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2159194 WELL SAFETY AND KILL VALVE This invention pertains to.valves and in
particular to dual valve devices utilizing a sleeve valve and a-cooperating
bal | val ve, val ve positioner and an operator for the valves. Wen
opefatﬂng«éﬁaklmells, it is highly desirable to have apparatus in the -well
whj ch nay oPférate to maintailn pressure gontrol and prevent "blowouts" by
clos{ng off well outflow near the produc¢ing formation and- prczﬁglﬁa ans

to introduce heavy fluid into the well to "kill" the well. tem.
herei n incorporated by ref er@m‘g‘%ﬁm}éﬁmg&g&\/t he 34th revision

of the "Conposite Catal og of i ces" and descri bed
as a "block-Kill" system This systemrequires nunerous downhol e devices (¢,
such as a block-kill actuator, an actuator mandrel, control line, and a '
bl ock-kill valve, which are operated by pressure in the well annul us.

The val ve devices of the present invention replace all the numerous devices
required in the above described system and operate to close formation"

out fl ow and open wall flow passages to allow killing fluid to flowinto the
tubing fromthe well annulus. A valve device of this invention is installed
in well tiubing, above a packer and |owered into the well casing, where the
packer is set above a producing formation, creating an annulus in the well
.and seal ing between the formation and annulus. The formation is then in
pressure conmuni cation with

This invention pertains to valves and in particular to
dual valve devices utilizing a sleeve valve and a cooperating

ball valve, a valve positioner and anioperator for the valves.

7 - : '
When operating earth wells, it is highly desirable to

have apparatus in the well which may operate to maintain
p;essure control and prevent "blowbuts"-by closing off well
outflow near the producing formation and-pfoviding means to
introduce heavy fluid into the well to "kill” the well.

One such system, herein incorporated by reference, is
shown on p. 813 of the 34th revision of th? "Composite Catalog
of Oilfield Equipment and Services" and described as a
"*block-kill"” system. This system requires numerous downhole
devices such as a block-kill actuator, an acﬁuatbr mandrel,
control line, and a bldck-kill valve, which are operated by

pressure in the well annulus.



&
the tubing and flow passage through the valve device, and the well annul us
is in pressure coamunication with flow ports in the valve device wall. Two
pri-or drt” devices utilize a ball valve c rolling flow through the deyj
connected to a sleeve valve, controlling t hrough wall flow ports: - (??9
bet ween t he annul us outside the valve and the fl ow passage through the’

val ve, and incl udthed vabe doekées bheﬁﬂéﬁﬁﬁesﬁﬂﬂexﬁbQﬁEgoﬂngegﬁ%ce all
connected ball valve open. The lock is releasable in response t

predet er ni rche prueatows devidée beghiveldver &K@%@&v@néeséh%ae‘s?s‘t@ﬁ/%nd |
I's closed nmechanically, an operating spring is conpressed to furnish

oper at i ng fopexatelo lcldse efcrmat ionova tEldwentd deyesetals Z1oW padsages
| oade®’di fferential piston which is moved by greater pressure outside the
val ve devi ¢ @dleownkiddsing sfiuid tadflewcdsta o | etbiggefromk the wéld

| ock rel ease in the other enbodi nent utilizes a nunber ‘of precharged
bel | ows whAdmWidtErond to hi gher pressure outside the val ve and operate to

| .rat chet | ock.., One of th | th Il ed at
desi rea depth 1 nA MALHS [deiee el aha%f%%ﬁ&ﬁ ieiarnaling ia peil'”
ds f t, de th | t t.he | ock
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device of ainuld®’9H 'He well and sealing between the formation and

annulus. The formation is then in pressure communication with

~ the tubing and flow passage through the valve device, and the
well annulus is in pressure communication-with flow ports in
the valve device wall.

Prio—’ drt .
Two embodiments—af—the-inuvention devices utilize a ball

valve controlling flow throﬁgh the device, connected to a.
sleeve Qalve, controlling flow through wall flow ports between
the annulus outside the Qalve and the flow passage through the
valve, and include a lock, locking the sieeve valve closed and__
the connected bail valve open; The lock is releasable in

%

response to predetermxned pressures. As the ball valve is
opened and the sleeve valve is closed mechanically, an
operating spring is compressed to furnish operating force.

The lock telease in one of these engg;:;enes-is a spring
lloaded differential piston which is moved by greater pressure

outside the valve device to compress a spring and release a

collet type lock.



contai ns cooperating ball and sl eeve valves, a |ock |ocking the ball valve

cl osed, a piston responsive to pressure, which is novable to.gonpress an

operati fixy\spring, release the |ock, open_the ball valvé and close the

sl eeve ngve. Pressured flui'd is conveyéd fromthe surface through a
conduit To a seal ed chanber above the piggon. This device is operated in a

wel | by increasing or reducing pressure in the conduit at the surface. This

enbodi ment iTwe UDSSk SteuehEee ifi e o tie & F@:ﬁnéé&?ﬁﬁ/@n’f&n u‘é-iﬁz{ﬁtae”t

3,384,337 to N. F. Brown, herein incorporated for reference. en t he bal

val ve mimtiéy sofnbpecnarged§ belldows slich WeSHoRA 6 haghat ‘H&%‘%ﬂné‘i gher
pressure in the val ve body above or bel ow the val ve ball” bi ases the seat~:

avay founside thehealyecandr epertate ad i rel €ge 98 "EREchelth ¢ valaie badt .
Structure in the Brown patent biases the seat nearer the high pressure into
seal i ng engRpetf thesetmalvesydshdien installednaer the desiidea d

enbodi ment val ve device could be pressured sufficiently on the surface and
seal edeREOVE the welloandowbemaanulus pressuregoupside, thel aadwe he

| ock, open the ball valve and close the sleeve valve. If this valve is

i nst al@*XGeeds FImatienPEeSSUre inside %he ivalwe|byaai pyeselte amosint
woul d respond autonatical ly to a predeterm ned hi gher pressure in the well
annul @%ﬁ@%%s@%W%@@PGSSGG sompRassed BPHiNgGt closese thiee biadlll

val ve aqq tuMﬂﬁ;jlog%E d ggen the sleeve valve to killing fluid flow, from
t he WY& 98108 fiPvcthEougb orndORSNR thewaleave. SalPet amd No.

4 1-40h%§.§. tf&o?ve%aosns'.aghees[ e'i:g Hg,?,f Bﬁin%%%d it;:y frrec;cx_x(la réagg e&re.ili annulus to _

kill the well. _ | ' QD
A.third embodiment of the valve device of this invention

contains cooperating ball and sleeve valves, a lock locking the

ball valve closed, a piston responsive to pressure, which is

movable to compress an operating spring, release the lock, open

the bal; valve and close the sleeve Qalvé. Pressured £luid-is

conveyed froh_the surface th;ougn a conduit to a sealed chamber

above the piston. This device is 6perated in a well by

increasing or reducing pressure in the conduit at the surface.

