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(57) Abregée/Abstract:

An Improved control system, particularly useful for (SSV), Is disclosed. It Is responsive to a rupture of the tubing and control line to
eqgualize pressure on an operating piston (10) to allow the SSV to go to its fallsafe position. The annulus pressure sensing feature
can be employed with a variety of control systems, a particular one Is used as an example.
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(57) Abstract: An improved control
system, particularly useful for (SSV),
is disclosed. It is responsive to a rupture
of the tubing and control line to equalize
pressure on an operating piston (10)
to allow the SSV to go to its failsafe
position. The annulus pressure sensing
feature can be employed with a variety of
control systems, a particular one is used
as an example.
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APPLICATION FOR PATENT

Title: SYSTEM AND METHOD FOR A FAILSAFE CONTROL OF A
DOWNHOLE VALVE IN THE EVENT OF TUBING RUPTURE.

Inventor: James T. Sloan

PRIORITY INFORMATION

[0001]  This application claims the benefit of U.S. Provisional Application No.
60/350,671 on January 22, 2002.

FIELD OF THE INVENTION

[0002] The field of this invention relates to control systems, particularly those
for use with subsurface safety valves (SSV) where failure of numerous components of

the control system will result in a failsafe operation of the valve to its predetermined

failsafe position, i.e., generally closed.
BACKGROUND OF THE INVENTION

[0003]  SSVs are safety devices mounted deep within wells to control tlow to
the surface. They generally have many components in common. The valve member is
generally a flapper, which rotates 90 degrees and is held open by a flow tube, which is
shiftable downwardly to turn the flapper 90degree to move it away from a closure or
seat. A control system is generally employed involving hydraulic pressure from the
surface connected to the SSV below. In general, applied pressure opens the valve,
while removal of applied pressure from the surface allows a spring acting on the flow

tube to move the flow tube upwardly so that the flapper can pivot 90 degrees to a

closed position.

[0004] Various types of control systems have been employed. To reduce the
size of the closure spring acting on the flow tube, chambers pressurized with a gas
have been used to counteract the hydrostatic pressure from the column of hydraulic
fluid in the control line that runs from the surface down to the SSV. Since the

pressurized gas resists the hydrostatic force and offsets it, closure of the SSV is
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accomplished with a fairly small spring when the actuating piston, acting on the flow

tube, is placed in hydraulic pressure balance, thus allowing the small closure spring to

shift the flow tube and allow the flapper of the SSV to close.

[0005]  With the advent of use of pressurized chambers having a gas on top of
hydraulic liquid acting on the opposite side of an operating piston from the control
line hydrostatic pressure, numerous seals had to be used. A concern then arose as to
the operation of the control system if one or another of the seals in the system failed
to operate properly and permitted a leakage in one direction or another. Fairly
complex designs were developed to try to compensate for failure of system seals In a
manner that would allow the SSV to fail in the closed position. Some of these
complex systems to obtain failsafe closure in one or two failure modes, but not
necessarily all or even most failure modes, are illustrated in U.S. Pat. Nos. 4,660,646
and 5,310,004. Other control systems for SSVs employing pressurized chambers
would, incidentally, go to a fail-closed position in the event certain seals in the system
leaked. However, such designs were not put together with the idea of ensuring that the
valve would go to its failsafe closed position in the event of malfunction of most or all
of a number of given system components. Typical designs showing pressurized
chambers, in conjunction with control systems for SSVs, are illustrated in U.S. Pat.
No. 5,564,501 and 4,676,307. Also of general interest in the area of SSV control
systems are U.S. Pat. Nos. 4,252,197 and 4.448,254. A specific control system
described in this application and useful with the annulus pressure sensing feature 1s
shown in U.S. Pat. No. 6,109,351, Figures 1-3 of this application‘are the prior art
Figures 1-3 of U.S. Pat. 6,109,351 for use as background of a control system where
the annulus pressure-sensing feature of the present invention would be particularly
useful. Other control systems for SSVs are also amenable to use of the present
invention. One example of which is U.S. Patent 6,173,785 illustrating a pressure-
balanced system. Fig 5 in this application shows how the present invention is applied

to a balanced control system shown in that patent.

