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Metal sealing wireline plug

@ A plug for creating a pressure barrier within
an oil or gas well comprises a plug body (5) and
a metal primary seal element (7) having a frus-
to-conical seal face (7A) adapted to engage a
corresponding seal surface of a profiled well
conduit to create a metal-to-metal seal having a
relatively large contact area. The primary seal is
energised by pressure applied above the plug,
prior to the plug been set by a running tool
which operates an actuating member (5) to
displace locking keys (4) radially outwards so as
to engage corresponding formations in the well
profile and lock the plug against axial move-
ment within the well conduit. The plug may be
retrieved using a pulling tool and re-used, and
includes a secondary elastomeric or polymeric
seal (6).
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The present invention relates to a plug device
which finds application in creating a pressure barrier
within a gas or oil well, or the like, by locating within
a section of well conduit having an internal profile cor-
responding to the external profile of the plug. When
installed, the plug creates a metal-to-metal seal be-
tween the tool and the well profile which is capable
of withstanding high differential pressures. Once in-
stalled, the plug can be retrieved and re-installed re-
peatedly.

In this field it is already known to use wireline ac-
tivated plugs which can be installed within a well in a
corresponding well profile and subsequently re-
trieved. However, such plugs use elastomeric and/or
polymeric seal elements as the primary sealing bar-
rier, with a secondary barrier provided by a metal lip
seal which is energised by differential pressure
across the seal.

In the present invention, the primary seal is pro-
vided by a metal-to-metal seal, using an elastome-
ric/polymeric seal as an optional secondary seal bar-
rier. The metal seal geometry creates a large contact
area between the mating seal faces. This greatly im-
proves the sealing capability of the plug at low and
high pressures when exposed to liquids or gases. The
metal seal is pre-energised prior to locking the plug in
the well profile. The stresses trapped by the subse-
quent locking of the plug provide an effective seal pri-
or to the application of differential pressure. The met-
al seal is re-usable over many installations and tests.

According to a first aspect of the present inven-
tion there is provided a plug for use in an oil or gas
well for creation of a pressure barrier within a profiled
well conduit, comprising a plug body including a pri-
mary sealing barrier formed of a metal material and
holding means for holding the body in place in a well.

Preferably, said primary sealing barrier is adapt-
ed to be energised by pressure applied above said
plug body once located in said well conduit.

Preferably also, said holding means is adapted to
be operable by means of a running tool so as to lock
said plug body against axial movement within said
well conduit, following energisation of said primary
sealing barrier.

Preferably also, said primary sealing barrier com-
prises a frusto-conical seal surface located at the for-
ward end of said plug body, adapted sealingly to en-
gage a corresponding frusto-conical surface of the
well profile.

Preferably also, said sealing barrier further in-
cludes a no-go shoulder located rearwardly of said
seal surface and adapted to engage a corresponding
shoulder of said well profile so as to limit downward
movement of said seal surface relative to said corre-
sponding surface of said well profile.

Preferably also, said primary sealing barrier is
provided by a metal seal element secured to the for-
ward end of said plug body.
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Preferably also, said holding means comprises a
plurality of radially movable locking members each
having a shoulder adapted to lock against a corre-
sponding shoulder in the well profile.

Preferably also, said plug body is generally cylin-
drical and includes a blind bore extending from its
rearward end towards its forward end, and said lock-
ing members are located in a corresponding plurality
of apertures extending between the interior surface
of said blind bore and the exterior surface of said plug
body.

Preferably also, said holding means further com-
prises an actuating member which is axially slidable
within said blind bore of said plug body between a
rearward position in which said locking members may
be retracted into said apertures and a forward posi-
tion in which said actuating member urges said lock-
ing members radially outwardly to project beyond the
outer surface of said plug body.

Preferably also, said actuating member is adapt-
ed to be engaged by a running tool for setting said
plug and by a pulling tool for retrieving said plug after
it has been set.

Preferably also, said plug further includes hold
down means for retaining said actuating member in
its forward position after the plug has been set.

