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ELECTROSTATIC MOTOR CONTROL OF A SUB SURFACE SAFETY VALVE

TECHNICAL FIELD
f0001] The disclosure generally relates to the field of 01l and gas production and more

particularly to sub-surface safety valves.
BACKGROUND

(00021 Wellbores are drilled in subterranean formations to access oil, gas, and other deposits
within geological formations. Onee a wellbore has been drilled, it is then cased for completion.
Often, hyvdrocarbon producing wells include a sub-surface safety valve (858V) positioned within
the casing to enable, prevent, or vary a flow of production thuid through the casing. In addition to
enabling and preventing the flow of fhinds through the casing, 858Vs can be used to halt

production from the wellbore in the case of an emergency.
BRIEF DESCRIPTION OF THE DRAWINGS

[00031 Embodiments of the disclosure may be better understood by referencing the

accompanying drawings.
[00041 FIG. | depicts an example completed well system, according to some embodiments.

F00051 FIGS. 2A-2B depict cross-sectional views of a first example sub-surface safety valve
{(SS5V} and electrostatic motor configuration in a closed position and an open position,

respectively, according to some embodiments.

[00061 FIG. 3 depicts a graph of current draw by an electrostatic motor for S58V operations of

FIGS. 2A-2B as a function of time, according to some embodiments.

[00071 FIGS. 4A-4C depict cross-sectional views of a sccond example sab-surface safety valve
{SSSV) and clectrostatic motor configuration in a closed position, a locked position, and an open

position, respectively, according to some embodiments,

F000R] FIG. S depicts a flowchart of example operations for using an 888V and clectrostatic

motor configuration in an example wellbore operation, according to some embodiments.

[0009] FIG. 6 depicts an exarple computer, according to some crmbodiments.
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DESCRIPTION OF EMBODIMENTS

[0010] The description that follows includes example svstems, methods, techiuques, and

program flows that embody embodiments of the disclosure. However, it 13 understood that ths
disclosure may be practiced without these specific details. For instance, this disclosure refers to
sub-surface safety valves (§55Vs) in tlhustrative examples. Embodiments of this disclosure can
be also applied to other types of valves in downhole or surface applications. In other instances,
well-known mstruction instances, protocols, structures, and techniques have not been shown in

detat! in order not to obfuscate the description.

[0011] Conventional well completions employing SSSVs often wiilize hydrautic lines to control
the opening and closing of S85Vs. In contrast, clectric well completions can employ electrcally
controlled SSSVs (e555Va) that are controlled by electric lines mnstead of conventional hyvdraulic
lines. Such electnical control from the surface of the borehole can be easier and more accurate (in
comparison to conventional hivdraulic control). This is especially true for wellbores formed
underwater. Floctrie S85Vs can include motors, actuators, clectromagnetic Jocking mechanisms,
cte. Traditional electric motors have magnets and windings and can require electric clutches to

ensure fail-safe operation.

[00121 Operation of electrostatic motors differ from operation of traditional electric motors. For
example, operation of electrostatic motors is based on atiraction and repulsion of electric
charges. When a supply voltage 15 removed, an electrostatic motor can rotate freely, eluninating
the need for an electric clutch. Additonally, recent developments m electrostatic motors have
enabled increased torque and power efficiency, reducing the power necessary to operate

clectrostatic motors under load.

[00131 Various embodiments can include mcorporation of electrostatic motors to operate and
control S88Vs in a downhole operation. For example, electrostatic motors can operate and
control S58Vs in a hydrocarbon production operation in a wellbore. The SS5Vs can act as a fail-
safe 1o the event of failure. For example, if fhuds flowing to the surface of the wellbore are being
captured or contained because of equipment fatlure, an S58V can be closed to prevent floids
from flowing to the surface until the failure is corrected. Tn some imaplementations, the SS8V can
be opened by supplying power to an electrostatic motor. The S8SV can remain open by
continuing to supply power to the electrostatic motor. Thus, the 58SV can be closed by no
fonger supplying power 1o the electrostatic motor. Typical electric motors use energized coils. In

contrast, an electrostatic motor can use charged plates to create movenent. Also, one of the
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propertics of electrostatic motors is that they spin freely when not energized and only a small

amount of power is used to energize to keep these motors from moving.

[0014] Because an clectrostatic motor is used, lower current draw is needed to keep the S88VY
closed (in comparison to other types of clectric motors). Thus, by using an clectrostatic motor,
exarnple embodiments can provide an electrically powered control of §§5Vs in a wellbore
{without using conventional electric motors, actuators, electromagnetic locking that require
bigher current draw). Thus, cxample erabodiments provide an easier and more accurate control

of the SSSVs but with much less power needed 1o keep the S5SV locked in an open position.

f00151 In some emboduncnts, an electrostatic motor can be used with a drive screw to move a
flow tube to open an SS8V. Springs arranged about the flow tube can act to bias the flow tube to
its onginal position when the power to the electrostatic motor is removed, closing the 888V, In
some embodiments, an electrostatic motor can be used as a Jock to hold prevent a flow tube from
returning to its onigial position, where the SS8V is closed. In some implementations, pressure
can be apphied from the surface to equalize pressure across the SSSV, further reducing the load

on the clectrostatic motor and the power necessary to operate the motor.

Example Svstem

[0016] FIG. | depicts an example completed well system, according to some embodiments. In
FIG. 1, a well system 100 having a welthead 114 connected to an electrically actoated SSSVY
{hercinaficr "S55V} 106 via an electrical connection 102, An annulus 108 may be defined

between walls of a wellbore 112 and a conduit 110.

