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Wallace M, O’Reilly, Houston, Tex.; assignor, by mesne
assignments, to Esso Research and Engineering Com-
pany, Elizaketh, N, J,, a corporation of Delaware

Application December 21, 1954, Serial No. 476,617
10 Claims. - (ClL 166—224)

The present invention is directed to a blowout pre-
venter. - More particularly, the invention js directed to a
subsurface blowout preventer for automatically shutting
in wells. - In its more specific aspects, the invention is di-
rected to a subsurface blowout preventer which will auto-
matically shut in wells at levels in the well substantially
below the level from which cperations are conducted.

The present invention may be briefly described as a
subsurface ‘blowout preventer which is adapted to be
arranged in a tubing string in a weil casing to seal off
the annulus between the tubing and casing and to close
the tubing. The invention comprises a-tubilar mandrel
provided with a port intermediate the length thereof ar-
ranged in the tubing and a fluid expansible packer means
arranged- on the mandrel .and enclosing-the port adapted
to seal cff the annulus between the tubing and casing,
Movable piston .means is arranged on the mandre! mov-
able between first and second positions.. Movable closure
means is comnected to the mandrel and is adapted to
close off the port when in a first position and to close
off the tubing when in a second position. - Means is con-
nected to the piston .means adapted to move the closure
means to the first position when - the piston is in the
second -position. - Biasing means is positioned  between
said piston means and said closure means adapted to
urge said piston: to the first position. Fluid- pressure
means ‘is provided for supplying fluid pressure to. the
piston means to move the piston from the first to the sec-
ond position and means is arranged on the mandrel for
exhausting fluid. from the packer means  when the piston
is in the second position.

The present invention will be further illustrated by
reference to the drawing in which:

Fig. 1is a sectional view of an embodiment ‘with the
blowout preventer in moperative condition;

Fig, 2 shows the blowout breventer of Fig, 1 in seal-
ing -relationship” with the well casing and the tubing
closed;

Fig. 3 is a modification of Fig. 2 showing the blowout
preventer in open or in inoperative position;

Fig. 4 is a sectional view of the blowout preventer of
Fig. 3:in operative or closed position; and

Fig. 5 is an elevation, partly in section, of the device
of Figs. 1 through 3, positioned in a cased borehole,

Referring now to the drawing in which identical numer
als will be employed to designate identical parts and par-
ticularly to Figs. 1 and 2, numeral 11-designates ‘3 well
casing in a well having a tubing 12 arranged therein to
which is ‘connected by mating threads 13 a packer
mandrel 14. ° Attached to the packer ‘mandrel 14 by
mating threads. 15 is an annular slesve 16 which serves
o ‘hold a packing ‘member 17 in attached telationship to
the packer'mandrel 14 at its upper.end. - A seating ' mem-
ber. 18 provided with -2 seating surface 19 having a seal-
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ing member 26 arranged in a recess 21 therein is attached
by mating threads 22 to the lower end of the mandrel
14, An annular sleeve member 23 which is similar to
sleeve member 16 is threadably connected to the seating
member 18 by mating threads. 24 and serves to confine
the lower end of the packing member 17 into attached
relationship to the seating member 15. A tubing ‘section
25 is threadably -connected by mating threads 26 to the
seating member 18,

It will be seen that the apparatus of the present in-
vention forms an integral part of the tubing string and
has “a continuous internal passageway 27 therethrough,

The “tubing ‘section 12 projects into the mandrel 14
and ‘defines therewith a pressure chamber 28 which is
adapted to receive through bassageway 29 in the mandre]
14 and through a conduit 30, which extends to the earth’s
surface, a supply of pressuring fluid, the conduijt 30 being
threadably attached to the passageway 29 by mating
threads 31, It is understood of course that pressure
chamber 28 may be formed integrally in-mandre] 14,

A" passageway “32 in mandrel 14 -communicates by
lateral passageway 33 with the space between the pack-
ing member 17 and exterior of the mandre] 14,

Extending .into the pressure chamber 28 is' 5 slidable
slegve. or piston 34 1o the lower end of which is attached
by mating threads 35 a mandrel 36." Attached. to the up-
per end of the sleeve 34 is a sealing stud or pin 37
which projects into the bassageway 32 and serves to close
off-the passageway 33 on upward movement -of the slid-
able sleeve 34. It.is desirable to provide a sealing mem-
ber 374 for the rod member 37.