Preferably also, said hold down means comprises
an annular member surrounding said actuating mem-
ber and including a plurality of resiliently biased lock-
ing members adapted to engage an exterior surface
of said actuating member.

Preferably also, said annular member is remov-
ably attached to said plug body and is detachable
therefrom by means of an upward jar force applied to
said actuating member, whereby said actuating mem-
ber may return to its rearward position allowing the
plug to be retrieved from the well.

Preferably also, said plug further includes a sec-
ondary sealing barrier formed of an elastomeric or
polymeric material.

Preferably also, said secondary sealing barrier
comprises a seal stack surrounding said plug body
rearwardly of said primary sealing barrier.

According to a second aspect of the present in-
vention there is provided a method of providing a plug
in a well for creation of a pressure barrier comprising
providing a plug on a running tool, operating the re-
traction of a holding means attached to the plug by in-
teraction of the holding means with operating means
disposed on the running tool, operating the holding
means when the plug is in position, and locking the
holding means in place until the plug is to be with-
drawn.

Preferably, the thickness of the sealing barrier
can be altered to vary the amount of preload of the
plug and improve the sealing barrier’s integrity.

While further modifications and improvements
may be made without departing from the scope of the
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invention, the following is a description of an example
of the invention, with reference to the accompanying
drawings in which:

Fig. 1 is a side view, partially in section, of a wire-

line plug in accordance with the first aspect of the

invention; and

Fig. 2 is a sectional side view of a well profile con-

figured for use with the plug of Fig. 1.

Referring now to the drawings, Fig. 1 shows a
wireline plug in accordance with the invention, in
which the plug is shown in its "set" position.

The main component of the plug is a key-retainer
mandrel 5, to which all of the other components are
attached. The mandrel 5 is generally cylindrical, hav-
ing an internal blind bore, closed at the forward end
of the mandrel 5.

A plurality of radially displaceable locking keys 4
are located within the bore of the mandrel 5, extend-
ing through a corresponding plurality of milled win-
dows or apertures 10 formed in the sides of the man-
drel 5. The locking keys 4 are shown extending out of
the windows 11 beyond the external, cylindrical sur-
face of the mandrel 5, in their radially outermost,
"locked" position. Each of the keys 4 includes a shoul-
der 4A which engages a corresponding shoulder 12
on the inner surface of the mandrel 5, so as to limit
the radially outward movement of the keys 5 and pre-
vent them from falling out of the windows 10.

An actuating member comprising an expander
sleeve 3 is slidably mounted within the mandrel 5 and
supports the inner surfaces of the locking keys 4. The
expander sleeve 3 is axially slidable between a rear-
ward position and a forward position as illustrated. In
its forward position, the expander sleeve 3 urges the
locking keys 4 into their outermost, locked position, as
shown. A retainer cap 2 is attached to the rear end of
the mandrel 5 by any suitable means such as a screw
thread 2A. The rear end of the expander sleeve 3 ex-
tends through an aperture 14 in the retainer cap 2. A
generally annular hold down mechanism 1 is slidably
mounted around the rearmost end of the expander
sleeve 3, and is located in a counter-bore 16 formed
in the rearmost end of the retainer cap 2. The hold
down mechanism 1 is retained within the counter-bo-
re 16 by means of a plurality of shear screws 2B or the
like extending radially through the retainer cap 2 and
spaced around the circumference thereof.

A metal primary seal element 7 is attached to the
forward end of the mandrel 5, suitably by a screw
thread 7A, and has a frusto-conical sealing face 7A.
The metal seal element 7 is preferably formed from an
alloy having an ultra-high yield strength, most prefer-
ably a titanium alloy. The ultra-high yield strength of
the element 7 prevents the element from being de-
formed in use, allowing the plug to be re-used repeat-
edly without refurbishment of the primary seal.

The other components of the plug are formed
from a suitable alloy, such as inconel.

