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ANNULAR SAFETY SYSTEM FOR GAS LI FT PRODUCTI ON Thi s invention rel ates
generally to well conpletion and production and in particular to a lift gas
safety valve for conpleting and producing a gas-if& well. Gas lift is a
cormonly used nethod for producing 5 wells which dre not self flow ng.

Gxs lift consists of initiating or stinmulating well flow by injecting gas
at sone point belowthe fluid level in the well. When gas is injected
into the formation fluid columm, the weight of tﬁezx;l_urtﬁﬁi’é‘ve t he poi nt
of injection is reduced as a result 10 of the space occupied by the
relatively low density gas. This lightening of the fluid colum is

, sufficient in sonme wells to permt the formation pressure to initiate flow
up the production tubing to the surface. Gas injection is also utilized to

increase the flow fromwells that will flow nat- 15 urally but will not

; produce the desired amount by natural flow. -2- In gas |ift operations,
the well may be produced through either the casing or the production
tubing. If the well is produced through the casing, the Iift gas is con-

ducted through a tubing string to the point of injection, 5 and if the well
i s produced through production tubing, the lift gas is conducted to the
point of injection through the casing annulus or through an auxiliary
tubing string. There are numerous conventional gas lift arrange- nents,

i ncluding various designs for flow valves which may 10 be installed in the

tubing string for providing controlled
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~rt ANNULAR SAFETY SYSTEM FOR GAS LIFT PRODUCTION

-This invention relates generally to well completion
and production and in particular to a 1lift gas safety valve
for completing and producing a gas lift well.

Gas 1lift is a commonly used method for producing
5 wells which are not self flowing. Gas lift consists of
initiating or stimulating well flow by injecting gas at some
point below the fluid level in the well. When gas is
injected into the formation fluid column, the weight of the
column above the point of injection is reduced as a result
10 of the space occupied by the relatively low density gas.
This lightening of the fluid column is sufficient in some
wells to permit the formation pressure to initiate flow up
the production tubing to the surface. Gas injection is also
utilized to increase the flow from wells that will flow nat-
.15 urally but will not produce the desired amount by natural
flow. | ‘



injection of lift gas in response to a predeterm ned pres- sure
Jdifferential between the casing tubing annulus and the production tubing.
When the flow valve opens, gas is injected into the production tubing to
initiate and maintain 15 flow until thefqroduction tubing pressure drops to
a predeterm ned value. The valve is set to close before the input gas/oil ~
rati o becones excessi ve. O her flow val ve arrangenents are designed to
mai ntai n continuous Iid ogasplddl coperationessithe dwéXkrmayi de aprodaseded
gas injec- 20 tion rate for efficient operation. In prior installations,
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is essential for safe wire line servicing in |large vol une gas
operations because of the high gas pressure |evels which are devel oped
wi thin the casing arthers aseonunierdusngeonyenttonal Ggasallifti aprangelO
been acconplished in the past by dischargi ng conpressed nat -
ments, including various designs for flow valves which may
10 be installed in the tubing string for providing controlled
injection of 1lift gas in response-to a predetermined pres-
sure differential between the casing tubing annulus and the
production tubing. When the flow valve opens, gas is
injected into the production tubing to initiate and maintain
15 flow wuntil the production tubing pressure drops to a
predetermined value. The valve is set to close before the
input gas/oil ratio becomes excessive. Other flow valve
arrangements are designed to maintain continuous flow,

predetermined pressure differential and desired gas injec-

20 tion rate for efficient operation.

In prior installations, the upper production tubing
string is provided with a safety valve connected therein,
and a control fluid conduit along with the gas 1lift tubing
are separately installed and anchored to the upper end of a

-25 hanger packer. In such installations, there is a risk of
disturbing the packer and the flow conductors in the well
while performing the installation and removal of the safety



ural gas or air into the upper annulus. Typical L.y, 2 preéssurized:source of

. natural gas is available at the well and is punped into the annul us bel ow

't he packer for lift purposes. The natural gas may_.be avail- 15 able at a
substantially high pressure, for exanple, 5,000 (34.47 x [err]) psi. It is
desirablesto be able to conpletely cl ose-3 off the high pressure natural gas
contained within the annul us bel ow the packer to prevent it from being
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casing annulus below the hanger packer. Equalization has

N 10 been accomplished in the past -by discharging compressed nat-

ural gas or air into the upper annulus.

Typically, a pressurized source of natural gas is
available at the well and is pumped into the annulus below
the packer for lift purposes. The natural gas may be avail-

is'ab e at a substantially high pressure, for example, 5,000
U4 47 /0P,
psi.” It is desirable to be able to completely close off the
high pressure natural .gas contained within the annulus below
the packer to prevent it from being vented to the surface by
reverse flow through the packer. Such reverse flow is pre-
20 vented by the 1lift gas safety valve which closes automati-
cally upon loss of hydraulic cohtrol pressure. Hydraulic
control pressure may be interrupted as a result of storm

damage, fire, electrical failure, freeze damage and the like

at the well head.

.25 A limitation on the use of prior art lift gas
) safety valves is the relatively high level of hydraulic con-
trol pressure required to maintain the 1lift gas safety
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10 wel | annulus is 5,000 psi and assum ng a pi stonlwval ve patio‘bf 1:5, a
hydraulic control pressure in excess of 25,000 psi rmust be applied to the

* safety valve piston to open the Iift gas safety valve. Such high hydraulic
control line pressures are dan- 15 gerous and are difficult to produce in .
"deep wells having long control Iines. ™ior art attenpts to reduce-the ™
pres- sure level of the hydraulic control fluid by increasing the effective
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by the Bnhydrssilis pistangecin whithrthesyabtoi afi theceffactivenpigton
operator desires to circulate |ift gas from bel ow the packer to, above the

packer or ane®|3jcted auppsn byo ke bydraulie: gontrole £ relatiype, to

annulus tg _nonitor the pressure wiithin the 5 annul us bel the packer. In
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3L 470,
10 well annulus is 5,000 ps%k and assuming a piston/valve ratio
-(172=/0°Pa)
of 1:5, a hydraulic control pressure in excess of 25,000 ps%L
must be applied to the safety valve piston to open the 1lift

gas safety valve.

Such high hydraulic control line pressures are dan-

15 gerous and are difficult to prbduce in deep wells having
long control lines. Prior art attempts to reduce the pres-
sure level of the hydraulic control fluid by increasing the
effective diameter of the piston relative to the valve
closure member have not been successful because cf the

20 inherent limitation that the effective area of the valve
closure member must be larger than the effective piston area
to guarantee fail-safe operation of the safety valve.
Moreover, in.such installations in which the piston/closure
member ratio has been increased toward 1:1, there has been a

25 corresponding reduction in the production flow area of the
. side pocket sub in which the 1lift gas safety valve is
installed because of the overall increase in side 'pécket

diameter imposed by the increased piston size.



10 hydraulic control fluid is lost, for exanple, as a result of damage to
el | head equi-pnent at the surface. The following U S patents di'sclose

val ves for controlling lift gas flow 4, 682,656 4,632,184
4,624,310 15 ° 4,589, 482 =47 540, 047 - 4,524, 833
4,480, 697 - 4,295, 796 ' 4,294,313 one form of subsurface |ift
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of the fifssannalus belokwothee pankiear. t dm such ethpbancesn bh Lsedesliva-body
in which the fluid fl ow passage is closed, and is extendable to an unseated
posi tion i nbhki to Eprovide dudhovEler sceppmuniepiien by syphacer contpaddage
is formed through the first 5 closure nenber for_establishing fluid flow
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10 hydraulic control fluid is lost, for example, as a result of

) damage to well head equipment at the surface.
The following U.S. patents disclose valves for
controlling l1ift gas flow:
4,682,656 4,632,184 4,624,310
15 4,589,482 4,540,047 4,524,833
4,480,697 4,295,796 4,294,313
One form of subsurface 1l1lift gas safety valve
: constructed according to the present invention includes a
s

valve body having an outlet port and a longitudinal bore
20 defining a fluid flow passage in communication with the
inlet port and the outlet port. Fluid communication between
the valve body flow passage and the outlet port is selec-
tively interrupted by first and second valve closure
members. The first valve closure member is movably mounted
- 25 onto the valve body for interrupting and establishing fluid
communication between the valve body flow passage and the

outlet port in response to retraction of the first valve



bl ocked, to an unseated position in which the bypass flow passage is

. opened, thereby closing and opening the bypass fl ow passage in response to
retraction and extension of the second val ve closure nenber relative to the
first valve 15 cl osure nmenber. Extensiorgand retraction of the first and
second val ve closure nenbers is controlled by a hydraulic actuator. The ™
first and second val ve closure nenbers are nounted onto a conmobn val ve stem
whi ch i s exilersiote amemberr & cd iseai®d cppmbttonoocaxtthsi valyed bedy adni on
of a hydraulic piston. The safety val ve can be opened_by the application of:
hydraul i c edHiglvithe fluid £low pasgage 4-Q)V\F:b?§§8uren¢e¥€I extepdableofeni ng
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val ve clOsure ne romits seat to perm equal 1 zation to occur. fter

equal i zat | YatiAser? SEie 2641 ¢¥ CBody NL16W! ?aysbye ah@s¥he bhthet partdehen
unseated and the lift gas discharge port conpletely opened 5 by the

applicati ot fyrewalvecebosoreflmembent is pnesher seatedl positionxceads
the sum of the opposing force devel oped by the return spring plus the
equal i zat | Feqondswalve closumeccnembeyasls nmovablysi mounhed| wento $hece
the pressure differential across the valve is equalized, the main val ve
valve body for movement from a seated position on the first
10 valve closure member in which the bypass flow passage is
blocked, to an unseated position in which the bypass flow
passage is opened, thereby closing and opening the bypass
flow passage 1n response to retraction and extension of the
second valve closure member relative to the first valve

15 closure member.

Extension and retraction of the first and second
valve closure members is controlled by a hydraulic actuator.
The first and second valve closure members are mounted onto
a common valve stem which is extended and retracted in -

20 response to extension and retraction of a hydraulic piston.
The safety valve can be opened by the application of
hydraulic control fluid at a relatively low pressure level
by first opening the second valve closure member to permit
the pressure differential across the valve to be equalized.

25 The effective piston area is slightly smaller than the
equalizing seat area, whereby a relatively low hydraulic
control pressure level only slightly greater than tﬁé shut

in pressure plus the return force of the return spring is



10 cl.osure nenber and auxiliary valve closure nenber can be naintained in
the fully open position at the reduced.hydraulic control pressure |evel.