Attached by mating. threads 38 to-the mandrel 14 is
a plurality of downwardly extending leaf-spring members
39 which are normally biased in an open position by ‘the
mandrel .36 as shown in Fig. 1. Spring members 39 may
suitably havea sheath of deformable material such “as
synthetic' .or natural rubber..” -The lower end of the
mandrel 36 has an upwardly facing taper 40 adapted- to
matingly engage ‘With -a-.downwardly facing taper 41 of
the leaf-spring 39, - The mandrel 36 also has a down-
wardly facing taper 42 which is -adapted to seat on the
seating. surface 19 of the seating’ member 18; as shown
in Fig. 1, and to seal off ports 43 in the mandrel 14
which-serve to communicate with ‘the exterior surface of
the mandrel 14 and to provide fluid ingress to expand the
packer 17.

The springs 39 are designed to engage with each other
and overlap. to define 2 curvilinear closure member, such
as indicated by the numeral. 3%a and -as. shown more
clearly in Fig. 2;

The- slidable sleeve 34 is provided with sealing mem-
bers 44 and 45 and 46 and 47, in the upper end of the
slidable sleeve 34 to provide-a sea] ‘between the tubing
section 12-and the.mandrel 14 on-movement of the slida-
ble sleeve. Another sealing member 52 is also provided
to seal with the tubing section 12, These several sealing
members may suitably be Q-rings ‘and the like.

‘The -upper end of the several leaf-springs. 39 is also
provided with sealing members 54 and 55, for forming
a seal with the mandrel 36. Arranged between the lower
endof the-sleeve 34 .and the upper end of the spring 39
and normally urging the sleeve-34 in an upward:direction
is.a biasing means, such as 4 helical coil spring 58,

Referring now to Figs. 3 and 4, a modification of Figs.
1.and 2 is presented in which a different type of expansi-
ble closure means composed-of leaf-springs is Jprovided.
Similar parts in Figs. 3 and 4 will be designated by identi-
cal:numenals to those-used in Figs. 1 and 2.
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;

In Figs. 3 and 4 a mandrel 78 is threadably attached

by mating threads 72 to the lower end of the slidable
sleeve or pisten 34. This mandrel 78 is provided with a
seating surface 73 on the lower end thereof for seating
on the seat 19 of the seating member 18. A plurality of
downwardly depending leaf-springs 74 are threadably at-
tached by mating threads 75 to the mandrel 14. These
‘downwardly depending sleeve members 75 are covered
with a deformable sheath 76, such as synthetic rubber
and the like, which extend over the exterior surface and
lap over the ends 77 of the spring members 74. The
upper ends of the spring members 74 are provided with
sealing members 78 and 79 for sealing with the man-
drel 70.

The free ends 77 of the springs 74 are adapted when
released to form a conical closure member 82 and form
a seal as shown in Fig. 4.

Turning now to Fig. 5 the device of the present inven-
tion is shown positioned in the casing 11, of a borehole
9 cemented in place with primary cement 10 which pene-
trates a producing formation, not shown, and extends
above the water or sea level 6. Casing 11 encloses a
string of production tubing 25 which is provided with a
packer § to clese off the annulus A below. Enclosing the
top of casing and tubing is a conventional well-head as-
sembly 7. The device as illustrated in Figs. 1 through 4
is shown positioned in the tubing string adjacent its upper
end but it ‘will be understood that the device could be
positioned at any depth above the packer 8.

The apparatus of the present invention operates in the
following manner with respect to Figs. 1 and 2: in Fig. 1
the device is shown in an open condition with pressure
being supplied to the pressure chamber 28 from the
earth’s surface through conduit 30 forcing the sleeve 34

downwardly overcoming the spring member 58 and caus- ~

ing the mandrel 36 to open the expansible closure mem-
bers, such as springs 39." The mandrel 36 seats with the
surface 42 on the seating surface 19 of seating member
18. Thus the ports 43 are closed off from fluid flowing
up the passageway 27.

1f, for any reason, such as uncontrolled well flow, it is
desired to close off the annulus A between the tubing and
casing, pressure is released from the chamber 28 through
the conduit 30 which causes the spring member 58 to
force the sleeve 34 upwardly into the chamber 28. The
rod member 37 moves upwardly into the passageway 32
closing off the lateral passageway 33. As the sleeve 34
moves upwardly by the force of spring 58, the mandrel
36 is also carried upwardly such that the taper 40 mating-
ly engages with the taper 41, allowing the spring mem-
bers 38 to assumeé their normal position overlapping, as
shown in Fig. 2, to close off the passageway 27 in the tub-
ing. Fluid pressure from the passageway 27 below the
closuré 392 then passes through port 43 into the space
“g» hatween the expandable packing member 17 and the
mandrel 14 causing the packing member 17 to move into
sealing engagement with the casing 11. Thus in accord-
ance with the present invention, release of pressure from
the chamber 28 causes both the annulus A and the pas-
sageway 27 to be closed off automatically.