This embodiment includes structure similar to that shown in '!}

U. S§S. Patent 3,384,337 to N. F. Brown, herein incorporated for

reference. _When'the ball valve of this émbodiqent of the

present invention is locked closed, higher pressure in the

valve body above or below the valve ball biases the seat away

from the higheripressute-ihto séaling engagement with the valve

ball. Structure in the Brown patent biases the seat nearef the

high pressure into sealing engagement with the valve ball.



utilized in enbodi nents of the present invention. The ball valve could be
of the type.disclosed in U.S. Patent No. 4,289,165 to Fredd. All _

enbodi nent$ of ‘the invention valve device may be reset tosoperate <E§;>
repeatqdly while in place in a well. Anjobject of this invention is
provide an inproved safety and kill val whi ch automatically operates when
wel | cannul us pressure is increased a predeternm ned anount. An object of
thls(lnventlon is to provide an inproved Safety and kill valve wherein
operating presdhecshambear in cthe. thirdbesnodimernt svalwedevicescadd to
provide an inproved bl ock and ki|l valve which may be reset to operate

r epeat edP§ RIEFART %L FYESAGHERE L PRe the 1Surfiage andsealeditohmgve the
[ Qi a safety and ki,ll val ve operable by conduit from
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Figure 571s ragne ary enl arged vl ew of fhe a0
operating spring, to close the ball valve and tubing flow and

open the sleeve valve to killing fluid flow, from the well
[ annulus.
A ball valve device of the type shown in U.S. Patent No.
4,140,153 to Deaton, herein incdrporated by reference, is
utilized in embodiﬁents of the present invention. The ball
valve could be of the type disciosed in U.S. Patent No.
4,289,165 to Fredd.
All empbodiments of the invention valve device may be
reset to operate :epeatediy-while in place in a well,
An object of this invention is to provide an improved
\_; Safety and kill valve which automatically operates when well
annulus pressure is increased a predetermined amounﬁ.
An object of this invention is to provide an improved
safety and kill valve wherein operating pressures may be preset.
An object of this inVention is also to provide an
improved block and kill valve wh1cn may be reset to operate
repeatedly without retrieving from the well.
Also an object of this invention is to provide a safetj

and kill valve operable by conduit from the surface.



mechani sm of -t he enbodi nent of Figure 3 in the |ocked posi- tion. Figure 6
is a fragnentary enl arged view of the | gck mechani smof the enbodi mrent of
Figure 3 in the unl ocked posi- tion. B gures 7A, 7B, 7C, 7D and 7E together,
shov‘half sec- tion elevation view of”a third enbodi mrent of the dual

val ve—devi ce of this invention, wherein the¢valves are in operating

posi ti on. Fi gl A1 #PandCy B RAYULIE 1988) N8 SHQYBNM! Wi dlpvage of

Fi gures 7A, 7E after operation. - Igure 1 shows a val ve

device 1, dnfisdi®finddt ROSI £h&NihoentidhaladlvieOtadvick WeAd1 f WEE €06NnES,

provi ded an appropriate top connection 11 and bottom connection 12 for
connect ighpwiliRy vehe evalvest @osiveidngd peo sopergtieo dftdowinstiallativn a—,
well. Aninternal profile 13 is provided in upper connector 14. The upfer
end of dperaatwell.ube 15 is slidably received in upper connector bore 16. A
downward facing shoulder 15a is provided on operator tube 15 to conpress '
operating sprEigpries 2mdard| 2Rgkeaether Sbow anviewehlhegealvy fe-

provi ded therethrough. Upper connector 14 is connected to upper housing 18
at thredice ehdigures 14 tapd B obterdReFALIBN: s provided with internal

pring 22. TRESHSRGH end B LretheR shom AGoIRes S5BOS ERAIGH i Slon { he
Upper en\;jalo\Ie p&eS\;iocne Zg'f éahes egx.Legén{SiR\rrgXLf]&q .hrx' éf&%@i‘bn, half sec-
tioned, wherein the two valves are positioned to operate.
Figures 4A and 4B together show the valve device of Fig- e
ures 32 and 3B after operation.
Figure 5 is a fragmentary eniarged view of the 1lock
mechanism of the embodiment of Figure 3 in the locked posi-
tion. |
Figure 6 is a fragmentary enlarged view of the 1lock
mechanism of the embodiment of figure 3 in the unlocked posi-
tion. |
Figures 7A, 7B, 7C, 7D and 7E together show a half sec-
tion elevation view of a third embodiment of the dual valve
device of this invention,.wherein the valves are in operating [,
position. _ _
Figures 8A, 8B, 8C, 8D and 8E together show the valve
device of Figures 7aA, 7B, 7C, 7D and 7E aftef operation.
Figure 1 shows aa—iiuéat&ea valve de§ice 10, locked in
position for installation in a well, whereon is provided an

appropriate top connection 11 and bottom connection 12 for

connecting the valve 10 into a well pipe string to be lowered_



-shoul der 26 in lower housing 27 slidably sealing piston 24 to housing 27.

At | east one:por.t. 27a is provided in housing 27. A seal 28 is also provided
for sealing upper housing 18 to | ower housing 27 above t-heir connecting,
threads:29. Anot her seal 30 in piston 24 slidably seals it to the out si dé:
of operator-tube 15. An internal bore 31 |s provided in the | ower end
pistgn 24, and groove 32 is fornmed in the | de of operator tube 15.

- Col | 33 with armlug portions 34 is instdlled over the upper end of
“insert 35 knkp ratwghbd thArr dnkeppadePrafids BY. iscErogided; é&bl“}’!’seéal S
insert 35 to op eratlng tube 15. Lower connector 38 is connected t.0

housi ng 2FeRnesteBdldso The YPREEd end (G HReBILGF t hubgalS 4(}5 ﬁtl"l Y one
port-ﬂd S prOV|ded in operating tube 15. A chanfered shoul d 42 is fornmed
on the | ovkBCeIRGin aBPer 360NNectra RORS Loy s%c%ﬂﬂﬁ?’?@al E‘él?rface 43a

5hm°{ ?3&2{}?@%&@3&%@%@% RRetaten ERbRat S8 SotRinde G5
The bal | RERAGERT CRERERE, g lﬁd DR ot yidinal ooBelahd gack Kibaeue

46 fitted irr%% Pﬁ 3;,?80%&&%3 E&S%ﬁ Eohef 3BohAbERErON 4! H% | surtriectsl

of seat ower ‘connector 38. Figure 3 shows

PEEN o %%ﬁ@%?%%“ézh"z“%‘&f%‘*eﬁ%f‘ﬁ‘?'ﬁﬁfiéﬂs“%?“‘a'r‘?ﬁ.’é";ﬂio
ring 53. Riowsbrgi E8sesupedviidedawitti uhetérnalt shoaldexr 21 on opposite
sides of which press operator spring 17 and piston spring 22.
~ The lower end of piston spring 22 presses through ring 23 on
the upper end of_piston 24. A seal 25 is provided in internal
: shoulder 26 in lower housing 27 slidably sealing piston 24 to
“ housing 27. At least one port 27a is provided in housing 27.
- A seal 28 is also provided for sealing upper housihg 18 to
. lower housing 27 above their.connecting threads 29. Another
» seal 30.in'piston 24 slidably seals it to the outside of
7 operator tube 15. An internal bore 31 is provided in the
lower énd df piston 24, and groove 32 is formed in the outside
LR of operatot tube 15. Collet 33 with arm lug portions 34 is-
installed over the upper end of insert 35 and fetained the:eoﬁ
.by set screws.ﬁs. Seal 37 slidably seals insert 35 to
operating tube 15. Lower connector 38 'is connected to lower
" housing 27 at threads 39 and sealed to insert 35 with seal 40.
| At least one port 41 is prov1ded in operating tube 15. A