10

15

20

25

30

35

40

45

50

55

A secondary elastomeric or polymeric seal barri-
er is provided by a seal stack 6, which is located
around the body of the mandrel 5 and is retained in
position between a shoulder 18 formed on the outer
surface of the mandrel 5 and the metal seal element
7. The seal stack 6 includes an o-ring which seals
against the inner surface of the well conduit, in use.

Fig. 2 illustrates a length of well conduit profiled
for use with the plug of Fig. 1.

In use, the plug is attached to a dedicated running
tool (not shown) on a string of well servicing tools (not
shown). Running tools of this general type are well
known in the art and their structure and operation will
not be described in detail herein. Typically, dogs on
the running tool engage a fishneck 3A on the interior
surface of the expander sleeve 3. A bearing shoulder
3A on the exterior surface of the expander sleeve 3
is brought into contact with the retainer cap 2 by slid-
ing the expander sleeve 3 towards its rearmost posi-
tion. This allows the locking keys 4 to be retracted into
the mandrel 5. The running tool is then pinned, using
shear pins (not shown), to hold the plug components
in this position.

The plug is lowered into the well conduit on the
string of well servicing tools until the sealing face 7A
of the metal seal 7 is brought into contact with a cor-
responding seal face 30 of the well profile. Hydraulic
pressure is then applied above the plug, generating
a force which energises the metal seal 7 until a no-go
shoulder 7B, extending around the metal seal 7 rear-
wardly of the seal face 7A, bottoms out on a corre-
sponding shoulder 32 of the well profile.

Once the metal seal 7 is energised, downward jar
action on the string of well servicing tools shears the
pins in the running tool. This allows the expander
sleeve 3 to move downwards (forwards), pushing the
locking keys 4 into a corresponding portion 34 of the
well profile. Tapered surfaces 3C on the exterior sur-
face of the expander sleeve 3 lock against corre-
sponding inner surfaces of the locking keys 4.

An upper (rearward) shoulder 4B of each locking
key 4 locks against a corresponding shoulder 36 of
the well profile. This maintains the plug completely
static within the well profile, preventing fretting or
wear of the plug components.

During the setting of the plug, the expander
sleeve 3 moves downwards (forwards) through the
hold down mechanism 1. The hold down mechanism
includes a plurality of balls 1A located in drilled holes
20 which break through into the bore of the hold down
mechanism 1. The balls 1A are held in place by
springs and grubscrews 1B.

The surfaces of the balls 1A touch the exterior
surface of the expander sleeve 3. As the expander
sleeve 3 moves downwards (forwards) the balls 1A
move backwards into the drilled holes 20 against
spring pressure. Any attempt to pull the expander
sleeve 3 upwards (rearwards) traps the balls 1A be-
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tween the expander sleeve 3 and the drilled holes 20.
This locks the expander sleeve 3 in place behind the
locking keys 4, preventing inadvertent release or re-
lease by vibration.

To release the plug, a pulling tool (not shown) on
the string of well servicing tools is latched into the
fishneck 3A of the expander sleeve 3. Upward jarring
applied by means of the pulling tool shears the shear
screws 2A securing the hold down mechanism 1 to the
retainer cap 2. The expander sleeve 3 is pulled up-
wards (rearwards) from beneath the locking keys 4,
until the bearing shoulder 3Areaches the retainer cap
2. The unsupported keys 4 are then free to move in-
wards, pushed by the chamfers 4B on the upper
edges of the keys 4, which mate with the correspond-
ing shoulder 36 of the well profile as previously de-
scribed.

Continued upward jarring pulls the plug free of
the well profile, allowing it to be retrieved to the sur-
face. The plug can be re-used once the shear screws
2B have been replaced.

The advantages of the invention and/or the ways
in which the disadvantages of previously known ar-
rangements are overcome include:

(a) The plug in accordance with the invention of-

fers a primary metal seal. Prior systems use a

secondary metal seal with a primary elastome-

ric/polymeric seal.

(b) The metal seal is pre-loaded prior to setting

the plug. This greatly increases the sealing integ-

rity of the metal seal.