[0006] What has been lacking in these control systems is a simple design
which will serve to allow normal opening and closing of the SSV while, at the same

time, allow the valve to fail in the pre-designated safe position in the event of an
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occurrence of numerous different events relating to component failures in the control
system. One of these failure modes is a rupture of the control line and the tubing,
which would suddenly allow tubing pressure into the annulus and the control line. It
is, thus, the object of the present invention to present a simplified control system for
normal functioning of an SSV between an open and closed position. It is another
object of the present invention to configure the control system so that if many of its
components should happen to fail, the system will either immediately or eventually, in
the event of slow leaks, go to its failsafe position. It is another object of the present
invention to designate the closed position of the valve as the failsafe position so that
failure of many different seals within the system, which can result in leakage into or
out of the control system, will result in failure, which allows the SSV to go to its
desired fail-closed position. Additionally, the control system has the objective of
allowing the SSV to close if the control line is suddenly exposed to elevated annulus
pressure resulting from a rupture of the tubing and the control line. These and other

objectives will become more apparent to those skilled in the art from a review of the

preferred embodiment described below.

SUMMARY OF THE INVENTION

[0007]  An improved control system, particularly useful for SSVs, is disclosed.
It is responsive to a rupture of the tubing and control line to equalize pressure on an
operating piston to allow the SSV to go to its failsafe position. The annulus pressure-
sensing feature can be employed with a variety of control systems; two in particular
are used as an example. One control system has an operating piston, which acts on a
flow tube to move a flapper to an open position. The ﬂappér is spring-loaded to close
when the flow tube moves up. A return spring acts on the piston to lift the flow tube
to allow the flapper to close. The operating piston is exposed to a control line from the
surface as well as to a bypass piston. Opposing the hydrostatic forces of the control
line is a pressurized chamber with a pressure in excess of the hydrostatic pressure. A
secondary chamber acts on one side of the equalizing piston and Is pressurized to a
pressure less than the anticipated hydrostatic pressure in the control line. The system,

including the operating piston, is configured so that when leakage occurs into or out
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of the control system in many places, the SSV will fail toward its failsafe closed

position.

[0007a] Acordingly, 1n one aspect of the present invention there 1s provided
a control system for a tubing mounted downhole safety valve operated from the
surface, comprising:

a flmd filled control line extending 1n an annular space outside the tubing from
the surface and 1n fluild communication with a first end of an operating piston;

a return spring acting on said piston in a direction against hydrostatic pressure
from said fluid filled control line but being weaker than the hydrostatic force exerted
by said fluid filled control line; and

a pressure source acting on a second end of said operating piston against the
hydrostatic force from said control line, said pressure source further comprising a
valve to selectively communicate annular space pressure to said second end of said

piston.

[0007b] According to another aspect of the present invention there 1is
provided a method of obtaining a failsafe operation for a downhole safety valve,
comprising:

running a control line in an annular space to one end of an operating piston on
to a safety valve mounted on tubing;

providing a pressure source on said opposed end of the operating piston to
counteract hydrostatic pressure on said operating piston;

providing a return spring on said operating piston that is weaker than the
opposing hydrostatic force on said one end of the operating piston from said control
line; and

responding to an annular space pressure rise coupled with breakage of said
control line, while said pressure source remains intact, by equalizing annular space

pressure on opposed ends of said piston.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic representation of a prior art control system,
leaving out the flapper and flow tube common to all SSVs and showing the SSV 1n

the closed position.

[0009] Figure 2 is the prior art view of Fig. 1, showing the SSV in the

open position.

[0010] Figure 3 1s the prior art view of Fig.1, showing the SSV 1n a closed
position where 1t cannot be reopened as a result of a failure of a component in the

control system, which has triggered shifting of an equalizing piston;

[0011]  Figure 4 i1s a modified version of Fig. 1 showing the annulus
pressure sensing feature and how it interacts with the particular control system
1llustrated to allow the SSV to go to a failsafe mode if the tubing and control lines

rupture;

[0012]  Figure 5 is a prior art balanced dual control line control system for
an SSV showing the superimposed apparatus connected to the balance line which has

not brolcen.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] A control system C 1s 1illustrated in Fig.1. This prior art control
system, shown 1n Figs. 1-3 was first described in U. S. Pat. No. 6,109, 351 and is used
to 1illustrate one control system useful with the invention depicted in Fig. 4. Other
control systems can be used with the present invention to allow an SSV to go to a
failsafe mode upon rupture of tubing and control line, without departing from the
invention. The following description of the system shown in Figs. 1-3 is presented for
context as 1t first appeared in U. S. Pat. No. 6,109, 351. A piston 10 is schematically
1llustrated as having an extension tab 12 on which a spring 14 acts to push the piston

