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1
3,101,735

SIDE POCKET MANDREL WITH AN
AUTOMATIC VALVE .
- Norman F. Brown, Longview, Tex., assignor to U.S.

Industries, Inc., New Yerk, N. Y., a corporation of

Delaware
Yiled Mavr., 17 1860, Ser, No. 15 574_

7 Cieims (El 137-—155)

-~ This invention is an improved side pocket mandrel
~ valve assembly. Itis espeerally useful as a gas lift valve
for produemg oil wells, in the chemical treatment of oil
wells, or in any other service where it is desirable to con-
trol transfer of fluid to or from a string of tubing in a

well, from or to an annular space between the tubing
and the wall of the well.

Side pocket mandrel valves have been used in the'

- peiroleum industry for many years. Such valves usually
are of retrievable type, that is, they may be installed or
removed at will by the use of wireline tools. The valves
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in common use for controlling flow between the tubing

and the annular space in the well exterior of the tubing
may be responsive to pressure within the tubing, to
pressure within the casing outside the tubing, or to a
differential between the two pressures. All of these types

25

are of common use and each is advantageous in some

particular application.

The term “side pocket mandrel” is used in this speci-
fication and claims to mean a mandrel connected at each
~end to tubing, said mandrel having a flowway there-
through axially aligned with the bore of said tubing,
and having an enlargement on one side thereof substan-
tially parallel to said flowway and an interior wall de-
fining a side of said flowway in a lower part of the man-
drel and cooperating with an interior wall of said en-
largement to form a pocket adapted to receive a control
valve in a lower part of said enlargement. Such mandrels
are old in the art and are illustrated in the composite
catalog of Oil Field and Pipeline Bquipment, 1960-1961
edrtren pages 1093 to 1094,

The side pocket mandrels ordinarily used have an open-
mg through the exterior wall communicating with the
interior of the pocket and a space outside the tubing at
one level and an opening in the interior wall of the
pocket communicating with the interior of the pocket and
a space inside the tubing at a different level. A flow
control valve of the type desired is introduced into the
side pocket by the use of a suitable kickover too! handled

by a wireline and are locked into place in the side pocket.

Flow between the interior of the tubing and the space
exterior of the tubing in the well then takes place as a
fluid enters through an opening in the side pocket at
one level, flows through the pocket and control wvalve
contained therein, to the other level and out of the pocket.
The valves used may vary the rate of continuocus flow,
~ but more commonly snap fully open or shut at suitable
intervals to permif a rate of flow predetermined by the
size of an opening through the valve.

- All such valves need occasional repair or adjustment.
When service of this type is necessary, it is presently
customary to retricve the valve from the side pocket with
suitable wireline tools and bring it to the surface for ser-
vice. During the time the control valve is out of the
side pocket, it is obvious that there will be continucus
- flow through the openings in the pocket communicating
with the exterior of the tubing when pressure differential
exists. Since this flow is mncontrolled, it interferes ser-
iously with operation of the well until the control valve
1s serviced and replaced in the side pocket.

It is an object of this invention to provide an improved
side pocket mandrel valve assembly which enables con-
tinuation of well operations when a control valve, nor-

3,101 ?35

Patented Aug. 27 1963
_ 2
mally present in the side pocket mandrel, is withdrawn.

Another object is to prevrde an mmproved side pocket
mandrel valve assembly in which the control valve nor-
mailly present in the side pochet of the mandrel may be
removed for: Tepair or service without loss ef pressure in
the well. |

“Another eb]ect 1s to prov;lde an 1mpreved side peeket
mandrel valve assembly which enables continuation of
production from a well by gas lift through gas iniroduced
by other valves when a control valve, normally control-
lmg flow of gas through the mandrel 1s remeved fer Ie-
pair or service.

Another object is to provide an assembly of this type
which will prevent a well from running wild with un-

controlled flow between casing and preductron tubing
when a valve nermally controlling such fiow is removed.

Anotber object is to provide an assembly of this type

in which flow of fluid through a side pocket mandrel is
permitted when a control valve is in place in the side
p‘eeket and flow is automatically cut off When the ee-nntrel
valve is removed. | |

Another object is to prevrde an- improved eut—off valve
which may be installed or retrieved by the use of wire-
line tools.