[00171 The wellhead 114 may provide a means to hand off and seal the conduit 110 against the
wellbore 112, The conduit 110 may be coupled to the wellhead 114, The conduit 110 may be any
condait such as a casing, Hner, production tabing, or other tubulars disposed 1n a wellbore. In the
following description of the SS8V 106 and other apparatas and methods described herein,
directional terms, such as “above”, “below”, “upper”, “lower”, ctc., are used only for
convenience m referring to the accompanying drawings. Additionally, 1t 1s {0 be understood that
the various examples of the present electrically actuated SSSV described hercin may be utilized
1 various orientations, such as inclined, inverted, horizontal, vertical, etc., and m various

configurations. Although the SS5V 106 is illustrated as being disposed within an onshore
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wellbore, the S88V 106 may be disposed in any type of wellbore including offshore type

wellbores.

[0018] The SS8V 106 may be mterconnected in the conduit 110 and positioned in the wellbore
112, The SSSVY 106 may provide a means to isolate a lower portion of the conduit 110 from an
upper portion of the conduit 110, The lower portion of the conduit 110 may be in fluid
communication with a subterranean formation such that formation fhads may flow into the lower
portion of the conduit 110. The clectrical connection 102 may extend uxto the wellbore 112 and

may be connected to the 858V 106

[0019} An clectrostatic motor 120 can be electricallv coupled to the 888V 106, When supplied
with power, the electrostatic motor 120 can open the S58V 106 to allow for a flow of production
fhud from the wellbore 112 to the surface 104 through an interior of the conduit 110, as
described 10 more detail below. For example, the clectrical connection 102 may provide power to
the electrostatic motor 120, In response 1o being powered, the electrostatic motor 120 can cause
the SSSVY 106 to open to provide a flow path for wellbore fluids in a lower portion of conduit
116 to flow into an upper portion of conduit 110, Conversely, in response to stopping supplying
of the power to the clectrostatic motor 120, the 888V 106 can close to prevent the flow path for
wellbore fluds. Additionally, FIG. T depicts the wellbore 112 as a vertical wellbore. However,
the S88V systems of the present disclosure can be positioned within vertical, horizontal, and/or

angled wellbores as well.

Example 888V and Electrostatic Motor Conficurations

First Example S8SV and Electrostatic Motor Configuration

00207 Example SSSV and electrostatic motor configurations of the S8SV 106 and the
electrostatic motor 120 depicted in FIG. 1 are now deseribed. FIGS. ZA-2B depict cross-
sectional views of a first example sub-surface satety valve (858V) and electrostatic motor
configuration in a closed position and an open position, respectively, according to some
cmbodiments. In FIG. 2A, an SSSV and electrostatic motor configuration ( “configuration™) 200

1s 1nn a closed position. In FIG. 2B, the configuration 200 is in an open position.

[00211 The configaration 200 includes an SSSV 201 and an electrostatic motor 220, The 558V

201 inchudes a flow tube 204, a tubing 202, and a valve 240 positioned within and at the bottom
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end of the tubing 202, With reference to FIG. 1, an upper portion of the conduit 110 can be
coupled 1o a top end of the tubing 202, and a lower portion of the conduit 110 can be coupled to
a bottom end of the tubing 202, The flow twbe 204 includes a longitudinal portion 206 having a
passage 208 thereim. The 5SSV also inclades a flow ring 210 having an internadly threaded
portion 212 and a drive screw 222, The internally threaded portion 212 can be complimentary to

a profile of the drive screw 222 coupled to the clectrostatic motor 220.

0022} Io soroe erabodiments, power can be supplied to the clectrostatic motor 220 to ove the
SSSV 201 from the closed position to an open position where fluid flows uphole through the
flow tube 204. For example, with reference to FIG. 1, the electrical connection 102 can supply
the power to the electrostatic motor 220, When power is applied to the electrostatic motor 220,
the drive screw 222 can rotate, causing dowoward axtal movement of the flow tube 204 as the
flow ring 210 moves axially along the drive screw 222, As the flow tube 204 moves downward,
a bottom end 211 of the flow tube 204 abuts a face of the valve 240, Further downward
movement of the flow tube 204 opens the valve 240, allowing fluid flow from downhole of the
SS8V 201 through the passage 208 To llustrate, FIG. 2B depicts the configuration 200 in the
open position. As depicted in FIG. 2B, ag the drive screw 222 moves axially downward, the
spring 214 is comprossed and the flapper 244 s open — resulting in a flow of fhuid 250 flowing

uphole throngh the passage 208 of the flow tube 204

[0023] As depicted in FIGS. 2A-2B, the valve 240 is a flapper valve having a flapper seat 242, a
flapper 244, and a hinge 246. However, m some embodiments, the valve 240 can be any valve
that opens when a downward foree 1s applied to the valve. For example, the valve 240 can
tnstead be a ball valve. As the drive screw 222 rotates, the flow tube 204 moves downhole to
move the configuration 200 from the closed position {(as depicted in FIG. 2A) to the open

position {as depicted in FIG. 2B) by rotating the flapper 244 about the hinge 246

[0024] A spring 214 positioned between the flow ring 210 and the flapper seat 242 biases the
flow tube 204 m an uphole direction such that the bottom end 211 of the flow tube 204 does not
press downward on the flapper 244 and the S58V 201 remains in the closed configuration when
power is not supplied to the electrostatic motor 220. Further. the spring 214 can act as a fail-safe
to close the valve 240 in the event of an electrical failure. For example, power to the electrostatic
motor 220 can be removed and the drive screw 222 can be free to rotate 1n a direction opposite of
that when the electrostatic motor 220 is powered, allowing the spring 214 to move the flow tube

204 upward, thus allowing the valve 240 to close. In some embodinments, the valve 240 can



1o

1N

WO 2022/225528 PCT/US2021/028765

mehide a spring (not pictured) that biases the flapper 244 upward to close the valve 240 when the
flow tube 204 1s moved upward. For example, the lunge 246 may be a sprng loaded binge

having a torsional spring that closes the flapper 244 when force is removed from the flapper 244,

f00251 In contrast to traditional motors, the use of an electrostatic motor and a spring can
climinate the need for an electric clutch. Further, clectrostatic motors can have a lower power
draw when compared to a traditional motor because an clectrostatic motor dogs not need power
to rotate a drive scrow in an opposite dircction, allowing a spring of the valve and/or a pressure

gradient to do the work of closing the valve.