The device of Figs. 3 and 4 operates similarly with re-
spect to the device of Figs. 1 and 2 in that pressure in
chamber 28 forces the sleeve 34 into its lowermost posi-
tion overcoming the spring 58 and causing the mandrel
70 to seat with its surface 73 on the seat 19 of the seat-
ing member 18. On release of pressure from chamber
28, the spring member 58 forces the sleeve 34 to its upper-
most position pulling the mandrel 79 upwardly and re-
leasing the spring 74 and causing the same to form a
closure 82 of a conical shape, as shown in Fig. 4, the
packing member 14 being forced into sealing relation-
ship’ with the casing 11 by fluid introduced through port
43 into the space “S,” thus closing the annulus “A” and
the passageway 27.

Tt will be seen from the foregoing description taken
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with the drawing that there has been provided a new and
improved subsurface blowout preventer. Thus when
pressare is reduced to a predetermined value in the pres-
sure chamber either through mishap to surface facilities
cr by deliberate manipulation of pressure release, the
spring member expands to raise the mandrel from a seat
and seal and cause the device to close automatically.
The spring expansion may be assisted by well pressure
acting below the sleeve to move the sleeve and the at-
tached mandrel up through the rubber-covered leaf-type
closure members composed of the leaf-spring members
which close to effect a shutoff of tubing flow. The up-
ward movement of the slidable sleeve closes off the dis-
charge from the interior of the packing member and al-
lows the packing member to be expanded into sealing re-
letionship with the well casing.

The present invention has numerous advantages and is
very useful in automatically shutting in wells in water
locations below the mud or water level in the event of
damage to the surface equipment. While the invention
may have greatest utility in water locations or in offshore
operations, it has application to any well where it is de-
sired to control the flow of same below the surface from
which cperations are conducted.

The invention is of great utility in that the pressure
which is to be controlled also serves to activate the
mechanism.

The device of the present invention also allows pump-
ing through the tubing such as, for example, with mud
to kil! the well, the closure employed in the tubing being
effective to close the tubing from flow upwardly therein.
This requires a “squeeze kill” since circulation through
the annulus is not possible.

The nature and objects of the present invention having
been completely described and illustrated, what ¥ wish
to claim as new and useful and to secure by Letters
Patent is:

1. A subsurface blowout preventer for cased and tubed
well bores adapted to close off the annulus between said
tubing and casing and to close off said tubing, compris-
ing a first tubular mandrel positioned in said tubing and
having at least one port intermediate the length thereof,
an inflatable packer member arranged on said first man-
drel and enclosing said port, an annular pressure cham-
ber formed by said mandrel and tubing, an annular pis-
ton slidably arranged in said pressure chamber movable
between first and second positions, a second tubular
mandrel connected to said piston and movable therewith,
leaf springs secured to said first mandrel adapted to close
off and open the bore of said first mandrel below said
second mandrel when said piston is in said first and said
second positions, respectively, sealing means on said
mandrels adapted to close off and open fluid communica-
tion between the interior and exterior of said mandrels
through said port when said piston is in said second and
first positions, respectively, biasing means positioned be-
tween said piston and said leaf springs adapted to urge
said piston to said first position, a conduit connected to
2 source of fluid pressure, a first passageway in said first
mandrel fluidly communicating said pressure chamber
and said conduit whereby application of fluid pressure
to said pressure chamber through said passageway moves
said piston from said first to said second position against
the urging of said biasing means thereby actuating said
leaf springs and maintaining the bore of said first mandrel
open, & second passageway in said first mandre! extend-
ing between said annulus and said pressure chamber, a
rod member connected to said piston and movable there-
with extending into said second passageway adapted to
seal off said pressure chamber from said annulus and a
third passageway in said mandrel fluidly communicat-
ing said second passageway and the interior of said
packer member, sealing means arranged in said second
passageway adapted to engage with said rod, said rod
closing off fluid communication between said third pas-

s
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sageway and said annulus when engaged -with said seal-
ing means and opening fluid communication between said
third passageway and said annulus when disengaged from
said sealing means, said sealing means and rod engage-
ment and disengagement occurring when said -piston - is
in said first and second positions, respectively.