Another object is to provide an 1mpreved strmg of
production tubing including a side pocket mandrel and a
valve for controlling flow therethrough in which the con-
trol valve may be removed at will without neeess1ty for |

- shutting down production from the well.
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Still another object of this invention is to provide an
improved side pocket mandrel valve assembly in which
a control valve cooperates with a cut-off vaive to permit
flow threugh the side pocket mandrel when the control
valve is present and to stop flow throuﬂh the mandrel'
when the control valve is removed. | |

Other objects, advantages and features of this inven-
tion will be apparent to one skilled in the art upon a
consideration of the written spee1ﬁea,tren the attaehed
claims and the annexed drawings.

- I have found that in most instances well operations

- may be continued while a side pocket mandrel valve is
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withdrawn for service. In order to continue well opera-

‘tions during service of a valve, I have provided a side

pocket mandrel valve assembly in which a cut-off valve,
separete from but cooperable with the control valve, is
placed in the side pocket mandrel and automatically cuts
off flow of fluid through the peeket when the centrol'

- valve is withdrawn for service,
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‘In the drawings, wherein like referenee characters =

are used throughout to designate like parts:

FIG. 1 illustrates diagrammatically one type of side
pocket mandrel valve assembly of the present invention
partly in vertical section; -

FIG. 2 1llustrates anm:her modification of an assembly
constructed according to principles of the present in-
vention, employing a sleeve-type cut-off valve and shown
partly in vertical section. |

FIG. 3 illustrates still another modification ef a valve
assembly of the present invention in which a conventional
control valve is modified by addition of a stem thereto
serving to unseat a ball in a ball-type cut-off valve.

FIG. 4 illustrates dragrammatlcally another modifica-

 tion of a valve assernbly comprising a pressure balanced

65

‘with.
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cut-off valve 1nstalled m a Iewer part of a side pocket

mandrel.
FIG. 5 is a section through the device of FIG 4
on the line 5—5 and through the mandrel used there-_ |

In FIG. 1, the referenee numeral 6 desrgnated a tub- '
ing mandrel having a side pocket designated generally as
7 separated from the bore of the mandrel by an. inner

wall 8 and having an exterior wall 2 fermmg a part of
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the outside w'a]l' of theﬂma_n-drei.' An opening 11, through

the inner wall 8, provides communication between the
main bore of the mandrel and with the interior of pocket 7.

An opening 12 in the outside wall of the mandrel and
pocket 9 also provides communication between the in-

terior of pocket 7 and space in the well surrounding the
tubing and mandrel. | | |

An annular shoulder 13 having a central opening 14
therethrough is disposed in the lower part of the side
- pocket between openings 11 and 12. Although this shoul-
der is shown integral for simplicity in illustration, it is
not intended to exclude construction as an annulus at-
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tachable to the walls of the pocket, as for example, by

threads on its external lateral surface with matching
threads on the interior of the pocket walls. Shoulder
13 has its lower surface shaped to form a tapered valve
seat 15 surrounding the central bore 14.

A. poppet-type valve closure member 16 having a
tapered shoulder 17 adapted to fit and seal against valve
seat 15 is disposed for reciprocating movement in the
part of side pocket 7 below shoulder 13. Valve closure
member 16 is equipped with centering vanes 18 and has

a central axial pin 19 extending from its upper end and
A

reciprocable through opening 14 in shoulder 13.
spring guide member 21 is attached to the lower end of
valve closure member 16 and a resilient member, prefer-
ably a spring as illustrated at 22, is disposed to urge the
valve closure member toward seated position.

A flow control valve, designated generally as 23, 1S
disposed in the upper part of side pocket 7 to rest upon
pin 18. Valve 23 is equipped with sealing means 24 to
make sealing contact with the wall of the side pocket
above and below opening 11 in the interior pocket wall
8. Valve 23 has openings 25 and 26 communicating
with a passageway through the valve adapted to be closed
by a suitable valve closure means, not ilustrated.