[0026] To ibhustrate, FIG. 3 depicts a graph of current draw by an clectrostatic motor for SS8V
operations of FIGS. 2A-2B as a function of time, according to some embodiments. FIG. 3 shows
a graph 300 having a v-axis 306 {current} and an x-axis 304 {time}. As shown, the graph 300
mcludes an example current 302 that is drawn by the clectrostatic motor over time during SS58V
operations. Example stages of operation of the SS8V 201 include five stages (stages 310, 312,

314, 316, and 318}

[0027] At the stage 310, the 5S8V is closed and the current draw by the electrostatic motor 220
is at or near zero. At the stage 312, power is supplied to the electrostatic motor 220 to initiate
opening of the S88V. As shown at the stage 312, a current draw rapidly increases in a short time
so that the electrostatic motor 220 has the requisite power to rotate the drive screw 222 to
overcome the force exerted on the flow tube 204 by the spring 214 as well as a differential
pressure across the valve 240 when pressure across the valve 240 is not equalized. After initially
overcoming the force exerted by the spring, the current draw by the electrostatic motor 220 can
remain relatively constant (seen by the latter part of the stage 312) - as the flow tube 204 moves
downward from the closed position as depicted in FIG. 2A to the open position as depicted in

FiG. 2B.

[00281 At the stage 314, the current draw by the electrostatic motor 220 again rapidly increases
in a short time. This increased current draw at the stage 314 is in response to the bottom end 211
of the flow tube 204 abutting the valve 240, thereby increasing the load on the electrostatic
motor 220 as the valve 240 begins to open. At the stage 316, the valve 240 is folly open and the
spring 214 is compressed, as depicted in FIG. 2B, reducing the current draw by the electrostatic
mator 220, Thus, the current draw at the stage 316 is less than the reqguired at the stages 312 and
314, At the stage 31§, power is removed from the electrostatic motor 220 so that the 555V can
again be closed. This will reselt in the current draw by the electrostatic motor 220 decreasing to
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approximately zero. In response to removing the power, the spring 214 will move the flow tube
204 upward (as the drive screw 222 freely rotates in the opposite direction) to its original

position as depicted in FIG. 2A.

Second Example SS5V and Electrostatic Motor Configuration

[00291 A second example S88V and electrostatic motor configuration of the S88V 106 and the
clectrostatic motor 120 are now described. Io this second example, well pressure can be used to
move portions of the SS8V 106 in place n order to open the valve. After moving portions of the
SSSVY 106 mto place, the electrostatic motor 1120 can be used as a locking mechanism to keep

the valve open.

[00301 To illustrate, FIGS. 4A-4C depict cross-sectional views of a second example sub-surface
safety valve (SSSV) and clectrostatic motor configuration in a closed position, a locked position,
and an open position, respectively, according to some embodiments. Tn FIG. 4A, an 58SV and
clectrostatic motor configuration (“configuration”™) 400 is in a closed position. In FIG. 4B, the
configuration 400 is in a locked position. In FIG. 4C, the configuration 400 is in an open

position.

[00311 The configuration 400 mncludes an SSSV 401 and an clectrostatic motor 420, The SS8V
401 mcludes a flow tube 404, plates 460 and 462, a tubing 402, and a valve 440 positioned
within and at the bottom end of the tubing 402. The flow tube 404 includes a longitudinal portion
406 having a passage 408 therein and a flow ring 4190 In some embodiments, a link 464 rigidly
connects the plate 460 to the plate 462 so that movement of cither the plate 460 or the plate 462
can cause both plates 460-462 to axially translate. In some embodiments, the link 464 may pass
through the flow ring 410 to aid in alignment between the plate 460, the flow ring 410, and the

plate 462

[0032] A first spring 414 is positioned between the plate 460 and the flow ring 410, A second
spring 415 is posttioned between the plate 462 and a flapper secat 442 of the valve 440, The
springs 4 14 and 415 can bias the flow tube 404 1n an uphole direction such that a bottom end 411
of the flow tube 404 does not press downward on the flapper 444 and the SSSVY 401 can remain
i the closed position when power is not supplied to the electrostatic motor 426 and/or pressure

across the valve 440 is not equalized.
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f00331 in some embodiments, the locking mechanism 422 can be coupled to a shaft of the
clectrostatic motor 420. As shown in FIG. 4B, after the first spring 414 1s compressed, the
clectrostatic motor 420 can be powered to rotate the locking mechaniam 422 o place to engage
with a latch 466 — to maintain compression 1n the first spring 414, In some embodiments, the
focking mechanism 422 may be a CAM, drive screw, or any other locking means to engage with

the latch 466 of the plate 460.

[0034] fn some emabodiments, the SSSV 401 can be moved from the closed position, as depicted
m FIG. 4A, to an open posttion by modifying a pressure across the valve 440. FIG. 4B depicts
the second example SSSV 401 at an intermediary stage of transitioning between the closed
position {0 an open position, according to some embodiments. A well pressure, as depicted by
arrows 451, can act on the plate 462 via channels 470 10 flud communication with a lower
portion of the tubing 402 to move the plates 460 and 462 downward, compressing the springs
414 and 415, respectively. The hink 464 allows the plates 460 and 462 and the springs 414 and
415 to move mdependently of the flow tube 404 when locking mechanism 422 is not engaged
with the latch 466. Once the plate 460 has compressed the first spring 414, power can be
supplied to the clectrostatic motor 420 to engage the locking mechanism 422, as previously

described.

