SAFETY VALVE CONTROL SYSTEM AND METHOD OF USE BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] Enbodi nents of the invention relate to a

wel | head wonbraiissystem for oil and gas wells. |In parti egirarsoiemisadi nent s
of the invention relate to systens and net hods of an energency shut down
control systemfor surface and subsurface safety valves. Description of the
Rel ated Art [0002] A wel |l head system nay be used to control the flow of
fluids recovered froman oil and gas well in a safe and efficient manner.
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saf ety vdtiglksof the Invention

[0001] Embodiments of the invention relate to a wellhead control system for oll
and gas wells. In particular, embodiments of the invention relate to systems and
methods of an emergency shut down control system for surface and subsurface

safety valves.

Description of the Related Art

[0002] A wellhead system may be used to control the flow of fluids recovered
from an oil and gas well in a safe and efficient manner. The wellhead system may
include a variety of flow control devices, such as valves, which are operable direct
fluid flow through a tubing system connected to the wellhead system. Fluids can
be directed downstream of the wellhead system via the tubing system for further

processing and/or storage.

[0003] The wellhead system may include surface and subsurface safety valves
that are connected to the tubing system and are operable to shut off fluid flow
through the tubing system in the event of an emergency in the well or at a location
downstream of the wellhead system. Prior art safety valves are generally in fluid
communication with the tubing system, and utilize the fluids therein for operation.
For example, the pressure in the tubing system may be directly tied into the safety
valves to actuate the valves into an open position, thereby allowing fluid flow
through the system. In the event of an emergency, such as a rupture in the tubing
system downstream of the safety valve or a drop in pressure in the well, as the
pressure in the tubing system drops, so does the pressure in the safety valves.
The safety valves are configured to move into a closed position after the pressure
therein falls below a minimum pressure, thereby closing fluid flow through the
tubing system and shutting in the wellhead system. Some safety valves may also
be equipped with relief valves that are operable to block pressure from entering



that are connected to the tubing systemand are operable to shut off fluid
fl ow through the tubing systemin the event of an energency in the well or
at a | ocavpani2dasrsgt r eam of the wel | head system Prior &ct/csadieiyeisal ves
are generally in fluid conmunication with the tubing system and utilize
the fluids therein for operation. For exanple, the pressure in the tubing
systemnmay be directly tied into the safety valves to actuate the val ves
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saf ety valteesphereensure that they are fully operational. Another drawback
I ncl udes the potential pollution to the environnment when fluid in the
safety val ves are exhausted into the atnosphere. [0005] Therefore, there is
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SUMMARY OF THE INVENTION

[0006] In one embodiment, a safety valve control system for controlling a
safety valve may include a remotely operable control assembly and a first
transducer in communication with the control assembly. The first transducer may
be operable to measure a physical property and communicate a signal to the
control assembly corresponding to the measured physical property. A valve
assembly and a pump assembly may also be in communication with the control
assembly. A fluid reservoir may be in communication with pump assembly, the
valve assembly, and the safety valve. The control assembly may be operable to
actuate the pump assembly to supply fluid from the fluid reservoir to the safety
valve to actuate the safety valve into an open position, and may be operable to
actuate the valve assembly to return fluid from the safety valve to the fluid

reservoir to actuate the safety valve into a closed position.

[0007] In one embodiment, a method for controlling a safety valve may include
providing a remotely operable control system that is in communication with the
safety valve; opening the safety valve by supplying fluid from the control system to

the safety valve; maintaining the safety valve in an open position while sensing a



safety valve may include a renotely operable control assenbly and a first
transducer in comunication with the control assenbly. The first transducer
may be opwoabli2iswmoneasure a physical property and conmeoirast@ia4asgnal to
the control assenbly corresponding to the nmeasured physical property. A
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the invention
can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[0010] Figure 1 illustrates a wellhead control system according to one

embodiment.

[0011] Figure 2 illustrates a safety valve control system according to one

embodiment.
[0012] Figure 3 illustrates a surface safety valve according to one embodiment.

[0013] Figure 4 is a sectional view of a gate valve, an actuator, a mechanical

override, and a safe mode indicator.

[0014] Figure 5 is a sectional view of the gate valve in an open position after a

manual operation of the mechanical override.



providing a renotely operable control systemthat is in communication with
the safety val ve; opening the safety valve by supplying fluid fromthe
control swetemvais’3dvhe safety val ve; and mai ntai ni ng t hePsaftstg11wad1de i n an
open position while nmonitoring a device in conmunication with the control
system BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] So that the manner in which
the above recited features of the invention can be understood in detail, a
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partially actuated, and the safe mode indicator indicating that the gate valve is not

operating in the safe mode.

[0017] Figure 8 is a cross-sectional view of the mechanical override along

section line 8-8 in Figure 4.

[0018] Figure 9 is a sectional view of the gate valve in an open position after
an automatic operation of the actuator.

[0019] Figures 10A-10H and 11-11D illustrate a valve assembly according to

one embodiment.

DETAILED DESCRIPTION

[0020] Figure 1 illustrates a wellhead control system 100 of an oil/gas well
according to one embodiment. The wellhead control system 100 is configured to
control the recovery of fluids, such as hydrocarbons, from a reservoir through a
primary wellbore 105. The wellhead control system 100 includes a tree 110
having a series of valve and flow control devices, a surface safety valve 120 in
communication with the tree 100 via tubing 115, and a subsurface safety valve
130 in communication with the tree 100 via tubing 125. The subsurface safety
valve 130 may also be in communication with a well production flow line 145 used
to recover oil and/or gas from the oil/gas well. The surface safety valve 120 may
also be in communication with a surface production flow line 135 used to direct
any recovered fluids to one or more locations downstream of the wellhead control
system 100 for further processing and/or storage. In one embodiment, the safety
valves 120, 130 may include pneumatically or hydraulically actuated valves. In
one embodiment, the safety valves 120, 130 may include pneumatic valves that
are operated using hydraulic fluid. Each of the safety valves 120, 130 may



[0012] Figure 3 illustrates a surface safety valve according to one

enbodi nent. [0013]Figure 4 is a sectional view of a gate valve, an

act uat or ,wa 20e0h8rvcal override, and a safe node indi caPor/USp@AN441B7 gure 5
is a sectional view of the gate valve in an open position after a manual
operation of the nechanical override. W) 2012/018730PCT/ US2011/046137
[0015] Figure 6 is a sectional view of the gate valve in the open position

after include a self contained emergency shut down (“ESD”) control system, identified
as items 200 and 300, respectively, that (1) may be operable to automatically
close the safety valves 120, 130; (2) may be operable to be continuously
monitored and/or operated (opened and closed) in real-time from a remote
location; and (3) may be operable to verify at all times the operating condition of
the safety valves 120, 130 and various other components of the control system.

[0021] The ESD control systems 200, 300 may be “self-contained,” which
means that they do not depend on any external pneumatic, hydraulic, mechanical,
or electrical sources for their operation to shut down the oil/gas well. For
example, if there is a rupture of a production flow line downstream from the
surface safety valve 120, and/or if there is a loss of well pressure at the
subsurface safety valve 130, the ESD control systems 200, 300 are operable to
effectively close the safety valves 120, 130, thereby shutting in the oil/gas well,
and alert the appropriate personnel that a shut-in has occurred without the
assistance of any additional external pneumatic, hydraulic, mechanical, or
electrical power sources. All of the operating fluids and mechanisms necessary to
operate the safety valves 120, 130 are maintained within the ESD control systems
200, 300 so that there is no pollution of the environment, and so that any fluids
and/or gases from the oil/gas well may be effectively contained therein without
any additional external dependencies.

[0022] Figure 2 illustrates the ESD control system 200 according to one
embodiment. Embodiments of the ESD control system 200 described herein are
equally applicable to the ESD control system 300 (and vice versa). The ESD
control system 200 may include a housing 210 for supporting a controller
assembly 220, a power source 230, a pump assembly 240, a fluid reservoir 250, a
valve assembly 260, and a solar panel assembly 270. The ESD control system
200 may also include one or more transducers/devices 280, 282, 284, 286, and
288 for monitoring and/or measuring one or more physical properties (further
described below). In embodiment, the ESD control system 200 may be

configured to control one or move valves, such as flow control valves or choke



an automatic operation of the actuator and with the safe node indicator

i ndicating that the gate valve is operating in a safe node. [0016] Figure 7
I s a sectwonal2/us®Bw of the gate valve in the open positipom/uskeign4dibe
automati c operation of the actuator, the nechanical override having been
partially actuated, and the safe node indicator indicating that the gate
valve is not operating in the safe node. [0017]Figure 8 is a
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[0023] The housing 210 may include any structural support member, such as
an explosion proof container, for protecting the components stored therein from
damage and environmental elements. Appropriate ventilation of the housing 210
may be provided by ventilation holes and/or an independent solar powered fan
mounted in or through the housing 210. The housing 210 may further include an
access panel or door for ease of access to the housing’s interior, and may be
configured for attachment to the tree 110 or the respective surface and subsurface
safety valve 120, 130. One or more manifold assembles 212, 214, 216 may be
provided on the housing 210 for fluid and/or electrical connections between the
housing 210 (and the components within the housing 210) and the safety valves
120, 130, the solar panel assembly 270, and the transducer 280. In one
embodiment, the structural components of the ESD control systems 200, 300, to
the extent possible, may be made from stainless steel.

[0024] The controller assembly 220 may be disposed in the housing 210 and
may include a microprocessor unit 222, a display screen 224, and a keypad 226.
In one embodiment, the controller assembly 220 may be weather-proof, and may
be intrinsically safe to provide power as necessary to one or more components of
the ESD control systems 200, 300. The microprocessor unit 222 may include a
programmable logic controller, including a supervisory control and data acquisition
system (SCADA) that is in communication with the one or more
transducers/devices 280, 282, 284, 286, and 288, as well as the pump and valve
assemblies 240, 260. The microprocessor unit 222 may include a current
regulator to provide low current transmission between the controller assembly 220
and the various components of the control system. A watchdog sensor 228 may
be used to monitor the operation of the microprocessor unit 222 and provide an
alarm in the event of a failure. The controller assembly 220 may be operable to
send and receive signals with a computer system 150 (such as a desktop
computer, laptop computer, or personal digital assistant (PDA)) at a remote
location from the wellhead control system 100. In one embodiment, the signals



one enbodi nent. DETAI LED DESCRI PTION [0020]Figure 1 illustrates a wel |l head
control system 100 of an oil/gas well according to one enbodi nent. The
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fluids, such as hydrocarbons, froma reservoir through a primary wel |l bore
105. The wel | head control system 100 includes a tree 110 having a series of
val ve and fl ow control devices, a surface safety valve 120 in comuni cation
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can measure the pressure in the flow line 135 and communicate a signal

corresponding to the measured pressure to the controller assembly 220. The
pressure transducer 280 can be connected at various other locations within the
wellhead control system 100, such as at the tree 110 or the tubing 115, 125. In
one embodiment, the transducer 280 can be used to measure fluid flow rate or
detect hydrogen sulfide. In one embodiment, one or more transducers 280 may
be used to measure and/or detect additional well characteristics at the wellhead
control system 100 and communicate the measured/detected well characteristics
to the controller assembly 220 via a signal corresponding to the measurement or
detection.

[0026] Regarding the pressure transducer 280, the signal may be recorded
and/or communicated to the computer system 150 via the controller assembly 220



[0022] Figure 2 illustrates the ESD control system 200 according to one
enbodi nent. Enbodi nents of the ESD control system 200 described herein are
equal |y awpl2opabBmsoto the ESD control system 300 (and vipCe/Usesigaye13The ESD
control system 200 may include a housing 210 for supporting a controller
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control dysthenmiddOprocassoreuritip@d;, m@tcontr’oﬁensegsahbly 220 may automatically
direct the valve assembly 260 and/or the pump assembly 240 to return the fluid
from the surface safety valve 120 to the fluid reservoir 250. Upon receiving the
signal from the controller assembly 220, the valve assembly 260 may be
configured to open a circuit defined by lines 211, 217 between the surface safety
valve 120 and the fluid reservoir 250 to allow the pressurized fluid to dump into
the fluid reservoir 250, thereby closing the surface safety valve 120. In one
embodiment, a closing pressure generated by the surface safety valve 120 may
be used to force the fluid into the fluid reservoir 250. Continuous real-time
monitoring of the pressure in the flow line 135 may be used to verify that the
surface safety valve 120 has been closed.



may be sent and/or received between the controller assenbly 220 and the
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can be ugidedg.o neasure fluid flow rate or detect hydrogen sulfide. In one
enbodi nent, one or nore transducers 280 nay be used to measure and/ or

det ect additional we racterjstics t he I I he d co st em 100
and_ commilhi o IeoR STTERETbe e Fa | EAGlc WRIEETS ca0Po 3P

troll
control | eforgpsRRBlY ad df Aisi&nat oﬂ?&rrﬁﬂﬁﬂﬂ)éﬂéé?of Qer‘iétﬁ‘%%ﬁ‘@%!grtﬁ fHe or

detection. [0026] Regar 'he pressure transd 280 may be
recor ded veglthead antmhsysiatrediO(t) dmast’aee@mmmtlrer Irspseatmtmﬂmna thaeoatrotierl | er

bl 220 id | -ti. th th fl
"oy SERme 2 Y T8 7SR B0 e P ller LB 3B fral e B, 554
and/ or ononvetea!igly 86 RaH atéﬂ?aﬁ%’ﬂ@#ét@ﬁ’ of\taé emuleD. Id BnESShBOGithdr®, t he

measur ed gressure the controller assenbly 220 may be configured to oper at e
t he respdbeiopatrobgreassermbly @2020ay s80d teosighaldn triggersar aeheaiioaddevies 28%anpl e,

the contr e I 40 and
t he val vesqjgbs%srr%f éﬁg@éﬂtaﬁ%&@?@g% %gp&,}gﬁg{i hrggél?'l @geﬁgggrr%ﬁg%é o the
surface sef(ety awat e op2tatbowith@nclbse pratimity dfities wetihead icogtrdlngyssergni@o f rom
the contraller assenbly 220, the valve assenbly 260 may be configured to
open a ci¥di¢ €hekini ned by 1ines 211, 213, 215 between the surface safety
val ve 120 and the fluid reservoir 250 to allow the punp assenbly 240 to

di rect pr riz f 2 t afety
Vel ve 1507 her ob b5 anfoadifht e E S0 o iR is A, oo RVt aE Rl &t
val ve 12GEmergeney nshotamiwreddevice hé8épenavp1m@lyt i @nd/ehi temotiety popsrsble to

t d 280 t th the flow |l 135. Th
cont rol | UGB SHS A alprBlan SEndmalnes 1 Mot copral g A 9BP 220 B val ve
120 upon dhee &h th& Gvelingladinédntfdl &Ystdhe WOeSWbﬂetéraBéémeﬁt &0 ESmcontrol