2. A subsurface blowout preventer for cased and tubed
well bores adapted to close off the annulus between said
tubing and casing and to close off ‘said tubing, compris-
ing a first tubular mandrel positioned in said tubing and
having at least one port intermediate the length thereof,
an inflatable packer member arranged on said first man-
drel and enclosing said port, an -annular pressure ‘cham-
ber formed by said mandrel and tubing, an annular pis-
ton slidably arranged in said pressure chamber-movable
between -first ‘and second positions, a “second tubular
mandrel connected to said piston and movable there-
with, leaf springs secured to said first mandrel adapted
to close off and open the bore of said first mandre] below
said second mandrel when said piston is in said first and
said second positions, respectively, sealing means on said
mandrels adapted to close off and open fluid communi-
cation between the interior and exterior of sajid mandrels
through said port when said piston is in said second and
first positions, respectively, biasing means positioned be-
tween said piston and said leaf springs adapted to urge
said piston to said first position, a condnit connected to
a source of fluid pressure, a first passageway in said first
mandrel fluidly communicating said pressure ‘chamber
and said conduit whereby application of fluid pressure to
said pressure chamber through said passageway moves
said piston from said first to said second position against
the urging of said biasing means thereby actuating said
leaf springs and maintaining the bore of said first man-
drel open, a second bassageway in said - first ‘mandre]
extending between said annulus and said pressure cham-
ber, a third bassageway .in. said “mandrel flnidly - com-
municating said- second Passageway and the-interior of
said packer, sealing means arranged in’said second pas-
sageway and means connected to said piston- adapted to
close off fluid communication between “said. third pas-
sageway and said annulus when engaged with said seal-
ing means-and to open fluid communication between said
third passageway and said annulus when disengaged from
said sealing means, said engagement and. disengagement
occurring’ when said piston is-in said first and second
positions, respectively.

3. A subsurface blowoiut preventer for cased and tubed
well bores adapted to close off the annulus between said
tubing and casing and to close off said tubing comprising
a first tubular. mandrel positioned in 'said tubing and
having at least one port intermediate the length thereof,
an inflatable packer member arranged on said first man-
drel and enclosing said bort, an annular pressure cham-
ber formed by said mandrel and tubing, an annular pis-
ton slidably arranged in said pressure chamber and mov-
able between first and second positions; a second tubular
mandrel  connected to said piston and movable there-
with, leaf ‘springs secured to said first mandrel adapted
to close off and open the bore of said first mandrel be-
low said second mandrel when said piston is in:said first
and 'said second positions, respectively, sealing means on
said ‘mandrels adapted to close off and open fluid coms-
munication between  the interior and exterior. of said
mandrels through said port when said piston is in said
second and first positions; respectively; biasing means po-
sitioned between said piston and said leaf springs adapted
to urge said piston to said first position, a conduit con-
nected to a source of fluid pressure, a first passageway
in said first mandrel fluidly communicating said pressure
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chamber and said conduit whereby application” of fluid" '

pressure to said pressure chamber through. said. passage-
way .moves said piston from said first to said second
position against the urging of said biasing -means thereby

actiating said leaf springs and maintaining the bore of 7

6

said first mandre] open, -and. fluid conducting méans ar-
ranged in’said mandre] ‘for exhausting fluid ‘from "said :
backer when said piston is in said second position, sealing
means - arranged - in said: fluid conducting ‘means and
means connected. to said piston adapted to close off flujd
flow from said exhaust means when engaged with said
sealing means, 'said engagement occurring’ when . said
piston is in a first position. :
4.. A subsurface blowout breventer for cased and tubed
well bores adapted to close off the annulus between said
tubing and -casing ‘and to close offsaid tubing, compris-
iag a first. tubular mandrel positioned in-said tubing and
having at least one port intermediate the length thereof,
an inflatable packer member arranged on-said first man-
drel and enclosing said port,”an annular pressure cham-
ber formed by said mandrel and tubing, an annular pis-
ton stidably arranged in said pressure chamber and moy-
able between first and second positions, a second tubular
mandrel ' connected {0 said piston and movable there-
with,"leaf springs secured to sajd first mandrel ‘adapted to
close -off and open the bors of said first mandrel below
said second mandrel when said piston is in said first and
said second positions, Tespectively, sealing means on said
mandrels ‘adapted to close off and open fluid communi-