[00351 Once the electrostatic motor 420 is powered and the locking mechanism 422 is engaged,
a force can be applied from a surface of the wellbore to move the flow tube 404 axially
downward and open the valve 440, To illustrate, FIG. 4C depicts the SSSV 401 in an open
position, according to some embodiments. Once the springs 414 and 415 are compressed and the
locking mechanism 4272 1s engaged. a force or pressure can be applied from the surface, as
depicted by the arrows 453, to move the flow tube 404 downward untd the bottom end 411 abuts

a face of the valve 440 and pushes the valve 440 open.

[0036] As demicted in FIGS. 4A-4C, the valve 440 is a flapper valve having the flapper seat 442,
a flapper 444, and a hinge 446. However, in some embodiments, the valve 440 can be any valve
that opens when a downward force is applied to the valve. For example, the valve 440 can
instead be a ball valve. As the flow tube 404 moves downhole to move the SS5V 401 from the
closed configuration (as depicted in FIG. 4A) to the open configuration {as depicted in FIG. 40}
the flapper 444 rotates about the hinge 446. In some embodiments, the valve 440 can include a
spring (not pictured) that biases the flapper 444 upward to close the valve 440 when the flow

tube 404 1s moved upward. For example, the hinge 446 may be a spring loaded hinge having a
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torsional spring that closes the flapper 444 when force 1s removed from the flapper 444, If power
to the clectrostatic motor 420 1s removed at any point, upward movernent of the plate 460 will
exert a force on the locking mechanism 422, which can rotate freely when the electrostatic motor
420 1s not powered, and the S88V 401 will return to the closed configuration, as depicted mn FIG.
4A.

[0037] Similar to the first example SSSV svstem of FIGS. 2A-B, use of an electrostatic motor in
opening and closing SS8Vs allows for clectric well completions {independent of hyvdrauhic
control). Further, electrostatic motors requure less power than traditional motors and reduce, and
mn some cases ehiminate, the need for an eleciric cluich. In some embodiments, this can enable

the use of smaller downhole power supplies as well as surface control of 858Vs.

Example Operations

[0038] FIG. 5 depicts a flowchart of example operations for using an $55V and electrostatic
motor configuration in an example wellbore operation, according to some embodiments.
Operations of the flowchart 500 are described in reference to the example system and §885Vs

depicted in FIGS. 1-4C.

f00391 At block 502, power is supplied to an electrostatic motor to open a sub-surface safety
valve (S888V) positioned 1n a wellbore to enable flowing of downhole fluids 1o a surface of the
wellbore. For example, with reference to FIG. 1, power can be supplied to the 888V 106 via the
clectrical connection 102 to enable downhole fhuds from a formation surrounding the welibore

112 to flow to the surface 104 through the conduit 110,

f00401 In some embodiments, the SSSV is opened by rotation of a drive screw coupled to the
clectrostatic motor. For example, with reference to FIGS. 2A-2B, power can be supplied to the
clectrostatic motor 220 to rotate the drive screw 222 to move the flow tube 204 downward to
open the valve 240, In some embodiments, supplying power to the electrostatic motor engages a
locking mechanism to allow for opening of the SS8V. For exaraple, with reference to FIGS. 4A-
4C, power can be supplhied to the electrostatic motor 420 to engage the locking mechanism 422

to maintain compression in the springs 414 and 415 to hold the valve 440 open.

[00411 At block 504, the wellbore is monitored to determine whether a wellbore closure event

has occurred. For example, with reference to FIG. 1, sensors positioned within the welibore 112
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and/or the conduit 110 can be monitored for indications of a wellbore closure event.
Alternatively or in addition, equipment at the surface of the wellbore can be monitored. In some
cmbodiments, monitoring to determine whether a wellbore closure event has occurred can
mclode moniforing an area surrounding the wellbore. A wellbore closure event can be any event
{e.g.. equipment faihure downhole and/or at the surface that resolts in an uncontrolled release of
the downhole flurd at the surface of the wellbore. For exanmple, in a sub~-sea welibore, water
surrounding the conduit can be monitored to determine whether downhole fluids from the

wellbore are escaping the conduit into the water,

[0042] At block 506, a determination ts made whether a wellbore closure event has occurred.
For example, with reference to FIG. 1, it can be determined that fluid is escaping the conduit 110
at a postiion upward of the SSSV 106, Aliernatively or in addition, i can be deternined that
cquipment at the surface of the wellbore has failed. For example, it can be determined that a
pump {not pictured} at the surface is malfunctioning. If a wellbore closure event has not
occurred, flow retumns to block 504, If a wellbore closure event has occurred, flow continues at

black 308,

[0043] At block 508, supplying of power to the clectrostatic motor ceases or stops to close the
SSSV to prevent the flowing of downhole fluids to the surface of the wellbore. For example,
with reference to FIG. 1, a controller can control a power source at the surface supplying the
power to the clectrostatic motor 120 via the electrical connection 102, The controller can prevent
or stop the power source from outputting power being supplied to the eloctrostatic motor 120, As
deseribed above, in response to the electrostatic motor 120 not being powered, the 888V 106

closes to prevent downhole fluids from flowing to the surface 104 through the conduit 110,

[00447 At block 510, the wellbore is monitored to determine whether a wellbore closure event is
stifl occurming. For example, with reference to FIG. 1, sensors positioned within the wellbore 112
and/or the conduit 110 can be monitored for indications of a closure event. Altematively or in

addition, equipment at the surface of the wellbore can be monitored.

[00451 At block 512, a deternunation is made whether a wellbore closure event is still ocenrring.
If a wellbore closure event is still occurring, flow returns to block 510, If a wellbore closure

cvent is not still occurring, flow coutinues at block 514,
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[0046] At block 514, supplying power to the electrostatic motor is reinitiated to reopen the SSSV
to reenable thowmng of dowshole fluids to the surface of the wellbore and flow returns to block

504,

[0047] FIG. 5 1s annotated with a series of numbers 362-314. These numbers represent stages of
operations. Although these stages are ordered for this example, the stages lustrate one example
to atd in enderstanding this disclosure and should not be used to himit the claims. Subject matter
falling within the scope of the claims can vary with respect to the order and some of the

operations.