In the event of failure of the hydraulic control pressure, the main closure
menber and auxiliary closure nenber are rgtracted automatically to 15 their
séat ed, closed valve positions by a return spring: The present invention

w Il be understood and appreciated by those skilled in the art upon reading
the detail edrg@gsrbat iton nbvéthel lsawond (Yales cc2nsareo ndnbert t firbmd its
drawi ngs, wheréin: 20 FIGURE 1A is a view, partly in section and

partly in elssati o péomitgegqualdizatiiogastd i becwel| iAfter| sguedlizetdiench
the lift gas safety valve of the present invention is installed; FlGURE 1B
i s a continubasorbasn FRchREved whithe 7@in | valve: 1asire cMember FR% ¢ Bshs

of a pressure relief valve and_lift gas val yes which are su rted wthi
. the | ower ca%ﬂﬁgaﬁﬁﬂuPﬂglﬁﬂ%w@éfhaﬁ%érqﬁiﬁbﬁfge pPe% EREge;ysﬁmﬁPed1
| ongi t udi pal, sectional .vi ew.of t ' .S ya ng4sid
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a view, part | O ﬁgq% r L in Sof! €H8t bBBosTRgVFRScaN of
t he producti%%végaﬁﬁgkh %V\Ilt ﬁeﬁtéloré_e&%fofhe ﬁangg?_ pagker shown in Fl GURE
1, FIGURE 4 b? fh¥l PUtuIY dpiriny S§ms Ofhénéqiialilzatfof! pressatte of the
illustrating The flow path for |7ft gas into the | ower casing annul us bel ow
t he lhanger pgfifeetidl gas in the GoBEihgi samulwesy p&idrce i bhel grEssureand
partly
differential across the valve is equalized, the main valve
10 closure member and auxiliary valve closure member can be
maintained in the fully open position at the reduced
hydraulic control pressure level. In the event of failure
of the hydraulic control pressure, the main closure member
and auxiliary closure member are retracted automatically to

15 their seated, closed valve positions by a return spring.

The present invention will be understood and
. appreciated by those skilled in the art upon reading the
detailed description which follows with reference to the

attached drawings, wherein:

L

20 FIGURE 1A is a view, partly in section and partly
in elevation, showing a typical gas 1ift well installation
in which the 1ift gas safety valve of the present invention
is installed;

FIGURE 1B 1s a continuation of FIGURE 1A which
. 25 1illustrates the relative positions of a pressure relief
valve and 1lift gas valves which are supported within the

lower casing annulus below a hanger packer;



in section, illustrating details of the pressure relief valve shown in
.FIGURE 1B; FIGURE 6 is a |ongitudinal sectional view, par- tially broken
away, of the gas lift safety valve of the pre- 15 sent invention, shown in
the valve closed position; FIGURE 7 is @agview simlar to FIGURE 6, with the
gas lift safety valve being in the valve equalizing position; FIGJRE 8 is>a
viewsimlar to FIGURE 6 wwth the gas 20 |ift safety valve being shown in

t he val ve open posi tRIGURE| LURE @ ispldt dagigiklidinak esecbhanali vhewpaif-
tially broken away, _of the upper half of the gas lift safety val ve assenbly-
shown i n FltBeRIPS itrléeREalf@hys wRlve| %@e&%@%&ﬁ%dﬂ%@xﬁﬂon&s% ¥i ew
of the valv Iosure sealin onents o a |ft safety val ve
assenbl y; ng {3l e 9n s%%fY%n °§?§m88 %ﬂ@nFrft gas safety

val ve taken along the Iine 11 11 of FIGURE 10. In the description which
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wth the 5 sane reference nunerals, § raw ngs-are
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exaggerate Il'lustrate particular details t he present

i nvention. uﬂ&ftertfhélgodw 6P théUrkngér psekerf shown 3af erwuke 43l ve
assenbly 10 of the present invention is illustrated and described in

connection with a gas lift installation in which a hanger packer P is
rel easably anchor ed BEIGURE appi®-a view, partly in section and partly in
elevation, illustrating the flow path for lift gas into the

lower casing annulus below the hanger packer;

10 FIGURE 5 is a view, partly in elevation and partly
in section, 1illustrating details of the pressure relief
valve shown in FIGURE 1B;

FIGURE 6 is a longitudinal sectional view, par-
tially broken away, of the gas 1lift safety valve of the pre-

15 sent invention, shown in the valve closed position;

FIGURE 7 is a view similar to FIGURE 6, with the
gas 1lift safety valve being in the valve equalizing -
position;

FIGURE 8 is a view similar to FIGURE 6 with the gas
20 1lift safety valve being shown in the valve open position;

FIGURE 9 is a longitudinal sectional view, par-
tially broken away, of the upper half of the gas lift safety
valve assembly shown in FIGURE 2;

FIGURE 10 1is an enlarged longitudinal sectional
25 view of the valve closure sealing components of the gas 1lift

safety valve assembly; and,



priate depth within the bore 12 of a well casing 14. The packer P is
provided with-a mandrel 11 having,nechanically 15 or hydraulically actuated

slips 16 which set the packer against the bore 12 of the well

casi ng 14.

The casing annulus is seal ed above and hgLow the packer by expanded seal
elehents 18, t hereby dividing the casing annulus into an upper region 12A
and a | ower region 12B. The packer 20 mandrel 11 has a | arge di aneter,
central bore 20 throrgGUREI chl prisduat i sectiomahnd/iew t ofastheowl tfe gas
separately con- ducted as hereinafter described. A tubing retrievable
conpl eti on safehyl yakeei taken- ajovgetheolingr dduddi @ FJ 4% ng 24
.wWhich is suspended 25 from well head equipnent 26. A surface

trolled, bsur f dugt i f et | 8 ' d ' b
30 and a movabl o vl §B CHIRLREBEFLREAPRSMETE oAbipR . - Lk PRt AR ©
swWth th d ' t ubi 4. T L 4f f |
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10 5 includes a raulically actuat ft gas safety val ve

@Al Y
8 which is

coupl ed in hbobdsapayni €t 5618 tdhd thé prbporitionsc Wit r ebrtatn 4arts The

lift gas safety valve 38 is received within an offset nandre

housi ng 42

whi ch has ahavwvel ebeenr t ekadderatgd whtoh bettepgasilddusirate t tpadiawhare
10 upper casing annulus 12A. The flow path of the lift gas 46 through the

lift gas safletpilsl of 3he presemt iimvenddoar. detail in FIGURE 2. The wel |
head 26 includes a casing head

10
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20
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Referring now to FIGURE 1A, the lift gas safety
valve assembly 10 of the present invention is illustrated
and described in connection with a gas lift installation in
which a hanger packer P is releasably anchored at an appro-
priate depth within the bore 12 of a well casing 14. The
packer P is provided with a mandrel 11 having mechanically
or hydraulically actuated slips 16 which set the packer
against the bore 12 of the well casing 14. The casing
annulus is.sealed above and below the packer by expanded
seal elements 18, thereby dividing the casing annulus into
an upper region 12A and a iower region 12B. The packer
mandrel 11 has a large diameter, central bore 20 through
which production flow and lift gas flow are separately con-

ducted as hereinafter described.

A tubing retrievable completion assembly 22 is con-
nected to a production tubing string 24 which is suspended
from well head equipment 26. A surface controlled,
subsurface production safety valve 28 having a puoaﬁction

bore 30 and a movable valve closure element 32 is connected



t hrotugh whi ch the packer 10 and the conpl etion assenbly 22 are inserted
into the well casing and which prevents the 15 flow of fluids fromthe well
casi ng annul us. The production safety valve 28 is preferably of the fl apper
type as described in U S. Patent No. 4,44§.587 to Charles M Rodenberger,

et al., or it may be of the ball valve closure type as described in, U S ~~
Pat ent No. 4,448,216 20 to Speegle, et al. Both of these patents are

i ncor por at dth bgerdbsr entthf dtheal produptien viubingt 84 apfTheatliifit Ias

wel | casing annulus 12A above the packer 10 is pressurized with |ift gas
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28 and the Jy{dnh93s SebepYedal it £Buife nimulticwkbid® WLEHRRS hfaradlic an
I nt ermedi at e conponent of the tubing retrievable conpletion assenbly 22 is

a producti ofn swalcontiriol>01%hecsd s corhecldEt ogale sufetyluvaloe (30 i
string 24. The production seal unit 50 10 includes a twn flow coupling
head 52 whieécéivedt sritixinedamyof featgmatidrad chopstngcudi2orwhich Bas armhe
coupling head 52 of the production seal unit 50 al so includes a
| ongi t udi nainbeteporbvapatbagugbswhachc ddfkc g@sy 46 As gdmitded from the
10 upper casing annulus 12A. The flow path of the 1lift gas 46
through the lift gas safety valve 38 1is shown in greater
detail in FIGURE 2. The well head 26 includes a casing head
through which the packer 10 and the completion assembly 22
are inserted into the well casing and which prevents the

15 flow of fluids from the well casing annulus.

The production safety valve 28 is preferably of the
flapper type as described in U.S. Patent No. 4,449,587 to
Charles M. Rodenberger, et al., or it may be of the ball
valve closure type as described in U.S. Patent No. 4,448,216 .-

20 to Speegle, et al. Both of these patents are incorporated

by reference for all purposes within this application.

The well casing annulus 12A above the packer 10 is
pressurized with 1lift gas 46, which is conducted into the
upper casing annulus 12A through a surface valve 48 located

. 25 at the well head 26. The hydraulic flow control line 40
delivers hydraulic fluid to the production safety valve 28

and lift gas safety valve 38 from a surface control unit



. packer P. The pro- duction stinge

conveyed through the |lift gas safety valve 38. The lift gas 15 46 is
conducted fromlift gas safety valve 38 by a flow conduit 58 whi ch connects"
the lift gas safety valve in fluid communication with the fl ow passage 56.

A production 'stinger conduit 60 is connegied to the production seal unit 50
in~f1uid communication with the cou- 20 pl i ng head production bore 54.