corresponds to a pressure neasurenment that is greater than or less than a
pre-set [YSEN08 e20@ngd0 Thay phelide r dise udevicanget nliat beensgsuthaant @nche

i opl 2y AETRTERlY9%ER ol AR, UL MR GREL SRS S B0 s ¢ e

cont r ol | efont®dtienbsserdd) 220mwheh thé nesasunéd eaPEkesedsys icertaiko@mpdiaturé he
signal is received fromthe pressure transducer 280 that the pressure in

t he fl ow INiorRe BMBLeGMent othtes gontnpk sypienise 208y 309y mayy § &©praatii n t he
m cropro r SERR V., t

di rect tﬁﬁﬁ@% Ogjrégss: e% thtag g%ﬂfgdd} @!ra et(ahal?[8 5!){5@%%? %ZBA%H{‘ %ﬁraeéth&?én,nt/he
fluid frahetwelltsaad ao&tral%yﬁtgmvat)@enamet@rﬁrfwelf Iassdmbtysémplqur axdmpldpon
receiving the signal fromthe controller assenbly 220, the val ve assenbly
260 may be configured to open a circuit defined by lines 211, 217 between
the surface safety valve 120 and the fluid reservoir 250 to allow the
pressurized fluid to dunp into the fluig reservoir 250, thereby closing the
surface safety valve 120. In one enbodi ment, a closing pressure generated
by the surface safety valve 120 may be used to force the fluid into the
f|UId reserv0|r 250 Contlnuous real-tlrre rmnltorlng of the pressure |n t he
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WD 2012/ 018730PCT/ US2011/ 046137 [0027] The ESD control systens 200, 300 may
be adjusted at anytinme and can be configured to shut in the well head
control sweterva8Boat anyti ne manual | y and/ or renotely. PCH/gsastiogaBar, the
m croprocessor unit 222 can be progranmed with one or nore pre-set
conditions, manually using the display screen 224 and keypad 226 and/or
renotely via the conputer system 150. The pre-set conditions may be changed

at anyti ngherfadtheftes atepngiodlori thercmeioV edstendBustamsosomertgp@iof tsh@ctural ous
transducer s/ devi ces and/or the conputer system 150 that conflicts with the

pr o-Set  CHERGS 0EONE REVSINEDH IRE Se@BrbP] NEobaReuases 3aer abherdt 288d
t t
Cont 1 nuodt) EEIUERRe BReaHBIdort ifud tlag) o e vaddia MUBEREL, e

used to Jevelfof fiuickinopes at mtyecsrbmrdxgtaltanksﬁhattaeeweﬂhidetaﬂnmntoaobnwﬁtme 100
corrponents at II tjines. 028] 1 n one. enbogdi , e ESD control tems
500" 300 VAP aRRurtdlar 4T ACH B gViceP oS . 28, GBROMAY: e GO

sensory Srheﬁ'u?érea%fal fime M‘QHT; hﬁé%&@ﬂ&ﬁlé%s%’rﬁﬁgﬂﬂ@%é‘@ﬁe% u‘JEJSW&){étQm I'n
one enbodi nent, the controlTer assenbly 22 send a si gnal

conput er %hoerarE%OpeMmgmmdﬁ@nsmw@e M@(ﬂhem ooatﬁolaSyatemﬂ@Oal ert an
oper at or of the shut-in. In one enbodi nent, the controller assenbly 220 may

andror villhll ai EPeRT Ry B8 PIARIER st dler Sositin 23R TR RIFRLER
alert an gyendiipr24g tilonh the osewer @surdet R30f tThe yelehestlire® M3IWmImay Heem 100
of the shut-in. [0029] 1 n one enbodi nent, the ESD control systens 200, 300

may i ncl (RRErableciPeprviey asii BeRANIEAMRL SE8aMienthe pgntzﬁwwroassemﬁi Y
b I
oper ) o pyarhemn okt 2Ar MO ARGCRRDN, Bolage sk mithl oL e

assenbly cont n one e i ment,
t he ESD dociudel asyiatrasecallp@afe3 (fatieny, soacth uvake aa112| e 2iewiotte cﬂr&@:ttdwterﬁenses

Syat em LOVERSON RESSRRFE! ParP s sBrionG ERPTRENTHE HRURLF IO Bideeds a
ol AEDARO kD SR g I o plugrap e, 0
gi ves an theamomiraher a$aensblyr220he faikire lod dbe pomtar slousgsst éhe Maatchideg shasor
controll %3?%%?/”3'83 912v2eoanfa%rcllt8ryagPV|sual alarm to alert an operator onsite that the

power source 230 is low and/or dead. The controller assembly 220 may be

configured to automatically shut in the wellhead control system 100 upon

receiving a signal from the sensor 232. In one embodiment, the power source

230 may be a (re-chargeable) power supply that is supported by the solar panel

assembly 270. The solar panel assembly 270 may include one or more solar

panels 272 connected to the exterior of the housing 210 to consume light energy

from the sun to generate electricity. An intrinsically safe voltage controller 274

may deliver electrical current at an appropriate voltage, 12 or 24 volts for example,

to the power source 230, which in turn supplies power to the controller assembly

220 and/or pump assembly 240. In one embodiment, the solar panel assembly

270 may be configured to provide enough power to the ESD control systems 200,

300 to open and close the safety valves 120, 130 ten or more times from about

two hours of sunlight per day.

[0031] In one embodiment, the pump assembly 240 may include an intrinsically
safe motor 242 and a pump 244, which may each be located in the explosion
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when a theft is attenpted or the control system sustains sone type of
structural damage. In one enbodi nent, one or nore of the transducers 282,
284, 286,w02812may73be used to detect hydrogen sul fide (HPEr/useathmucigases and
vapors, and/or the level of fluid in one or nore storage tanks that are in
fluid communi cation with the val ves 120, 130. Each of the devices 284, 286,
288 may be continuously nonitored real-tinme using the controller assenbly

220 vi a tgreotieogeitg 216y Stanpdidp 24 malyiihislude er @tampiston diunhe isthcdbdute
wel | head contr ol s§ste,m 100. ! ono] Power may be provided to the controller

assenbl y B¥btoahe.00RePsh hiapgers PWEZ@SS@W 2He ’B@W%@P@B”’@ﬁ@ anﬁl@’ power
source 2304 Wl@ﬁf@ﬁ@ff@@@% JP% RIsBWdte250 't&‘é{cﬁﬁté?r;@ Sé?éﬁwla%r {he

control |l er assenb or the punp asse one e I ment,
t he powerwisiolnitde c@B0ectag. | ncl ude an |ntr|nS|caIIy safe battery, such as a
12 or 24 volt, direct current, explosion proof power supply. In one

mbodi t th d
communi odP%2 ot RbORS A5k ﬂwftt@%%?%@ﬁ?%%@wﬁwggpnﬁﬁé P56 o
failure ofp bhﬂ)lﬁfi’v@ﬁroﬁéﬁflﬁ@ fIqu‘%u‘f@iém%gaét@Qﬁé)'the?%gfé'l?WaNéq29' 80afd

auditory or visual alarmto alert an operator onsite that the power source
230 is | ovhighdt/isiconreeted THd ecenarating Buidaysy irslydeai, wagermroemnegajy@il to

S onal 1 e SE" denobdeHs, e nGRl R herdt! TR ooiBB AR R EIE, e
a (re- chaegenbirdsmeegindudebyeldlajauge ZBMROthed dyighhglass) @ ingrasd the

assenbly 270. The sol ar panel assenbl §_270 may i nclude one or nore sol ar
panel s 27evelaidlbid Eﬁthﬁé|%'¢1ée$&€V@F £8P fhetﬁlwdlﬁéﬁ%“/ﬁ@ mayalse ipgHdamelevelght

energy fr E;P%%Ufh %gﬁ”%rﬂgﬁ{rﬁée‘%ﬂhﬁtht%e OOntrilr! é‘s?ée‘ﬁ%lyy%?@f ahd/ @ tage

controller elrve rical current "at an appropr e voltage, 12
or 24 voldperéble texramplltcaf intreal-timepbedevel afriivéd 23the M]dcrbsenvotrmﬁﬁ) slmpihle es

h N . d/ . |
Chodi merfvent KEASBdFV L RGO A el POPTRE DB Eoivs gari@ppis prost e
enough pGyEd féroeid?w‘?plgsmé%%f Qéns%fsé%ago&ovﬁgoaﬁ Qla‘PrPlet% A8d 4 ? Bérdt

safety val ves 120, ten or nore tines fromabout two hours of sunlight
per day. drosisipt me)mellbeaddmment systhen @Oﬁmm@eabtm tergotedpcatinn videthen

intrinsically,safe notor,.242 wh eahbeloca i
the. expl GonUIERpSRImRE 22 and The LR Bersy el bl Thé: GRERURE a88FDbE st on
punp wit mz&ﬁﬁiéfy a’rhtéﬁ%tlbéllylgh@tolﬂ A8 wélH R ch’ﬂﬁbI Fﬁy@fénﬁlﬂ% oh 7t ahunp
pneumati c and/ or hydraulic fluid fromthe fluid reservoir 250 to actuate

t he saf etSjgnailfigen iileveBsens®rwiddeh it is connected. [0032]1n one
enbodi nent, the fluid reservoir 250 may be configured to store

[0033] In one embodiment, the valve assembly 260 may include one or more
(intrinsically safe) valves 262 to control and direct communication between the
pump assembly 240, the fluid reservoir 250, and the safety valve 120, 130 to
which it is connected. The one or more valves 262 may include solenoid valves,
shuttle valves, and/or any other type of valves operable to open and close the fluid
circuits between the pump assembly 240, the fluid reservoir 250, and the safety
valve 120, 130 to which it is connected. The valve assembly 260 may include an
internal relief valve and/or circuit to rapidly expel the fluid from the safety valves
120, 130 to the fluid reservoir 250 to ensure quick closure of the safety valves
120, 130. The valve assembly 260 may include one or more gauges, such as
pressure gauge 264, which can be visually inspected to monitor the pressure in
the valve assembly 260 flow lines. In one embodiment, the pressure gauge 264
may be configured to shut off the pump assembly 240 when the pressure in the
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an amount of operating fluid sufficient to actuate the safety val ve 120,
130 to which it is connected. The operating fluid may include air, water,

pr opyl enewglzgralig73and ot her val ve operating flui ds knowrCirruseéig/o0a187 | n one
enbodi nent, the fluid reservoir 250 may include a | evel gauge 252, such as
a sight glass, to indicate the level of fluid in the fluid reservoir 250.
The fluid reservoir may also include a | evel sensor 252 that is in

comuni caddt@atonof the Sefetovdlvesd 2o, 436 esddhes2? Preadetarirerepisbard settibgi t or
inreal-tinme the level of fluid in the fluid reservoir 250. In the event

that the Th&/@neof Morg\@lves 262 payohe £opireladby theceontralirr asseaplyéPltason of
the flui : , the level sensor 252 may provide an alarmto alert
an operaghoé;sggﬁgeé%;ggbgt the wel | head control system 100 and/or at the renote
| ocation via the controller assenbly 220 and the conputer system 150. The
cont r ol | 0033 senhi gne 2nbodimant, dnadispddy gcreleot234nandier nek [dienorecgageas

system 100 upon receiving a signal fro e lLevel s r.252.. [0033]1n one
erbodr medtay s s ¥3Budh s, Toab paks! phite heUShe “Z10 b i Gatet pieRsiien: 1y
safe) valwigfin 2Re VeRioti8Nidls and Ites st flLi@ BoMihGAichAoNn RETHVERN ESTE cBHIFSI
assenbly 240, the fluid reservoir 250, and the safety valve 120, 130 to

whi ch it systeropRe6t 3@0 ama éhewellbeadroprirelgystam A62. may i ncl ude sol enoi d
val ves, shuttle valves, and/or any other type of valves operable to open

d cl fl gi i i t ; i
eservor 10GBE ' L HidlrE SolfhbfoRE MESTrbEE QUER, SRRTOIN Htbordilf (e e
val ve asssmbddimzol. Mhe surtddedeafaty valveri2dl maglinetide @ valvardtuztoci 22dot to

rapidly expel the fluid fromthe safety val ves 120, 130 tqQ the fl uid,
r eser voi rM9Y%09tad@igs\ae ddf betwesn @ﬁeo%?” i@ CloseetRPSitaN, eErepsrizeafuidrne

val ve assgsilite 360 B GIF PII%ANE EXD WhfoN3YSIER 260/5HayBe RPRALE fo $AUTE

264, whic n be visually 1 nspect to noni e pre e val ve
assenbl y chednlddrold ointhe. valve aaatorbiil wiaritubing 20 ptoessar theggatgevad64 184y be

fi .sh ff bl 240 h i
o Laror A piasid Hardobr 137, Bi 28 % Snd okpRstl Imid TR VR Adublr B,
setting. rﬁgg HbeNgsdy td@Fo%eWﬁngfb‘ie 28R/ T84 RAh PN R)rbE f e ‘b%irﬁ-‘g)mérﬁﬂ)érer

assenbly 220 as described above. [0034] I n one enbodi nent, the display
screen 22X2Kcgads dre duid presswiean dae yelyerasiudior ebambed 1£28r dinghvalve asivatgranel

of the housjng 2 t.o i.pdicate r it hi h ri val ves. a i nes
'n 11 teanion; dap i UP R eheEa2 el sh ok b Eisbe Sl agtder e
wel | head e Beluasorst 2nbl 0o tatidpO8bhMdiy @hdel HR8tbraers and Bioderte gafeet y
val ve 120 accor di n% to one . o .
valve 124. The top shaft 126 may also be used as a visual indication to determine
whether the gate valve 120 is in an open or closed position. For example, when
the top shaft 126 is fully extended outward from the upper end of the valve
actuator 122, the gate valve 124 may be in a closed position, and when the top
shaft 126 is retracted into the upper end of the valve actuator 122, the gate valve

124 may be in an open position.

[0036] In one embodiment, the ESD control systems 200, 300 may include a
position indication assembly 290 that is operable to indicate whether the surface
safety valve 120 is in an open or closed position, including any partial open/closed
position therebetween, based on the location of the top shaft 126. As illustrated in
Figure 3, when the top shaft 126 is in a fully extended position, the surface safety
valve 120 is in the closed position. As the surface safety valve 120 begins to
open and is moved either manually or automatically to the open position, the top
shaft 126 will retract into the upper end of the valve actuator 122. The position
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enbodi nent. The surface safety valve 120 may include a val ve actuator 122
for noving a gate valve 124 between an open and cl osed position.