[0048} The flowcharts are provided to aid in understanding the illustrations and are not to be
used to himit scope of the claims. The fowcharts depict example operations that can vary within
the scope of the claims. Additional operations may be performed: fewer operations may be
performed; the operations may be performed in parallel; and the operations may be performed in
a different order. For example, the operations depicted in blocks 502 and 504 can be performed
w parallel or concurrently. It will be understood that cach block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by program code. The program code may be provided to a
processor of a general purpose computer, special purpose computer, or other progranumable

machine or apparatus,

00491 As will be appreciated, aspects of the disclosure may be embodied as a system, method or
program code/instructions stored in one or more machine-readable media. Accordingly, aspects
may take the form of hardware, software (including firmware, resident software, mucro-code,
¢te.), or a combination of software and hardware aspects that may all generally be referred to
herein as a “circuit,” “module” or “system.” The functionality presented as individual
modules/units in the example tlustrations can be organized differently in accordance with any
one of platform (operating systern and/or hardware}, application ccosystern, uerfaces,

programmer preferences, programming language, administrator preferences, etc.

[00501 Any combination of one or more machine readable medium({s) may be utilized. The
machine readable mediom may be a machine readable signal mediam or a machine readable
storage medium. A machine readable storage medium may be, for examaple, but not luntted to, a
system, apparatus, or device, that employs any one of or combination of electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor technology to store program code. More
specific examples (a non-exhaastive list} of the machine readable storage mediom would inclade

11
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the following: a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only mermory (ROM]}, an crasable programmable read-only memory (EPROM or Flash
menmory), a portable compact disc read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suttable combination of the foregoing. In the context of this
document, a machine readable storage medium may be any tangible medium that can contain, or
store a program for use by or in connection with an mstruction execution system, apparatus, ot

device. A machine readable storage medium 1s not a machine readable signal medium.

0031} Computer program code for carrving out operations for aspects of the disclosure may be
written in any combination of one or more programming languages, including an object oriented
programming language such as the Java® programming language, C++ or the bike; a dvnamic
programuyng language such as Python; a seripting language such as Ped programming language
or PowerShell seript language; and conventional procedural programming languages, such as the
"C" programming language or similar programming fanguages. The program code may execute
cntirely on a stand-alone machine, may execute in a distributed manner across mulbtiple
machines, and may execute on one machine while providing results and or accepting nput on

another machine.

[00521 The program code/mstructions may also be stored in a machine readable medium that can
direct a machine to function in a particular manner, such that the mstructions stored in the
machine readable medivm produce an article of manufacture including instructions which

implement the function/act specified mn the flowchart and/or block diagram block or blocks.

Example Computer

[0053] FIG. 6 depicts an example computer, according to some embodiments. In FIG. 6, a
computer 600 includes a processor 601 (possibly including multiple processors, multiple cores.
multiple nodes, and/or implementing multi-threading, ete.}. The computer 600 mcludes a
memory 607. The memory 607 may be system memory or any one or more of the above already
described possible realizations of machine-readable media. The computer 600 also includes a bus
603 and a network udterface 6035, The corputer 600 can conmunicate via transmissions 1o
and/or from remote devices via the network interface 603 n accordance with a network protocol
corrgsponding to the tvpe of network interface, whether wired or wireless and depending upon

the carrying medium. In addition, a communication or transmission can involve other lavers of a
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communication protocol and or communication protacol suites {¢.g., transmission controd

protocal, fntemet Protocol, user datagram protocol, virtual private network protocols, ete).

[0054] The system also includes a safety valve controlier 611, The safety valve controller 611
can perform at least some of the operations described above. For example, the safety valve
controtler 611 can monitor for a well closure event and control the selective supplying of power
to the electrostatic motor (as described above}. Any one of the previcusly described
functionalitics may be partially (or entirely) implemented in hardware and/or on the processor
601, For example, the functionality may be implemented with an application specific integrated
circuit, in logic implemented in the processor 601, in a co-processor on a peripheral device or
card, etc. Further, realizations may include fewer or additional components not iHustrated in FIG.
6 {e.g., video cards, audio cards, additional network interfaces, peripheral devices, etc ). The
processor 601 and the network interface 605 are coupled to the bus 603, Although ilustrated as

being coupled to the bus 603, the memory 607 may be coupled to the processor 601,

[0055] While the aspects of the disclosure are described with reference to various
implementations and exploitations, it will be understood that these aspects are illustrative and
that the scope of the claims 1s not funtted to them. To general, techniques for controlling sub-
surface safety valves from a surface as deseribed herein may be implemented with facilities
consistent with any hardware system or hardware systems. Many variations, modifications,

additions, and improvements are possible.

10056} Plural instances may be provided for components, operations or structures described
herein as a single instance. Finally, boundaries between various components, operations and data
stores are somewhat arbifrary, and particular operations are ilustrated in the context of specific
tHustrative configurations. Gther allocations of functionality are envisioned and may fall within
the scope of the disclosure. In general, structures and tfunctionality presented as separate
components in the example configurations may be tmplemented as a combined structure or
component. Similarly, structures and functionality presented as a single component may be
mnplemented as separate components. These and other variations, modifications, additions, and

improvements may fall within the scope of the disclosure.

Example Embodiments
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[00571 Embodiment 1; An apparatus comprising a sub-surface safety valve (885V) to be
posttioned in a wellbore, the SS8V configurable to move between a closed position and an open
position, wherein the SSSV prevents downbole fluid in the wellbore to flow to a surface of the
wellbore while in the closed position, and wherein the 5558V allows the downhole flaid in the
wellbore to flow to the surface of the wellbore while in the open position; and an electrostatic
motar 1o be positioned in the wellbore and to be coupled to the SS8V, wherein the clectrostatic
motor is to be selectively powered to move the SSSV between the closed position and the open

position.