chamfered shoulder 42 is formed on the lower end of insert 35,



when -bellows 51 are in slots 56 provided for the bellows i.n |atch tube 54.
Bellows 51 and ring 53 ndy be gas pressure charged internally by | oosening
screwsseal s 57, opening passages 58 admt pressured gas into bellows 51
andﬁﬁégg passage 53a, and tighteningLQ%?Js 57 to seal the charge in the

bel Nds and passages. Slots 59 are cut /near the |ower end of |atcn tube 54
t hr ouglenghigeabiznby ceomydanyayslvecisurfaon 4par fiotmgdt obe S@at( sembe so
Figures 5 and 6). Pawls 60 are positioned in opposed slots 62 in the | ower
end of 4Bedy Seath@mambe 524 3ntis apennecsias ¢ \OReXa perotuheoddd wiiths 63.
Canning surfaces 64 and 66 are forned at either end of slots 59 to cam
pawl s &breads &4+ out of engagenent with teeth 61. The |ower end of Ia{ﬁp

be 54 i d d ' f 6. I ' i nal_ fl -
passage 67 | SHF SAMRKF T EORNARD. BRRRYAR (@bcbahl RALYBORAVATS A3 ng 68
bi t be .65 : I t 69 | i.ded i1 tub
o5 a beGPeto In jUetny, caipectith 88+ TR ans fhed tn blskadaes My 71
' ' iyl ol OVWRL hqusj 73. Fi e 7 j ct ' t, .74 of th
b ook An8iRee el TehdEE e v, 8VARS ST Ao TendF, BRoRT Bk 4Ry
h . ¥ | i : \ _ e i
op. coRimBRz, 57 EodL Weohs 88, FISeR ) SN ITHGRBE TS, AW FHanE0, O,
78 for 480NgRGE! Q%boffd?:xﬁﬂf'té]ﬁ' Fﬁ@“i%’e 'Y Of %6€a L’ memBeYd 4379 AfyINECt i NQ
fl ow passages 79 and 80.. The [ower end of the top connection is provided
Wi th aghBhgaed B AN AIwES é5RnkBROTOIECLI ON tO upper housing 82.

Resilient seal 83 seals the top connection to the upper housing.

Figure 3 shows another valve —

deviée S0 utilizing a pair of bellows 51 with lower ends joined
to body connector 52. The upper endé of bellows 51 aré joined
to ring 53. Ring 53 is secured to latch tube 54 with screws 55
when bellows 51 are in slots 56 provided for the bellows in
latch tube 54. Bellows 51 and ring Si-may be gas pressure
charged internally by loosening screw seals 57, opening |
passages 58 to admit pressured gas_ihto bellows 51 and ring
passage 53a, and tightening seals 57 to seal the charge in the

‘bellows and passages. Slots 59 are cut near the lower end of

laten tube 54 through which pawls 60 may engage teeth 61 on- SJ
operating tupe 65 (see also Figures S and 6). Pawls 60 are
_positioned in opposed slots 62 in the lower end of body
connector 52 and are rgtained by and pivot around pins 63.
Camming éurfaces 64 and 66 are formed at either end of slots 59
to cam pawls 60 into and out of engagement with teeth 61. The

lower end of latch tube 54 is eniarged to extend camming

surface 66. A longitudinal flow passage 67 is provided through



The upper. end of upper operat-or tube 84 is slidably recéiveti in bore 85 in
the .top conpecti,on and sealed 'to it with re7i|ient seal 86. Fornmed on th
upper operator tube is a piston 87 indabI?Qreceived in bore 88 in tkmaé%}
upper ,housing and sealed to it with resilient seals 89. A variable voluf
chanbdr C, ‘g GATRY b 0F5 Wi t Rnf Pl fASHRYes $P1 n S680 by opattt tube
bore 88. Sgﬁb 89, pi s%éggsandhgea 86. A corr%?lérs‘%egés%?iﬁﬁg 90 is

posi tioned g5 Jgwa I hResiedskoonerpore édeisppeovoaeaaior tite 65t weken
| ower piston surface 87a and internal shoul der 82a i'n the upper body. An

i nt er redi atgad 10U gl Hdabiy Cco8adet @b 631eihovenneatioef 72he Wipdredmt ome
wth,thread 92 and has at |[east one flow port 93. Upper operating tube 84
ext eres t hipagh 21 his eprovided| dneloswer dovsingppds housing and is -
connected to | ower operator tube &4k with threads 95 and is sealed to the
| oner tube with rBiguren? depicss. aFddvied gembedinens 3f ofc thavdlegke rand:
tube is slidable into bore 91a in.the internmediate housing and is sealed to
t he int er nikiilk evalnei dgvinenofnshis Hnventionnt PEeirrye: RYSCF}L?i’E%Y)‘F?t°"
nounted in bore 91la is dog carrier 98 to, which are Bivotall connected a

nunber of dhpWmoimbalhsvalye openROsifiPR 2RE, Baying & 3RRTARIALS
The | ower tube has_a groove 94a and s provided with at | east. on ri. 94b.
Carrier 98 #’b‘%n@%tgﬂ F@aﬁ"&&ﬁé‘r"%_t;gOZ ﬁ]‘?%’?ﬁr sa&ﬂfé‘%é‘%%p%?
seat is slidably sealed_in t upper, housi resilient., seal, 104, :
97a houses iPternat RE]E Fcﬂ%e@eit\?&e%‘i gg_pgﬁﬁ'ef:"fﬁg.“&r?%mI]%rcosea%gl

102a IS1%Hé§§hé¥tt EbkogﬁEagﬁqa¥ th &ngﬁd connecting flow passages 79

s and 80. The lower end of the top connection is provided with a
thread 81 connecting the top connection to upper housing 82.
Resilient seal 83 seals the top connection to the upper housing.
The upper end of upper operator tube 84 is slidably received in
bore 85.in the top connection and sealed to it.with resilient
seal 86. Formed on the upper operator tube is a piston 87

~slidably received in bo;é 88 in the upper housing and sealed to
it with resilient seals 89. A variable volume éhamber C, in
cohmunicatioh with flow passage 80, is formed by seal 83, bore
88, seal B9, piston 87 and seai 86. A compressed spring BO is
positioned in the upper housihg bore around the upper operator
tube between lower piston sﬁrface 87a and internal shoulder 82a
in the upper body.