Pressuri 2w0 2biui1873br om t he fluid reservoir 250 of the ES8DTASamol613YSst em

200 may be supplied to a chanber 123 of the valve actuator 122 via tubing
201 to open the gate valve 124. A biasing nenber 127, such as a spring

di sposed within the valve actuator 122 may be used to cl ose the gate val ve

124 when ihtieafior aeserhblyZoMhasi ingluderdrer oemoeedensdre XdLpgerpbrsusenden t he
val ve act uat or chanber 123. The valve actuator 122 may al so include a top

shaft 126" ?hﬁl‘teaﬁ'ﬁ”béndsEﬂraccé'oﬁaﬁﬁéh@yw&ctshaﬁ 126 \Hle\/éeaé@@a@@? &Y by
rotation 28, tp. 0 Q3o N e top
shaf t 126c%fnr%rﬂugf%§ga ‘t’)iég%‘?uéeag %s tgev%ﬁg lré?nigj% catllgnﬁggaé ré/ r?lYﬁlerpsﬁho -Héllr t he
gate val vreeaﬁﬂedspasmoanv\mmnmay toémsedd posghaldo theFoommBanﬁyetermMéﬁaride top
shaft 126 I%@ L%||y exten ed utward fro t he utﬁ)pxj ﬁnd of the valve

act uat or ASYAY {he TAEAUrGd |Rps ‘92‘4051@/ 58 %ynscée% BdNSIFRNNER, aMABETARN t he
top shaf tca%dtﬁub@%g%ﬁéﬁlfbr' dHPvTY tH@@%éutu%HQ)f%e %nﬁa&@lsgfét@%%two 422,

the gate valve 124 be 1n an opéen position. [0036]1n one enbodi ment, the
ESD cont rall tirsgst dive mxsﬂ;orelodlcaagn iassemtly 29(po8in taulsxmbe ndedm verifydbskifiel y 290

that is operabl e .to indi he su esaf in an
bhon o SREfRA kS vl 2hds SRR e R MR Gt et EST ool
t her ebet Vig8tbm @@@%brﬁr!ﬁbrﬁélﬂs ||rﬂl¢é’tbd@slﬁht ihitF thowedRahd cdAfol %tér‘n' 100.rted in
Figure 3, when the top shaft 126 is in a fully extended position, the

surface SHfeeENbngivent Ahei sensers RO MyenNchild Magnetifssensors reselesier et v
| 12 t
N L T S I e

val ve actagnisors 292 maheepussitiorad ati valiciat Ibcatlmeraimbythégengia}dmaicétm one
or nore sensors 292 operable to sense the extension and refraction of the

Lop shaf 01406 (o8Bt JRDAUINEOPARINS nelAPEatel e GRYRARVEC! 4he VSR m | er
assenbly 880 165 ROR g/‘;gxttgﬁnd%@o MRASHE SLABOR! DY2MInaRbAle TRY higReReNd 2

signal to the conputer and display the neasured position on a
di spl ay suateeial dfnth@&haftartherrebyamcbcmirr@t dnatc #re qyate i valoeis134 nenclbsed and

bosi £ on Hoiever pomndbedti shah gB0gs il elalfec Saly e Saiors LA ElseRbo
surface 3ablgbey Andeoilfl Jave beasor 122 sy ¥eRde iaiagetemaienapshate ESD

control system 200 conponents initiated a 'shut-in of the well head control
syst em 1Ghaft iheraby érdieatingethaf thehgateevalve 42299 opey. iIncnedembedinntctheensor s

one or mord OB 28PamaRan ke, BT Bon T ST ReBiE's kidPndhoher ARG e

| ongi t udirpshitsitarekeeabutd@etpusitiimeditthd @8p dnaftngeopeni ng and cl osing of the
gate valve 124. Wen the top shaft 160 is fully extended, all of the

sensors 292 may sense the magnetic material of the shaft, thereby

i ndi cat i r{503t7ﬂ1at imeng;ﬁrab%mﬁ@t 198 FSDceonied sysiie 200, 3pResan he l{S@S ¥haf t
160 f 29 f
s EB ac?l[}g%fgéﬁ%jg s%[f’étge aﬂ\?ef‘ﬂ%oﬁ%o fn ?Jn%%ﬁbofi%%rﬂf#&@%%@ rtBP& 0

t he valv nse the hagnetic materia
t her eby iasdeoddy r2P0t hety beecogﬁlgarechltwcdlrfezﬂ the popen.assembhe 2d0bad vahvie, t he

292 i | ud t h t f t k h t t
oy cassell 2B e RupBlT atDEF of heBraR Shik & Magaegmaszh o301
enbodi nenp, e.trhsnﬁépeﬁ%éi %8\‘et?%’i\%§' 2030 on 8 Unisadintedt, usededrirdnar tats@éhﬂyst rzoge

t he safety val ves : . 1n one enbodi ment, the controller assenbly
may be ccﬂﬂ‘(] ety dxt ccmftgured;tto dhectphhepotaeps@sﬁembaﬂm&addmll\xﬂeamuw%m%o to

| f fl , h f :
PP oA arCewBREl B bBfAbg' flid ok e SHEN iPed FR0z do Gittefidhy
assenbl y gt Ry s’éﬂat?WﬁN@Uf athet @oﬂkél@taéééﬁ]m?moamﬁbém@éﬁhrﬁm@dvﬁi ve

assenbly 260 to return an anmount of operatin luid fromthe safety val ves

120, 130 awomaticaln egnasichaepartiel sitgket 9f thglaaé%ty vehesc il rsi0 afferaa pearBely 220
may be przeg%q@%@fd[ rbé) o?%&t?é@édn%ﬂldr?’ ’f’n%“égﬁfrﬁerp?srsﬁeh?c{wﬁtzbgﬁn%l%[el Onﬁua?ﬁ/ ety

val ves 1 Sel ano

controll esrnom@rswnfﬁxbtelymrabbe tbecmmmuablgarﬁaicytmkurrgeml safetyerana & whighonduct
a partial_ stroking of the saf et;ﬁaval ve to IS connected when

desi red. TRECOEBREGAVDED dgsirethe TRB SPNPR® 2%%"&@%"‘5’@3‘8%?90” assembly
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290 can be used to nonitor and verify the partial stroke of the safety

val ves 120, 130, based on the position of the top shaft 126. The parti al

st roki ng wb 20te018Bhety val ves 120, 130 can assi st in pr@CEaseeg/os@apvi ng
buil d-up of debris within the valves fromthe fluids flow ng therethrough,
whi ch can potentially prevent conplete opening and/or closing of the valves
when necessary. [0038]1n one enbodi nent, the ESD control systens 200, 300

may be c@¥0 gan ed dsedpermonivrasdeeiify theseartiginittale ol sifegnhivdn$p0g of
t he saf et%}&val ves 120, 130 when startin Bgliij or_ shutti n% in the well head

control si3f SRsedEn e RARIihBbMenoRshat: 12 TREmatahstking of te ST8lY 300
may i ni t'v%ﬁvéschQ@%go%anogg«g%ﬂg&sg{)wﬁn@/ﬂémgmgssuﬁ 0\ 48orsl withinl#R  and

t hen cl osure or openi ng e safefy va n one
enbodi mentalves tften HERD faods rﬂbwmgsttmneﬂﬁeugi?oom/hnely can t pateatiallyo spregeiolr

openi ng of the subs rfac saf et e first 130, and then cl osure or
o eni g GortRlgi e ing 200 Hioatg FEnESEVISWBAR NeRRSsHont . I T one of the

ESD control system 200 conponents initiates a shut-in, the controller

assembl y [3343) MY |RURITRIHEGens e e AESDIRBhIbP dyBRrAO RIS, EBOBY FAMEESO,

which may then automatically send a si gnal to the controller assenbly of
t he ESD s3esfiguiesdo tagrioim: pasrediio seayentialt orertind And sasingoéttpevsafe 130.

Control St 400 MMEREeARE.RE PP SulEh Gt hoibeld Sk e 08 sent
to the EIR @mnthodavisthiesitRep BSD tdaatrol syéteﬁt 200) 880 mgaypinitidte cosdracer
safety val ve 120. The reverse process na erforrred beginning with the

ESD cont rQﬂenﬁ%PEFﬁ%QOﬁ@‘f'e §ﬁf%¥| valver f'rﬁh&@u?"ﬂ@é'ée% &ktswe Phlopeningpof the
required eﬁfdsﬂﬁa&?gﬁte‘?f YaRef3d. NG &%ébéwaoaﬁﬁ%ﬁtagﬁﬁé(r %éb"é‘or&r%ﬁ’ sx{st%pr‘?’%d) n one
ead con

enbodi nen or controllin rol ste avin
plurali t)BOthrrmaeg/smltlaltE:Iclaxmregoaowenfr@cef taf subyswiaceesaety mlwﬁmﬂ:ﬂbear@af ety

o oo Skl & A YAl o A s
suppli es @peppiHEsH %&rdl%y%ﬂ#n ‘Q@OVE&nP{)H@ntEQHh a%g;‘hﬁf‘m Xhé’%ﬁﬁf@ll@r to

nonitor a variety of conditrrons in an o gaswe at the wel | head
control sasseernly 28@ maynautomaticaty send laysigres/ tbéheusemputﬁrcaystemﬂ 50hwhich

oper ati on_of andth alves nyal | r t el

o onnt | dafy yhal AERAtR AR Beba R Sang, IS 4 e eliRt abse kBiG o eSO
progr amTBéi!/sté?n@@@ teantia bl@élngséfecﬁ@swbsbrﬁécé Qbﬁﬁy Ranel 130 sARE} ¥losimYof
provide to a power source or directly to a anl?%assenbl to og@(gate a not or

OL t he puh® saoseracs safety &alverﬂ&mlsn/ecﬁ@@dd}ylet@e brgengol sytepu d@lmﬁbly
T
assensl y SHROPRE PEAEML o0 hefiferc 2Gud bk b ot R RET sy ool Bl 20

circuits todhe.fm maﬁateSMbélnbeﬁ,thestrfaEf@%amly\ﬂélv@r meeraebbvét’rse sokeass patel
assenbly may he stored in a power source, such as in one or nore battery

appar at usb,fsp%@rmﬁcébsamamﬁw&h then ESH goaliel st 100 helosps ebithsofaceay  be
control | edy étg%% *i%‘ tr% gﬂ?ﬁ%gpgf‘cr EB8LFD éﬁ the s%%%ﬁrcf? fER?véWEfH apssenbly

may supply operati ng and/ or “pneunat | at” a ow or high
pressure to operate elther of both of the safety val ves as directed by the
control | €0038%senti 9neﬁnrdoq1:h’re1e9éta owtitidd Ffayrcandipllingch wadiheadl loontrof system

paraneter, a flo e condi.tion, an alar ener genc ondi.tion nd/ or
B e r udiainge el Bt meO8poinaliEid el Eake poR L subitedeirafi ng
the val V%I\%‘%é@%&lﬁd& bﬂidu%fngaéé\ﬁgﬁ){/vyth Wﬁﬂn@%s&@ﬂn‘bﬁgﬁﬁd QIR the om
the sol ar panel assenb may be controlle
produced power to a controller assembly and to a pump assembly that supplies
operating fluid to the valves, the control assembly operable to monitor a variety of
conditions in an oil/gas well and at the wellhead control system. The controller
assembly may be used to control the operation of the pump assembly and the
valves manually, remotely, automatically, and/or in response to one or more pre-

set conditions programmed in the controller assembly. The solar panel assembly
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with a voltage controller having a sensor provide an alert signal, an alarm
signal, and/or a shut-off signal if a pre-set voltage is exceeded or is not
provi ded.wQre120r8Tor e sensors nmay be provided to sense &OTAIsRUNW4EBRT/ Or
pressure of avail able operating fluid in any or all of the flow |ines used
and/or in a fluid reservoir, the sensor(s) providing a signal to indicate
fluid volume and/or fluid pressure to the controller assenbly. In response
to the sirgapbprovite teanpowdr sures se abeytlyTrya pRefrassamislyao operstea nidier

val ves and/or shut in the we|l head control system_ The controller assenbly
may si gndlf 1o¢ REMRIRtaseRy, Wiich IRIUTHRPEaIRS abYEwRhe PuR assamBlysdisi y to
i ncrease i i ﬁpgé W, S I m,

| i nes. A’@éwég?ﬂng‘?%gf‘gﬁw?%h‘%gﬁ?% ergggist)@ﬁb?@@\%ﬁéﬁ&éérfﬁsee I'Ss ye%pgct ed
and proviidelude fa micrapaooessdhend astrel@téc appasandds; aneyityraanicks, aswiichesal ar m
signal to.,a renote |ocatjon and/or erate the | ves to shut .in the

wel | head &nilT5 PRYER BR0UFRY B gRaICSIgrang ASTEMaN s b STRSEQ N oo

provi ded QfurédiSuchTRAnAd R 8 Rdr@lbattBR ¥HArARAGSTBALES bnsyerhemd ANt elied
renote |ocation via known transmi ssion nethods. [0041] The controller
assenbl y anyflowe ob e atsired powenmaybe ichstrobed and/orc onpuiosed Hydhe tdostrabeén head
control system and—enploying intrinsically safe co nents. . A sinal

Cont rol | AT I JeRTER Syl ey Ry oot ML Gugrable A o
subsur f agmesmhftlcy aral 8@ oﬁﬁ%wréss%ﬁe%@p@ratmeﬁmeadfi bbihogthe \eHfet9 s/ alves
comuni cation with the well head control _system The controller assenbly may

be oper afsedifecteahyrioe candrodabassenbly. skiepie-sal cendiiiemay Bckisera duid
b ' rql , . I hut
- the valTHBET e e fOR DB b ERE SR 2h PReRRFERRelD Rk,

t el ephonéantrusidh @f th&ABMpdXEhta bty welihead icoatrsl gystes., ifdleding thenalhssnsor s
may be use to detect dangerous gases in the oil/gas well and/or at the
vel | head FBhNEAONRIeEAFRCYr oduci ng an al arm signal in response. A

t hernoel ectric generator may be used instead of or in addition to a sol ar

panel ass[emah]g : pTH@ W88 bs ﬁe\w,@'r froR) sdTRY pardl | dsdenfiE ity BEESNIPIIdde

follow ng: t resence re or dangerous gases, Intrusron by unwanted
humans orwitmiamnilt@agevemiralles havidgreagensasrpraeisierarc aleoihsighale qoi gewmtsigrsadd i n

e et R B R S ARGl ek Rt B RlRd o ¢
vari ous GReROSENdTs Phay Be (retideal tosseriseanramdumt wpaldirasreBs el ofadilable
"intrinsically safe,”™ 1.e. that theﬁ;p';eqw re vastly reduced power |evels

and t her egpgrating filid neamher ailsw toe 1iRes arsgdexpsl/os inoAdluid rgsenveissthehan

100 mli 1 ELgur tJ | BC Lcal., oyerride
400, "=n SAOHsH PAYRIRG % Sfaréy 17 yBGEE AR oo IR NS 8 e
actuat or cttrotietpiseemibty.a Matespobedytodtie gigridietrgatcentralisre addembly baaynet
assenbly can provide an interface between the gate valve 402 and the

act uat or QRPTaleDRRe 1Ry MArG G dheviak esprRYEr shubin iR Wallheadapauralgystem.
hydraul i ery c&ﬂ?&lfé‘f‘?‘gée@pﬁfﬁ]‘é&%i |?ﬁﬁeﬁ%§[\néé§°%hc§%§ tﬁrfa a{fgdr?nﬁ%%gééﬁw o0l

defined by a cover he”act uat or and a diap posi‘t i oned
over an apealzem@ssertibeto 4i2easéhéuidpereasune amaroe fluidl2moonem someespainse to

t he hyd [ i ) ti ithin th hanb 406 d i nst
e e R e
sliding gdtectbdbarif phhlvgd@fatn ﬁgé/hgﬁla\fﬁ].ﬁf%e”&ilrﬁﬁall'eic' dS8ERMING thdyP pkd\iddmay freent  of

the operator menber 412. I's manner, the automatic op€ration of the
act uat or alam signes ta Acerbialiocgtigabedar®peratelibe yatveswalshet #0thebeelitsad a

closed pack i Shon hs FLabte & SAt-AThARSSh PRR. tha] 55 FBMBa' & Feure
immediate area of the wellhead control system and to a remote location via known

transmission methods.