[0058] Embodiment 2: The apparatus of Embodiment §, wherein the SSSV comprises a flow
tube; and a valve positioned at a bottom end of the flow tube, wherein the valve is configurable
to move between the closed position and the open position based on power supplicd to the
clectrostatic motor, wherein, in the closed position, the valve 1s positioned to prevent the
downhole fluid to flow from below the S55V to the surface of the wellbore, wherein, 1n the open
position, the valve is to be positioned to enable the downhole fluid to flow from below the SS5V

to flow to the surface of the wellbore.

[0059] Embodiment 3: The apparatus of Embodunent 2, wherein the 888V comprises a flow
ring posittioned at a top end of the flow tube; a spring positioned below the flow ring; and a
screw drive having a top end coupled to the electrostatic motor and a bottom end coupled to and
positioned above the flow ring, wherein, in response 1o activation of the electrostatic motor, the

screw drive 1s to rotate to move the flow ring down to compress the spring.

[0060] Embodiment 4: The apparatus of Embodunent 1, wherein a locking mechamsom is
coupled to a shaft of the electrostatic motor, and wherem the S8SS8V is to move from the closed
position to the open position 1n response to the electrostatic motor being powered to rotaie the

locking mechanism to a lock position.

[0061] Embodiment 5: The apparatus of Embodiment 4, wherein the SS5V is to move from the
open position back to the closed position in response to the electrostatic motor being unpowered

to rotate the locking mechanism to an unlock position.

[00621 Embodiment 6; The apparatus of Embodiment 5, wherein the S5V comprises a top
plate; a flow ning positioned below the top plate; and a top spring positioned between the top
plate and the flow ring, wherem the flow ring s to move toward the top plate to compress the top

spring in response to exposure of a wellbore pressure from below the SSSV to within the 888V,

14
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wherein, after the top spring is compressed, the electrostatic motor is to be powered to rotate the
locking mechanism to the lock position to retain position of the flow ring to maintain

compression of the top spring.

[00631 Embodiment 7: The apparatus of Embodiment 6, wherein the SSSV comprises a flow
tube; and a valve positioned at a bottom end of the flow tube, wherein the valve 1s configurable
to move between the closed position and the open position, wherein, in the closed position, the
valve is positioned to prevent the downhole fluid to flow from below the SSSV to the surface of
the wellbore, wherein, in the open position, the valve is to be moved from the closed position to

the open posttion in response to exposure of a surface pressure within the flow tube.

[0064] Embodiment & The apparatus of Embodiment 7, wherein the valve 1s a flapper valve and
wherein the SS8V comprises a bottom plate that is linked to the top plate; a flapper scat; and a
bottom spring positioned between the bottom plate and the flapper seat, wherein the bottom plate
1s to move toward the flapper seat to compress the bottom spring in response to exposure of the

wellbore pressure from below the SS8V to within the SSSV.

[00651 Embodiment 9: A system comprising a production tubmg fo be positioned in a wellbore
and through which a downhole fluid flows from downhole 1o a surface of the wellbore, a sub-
surface safety valve (S888V) to be positioned within the production tubing, the S88V
configurable to move between a closed position and an open position, wherein the 885V is
prevent the downhole fluid to flow to the surface of the wellbore while in the closed position,
and wherein the SS5V is to allow the downhole fluid to flow to the surface of the wellbore while
in the open position; an electrostatic motor to be coupled to the S8SV! an electrical conduit to
couple a power source at the surface to the electrostatic motor; a sensor to detect a wellbore
closure event; and a controller coupled to the sensor and the power source, wherein the controlier
is 1o control the power source to cause the power source to supply power 1o the electrostatic
mator to move the SSSV in the open position 1o response to no detection of the wellbore closure
event by the sensor, wherein the controller is to control the power source to cause the power
souree to cease supplying the power to the clectrostatic motor to move the SS85V from the open
position 1o the closed position in response to detection of the wellbore closure event by the

SCH8OT.

[0066] Embodiment 10: The system of Embodiment 9, wherein the SSSV comprises a flow tube;
and a valve positioned at a bottom end of the flow tube, wherein the valve i1s configurable to
move between the closed posttion and the open position based on the power supplied to the

15
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clectrostatic motor, wherein, in the closed position, the valve is positioned to prevent the
downhole fluid to flow from below the SSSV 1o the surface of the wellbore, wherem, in the open
posttion, the valve is to be positioned to enable the downhole fluid to flow from below the SSSV

to flow to the surface of the wellbore.

00671 Embodiment 11: The system of Embodiment 10, wherein the SS8V comprises a flow
ring positioned at a top end of the flow tube; a spring positioned below the flow ring; and a
screw drive having a top end coupled to the clectrostatic motor and a bottom end coupled to and
positioned above the flow ring, wherein, in response to activation of the electrostatic motor, the

screw drive is to rofate to move the flow ring down to compress the spring.

[0068] Embodiment 12: The svstem of Embodiment 9, wheren a locking mechanism is coupled
to a shaft of the clectrostatic motor, and wherein the 858V is to move from the closed position to
the open posttion in response to the clectrostatic rootor being powered to rotate the locking

mechanism 1o a lock position.

[00691 Embodiment 13; The svstem of Embodiment 12, wherein the S85V is to move from the
open position back to the closed position in response to the electrostatic motor being unpowered

to rotate the locking mechanism to an unlock position.

[00701 Embodiment 14: The system of Embodiment 13, wherein the SSSV comprises a top
plate; a flow ring positioned below the top plate; and a top spring positionad between the top
plate and the flow ring, wherem the flow ring is to move toward the top plate to compress the top
spring 1n response 1o exposure of a wellbore pressure from below the $S8V to within the 58SV,
wherein, after the top spring is compressed, the electrostatic motor is to be powered to rotate the
locking mechanism to the lock position to retain position of the flow ring to maintain

comapression of the top spring.