Ah intermediate housing 91 is connected to.the lower end
of the upper housihg with thread 92 and has at least one flow
port'93. Upper operating tube 84 extends tﬁtough a bore in

the lower end of the upper housing and is connected to lower



seat .and the annul ar upper seat is held in slidable contact with the
out si de sealing surface 107a on val ve ball, 107 by an opposed pair- of
cont#Nly connections 108, each having a @Qinlportion | Ca protruding into +
hol eg@07b centered in flats on opposite skdes of the valve ball. Control
c@nnections 108 are slidably housed in frames 109. Connected to the

i nt er nedipexatonstuhePdhwilthedhridd s s28 aAvdeid sheeailey 1tk .tHéebawéousi ngs
are seal ed together by resilient seal 112. Lower seat 113 has a annular -
seat 11%ibe owhtl resiliemspseadP6which is also held in slidable contact
with the outer _sealing surface on the valve ball by the control -
connections. (FRGetasgerooutsidaf holei AgWert PPeredar tube sis sbidab™
connector 115. having an appropriate |lower thread 116 for connecting into
vel | tutinkp bpore Piandn t?’ies inserneditatenhpyRdnanond rif mealed vkenthee

| ower end of internediate housing 91 and the upper end of |ower connector
115. EadPtemmediate hppgingoyhen dnside, RcFesildents|sral 92. i rAkeeh

ball flat, eccentric to_the Eoles for ionnector Qins 108a. Laongi t udi nal

movenent8bidably mounted dns oy R 18| 98ILSPFXiesn98) tQ IR AEeand

ot ondfhyddu il LoagRyeR" ] Hifd Gr Pabbe 59 B BiHSTIAE. PifReeen,
seal 11&@&%'%0??%&'[ 08 hOYRlceitioln. | ¥Rk EBQQQCEQI Hee 12 éﬁge
seal 118 Seal’s” the Tower connector to the | ower housing. e upper~an

o e L) prsosaad WL ae s A0dud il Fottesifys] AIFGER daraden
Longi t Udifiedt €' to an upper seat 102 with thread 103. The upper seaﬁ:}
is slidably sealed in the upper.housing by resilient seal 104.
Bore 97a houses a spring 105 which receives an expander 106.
An annular seat 102a is forme& at thé.lower end of the upper
seat and the annular upper seat is held in.slidabie contact
with the outside sealing surface 107a on valve ball 107 by an
_opposed pair of control connections 108, each having a pin
portion ibaa protruding into holes 107b centered in flats on
opposite sides of the valve ball. Control connections 108 are
slidably housed in frames 109. —_
Connected to the intermediate housing witﬁ thread 110 is
a lower housing 1l1ll. These housings are sealea together by
resilient seal 112. Lower seat 113 has a annular seat 113a;
formed in its upper end, which is also held in slidable éontact
with the outer sealing surface on the valve ball by
the control cénneétiéns. Connected to the lower hoqsing with

thread 114 is a lower connectof 115, having an appropriate

lower threaﬂ 116 for connecting into well tubing. Each frame



péssage 119 extends through val ve device 74. One enbodinent rof the present
invention npy be.preferred by a well operator depending on conditions in a
particular well. To utilize the device sho [n Figures 1 and 2, t I've

10,-it not in .running and operating positi hown in Figure 1, is ed
I n poa%tion on the surface by pushing down on the upper end of.operatlng
1 m

tube 15, toisvpesibpioacdngnt dwwelS hinveiseg dlil(besweeagithe kower 48rA f@
shoul der 42), conpressing spring 17, rotating ball valve. 45 to open f| ow
passage 15bintetmediatel bowsiingg Porand sthechBRescgNA3 P L J QYR CINRRFLOT
“through ports 41. \Wen groove 32 on tube 15 is, opposite lugs 34, spri

force in thtlBel | Bachr £Fage fafke IRAR §Q9?nFBlﬁgoBWQQ£PQﬂﬁi%Eﬁ%r s§£8t
sprimg 22 npves ring 23 and piston 24 down and bore 31 over lugs 34 to | ock
|lugs 34 in YPdevinieaghd baddr filat+ BRCEARLERE tRe the WOIRE #PY (FRRRGCEAT

operating position. The valve 10 is then connected.into a wel

string abovRiBspafRar ah@ﬂii&94i9§¥)@@ﬁ??ﬁﬁtdgﬁtWWQ1qﬂﬂ?ﬁwﬁ#‘%ﬁ%igg?ﬁethe
P or it i on. VALVBabRLIa) onE3 4L Samiectaps iADY GRvel A £ ¥eCcBllles.
ey, o, L, s PO 48 a0, B TR
GTTUTUE o0t gLt B L SEOH AP ERD L O SCoREE Hest tone

seal 25 Proguags1dy Witabi\'da ) ohs! P8wed bl ArPMlodér WEhAEEROLNBore

conbi ned downwar orces of “conpress spring 22 :
115a and seal 118 seals the lower connector to the lower

~ housing. The upper and lower seat diameters sealed by seals
104 and 117 are equal and smaller than the equal seal diameters
of ball 107 on annuiar seéts 102a or 1ll3a. Longitudinal flow
passage 119 extends through valve device 74.
One embodiment of the preseht invention may be preferred
.by a well operator depending on conditions in a particular Qell.
To utilize the ;éggéiaéab—a&—bh&s—énwent&en shown in
Figures 1 and 2, the valve 10, if not in running and operating
position shown in Figure 1, is placed in.positibn on the
s surface by pushing down on the upper end of operating tube 15,
| to move operating tube 15 downwardly (disengaging valve 43a
from shoulder 42), compressing spring 17, rotating ball yalve.
45 to open flow passage 1Sb to flow while moving ports 41 below
seal 37 to close floﬁ through ports 41l. 'When groove 32 on tube
15 is opposite lugé 34, spring force in the coilet arﬁs 33

moves lugs 34 into groove 32 and compressed spring 22 moves

ring 23 and piston 24 down and bore 31 over lugs .34 to lock



and force produced by pressure in flow passage 15b acting-down on seal ed
differential piston area fromthe outside of seal 25 to the:insi'de of seal

30, pigkon 24 noves up conpressing Sprj 22. The rat'e of spring 22 may be
prése ed-to determ ne a desired preF ure difference between well tube
press in valve flow passage 15b and dreater well annul us pressure
tout si de of valve 10 to nove piston 24 up. Upward novenent of piston 24 '
{contilugs 34tih govevil 3 advepébatoppeubend sofard gshe8wvabveckongnl ugs 34
to be noved out of groove 32. Conpressed spring 17 nmaintains an upward bias
on opmnning anBecoperaifing ipoehtion.cam | ugs 34 outward from groove 32
with cam surface 32a, releasing the tube 15 to be noved up until ports 4l
are above sBae walyed li0h is cthencconnegtiedatinge \a twelbrtubiig, stindinpa
val ve 45 has rotated to, ¢l ose flom1p3§§a e J15b and wel | Oﬂif|0m1 Fi gure