10 to the position shown in FIG.1. The tab 12 is connected to a flow tube (not

4a
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shown), which in turn, when pushed down, swings a flapper (not shown) so as to open

the passageway in a wellbore. The structure of the subsurface safety valve (SSV) 1s
not illustrated because it is common and well known. The invention lies in the control
system for the SSV as opposed to the construction of the SSV components
themselves. Those skilled in the art will appreciate that the SSV has a housing, which
can include many of the components of the control system C. The control system C Is
accessed from the surface of the wellbore by a control line 16 which runs from the
surface of the wellbore to fluid communication with conduits 20 and 22. Conduit 22
opens up to top surface 24 of piston 10. Seal 26 prevents fluid in the control line 16
from bypassing around the piston 10. Another seal 28 is adjacent the lower end of the
piston 10 near surface 30. Piston 10 has a passageway 32, which extends from surface
30 to an outlet 34 between seals 26 and 36. As such, the portion of piston 10 between
seals 36 and 28 is exposed to the pressure in the housing of the SSV as the piston 10
moves up or down. As will be described below with respect to the invention
illustrated in Fig. 4, the lower end 30 of piston 10 is not exposed to pressure in tubing
T. Thus if the tubing T and control line 16 are cut or fail, the sudden high pressure
from the surrounding annulus A would prevent the piston 10 from moving away from

its SSV open position shown in Fig. 2.

[0014] A pressurized primary reservoir 38 contains a pressurized gas,
preferably an inert gas such as nitrogen, above a level of hydraulic fluid 40 which
communicates through a conduit 42 in turn to conduits 44 and 46. Conduit 44 allows
the fluid 40 to exert a force against surface 30 of piston 10. The pressure in conduit 44
is communicated through passageway 32 to the area between seals 26 and 36.
However, the pressure thus communicated through passageway 32 does not act to
operate piston 10 during normal operations. In essence, as will be explained below,
passageway 32 constitutes a pressure leak path to ensure that the control system C
puts the SSV in a closed position when a failure occurs at seal 36. The various types

of failure modes of the control system C will be discussed in more detail below.

[0015] A secondary reservoir 48 communicates with surface 50 of equalizing
piston 52. Seal 54 isolates secondary reservoir 43 from conduit 20 in the position

shown in Fig. 1. Seal 56, in the position shown in Fig. 1, isolates conduit 20 from
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conduit 46. Between conduit 46 and piston 32, as shown in F ig. 1, there is an enlarged
bore 58. There's also an enlarged bore 60 below seal 54 in the position shown in Fig.
1. The purpose of the enlarged bores 58 and 60 is to permit bypass flow around the
seals 54 and 56 after piston 52 shifts. Referring to Fig. 3, when the equalizing piston
57 shifts due to failure of a variety of different components as will be explained
below, seal 56 no longer seals conduit 20 from conduit 46, thus allowing pressure
from the control line 16 to equalize into conduit 44 and, hence, at the bottom 30 of the
piston 10. It should be noted that seal 54 no longer seals reservoir 48 because it has
moved into enlarged bore 60. When this happens, the piston 10 is in pressure balance
and the return spring 14 can push the tab 12 upwardly, moving the piston 10 from the

position shown in Fig. 2 where the SSV is open, to the position in Fig. 3 where the

SSV is closed.

[0016] The normal operation to open the SSV using the control system C

requires nothing more than applying pressure in the control line 16. It should be noted
that the pressure in the primary reservoir 38 is preferably above the hydrostatic
pressure in the control line 16 from the hydraulic fluid therein. Ideally, and arbitrarily,
the value of the pressure in the primary reservoir 38 can be 500 PSI above the
anticipated hydrostatic pressure in the control line 16 at the depth at which the SSV
will be installed. Those skilled in the art will appreciate that the charge of pressure in
primary reservoir 38, as well as secondary reservoir 48, need to be determined at the
surface before the SSV is installed. The preferred pressure in the secondary reservoir
48 is below the expected hydrostatic pressure in the control line 16. In the preferred
embodiment and selected for convenience, the pressure used in the secondary
reservoir 48 is 50 PSI less than the anticipated control line hydrostatic pressure. The
purpose of the primary reservoir 38 is to offset the hydrostatic force on piston 10 from
control line 16. Piston 52 is normally under a pressure imbalance, which is caused by
the pressure difference between reservoirs 38 and 48. The hydrostatic or applied

pressure in conduit 20 has no net force impact on piston 32.