The production stinger conduit 60 is coaxially received within the packer
bore 20, arkbgrtgdcas theowsll Heeadwe6, ewhich tsuppldeerhydraghic aanotus
62 between the packer bore 20 and the stinger conduit 60 defines_a separate .
fl ow pat h viteh Bhaid under tpressurewEromecd | PUmB; ngREMAVALsOf2RYFERYIAENe
onduit 60, on the of her, hand, .defi nes
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A I | i | | 66 J tt d tp t I h ]

coupl 1 ng- nésh Sprafla” loaede cide e [ BT euenEec 16, dH AcouTt 100 hkaty,

b 68 : | 4 hgd th teri f
he cou- 5 WS 4 fad” the ELECTORE, RERREy VafOl 260 7" | 0% Shaing bore 68
to prevent undesired fluid conmunicati on between the upper casing annul us

12A and the packer bpéfefPindhfo@atd FIGURESY I s&mde3 p6afPeAterfkdibite
annul us 72 between the coupling collar 66 and the production stinger 10

condui t 60.cdrposend! ofg the | tubinguretridvapdes abmpiEtdon nassembdly 22
comuni cation with the packer annul us 62. By pressurizing the upper

annul us 12Alsv ahpkpfitcgdons el angit 50 which is connected to the pro-

duction tubing string 24. The production seal unit 50

~ 10 includes a twin flow coupliné head 52 which is intersected

by a large diameter production bore 54. The coupling head

52 of the production seal unit 50 also includes a

longitudinal bore flow passage 56 for conducting lift gas 46

-conveyed through the 1lift gas safety valve 38. The 1lift gas

15 46 1s conducted from 1lift gas safety valve 38 by a flow

conduit 58 which connects the 1ift gas safety valve in fluid

communication with the flow passage 56.

A production stinger conduit 60 is connected to the

i¢' production seal unit 50 in fluid communication with the cou-
20 pling head production bore 54. The production stinger
conduit 60 is coaxially received within the packer bore 20,

and projects through the lower end of the packer P. The

annulus 62 between the packer bore 20 and the stinger

conduit 60 defines a separate flow path which opens into the

.25 lower well casing annulus 12B below the packer P. The pro-
duction stinger conduit 60, on the other hand, defines a

separate flow path through which formation fluid 64 is

produced.



the wel | head valve 48, |ift gas is admtted through the inlet port 44 of
.gas lift safety valve 38 where it is con- 15 ducted through conduit 58 and
coupling head fl ow passage 56 into the coupling collar annulus 72. The fl ow
of Iift gas 46 continues through the pad@+s annulus 62 defined between the
packer bore 20 and production stinger conduit 60. Mitually coacting ~
| at chi ng nenbers, |atch head 78 20 and detent groove 80, are carried by the
production stinger dendannuberameuplingrcollpre68c is c3btached to the

mutu- ally _coacting_|l atching nepbers rel easably secure_the posi-, tign,of
the productiowerscghd qft the twin; 99“?619%?!%%&2 p&BﬂeB-sP. recerq.,\éetgnp,m us

?il IE cal ed 1 %fféﬁ’d ¢ eabedonndf gﬁ?ﬁf%”%%ﬁﬁ%?ﬁgrtgg%aﬁégﬁﬁ%2%&?#%576
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di scharge pary ;égﬁs&erdé NgoRm 4 OfFPﬁR%%ﬂez}exlBgéainét tﬁ)?etihhahﬁge g

production - stri I ncludes a normally cl os reli1é&f valve 5 85 noun

or rel easaliore ega!res ;ii»fweﬁi: dendeskeéd "ENG1E! cofimahicitibupbetneen khd
above, The side pocket mandrel 34 includes a production bore 36 connected

i n comuni agipenn ¢ésing henieles 252Af apd othet packenbboge22p.and an inl et
port 44 which is nornmally closed by the relief valve 85. The 10 side
pocket mandrel in which the relief valve 85 is nounted is di sposed above,
the fluid level FL dEhesgasclifbnflewrpeppegensé oppef intpsthespponlug

i th
.re 'eve (%fwgﬁf*ggh the coupling collar 66 and the production stinger

10 conduit 60. The coupling coilar annulus 72 opens'directly \)
in fluid communication with the packer annulus 62. By
pressurizing the upper annulus 12A with 1lift gas 46 through
the well head valve 48, 1lift gas is admitted through the
inlet port 44 of gas 1ift safety valve 38 where it is con-

15 ducted through conduit 58 and coupling head flow passage 56
into the coupling collar annulus 72. The flow of 1lift gas
46 continues through the packer annulus 62 defined between

the packer bore 20 and production stinger conduit 60.

Mutually coacting latching members, latch head 78

20 and detent groove 80, are carried by the production stinger
conduit 60 and stinger nipple 76, respectively. The mutu-
ally coacting latching members releasably secure the posi-
tion of the production.seal unit 50 relative to the hanger
packer P. The annulus 82 between the production stinger

25 conduit 60 and the stinger nipple 76 is sealed by annular
seal elements 84. The annulus 86 between coupling. collar

76C and stinger conduit 60 is connected in direct flow



within the | ower casing annulus 12B, a wire line tool is inserted through
t.he production tubing string 24 and is 15 jarred down agai nst the actuator
head H which shears pins S, with the result that the body of the relief
val ve 85 is displaced downwardly through-ppre 42A-of the side pocket
howsi ng 42, thereby opening inlet port 44 so that high pres-- sure gas 46
accunul ated within | ower casing annulus 12B is 20 vented into the side
pocket mandredmmaricatiemd with tpeckeodrnnwludoré2 3cand | howent edasynghe
arrow 46V. During the production node of operation, the relief valve 85 is
cl osed, and anmulumsi2i by dischrree Pe¥ERgMtihe |ift gas safety valve 38
t hrough port 74 into the I ower 25 casing annulus 12B until a desired

ehhanced by i) ect i ndeERrTIng B b TIOHCARD A0 Ei‘?ﬁ%f%ﬁﬂﬁf"ﬂ:
fluid bel ol h | '
ar e mount od BN HLSh FFLad b cHidRadETs HofRLFTEI 0000 KELLEE Felible:

10. It shaul uRiEd bPateldadabypl 68bubdd 1hT4 5186abbekéeermahlpel chief

valve 85 will 5 be positioned above” the fluid Ievel at a relatively

shal - (150 retreng |9peicaelceibbl0 diRRie. NThe EWideSpockber vendiel 933
lift valves Gw Il be located below the fluid |level FL at nmuch (2100-2400)

greater deptimcludes exappbductiof- hd¥d) B6ectconnégtedndin eqompundtatdoh as
a well packer WP in anchored within the 10 | ower casing annulus 12B bel ow
the gas |iftwithvktBeCbore 25 of production tubing 24, and an inlet port
44 which is normally closed by the relief valve 85. The
et 10 side pocket mandrel in which .the relief valve 85 is mounted
is disposed above. the fluid level FL as can be seen in
FIGURE 1B. When it is desired to relieve the pressure
within the lower casing annulus 12B, a wire line tool is
inserted through the production tubing string 24 and is
15 Jjarred down against the actuai:or head H which shears pins S,
with the result that the body of the relief valve 85 is
displaced downwardly through bore 42A of the side pocket
housing 42, thereby opening inlet port 44 so that high pres-
sure gas 46 accumulated within lower casing annulus 12B is

20 vented into the side pocket mandrel bore 36 and into the

production bore 36 as indicated by the arrow 46V.

During the production mode of operation, the relief
valve 85 is closed, and l1ift gas 46 is conducted through the
lift gas safety valve 38 through port 74 into the lower

25 casing annulus 12B until a desired operating pressure level
is achieved. Production of formation fluid 64 1is enhanced

by injecting the 1lift gas 46 into the column of formation



The.gas lift valves G are received within a sidg.pdeket: mamdrel*334't0f the
type previously described. The side pocket nmandrel 34 includes an offset
"mandrel housing 42 having an inlet port 44 through which |ift gas 46 is
admt- 15 ted fromthe |lower casing annylus 12B. An exanple of a gas lift
valve G which is satisfactory for use in thls invention is described in the
af orenentioned U. S. Patent No. 4,294,313 to Harry E. Schwegman. Gas |ift

val ve G isfauihepelow wmahnﬁaane@ellﬁﬁetheéugndohem\ted‘cfquaéﬂemfﬁle_
pocket 20 mandrel as shown in the Schwegnan patent. Gas lift valve G admts.

the fl ow ovalves & adelcle aré imgantdé d6nto) the lower produrtidon| tisbiiRdg
into the bore of the production string 24, but bl ocks the flow of fluids in
t he rever ssteiingcbedow tthaidianger packes 10. It shauhﬁih§1notﬁdithat
enters the bore 25 of _.the | qwer productlon t ubi ng string 24 and

conduct ed ap\gﬁr typical, gas gﬁé%g’?m&qﬁ Q%d%cﬁﬂfi;% \sql'fg;eﬁs cvbhhhl t
-15 t t

whih the Bt : M&%%o"%a“” pe?iht susl B, T o oéjéwefé”‘r”géﬁa Topl e

76. T t

communi cat Lo! ﬁé‘%#*i 8L é 8 derdy °"2§95+§au 928 15t 24
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bore 20 an I nger condul t rel ports

74 in diregrelatérd ae | Cafbpn ekampléc 7 W-@Qfﬂ@g Bioﬂ'ﬂf
| ower ca5|ng annul us 12B is pressurized to 10 an appropria pressure | evel
by hi gh pr eguipment’ tsgels esna well packer WP is anchored within the

10 lower casing annulus 12B below the gas lift valves G.

The gas lift valves G are received within a side
pocket mandrel 34 of the type previously described. The
side pocket mandrel 34 includes an offset mandrel housing 42
having an inlet port 44 through which lift gas 46 is admit-

15 ted from the lower casing annulus 12B. An example of a gas
1ift valve G which is satisfactory for use in this invention
is described in the aforementioned U.S. Patent No. 4,294,313
to Harry E. Schwegman. Gas lift valve G is a check valve
which can be inserted and removed from the side pocket
20 mandrel as shown in the Schwegman patent. Gas lift valve G
admits the flow of high pressure lift gas 46 from the lower
casing annulus 12B into the bore of the production string

24, but blocks the flow of fluids in the reverse direction
through port 44.