2). 13bo¥e R, BACKEr, ARG APHRr 8d 1pRIA8SHT & deRRh I kb sweht oWBRTBort s
27a and 41ainto fIOM/passaqs 15b and up.in the well tube to a | evel

suf f i IRRAEECBVAFCHRE Y IEhR HelleCafinge BRAING Reteenctheowedlna
R RN M BRI SR TR A
PPTSLRSE EORl R BedRihedel) RigoEH] suHITRY A SEIRAShaLRE P! o
e 50 A5 s Racly b 445yt "EnFUREH BRI B TLR PSS SeBd ¢
wi éﬁﬁf”ﬁﬁiCaihytﬂgpgvéhérﬁ%&@éﬁ@edﬁﬁiQ%éﬂ%éﬂl annulus outside the

valve 10 acting through ports 27a on.the-sealed differéntial o/

piston area between the inside of seal 30.and the outside of

seal 25 produces an upward force on piston 24 sufficient td
overcome the combined downﬁatd forces_df compressed spring 22

and force produced by pressure in flow passage 15b acting down

on sealed differential piston area frdm the outside of seal 25

to the inside of seal 30; piston 24 moves up compressing spring

22. The rate of sprigg.zz may be preselected- to determine a
desired preSSuré difference between wellgtube pressure in valve

flow passage-ISb and greater well annulus pressure outside of _ ;;
valve 10 to move piston 24 up. Upward movement'of'piston 24
continues until bore 51 is.above the upper end of lugs 34
'unloéking lugs 34 to be moved out of groove 32. Compressed

ép:ing 17 maintains an upward bias on operating tubells suf-
ficient to cam lugs 34 outward from groobe 32 with cam surface

32a, releasing the tube 15 to be moved up until ports 41 are

above seal 37 and in pressure communication with ports 27a, and

ball valve 45 has rotated to close flow passage 1l5b and well



the wel | when pressure outside.the valve is greater by a pre- determ ned
amount than pressure in bellows 51. If valve 50 is in the, operated position
as, shown in Figure 4, it pust .be repositioned to run and operate positign
as shown |n Figure 3 by pushing down on the tdpper end to nove operatobe
65 domg "ratcheting' teeth 61 by pawl s 60, ressing spring 68,

ports B9 below. seal 70, and rotating ball valve 45 open. The pressure
charge in lssitfhew S(FiganeaRds t B Feduwimedxt Shutd aay bgepphﬁgdadﬁﬂﬂn%hﬂ
upward pull on latch tube 54. Cam surfaces 66 _on tube 54 are const ant

urgi ng pawelso anpelesghhsaugh Bonta &t #d okl iBEOE1oMPREEATS J'osé’ gnd

there- fore, is autonatlcall | ocked .in down sition b awl s 60 e gi ng
a todth 64 YR Pk Rereed} t“%&rl"@ GQlePr‘ée%oﬂ"gg}Se\Fgéan 8"35&"&%5&%‘1

flow, and ball valve 45 en for, t hr h p e &/, as

shown in FiRfifgsu®re qﬂetbﬁlg "56 i8d %# c'blﬁﬁeﬁggg ed Lﬁ/glll %?ibl né"%a fbove a
packer and ] gd Lngﬁ thel to the desired depth at which the packer
is set, semﬂ*#iﬁ B9 nethet HE drnatlon and wel |l annulus. Wien well annul us

pressure outside *gee¥§éé§t§§{‘s?' lr% ‘ﬁgoigetgoaggéghha Qaditi®n/,3 up

t hrough cl earances b& I nsird hou5|ng 73 and
connect or Eizeoéé(ﬁiﬁanﬁglih%a%%s%‘# G‘arﬂ&]fﬂéﬂssiﬁgbﬁbk%ﬁﬁltd oM larnnul us

pressure conpresses”and shortens the bell ows and noves | atch tube 54 down.

Cam sur f acegpfopt fatBY 8do2Uhad’ BANAWWEEEL Tht Enpawei16@udithgt ad odtaes - -
64 contact and cam pawl s 60 around pins 63 out of engagenent with teeth 61

(Figure 6),enel \Qﬁ ePJehibo £6 pled At rossise upsb;naoppsasmd dopiTi rp ABepo-
Upwar d novenent

. s1tzon ‘valve 10 in locked operating position.

To utilize the embodiment shown in Figures 3 and 4..
beilows 51 are pressure charged and sealed to a predetermined
pressure and will autométicélly operate'the valve device 50 in
the well when pressure outside the valve is greater by a pre-
determined amount than pressure in bellows 51. 1If valve SO is
in the operated position as:shown in Figure 4, it must be
repositioned to run and operate position as shown in Figure 3
by pushing down on the upper end to ﬁove operator tube 65 down,

“ratcheting” teeth (24— by pawls 60, compressing spring 68,
moving ports 69 helow seal 70, and rotating ball valve 45
open. The pressute charge in bellows 51 maintains the bellows_
extended and exertzng a constant upward pull on latch tube 54.
Cam surfaces 66 on tube 54 are constantly urg;ng pawls 60 into
engagement with teeth& on tube 65. Operator tube 65, there-
fore. is automat1ca11y 1ocked in down pos:tzon by pawls 60
"engaging a tooth éL (see Figure S5). Ports 69 are now below

seal 70 and closed_to flow, and ball valve 45 is open for flow



tube 65 noves ports 69 above seal 70 and rotates ball valve 45. Valve 45
has cl osed fl ow passage 67 to upflow and ports 69 are above sgals,70 and
open to. flow through ports 71 into and up fl ow passage 67 as shown in *
Figgurgf4d. An appropriate tool may later be lowered in the well tubing to
engag&h¥ he upper end of and nove operging tube 65 down repositiontng the
(dual valve 50 for repeated operation}?&o install and use the bl ock and kil
“val ve enbodi pent 74-shown in Figure 7<“and 8, the variable volume chanber C
of HharghtEloYapassageyfilr BS nehows AncFigure o gRhatvakiee s$0f hige
t hr ough fIOM/gassag's 79 and 80, wth_ a predeternined‘gressure and seal ed by
RFaFAdr M,

scr &eRy congegERd, ¢ 0y IYHPIRg 2PAVELR PRCKAR: ARt JQNeredintOactin

'n e eff ERrbRe BBl Hanfhoptornind s Packe #% ARhe Iy oreater
- operaft ERRg BekReth Fhe a4 R BRAS PR S iR cssure
conco L aFesRly 3 euRidy, e LParke B0l Ak Witndin ot T T
conctlt e s o5 Be° sieueh 1 E8¥REEp R BeSHERY GNP ARVED E0RRker and
| oweg e had! Pnd eWﬁBhsti.Q:lgt hes %rﬁgnHEEEBr g‘l?e.r% JiHE ¥nd S Set to

anchor and seal with well” casi ng above a producing formation 1n the well

TRy A SIS £ ol bR GheLol S 1 v
compresses and shortens the bellows and moves latch tube 54
down. Cam surfaces 66 are moved out of engaﬁemenﬁ with pawls
60 and cam surfaces 64:contact and cam pawls 60 around pins 63
out of ehgagement with teeth 61 (Figﬁte 61. unlocking tube 65
to be movéd_up by compressed sﬁring 68. .Upward.movément of
tube 65 moves ports 69 above seal 70 and rotates ball valve
45. Valve 45 has closed flow passage 67 to upflou_and ports 69
are above séals 7b and open to flow through ports 71 into and
up flow passage 67 as éhown in Figure 4. - |

C?n appropriate tool may later be léwered in the well
tubing to engage the upper end of and move oberating_tube 65 o/
down :eﬁositioninq thé.dﬁal valve 50 for repeated'operation.