[0017]  The principal components of the control system having been described,
its normal operation will now be reviewed. In order to actuate the SSV from the

closed position shown in Fig. 1 to the open position shown in Fig. 2, pressure IS
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- ereased in control line 16. It should be noted that until the pressure in the control
line 16 is elevated, the piston 10 is subject to a net unbalanced upward force from the
pressure in primary reservoir 38 since it is 500 PSI higher than the control line 16
hydrostatic pressure. However, upon sufficient elevation of pressure in the control
line 16, to a level of approximately 2000 PSI plus the primary nitrogen charge
pressure in primary reservoir 38, a downward differential force exists across piston 10
which is great enough to overcome the applied upward forces resulting from the
pressure in primary reservoir 38, as well as the force of the spring 14. When that
occurs, the piston 10 moves downwardly, taking with it the flow tube (not shown),
which in turn allows the spring-loaded flapper (not shown) to be rotated downwardly
and out of the flow path, thus opening the SSV. The final position with the SSV in the
open position is shown in Fig. 2. As seen in Fig. 2, the piston 10 has traveled
downwardly against the bias of spring 14 and tab 12, which is engaged to the flow
tube, has moved the flow tube (not shown) down against the flapper to rotate the

flapper (not shown) 90 degrees from its closed to its open position.

[0018] The closure of the SSV occurs normally through a reversal of the
procedure outlined above. The pressure in the control line 16 is reduced. When the
pressure is sufficiently reduced, a net unbalanced upward force occurs on piston 10
due to the pressure in primary reservoir 38 acting on surface 30. This force, in
combination with the force of spring 14, becomes greater than the hydrostatic force
from the fluid column in the control line 16, thus allowing the piston 10 to move back
upwardly to its position shown in Fig. 1. Reversal of movement occurs with respect to
the flow tube and the flapper, thus allowing the SSV to move 1o a closed posttion. It
should be noted at this time that passageway 32 is a leak path whose purpose will be
explained below. Although the pressure exerted from the gas in primary reservoir 38
acting on hydraulic fluid in lines 42 and 44 communicates with passage 32, the
existence of passage 32 has no bearing on the net upward force exerted on piston 10.
Accordingly, when seals 26 and 36 are in proper working order, there is simply a dead

end to passageway 32 such that surface 30 of piston 10 acts as if it were a solid

surface, making the net force applied by gas pressure In primary reservoir 38 act,
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through an intermediary fluid, on the full diameter of surface 30 during normal

operations.

[0019]  Potential problems can occur in the control system when the SSV is in
the closed position shown in Fig. 1 or when it is in the open position as shown in Fig.
2. What proceeds is a detailed discussion of what occurs when different components
of the system fail when the control system is either in the position shown in Fig. 1 or

in Fig. 2. To begin, the failures will be analyzed with respect to the closed position for

the SSV illustrated in Fig. 1.

[0020]  The first failure mode to be discussed is a failure of seal 26 or seal 56.
If seal 26 fails, the pressure in the control line 16 will increase, as the pressure In
primary reservoir 38 is approximately 500 PSI higher than the hydrostatic pressure In
the control line 16. With a leakage around seal 26, flow through passage 32 around
leaking seal 26 will occur into the control line 16, building its pressure. As this
occurs, the pressure in primary reservoir 38 will decline. For a time as this is
occurring, the SSV should remain operational if there are no other leaks since the
pressure in the reservoir 38 must leak to a pressure approximately 150 PSI less than
the pressure in secondary reservoir 48 betore the piston 52, because of the way it Is
configured, can shift aownwardly {o the position shown in Fig. 3 to equalize line 20
and line 44. As previously stated, the pressure in reservoir 48 is approximately 50 PSI
below the anticipated control line hydrostatic pressure. Due to normal seal friction of
the seals 54 and 56, an approximately 150 PSI differential pressure is required across
piston 52 to shift it downwardly to the position shown in Fig. 3. Those skilled in the
art will appreciate that once the seal 56 moves into enlarged bore 38, an open passage
oceurs between conduits 20 and 44, equalizing the pressure on piston 10 and allowing
return spring 14 to hold the piston 10 in the position shown in Fig. 1. Once the piston
52 has shifted to the position shown in Fig. 3, an increase in the control line pressure

in control line 16 will not cause the SSV to open.

g

[0021] Those skilled in the art can see that if seal 56 on piston 52 develops a
leak, equalization between lines 20 and 44 will occur around the piston 10, preventing

it from shifting downwardly upon an elevation in control line pressure in line 16.
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[0022]  Another failure mode with the SSV in the closed position can occur if
seals 36 or 28 fail. If this occurs, and the reservoir pressure in reservoir 38 exceeds the
tubing pressure in which the SSV is mounted, the result will be a drop in the reservoir
38 pressure to a point approximately 150 PSI below the pressure in the secondary
reservoir 48. When that kind of a pressure drop has occurred in reservoir 38, the
piston 52 will shift, equalizing conduits 20 and 44, preventing the SSV from
operating. Until the pressure in reservoir 38 drops to approximately 150 PSI below the
pressure reservoir 48, the SSV will still continue to operate normally. With the
shifting of piston 52, the SSV is in the failsafe closed position, which entails an
equalization of pressure around the actuating piston 10, which in turn allows the
spring 14 to move the tab 12 to shift the flow tube up to allow the flapper to close.

