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ABSTRACT OF THE DISCLOSURE

The method of cementing a porous subsurface earth
formation in which well casing is set and perforated,
wherein a body of cement slurry is displaced through the
tubing, and a bridge plug is employed to close off the
lower end of the tubing, following displacement of the
cement slurry through the perforations. A bridge plug for
use in performing such a method, such bridge plug having
anchor slips releasably expandable into engagement with
the tubing when an expansible spring device at the lower
end of the plug emerges from the lower end of the tubing.

In the completion or treatment of certain oil and gas
wells, it may be necessary or desirable to displace a pump-
able cement slurry into a porous formation in which cas-
ing has been set and perforated. However, if well tubing is
disposed in the well casing, the displacement of the cement
downwardly through the well tubing and thence into the
larger casing poses problems which are difficult to solve.
One of these problems would be the provision of a ce-
menting plug capable of being displaced downwardly
through the small diameter tubing and also being capable
of outward expansion into engagement with the larger
diameter casing, so that a following fluid, which is normal-
ly employed to displace the cement slurry, will not by-
pass the cement slurry and itself be displaced into the
formation being cemented, on the one hand, and which,
on the other hand, will prevent the return flow of the
cement from the formation.

The present invention provides a method for cement-
ing wells of the aforementioned type where the cement
slurry is to be displaced through tubing and thence into
a larger diameter casing which has been perforated to
establish communication between the casing and a porous
formation.

More specifically, the invention provides a method
whereby a body of cement slurry is introduced into the
well tubing and is displaced downwardly through the tub-

.ing by a following fluid, wherein a plug device is pumped
downwardly through the tubing in the following fluid at
a distance above the cement slurry, calculated to effect
displacement of the cement through the casing perfora-
tions and into the porous formation, or to fill the casing
to a predetermined point below the tubing, the plug being
anchored at the lower extremity of the tubing following
displacement of the cement to prevent further fluid dis-
placement and to prevent return flow of the cement from
the formation into the casing. The cement may then
be allowed to set up in the formation, after which the
plug is removed from the tubing, Thereafter, various
through tubing operations may be performed, such as,
for example, the perforation of a higher subsurface zone
traversed by the casing. In the practice of the present
method, the usual through tubing plugs or dividers may
be employed to separate the charge of cement slurry from
fluid in advance of the cement slurry and the displace-
ment fiuid following the charge of cement slurry.

In accomplishing the foregoing, the invention also pro-
vides a novel tubing plug apparatus adapted to provide a
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seal with the tubing and to be displaced downwardly
through the tubing, the plug anchoring in the tubing fol-
lowing downward movement of a lower portion of the
plug apparatus, such as a spring actuator, into the cas-
ing below the lower extremity of the tubing. More par-
ticularly, the tubing plug has normally retracted anchor
slips adapted to be expanded laterally into anchoring en-
gagement with the tubing, such slips being normally held
in retracted position by latch means which are releasable
when the spring actuator emerges from the lower end of
the tubing. In order to release the slips from the anchoring
engagement with the tubing, the plug device is operable
by the imposition of a longitudinal force on the tool
mandrel to relieve the wedging action on the anchor slips,
and to by-pass and release the sealing means from the plug
device as the latter is pulled or pushed from the well tub-
ing.

This invention possesses many other advantages and has
other purposes which may be made more clearly apparent
from a consideration of a form and method embodying
the invention. This form and method are shown and de-
scribed in the present specification and in the drawings
accompanying and constituting a part thereof. They will
now be described in detail, for the purpose of illustrating
the general principles of the invention; but it is to be
understood that such detailed description is not to be taken
in a limiting sense.