25 Formation fluid 64 enters the bore 25 of the lower
production tubing string 24 and is conducted upwardly
through the bore 60A of the production stinger conduit 60.



ducted through the lift gas safety valve 38, conduit 58 and packer annul us
.62 for providing lift gas assistance for pro- ducing formation fluid 64 '
t hrough the production tubing 24. The | ower casing annulus 12B renai ns
pressurized 15 for as long as lift gas-46-remains avail able and hydraulic
cofiftrol pressure is applied to the inlet port 90 of . the lift gas safety
valve 38. In the event the supply of hydraulic control fluid is |ost, for

exanpl e, athe ssdogeroroadidde 60 apans Hate &dmeste flwd Commyupicatlon i h

|

t he producti on safety val ve and , the lift s,.saf ety val ve. 38 ar.e
adapt ed towé?r%%gﬁ S-RP'W é’lré’éié‘ct%"g% é"’éﬁl"q %4 |"8§§‘bfisp:%ﬂ&ﬁ 9% ti‘i"lb%
and al so tg,prevent .the | of e.l e I f r | 4 46
in the | owgfg' ﬁé’%ﬂ?ﬁlﬂ 8’255 '{}B%nngégvg%‘aoggﬁy reaﬁl%g%riég'%&dg#ﬁ gsfn&t he
control i SRE d e et Clyl fety
Vel ve 26 ang o1 h, AT SOnnLLEE BRI the B DA e
closure £ apphS tdblhg RrddudtiBh sai-.em?vqwea% thyl ppo@tietibht sesl
safety val vé 38, respectively. -16- Referring nowto FIGURE 2, FIGURE 6
and Fl GUREuait o Si dehaoplaekerarahmilue’ 6 sbetweénnthee papkeretbcd® i 20

whi ch the safety valve 38 has been | oaded, preferably by a kick-over tool
as descri band rthHe Stingentconduiit260, 353coongcted: througihtheamandmek
hydraulic flow control line 40 is connected in fluid conmunjcation with the
inl et port POt Tdudim Aireata filuwld icommpiration with the Lowex reasinge 40

and the hydraulic fitting.94 deliver hjgh pressure draulic coniro | ui d
into the %8@%’(1%%%5 &’Zﬁ gav(&%rpashinqg EGRLRELE £ pressur £ &0

.10 an appropriate pressure level by high pressure lift gas con-

.
et

ducted through the lift gas safety valve 38, conduit 58 and
packer annulus 62 for providing lift gas assistance for pro-

ducing formation fluid 64 through the production tubing 24.

The lower casing annulus 12B remains pressurized

15 for as long as lift gas 46 remains available and hydraulic
control pressure is applied to the inlet port 90 of the 1lift
gas safety valve 38. 1In the event the supply of hydraulic
control fluid is lost, for example, as a result of damage to
well head equipment at the surface, both the production

~ 20 safety valve 28 and the 1lift gas safety valve 38 are adapted
to automatically close to prevent the loss of production
fluids, and also to prevent the loss of the large volume of
compressed 1lift gas 46 in the lower casing annulus. Upon
removal of hydraulic pressure from the control 1line 40,

25 spring loaded closure elements in the production safety
valve 28 and in the 1ift gas safety valve 38 release spring
loaded valve closure elements in the production safet& valve

28 and in the 1ift gas safety valve 38, respectively.



10 the lift gas safety valve 38 and the pocket bore 92. The pocket
.annul us 92A is seal ed above and below the inlet port 90 by annul ar packi ng
seal nenbers 96, 98. The nandrel pocket 92 has an open upper end 100
(FIGURE 2) through which the lift gas safléty valve 38 is 15 inserted by a
ki ck-over tool. The side pocket mandrel 42 has a | ower end outl et port 102
t hrough which |ift gas _46 conducted by the safety valve 38 ig dischar

The Iift gas f|0wlCOBBGPFrQBgH9QRNﬁ@CFE€UFﬁ Rirui qgﬁﬁnﬁlﬁa |§ﬁqﬂﬂﬁ1

| 02 h | A Q Lt
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6, FIGURE 9 an t he conponents of the lift gas safety 'val've

assenbl y538nwzi:y B wﬁiémi n gheahydrdrildid .fIdwe contrgdslinevao is
assenbly 17- 38 includes an elongated valve body 106 onto which

a. hydraul i ccenheeted 108 ifluldincedmuiiicatdone whth Ifle i dndetel pogkt €20
tubul ar nenber which is closed at one end by a radially tapered head 110.
The val ve bbthyough anhydradl ic\dfttting a9¢s edTheabydraudde gantyolecline by

el 2?328“‘3;49”?'911 | ?Efaﬁﬂiﬁ?&reﬁeﬁdi 5eETni c9bordeliver THITHT Pesrnine .
transitions tgr :I.%Olérclat % refll:.Lul:IZ.ld hes tﬁeb%o%kg% ca%r&tl%r bqﬁ\ ]bef:ween
10 the l1lift gas safety valve 38. and the pocket bore 92. The
pocket annulus 92A is sealed above and below the inlet port

90 by annular packing seal members 96, 98.

The mandrel pocket 92 has an open upper end 100

(FIGURE 2) through which the lift gas safety valve 38 1is

15 inserted by a kick-over tool. The side pocket mandrel 42
has a lower end outlet'port 102 through which 1lift gas 46
conducted by the safety valve 38 is discharged. The 1lift
gas flow conduit 58 is connected in fluid communication with
the outlet port 102 by a hydraulic fitting 104. According

20 to this arrangement, pressurized 1lift gas in the wupper
casing annulus 12A is selectively conducted to the lower
annulus 12B through the flow conduit 58 into the bore of the
packer P where it is discharged through outlet ports 74 into

the lower casing annulus 12B.

25 Referring now to FIGURE 6, FIGURE 9 and FIGURE 10,
the components of the 1lift gas safety valve assembly 38 will
be described in greater detail. The 1ift gas valve assembly



10 -~ The valve body 106 includes a radially upset, threaded
.box connection 116 on the opposite end which is joined in threaded
connection with a packi ng mandrel 118. Thg packing mandrel 118 has an

- el-ongat ed, central bore 120 which is disp ded in:flow communication wth
the counterbore 15 114. The val ve body 106 further includes |lateral ports
122, 124 whi ase i I cag| Ll h i | v o] - 8, 134
for di scharg?éof i@&%gggggggﬁl i?%bgggﬁ%gndﬁgﬁé tﬁ?%%ghf?ie%giac [ r%ﬁn%nd%el

bore 120. Thgd&%ﬁliiieg RNMr 158 NS mdubitedrdednal Ral9RNBRIaY 1526 1ehianh
Is joined in 20 threaded union T wth the threaded box connéctor 116 of

. the main val ¢aope@dted)6. tubulleer | REMbe£NWhitdA ¥ ¢lesedcktnon@rshi®l bpasa a

" bevel ed recess in which an annul ar val ve seat 128 is forned. The annul ar

seat 128 is dagiiadqy fbaperadi ntgahgagenent Thet hvalpei bdy vabée andskhe
menber 130. The 25 primary val ve closure nenber 130 also is fitted with
an annul ar 5seadimddyertapPred Rhedarkifl adrecdntersectedldy saadomoddudd -
produce a secure fluid seal by engagenent against the valve seat 128 when

the val ve isne@ldyedextendingn bd imdCUrere. 112.Ref &he nglindy bore GARE dsand

FIGURE 9, the actuator 108_is j.oi ned t he packi ng mandrel 118 hy a return
g housi REIPIREATIY AodeR EHRg 1y SHHGRIERY STBRERORe Ak

e s ed, U, B R o

an actuator Mg &retforl%8 %i CH PS8 W tﬁ a t%ﬁr ea%e% pin connec?or 1%8A

at its Iomer5@&%1é5h%&Ua£§?g3@eph onnector 138A of the actuator mandre

138 is joined 1n"a threa union T with the

" 10 The valve body 106 includes a radially upset,
threaded box connection 116 on the opposite end which is

joined in threaded connection with a packing mandrel 118.

- The packing mandrel 118 has an elongated, central bore 120

which is disposed in flow communication with the counterbore

15 114. The valve body 106 further includes lateral ports 122,

124 which are in communication with the main valve countér-

bore 114 for discharge of compressed l1lift gas conducted

through the packing mandrel bore 120. The packing mandrel

_ 118 has a threaded pin connector 126 which is joined in a
20 threaded union T with the threaded box connector 116 of the
main valve body 106. The lower end 118A of the packing
mandrel has a beveled recess in which an annular valve seat
128 is formed. The annular seat 128 is disposed for sealing
engagement with a primary valve closure member 130. The
25 primary valve closure member 130 also is fitted with an
annular seal member 132. The annular seal member 132 is
adapted to produce a secure fluid seal by engagement.égainst
the valve seat 128 when the valve is closed, as shown in

FIGURE 6.



t hreaded box connector 136 of the return spring housing 10 134. As can best
be seen in FIGURE 9, the actuator mandrel 138 has a |ongitudinally

ext endi ng, central bore 140 which is in flow comunication with the
hydraulic inlet port 90 at its upper endl8and which has a | ower open end
140A 15 t hrough which an el ongated piston 142 projects. The annul us, 92A ~~

(FIGURE 2) which imediately surrounds the gxdraulic control fluid inlet
port 90 is seal ed bRHPERRALARY bytanFTEGYRBacki ngndenBEFYREs, 993, thee

1385 of 20 KRR ATER nihartRTAed #5 Fhe| BAngcRapizah o1} rﬁic%é”
| o mount oo A Tt SRr R heB1d T38, CorRY, RRLAPR" bREROChoklly 134 "
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retraction~along 25 the | I'tudi nal a e safety valve assenbly.

As the pisstiie ld3tuates assexiblisi Dos alficla@escC anoacteter shandpead 1i3gand
the seal ring 144 define the | ower boundary of a variable volume pressure

chanmber 14&hichkhiss fitdedurwithl By thresaded hpinaconnechkorr A36A uatl its
delivered through the inlet port 90 fromthe hydraulic control |ine 40. As
t he vari abllower verd pr eTher & piss connecterrl 38N of ther agtuator
control fluid,_the piston 142 is extended through the actuator bore 5 140
al ong the HIERL 5438 718 Pedned cdngedel BhERAdEd; Hanien | F owiddy o hhe,

108 T's appldigc oA NSl SLaRnbARol £98°%F Yhe 20 lEtn? SEH 15y * Hilstng

10 134.