The flapper cannot be opened now in view of the shifting of piston 32.

[0023]  In the event the seals 28 or 36 fail to operate and the pressure in the
tubing exceeds that of the reservoir 38, a leakage in either of the seals 28 or 36 will
result in a net inflow into conduits 44 and 42. In this situation, the SSV will continue
to be operational; however, in view of the increase in the operating pressure In
reservoir 38, the necessary pressure applied in control line 16 will have to increase In
order to open the SSV. If the pressure in reservoir 38 rises to a sufficient level, the
equipment at the well surface may be limited in its pressure output such that it cannot
raise the pressure in control line 16 to a sufficiently high level to allow the piston 10

to shift, which would in turn allow the SSV to open.

10024]  Another potential leak path in the control system illustrated is if the
reservoir pressure in reservoir 38 leaks out to the surrounding annulus due to a failure
in the reservoir wall, for example. In this situation, if the annulus pressure exceeds a
pressure value of the secondary reservoir pressure in reservoir 48, minus 150 PSI, the
SSV will remain operational as piston 52 will remain stationary. However, if the
annulus pressure is less than the secondary reservoir pressure in reservoir 43 by more
than 150 PSI, the piston 52 will shift, equalizing conduits 20 and 44, thus preventing
the opening of the SSV because piston 10 will be held to the position shown in Fig. 1
by the force of spring 14.

\§
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[0025]  Another leak mode can occur around seal 54 on piston 52. When this
occurs, the control line 16 has a hydrostatic pressure greater than the original pressure
in reservoir 48. Thus, the pressure in reservoir 48 will build up until it equalizes with
the control line 16 hydrostatic pressure. Since the SSV is closed in this scenario, when
seal 52 leaks there is no applied pressure in control line 16. Later, when pressure is
applied in control line 16 to try to open the SSV, the pressure in reservoir 48 will
build up due to leaking seal 52. There's no effect on the operation of the control
system until the pressure in reservoir 48 becomes approximately 150 PSI greater than
the pressure in reservoir 38, at which time piston 52 will shift to the position shown in
Fig. 3, equalizing conduits 20 and 44, thus ensuring that the piston 10 stays in or

moves to the position shown in Fig. 1 under the force of spring 14.

[0026]  Another possible leak mode can occur from the secondary reservoir 48
to the annulus. The incident of such a leak is unlikely because such a leak will
generally only occur through a fill port plug and check valve (not shown), which are

connected to the secondary reservoir 48 for the purposes of applying the necessary

initial charge of pressure. A loss of pressure from the secondary reservoir 48 into the
annulus will not affect the operation of the SSV so as to keep it from being opened.
However, the failsafe feature of the control system will no longer be present such that
when any loss occurs of pressure from reservoir 38, there will no longer be an
available differential pressure on piston 52 to urge it to the position shown in Fig. 3,
where an equalization between conduits 20 and 44 could occur. Those skilled in the

art will appreciate that it is possible to decrease the likelihood of any such leak by

using redundant consecutive seals in series to seal off the fill port.

[0027] Referring now to Fig. 2, the various failure modes with the SSV in the
open position will be described. The first failure mode is a failure of seal 26 or seal
56. It seal 26 leaks, the higher pressure in control line 16 will communicate through
passage 32 to the primary reservoir 38, raising its pressure. In this situation, the SSV
will remain in the open position shown in Fig. 2, but the requisite pressure in the
control line 16 to hold it open will increase. A point can be reached where surface
equipment will be unable to provide sufficient pressure in control line 16 to hold the

piston 10 in the open position shown in Fig. 2. If this occurs, the SSV will close due

10
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to insufficient available pressure in control line 16 to resist the heightened pressure in

reservoir 38. If seal 56 fails, conduit 44 equalizes with conduit 20 so that piston 10

will be pushed up by spring 14 to close the SSV.

[0028] If a leak occurs from reservoir 38 into the tubing due to failure of seals
28 or 36, the resulting pressure in chamber 38 could eventually decrease to

approximately a level of 150 PSI less than the preset pressure in secondary reservoir

48. If the reduction in pressure in reservoir 38 occurs to this extent, the piston 52 will
shift to the position shown in Fig. 3, equalizing conduits 20 and 44, allowing spring
14 to close the SSV by shifting tab 12 on piston 10. The SSV remains operational and

open until the reservoir 38 pressure is reduced to approximately 150 PSI below the

reservolr 48 pressure.