Control valves of this general type are old in the art

and a great many of them are illustrated in the Com-
posite Catalog of Oil Field and Pipeline Equipment, for
the years 1954 and following, under the headings of
“Valve, Wireline, Valves, Gas Lift, and Valves, Pressure
Charged Standing Valve for Gas Lift,” and also under
various other headings. Although many types of con-
ventional control valves are useable in the assembly of
my invention, a preferred type is made wireline retriev-
able with use of a suitable wash-over type tool, by hav-
ing a tapered head 27 and a shoulder 28 adapted to be
engaged by suitable pulling tool. Head 28 is made
integral with a shaft part 29 which has a shoulder 31
adapted to engage a lower part of a body member 3Z.
Shaft 29 carries, and preferably is made integral with a
cam 32 adapted to stop movement of a latch 33 in one
“direction. Reciprocation of cam 32 out of contact with
latch 33 is prevented by a shear pin 34q. Latch 33 1s
urged in horizontal direction by spring 34.

in use, the cut-off valve portion of this assembly, com-

prising valve closure member 16, carrying pin 19, 1s
assembled in the side pocket before the tubing is run in
the well. Control valve 23 may be placed in the side

pocket at the same time or may be inserted by use of

wireline tools later, as may be convenient. In any case,
the control valve 23 is introduced into the side pocket
until latch 33, urged outward by spring 34, 1s caught
and held in a detent recess 35. In this position, pressure

from the control valve on the end of pin 19 forces the

valve closure member 16 into open position and thus
provides a channel for flow of fluid between the interior
and exterior of the line of tubing through a passageway
comprising openings 12, 25, 26 and 11, and since open-
ings 26 and 25 communicate with a passageway in which
there is -an internal valve member of desired type, the
flow is controlled by control valve 23. | |

If it is necessary to remove the control valve for any
reason, 2 wireline tool is run down and attached to head
27 by means of shoulder 28. An upward pull is ex-
erted sufficient to break shear pin 34¢ and thus cam
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-and are sufficiently spaced fro

32 is moved upward to release latch 33 which rotates and
permits the control valve to be drawn tfo the surface.

As pressure from the control valve is relieved on pin
19, spring 22 thrusts valve closure member 16 upward
to seat firmly on valve seat 15, thus closing flow between
openings 12 and 11. A quick and positive closure against
flow is attained. Pressure can then be maintained out-
side or inside the tubing string as desired without inter-

ference by uncontrolled flow through operings 12 and 11.

In the assembly shown in FIG. 2, a cut-off valve Is
illustrated which is more easily insertable into a side
pocket mandrel. This cut-off valve comprises a sleeve
41 slidably disposed within a lower part of the side
pocket and sized to fit snugly within the bore of the

pocket formed by shoulder 42 and the walls of the pocket

below opening 12. Sleeve 41 has a pair of aonular
orooves in its external surface adapted to receive O-ring
seals 43 which make sealing contact with the walls of the
side pocket. The upper part of the sleeve is formed as
a hollow shell having openings 44 therein communicating
with the central bore of the shell 45. o

To insert the cut-off valve shown in FIG. 2, the re-
taining screw 47 is merely retracted and the cut-off valve
is inserted into the side pocket and the retaining screw
is advanced so that it will engage flange 49 and prevent
withdrawal of the valve. The loading of spring 49 is
chosen so that when the control valve 23 is not present
in the side pocket, the uppermost O-ring seal 43 will make
sealing contact with shoulder 42 of the side pocket wall
and the lower O-ring will make sealing contact with the
wall of the pocket below opening 12. With the valve
in this positicn, there is no tendency for pressure of fluid
admitted through opening 12 to move the valve in either
direction, as such pressure is exerted in opposite direction
upon equal areas of the valve sleeve.

When the control valve 23 is introduced, the bottom of
the valve makes contact with the upper end of sleeve 41

- at 46 and the weight of valve 23 is sufiicient to overcome

pressure from spring 49 and depress the valve piston into
the position illustrated in FIG. 2. In this position, fluid
low is permitted through a passageway comprising
opening 12, openings 44 in the sleeve, central bore 43
of the sleeve, openings 25 and 26 in valve 23, and then
through opening 11 in the side pocket wall. The control
valve illustrated is identical with that shown in FIG. 1.
It may be of any design desired, responsive to pressure
in the casing or to pressure in the tubing, or responsive
to the differential between the fwo pressures.