.To install and use the block and kill valve embodiment 74
shown in Figure 7 and 8; the variable volume chamber C of an
operated'valve (Figﬁre 8) may be.pressure charged at the
surface through flow passages 79'and 80 with a predetermined
pressure and Qe#led by scfewing an ordinary pipe.plug into
thread 78. The pressure charge acting oﬁ piston 87 operates

and positions the dual valves for automatic'operation in a



the pressure charged, val ve device 74, enters ports 93 and-acts downwardly
on the annular seal ed area between seals 96 and 97 and al sp acts upwardly
on it he annul ar seal ed area: between seals 96 and 89. Seal 89 is |arger _tfan
seal 97; !so the.net force is upward on operator tubes 84 and 94. Conp{&&sed
spring 90 ekerts an upward force on piston E jand the operator tubes ahd

t he cHarged pressure in chanber C exerts a rd force on the piston

St 1 ot on R RN BrRR e aPheFIPELE IS v aEKs ol B EEREL enthY

; i , i hanb ' '
dogs g0, - SréAtR: "It HELdee 6 O GA1VI0 A0V L8 86y fa60RHRCRAT: L& 00,
113 WAT| e gifdisaldd kot oty ok | e 70pkea% Y or e UBNET 6a i b8 abyeke! 42 dep

carrier, upper seat, control conmnettors and lower seat Is stoppe

the upper geiad r@fa,! hauiecEOf8 RBE! gbé&i&é w:&g@ &t Eﬂ&esuflﬁ%ge?g&a a

housing 91 and val ve ball 107 has rolated to close fl ow passage

flow. At doMtrdl Bondifne P9 ebRnatteredoVitirddd 78 di the BOHErdd (CURRfit -
91b and on conti nued upward nove- nent of the operating tubes, the |ower

end of | oway decprdsgntedcaditiessngiace (te inEréasedppbssupendsy chmiser
rel eases spring 105 to push the expander inside the dogs expandi ng and

| ocki ng t i mnid topexratos ctivent vahveedevicelb and val ve ball 107 is cl osed.
Upwar,d novenent of the upper operator® tube is stopped by the top side of

pi ston 87 cont adfiePreasuxRecechardeds oroganhneki¢ondabt vadveodevigeerift or
tube has noved out of sealing engagenent with internedi ate housing seal and

por \th 100 i% &hen gannepted weddt tubing mhoveracRrakerhangdi dowesad

into the well to the desired depth, where the packer is set to

anchor and seal with well casing above a producing formétion in

the well and form a tubing-casing énnulus above the packer. ‘_’

| Prgssure in the well tubing-casing annulus, exterior of

the pressure charged valve device 74, enters ports 93 and acts
downwardly on the annular sealed area between seals 96 and 97
and also acts upwardly on the #nndlﬁr séaled area between seals
96 and 89. Seal 89 is lérger ghan seal 97, so the net force is
upward on operator tubes 84 and 94. Coméressed spring 90

N exerts an upward force on piston 87 and the operatoé tubes and
the charged piessure in chamber C exerts a downward forée on
~the piston. When annulus pressure exterior of the Qalve device
is inérehsed sufficiently to overcome doﬁnward forces on the
ope:ating thbes._the operating tubes move upwardly compressing
the charge in chamber C, moving &pgs 99, carrier 98, upper seat
102, éontrol connections 108 and lower sgat-ll3 while rotating

valve ball 107 closed. The upward travel of the dog carrier,

upper seat, control connectors and lower seat is stopped when



93 and the well annulus exterior of the valve device 74, as shown by Figure
S. Well fluid of a gradient sufficient to overcone forrfation pressure may
nog@?é)punped fromthe well annulus thro ports 983 and 100 into val ve v
de e flow passage 119. C osed val ve bﬁEEflO? seal s on annul ar seat 102a
Or -113a effectively preventing hi gher prlesSure | eakage in flow passage 119
from atitey cuppebeénd/ bfictheosohnedter Habbntact Yhen 1ok Ornd \¢f VEntér-

| ocked cl osed, higher pressure in flow passage 119 above the val ve bal

act i ngresiiate housiugaRiubad aaskvédvadtinlOfchhsr gotated it aflose af low

di anmeter on valve ball 107 and smaller seal 104 biases the upper seat up.
As t h@assage vbt9 taunflowper &ti dihi s ct dmeandegsh@vare mliaried peitls, t"ﬁ“{e
upper seat is_noved upwardly by the bias, out of sealing engagement wit

the bdntermediatebonsingnEedesns c2thrand onr copkiopedapward claveances
bet ween seat_102a and ball seal surface 107a and connectors 108 and bal

107, WeRteRf he ererating twbasnciheclewer ands ofr dowest aperating ar ger

| ower seat seg%ﬁon val ve ball 107 and geal 117 and biasing the |ower seat
upwar 4P& P4 i 5eng3gefghhe URRAT @84 QL expapderc 1063ansrekeasesal

al vo SBRAPEAPT S P kR, 8 A xmaidns Enbl 4 Fhefons, exeRnana b | ar o

Dar | MECKIHS Shes 1448 ChERGeali Ui Sridest, lboara §olsm Bt pfes”

e Wadhadle Nl d bublehy S G Sheaf BapBRSHR) KR lin SR 11

reduceg eHef P SHEE SPPISLoP'8F contacting the lower end of top U
connection 76. The lower operator tube has moved out of
sealing engagement with intermediate housing seal and ports 100
are in pressure éommunication with intermediate housing ports
93 and the well annulus exterior of the vaive_device 74, as
shown by Figure 8. Well-fluid of a gradient sufficieht to
overcome.fqrmation pressure may now be pumped from the well
annulus through ports 93 and 100 into valve device flow passage
119. Closed valve ball 107 seals on annular gseat 102a bt ll3a
effectively preventing higher p:essute.leakage in flow passage
119 from above or below the cldsed valve ball 107.

When the ball valve is locked closed, higher pressure in
flow passage 119 above the valve ball acting on the sealed
annular area between the latggf upber seat seal diameter on
valve ball 107 and smailer seal 104 biases the upper seat ué.
As thére are very small opérational clearances between movable
parts, the upper seat is moved upwatdly by the bias, out of

sealing engagement with the ball, and minute flow may now occur



device w |l be automatically repositioned to operate on sufficient
reduction, of -préssure exterior of the valve in the well anmulus. |f sur e
opegrational control is desired:for valve device 74, a control line is éga
connected to thread 78 and the valve device With control |ine extending

the surface'is installed in the well. Wth n )essure in chanber C, spring
90 clioses val ve ball 107 and opens ports 93 and 100 to fl ow between fl ow
passage 1ll$hrewghhOPaRational celearaneesobetvgien: seatnd0s andceall nseal
operating position_as shown in Figure 7_by pressuring the control |ine at
surface. WHSHFE ﬂF@béﬂ@?|4ﬂ4ﬁﬁﬂﬁﬂ#c€9§ﬁd19§wﬂﬂﬁoP@éé aﬂgénﬁﬁ¢€#%ﬁ¥ngthe
operating tubes -are noved downwardly by piston 87, opening the ball valve
for fiow t REGFFVES Qe kot Eeasi ﬂg“ﬂéﬂ‘s agea; hetHeen the olprger

bet ween pa e 119 and the val ve device exteriaor. Wyen eration of the
contr ol p i@diﬂ\ﬂs \ﬁﬁi}|%Fd%%¥Y%dbaﬁie§QJré“@hqﬁ%; rand |hﬁ§s;gg the

reduced or annul us pressure ncy eased_su fficiently for rin
he oper at Apery et HEHARGLY o6 FrELiBedy 88aRqs Astras, seak Ssal suctage