[0029]  The reverse of the situation in the previous paragraph can occur when
the tubing pressure exceeds the pressure in reservoir 38 and seals 28 or 36 fail. In this

situation, the reservoir 38 pressure will increase. As a result, the SSV remains open

and operational; however, the control line 16 pressure required to keep the piston 10
in the open position for the SSV shown in Fig. 2 will necessarily increase. Should the
required control line 16 pressure exceed the available capacity of the surface

equipment, the SSV will close due to insufficient control line pressure to keep piston

10 in the open position shown in Fig. 2.

[0030] The pressure in reservolr 38 can escape to the annulus in another
failure mode. If this occurs, and the annulus pressure i1s at least 150 PSI below the
secondary pressure in reservoir 48, a sufficiently large leak will ultimately reduce the
pressure in reservoir 38 to a level low enough to provide a differential pressure across
piston 52 to shift it from the position shown in Fig. 2 to the position shown in Fig. 3.
This will equalize conduits 20 and 44, allowing spring 14 to push tab 12 upwardly,
bringing the flow tube up and letting the flapper rotate to the closed position. The

SSV is now closed and cannot be reopened.

[0031]  Another failure mode, with the SSV in the open position depicted by

Fig. 2, is a leak from the control line 16 to the reservoir 48 due to a failure of seal 54.
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When this occurs, the pressure in reservoir 48 will built up. If the build-up in reservolr
48 is to a level 150 PSI greater than the pressure in primary reservoir 38, piston 32
will shift to the position shown in Fig. 3, equalizing conduits 20 and 44. This will
allow spring 14 to push tab 12 upwardly, allowing the flapper to rotate to the shut

position. The SSV is now permanently closed.

[0032]  Yet another potential failure mode is a loss of pressure from secondary
reservoir 48 to the annulus. This type of a leak is unlikely since it will have to occur
around a fill port plug and check valve (not shown), which are used in the filling
procedure for reservoir 48. As previously stated, a loss of secondary pressure in
reservoir 48 precludes the piston 52 from shifting to the position shown in Fig. 3 for
equalization of conduits 20 and 44. In essence, with the SSV in the open position
shown in Fig. 2 and a loss of pressure out of reservoir 48, the failsafe feature is no
longer present in the valve. The valve will continue to function and remain in the open

position. Such leakage can be minimized by use of additional redundant seals In

series.

[0033] Various scenarios of failures in the control system have been
described. With the exception of pressure loss from the secondary reservoir 48, the
failsafe feature of piston 52 remains operational, whether it is immediately or later
triggered. As described, in some situations the valve may remain operational with the
failsafe feature also operational. With the valve in the closed position, the various
failures will allow the valve to continue to stay in the closed position, and in some
situations, depending on the degree of leakage, will allow the valve to be opened
(with the failsafe system using piston 52 still operational), while in other situations,
the SSV, with the control system as depicted in Figs. 1-3, will have to be retrieved to

the surface to be repaired for subsequent use.

[0034] One of the advantages of the control system as described Is Its
simplicity and, hence, its reliability. A simple movable piston 52 responds to
differential pressure to equalize around the main operating piston 10 in a variety ot
failure conditions as described above. The use of passage 32 allows communication

from the control line 16 to the reservoir 38 in the event of a failure of seal 26.

12
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Similarly, passage 32 also serves the purpose of communicating pressure from the

tubing, where the SSV flapper is located, to the reservoir 38 in the event of failure of
seal 36. The pressure in reservoir 38 effectively acts across the entire bottom surface

30 of piston 10 during normal operations because passageway 32 is closed between

seals 26 and 36.

[0035]  The simplicity of the control system is more readily appreciated when
compared to some of the prior art designs indicated in the previous description of the
background of the invention. Not only are those prior designs more structurally
complicated with a greater degree of moving parts, the prior art designs are also
limited in their ability to respond to a variety of leakage situations and allow the SSV

to obtain its failsafe condition. With the simple design as depicted, the SSV for all but
the occurrence of an unlikely loss of secondary pressure from reservoir 48, retains its
failsafe closure ability, even though in some conditions, depending upon the extent of
the leakage, the valve may continue to be operational with the failsafe feature still in
effect. In other situations where the leakage is more drastic, the failsafe feature will
keep the valve closed if the leak occurs when the valve is already closed. Yet in other
situations, if the leakage is sufficiently drastic, the valve will go from its open to
closed position and, with piston 52 shifted, there will be no opportunity available for

operating the SSV by moving piston 10, short of taking the SSV to the surface for an

overhaul.

[0036]  Those skilled in the art will appreciate that, although the flow tube and
flapper have not been shown, the operation of the control system from the point of
view of movement of tab 12 to operate a flow tube is intended to be in a manner that

is well-known in the art for allowing the flapper to move between an open and closed

position.