[0041] The controller assembly may be operable to monitor the various

components of the wellhead control system and employing intrinsically safe
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[0043] I n one enbodi ment, the actuator 401 may be selected fromthe
pneumati c and hydraulic actuators described in detail in U S Patent No.
6, 450, 47 wWatrniniesoher ei n i ncorporated by reference in PC3/USatLi0ed137 The
actuator 401 may be sel ected from any other actuator known in the industry
for moving the sliding gate 416 of the gate valve 402 between the open and
cl osed positions by automatic operation. [0044] When using the automatic
operati orcamﬁpdr’fmtactAJah?re 46dtroligreagsieAly gndyobe epefrath| b eosqunitiod addfiface
configured to act as a fail-safe mechanism When the pressure in the
act uat or S@(ﬁﬁtyi@'Y%rﬁ)\?\é*éﬁurf%ﬁﬁye\‘ﬁh’?’ 3% Wsllias ape or nopre %‘Eﬁ“i'?ﬂ'@alzyﬁé\’% |
nove the ; MEy ol fhabh- I Inf il i n
i gure 4. P RPLIHAEEIAE MR vieiBal S S oi3F, O chOBIcr assRhiLh) ffay 2
nmeans t o e bpatable he apatrel Wad vabdZacen safedy erabvet with an fetadinc subsecsibkes a
m

| oss of press , it al so override the fail -safe mechani The
rechani ¢ HUTSher PEGOWERSR AT RV ahey DRORETRPRJO 1ZARe A HON 1 WHgS o
val ve _40?cdn‘flfops&élén'?c @éihg SRfiteh&s Qﬁér‘éoﬁﬁébthQHereW@], Qé}éﬁhdr?é,\fﬁd i6oédﬁﬂjA,
operating in a safe node when the fail-safe mechani sm has not been

over r i dddpCBHy anter neatkbité cignals.er Onde cinahore Sestsops avant kel use itehdaiected

from novi into the fail-safe closed sitign., Therefore he safe de

| ndi cat ordahgsTod baSer Jorad Bilbds SR RSl bl M WRERUE ) REaRM B

i ndi cat i QirodGEIRGEN lakhNdgh# iB réghHsecOPArbAhoslaatrict dshearalor enay berudedl not
operating in the safe node. The signal fromthe safe node indicator 403 may

al so contisieadtad arHataddition; e walaroaie] pssrvbly: oThéere-ael cengiton(bewy
posi 10N hAUBESRYBRIndt & RESBIN gt OB biRskPBe 5 1Ha Y aidilolietabve has

been aut onatr ca posi tron, and/ or

mechani cahtresien roydenwahiednaimdins @blanimals, vhrdalene, dambgéher Hastructivheof
mechani sm [ 0045 illustrated in Fi g{ure 4, the nmechani cal K override 400 is

c?)_nn_ect e(ﬁ(’cucborlr‘ﬁ@J f@?GaPth%G‘@”hﬁaﬂrl?Rn el %Yﬁﬁ%{ﬁyéﬂr Q%’el‘%ﬂitentopof‘iglﬁl)\ﬂpﬁb t he
sliding 3%&53&(1;@, Bl a?(?luﬂ%%? g&féeF %?gFaﬁ%‘%%tbPrﬁomeﬁloﬁﬁggén' il gneerride

400 includes a top s ever ual Trotation the top shaft
460, sucheralsodinteshcivatedricaGocorapdinerds o thsCorttend isygtean hayghe webattedr drooke

t her et hrough,. a.drive sl egve 504 rotationally | ocked tq the housing 450,
and & togChantisicaly Seeste. het Relsiong rastpaie ceicel BRGA T et r o
452 i n t hRefe¥R miHiRiZf thehBkasispabiey afd éxplBsiohBoslgdRiss4R4n 1100 RElidps
portion of the housing 450 with an increased outer diameter provides a stop

for positioning the housing 450 in the aperture 452 of the cover 408. The
housi ng 48@2iray biguseduised segtiomrl \dew«rf aroBabpniog) onasile 482N egtipters a

thread or4d)|¥ a"‘&étgi Vive 402, and a safe mode indicator 403. The actuator 401 couples
to a valve body 404 of the gate valve 402. A bonnet assembly can provide an
interface between the gate valve 402 and the actuator 401. During an automatic
operation of the gate valve 402, hydraulic or pneumatic pressure enters a
chamber 406 of the actuator 401 defined by a cover 408 of the actuator 401 and a
diaphragm 410 positioned over an operator member 412. The operator member
412 moves in response to the hydraulic or pneumatic pressure within the chamber
406 and against a biasing force supplied by a spring 418. A valve stem 414
coupled to a sliding gate 416 of the gate valve 402 moves in response to the
movement of the operator member 412. In this manner, the automatic operation
of the actuator 401 moves the sliding gate 416 of the gate valve 402 between a

closed position shown in Figure 4 and an open position as shown in Figure 6.
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[ 0046] The housi ng 450 includes an upper bore 509, an inner shoul der 511, a
top bore 510, and a bottom bore 512. The inner shoul der 511 is disposed

bel ow t hewoppevoikmsre 509, the top bore 510 is di sposed Pperawahmiéianer
shoul der 511, and the bottom bore 512 is di sposed bel ow the top bore 510.
The bottom bore 512 has an inner dianeter greater than the top bore 510. A
t apered shoul der 515 is |located at the interface between the top bore 510

and the kyoé43pm bor eorfel Bmb&diméhihend oactaglr 4@t tmiaggee586lectedlifgpost@ i n
t he upper bore 509 and can be renoved for replacenent as a single unit

wi t hout dIneAdRatienIaney iydeatdier @stuatonso degeriberd e desdll dal UoverP@l@Bt 490, The
I \ . . ity \ "
top seal €£a5h rél!?‘?'%hlﬁgq? 'rr?%Fr)sﬁﬁ &h @Bgétfe{i gfa/gfe@ergﬁcé i |t§sér1tf|:?ﬂly'. gﬁé%?%ﬁﬁt&] Suc

as Delrin’and is he ace t one retalner n chis
pr ef er abl401smaiyrdeesalestieddtom Angyextkebattubiortkoowimeinrtibe andustryrfionondvir®y thiet hout

di sassenmbl y. of the actuator 401 pernits renoval of the retainer ring 552
from t he YHpS9atert el fiegalestIVe A0RARWEET S0F RBeR RS SPSEAFOSLION Rt
of the tofiS9atic eREtdtighge 550. The top seal cartridge 550 contains dual
reci procating top shaft seals 556 and dual static seals 558 to ensure seal
Integrity and IOQ\?hlife_. The top seal cartridge 550 incorporates rod w per
554 to kdegh sh¥fhernsgaingnther agionmaticheperssioovpictheapcihitari 481, Hheebigsingand

i por 554008 GBS e, * AR ConteBl g tE A58 A S BRI B VBRI ey
be T- sealgregsuretinethesattabnt4® iy réhase®mpadoese®lys or dtttdrwase, Ghei gigirgeal s.
[ 0048] The top .shaft 460 extends througg the | ongi tudi nal bore of the

housi ng 458 Wih&newp thegate aelva d§é i98pa Mildsatacclased eositiopy HushatedTife

i nner di t of N : : janmet er
of "the t dnouie-4 AbGoh B eERAticAPovethie FOoED fbubd R dditidti Fedhs?
sl eeve 504.acliedeithegats halvbd€?2 iblthepeem bf adailure, sostessra loss df peedsupe shaf t

Cop shat tl M0 f89 Ciessid s liiesdte ErBeaE Moot GisiBaNa! BHEEGE 400 Tiber
From ¢ he ppanaLe e es forh Holiag NE e VE T EPRa R U T s
di sposed pasitidne hidwes gatp #8¥ea#d2iis oppratihg in a safe mode when the fail-safe
mechanism has not been overridden by the mechanical override and is not
prevented or inhibited from moving into the fail-safe closed position. Therefore,
the safe mode indicator 403 is configured to provide a signal, such as a visual
indication, communicating to a valve operator that the valve is or is not operating
in the safe mode. The signal from the safe mode indicator 403 may also
communicate that (1) the valve will move to the fail-safe closed position in the
event of a pressure loss in the actuator, (2) the valve has been automatically
actuated into the open position, and/or (3) the mechanical override will not disable
or interfere with the fail-safe mechanism.

[0045] As illustrated in Figure 4, the mechanical override 400 is connected to
the actuator 401 to provide a manual operation for moving the sliding gate 416
between open and closed positions. The mechanical override 400 includes a top
shaft 460, a lever for manual rotation of the top shaft 460, such as a handwheel
500, a housing 450 having a longitudinal bore therethrough, a drive sleeve 504
rotationally locked to the housing 450, and a top seal cartridge 550. The housing
450 passes through an aperture 452 in the cover 408 of the actuator 401. A
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within the top bore 510 and the bottom bore 512. The drive sl eeve 504

i ncludes a threaded bore 516 that corresponds with a drive thread 514 on an
out si de swof2ap#18f30t he top shaft 460. I n one enbodi nent pCrhis2@nioy@3t hr ead
514 is an Acne thread capabl e of functioning under |oads and includes a
smal | nunber of threads per inch, such as five, in order to decrease the
work required to manually operate the actuator 401. The drive thread 514
pernmts hasiklest 484 fornadd ®y @fpdriien taipthehladusidg %50 Witht &re iferedsée uter00.

The threaded engagenent pernits relative axial novenent between the top
shaft 46@'@‘%‘5‘8@&%@3@?%@ %tPBéQreO%UPWQ Hishewsing 48 indhe gpertyiged o pkihe

di anet er up f nt t he
o a5 (L oG o RS G AsP ey o sk Eredh (K eRder, S0t AR, |

nor e sealmeﬁdﬁsudvehaathrendorr@swemreg provi ded on the outer d| anet er of the
upper portion of the drive sleeve 504 to forma seal ed engagerrent with the

top bore 510 of e hOUSIn 450 or nDr se 519 i ngs,

are provil@®§lon tl'Hg *1%?5}9 FRE sbentulqgeu gbg’r?nm%f ngsetfq‘? Ve &I eeve
504 to bemb%)ré%ﬁbeﬂnérbggﬁﬁémrBoré‘M@ tTﬁetirﬂfersé?ﬁfu‘Ide‘}@H isAN580det BaBW
embodi ment, the lower end of the drive sleeve 504 is configured to nove

axi al |y riagatipes bhose 509, B teprbber 61819 digpased brlowithg inser ahouldensi hg

[ ocki ng. LT BRI n SR ObPSed By s Mt pPlR odPaethd BhBotR PRt
perm tti rg)2 hgs dnlwrﬁerSduemeerEg}éa(eamhbﬁ e tdppo@rbaﬁﬁo 48 QxpérednotidetisAls y
within the housi ng 450 during the automati c operation of the actuator 401

may be useipcateqaf thegntarfagsiieivesn ihe tap bere 10baRd thebritery bese &8ty by

showi ng one enbodi nent of a cross sectl on at sectional line 8-8 in Figure
4. Figur |'1u f Fe”?o
sl eeve 5891&R1;1V| nghgﬁég\g/g ! t at @‘ﬁ%‘?‘éss‘?géﬂ IIL?éugﬁzéf%ova é’%g%gﬁggfthe

i nner di aswtoveddbr remammenhgs @wnglemlbwahOBMpaslseinlalm tresagiuetor didl1a
physi cal interference, that cks, the ve s ve_504 Oc t he
housi ng QRIS AV dithy TBF ol semlarr BBS R o S L Ehest

relative 4 Plafsﬂé Ilhéuﬁét@ﬁaﬂ%h EQEDé?Hh Ingdis 388 o pi?dccetﬂi‘;?aﬂfea‘é? oﬁb%’#é?néo‘l and
the bore of the housing 450 may formed i n a nunber” of ways known by one
of ordi naing 8%&2 Whi¢h is peefaralbly etamleseateeﬂ elAcessibilibt tex thenegtainer ngrfiiS2nhi | e

Pheari varuidl SheaSs iy or B¢ 8RRty A0 BefuBF PRE YRR s Buni¥ FeB %52 "0
nor e cor rigsin ang itdyy of mm@mm?abogmm aflowimgdehidviahendeéplaceimeneobthé of
t he housing 450 to permt ative axial novenment but prevent relative

rot ati ondPP ﬁ@@éﬁ@’ﬁfﬂdgq R58nd henpadienk Aeriridgr SPBweNtains dughresipropating fape
sl eeve 504, Ry dé%@’ﬁﬁd tRucl % tF&O%éQE“é%%’ fo QE‘@ %blamfads?.lt} Ak %9%85
In r

t hr ough correspon ongitu i ha grooves in ive eeve and the
bot t om borre Edp?sebneérlﬂldge:cﬂml lnngrp&sawsbnfo,d Wﬁﬁbrpﬁme@tl@eboagﬂhaﬁdsmmg

separation et retaini ?g ut 462 secured to.the o erat or nenpper_412
and the t'6§8'%h fe PW\HERR Of HFaﬂr?ﬁée’r%'ﬂ OtRET 1B Tt IOPEET t§pO5haf t
460 from ly 458
i ncl udes tQQfQ %ﬁ hgﬁ%gélgdﬁ% ngﬁe g%%r%%gg %%gg%%w 'F]Io“v/\lggt o " the

t op shaf tTh3e aond atflker sealsmday e Umsals en@thﬂr $utstamadymlagOMrlc4§ézala,nd
agai nst the baI bearl s 468. A bottom shoul der 472 on the top shaft 460

i s secur eWCy Jtn gch%‘agall beari ngs 468, which are positioned on the upper
end of the ret ai ning nut 462, by the fenale coupler 464. The femal e coupl er

464 is cqpeuest edThe tbb%h@ﬁpﬂo er@nas thivRighethai IBhditLdingl BEré cinde indtkskides an
upper shoul der that engages the bottom shoul der 472 of the top shaft 460 to

prevent sE8hithg itemseal €ar I%@@O,farﬁqﬁhmérlveﬁhqewer@)%utThaean%rn@amﬂher ohe
act uat or t
relative ﬁgh?lﬁé;dsriotugqé%ﬁﬁ %ﬁr&ﬁ%eg%a rg?ef){rjn%ﬁa { %(??r?%&g?@s{asé gﬁabgatt or que
to the vedm@llattlaamm,outéredlan‘netbrn@‘ tgetdnvelﬁeewcioar Theenrovee rsheubfer t31e
actuator 401 when using the mechanj cal override 400. EOOSZ ] Enbodi ment s of
the i nverﬁqrmﬁtsdéx'ﬁbtmq"&m?rﬂteof HBec‘@Qpﬁh% %@%éﬂweywrea hewplleProviding 8 shaf t
460 with

override %S%y ggﬁ gﬂ?@gﬁé app y T@‘?E E{%gtg %ngdﬂgygghd]%@l?ﬁ%
actuator 401, such as the retaining nut 462 or the oper at or menber 412
depending on the type of actuator used. For exanple, the end of the top
shaft 460 may directly contact the upper end of the retaining nut 462. The
solid retaining nut 462 may include a ggparate | ocking device to prevent

t he retaining



nut 462 fromunthreading fromthe operator nenber 412 since the top shaft
460 rotates during the nanual operation of the nechanical override 400.