5 cation between the interior and exterior of said mandrels

through said port when said piston is-in said second and
first positions, respectively, biasing means positioned be-
tween said piston and said leaf springs adapted to urge
said piston to said first position, a conduit connected to
a source :of fluid pressure, and a first bassageway in said
first mandrel fluidly communicating said pressure cham-
ber and said conduit whereby application of fluid pres-
sure to. said pressure chamber through said passageway
moves said ‘piston from said-first to said second position
against the urging of said biasing means thereby actuat-
ing said leaf springs and maintaining the bore of said
first mandrel open, :

5. A subsurface blowout preventer for cased and titbed
well bores adapted to close off the annulus between said
tubing and- casing and to disclose off “said tubing, com-_
prising a first tubnlar mandre] positioned in 'said tubing
having at least ome port. fluidly communicating the in-
terior and. exterior of. said mandrel, an inflatable packer
member ‘arranged on ‘said frst mandrel and enclosing
said port, an annular pressure chamber formed by said
mandrel and tubing, an annular piston slidably- arranged.
in said pressure chamber and movable between first and
second positions, a second tubular mandrel connected to
said piston and movable therewith, leaf springs secured
to ‘said first mandrel adapted to-close off and open the
bore -of said mandrel below said ‘second -mandrel when
said piston is in-said first and second positions, respec-
tively, ‘sealing means on said mandrels” adapted to close -
off and open fluid communication between the interior
and exterior: of said mandrels through said -port when
said piston is in said second: and first positions, Tespec-
tively, said port being adapted t6 transmit finid pressure
from said tubing to said packer ‘member to inflate said
packer  member, biasing means. positioned between said
piston ‘and said leaf springs adapted to urge said piston
to -said first position, fluid conducting means connected
to said pressure chamber adapted to supply fluid pressure
thersto . whereby application of fluid pressure to said
chamber moves said piston from said first to said second
position against the urging of said biasing means thereby
actuating said leaf springs and maintaining the bore of
said first. mandrel -open and valve: controlled fluid con- ‘
ducting means arranged on said. first mandrel for ex- -
hausting fluid from said packer. member when. said - pis-
tox is in said second position and for preventing exhaust
of fluid from said packer member when said piston is in
said’ first ‘position. L

6. A sabsurface blowout preventer for cased and tiubed
well bores’adapted to close off the“annulus between said
tubing and casing and to close off said tubing, compris-
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ing a first tubular mandrel positioned in - said tubing
“having at least one port fluidly communicating the in-
terior- and exterior of said mandrel, an inflatable packer
member arranged on said first mandrel and enclosing
said port, an annular pressure chamber formed by said
mandrel and tabing, an annular piston slidably arranged
in said pressure chamber and movable between first and
second positions, a second tubular mandrel connected to
said piston and movable therewith, closure means se-
cured to said first mandrel adapted to close off and open
the bore of said mandrel below said second mandrel
when said piston is in said first and second positions, re-
spectively, sealing means on said mandrels adapted to
close off and open fluid communication between the in-
terior and exterior of said mandrels through said port
when said piston is in said second and first positions,
respectively, said port being adapted to transmit fluid
pressure from said tubing to said packer member to in-
flate snid packer member; biasing means positioned be-
tween. said piston and said closure means adapted to urge
said piston to said first position, fiuid conducting means
connected to said pressure chamber adapted to supply
fluid pressure thereto whereby application of fluid pres-
sure to said chamber moves said piston from said first
to said second position against the urging of said biasing
means thereby actuating said closure means and main-
taining the bore of said first mandrel open and valve
controlled fluid conducting means arranged on said first
mandrel for exhausting fluid from said packer member
when said piston is in said second position and for pre-
venting exhaust of fluid from said packer member when
said piston is in said first position.

7. & subsurface blowout preventer for cased and tubed
well bores adapted to close of the annulus between
said tubing and casing and to close off said tubing,
comprising -a tubular mandrel arranged in said tubing
having at least one pori fiidly communicating the in-
terior and exterior of said mandrel, an inflatable packer
“member -arranged on said mandrel and enclosing said
pert, an -annular pressure chamber formed by said man-
drel and said tubing, an annular piston slidably arranged
in: said pressure chamber and movable between first and
second positions, closure means secured to said mandrel
adapted to close off and open the bore of said tubing
when said piston is in said first and second positions,
respectively, means connected to said piston for move-
ment therewith and engaging said closure means adapted
to open said closure means when said piston moves from
said first to said second position, sealing means on said
mandrel adapted to close off fluid communication be-
tween the interior and exterior of said mandrel through
said port when said connec ed means engages with said
sealing means and adapted to open fluid communica-
tion betwesn the interior and exterior of said mandrel
through said port when said connected means disengages
from said sealing means biasing means positioned be-
tween said piston and said closure means adapted to urge
said piston to said first position, fluid conducting means
connected to said mandrel adapted to supply fluid pres-
sure to said pressure chamber whereby application of
fuid pressure to said pressure chamber moves said piston
from said first to said second position against the urging
_of said biasing means and valve controlled fluid conduct-
ing means arranged on said mandrel for exhausting fluid
from said packer member when said piston is in said
second position and for preventing exhaust of fluid from
said packer member when said piston is in said first
position.