The cut-off valve illustrated in FIG. 4 is particularly
desirable for use when a balanced valve, unaffected by
casing or tubing pressure is desired. The side pocket
wall has a recess 52 which cooperates with a recess 33
in the outer surface of the sleeve to form an annular

el

space between the sleeve and the side pocket wall when
‘the valve is in the cut-off position, as illustrated. A pair

of O-ring seals 54 are singly disposed in grooves around
the sleeve to seal between said sleeve and the pocket walls,
each other so as to seal
on the opposite sides of the annular space formed by re-
cesses 52 and 53 when the valve is in cut-off position.
An opening 12, best shown in FIG. 5, extends through
the exterior wall of the side pocket and mandrel thereby
providing communication of this annular space with the
space in the well outside the mandrel. It will be noted
that when the valve is in cut-off position, pressure from
space outside the tubing is exerted mpon egqual areas of
the valve between the two O-ring seals in opposite direc-
tions and will be ineffective in moving the valve from the
cut-off position. |
Sleeve 51 is hollow, and is retained in the side pocket
by a suitable retaining shoulder 55 which cooperates with
shoulder 56 on the interior wall of the side pocket. The
lower end of sleeve 51 contains a number of slots 57 of
such size and length to permit the retaining shoulder 53
to be compressed enough to be inserted behind shoulder

56 on the side pocket wall.



A spring 58 is disposed upon a spring centering mem-
‘ber 59 at the lower end of the side pocket and extends
upward into the hollow bore of sleeve 51 and bears upon
a shoulder 60, if desired, and is of such strength so that
the insertion of a control valve, shown in FIGS. 1 and 2;
depresses the sleeve sufficiently to bring the upper O-ring
54 substantially into the position occupied by the lower
- O-ring in the illustration. _
sleeve will then communicate with the annular space
formed by recess 52 through openings 62 in the piston
wall. R S

The central bore 61 also communicates with the lower
bore of the piston through an opening 63 in shoulder 6%.

In the depressed position, a flow passageway is provided

‘through opening 12, recess 52, openings 62 and the cen-
tral bore 61 of the sleeve, and from thence, through a
control valve (not shown) in the upper part of the side
pocket and through an opening in the side pocket wall

to the interior of the mandrel. Tt will.be observed that

in the flow position, pressure equivalent to that on the-
-outside of the mandrel is exerted through opening 12,
openings 62, central bore 61 and openings 60, and the
bore of the sleeve on equal surfaces of this valve in op-
posite directions, and therefore, is ineffective in cutting
off the flow through the valve. R |
When the valve is in cut-off position, as illustrated, it
will also be obvious that pressure from within the man-
drel is exerted through bore 61, opening 63 and the lower
bore of the valve upon equal surfaces on the valve in Op-
- posite directions. The pressure within the mandrel also
is entirely ineffective in opening or closing the cut-off
valve. - : |
The upper end of the bore of the sleeve is coned to pro-
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~ sembly are thus made retrievable and insertable by the

use of usual wireline tools. S
From the foregoing it will be seen that this invention

s one well adapted to attain all of the ends and objects

The central bore 61 of the

10

hereinabove set forth, together with other advantages
which are obvious and which are inherent to the ap-

paratus. | . | . -
It will be understood that certain features and subcoms-

binations are of uiility and may be employed without ref-

erence to other features and subcombinations. This is
contemplated by and is within the scope of the claims.

As many possible embodiments may be made of the
invention without departing.from the scope thereof, it is
to be understood that all matter herein set forth or shown

15 in the accompanying drawings is to be interpretgd as

~ illustrative and not in a limiting sense.

25

The invention having been described, what is claimed is:
1. A side pocket mandrel valve assembly comprising in

- combination a  tubing mandrel having a side pocket

20 adapted to receive a flow control valve, said pocket having

an opening commaunicating with the exterior of the tubing
at one level and an opening through its interior wall com-
municating with the interior of the tubing at another level;
a retrievable flow control valve disposed in said side
pocket; and a cutoff valve including a housing having pas-

- sage means and a valve seat, the housing being remov-

30

ably mounted and located in the side pocket below the
flow control valve and in normal operative position coact-
ing with the side pocket so that it provides communica-

_tion between the two side pocket openings through the

~ ‘housing passage means 'and valve seat, the housing having

tool engaging means to facilitate removal of the cutoff

~ valve housing from the side pocket, a valve-closure mem-

- vide a sloping surface 65 adapted to guide a spear or other

wireline retrieving tool into the bore and a shoulder 66
1s provided on the interior of the sleeve to give a point

for attachment of such tools. When the spring 58 is se-

cured to shoulder 60, the entire cut-off valve is easily re-

rmovable or insertable by wireline tools. | |
FIG. 3 illustrates a modification of the assembly of
1y invention in which a retrievable ball-type cut-off valve