As can best be seen in FIGURE 9, the actuator
mandrel 138 has a longitudinally extending, central bore 140
which is in flow communication with the hydraulic inlet port
90 at its upper end, and which has a lower open end 140A
15 through which an elongated piston 142 projects. The annulus
92A (FIGURE 2) which immediately surrounds the hydraulic
control fluid inlet port 950 is sealed below and above by
annular packing members 96, 98. The annular packing members
96, 98 are mounted onto a reduced diameter section 138B of

20 the actuator mandrel. The annulus between the piston 142
and the actuator mandrel bore 140 is sealed by an annular
seal ring 144 which is mounted within an annular groove 146
formed in the piston 142. According to this arrangement,
the piston 142 is movable in extension and retraction along
25 the longitudinal axis Z of the safety valve assembly. As
‘the piston 142 moves in extension and retraction, the piston
head H and the seal ring 144 define the lower boundafy'of a

variable volume pressure chamber 148 which is pressurized by



assenbly 150. The val ve stem assenbly 150 includes an elongated valve
.Stem 152 and-a return spring mandrel 154. 10 The return spring mandrel 154
has a radially projecting shoul der 156 forned at its upper end which is
adapted for surface engagenent agai nst -a9radi al |y projecting shoul der
pertion 142A of the piston.142. The | ower end 154B of the return spring

mandrel 154 has a threaded pocket 158 in which 15 an ugper nthortion 152A
of the val hpdsevdicszondrodi fdmid delivered threwghtt ?hé‘f"&& APEp %

housi ng 134 h dially i | i ect Lder 1 i |
the | ower ErBmofthe Mydraitsr oRptinl e 87 oAt SenaRr e v 55

i drel_154. Th dgqf ' i L#¥esh, b
 the mandr cPpranzs SRambREC R4S, FR¥pLALIGa Ty Thydeful o AR b
162 i s compgsaed iy (Gt ! 2412 142 bxtBxE8ATRArBUGRO thie® dctim okl ibete axi s

Z. The return spring I's selected to apply an Opposing force 25 agai nst

t he pi stg)nl,’hgz a%irﬂ‘?h the Ténfirdiendxitsd verconme the wei ght of the hydraulic
control fluid in the control line 40 upon | oss of hydraulic pressure.

-20- Lift gas 46 punped into the upper casing annulus 12A is delivered

t hrough the inlet pahe 4brod ddvelapedilbhys 9 Aetuator assembly HR§di|
housi ng 42 and the safety valve assenbly 38. The lift gas 46 is conducted
fromthe 5applileds kg2 the @ighomddd hy rengagement AN hRLYRI FEemp) e

inlet ports 164 which are forned in the sidewall cg th%_retgrnlsgring
housi ng 13#ssEmblshndb0s 92 The r ¥@A¥engSERR assembly 150 includes “an

elongated valve stem 152 and a return spring mandrel 154.

s 10 The return spring mandrel 154 has a radially projecting
shoulder 156 formed at its uppef end which is adapted for

surface engagement against a radially projecting shoulder

portion 142A of the piston 142. The lower end 154B of the

return spring mandrel 154 has a threaded pockét 158 in which

15 an upper end portion 152A of the valve stem 152 is joined in

a threaded union T.

The return spring housing 134 has a radially
inwardly projecting shoulder 160 which retains the lower
end of a return spring 162 which is mounted about the return

20 spring mandrel 154. The upper end of the retufn spring 162
is retained by the mandrel flange 156. According to this
arrangement, the return spring 162 is compressed as the
piston 142 is extended along the longitudinal axis Z. The
return spring 162 is sélected to apply an opposing force

25 against the piston 142 which is sufficient to overcome the
weight of the hydraulic control fluid in the control line 40

upon loss of hydraulic pressure.



inlet ports 164 is sealed at the upper end by the packing seal nenber 96
and the annulus 92 below the inlet ports 164 10 is seal ed by an annul ar
packi ng seal nenber 166. The cylindrical bore 134A of the return spring

housing is

sealed at its upper end by theothreaded union T with the pin

connector 138A of the actuator mandrel 138. Accordingly, lift gas. 46
delivered through the inlet port 164 is 15 constrained to flow through the

cylindri cal

bore 120Lbftt igashatki pympeddrinta 18hgnappenugasing anny

annul us 168 defined between the valve stem mandrel 152 and t acki
mandrel bork2A2%s Aeddversd through-therinle rﬁpﬁFséﬁai§g°ami§) %8
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is sealed by an annular packing seal member 166. The
cylindrical bore 134A of the return spring housing is sealed
at its upper end by the threaded union T with the pin
connector 138A of the actuator mandrel 138. Accordingly,
1ift gas 46 delivered through the inlet port 164 1is
constrained to flow through the cylindrical bore 120 of the
packing mandrel 118 and through a discharge annulus 168
defined between the valve stem mandrel 152 and the packing

mandrel bore 120.

Referring now to FIGURE 6, the discharge annulus
168 1is selectively blocked and unblocked by the primary
valve closure member 130 and by an auxiliary valve closure
member 170. The primary valve closure member 130 is mounted
for sliding movement along a lower end portion 152D of the
valve stem. As can best be seen in FIGURE 11, the primary
valve closure member 130 has a central bore 172 through
which the valve stem end portion 152C projects. The valve
stem section 152C has first and second elongated sldté 174,

176 which define bypass flow passages through the primary



whi ch™ defines a valve seat .for engaging the auxiliary val ve cl osure nenber
170. The auxiliary valve closure nenber, 170 has a bevel ed, annul ar face 180
which is adapted for seating 10 engagerfent agai nst the bevel ed, annul ar
seat™ 178 as shown in FIGURE 6. Accordi nglai- t he di scharge annulus 168 is
selMéc- tively blocked and unbl ocked by the conpound assenbly of the primary
val ve cl osure nenber 130 and the auxiliary valve 15 cl osure nenber 170.

Retraction ¥Rlvee elesuxe| pembess k20 nenifhe 18vPassnFlate vhT4e Ji76m are
S Tadial 1y FRUREHINEY Vor BlPEkRa b, upBLockedo By | kb, PRILIEFC FRLve
‘opposi to i FAEEe Mamter 1 g el ekl e Tl datal el Spor-
Spring 1k, AR R GE TEAR Shove eqh By B S R S SR

slots 1745 Le§atigentei®) iy eeated1uPpsréner7Psof thudr pelimaryS> ¢amveol
pressure, as the result of the return force applied to the val ve stem 152

by the retudlosidegnekiber 120 S£8l enlatgetabys al bevelied onitexboreal ve

cl osure nenber 130 are driven into engagenent agai nst the annul ar val ve
seat 128, whizh defiinds dcvaled Seet o engagingudilie auxilklaxycvalvee
mem ber 170 is driven into sealing engagenent agai nst the bevel ed annul ar-
seat 178 of cliesunsg member 170sur Theeguxdlisyy vied vengdpsure member nlafned

by the return spring and. by 5 the pressure exerted onto the_closure penbers
by the |ift has a beveled, ‘annular face 180 which is adapted for seating

o 10 engagement against the beveled, annular seat 178 as shown in
= FIGURE 6.

Accordingly, the discharge annulus 168 is selec-
tively blocked and unblocked by the compound assembly of the
primary valve closure member 130 and the auxiliary valve

15 closure member 170. Retraction of the main valve closure
member 130 along the valve stem section 152C is limited by
its engagement against the annular face 182A of a radially
projecting shoulder member 182. The primary valve closure
member 130 is extendable along the valve stem section 152C

20 in the opposite direction until it engages the beveled
seating face 180 of the auxiliary valve closure member 170
in response to retraction by the return spring 162. By this
arrangement,.the discharge annulus 168 and the bypass slots
174, 176 are completely sealed upon the loss of hydraulic

25 control pressure, as the result of the return force applied

. to the valve stem 152 by the return spring 162. The sealing
surfaces 132 of the primary valve closure member isb are

driven into engagement against the annular valve seat 128,



gas*confined in the | ower casing annulus. According to an inportant feature
. of the present invention, when it is desired to equalize the pressure in

t he upper casing annulus 12A with respect to the lift gas 10 pressure in
t he | ower casing annulus 12B, hydraulie2@entrol fluid is punped through the
inlet port 90 into the actuator pressure chanber 148, thereby driving the~
pi ston 142 against the return spring nandrel 154 and al so agai nst the
opposi ng fandetheppevededhfacehd 80 sfirthe mmiddampvalve Gkosure fens
hydraul i ¢ pressure must al so be apglied to overcone the neunaiic force

?e¥eloped erosd7PheipacdrivenncintQ; | sealing \engpgement againgt, ghe; o |

ift ich_i t o t ' | 128B. Wh {

glopolsigﬁa Bevered fnmilhn, Read, 178" 38 “Ehn nlh, Yalke i omiRe (eBar o o0
d Lnst th N | :

over cone. SHELIBG, sigadinens” e WAL 6y, FNE Hedih FLRE Clng by

wth thes | epd tpddiilutdCeRiEtbaddohid'! YfieC clomut e iifberd ObyS thie PLaged

out of seali’ng "ehgage- nent wth the bevel ed seat 178 of the prinmary val ve

closure 25gg@nednfidfed An (e Abdr dasMig VenmhDesil € nenber 170 is
extended rélative to the primary val ve cl osure nenber 130, -23- the

bypass channels 174, 176 are unblocked, thereby permtting the flow
of lift gas fromthadenmiinmpnstag amnithpertpntr deatnireugfi tthe ppresegt
mandrel bore 120 and in reverse flow through the flow ports 164 and through
the flow 5ipwentdon ntwheme ifppis das#ngda%mwelz#etﬁépetgtessure in

the upper casing annulus 12A with respect to the lift gas

10 pressure in the lower casing.annulus 12B, hydraulic control
fluid is pumped through the inlet port 90 into the actuator
pressure chamber 148, thereby driving the biston 142 against
the return spring mandrel 154 and also against the opposing
force applied by the return spring 162. Sufficient

15 hydraulic pressure must also be applied to overcome the
pneumatic force developed across the face of the auxiliary
valve closure member 170 by the lift gas which is present in
the lower casing annulus 12B. When the opposing force of
the return spring 162 and the pneumatic pressure force

20 developed against the auxiliary valve closure member 170 ~
have been overcome, the valve stem 152 is extended through
the packing mandrel 118, with the result that the auxiliary
valve closure member 170 is displaced out of sealing engage-
ment with the beveled seat 178 of the primary valve closure

25 member 130.