[0037]  More recently, concern has arisen as to the ability of a control system

having with an operating piston that is not exposed to tubing pressure on the lower

end to go to the failsafe mode if the tubing T and a control line, such as 16 shown in
Fig. 4, were to rupture in a high pressure well. The problem is that the rupture of the

tubing T and the control line such as 16, could suddenly pressurize the annulus A as

13




CA 02474063 2004-07-22
WO 03/062395 PCT/US03/01763

well as the control line such as 16 to an extent that the return spring, such as 14,
meant to operate in a pressure balanced environment, would be too weak to move the
operating piston such as 10 upwardly for a failsafe closure. This situation is a
particular concern in any control system where the lower end of the operating piston
is designed to be isolated from tubing pressure, generally due to the provision of a
compressed gas chamber to offset hydrostatic pressure in the control line to the top
side of the operating piston. Fig. 4 is but one example of how this can happen in one
particular control system but the invention is applicable to many other types of control
systems which could subject the operating piston to a sufficient net force on rupture of
the control line or/and the tubing string in the wellbore. In Fig. 4, if the tubing and
control line 16 are cut downhole, the annulus pressure can build to a level greater than
the pressure in reservoir 38, so that the combined forces acting on surface 30 from the
pressure in reservoir 38 and return spring 14 will be less than the newly raised
annulus A pressure acting downwardly on surface 24. Despite the need for the SSV

to close during such an emergency, it could stay wide open due to the inability of

reservolr pressure in reservoir 38 and the force of spring 14 to overcome downward

force on piston 10 from the line ruptures. The most likely scenario is that tubing T

ruptures and takes with it the control line 16. However, the control line 16 could
rupture alone and if annulus pressure is higher than reservoir 38 pressure, for some

reason, the SSV will not fail closed.

[0038]  To address this problem, the control system C has been modified as
shown 1n Fig. 4. In Fig. 4., a chamber 105 is connected by line 101 to reservoir 38.
Inside are a piston 102 and a surrounding seal 103. Chamber 105 has an inlet 104,
which communicates with the opposite side of piston 102 than line 101. Inlet 104
senses annulus A pressure. Seal 103 prevents fluid blow-by from reservoir 38 into the
annulus A during normal operations. Normally the annulus A is kept at a far lower
pressure than is necessary to counteract the hydrostatic pressure in control line 16. As
a result the normal bias on the piston 102 is toward the lower pressure annulus A, or
toward inlet 104. The addition of this equipment has no bearing on the previously
described control system C during normal operation or in any of the above-described

failure modes except for an unexpected rupture of the high pressure tubing T or/and
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the control line, such as 16, If either or both the tubing T and the control line such as
16 ruptm‘e. the annulus A rapidly can become pressurized to a pressure substantially
higher than In reservoir 38. Since the control line such as 16 is cut, the higher annulus
~ A pressure also appears at surface 24 at the top of the operating piston 10. The rise in
pressure in the annulus A also increases the force on piston 102 to make it move
toward line 101. Chamber 105 can have two diameters so that movement of the piston
| 102 toward line 101 unseats the scal 103 to allow blow-by, thus equalizing pressure in
annulus A on both sides of piston 10. Alternatively, seal or seals 103 can be cup seals
that unidirectionally allow blow-by around piston 102 only when annulus pressure
exceeds the pressure ip reservoir 38, Thase skilled in the art will appreciate other
techniques can be employed to equalize through plston inz, like a passage through it
with a check valve in it that only allowed flow from inlet 104. The piston faces 106
and 107 need not have the same area. Other devices that allow equalizatioh of annulus
pressure to the lower end such as 30 of the operating piston 10 are also contemplated
by the invention independent of the specific location illustrated for the specific control
system C. ' | |

. [0039]  Generally speaking, control systems involving operating pistons
- normally exposed above and below to tubing pressure and have a closure spring stout
enough to overcome the control line hydrostatic, during normal operation, will not
benefit from the present invention. This js because a control line and tubing rupture
will leave the operating piston in pressure balance even as the tubing rupture
pressurizcs. the annulus, Systems that use two control lines, one going to above and
one going below the aperating pistbn to allow use of a small closure spring, could be
systems that will benefit from the present invention. If only the balance line to the
bottom of the operating piston [s left intact and the tubing and control line to the tap
of the operating piston are both cut, then the apparatus of the present invention, shown
in Fig. § attached to the balance line will allow the SSV to go to its failsafe mode. If
both control lines are ¢ut when the tubing T bursts it would still [eave the operating
pistan in pressure balance, albeit with higher pressure on both sides. Fig 5 illustrates a
known control system described in detail in U. S. Patent No. 6,173,785, combined

with a superimposed
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apparatus of the present invention as previously described. The small closure spring
would still be operative to make the SSV go to its fail closed position. Rather it is the
control systems with one side of the operating piston shielded from tubing pressure,
such as by a pressurized gas system or another type of shielded system for one end of

the operating piston separate from the tubing or annulus pressure, that the present

invention, the preferred embodiment of which is illustrated in Fig. 4, is particularly

useful.