(c) By altering the seal thickness, the amount of

pre-load can be varied to improve the seal integ-

rity.

(d) The seal contact area is large, making it more

resistant to damage. Existing systems use point

seals. By increasing the length of the metal seal
face, the seal contact area can be increased.

(e) The seal has only one potential leak path

across its outer diameter. Prior systems have in-

ternal and external potential leak paths.

(f) The locking mechanism of the plug keeps the

plug static, preventing fretting and wear to which

prior systems, which are free to move up and
down relative to the well profile, are vulnerable.

Modifications and improvements may be incor-
porated without departing from the scope of the in-
vention as defined in the Claims appended hereto.

Claims

1. Aplug for use in an oil or gas well for creation of
a pressure barrier within a profiled well conduit,
comprising a plug body including a primary seal-
ing barrier formed of a metal material and holding
means for holding the body in place in a well.
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10.

1.

A plug as claimed in Claim 1, wherein said pri-
mary sealing barrier is adapted to be energised
by pressure applied above said plug body once
located in said well conduit.

A plug as claimed in Claim 2, wherein said hold-
ing means is adapted to be operable by means of
arunning tool so as to lock said plug body against
axial movement within said well conduit, following
energisation of said primary sealing barrier.

A plug as claimed in Claim 1, wherein said pri-
mary sealing barrier comprises a frusto-conical
seal surface located at the forward end of said
plug body, adapted sealingly to engage a corre-
sponding frusto-conical surface of the well pro-
file.

Aplug as claimed in Claim 4, wherein said sealing
barrier further includes a no-go shoulder located
rearwardly of said seal surface and adapted to
engage a corresponding shoulder of said well
profile so as to limit downward movement of said
seal surface relative to said corresponding sur-
face of said well profile.

A plug as claimed in Claim 4, wherein said pri-
mary sealing barrier is provided by a metal seal
element secured to the forward end of said plug
body.

A plug as claimed in Claim 6, wherein said metal
seal element is formed from an alloy having an ul-
trahigh yield strength.

A plug as claimed in Claim 7, wherein said alloy
is a titanium alloy.

A plug as claimed in Claim 1, wherein said hold-
ing means comprises a plurality of radially mov-
able locking members each having a shoulder
adapted to lock against a corresponding shoulder
in the well profile.

A plug as claimed in claim 9, wherein said plug
body is generally cylindrical and includes a blind
bore extending from its rearward end towards its
forward end, and said locking members are locat-
ed in a corresponding plurality of apertures ex-
tending between the interior surface of said blind
bore and the exterior surface of said plug body.

A plug as claimed in Claim 10, wherein said hold-
ing means further comprises an actuating mem-
ber which is axially slidable within said blind bore
of said plug body between a rearward position in
which said locking members may be retracted
into said apertures and a forward position in
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which said actuating member urges said locking
members radially outwardly to project beyond the
outer surface of said plug body.

A plug as claimed in claim 11, wherein said ac-
tuating member is adapted to be engaged by a
running tool for setting said plug and by a pulling
tool for retrieving said plug after it has been set.

A plug as claimed in Claim 12, further including
hold down means for retaining said actuating
member in its forward position after the plug has
been set.

A plug as claimed in Claim 13, wherein said hold
down means comprises an annular member sur-
rounding said actuating member and including a
plurality of resiliently biased locking members
adapted to engage an exterior surface of said ac-
tuating member.

A plug as claimed in Claim 14, wherein said an-
nular member is removably attached to said plug
body and is detachable therefrom by means of an
upward jar force applied to said actuating mem-
ber, whereby said actuating member may return
to its rearward position allowing the plug to be re-
trieved from the well.

A plug as claimed in Claim 1, further including a
secondary sealing barrier formed of an elastome-
ric or polymeric material.

A plug as claimed in claim 16, wherein said sec-
ondary sealing barrier comprises a seal stack
surrounding said plug body rearwardly of said pri-
mary sealing barrier.
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