As the auxiliary valve closure member 170 is

extended relative to the primary valve closure member 130,



.
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equalizing the pressure in the upper casing annubus®d2A Wi fh resbec: to the
l'ift gas pressure in the |ower: casing annulus 12B. During the period that
equalizing flowis occurring, the primary val ve closure nenber 130 renmains
seal ed against 10 the val ve seat 128, wiih_reverse fl ow bei ng conducted
omy t hrough the bypass channels 174, 176. After equalization has been
acconpl i shed, however, the pressure differential across the primary val ve

closure menbgg 1BQp4aRi Shafanriaedr dipgly, 1h6e @de/ failsYodked) ni thereble
overcone after 15 equalization is the sumof the opposing force of the

return spripermfeting ttite efiladw zaif odifss gasssfwemi rthehelowsimgcasdogus.
The effective equalizing seat area of the auxiliary val ve cl osure nenber
170 shoul d stmalss bepyardlyr thhaughhtheopatkingi mangrel ohoreed28o02andadnt he

safety valve 38 will oper- ate in a fail-safe node in_the evept of | Qss of
hydraul i ¢ coevewsepfiew throughy ther 3Py, PPKES, A6 £ 02B¢ EhE°E§P‘e§?‘Pv§RBP'st on

area relative to the equalizjng seat area i s about 1:1.1. [ t
this arr&nge@Eht, 44 pr’g‘g'squeéﬁg 1UPPSE ¢ | ng,c anpHiys, p}%égﬁ(r)r o ?y'?he
return force of.the spring_is._r i Led ave N

cl osure men® a#,ﬁf?ggf#xﬁg grgggﬁgg oiﬁer’#’ngt {’§§§§| Fé?ﬁ szé oh%g)éu\ri%h\(/gigh
square [err 1 Q0 o] q € fegt i ' n

e That (FespEcETLEdthe MELE AR prRoRuth] A LHS Dohbe chat AN
(6.894x[errizp) P@ikhg ke aperTobag that0kqualniidg ffl@nsiss osourring,

v the primary valve closure member 130 remains sealed against
L 10 the valve seat 128, with reverse flow being conducted only
” through the bypass channels 174, 176. After equalization
" has been accomplished, however, the pressure differential
across the primary valve closure member 130 vanishes.
Accordingly, the only force remaining to be overcome after
15 equalization is the sum of the opposing force of the return
spring 162 and the .equalization gas pressure in the casing

annulus.

The effective equalizing seat area of the auxiliary
| valve closure member 170 should always be greater than the
\J 20 effective piston area so that the safety valve 38 will oper-

ate in a fail-safe mode in the évent of loss of hydraulic
control pressure. Preferably, the ratio of the effective
piston area relative to the equalizing seat area is about
1:1.1. According to this arrangement, a pressure of 1.1
25 times the shut in pressure plus the return force of the
spring 1is required to remove the auxiliary valve closure

member 170 from its seat , to permit equalization to occur.

Assuming a one square inch E?fectm piston face area and



the lower casing annulus 12B, then the hydraulic pressure (15.167x[err])
applied to the piston nust exceed about 2,200 psi to 5 displace the

auxi liary valve closure nmenber 170. After éequalization has occurred, and
assum ng 1,000 (6.894x[err]Pa) psi in thgupper and | ower casing. annul us,
only about 2,000 (13.788x[err]) psi of hydraulic control line pressure is .
required to main- tain the safety valve in the valve open position as shown
in 10 Fl GURha8. the tdetwai vaproirmey p62i developse adretiarng ooy qibrl s0d@2,
124 are corrpl(eﬁé‘éfﬁﬁlubbl ocked, and the (éugmd-afo‘ﬂa) ve closure nenber 170 is

recei ved wPenndsyhandoessuming 1,000 piyaf, kiff gas ha@had ingwithin
Accor di ngl i ] be agpreci ated that the maip- tenance_hydraulic

I
pressure | It:\'%'fﬂlﬁrgestl gneﬂ'?ﬂ?‘f?tﬁa%aft@ﬂﬂ vSh?ehWﬂrt‘Héi\?allqﬁ_lée )
iti [ iall d i t t a,
ot r o | BRI bl CTHES, gk Bihed HBGuE eiz%/@‘&dpﬁgo
he f ' ' t - sent invention,
Ehg m(;lr ﬁ?gﬁg’%gkellafﬁeeg:glu%r ﬁ@&éa@sﬁnﬂém négr%%{lgrf){(ﬁhn t he opposi ng

force devel oped by the return spring, since the two conponent valve closure
assem bly mgkes equditierdidgiialidet {0e hdd Bcdur fbd s &red | ddlstiieng 51 0000Si N9
force whi cﬁﬁ%ﬂbﬁﬂ; i se be produced by the lift gas in the | ower casing
annul us. Apsdrdimgthe upper cardologear casdage mnnulus ,bomBtabdutsi 2eopocket
mandrel 34 h{éb‘)’&fsmﬁﬂ\ ffective flow di ane-
psi/of hydraulic control line pressure is required to main-
tain the safety valve in the valve open position as shown in
10 FIGURE 8. In the valve open position, the discharge flow .,
ports 122, 124 are completely unblocked, and the auxiliary
valve closure member 170 is received within the bore 112 of

the radially tapered head 110.

15 Accordingly, it will be appreciated that the main-
tenance hydraulic pressure level required to maintain the
safety valve' in the valve open position is substantially
reduced with respect to the pressure levels required to
operate conventional 1lift gas safety valves. According to

20 the foregoing lift gas safety valve arrangement of the pre-
sent invention, the maintenance pressure level is only
slightly greater than the opposing force developed by the
return spring, since the two component valve closure assem-
bly makes equalization possible, thereby dissipating the

55 opposing force which would otherwise be produced by the 1lift

- gas in the lower casing annulus.

According to the foregoing arrangement, the bore 36

of side pocket mandrel 34 has the same effective flow diame-
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-25- ter as the bore 25 of. production tubing. 24. A large annular flow
passage area 62 is defined between the stinger conduit 60 and the packer
bore 20 which will acconmodate.large vol- ume gas |ift operations wthout
I iposing a production flow 5 limtation +#eugh the packer.- Because the
f1'olv passage bore of the side pocket mandrel is not restricted, service
tools of a standard size can_be extended throughout the length of the well
for perforniter sas vihe bpee a25 opf prodwuctionhtubingiigd i onhAt ggmg apgular
conpl etion bore are 10 traversed by a tool far clgeaning, bailing, smgb&ing,
runni ng cor riok?nPaFSRIRs8LPE Sar V& defdned thetween the fEinger FRpEUiL: ed

broduct  on_ <20 ct48, EhboBaRkeE, Date: A Ul mL ancomRaagte th¥xil Y81-
test ed jt ' d..i | it |

Noreover e gsBrRLet bidkht ol Cui BibRL TheBBiRd! BHdadeElsR, K1ow
packer, wsth {p{£A€Y¥EhH Q:fhrkb%lpoﬂﬁée‘patdl@} ASS YR ﬁﬁecaﬂ;lrdvg?p?ﬁgage

wi t hout disturbing the packer or any of the equi pnment hung off

packer. BotlbgfetBE rhien gidulusbcioet f mandesd tie moturestridtedassbowcean
be shut off automatically. en it is necessary to wre line service the
lift gas safedglsalofe, at letdndardr edzer ecams bien ektehdedr Wawughautnutthe i s
vented into the bore of the production tubing string through the | ower :
casi ng 25 antemgthr @f ethealwell Wkor | performdagar §ervioer aperatians ipe
sone ot her confonent above the packer, the upper, casin nnul us, i s

equal i zed wWi¥Ri€he EHRer R%qqﬁfmul_tt‘ébb‘}gopéﬂd atFpP qn { {bREe SAKE y
Vayye inl%hetggygL;é'ngyngdgbol for cleaning, bailing, swabbing, running
- corrosion or pressure surveys, and the like.

It will be appreciated that the well completion
assembly, including the lift gas safety valve, production
safety valve and production seal unit can be made up and

15 tested as a unit, and then run in and installed as a unitary
assembly. Moreover, the completion assembly is tubing
retrievable above the packer, with retrieval of the comple-
tion assembly being carried out without disturbing the
packer or any of the equipment hung off of the packer. Both

20 the main production flow and the annulus lift gas flow can
be shut off automatically. When it is necessary to wire
line service the lift gas safety valve, the high pressure
gas in the lower casing annulus is vénted into the bore of
the production 'tubing string through the lower casing

25 annulus relief valve. When it is necesary to wireline serv-
ice some other component above the packer, the upper casing

annulus is equalized with the lower casing annulus By'oper—

ating the 1lift gas safety valve in the equalizing mode.



-26-" The conpl etion assenbly, including the production tubing, production
safety valve and gas lift safety valve can be installed by a straight

st abbi ng maneuver which does not involve rotary manipulation of flow _

conductors in place 5 in the well. -26he production stinger conduit

extended through the bore of a |arge dianeter packer defines separate -

concentric flow passages for lift gas and production fluids substantially"
wi thout limting or Thetcomplefrinmdassenbly| odncindingi thet produsition

provi di ng atlar&e flow path for 10 the Iift gas_through the annul ar passage .

bet ween t het¥PiRGer R tiomsafatyavedvepand gpen tAafetyemalore has

. : ) e di , q h

Cererevce (468 B IpnRenae I o g AR CofRLRY FaBpmBi e oy <
' S : i

to the i scloSeleaBes) Toneeds M Chde e CENSE. cofBRcY shifie

inventi o Wal $ige SUISES! ed t'l‘hé)erpiﬁ&cﬂﬁdd eGtihddie %J#p%tteg%?{]tg engzgo

specification and illustrations. I's therefore conte _
appended clehroughl theoboreasy aulbrgeddfiameteenpacker! deFinesOFepirate
enbodi ments as fall within the true scope of the invention. “What is
cl ai ned i s:cancenfricf flous pasisages flor bkfenpas andppresdugtion fluids
conbi nation: a val ve body having a |ongitudinal bore
substantially without 1limiting or restricting production
flow, while simultaneously providing a large flow path for
10 the 1lift gas through the annular passage between the stinger

conduit and the packer bore.

