus of any preceding claim, wherein the sealing membrane is
comprised of a material capable of facilitating sealing engagement with the
pipe. 10 13. The sealing apparatus of any preceding claim, wherein the
sealing membrane comprises at least one of: a metallic material, a metal
alloy, a non-metallic material, a plastic material, a polymeric material, a
ceramic material and a composite material. 1514.The sealing apparatus of
any one of claims 2 to 13, wherein the plates are arranged in a
substantially transverse or perpendicular direction with respect to a
longitudinal axis of the sealing membrane.  15. The sealing apparatus of
any one of claims 2 to 14, wherein each plate is 20formed so as to directly
engage with the sealing membrane.  16. The sealing apparatus of any one of
claims 2 to 15, wherein each plate comprises a cut-out portion having an
inner dimension corresponding to an outer dimension of the sealing
membrane. 25  17. The sealing apparatus of any preceding claim, wherein the
closure member comprises at least one flange secured to each of the
retaining members, each flange configured to receive one or a plurality of
bolts for securing the retaining members together. 30 



18. The sealing apparatus of any preceding claim, wherein the closure
member comprises a tension member.  19. The sealing apparatus of claim 18,
wherein the tension member comprises at 35least one pivot arm.  14  20. The
sealing apparatus of claim 19, when dependent on claim 3, wherein the at
least one pivot arm is adapted for location between the plates of the
retaining member.  21. The sealing apparatus of claim 18, 19 or 20, wherein
the, or each, tension 5member is rotationally mounted to one of the
retaining members and configurable to engage the other of the retaining
members to secure the retaining members together.  22. The sealing
apparatus of any preceding claim, further comprising a pipe interface
arrangement provided between the sealing membrane and the pipe. 10 23. The
sealing apparatus of claim 22, wherein the pipe interface arrangement
comprises at least one seal element adapted for location between the
sealing membrane and the pipe wall. 1524.The sealing apparatus of claim 22
or 23, wherein the pipe interface arrangement comprises inboard and
outboard seal elements adapted for location between the sealing membrane
and the pipe wall.  25. The sealing apparatus of claim 23, wherein at least
one seal element comprises 20an elastomeric seal element.  26. The sealing
apparatus of claim 23, 24 or 25, wherein at least one seal element
comprises a compression seal. 2527.The sealing apparatus of any one of
claims 22 to 26, wherein the pipe interface arrangement further comprises a
lock configured to retain the sealing membrane relative to the pipe. 



28. The sealing apparatus of claim 27, when dependent on claim 23, wherein
the 30lock is configured to maintain sealing pressure on the at least one
seal element. 29. The sealing apparatus of claim 27 or 28, wherein the lock
comprises a taper lock.  15 31.The sealing apparatus of claim 30, wherein
the resilient member comprises a spring element. 532.The sealing apparatus
of any one of claims 22 to 31, when dependent on claim 24, wherein the
resilient member is adapted for location between the seal elements. 33.The
sealing apparatus of any one of claims 22 to 32, comprising a plurality of
pipe interface arrangements. 10 34. The sealing apparatus of claim 33,
wherein at least one pipe interface arrangement is provided at each end of
the sealing membrane. 35. A method of sealing a pipe, the method
comprising: 15providing a sealing membrane and engaging the sealing
membrane with a pipe to be sealed;     locating first and second retaining
members about the sealing membrane; and providing a closure member for
securing the first and second retaining members together to retain sealing
engagement between the sealing membrane and 20the pipe. 36. A method of
manufacturing a sealing apparatus, comprising: providing a sealing
membrane; 



providing a plurality of plates and arranging these to form first and
second 25retaining members for securing the sealing membrane to a pipe; and
providing a closure member for securing the first and second retaining
members together to retain sealing engagement between the sealing membrane
and the pipe. 3037.The method of claim 35 or 36, wherein each retaining
member comprises at least one plate. 38.The method of claim 35, 36 or 37,
wherein each retaining member comprises a plurality of plates. 