3o 8 G Wt G o i
conduit at p%%e%{:r fd%%ﬂ:d %’&%Hgn{?r%S%‘é vE1Vee siilVldia 10wét LdEt, and
forces tending to distort the valve ball are greatly reduced.
If the higher pressure is below the locked closed valve.ball in
U flow passage 119, the upper seat is biased into sealing engageQ
ment with the wvalve ball in a like manner, and the valve ball
seals on the seat away from higher pressure and vaive ball
distorting forces are reduced. The pressure charged valve
device will se autdmatically repositioned to operate on
sufficient reduétion of pressure exterior of the valve in
the well annulus. | |
_ If surface operational control is desired for valve
device 74, a control line is connected to thread 78 and the
U valve device with control line extending to the surface is
' installed in the well. With no pressure in chamber C, spring
90 closes valve ba11'107 and opens.ports-93 and 100 to flow
between flow passage 119 and the valve device's exterior.
Valve 74 may be-placed in operating position as shown in Figure
7 by pressuring the control line at surface. When pressure in
chamber C and down forces are sufficient, the operéting tubes
are moved downwardly by piston 87, opening the ball valve for

£low through passage 119 and closing ports 93 and 100 to flow



1. . Avalve device for use in tubing above a packer set in casing above a
wel | formation conmprising: a. a housing connectable ip well -tubi'ng and
haYggg%a | ongi t udi nat fl ow passage therethrough and a fl ow passage through?
sai using wall intersecting said Idggitudinal fl ow passage; b. | ower

val ve neans controlling fIOM/througd sa¥d |l ongi tudinal flow passade; c.
(upper. val ve neans con&iglliag L&gw t.hrough sai d housin wall flow

pass RAEWERRN \RABSAGS; {19, 8nde the Vil e deY16e eXbteTarT «| oM ®udi nal flow

7ol o RHATS KA Oh I RS RARE P, SRS TAAVE RERbYRCE S AEPRFERs BESRANE, o
I I [ i d | ocki , d_f. t

For afurtita epnsral 11 e RR. ReahRien. ot WA cBreBhrs, artaad

P E s el R i L S e R

N RGdiotin) SoPte 63 2RACIB0RRPI 1 dhd NELbRTkL"BaFRAGE 21 AN

di spo i d upper operator tube In sald si ng“between a shoul der

i N 1 hd OlSERIng WaiPe BaZlON0iAYLEl Saithel 8bALroRVAidkY vadve A valve
device according to Claim1l wherein said pressure responsive nmeans -
conpideéidiicéd NBay PHE' répskitibnedediciératé! byabepragsurinlg the/ engagi ng
.the housing and defining a variable volunme chanber therewi th. 3. A val ve
devi artrroliscondui tbatgtheosarfare oy reducingapregsaevdn i |
formati on conpri sing:

annulus. .



a. a housi ng connectable in well tubing and having a |ongitudinal flow

passage therethfough, a flow-passage through said housing wall

i ntersecting said |ongitudinal.flow passage, and a profiled internal

annul ar | ocki ng, recesss; b. lower valve nmeans controlling flow through

sai d Kongi t-udi nal fIOM/passage conprising a |ower ball type val ve including
upper and | ower ball valve seats; c. an upper sleeve type val ve controlllnq§§>
fl ow t hrough said housing wall flow1passages beyween said val ve device
exterior and said |ongitudinal flow passage; g sai d upper sl eeve type

val ve and sai'd | ower ball type val ve being cobpérable and novabl e

| ongi tudinally beE&ééﬂ_open and cl osed - positions such that when said upper

val ves¥s closed sgid | gweq vl RV OPEgr 80 thetutAnd YRAYE WINeKS Y
said | ower valve is cl osed; §P | ock |naegneans for hol ding sal ve at

one position and FEI€§§FH§ ebpyey & vel H§WPG#°HDF€H@WFSﬂGSanother
pasition conprising ataLeashouaendogoﬂh\é&ttaltﬂ)é rmumd Itr&baﬁkge&&ﬂnwaaﬁr&f a

t he baII val ve upg ga& gﬁ f, led to en ald Bou5|n ces

Spring Bras dog chBRRACRaLRRE.BIgk BRreaRe thetesiphaR B0 Befdor. PTSAFS
pressure responsi thraughs shdd mauaﬁnamﬁ:iﬂdlhbeksqgtnnnnspxdndohshmmdmnaﬂ
means for operati pgopapdsb@yps; valve means and said upper sleeve type val ve

bet ween positions.
b. lower valve means controlling flow through said

longitudinal flow passage;
c. upper valve means controlling flow through said
U " housing wall flow passage between said valve device
exterior and said longitudinal flow passage;

d. locking means for holding said valve means at one
position and releasing said valve means for movement to
another position;

e. pressure responsive means for releasing said
locking means; and

f. operator means for operating said valve means
between positions, said operator means comprising an
upper operator tub: having a piston thereon connected to
a lower operator =tube, said operator tube: mounted for
longitudinal movement in the housihg above and engageable
with the locking means and a spring disposed around said

A : upper operator tube in said housing between a shoulder in
the housing and the piston, biasing said piston upwardly.
2. A valve device according to Claim ! wherein said
pressure responsive means comprises the upper operator
tube piston, slidably and sealingly engaging the housing
and défining a variable volume chamber therewith. r
3. A valve device for use in tubing above a packet set
in casing aboxe a well formation comprising:

a. a housing connectable in well tubing and hawlng a
longitudinal flow passage therethrough, a flow passage
through said housing wall intersecting said longitudinal:
flow passage, and a profiled internal annular locking

e
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4. A val ve device for use in tubing above a packer set i,n casing above a-
formation in a well conprising: a. a housing connectable in-well"tubing and
having a | ongitudi nal flow passage therethrough and.a fl ow passage through«
sai d -hgdsi ng wal | intersecting said longitudinal flow passage;, b. an