Although the invention has been described with ref-

erence to a specific embodimgnt, and with reference to a
specific gas 1ift application, the foregoing description is

15 not intended to be construed in a limiting sense. Various
modifications to the disclosed embodiment as well as alter-
native applications of the invention will be suggested to
persons skilled in the art by the foregoing specification
and illustrations. It is therefore contemplated that the

20 appended claims will cover any such modifications, applica-

tions or embodiments as fall within the true scope of the

invention.



defining a lift gas fl ow passage, said valve body being 5 intersected by a
fiirst opening.therethrough defining a lift gas inlet port _and being.
intersected by a second opening therethrough defining a |ift gas discharge

port, and having a valve seat formed on sajd val ve mum“l“l““ﬂmu L\E
registration with the lift gas fl ow passage; 10 | rsner
actuator assenbly attached to said val ve body, said*poﬁerLacTuaior assenbl y

i ncl udi ng a Wkavels 8l within said |ift gas fl ow passage for
exten- sion and retraction relative to said valve seat in response to the

application and renoval of_a trol sigpal to said 15 a tQr ly,
and a di scharge annul ts beﬂn&ﬁ%&wﬂﬁ?iﬁggﬁ¥ﬁ V?ﬁ%?tﬁé%pﬁ%ﬁgrggﬂﬁgggqg i’d
“val ve sten1qfd saigi€§+¥§npody; and, a compound val ve cl osure assenbly

mount ed ont o~ 3af @™ body for sel ectively i nterrupting and
20 establishing fluid communi cation between said |ift gas fl ow passage and

said lift gas discharge pogt, vadive cqmgyuuha@ﬂdgepéosyéﬁ?gﬁﬁgnﬁhy bore
including a primary val ve cl osure nenber, an auxiliary valve cl osure nenber

and a bypassgékomingndicigftdegasi Flow bpassagé| owqiabsagivehrisady bdbeiing
pri- 25 mary val ve cl osure nenpber, said primary val ve cl osure nenber

-28- bei ng nbnbeesecbed by @& \finst dpening therethrovgbhndefiningdapddifiti on
on said val ve seat to an unseated position in response to retraction and
ext ensi on of gaai dnigtyeperbmandsbeingydintergastad jbyus | §es9nd opening

cl osure nenber being 5 munted on sai d val ve em for novepent f.rom
seat ed posi_therethgough defining a lift gas gisgharge porg? and aJing

a valve seat formed on said valve body in flow registration
~ with the 1ift gas flow passage;

10 a power actuator assembly attached to said
valve body, said power actuator assembly including a valve
stem disposed within said 1ift gas flow passage for exten-
sion and retraction relative to said valve seat in response
to the application and removal of a control signal to said

15 actuator assembly, and a discharge annulus being formed in

said valve body intermediate said valve stem and said valve

body; and,

a compound valve closure assembly mounted onto

said valve body for  selectively interrupting and

20 establishing fluid communication between said lift gas flow
passage and said 1lift gas discharge port, said compound
valve closure assembly including a primary valve closure
member, an auxiliary valve closure member and a bypass flow
conductor defining a bypass flow passage through said pri-

25 mary valve closure member, said primary valve closure member



tion on said primary valve closure menber in which said bypass flow passage
+is closed, to an unseated position in which sal sage is
opened in response to retraction and extension mm& nEm
respectively. 10 2. Alift ga8-safe y as defined

in claiml, said valve body having a closed head and a | ongitudinally g
extending, blind bore fornmed therein, the lift gas discharge port being a

|OI ateL al opé?ﬁ#@fmv@dcl q:n 9a#=el vahid madve lmsénemedfatr:ﬁe) reyement d fammdsg:
1 .
nto 22?’3' Fashed opas ikl Sg?f‘ﬂpéh said %3?1%%5%88 e B Grennted %é%‘il“ iR gas
; \
bl boi i R8EEBANe 2ol Fek iR bl Wl i fof Sk | 481 YRIVE BEER. S

Stem 20 Nav gipdc €20 e) | YaRORRIY WudUYAPI 4 S Elofird heABRE Bl 'y

spaced Ioc respect to sal lary va ve closure ne

said p“sﬂﬂﬁbdﬁ%éﬁ 6hO8H1E “ﬁlb%rsh@hﬂQRﬂDVﬂﬁUémémwnfﬁ&noatQe&&bd b&b!ﬁ
stem for sliding novenent between said radial shoul der and said

auxiliary velore e@nossatdngpimaryt. valike | élogases aieniber aline vassaﬁrblsmas
defined in claim1, wherein said primary valve closure nmenber has a

| ongi t udi ndbypasst fdownpassagel 15ocdosedd std danalunseated | pospibient ilnmg

t hrough said central bore, said valve stemhaving a | ongitudinally

ext endi ng s‘l'mcblefﬁ%dwgbs’ﬁﬂesby%b@% pasgagendist arened adn i resporseate t he
interface between 5 said ure_nenber and said val ve stem

I
5. Ali ftr%’%‘%’&#%@yavﬁ%ggﬁl@éﬁgl ; a§°g§f VAdye gtem, respectively.

10 2. | A 1ift gas safeiy valve assembly as defined in .,
claim 1, said valve body having a closed head and a
longitudinally extending, blind bore formed therein, the
lift gas discharge port being a lateral opening formed in
said valve body intermediate said head and said discharge

15 annulus, the auxiliary valve closure member being extendable

into said blind bore in response to extension of said stem.

3. A lift gas safety valve assembly as defined in

‘claim 1, said auxiliary valve closure member being secured

to the distal end of said valve stem, and said valve stem

20 having a radially projecting shoulder located at a
longitudinally spaced 1location with respect to said
auxiliary valve closure member, said primary valve closure
member being movably mounted onto said valve stem for
sliding movement between said radial shoulder and said

25 auxiliary valve closure member.

4. A 1lift gas safety valve assembly as defihed in

claim 1, wherein said primary valve closure member has a



claim1l, said power actuator assenbly conprising: an—aetuator Tmandrel

having a pressure chanber and an inlet port conmunicat.i ] ol
pressure chanber 10 for permtting the:fl ow of QOIM“M‘ !w[“ !Em nd out
of,"sai d pressure chanber; a piston di spos2gl-in sai'¢* 3K r for

ext€énsion .and retraction in response to the application and renoval of
pressurized control fluid to and fromsaid pres- 15 sure chanbey

respect i vel ytorgitudinally p¥teaddnsl \cansinalct RAreet RB6n s34d) Kalye: stem
mandrel and said val ve .body,, said returnh sprjing,assenbly_ingl udi a_geturn .
spring 'housi%, P§°3§1°3:rjﬁ‘gsptpﬁﬁugauis(fg‘dqnﬁgﬂtﬁgl fstlﬂ‘re’l oﬁa?‘ﬁucfﬁg‘ge Bté

_ext ensi on ret ' LRI ' rj S t

bspri ng di sp?géejvdﬁ\?\?t [ %%g’gigﬂrd\gb%?'r}%[S)e?%t%éﬁ%{i%ng o‘?%}%ﬁéﬁb??igp%_&g’ﬁﬁg
ext ensi on NoFERRNlcdNaurAidt rgsggagaprﬂﬂ&ﬁwmt@néhesql:&&ﬁtéw Beitheen
ccoupled in driving engage- 25 nent against said return spring guide,
and saids reaidnpePnaty GHlde 8EbSUreOmMemBErt angakdidakudvet ettem. -30- 6.
A lift gas safety valve assenbly as defined in claiml1, wherein said power
actuat or assenbly includes an actuator mandrel having a pressure chanber
and an inlet port 5 SsommuAai taftngasi shfetydvpleesassembdybes flefined in

permtting the flow of control fluid into and out of said pressure chanber;
and, claim 1, said power actuator assembly comprising: '

an actuator mandrel having a pressure chamber
and an inlet port communicating with said pressure chamber
10 for permitting the flow of control fluid into and out of

sald pressure chamber;

a piston disposed in said pressure chamber for
extension and retraction in response to the application and
. removal of pressurized control fluid to and from said pres-

15 sure chamber, respectively;

a return spring assembly connected between
saild actuator mandrel and said valve body, said return
spring assembly including a return spring housing, a return
spring guide mounted for longitudinal extension and

20 retraction within said spring housing, and a returnlspring
disposed within said reﬁurn spring housing for yieldably
opposing extension movement of said return spring guide;

and,

said piston being coupled in driving engage-
25 ment against said return spring guide, and said. return

spring guide being coupled to said valve stem.



first and second annul ar seal means externally surrounding . sald actuator
mandrel, said control pressure 10 inlet port bei Mgﬁosed bet ween sai d

first and second annul ar seal neans. 7. Alift g "lmnm, ssenbly
as defined in claim1, including a tubul-a30packin I Ed to .

said 15 val ve body, said tubular packing mandrel having a b8r e® dis- posed
in flow communication with said lift gas flow assa e; a_ tubular return
spring housi ng connecﬁ-ed th kbfl gamiFatetunaaty 3§$E“PlaYuFﬁ dpfingd in
housi ng havi radl%{ bore defining sai d lift gas inlet port

I n communi c 't Wit (FReredn ¢ ¢ gas flow passage; and, a third annul ar seal
neans external l'y sur- roundi ng sai d packing mandrel at a | ocation

intermediate said |ift gas é 8895} aQQ:t?z%t% val %@?y% let’ncl‘ﬁes n .

Lift gas safety val ve appara us tonprising, In co
t ubul ar Wam%eiuéea@rmhﬁaé&rgbsvﬁh§a£ BP&SsG?é'EhHﬂbérpEﬁdUSh'QBlEhOWort

passage therethrough and includ- ing pocket. wall means defining a

| ongi t uds nalddmmﬁﬂm:m? peLERt shddepidssurid Sd:liatmdrh fepPpaimietingd tie n
bore, said 5 pocket wall means having an open upper end, a |lift gas dis-

charge port filowssf ccontsol of\hniénﬁntandnéaodtpofksaid/aptessama khamber ;

radially intersected by a lift gas inlet port at a |ocation internedi ate
sai d open erahdind sai d di scharge

first and second annular seal means externally

surrounding said actuator mandrel; said control pressure

10 inlet port being disposed between said first and second

annular seal means.

7. A lift gas safety valve assembly as defined in
claim 1, including

a tubular packing mandrel connected to said
15 valve body, said tubular packing mandrel having a bore dis-
posed in flow communication with said 1ift gas flow

passage;

a tubular return spring housing connected to ~
said packing mandrel, said return spring housing having a
20 radial bore defining said 1ift gas inlet port in

communication with said 1ift gas flow passage; and,

a third annular seal means externally sur-
rounding saild packing mandrel at a location intermediate

said 1lift gas inlet port and said valve body.