[0071] Embodiment 15: The system of Embodiment 14, whercin the SSS8V comprises a flow
tube; a flapper valve positioned at a bottom end of the flow tube, wherein the flapper valve is
configurable fo move between the closed position and the open position, wherein, in the closed
position, the flapper valve is positioned to prevent the downhole fluid to flow from below the
SS5V to the surface of the wellbore, wherein, in the open position, the flapper valve isto be
moved from the closed posttion to the open position in response o exposure of a surface
pressure within the flow tube; a botiom plate that is linked to the top plate; a flapper seat; and a

bottom spring positioned between the bottom plate and the flapper seat, wherein the bottom plate
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is to move toward the flapper seat to compress the bottom spring in response to exposure of the

wellbore pressure from below the SSS8V to within the S58V.

(00721 Embodiment 16 A method comprising supplying power 1o an clectrostatic motor to open
a sub-surface safety valve (885V) posttioned 1n a wellbore to enable flowing of a downhole fluid
to a surface of the wellbore; montoring whether a wellbore closure event has occurred for the
wellbore from which the downhole fluid is flowing to the sarface of the wellbore: in response to
a deteroination that the wellbore closure eveunt has occurred, ceasing the supplying of the power
to the electrostatic motor o close the SS5V to prevent flowing of the downhole fluid to the
surface of the wellbore; and after the wellbore closure event has occurred and in response to a
determination that the wellbore closure event is no fonger sccurring, supplying of the power to
the electrostatic motor to reopen the SSSV 1o reenable the flowing of the downhole fluid to the

surface of the wellbore.

f0073]1 Embodiment 17: The method of Embodiment 16, wherein supplving the power o the
electrostatic motor comprises supplying the power from a power source at the sarface of the

wellbore to the electrostatic motor positioned in the wellbore.

[0074] Embodiment 18; The method of Embodiment 16 or 17, wherein the SSSV comprises a
flow tube and a flapper valve positioned at a bottom end of the flow tube, wherein supplying the
power to the clectrostatic motor to open the SSSV comprises supplying the power to move the

flow tube downward to push the flapper valve open.

[00751 Embodiment 19; The method of Embodument 16 or 17, wherein a locking mechanism is
coupled to a shaft of the electrostatic motor, and wherein supplying the power to the clectrostatic
motor to open the SS8Y comprises supplying the power to the clectrostatic motor o rotate the

locking mechanism to a lock posmion.

[0076} Embodiment 20; The method of any one of Embodiments 16-19, wherein the wellbore
closure event comprises a failure of equipment that results in an uncontrolled release of the

downhole fluid at the surface of the wellbore.

F00771 Use of the phrase “at least one of” precedng a list with the conjunction “and” should not
be treated as an exclusive list and should not be construed as a list of categories with one item

from cach category, unless specifically stated otherwise. A clause that recites “at [east one of A,
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B, and {7 can be infringed with only one of the listed tems, multiple of the listed items, and one

or more of the wems i the hist and ancther ttem not listed.
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WHAT IS CLAIMED IS:

An apparatus comprising:

a sub-surface safety valve (888V) to be positioned in a wellbore, the S88V configurable
1o move between a closed position and an open position, wherein the 888V
prevents downhole fluid i the wellbore to flow to a surface of the wellbore while
in the closed position, and wherein the S85V alfows the dowsnhole fluid in the
wellbore to flow to the surface of the wellbore while in the open position; and

an ¢lectrostatic motor to be positioned in the wellbore and to be coupled to the SSSV,
wherein the electrostatic motor 1s 1o be selectively powered to move the SSSV

between the closed position and the open position.

The apparatus of claim 1, wherem the S55V comprises:

a flow tube; and

a valve positioned at a bottom end of the flow tube, wherein the valve is configurable to
move between the closed position and the open position based on power sapplied
1o the clectrostatic motor,
wherein, in the closed position, the valve is positioned to provent the downhole

fhud to How from below the SS5V to the surface of the wellbore,

wherein, in the open position, the valve is to be positioned to enable the downhole

fluid to flow from below the SSSV 1o flow to the surface of the wellbore.

The apparatus of claim 2, wherein the SS8V comprises:

a flow ring positioned at a top end of the flow tube;

a spring positioned below the flow ring; and

a screw drive having a top end coupled to the electrostatic motor and a boitom end
coupled to and positioned above the flow ring, wherein, in response to activation
of the electrostatic motor, the screw drive is to rotate to move the flow ring down

to compross the spring,

The apparatus of claim 1,
wherein a locking mechanism is coupled to a shaft of the electrostatic motor, and
wherein the SSSV is to move from the closed position to the open position in response 1o
the electrostatic motor being powered to rotate the locking mechanism to a lock
position.
19
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5. The apparatus of claim 4, wherein the SS8V 13 to move from the open position back to
the closed position in response o the electrostatic motor being unpowered to rotate the locking

mechanism to an unlock posttion.

6. The apparatus of claim 5, wherein the SSSV comprises:

atop plate;

a flow ring posttioned below the top plate; and

a top spring pasitioncd between the top plate and the flow ring, wherein the flow ring 18

10 o move toward the top plate to compress the top spring in response 1o exposure

of a wellbore pressure from below the SS8V to within the S5SV,

whercin, after the top spring is compressed, the clectrostatic motor is to be powered to
rotate the locking mechanism to the lock posttion to retain position of the flow

ring to maintain compression of the top spring.

[y
(o4

~t

The apparatus of claim 6, wherein the S88V comprises:

a flow tube; and

a valve positioned at a bottom end of the flow tube, wherein the valve is configurable to
move between the closed position and the open position,

20 wherein, in the closed position, the valve s positioned to provent the downhole
fluid to flow from below the SSSV to the surface of the wellbore,

wherein, in the open position, the valve is to be moved from the closed position to
the open position in response to exposure of a surface pressure within the

flow tube.