Al t er nat iwel2g12/m8t3er known rotation isol ation neans nay Po@/Useaviodad? t o
prevent transference of the rotation of the top shaft 460 to ot her
conmponents within the actuator 401 and the gate val ve 402. [0053] Referring
to Figure 6, a chanber 610 is formed within the housing 450 between the top

seal car tgonfigerdub@o agrihdgee adr uppersshevideb@F. thEnericbasibeve G0N its mreabed at
an upper end by the engagenent between the top seal cartridge 550, the
upper borr@myg! obihg tPRShel #od e the vpranandof He ek slegye B4t he engagenent
between the drive sleeve 504, the top bore 510, and the top shaft 460.

Fl ui d corppayaj cat 'rrﬂtehcgﬂ% SRefetstP i§5§90§’é‘6 We&Re tH%%sH@aHPGrar@l%mﬁ@graEeﬂég 15

actuat or 401" when Ive sleeve 504 I's noved into~the botto
as shown withifFitiyei tap Borel ol (pand it battomt hore SR, sTHd Erivé stelevedO4viaclsideevee 504

are noved, acrpss th ered shoul der. 515 into th ttom bore 512 thereby
el ens) ngh EREE B 6 AL ERERTO I Eha Wiy Derel 51 on AL Sie SHrare

sl eeve 5Q4 the t9eRERAGON ThhshdambeaIneitetHeldrivd thrbdlisd 4G amUREBattheiad S

est abl i shed between the chanber 610 and the actuator 401, the gate val ve

402 i s opapablengf funatipaingatiederoloads \@msh indhegad snall nempep afdhigasisapémg i n

t he safe . e h i e d It j,.Qn
(shown 1 rRrqtien 5 1 1 i 10 P ase bt P IethdreR b B PRI o

t he mechaigtggtor aar r THe 8. thiddb 4] 4 hseraatbeunaydstéd dodibarof46e toprenati cat es
to a val ve operator when the valve is operating in the safe npde. The safe

node i ndi46&t withathe handwirel 200.i nidiec Hirpaded &ndeeersn! PaieHs J€ladiveemedal |

hat i ! SV . . o o Fluid
commun el e P e ChanBe Bl oy e die Biel ARMERNIRB Kbekd | e
housi ng 48D. Thke poates udiemetert lné thleanbper Gidtiomyofb¢heisirivet clesveudDé tshe

100551 1 n SHEEHBEUINS S ARINE He B o200 R Bard PYET pRedeuping ¢ ne
't gd' cati 5lepheoréhfrd Byals BTBUBIARES ofrifdd, Hre DréIdbd bR thESUI& dignfiRer at or
of the upper portion of the drive sleeve 504 to form a sealed engagement with the
top bore 510 of the housing 450. One or more seals 519, such as o-rings, are
provided on the inner diameter of the upper portion of the drive sleeve 504 to form

a sealed engagement with the top shaft 460.

[0050] In one embodiment, the lower end of the drive sleeve 504 is configured
to move axially relative to the bottom bore 512 of the housing 450 while being
rotationally locked relative to the housing 450. Any known rotational locking
assembly that prevents rotation of the drive sleeve 504 while permitting the drive
sleeve 504 (and the top shaft 460) to move axially within the housing 450 during
the automatic operation of the actuator 401 may be used. Figure 8 illustrates a
new rotational locking assembly by showing one embodiment of a cross-section at
sectional line 8-8 in Figure 4. Figure 8 illustrates the outer diameter of the lower
end of the drive sleeve 504 having an oval shape that corresponds to an oval
shape of the inner diameter of the housing 450. The oval shaped diameters
provide a physical interference that rotationally locks the drive sleeve 504 to the
housing 450 without inhibiting axial movement of the drive sleeve 504 relative to
the housing 450. The outer diameter of the drive sleeve 504 and the bore of the

19



indicate that the valve is not operating in the safe node. Wen the chanber
610 is at a second pressure that is different than the first pressure, the
i ndi cati onOde12/&73600 nmay conmuni cate a second signal trag/usgodiodd18T ent
than the first signal to the valve operator to indicate that the valve is
operating in the safe node. The pressure in the chanber 610 may be the
pressure directed into the actuator 401 when fluid comrunication is

est abl i shemishe) #8688 mdyhise trardecin £ h0mived of eys knaainasy 404 of asdisagvekill i
Figure 6. The pressure in the chanber 610 is conmunicated to the indication

devi co 60D°t At dagRraVeet JPIAtVECragatnah mBYermes! tHale REMBRINGAelsdve cBXigbo. | n
mb ¢ |
one € Og‘g {)Om dggsggﬁfﬂﬂr’[@@tggféfwé’ﬁ pGrtiBh of t:ﬁ%ydrfi\fe 'sl'ée@ rgi0 ey oM

about 0 reater. one enbo i ment, °t he
first andiave cms:ondwasé gphahes tray exteral Wit oae armidreatoroaspondaiy Ia;sgmucd:lniabr ed

|'i ght Kk I on, t f k
Lo one ofdTBPHIarg sk he Haiosbppis Bhg Ok HEaPHRNE 250 ot LR Ble Beoh co

600 may BRofdMeROBUE HhE ANt SRR ro‘ib}%ha’#smév@rhéﬁﬁurlﬁ éﬁé‘%‘?ﬁboduﬁ%ﬁt Cfyp be
used to indicate a pressure change in the chanber 610. In one embodi ment,

t he i ndi dawebpodieni efeheabiveesiede a0Rmaynbekeyedite thebottomnvared 1 with a

avail abl e .t d. The Rotow nk .l ator is.a,spri.ng-|oaded
ovi co. adibdnateRenar ARG erd e L ot AL R Revs it 1R OiPE sidfad i
or fl ui digp4acamdtid Bottorh®opeBlee uses two contrasting colors (e.g. black,
red, yellow, green) on a rotating ball that can be viewed from any angle to

|nd| cate the presence or absence of pressure. [0057] The operation of the
i nvent i orf0931] ust Aaf@pPling appPlRlY 498 pre@nt%gngatummal Wr%@rﬁ@%’f’?%@

Figure 4 alﬂgbrrﬁ& 98 ts*é%u?f%% tYm%' PQF4 ?bhg%ﬁé % a;f%ﬁé‘-ﬁ%@

The spring provi es a rcec 0 bia he vdl ve stem , th
oper at or |9®|ab|eg rdﬂaﬂonalhmot/emeshaf the4&£p slaafd 460eframithe adtwstoe 4604andnthen

d di t b t | te 416 I d
ot 11 on. SeaE R A0R- T ePir oo PG LB A ORIRPAGH (6 < 1 he
upwar d a’t%a?iove” 968 OFTHeNBwieP R 6f fh 3@% St b6 rGfdté@a?élﬁ?oVﬁméQﬂperThe

mechani ¢ e 400 is in an un-act position and does not
i nt er f er eendl oththehretadhioginud 462 anceageinst thalbaé bmlng?EMéSSbl&@ottDm siougen ng

410,12 oo g, HaPoRalin 480, LB B SO P BELTRAEBH M AK B e
i ndi cat orpdtRipnEyorP te uBeBehd lof the irstadind Pt @8Rl BY the female coupler 464.
The female coupler 464 is connected to the upper end of the retaining nut 462 and
includes an upper shoulder that engages the bottom shoulder 472 of the top shaft
460 to prevent separation of the shaft from the retaining nut 462 and thus the
actuator 401 and the gate valve 402. The top shaft 460 freely rotates relative to
the retaining nut 462 and eliminates the transmission of torque to the valve stem
414, the sliding gate 416, and/or components of the actuator 401 when using the
mechanical override 400.

[0052] Embodiments of the invention do not require the coupling assembly
connecting the top shaft 460 with the operator member 412. The top shaft 460 of
the mechanical override 400 may contact and apply force directly to a portion of
the actuator 401, such as the retaining nut 462 or the operator member 412
depending on the type of actuator used. For example, the end of the top shaft
460 may directly contact the upper end of the retaining nut 462. The solid
retaining nut 462 may include a separate locking device to prevent the retaining
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that the gate valve 402 is not automatically actuated into the operating
safe node and/or the chanber 610 is not pressurized or has experienced a
pressur e wbhanp18730058] Figure 5 illustrates the gate valPca/u$e@iiome1anh open
position after a manual operation of the actuator 401 using the nechani cal
override 400. To nove the sliding gate 416 to the open position using the
mechani cal override 400, the valve operator manually turns the handwhee

500 to prridd2 frematnthredding frent e spefatordGRmbRotatd sincefthé hep Baafiviage!l 500
rotates the top shaft 460 to advance the top shaft 460 through the drive

sl eeve 508taies 6%”9 e Mangehoperating QﬁFhQ/E‘QQ'?ﬁBE@ Q\iﬂr”dﬁéqoneglﬂf%ﬁam‘%lﬂ 460
rot at es t v t he
upper pordiier e pBiatof Lo R Mo R pV R o BreefiEan et ol

t he t hr eddedotabioa ddibe dbp sheftdaOvie stheecempdaenBuwithig theeaatiwatoahOb @exdat i on,
t he |nner shoul der §&ﬁ%provides t he backstop that prevents the drive sl eeve
504 fron1ﬁ%&¥ﬁ%v?@?a e to the housing 450. The mmnual rotation of the
handwheel 500 nechanically advances the top shaft 460 through the housing
450 to eifpeyay di R%‘Férhﬁg% Figiher €C4 |chaﬁ?6e@'d1¥) iFTYEEM itk e AbeSThd Wbt o

pl ace the ate valve 402 inthe o osition. The top shaft 460 Is

mechani cdigtyean ithe iomger!reartridge Etﬁp cgthet tiévespleprg o848, Theneharmbherctpisessi ng

rorr act et o1 S Ul s RObY 488 BrgPUBERP e Rk e FALHE GREIRL 8002 Jov
isin th&hem@@ep@eré 509, alﬂlme\/@pvﬁe@ﬂJ%@taﬂd mlﬁbmr@wmé bﬁg@g?érﬂemode
i ndi cator 403 to determ ne whether the gate val ve is op eratlngFln th

saf e moddetwhen ﬁhes@meeslleﬁver@%ﬁaﬁﬂep leare aHduARM r‘i'@‘? toraads 4601 i Tuick | y
changed bc%trﬁ\‘ﬁﬁﬂuctahﬁn 9195;( el O aBfis frbepgﬁ\{{e V?rleVEhé‘r%e{ B! %ﬁ}? tﬁ@'al: RAGE

cl osed positio n Frgure e position by nanua

oper at i or401stvben tha d?l\@usleeﬁe S0Aus, moved sr&betheﬂﬁrbtamdbooaﬁdfz, 463hown in

i t first t t he yal tor, which
o not cHANEA: ) RAHCHBOHARISEA® GRNBIATHE TRV 208 8 DBvagEcrdnse saf e
mode '”d'tﬁéttﬁyi')%rﬁg%r{&b(dérh@f@fr%%hé A 60Fé‘§‘12tﬂ?1%r§@ﬁ Fol¥adiM tH@%ebRéd”Ot

operating in the safe node, has not been automatica act ua has been
act uat ed e(rmaglemtt vgtir theatdpybores Hy t\/bileemmfhdnvezsllewﬁw cmelomted gntieor may

2015 1o psieet R o 8s S dolfelRicsioR i€ siaE el theRR the Darbe 402

in the OB Mtﬁe Qétuéfdref01afhe5$:ét@%ﬂv&4@®%r@éér@ﬂn f|n tHees 8 Inhied o WHEh:
Pressure is directed into the anber 406 of the actuator 401 to overcone

the bi as tbe gabe valyesQP er@pe:ave@dethmeaﬁedpaodaathe vave nmaebamoedictes 504,

t he oper t r ion to
posi ti an‘%hgaféeg@g%ad%o;sgtlo%% Q‘ﬁ} Ynakz?@r% @n& %Q#@gﬁéﬁsg}]gﬁﬁz’ﬂ%o and
t he dri vanrfeearicebPdmane mestemhida @ethrile 400. aI I y WI thin the bore of the
housi ng 450 until the seals 518 on the drive sleeve 504 are noved across

t he tapered shoul der 515 and to t bottom bore 512. Fl uid conmuni cation
i s establlP&Hed big etrﬂ%d% g?’é CAMURICaLe b 8r Vel OPEFRIOR re in
the chamh

or' 1 co 618 AR AT :L“ff;""%gsd%f%i”‘?d#ﬁ. TP SER HRbeIRCEE: R, MmdkSan,
change i rindicetiahaebe 600, swthuases sehsorsdiiat isocennaotiéd & dine 4@BISing 450.

commnlc a ond, vi.su i.ndication that is different than_the .first
Coonal e RPN ahics Bha i o Mok e dmi e cds Wi hE ChatBRt 1B A fomat i ¢
oper at i orbrtfreetésrﬁa [Riates HaBugRThé iHYusH 480 ovm@er@sswré Walthé RebAMer @10F hat
the gate valve 402 is in thé open position, the valve operator may use the

saf e nodenaydecssst toagues et indlieatien Wevidecs0Q e communieatea aignal © the
operati nq{ VQ?&F%? fe node. The second visual indication may therefore

i ndi cate aIlua &'QYate valve 402 is operating in the safe node, has not
been nechanically actuated, has been automatically actuated, and/or w ||
nove i nt qodsse fail osefembodisrhtpadiehiths chzpibared t@se adfa firse psegstire nthiche
act uat or 401 When operati in the safe mpde, the up {)er end of the drive

sl eeve soRdicatinevice §00 u@%gtco&nr@pgtcg;&@ Srstrsignalne thenualveneRsaldr ©11 of
t he housiingc4R0iat the Oél\?ﬁﬁé’ﬁ& ?g&’atlhg‘?n qﬁ@@ f Fn"i'aldeg’&ﬁ/r "ehqﬁe%ﬂgrﬁﬂér 610t
disable or interfere wt fe mec ani sm en e pressure in the
act uat or idCdt a ssecehdasredsurtehthalris vdiffetemé\ibab el first predsene atrsufridicatemt

di stance fromthe inner shoulder 511 so as not to limt upward axi al
nmovenent of the top shaft 460 and thus the valve stem 414 and the sliding
gate 416. In this manner, the sliding gate 416 may nove into the fail-safe
cl osed position.