25 8. Lift gas safety valve apparatus comprising, in

combination:



-

port; ~10 a lift gas safety valve assembty disposed within

sai d pocket, said |ift gas safety,kvalve including a v “m “g an
inlet port disposed in .flow comuntcation with sam“““‘\m port
of, sai d pocket wall means, an outlet port -@ilsposed for™s ow eontrurdi cati-on
15 with the discharge port of said pocket wall neans, and hav- ing a

| ongi tudi nal bore defining a lift fjas fl ow passage .in cogmu on_w.th

sa: d Ii}‘t gas inlet Iport a_ng sk ##tmaa%rﬁht'lhét"iﬁ?t? &ﬁﬂ,gi%%%%}%&urm’re
2 i -

!% Zﬁtflv_‘éfy oJER LRGP & GraRRELon cEE oY Padeades EhersEnEBuER pad dnshudt
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o oot i BRg ™ Bog At BaLt hdind G8P1ATRoD &1 EbngdBLd1ARTLYPUNKNRIAS
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menber and an~auxiliary va cl osure ne unted onto said val ve body

and rmovablse i pderetdellly miarfdi KaPindgBay spéicuppeguendied 1ift Fas Pis-
for opening and cl osing said bypass fl ow passage I n response to the
application aghareglenpeit ofioshedaioth ctd r bbwergenld, rarspesaidelppcket wall
lift gas safety valve assenbly as defined in 5 claim8, including first
annul ar seal means deimhaladiadldy inhensieateshiby vl MEth@ps inlele pext gt
upper open end and said Iift gas inlet port and second annul ar seal mneans
sur- roundi ngasalecabion dabennadiate sgpdd| qrenyaendn and pgpdd discharge

port;

U 10 a 1lift gas éafety valve assembly disposed
within said pocket, said 1lift gas safety valve including a
valve body having an inlet port disposed 1in flow
communication with said 1lift gas inlet port of said pocket
wall means, an outlet port disposed for flow communication

15 with the discharge port of said pocket wall means, and hav-
ing a longitudinal bore.defining a lift gas flow passage in
communication with said 1lift gas inlet port and said 1lift

gas outlet port; and,

Y a compound valve closure assembly movably
20 mounted onto said valve body for selectively opening and
closing said 1ift gas discharge port in response to the
application and termination of a control signal, said com-
pound valve closure assembly including a primary valve
closure member, bypass flow means defining a bypass flow
25 passage through said primary valve closure member and an

auxiliary valve closure member mounted onto said valve body

and movable independently of said primary valve closure mem-



and said |i

ft gas discharge port. 10 10. Inalift gas——safety

val ve assenbly of the type including a val ve body | ' port, a
outl et port and a | ongitudinal bore defining a,fl!.u Bmmﬂﬂﬂ lJl n
comuni cation with said inlet port and se32F outl et’y a valv

seat forned on said valve body in regis- 15 tration with said fl ow passagg.-

i nt er nedi at
attached to

said inlet port and said outlet port, a power actuator
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I stration luid fl ow passage, and a primary val ve

cl osure nenber nounted onto said valve stem for novenent froma seated

position on
retraction

sai d val ve, seq{ IOFEIgaEShatety RSl vé OdssemBhy F §8P888Enbd 1n
and extension of said valve stem the inprovenent conprising:
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f or establ

shing fluid 33 comuni cati on between sai d di scharge annul us
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nd an auxiliary valve closure nenber nounted onto 5 said val ve
s3iQ kit \gas cinletuperkeandr second mamudiar fseml means esur-

i i I | osur e nenber in which said bypass fl ow
r%%ln%i%rgl rrg;i/d\/%a %ec y y between said 1ift gas yiexlet port

and sald 1ift gas discharge port.

10. In a 1lift gas safety valve assembly of the
type including a valve body having an inlet port, an outlet
port and a longitudinal bore defining a fluid flow passage
in communication with said inlet port and said outlet port
and having a valve seat formed on said valve body in regis-
tration with said flow passage intermediate said inlet port
and said outlet port, a power actuator attached to said
valve body, said power actuator including a valve stem dis-
posed within said fluid flow passage for extension and
retraction relative to said valve seat in response to a con-
trol signal, a discharge annulus being defined intermediate
the valve stem and said valve body in registration with said
fluid flow passage, and a primary valve closure member
mounted onto said valve stem for movement from a seated
position on said valve seat to an unseated position in
response to retraction and extension of said valve stem, the

improvement comprising:

a bypass flow passage being defined through

said primary valve closure member for establishing fluid

A



closed to an unseated posjtion in which said byﬂass-floh/passagé i's opened

I n response to retraction and: extensiaon - -of—the-val ve sten1 _

respectively. 11. Afluid flom/control vaI |sing, in
conbi nati on: -a val ve body having a | ongit udi nallmﬂ Wm a fluid
f+@éw passage, an inlet port connunlcatlng wth assage an

outl et port conmunicating mnth said f1dfd fIOM/passage and haV|ng a val ve

b L s St
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passage for ex I on an 0 sald valve seat

" response tpna ggagéal Sbgﬂﬁbn- 8ﬁascharge annul us bei ng defined 25
i nt ernedi at e sal e stem and said val ve body in registration with said

. valve seat; a first yalyexfl PsHy SvdPPOEE1IBURE SfePéP mhtdd@l ¥8tstem said
first valve cl osure nenber being novabl e 34 froma seated position on

said vsal Veséﬂdt\_r&!Dvénsﬂéﬁ?abaﬁldpaﬁkﬁ.ﬂ._Qar?/nv&foéoaiasthr fendeld on and
extension of said valve stem respective for interrupting and

est abl i shi bgifigumdvabireufiroat aosetbhedupbsidaidndoackbaideprimamyl us; bypass

fl ow neans defining a bypass flow passage through said first valve cl osure

menber forvaivebtleliing member in which said bypass flow passage is
closed to an unseated position in which said bypass flow
passage is opened in response to retraction and extension

' 10 of the valve stem, respectively.

11. A fluid flow control valve assembly comprising,
in combination:
a valve body having a longitudinal bore defining

15 a fluid flow passage, an inlet port communicating with
said fluid flow passage, an outlet port communicating
with said fluid flow passage and having a valve seat
formed on said valve body intermediate said flow passage
and said outlet port;

20 a power actuator attached to said valve body,
said power actuator including a valve stem disposed
within said fluid flow passage for extension and
retraction relative to said valve seat in response to a
control signal, a discharge annulus being defined

25 intermediate said valve stem and said valve body in
registration with said valve seat;

a first valve closure member mounted onto said

valve stem, said first valve closure member being movable



fluid fl ow communi cati on between said dlscharge ahnut us andJsald buflet
port when said first valve cl osure nenber H ln sai d seated position;

and a second val ve cl osure nenmber nounted onto S
val ve cl osure nmenber being novable froma seated

LT e

val ve cl osure nenber to an unseated position for cI05|ng and®15* openi ng “_,
sai d bypass di scharge annulus in respoﬁée to retraction and extension of
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passage,
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fornmed on 2

sa| ate sai passage and said
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actuator assenbly inc

udi ng a power housi ng havi ng a pressure chanber

and ansi nl ghn@®ak;comuni cating with said pressure chanber for permtting
the flow of control fluid into and out of said pressure chanber; a piston
di sposed in said presgpasschhowemedns defihingi anbgpdssecflewt passage
response to the application and renoval of pressurized control fluid to and
from sai d phesaghesaldnifiérstr vajvet icleispre member for establishing
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fluid flow communication between said discharge annulus
and said outlet port when said first valve closure member
is in said seated position; and

a second valve closure member mounted onto said
valve stem, said second valve closure member being
movable from a seated position on said first valve
closure member to an unseated position for closing and
opening said bypass discharge annulus in response to
retraction and extension of said valve stem relative to

said first valve closure member, respectively.

12. A fluid flow control valve assembly comprising,
in combination:

a valve body having a longitudinal bore defining
a fluid flow passage, an inlet port communicating with
said fluid flow passage, an outlet port communicating
with said fluid flow passage and a valve seat formed on
said valve body intermediate said flow passage and said
outlet port;

an actuator assembly attached to said valve

body, said actuator assembly including a power housing

3



a valve stem having a first end portion coupled:to’;aidipLston'énd:having a
second end portion disposed 10 .in said val ve body fl-ew-passage—for-

extension and retraction relative to said val ve seat: ' ~closure
menber nounted onto said valve stem said first vaT H " " Er bei ng
newabl e froma seated position on said val ve seat -

position in response to retracti on and@%xtensi on .of said valve stemfor
interrupting and establishing fluid conmunication between said val ve body
fl ow passdpVignd %amaesﬁn#%tglmbér rardean i 1St pyPhscomneniaabiBIdef i ni ng-

a bypass flow passage 20 t hrough sajd first, val ve cl osure nepber for
establ i shiviFh Iﬁ?r’dflf W%ﬂﬁ#@&?ﬁ#%tm%%}%gv%ﬁ%eg%‘ﬂyo??ow passage
and fal d outl eéP]Eorir;t '@'Sﬁ}%i%} I‘E}?"}e (\Flglr%%jrgl osur%brn% ‘Eeé‘g}i%’{%ai' SSSai d Iseat ed
posi |on;9£ﬂf T 0s _ Lot n d val ve
stem said second v%I &?s%lo%sﬁyi%&%%’%rinb@a'l% %‘ée?%%ef rcq{gnﬁ?e(s{reaé eId position

on said first valve cFosure re . anh “unse sition r "cl"osi ng and
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o 0eko Pl fshorp of biehshtl b contest vy g e onsuang o o
r ef er ence greddifred GEHEIRTEY] NEe st DESly ;
a valve stem having a first end portion coupled
to said piston and having a second end portion disposed
~ 10 in said valve body flow passage for extension and
retraction relative to said valve seat;
a first valve closure member mounted onto said
valve stem, said first valve closure member being movable
from a seated position on said valve seat to an unseated
15 position in response to retraction and extension of said
valve stem for interrupting and establishing fluid
communication between said valve body flow passage and
said outlet port, respectively;
bypass flow means defining a bypass flow passage -
20 through said first valve closure member forméstablishing
fluid flow communication between said valve body flow
passage and said outlet port when said first valve
closure member is in said seated position; and
a second valve closure member mounted onto said
25 valve stem, said second valve closure member being
movable from a seated position on said first valve
closure member to an unseated position for closing and

opening said bypass flow passage in response to
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retraction and extension of said valve stem relative to

36

said first valve closure member, respectively.

13. A fluid flow control valve assembly constructed
and arranged for use and operation, substantially as
described herein with reference to the accompanying

drawings.