58 The apparatus of claim 7, wherein the valve is a flapper valve and wherein the 558V
comprises:
a bottom plate that is linked to the top plate;
a flapper seat; and
a bottom spring positioned between the bottom plate and the flapper seat, wherein the
30 bottom plate s to move toward the flapper seat to compress the bottom spring in
response o exposure of the wellbore pressure from below the SSSV to within the

SSSV.

20



WO 2022/225528 PCT/US2021/028765

5

10

5

20
10,

25

30
iL

A system comprisiog:

a production tubing to be positioned in a wellbore and through which a downhole fluid
flows from downhole (o a surface of the wellbore;

a sub-surface safety valve (SS5V) to be positioned within the production tubing, the
S88Y configurable to move between a closed position and an open position,
wherein the SSSV is prevent the downhole fluid to flow to the surface of the
wellbore while in the closed position, and wherein the SS5V 1s to allow the
downthole fluid to flow to the surface of the wellbore while in the open position;

an clectrostatic motor to be coupled to the SS8V;
an electrical conduit to couple a power source at the surface to the electrostatic motor;
a sensor to detect a wellbore closure event; and
a controtler coupled to the sensor and the power source,
wherein the controller 15 to control the power source to cause the power source 1o
supply power to the electrostatic motor to move the SSSV in the open
position 1n response to no detection of the wellbore closure event by the
5ENSO,

wherein the controller is to control the power source o cause the power source to
cease supplving the power to the electrostatic motor to move the SSSV
from the open position to the closed position in response to detection of

the wellbore closure event by the sensor.

The system of claim 9, wherein the 58SV comprises:

a flow tube; and

a valve positioned at a bottom end of the flow tube, wherein the valve is configurable to
move between the closed position and the open position based on the power
supplied to the electrostatic motor,
wherein, in the closed position, the valve is posttioned to prevent the downhole

flaid to flow from below the SS8V 1o the surface of the wellbore,

wherein, in the open position, the valve is to be positioned to enable the downhole

fluid to flow from below the SSSV {6 flow to the surface of the welibore.

The system of claim 10, wherein the SS58V comprises:
a tlow ring posttioned at a top end of the flow tube;

a spring positioned below the flow ring; and
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a screw drive having a top end coupled to the electrostatic motor and a bottom end
coupled to and positioned above the flow ring, wherein, 1o rosponse to activation
of the electrostatic motor, the screw drive is to rotate to move the flow ring down

to compress the spring.

W

12, The system of claim 9,
wherein a locking mechanism is coupled to a shaft of the electrostatic motor, and
wherein the SSSV is to move from the closed position to the open position in response to
the electrostatic motor being powered to rotate the locking mechanism to a lock

10 position.

13, The system of claim 12, wherein the 888V is to move from the open position back to the
closed position in response o the electrostatic motor being unpowered to rotate the locking

mechanism to an unlock position.

[y
(o4

14 The system of claim 13, wherein the S88Y comprises:

atop plate;

a flow ring positioned below the top plate; and

a top spring positioned between the top plate and the flow ring, wherein the flow ring is

20 to move toward the top plate to compress the top spring in response to exposure

of a wellbore pressure from below the S§SV to within the SS5V,

wherein, after the top spring is compressed, the electrostatic motor is to be powered to
rotate the locking mechanism to the lock position to retain position of the flow

ring to maitain compression of the top spring.

15, The system of claim 14, wherein the S55V comprises:
a flow tube;
a flapper valve posttioned at a bottom end of the flow tube, wherein the flapper valve s
configarable to move between the closed position and the open position,
30 wherein, in the closed position, the flapper valve is positioned to prevent the
downhole fluid to flow from below the $58V to the surface of the

wellbore,
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wherein, in the open position, the flapper valve is to be moved from the closed
position to the open position in response to expasure of a surface pressure
within the flow tube;

a bottom plate that 1s Hinked to the top plate;

W

a tlapper seat; and

a bottoro spring positioned between the bottom plate and the flapper seat, wherein the
bottom plate s 1o move toward the flapper seat to compress the bottom spring in
response to exposure of the wellbore pressure from below the 855V to within the
S8SV.

10

16, A method comprising:
supplying power to an clectrostatic motor to open a sub-surface safety valve (S88V)

positioned in a wellbore to enable flowing ot a downhole fluid to a surface of the

weltbore;

[y
(o4

monitoring whether a wellbore closure event has oceurred for the wellbore from which
the downhole fluid is flowing to the surface of the wellborg;
11 response 1o a determination that the wellbore closure event bas occurred,
ceasing the supplyving of the power to the electrostatic motor to close the
SS8V to prevent flowing of the downbole fluid to the surface of
20 the wellbore; and
after the wellbore closure event has occurred and in response to a determination that the
wellbore closure event 1s no longer occurning,
supplying of the power to the electrostatic motor to reopen the SS5V to
reenable the flowing of the downhole fhuid to the surface of the

25 wellbore.

17.  The mothod of claim 16, wherein supplying the power to the electrostatic motor
comprises supplying the power from a power source at the surface of the wellbore to the

clectrostatic motor positioned in the wellbore.
30 18, The method of claim 16, wherein the wellbore closure event comprises a failare of

equipment that results 1o an uwacontrolled release of the downhole fluid at the surface of the

wellbore.
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19. The method of claim 16,
wherein the SSSV comprises a flow tube and a tlapper valve positioned at a bottom: end
of the flow tube,
wherein supplying the power to the electrostatic motor to open the SSSV comprises
5 supplying the power to move the flow tube downward o push the flapper valve

opeu.

20. The method of claim 16,
whereimn a locking mechanism ts coupled to a shaft of the electrostatic motor, and
10 wherein supplying the power to the electrostatic motor to open the SSSV comprises
sapplying the power to the electrostatic motor to rotate the locking mechanmism to

a lock position.

[y
(o4
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