[0060] Figure 7 illustrates the gate valve 402 in an open position after an
automatic operation of the actuator 401 and a partial operation of the
mechani cavoaveraisse 400. Before and/or after automatic &CTOsRéln4@B7t he
gate val ve 402, the mechanical override 400 may be actuated at | east
partially, inadvertently or otherwi se. If the handwheel 500 has been
rotated one or nore tines, the top shaft 460 and the drive sleeve 504 wll

nmove rel aldwee 600 eaphcerhhrmidate ansedondadigmalshai igrdiffédens thaat e first Sigoare 7.
When in the offset position and if the valve is autonmatical |y actuated,
then the teﬁb%wabfﬁooraﬁratqﬁéo dnqicatedhakihe valve #ﬁa?p%f@t'ﬁ%ﬁ‘ theaalg modestidisce v

fromthe [ , i : rom
novi ng tddrtgﬁgjrlgjﬁﬁﬁég?% C 03%1?‘%%&%EHne-dpﬁs%\éﬁé‘gﬁg%@‘ggﬂﬁ%pﬁ’%h?éaﬁﬁtga@??ﬁgnce Y
may be anyheh dtuéchamnimanicatioh eissestablistidee baétweamdbe Xchataber fa1€dand fegur e
6. Wien th ressure in the actuator 401_is rel eased he upper of the
drive. o) AIAE0 Ao e Hstog BHE e | FiSrPeRBradt (89 1CRGre Gl Re
sliding g@nemiiARaeLiLthe ?ﬁ!&ﬂ:altibﬁ‘de\/’icféew@‘f@r'b@gﬁ)ihé'orﬁi'éé?ﬂ?ﬁfo B&G8ESHey tO
nove the sliding gate 416 into the fail-safe Closed position. Depending on

t he anourindicaitiort fiseice EOOwelaronehemivodineent, g/ tirsbandmnseched pPogssies mayso,
the sliding.gate 416, may_be .| ed i rddal n/closed position.
A'so. whdiP e Ogara apdu G5 HhelBBiRef (Pt ERRAPEaRaRE TR i ve
sl eeve 5(mbadihedtted firSearst/of 886shdYsighar hmBg bendesuahpidicitionoddech BE @
chanber 610 renmains isolated fromflurd communi cation with the chanber 406

by the sewleredighhagnerker, anyauslitognindieatioa: pog ey ather hiserefriignal kpowiy i de

400 may fseat 4 ha. aft 460 and the drive sleeve 504 enough to prevent
t he seal ggﬁﬁ ?fréggﬁn%%?lﬁg' across the tapered shoul der 515 during automatic

actuation. [0061] Since the top shaft 460 may still visually indicate that
t he val vqgoes8? i sin oné remiogadimepdsthei indicatiofrioguice 600 ey bealany apemarcal may
al so check the safe node indicator 403 to determ ne me@er t he gate val ve
402 is op&n2PlngUGh aShe R&FEUTTnGENSAndhBl 88 PR YSEY: Ik NYiCHBeR S%ul d

not have &Jaﬁgbfih%@tdhﬁ@ﬁr@ﬁﬁ # Bhe dribddireh®! AESAACERGN WRYice eI Riayt06 by

the seals 518 and 519. s, the safe node | ndicator 403 comuni cates the
sanme firdie \a Fetowimdilodicaton, taemmercialyw @vapablat trougihi Nordess Lt dienged

by the a mati.c. actyation of. the gate val ve 402. The.safe node indicator
203 oy URQPBIY LRFAIPE L8 b BadB Sel e oS 07 ainBieSsBr bR M ¢ e
saf e nodeisAMmBBRMINGEYReRM AR of RAGIE diaUlts alThe)deisddGséd BvaTBERPEStRRY
override 400, and/or may be prevented fromnoving into the fail-safe ¢l osed

posi t i on.colgrs| (€.9-Héaekstredt yellawp1giesnpossa upiatieg, ballhbay spo e pigmadofrormay

bor o 512 ML HOE RE igicel A pREERRE e Ree g eRIie "car o mode.  The. val ve

oper at or
[0057] The operation of the invention illustrated in Figures 4, 5, 6, and 7 will

now be described. Figure 4 illustrates the gate valve 402 in the fail-safe closed
position. The spring 418 provides a force configured to bias the valve stem 414,
the operator member 412, the top shaft 460, and the drive sleeve 504 in an
upward direction, thereby positioning the sliding gate 416 in the closed position.
Seating of the sliding gate 416 in the closed position limits the upward axial
movement of the top shaft 460 and the drive sleeve 504. The mechanical
override 400 is in an un-actuated position and does not interfere with the closing
of the gate valve 402. The bias of the spring 418 raises the top shaft 460 to an
extended position providing a visual indication that the gate valve 402 is in the

closed position. The safe mode indicator 403 may provide a first visual indication
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may rotate the handwheel 500 until the safe node indicator 403 changes from
the first visual indication to the second visual indication, e.g. when
fluid corworoAt8BN i s established between the chanber 206/Useaib@3thanber
610, to ensure that the gate valve 402 is operating in the safe node.

Al ternatively, the valve operator may rel ease the pressure in the actuator
401 to permt the drive sleeve 504 to backstop agai nst the inner shoul der

511, and thhether gitatvalvee0h andoth@gbrftidaliypaomuted into trecoperatiny saveniodée 400
into the un-actuated p05|t|on so that the top shaft 460 and the drive

sl eeve 5ENMRENRSNAMPer 18 ip S0l PRASUFIZEH oagaa@@fanwda@@o%%%@hae%at or

401 may be re-actuated automatically so that the safe node indicator 403

i ndi cat egg 65%2“ t Pgu\‘é“y Eﬂlus‘%ra‘?%@{tﬁéﬁ&e' DailvBe462TiR 5@d<§‘per{ %%@@bﬁ' gHee o9

illustrates the gate val ve open position after an autonmatic
oper at i on’namualh@peratlolatofrtheoactaetmir@ﬁ)hgismg three mﬁm|vaerﬁde 498t e Twal ve

402, th t 401 h 40 trated, ]
Fgure o Taye BieHiding bafie? 1 & R SRE heRFtod kSia BeaMerancaliaids s, o
Fi gures 4he8/a|\)a EPErate? rhanidIg tuirld etHaAldRme! BOD %o Hhavide mﬁsﬁ té fHeotegh t he

top shaft 460, a check val ve 464 disposed in a |lower end of the top shaft

460 and ishadiothRinRetationrof e hanﬁwhgdr@m@zateaﬁhe fop ehaiff AP do revdree he6

oot PR FBLEN 168 dife AR mok HorSRE i1, 0% o8 e Pk e e
through t3wel.t pp thbabdp shel 4680 eatute@amtopk@nm 416@ mmésqwu@armsdwd in
the art to allow fluid comruni cati on between nmber 610 and t he

chiamberk Aﬁb%qu ﬁo‘ﬂ)h’é‘t'bmﬁ)ﬁpﬁ@nport'pﬁlé”dh@cﬁ('V\?a‘]hﬁ%a(héﬂ ﬁ%QOQ?ée%ﬁ\} ”ﬁ%ﬁ”@}‘
Yﬁa;/ei sn per abI e ﬁeotfn &_[{ q]a?%e%lﬁpoé\]; {or% PP %’I%%vregﬁﬁh t ﬁggﬁge‘l’l‘@ Ql ve

ei t her diopstaiiam.thennoee skodiddr ﬁémtprovidesrteemauksg)mﬂTdbmrea@r&srthg dlreveany
type of

nmbe f
RS o e sPA o deins asptde & K hohsho 48 Beetohne ks of the
engageITe okt B80! ARy 40P e et fod o, TN AByShAldngiC0

illustrated in Figure 9 may used 1n an t he enbodrnents des

wi t h resdeatithes dmegﬂy @r4n6|re¢tt30®§3]alllymup@r’ditel valye tdhembét 4 tal Graceathebgate

configured, t ve an ure, t ate n,the chamber

630, ohi reeog0g i SIS oBRY siosificd. PERR R Sraf Znol DRGHTEa N aen AGRART S

fromcl Oﬁhé%lédﬂé‘f metwv@lm W&ebﬁ@br‘rﬁ?ﬁé@h@the \é\bﬁﬂg he. dakaopahue 4502 is

operatlnq in the safe node as illustrated in Figure 9, the chanber 610 is
e

in fluidlewarrdudng ithe manusl Operalinantsed ratigcien positiore BodtspVides aaviguak

filled WI i

reduced, '83{@??'% tﬁ%gaé %Igg 4@% %ro@érp% ﬁéaHgt%ghl@al ve e4gzg(}$%pgf'%§ h§qyosed
posi ti on,alss chethigtig aéf@dmbdeanguuamrm,osat@CUétbﬂnmfeaﬁbeﬂheﬁﬂﬁb gatesealved0zpon
engagenment of the seals 518 with_the inner surface of the top bore 510. Any

fluid thdt OREIAINY indhgisaEr) made: hEh%ﬁé%We Glﬁ‘q sharapPee Q@ Shﬁk'@u@(ﬁ Ve bor e
462 t
t hr olughotﬁgﬂ[)(gér]@w%anﬁgj ?%ﬁehe%e % QGOA{ the é;té H{agléorgqu gfoeégh:éggg_nd/ or
as it is qafesmsedz;md;ltm shewmah LIH@JreM ttbebhe:bpebqﬂosﬁlbﬁ bysmlaedabemier‘ayon

t th 04 t houl 511
716, The U M BISWES 554 THHS, e BHETTANE ITGCRREACR GO Grip e BT t he
top shaf tf|r§t6Qnsutahrlﬁé!i%tlérli‘etobﬂ’{ee VHide pbratol 0 wHiéh HhaThet Glfhg eanegpfr%vent

fluid fromflowng into the bore 462 and thus into the chambér 610 fromthe
| ower endnechamealtcmerehm of 46® gale velve €0 odihessale mndetloplcammomauayrray

i ncl ud 468 d he qutle he_check
val ve. asdnes e oAl A R iead B 457 S B beb b e s Bipdd g™ 1
one embodigranten anmtucgw%%cmé@ FAObBBY dReublat RhsPrRAR) LB DR Shat

460 and the drive menber 504 to prevent any unintended |eak paths from
comuni cdneekaricaliaveride H@Obam@/onmasdbemgv%@d dranpmeying dodhe dal-apfee 402.

closed position.
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[ 0064] I n one enbodi ment, the ESD Control Systens 200, 300 described herein
Wth respect to Figures 1-3 may be used in conbination with the nmechanical
overri de WOQo12thg73act uat or 401, the gate val ve 402, andpPor/ush@18a6187 node

i ndi cator 403 as described herein with respect to Figures 4-9. In one
enbodi nent, the pressure transducer 280 illustrated in Figure 2 can be
connected to the housing 450, simlar to the indication device 600

i1l ustratiesbol n FFiguress Glustratenthd gatdesaprecdoaria theanpdiqedsitdB0 aftay dpe
operable to neasure the pressure in the chanber 610 via the or|f| ce 615 and

send a sigfamatip aneEalishor H1e BFluaeh®l v Fresseis: Beaiaied igfor het frameeisur ed
pressure. o ﬂ"]%n%%t%!o‘?r40qst%e<5%r¥o?n%%€9d‘a% I&?%ﬁ@ﬁ?%? SHd ael/ A& o op,

conput er sys via wred or wreless oF "oni T oF ng a

di spl ay dchattrib0yelas driee srﬂe@/esﬁﬂ% thmoperzﬂtortmembelrnmhasd e melve stéra 448D
control s stens 200 can _be used to not el itor and verify whether
The. gat o e cBwBE Sisgtpatedpstipt e SIFBO eIt S8 S chP e BB o