' } including an wupper operator tube, having a piston thereon,

: Ston sealingly engaging said housing and forming a variable

vol ume chanber therewith, a.lower operat%r ube connected to said upper

oper at or tube,  said oper at or t ube nount ed for |ongitudinal

novenent in the housing, and a spring dis- -20- posed around said upper

operator tubBefAassdisd housi ng between a shoulder in the housing and saQ%
0

piston; c. an uppgl ARRME VALVE meaRl AUdd b1 Qg t PEBUIRhEBEgHAlda ifd
passage betmien t he ,val ye Eev[ce exterior and the longjtudinal flow
c

passage, inctOBEAGUdipad;| pagpagf (GRMPGISING BeilRVemebadl| RS -
passages, seehlngl ¥netgddneggupber| andr loperabal 1t wadvandeatpqrt in.the

| ower operator tube; d. a_ lower valye controlling flow.throu t he
| ohgi t udi nal fI ow"baséé‘ge‘,‘pﬁggi n%f‘%%‘béé(r SR | sl e sen Rl LR Fd oy |
menber therebbrosgh, said skousingi ¢l $davedpasssgest heiveerny equd

di aneters | nv{meehauskee gRdesal HALY s87d2983R1 R udihhl F1ow Pakeadl;!
menber at seal dianeters larger than said equal seat-housing Sea

d. said upper sleeve type valve and said lower ball
type valve being cooperable and movable longitudinally
between open and closed positions such that when said
upper valve is closed said lower valve is open, and when </
said upper valve is open said lower valve is closed;

e. locking means for holding said valve at one
position and releasing said valve means for movement to
another position comprising at least one dog pivotally
mounted in an extension of the ball valve upper seat and
profiled to engage said housing'recess;

f. a spring bias dog expander slidably mounted in
said upper seat extension; '

g. pressure responsive means for releasing said
locking means; and _

h. operator means for operating said lower valve
means and said upper sleeve type valve between positions.
4. A valve device for use in tubing above a packer set -/
in casing above a formation in a well comprising:

a. a housing connectable in well tubing and having a
longitudinal flow passage therethrough and a flow passage
through said housing wall intersecting said longitudinal
flow passage; ' |
b. an operator, including an upper operator tube,
having a piston thereon, said piston sealingly engaging
said housing and forming a variable volume chamber
therewith, a lower operator tube connected to said upper
operator tube, said operator tubes mounted for
longitudinal movement in the housing, and a spring dis-

\
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dianeters;- e. a relgeasable |lock in said housing, for |ocking the | ower

val ve closed,” i hcluding a profiled recess in the housing, at |east one dog
pivotally mounted in an extension of the | ower valve upper seat and
profjled to engage sai d housing recess, a spring biased dog expander
slid@bly mounted in said upper seat extension, said |ock rel easable g
downwar d novenent of the operator tubes in response to sufficiently.

i ncreased pressure in said variable volunme chanber, opening said |ower
val ve and c| osing said upper valve. 5. Agaglve device for use in tubing
above a packer set |n casing above a formation in a well conprijsing

housi ng. connectRP$ed; #ngamd ¢ 8aidg ‘%Hﬂf%a9pﬁ§8§°Fong}m%di1ﬁals?’r‘%whﬁé@é&ge

t her é&Hr ough anﬁeﬁwééﬂV\hpﬁﬁ&ﬁﬂ&efhlﬁughesabdshﬁﬂshﬂﬂ walid piseongcti ng said
| ongi tudi nal flow passa

e; t | udi t b
havi ng a pi ston ther®bn! sd‘f‘f?%r]sggﬁggﬁglr’iﬂla% gﬁ%&%ﬁﬁggﬁgﬁg o) &u ©
formng a vari athe walldneflﬂvanbesshheréwtﬂeena ﬁhn/vevabmrdewiceubstermr
connegted 10 Salgy tna?iondiRBaInANCAR! pddiifee, SPhd18RERE! 8" r %Q?Qien

t
nmount et for |ongitudina t he ou5|n ring dis ose
around said upp%?abpei%tthFubb°Pﬁ1§§|dbﬁbaglthSetWEéﬁ a ﬁUuIBéFsPﬁthe

housi ng and sai ge®l $h@ly €ngaBidRPtheS|RRNET VeporatePNtune! afg &l porthiaugh
the lower operator tube; -

d. a lower ball valve controlling flow through the
longitudinal flow passage, having upper and lower seats

Lo And a valve ball member therebetween, said seats slidably
sealed at substantially equal diameters in the housing
and sealingly engageable' with the valve ball member at
gseal diameters larger than said equal seat-housing seal
diameters; _ _

e. a releasable lock in said housing, for locking
‘the lower valve closed, including a profiled recess in
the housing, at least one dog pivotally mounted in an
extension of the lower valve upper seat and profiled to
engage said housing recess, a spring biased dog expander
slidably mounted in said upper seat extension, said lock
releasable during downward movement of the operato:”tqbes
in response to sufficiently increased pressure in said

\~/ variable volume chamber, opening said lower valve and
closing said upper valve.

5. A valve device for use in tubing above a packer set
in casing above a formation in a well comprising:

a. a housing connectable in well tubing and having a
longitudinal flow passage therethrough and a flow passage
through said housing wall intersecting said longitudinal
flow passage; '

b. an operator, including an upper operator tube
having a piston thereon, said piston sealingly engaging
said housing and forming a variable volume chamber

therewith, a lower operator tube, connected to said

/ .
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an

the wall flow passage between the val ve device exterior and the
| ongitudi nal “fl ow passage, including a resilient seal in the housing belown
t he housing wall flow passages sealingly engagi'ng the | ower operator tube,”

d ports in the | ower operator tube; d. a |lower ball valve, controlling
fQow t gh the longitudinal flow passage, having upper and | ower’ seats
and a e ball nenber therebetween, said seats slidably seal ed at
substantial ly equal dianeters in the housing and sealingly engageable with
the val ve ball rrerrber at seal dianeters-giarger than said equal seat-housing
seal dianeters; a rel easaq_Tq:\ ock_i.n said hﬁusi | ocki_n
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slidably mounted 1n said er sea sl on, sal
upwar d noverRekWesn (& s pringthe housiagonnd said pisteBat|y i ncreased

pressure - ext erl ore of ahh% ppiry es Teyv € e valivied dbitto ISIIrth Oﬁfé‘at erububﬁ
~piston, closj sa{lg vv%r val ve ang g gni n salvd up eé ye, A val ve
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a well substami i t&éylanghendinadefdmhbm&andQEJwﬁnnrunxngoaandsht1ehbmn in
Figures 7A Jf1 fn {Fe fbusifiy o1 P R98s thgObali e #b8Ybhg5ages
sealingly engaging the lower operator tube, and ports in
the lower operator tube;

d. a iower ball valve, controlling flow through the \;)
longitudinal flow passage, having upper and lower seats:
and a valve ball member therebetween, said seats_slidably
sealed at substantially equal diameters in the housing
and sealingly engageable with the valve ball member at
seal diameters larger than said equal seat-housing seal
diameters; '

e. a releasable lock ‘in said housing locking the
lowe; valve closed, including a profiled recess in the
housing, at least one dog pivotally mounted in an
extension of the lower valve upper seat and profiled to
engage said housing recess, a spring biased dog expander
slidably mounted in said upper seat extension, said lock ‘
lockable after upward movement of the operator tubes in (N
response to sufficiently increased pressure exterlor of
the valve device acting under said operator tube p1ston,
closing said lower valve and opening said upper valve.

6. A valve device for USé in tubing above a packer set
in casing above a formation in a well substantially as
herein described with reference to and as shown in
Figures 7A, 7B, 7C, 7D, 7E, 8A, 8B, 8C, 8D and 8E of the

drawings.
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