[0040] The foregoing disclosure and description of the invention are

illustrative and explanatory thereof, and various changes in the size, shape and

materials, as well as in the details of the illustrated construction, may be made without

departing from the spirit of the invention.
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WHAT IS CLAIMED IS:

1. A control system for a tubing mounted downhole safety valve operated from
the surface, comprising:

a fluid filled control line extending 1n an annular space outside the tubing from
the surface and 1n fluild communication with a first end of an operating piston;

a return spring acting on said piston in a direction against hydrostatic pressure
from said fluid filled control line but being weaker than the hydrostatic force exerted
by said fluid filled control line; and

a pressure source acting on a second end of said operating piston against the
hydrostatic force from said control line, said pressure source further comprising a
valve to selectively communicate annular space pressure to said second end of said

piston.

2. The control system of claim 1, wherein:
sald pressure source valve operates responsively to pressure in the annular

space.

3. The control system of claim 2, wherein:
said pressure source valve opens when annular space pressure rises to exceed a

predetermined pressure source value.

4. The control system of claim 3, wherein:

sald pressure source valve opens to put said piston in pressure balance from

annular space pressure.

5. The control system of claim 4, wherein:
said first end of said piston is exposed to annular space pressure as a result of a

break in said control line.

6. The control system of claim 5, wherein:
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sald break in said control line results from a failure of the tubing on which the

safety valve 1s mounted with a resulting pressurization of the annular space from

pressure formerly within the tubing.

7. The control system of claim 1, wherein:
said pressure source comprises a fluid filled balance line extending from said

second end of said piston to the surface,

8. The control system of claim 1, wherein:

said pressure source comprises a pressurized reservoir mounted adjacent said

piston.

0. The control system of claim 6, wherein:
said pressure source comprises a pressurized reservoir mounted adjacent said

piston.

10.  The control system of claim 9, wherein:

said pressure source valve comprises a valve member having a first diameter
and movable 1n a housing having a larger second diameter such that movement of said
valve member due to an increase in annular space pressure creates a bypass passage
around said valve member to allow annular space pressure to reach said second end of

said piston.

11.  The control system of claim 9, wherein:
said pressure source valve comprises a valve member in a housing having a
unidirectional seal such that annular space pressure, when greater than the pressure

source pressure, creates blow-by past said seal.

12. The control system of claim 9, wherein:
sald pressure source valve comprises a check valve allowing flow in one

direction from the annular space to said second end of said piston.

13.  The control system of claim 1, wherein:
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said pressure source valve opens when annular space pressure rises to exceed a

predetermined pressure source value.

14.  The control system of claim 1, wherein:

said pressure source valve opens to put said piston in pressure balance from

annular space pressure.

15.  The control system of claam 1, wherein:

said first end of said piston i1s exposed to annular space pressure as a result of a

break in said control line.

16.  The control system of claim 15, wherein:

sald break 1n said control line results from a failure of the tubing on which the
safety valve 1s mounted with a resulting pressurization of the annular space from

pressure formerly within the tubing.

17.  The control system of claim 1, wherein:

said pressure source valve comprises a valve member having a first diameter
and movable in a housing having a larger second diameter such that movement of said
valve member due to an increase in annular space pressure creates a bypass passage
around said valve member to allow annular space pressure to reach said second end of

said piston.

18.  The control system of claim 1, wherein:

said pressure source valve comprises a valve member in a housing having a
unidirectional seal such that annular space pressure, when greater than the pressure

source pressure, creates blow-by past said seal.

19.  The control system of claim 1, wherein:
said pressure source valve comprises a check valve allowing flow in one

direction from the annular space to said second end of said piston.

20. A method of obtaining a failsafe operation for a downhole safety valve,

comprising:
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running a control line in an annular space to one end of an operating piston on
to a safety valve mounted on tubing;

providing a pressure source on an opposed end of the operating piston to
counteract hydrostatic pressure on said operating piston;

providing a return spring on said operating piston that 1s weaker than the
opposing hydrostatic force on said one end of the operating piston from said control
line; and

responding to an annular space pressure rise coupled with breakage of said
control line, while said pressure source remains intact, by equalizing annular space

pressure on opposed ends of said piston.
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