2012/ 0187@@% 40180 QARLAE GRRSSLEI80R%rE IR G dTa ke, wlthwﬁﬂfeat e a
val ve assenbly 1000 according to one enbodi nent. gures 10A-10H illustrate
a top pertmecqﬁthe hausing 450efrtil éﬁ\@i@eaISeﬁm a)nbtjstet dqu)ste@gecﬁ%erenrmveda

front view_ at iew,_.a right s' ottomyvie r Vi ew,
eopect | viioSs (e, thseen® shoflter 2605 | K ind B ERarh Phord D612 LS e
of the vajoremarreaidh Ys Ee@blispad uat@@éﬁ&héle%alﬂtl;érldsW%haaﬁh@ SHi&ABers206i onal
views A-A, B-B, CGC, and D-D, respectively, of the valve assenbly 1000. The

val ve assEIbPESBO0D iilye shamben 4;9@ ISHeONRILRECAERE &t g/ l@@t@B@@Ylﬁécﬁ%ove
T v 060 sy o BOBE 400400, g o0

portion 1 a second Sea and

second bqﬂlnangerm ltlwshélﬁhb@r 610 Hotuwtys e Safermaddé riaditatos 408lte conemenioate
mat eri al , r‘qull ncl ude two separate pieces of materjal that are connected

t oget her. a Q‘P@ §¥aldﬂ@'P6P°%gl%ﬂﬁid§f§é$ then §1e Hissyiskayingicatigfo witts tNeecur ed
to the fig sh%ﬁd%djglrsb' 18 eﬂsoagruﬁggn %g%gﬁﬁéﬂgoﬁe&%fﬁ t?)qgé rbf8ltel SHITRERP! Y

di sposed | the tirst bo porti to contro urd communication
t her et hr carghprovigesfa msualajndlcxaeonrﬂubtttbd;gap@walwer@mem thdomén pagitiba, ﬂneow ded

th ti 11, 101 1013 f th
Rsserbl y \ESD SRPID Ae R JE TS 1000 dT5FP5 Bhc o AeRerine st e of
the ESD qpiik halvesyg? %Pé’ﬁb@m aﬁQheHé*Pefmdoﬁé Wﬁ@%d&%ﬁ&'\ﬁéhalc?ﬁ&cﬁﬁ’dh Ude a
first flurd inlet 104 or receiving fluid fromthe punp assenbly 240. The

first fl dhdrefoneemdmn@tmmhergﬂtad@l\@ #OZulsiopata’ilngonlthm&afB@gmide Hrasugot t he

first bo ort| 0. f fir n t to the
first sedleeionseRantahe sEhiFed bof PeahcyhineleaBogolaigha ke S drd | i g
inl et 1045tobmd1ﬂalld$§§0§6§led fﬂb@ﬂ!@h @ﬂitﬁh freleate ssfapre89fd) inmee eptuaesrakdy. be
provided to receive fluid fromthe punp assenbly 240. As illustrated, the

opt i onal W@@Bmweaa\tmg Iﬁ.tha salfemwdientf@ 4prerend eols dive gieeisyedd ia loRaisse or
nor e seal h o n

with the éftlnlgla pa 154%’1"851 o htggfl ré"t“sﬂ?ﬁlagpmﬁe{# &ﬁﬁOh%Hg {%Js!tlﬁgth
portion J;ibbﬁhdm&'h@hmhemdaudeeraudbl 400 will nbtcdisatb e edr idt@berd aithathe dail sa@ fluid
to the actu t or. of \Mﬁe erface and/ or subsurfg e saf etg@v%es_ 123@9, 130 to
act uat e t"ﬂ%cv%n'%’@s g8 theREessyrgiin toeAcatlansd! imieled drive sieaveyi d
bat h 10°16H RNBESd! D SAHRIEr RistbhEs oo e PRELISABLILREB1hIQMbe ok e tinfnd Lo

a second end | acent e secon seat irst dy portion 1010
may furt hepwardaxialenavérmeantofiaeitopGh2ftt46 ard trarxdthef valve sten Mildsandstet 1020
to the se nd seat 103 o provide fluid conmupj cation bet t.h rst
i di i SEMEGE e M FePer ing SHMESRHRls avagls toqBe et

di sposed digsddioditisth.d path 1052 between the first and second seats 1020
1030 to control fluid conmunication between the first fluid inlet 1040, the

first fluid outlet 1050, and a first relief outlet 1060 of the second seat
1030 as deemdii behligyse ofvillustates thergaten@ivei4dy Hbla@soQ%JDOSIIMTZ after an

o 1 orm HEOTRTP &P 4PRECLRY, 301 A Rt HRcelintbr MicheRBohloa %7
[ 0066] Durdvegride 08t | Beford landbrrefierfdudamatic eiegration d>fetaetga:tea/aclee 402, fHeui d

inlets
mechanical override 400 may be actuated at least partially, inadvertently or
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1040, 1042, 1045 past the gate 1055 that is disposed within the fluid path
1052 of the first body portion 1010 between the first and second seats
1020, 103wo 2arxbi8tsen t hrough the fluid outlet 1050. Wi lPeTfusadid/oua3f | ow ng
t hrough the val ve assenbly 1000 to the actuators of the valves 120 and/or
130, the pressure in the first body portion 1010 forces the gate 1055 to
seal off communication with the first relief outlet 1060. The first relief
outl et 1QfRemvisy.i deshéd lhandwhesnB00aws beet otdted fdnel dr nesrertimes, $eltopt 0
dunp the fluid in the first body portion 1010 and the val ve actuators when
desi red oﬁmﬂn@%;@@ﬂaﬁhﬁﬁf 'V%S@éé‘@rﬁ)“r wil§ erpvsu&qlaétvem?@a%pﬂmrga %Oﬁﬁ%fvl ded

to, aul cklgodieheRsubicdl  FLER Uhe Wihe3phAdioRal dictP Aisarthd s

act uat or secon reli ut'l et i ncl ui d pat h 1 that
i nt er sectautomatiCally dcheaidd, 10%h dhe tupperi ersd dfl ned drmda %Ie&w0304bmmaw\/rbech

includes an.in-lin reI| f val eIo rele e id fromthe fl ui aths to
Lhe 11 Pttticies Fiskive Y o Uik, bRer Shaoeat by dabhrmuid Prevent e gatas oy
portion 1Lk 2uoarss rﬁoﬂhﬁ%ttﬁé%ﬂ%ﬁwb%%éarpﬁ)snﬁ)rpr%%Héeerﬁ%él%rﬁofﬁe 1019
may be di sposed throu first dy portion 10i0 that iIntersects the

fluid patmstaoaaYomayHn@ any @tsta‘riceuthablatleﬁ thep30e distenge &sdentfieshintfogureor t
1019 may sed,as_a_neans tb o ni gﬂt.e tlh gretisure in thenI}ilﬁ t body
portion 1 & BierissSiT B 8 APt 40 a5 eePsbe nBE Uane by n1'e&t i on
with the ﬁ&é?/ecsm WRul® YatrsBp Ylthe3RRerslb Adet H€1 Befidreaht &lidingsgiteld1es 220,
320. Using the pressure neasured by the sensors/transducers via the

pressure qs@rangdrmlt toa sipware axightreveraentrecassanety rye thecliding gate

| ecti X
et uat e (H DR HTetel ré piobe bR R g SaRHERGESFRT RSt Bfheetc’ g
body por ttheniriye Keavay50Hahddee tog bhaft 460ntheodliding bate 4MDhayttss Ictiatetins f 1 ow

fromthe fluid path 1041 of the first fluid jnlet 1040 via a fluid path
1091 to & eemampp@mwe&swmry Alsge Whed g tE%IQ@FR)Na'V%‘IQ?e'S%’é@WBFK}g'VThe

sol enoi d a i iigat t t; er
assenbl i eés/&i%tgd %@%qﬁgy%@?\%rﬁ%é\%p?fggt |Bon 2 e. tﬁ%pégﬁ%a\e% g Erfsi@s ‘ﬂ?{ I{]ﬁéerj val ve
assenbl y shoo®@ero5thdahebshanooenr 610 aemaats 'cmlaiéd tfroem Vilid eonr@0nicatdn a\sth
desired. ,[The sec nd d rtion, 10 may, fyrthe | secon UI d
Controi dle ghariagy 45 bl Bt s T Aoty ol 1 An SaPheda e e

body por theghdfidé dietride oo ﬂa?aéffselq‘ﬁé t@ﬁ%hfah%m%hﬂc’chev@rﬁ\)éesléé%"5@4y to
the fluid reservoir 250 he control valve assenbly is actuated to

dunp fl wenqmgéstmpr@veot thfeseahm o1& &rost vadving B@rosshtheptapssed shovldeassd s n t he
fluid pat t fluid inlet 1040 and the back pressure in the
fluid pat T@ tgmaﬁlﬁ@chart {] fluid outlet 1050 may nove the gate 1055 to a
position within the first body portion 1010 where the fluid in the first

body por tjpes] 1018iraedthihep sabfielcAchagistl visuallgindiddte thel tasedvd 902 feinf | ui d
reservoir 250 via the first relief outlet 1060, the second relief outlet
1070, andn8roRenePa it Figure 706H?rV@I|V%QP¢"@tt°r1@‘@M alsey cherks thesate madee

val ve as I,ﬂﬁ t UI din
one or nﬁﬁgeébqrve ac ua%é(;rfnsﬁ%f tggl\e;a S 1%&61%@) g@fa t[@e[h ﬂler\?a

rel ease anddelurfbe‘ bresgufe cmtheheharanlb\ee 6 Ot shadubd 1ot @at/bes,lgmlﬁcahttyesrmngﬂdr 250.
[ 0068] Wi |.e

e forego direc odi nents of t in nt|
biher. anchifgst {isrSURICLT BN GFOTTRE' ARG &M Tenshay S48 aad i (Mol
depar t i ng& %Béé‘lhd%%r%(ﬁﬁc%ﬁn{dh%a%i thePS8nE MigstSEQRE i dIAtRAY tol the d@IRY M ned
by the clains that fol Cl al ns:
operator, which has not changed by the automatic actuation of the gate valve 402.
The safe mode indicator 403 may therefore indicate that the gate valve 402 is not
operating in the safe mode, has been actuated (at least partially) using the
mechanical override 400, and/or may be prevented from moving into the fail-safe
closed position. While the actuator 401 is pressurized, the valve operator may
rotate the handwheel 500 to advance the drive sleeve 504 into the bottom bore

512 until the gate valve 402 is operating in the safe mode. The valve operator
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1A safety valve control systemfor controlling a safety val ve, conprising:
a renotely operable control assenbly; a first transducer in

comuni cawpani2vi18130t he control assenbly, wherein the fiPST/US@ANSHUGEr | S
operabl e to neasure a physical property and communicate a signal to the
control assenbly corresponding to the nmeasured physical property; a valve
assenbly in comunication with the control assenbly; a punp assenbly in
conmuni cahaprotatd thet thendvende! @bomnatﬂé yafeandde indicater #08iclanges fromi thel n

comuni cation with the assenbly, the valve assenbly, and the saf ety
val ve, wﬁ&%.wswe 'BQW?E%'P 48sdh®| ;Sepgn%pé(r%l eindicaiON,aed-t HENGPuid
assenbl y thoﬁ' bQ'tthé’rHBc} BEtvide t‘ﬂer&ﬁa‘?ﬁﬁfé?* do%n&%éﬁ%ﬁbﬁr%ﬁ‘bvﬁ to
actuate t to an open position, erein the contro

assenbl y ensuospdamauhe gaieaxai\maﬂéZtlhe)peadaMg asthmbdafye modeet Alternbtively, feom t he

saf et al etothefl d reservoir to actyate the s alye to,a cl osed
osi 1] on vale PRl S EAARE HenPIESSHIS Thee S6hBIaaTNG S PROTG: B, ikor o

the cont rgdeve/@oMeto %‘ék@ﬂégpaqél%ﬂ%é Qﬁn@r“@hbb@eﬂMHd 885 QYA r"ota%ethe
di sposed i n the housin he systemof claim2, wherein the housing is
coupl ed thansiwhee! 800 60 rmvet the rgaﬂmrycada:iwamde 400 into the un-actuated position
so that the top shaft 460 and the drive sleeve 504 are not in an offset position as
described above. The actuator 401 may be re-actuated automatically so that the

safe mode indicator 403 indicates that the valve is operating in the safe mode.

[0062] Figure 9 illustrates the gate valve 402 in an open position after an
automatic operation of the actuator 401 according to one embodiment. The gate
valve 402, the actuator 401, and the mechanical override 400 illustrated in Figure
9 may each include the embodiments described above with respect to Figures 4-
8. Figure 9 further illustrates a bore 462 disposed through the top shaft 460, a
check valve 464 disposed in a lower end of the top shaft 460 and in
communication with the bore 462, and a retaining member 466 coupled to the top
shaft 460 to support the check valve 464 in the lower end of the top shaft 460. In
one embodiment, the bore 462 may be disposed through the top shaft 460 in any
manner known by one of ordinary skill in the art to allow fluid communication
between the chamber 610 and the chamber 406. In one embodiment, the check
valve 464 may be any type of valve known by one of ordinary skill in the art, such
as a one-way valve, that is operable to control the flow of fluid through the bore
462 in either direction. In one embodiment, the retaining member 466 may be any
type of member known by one of ordinary skill in the art, such as a retainer ring,
that is operable to maintain the check valve 462 in engagement with the top shaft
460 and/or the bore 462. The top shaft 460 illustrated in Figure 9 may be used in
any of the embodiments described with respect to Figure 4-8.

[0063] In operation, the bore 462 may be configured to relieve any fluid
pressure that is located in the chamber 610, which may cause a pressure lock and
prevent the fail-safe mechanism from closing the gate valve 402. For example,
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4. The systemof claim1l, further conprising a conputer systemin

comuni cation with the control assenbly. 5. The systemof claim4, wherein
t he cont rwb 2apeast3hy i s operable to communi cate a si gnalPCraskéig/oe@nput er
system corresponding to the physical property. 6. The system of claim 4,
wherein the control assenbly is operable to actuate the valve assenbly to
return fluid fromthe safety val ve based on a conparison of the neasured

physi cal \pi@peid gateovalverd2sistopapating irnthepsafer mateds iusthateddntRiglire 9,
assenbly. WD 2012/ 018730PCT/ US2011/ 046137 7. The system of claim®6,
wher ei n” tthe deRkes 618, ist iBnilyid cogpuRIcHtion ¥iinalnea®Nankea496of dappgiuatosy st em

to renot g HR&'HHM%BQ%H{ %‘ré{shri‘i@&cﬂlﬁ&.oms tt’f’épp?&%u?é(% {7 %amb@rm%gei i

wherein the neasured p IyS|ca property is a pressure neasurenment,
t he pre- getducethdineg spring 41§ roeging ¢o rraoge, thangatehealeend@haniwottiie alosesisenbl y

' ble.t i ther_th t ithip th
or cobur o ROSHEE, 5, THHEAEgs Fork B8 e, A9, M eTETEATE 1B Rt 1A5P REL ) y |
oper abl e dyuhRimior Rl S¥al8H18akRn SNl ¥arfass 8fe/tdptbdratan! Ahyidid rom

the safety val ve when the pressure neasurenent is outside of the pressure
range. 1bat May beyeteinedfin thexchampef o Oherelmyeprtheugl theduirardogonte té power

source { Qf SHOR JA 191 PGUE erkSodthneh ARk WAy 5L %ortRRhRuch TR 462
and the check valve 464 under its own pressure and/or as it is pressurized as the
volume of the chamber 610 is reduced by movement of the drive sleeve 504
toward the shoulder 511 via the spring 418. The check valve 464 may allow fluid
to flow from the upper end of the top shaft 460, through the bore 462 and into the
chamber 406, and prevent fluid from flowing into the bore 462 and thus into the
chamber 610 from the lower end of the top shaft 460. In one embodiment, the top
shaft 460 may include one or more ports 468 located adjacent to the outlet of the
check valve 464 to assist with venting fluid pressure into the chamber 406. In one
embodiment, one or more seals 519 may be situated between the top shaft 460
and the drive member 504 to prevent any unintended leak paths from
communicating fluid to the bore 462 during operation of the gate valve 402.