. A subsirface blowout preventer for cased and tubed
well bores adapted to close off the annulus between said
tubing and casing and to close off said tubing, comprising
a tubular mandrel arranged in said tubing and provided
with &~ port intermediate the length thereof, an in-
flatable packer means arranged on said mandrel and en-

closing said poit, piston means arranged on said mandrel
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and movable between first and second positions, closure
means secured to said mandrel adapted to close off and
open the bore of said tubing when said piston means is in
said first and second positions, respectively, means con-
nected to said piston means for movement therewith and
engaging said closure means adapted to open said closure
means wher said piston means moves from said first to
said second position, sealing means on said mandrel
adapted to close off fluid communication between the
interior and exterfor of said mandrel through said port
whea said connected means £ngages with said sealing
means -and adapted to open fluid communication be-
tween the interior and exterior of said mandrel through
said port when said connected means disengages from
said sealing means biasing means positioned between

d piston means -and said closure means adapted to
urge said piston means to said first position, fluid con-
ducting means connected to said mandrel adapted to
supply fluid pressure to move said piston means from
said first to said second position against the yrging of
said biasing means and valve controlled fluid conducting
means arranged on said mandrel for exhausting fluid
from said packer means when said piston means is in
said second position and for preventing exhaust of finid
from said packer means when said piston means is in
said first position.

9. A subsurface blowout preventer for cased and
tubed well bores adapted to close off the annulus between
said tubing and casing and to close off said tubing, com-
prising a tubular mandrel arranged in said tubing and
provided with a port intermediate the length thereof, an
infiatable packer means arranged on said mandrel and
enclosing said port, pision means arranged on said man-
drel and movable between first and secoad positions,
closure means secured to said mandrel adapted to close
off and open the bore of said tubing when said piston
means is in said first and second positions, respectively,
sealing means on said mandrel, means connected to said
piston means for movement therewith and engaging said
closure means adapted to open said closure means when
said piston moves from said first to said second position
and engaging with and disengaging from said sealing
means to close off and open fluid communication through
said port when said piston meaans is in said second and
first positions, respectively, biasing means positioned be-
tween said piston means and said closure means adapted
to urge said piston means o said first position and means
connscted to said mandrel adapted to supply fluid pres-
sure to move said piston imeans from said first to said
second position against the urging of said biasing means.

10. A subsurface blowout preventer for cased and
tubed well beres adapted to close off the annulus between
said tubing and casing and to close off said tubing com-
prising first valve means positioned in said tubing adapted
to open and close said tubing to the passage of fluid
therethrough, inflatable packer means arranged on said
tubing adapted to close off the annulus upon inflation
thereof, said tubing being provided with means adapted
to fluidly communicate the interior of said packer means
and the interior of said tubing, second valve means con-
nected to said tubing adapted to close off and cpen fluid
communication through said finid communication means,
third valve means mounted on said tubing adapted to ex-
haust and prevent exhaust of fluid pressure from the in-
terior of said packer means and fluid pressure movable
means movable between first and second positions mount-
ed on said tubing adapted when in said second position
to actuate said first valve means to open said tubing
bore and said second valve means to close off fluid com-
munication - between the interior of said packer means
and the interior of said tubing and said third valve means
to exhaust fluid pressure from the interior ©of said packer
means and adapted when in said first position to actuate
caid first valve means to close said tubing bore and said
second valve means to fluidly communicate the interior

-

-
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of said packer means and the interior of said tubing and
said third valve means to prevent exhaust of fluid pres-
sure from the interior of said packer means, fluid pres-
sure ‘means for moving said fluid pressure movable

means from said first to said second position and biasing 8

means arranged on said tubing " adapted t6 move said
fluid pressure movable means from said second to said
first position:
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