‘1s used. The control valve shown in this ficure is similar

to that of FIGS. 1 and 2 but is modified by the addition
of a pin 71 to its lower end. The cut-off valve in this as-
sembly comprises a substantially cylindrical body 72
having an annular sealing member 73 disposed around
it and held in a suitable recess in the body to make sealing
contact with the walls of the side pocket. The hollow
interior of the cylinder body 72 is constricted to form a
conical valve seat 74 adapted to receive ball 75 to cut off
fluid flow through the interior of the body. The body
is somewhat smaller in diameter than the diameter of
the side pocket into which it is placed and has a number
of openings 77 through the wall of the body communi-
cating with the space between the valve body and side
pocket wall thus providing a passageway for flow of fluid
“when the valve is in open position, as iHustrated, through

opening 12 in the side pocket wall, opening 77 in the hol-

low interior of the body, openings 25 and 26 in the con-

trol valve and through opening 11 to the interior of the
mandrel. | |

The upper end of the body is formed into a shoulder

78 adapted to be caught and held by a spear or similar
wireline fishing tool and to be pulled out of the side
pocket thereby. o B
The ball 75 in the valve rests upon a spring 76 of
such strength that it is compressed by the weight of con-
trol valve 23 when the control valve is present, opening
the cut-off valve by lowering ball 75. The: body 72 is
equipped with a latching means for retaining it in the

pocket. This latching means comprises a latch mem-
ber 79, a spring 89, a recess 81 in the body wall adapted

to receive the end of latch 79, and a shear pin 81a which
normally prevents release of latch 79 from the recess §1. .
Both the control valve and cut-off valve of this as-
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ber disposed to seat upon said valve seat and close said
passage means, ia resilient member disposed to urge said
vaive closure member toward seating position, and a pin

disposed to transmit contact pressure from said control

valve to said valve closure member to urge said valve clo-
sure member away from said valve seat. - R |
2. The assembly of claim 1 wherein the pin is carried
by the control valve body. | | o
3. The assembly of claim 1 wherein the valve closure
member is a ball urged toward seating position by a
spring. | -
- 4. The side pocket mandrel valve assembly of claim 1
wherein the means for detachably locking the cutoff valve
in the side pocket comprises a pivoted latch disposed to
engage a.detent recess in a side pocket wall. | |
5. The side pocket mandrel valve assembly of claim 1
wherein the tool engaging means of the cutoff valve hous-
ing comprises an inwardly coned surface and a shoulder
below said surface adapted to be caught and held by a
fishing tool. = - | |
6. A side pocket mandrel valve assembly comprising in

-combination @ tubing mandrel having a side pocket

adapted to receive a flow control valve, said side pocket
having an opening communicating with the exterior of the
tubing at one level and an opening through its interior
wall communicating with the interior of the tubing at an-
other level; a retrievable flow control valve disposed in
the side pocket to control flow between said openings;
and a cutoff valve including a housing having passage -
means and a valve seat, the housing being removably

mounted and located in the side pocket below the flow
control valve and in normal operative position coacting

with the side pocket so that it provides communication
between the twe side pocket openings through the hous-
ing passage means and valve seat, the housing having tool
engaging means to facilitate removal of the cutoff valve

~housing from said side pocket, a vertically reciprocable
- valve closure -member disposed to cooperate with said
- valve seat to close said passage means when in raised po-

sition and to open said passage means when in lowered
position, means for lowering the valve closure member
responsive to contact pressure irom said flow control
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valve, a resilient member disposed to urge the valve clo-

sure member upward, and means for detachably locking

the cutoff valve housing in the side pocket.

7. A side pocket mandrel valve assembly comprising
in combination a2 tubing mandrel having a side pocket
adapted to receive -a flow control valve, said side pocket
having an opening communicating with the exterior of
the tubing at one level and an opening through its in-
terior wall communicating with the interior of the tubing

at another level; a flow confrol valve operable to control

flow between said openings disposed in said side pocket;
a cutoff valve including a housing having passage means,
said passage means having a valve seat, the housing being
removably mounted and located in the side pocket below
the flow control valve and in normal operative position
coacting with the side pocket so that it provides com-
munication between the two side pocket openings through

10 ;

tha housing passage means and valve seat, the housing
having tool engaging means to facilitate removal of the
cutoff valve housing from the side pocket, a valve closure
member cooperable with said seat to close said passage
means and responsive to mechanical pressure from said
retrievable flow control valve to open the valve, and a re-
silient member disposed in the pocket to urge the valve-
closure member constantly toward closed position,
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