[0064] In one embodiment, the ESD Control Systems 200, 300 described
herein with respect to Figures 1-3 may be used in combination with the
mechanical override 400, the actuator 401, the gate valve 402, and/or the safe
mode indicator 403 as described herein with respect to Figures 4-9. In one
embodiment, the pressure transducer 280 illustrated in Figure 2 can be connected
to the housing 450, similar to the indication device 600 illustrated in Figures 6, 7,
and 9. The pressure transducer 280 may be operable to measure the pressure in
the chamber 610 via the orifice 615 and send a signal to the controller assembly
220 corresponding to the measured pressure. The controller assembly 220 may
then send a signal to the computer system 150 via wired or wireless telemetry for
monitoring and display of the measured pressure in real time. In this manner, the
ESD control systems 200, 300 can be used to remotely monitor and verify
whether the gate valve 402 is operating in the safe mode as described above.
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11. The systemof claim 1, wherein the physical property includes at |east
one of pressure, flowrate, tenperature, volune, material, nmagnetic field,
| engt h, |woabizmg73em ssion, electrical charge, el ectricaCTaseoianigi3and

electrical potential. 12. A nethod for controlling a safety val ve,
conpri si ng: providing a renotely operable control systemthat is in
comuni cation with the safety val ve; openi ng the safety val ve by

suppl yi nqobdsyi d Figures he0AoIOH ohngy $tlemD oillubeateafet yalval wesembly 1000

mai ntai ning the safety valve in an open position while sensing a physical
property 3&%@6“1!69{1‘%%ﬁﬁéaﬁm*ﬁ%d'ﬁ‘%‘it-gEégur%ﬂp@si)@ﬂdﬁwalt%attﬁ@ PEEFREGVBIWRW cal
property ; r gl f?&% : SR I I ng; .safety
val ve by g}feétf%%ﬁleﬁ\g@{vhg qcﬁm%S mthe ‘sa ’e?wz val vée\ﬁ’?%) t?%glliég’z’n??lgwg%%?em in
r esponse \iewaadmotioean iview, arid aheas emsedrgsipesiivay, of ingevalye tassambiye1660.

condi tion, 0 POt a S e ths \atoe 3 dsembly 1000, and Figures 11A-11D
illustrate cross sectional views A-A, B-B, C-C, and D-D, respectively, of the valve
assembly 1000. The valve assembly 1000 may be used as the valve assembly
260 described above. The valve assembly 1000 includes a first body portion
1010, a second body portion 1015, a first seat 1020, and a second seat 1030.
The first and second body portions 1010, 1015 may be formed from a single piece
of material, or may include two separate pieces of material that are connected
together. The first and/or second seats 1020, 1030 may be removably secured to
the first body portion 1010 for accessing a gate 1055 that is movably disposed in
the first body portion 1010 to control fluid communication therethrough. The first
and second body portions 1010, 1015 may be provided with one or more
mounting holes 1011, 1012, 1013 for securing the valve assembly 1000 within the
housing 210 and/or to one or more components of the ESD control systems 200,
300. The first body portion 1010 may include a first fluid inlet 1040 for receiving
fluid from the pump assembly 240. The first fluid inlet 1040 may include a fluid
path 1041 disposed through the first body portion 1010 from a first end to a
second end, adjacent to the first seat 1020. Second and third fluid inlets 1042,
1045 (the third fluid inlet 1045 being disposed through the first seat 1020) may
optionally be provided to receive fluid from the pump assembly 240. As
illustrated, the optional second and third fluid inlets 1042, 1045 are plugged with
one or more sealing members, but include fluid paths that are in communication
with the fluid path 1041 of the first fluid inlet 1040. The first body portion 1010
may also include a first fluid outlet 1050 for directing fluid to the actuator of the
surface and/or subsurface safety valves 120, 130 to actuate the valves. The first
fluid outlet 1050 may also include a fluid path 1051 disposed through the first body
portion 1010 from a first end to a second end, adjacent to the second seat 1030.
The first body portion 1010 may further include a fluid path 1052 that extends from
the first seat 1020 to the second seat 1030 to provide fluid communication
between the first fluid inlet 1040 and the first fluid outlet 1050. The gate 1055 may
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13. The method of claim 12, further conprising nonitoring the neasured
physi cal property at a location renote fromthe control system and the

saf ety vawoeo12/a14730The net hod of claim 12, further conpPCIiusgomaréIBYi ng an
operating condition of the safety valve by nonitoring the neasured physical
property. 15. The method of claim 12, further conprising verifying an
operating condition of the control system by nonitoring the neasured

physi cal py gisposed in the fluid @atet D62 b@tw@ératma ﬂr%t ahdrsrehendcs@ﬁwmzmm osae)ndl ng
a signal to the control assenbly to nod enﬁ/ pre-set condition via

conput er tgyeonER] fl fu@ﬁorﬁfﬁﬁn'ﬁéi'%ﬁeme% & r§§2ﬂu'fid?'?hé94Qdﬁﬁrfir§t|fHJgd 9&%‘1 ng an
signal fr C | | deisvsaf ety
val ve is ﬁr?dé%ﬁldoés’%étqjgglé’%’é%tﬁép T9()Egpgfl)' ee%% dgté;%t ’f%q%%ld}%c‘[' Bé{? her

conpri si r(gn@romdncnewma@hlmarhgahmashm5’t,Hﬂ)@a(imyratedi\as besing rpllaaggﬂd)sndy be

leing 5 doTErd i T EBuHprier pBYAo foih ol PR inHodB0 ouel W noc

of cl ai mpkyy ggﬁgé@r%eghﬁarginw dis hydraulic fluid and the saf ety valve is a
pneumatic vg

[0066] During operation, fluid may flow through at least one of the fluid inlets
1040, 1042, 1045 past the gate 1055 that is disposed within the fluid path 1052 of
the first body portion 1010 between the first and second seats 1020, 1030, and
then through the fluid outlet 1050. While fluid is flowing through the valve
assembly 1000 to the actuators of the valves 120 and/or 130, the pressure in the
first body portion 1010 forces the gate 1055 to seal off communication with the
first relief outlet 1060. The first relief outlet 1060 provides fluid communication to
the fluid reservoir 250, to dump the fluid in the first body portion 1010 and the
valve actuators when desired during operation. A second relief outlet 1070 may
also be provided to quickly release fluid from the first body portion 1010 and the
valve actuators. The second relief outlet 1070 may include a fluid path 1071 that
intersects the fluid path 1041 of the first fluid inlet 1040, but which includes an in-
line relief valve to release fluid from the fluid paths to the fluid reservoir 250 in the
event that the pressure in the first body portion 1010 exceeds a predetermined
pressure. A pressure switch port 1019 may be disposed through the first body
portion 1010 that intersects the fluid path 1051 of the first fluid outlet 1050. The
pressure switch port 1019 may be used as a means to communicate the pressure
in the first body portion 1010 to one or more sensors/transducers that are in
communication with the ESD control systems 200, 300 and/or the controller
assemblies 220, 320. Using the pressure measured by the sensors/transducers
via the pressure switch port 1019, the controller assemblies 220, 320 may
selectively control, e.g. turn on and off, the pump assemblies 240, 340 to actuate

the valves 120, 130 as described herein.

[0067] Finally, the second body portion 1015 may include a fluid control outlet
1090 that directs flow from the fluid path 1041 of the first fluid inlet 1040 via a fluid
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21. The nethod of claim 12, wherein the physical property includes at |east
one of pressure, flowrate, tenperature, volune, material, nmagnetic field,
| engt h, |woabizmg73em ssion, electrical charge, el ectricaCTaseoianigi3and

electrical potential. 22. A nethod for controlling a safety val ve,
conpri si ng: providing a renotely operable control systemthat is in
comuni cation with the safety val ve; openi ng the safety val ve by

suppl yi ngpdth uiod1ftocamcoholcwive @issemdlyemuch dshe sorfmeliy virkevasseaitsly. The
mai ntai ning the safety valve in an open position while nmpnitoring a device
in comurideRqidnvalie nassemkiyniey| alspsemin gemmyRicalian hwih othec (canirpher

wher el n U iecfipibeeadfichsian sbnt@ashodn fe.d BSTSHE ARAI%r 1 el ate

sensor, gen sul frde detec |on Senso enper at ure ’‘sensor,
magneti c mesrduiy 1800etoetheseinys contral potmtlosem‘sthe v&ivemﬂ@ﬂdd@Oszamsles;rean

ener gency_shut do evi ce I ntr on devi ce t hod
of clal m B SpeichDeoy gimsion A0g5 DmhHithet Inads” d; aand e ionehorlF
system f rygeatg RIS \‘IQi@iaa%rﬂ”thetﬁﬂﬁdﬂ %Yhéj'lr{ & b@@oﬁd‘%o@?’ﬁdr%n %%%Tao open
the safety valve by returning the fluid fromthe safety valve to th

control diyud @ath 10871 andetheecdrddl ofalve assarily tbdhekfénd dsesqwotsu%@ When

Ut ot | b o BoRATE bbb S kel BT Rl R LIS, o,
t he devi cxs0, the pressure release in the fluid path 1041 of the flrst fluid inlet 1040 and the
back pressure in the fluid path 1051 of the first fluid outlet 1050 may move the
gate 1055 to a position within the first body portion 1010 where the fluid in the first
body portion 1010 and the valve actuators is quickly released to the fluid reservoir
250 via the first relief outlet 1060, the second relief outlet 1070, and/or the second
fluid control outlet 1080. In this manner, the valve assembly 1000 may be
selectively used to supply and maintain fluid in one or more valve actuators of the
valves 120, 130, and to selectively release and dump fluid from the valve

actuators to the fluid reservoir 250.

[0068] While the foregoing is directed to embodiments of the invention, other
and further embodiments of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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26. The nethod of claim22, further conprising conmunicating a signal from
the device to the control system and conparing the signal to a pre-set
condi ti orwoO 28i2/01813¢ et hod of claim 22, further conpri siPog/yse@gnasmi ng a
pre-set condition into a m croprocessor of the control systemfroma renote
| ocation. 28. The nethod of claim 22, further conprising verifying an

operating condition of the safety valve by nonitoring a signal

communi cat ed

fromtheCkhimsece to the control system

1. A safety valve control system for controlling a safety valve, comprising:

a remotely operable control assembly;

a first transducer in communication with the control assembly, wherein the
first transducer is operable to measure a physical property and communicate a
signal to the control assembly corresponding to the measured physical property;

a valve assembly in communication with the control assembly;

a pump assembly in communication with the control assembly; and

a fluid reservoir in communication with the pump assembly, the valve
assembly, and the safety valve, wherein the control assembly is operable to actuate
the pump assembly to supply fluid from the fluid reservoir to the safety valve to
actuate the safety valve to an open position, and wherein the control assembly is
operable to actuate the valve assembly to return fluid from the safety valve to the
fluid reservoir to actuate the safety valve to a closed position.

2. The system of claim 1, further comprising a housing, wherein the control,
valve, and pump assemblies and the fluid reservoir are disposed in the housing.

3. The system of claim 2, wherein the housing is coupled to an exterior of the

safety valve.

4. The system of claim 1, further comprising a computer system in

communication with the control assembly.

5. The system of claim 4, wherein the control assembly is operable to
communicate a signal to the computer system corresponding to the physical

property.

6. The system of claim 4, wherein the control assembly is operable to actuate
the valve assembly to return fluid from the safety valve based on a comparison of
the measured physical property to a pre-set condition programmed in the control

assembly.
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7. The system of claim 6, wherein the control system is remotely programmable
via the computer system to remotely modify the pre-set condition.

8. The system of claim 6, wherein the measured physical property is a pressure
measurement, wherein the pre-set condition is a pressure range, and wherein the
control assembly is operable to compare whether the pressure measurement is
within the pressure range.

9. The system of claim 7, wherein the control assembly is operable to
automatically actuate the valve assembly to return fluid from the safety valve when

the pressure measurement is outside of the pressure range.

10.  The system of claim 1, further comprising a solar-powered power source for
supplying power to at least one of the control and pump assemblies.

11.  The system of claim 1, wherein the physical property includes at least one of
pressure, flow rate, temperature, volume, material, magnetic field, length, location,

emission, electrical charge, electrical current, and electrical potential.

12. A method for controlling a safety valve, comprising:

providing a remotely operable control system that is in communication with
the safety valve;

opening the safety valve by supplying fluid from the control system to the
safety valve;

maintaining the safety valve in an open position while sensing a physical
property and communicating a signal corresponding to the sensed physical
property to the control system; and

automatically closing the safety valve by returning the fluid from the safety
valve to the control system in response to a comparison of the sensed physical
property to a pre-set condition.
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13. The method of claim 12, further comprising monitoring the measured

physical property at a location remote from the control system and the safety valve.

14.  The method of claim 12, further comprising verifying an operating condition

of the safety valve by monitoring the measured physical property.

15.  The method of claim 12, further comprising verifying an operating condition

of the control system by monitoring the measured physical property.

16. The method of claim 12, further comprising sending a signal to the control

assembly to modify the pre-set condition via a computer system.

17. The method of claim 12, further comprising sending an signal from the
control system a computer system indicating that the safety valve is in a closed
position.

18. The method of claim 12, further comprising producing an alarm that the

safety valve is in a closed position.

19.  The method of claim 12, further comprising producing power using a solar

panel assembly to power the control system.

20. The method of claim 12, wherein the fluid is hydraulic fluid and the safety

valve is a pneumatic valve.

21.  The method of claim 12, wherein the physical property includes at least one
of pressure, flow rate, temperature, volume, material, magnetic field, length,

location, emission, electrical charge, electrical current, and electrical potential.
22. A method for controlling a safety valve, comprising:

providing a remotely operable control system that is in communication with

the safety valve;
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opening the safety valve by supplying fluid from the control system to the
safety valve; and
maintaining the safety valve in an open position while monitoring a device in

communication with the control system.

23. The method of claim 22, wherein the device includes at least one of a
pressure sensor, a flow rate sensor, a hydrogen sulfide detection sensor, a
temperature sensor, a magnetic sensor, a level sensor, a power sensor, a

watchdog sensor, an emergency shut down device, and an anti-intrusion device.

24. The method of claim 22, further comprising communicating a signal to the
control system from a remote location, thereby directing the control system to open
the safety valve by returning the fluid from the safety valve to the control system.

25. The method of claim 22, further comprising automatically closing the safety
valve by returning the fluid from the safety valve to the control system in response

to receiving a signal from the device.

26. The method of claim 22, further comprising communicating a signal from the
device to the control system, and comparing the signal to a pre-set condition.

27. The method of claim 22, further comprising programming a pre-set condition

into a microprocessor of the control system from a remote location.
28. The method of claim 22, further comprising verifying an operating condition

of the safety valve by monitoring a signal communicated from the device to the

control system.
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