Referring to the drawings:

FIGS. 1a, 15, 1c and 1d, respectively, illustrate opera-
tional steps in cementing a zone in a cased well by pump-
ing cementitious material through tubing disposed in the
well casing;

FIG. 2 is a vertical section through a separation plug
employed in the practice of the method;

FIGS. 3a, 3b and 3c together constitute a vertical sec-
tion through a tubing plug embodying the invention, and
being run through the tubing, FIGS. 3b and 3c being, re-
spectively, downward continuations of FIG. 3a;

FIGS. 4a and 4b together constitute a vertical section
illustrating the tubing plug anchored in the tubing follow-
ing emergence of its spring actuator from the lower end
of the tubing, FIG. 4b being a downward continuation of
FIG. 4a;

FIGS. 5a, 5b and 5c together constitute a vertical sec-
tion illustrating the tubing plug being released from the
tubing, FIGS. 5b and 5¢, respectively, being a downward
continuation of FIG. 5a; and

FIGS. 6a, 6b and 6¢ together constitute a vertical sec-
tion illustrating the tubing plug being pulled upwardly
through the tubing following release of the plug, FIGS.
6b and 6c, respectively, being downward continuations of
FIG. 6a.

As seen in FIGS. 1a, 15, 1c and 1d the present inven-
tion involves the treatment or cementing of a well where-
in a well casing C has been set in a well bore W which
traverses a subsurface strata or zone Z1. The casing has
been perforated at P to provide communication between
the casing C and the zone Z1. Above the zone Z1, the
casing C.also traverses a second zone Z2, but the casing
has not been perforated at the zone Z2. Extending down-
wardly from the top of the well from the casing C is a tub-
ing string T, at or near the lower end of which a conven-
tional packer A is set and anchored against the casing to
provide a seal between the tubing T and the casing C, If
the formation or zone Z1 is, for example, a porous but
non-productive formation, it may be necessary or desirable
to displace cement slurry into the formation or zone Z1.
through the perforations P in order to block off or seal
such formation. Thereafter, the casing C may be perfo-
rated at the productive formation or zone Z2.
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The conduct of such cementing operation through the
tubing string where, as in the present case, the forma-
tion Z1 is porous poses problems of accurate fluid and
cement slurry measurement to appropriately block off
the zone Z1. Various through tubing cementing opera-
tions have heretofore been employed, but such operations
have not been altogether satisfactory.

In accordance with the present method, the cement-
ing of the formation or zone Z1 through the perforations
P involves the utilization of a bridge plug or tubing plug
B adapted to form a seal within the tubing T and to
move with a stream of following fluid employed to dis-
place the cement through the perforations P, the cement
being, in the specifically illustrated embodiment, preceded
by a separation plug or fluid divider, generally denoted
at D. The body of cement slurry is indicated at E. Also,
in the illustrated employment, the body of cement slurry
E is separated from the following fluid in the fluid column
by an upper separator or divider plug F which may cor-
respond to the plug D.

The details of the separation plugs or dividers D and
F will be best understood upon reference to FIG. 2,
while the details of the tubing plug B will best be under-
stood upon reference to FIGS. 3a through 6¢.

The known type of plug or fluid divider illustrated in
FIG. 2 is used for the leading separation plug D and
also for the following plug F. More particularly, the
separation plug comprises an elongated mandrel 16 com-
posed of threadedly interconnected sections adapted to
support thereon an upper, upwardly facing tubing cup
11 and a lower, upwardly facing tubing cup 12, each of
which is adapted for sliding and sealing engagement with
the inside wall of the tubing string T. Between the tubing
cups 11 and 12 and suitably attached to the mandrel 10
is a lower, upwardly facing casing cup 13 foldable in the
tubing string T and of sufficient diameter as to expand
outwardly into engagement with the inside wall of the
casing C upon the emergence of the cup 13 from the
tubing T. Above the casing cup 13, but below the tub-
ing cup 11, is an upper, upwardly facing casing cup
14 foldable in the tubing T and which is also of sufficient
diameter as to expand outwardly into sealing contact
with the casing C upon its emergence from the tubing
T. The casing cups 13 and 14 are relatively flexible,
constituting simply dividers for separating the fluent ma-
terial thereabove from the fluid-like material therebelow
in the tubing T and in the casing C. However, the cups
13 and 14 are not required to withstand any substantial
differential fluid pressure as they move downwardly with
the combined fluid column,

As will be hereinafter more fully described, the tubing
plug B includes an elongate body 2¢ on which are upper
and lower tubing cups 21, 22 adapted for sliding en-
gagement within the wall of the tubing T. On the body
20 of the tubing plug B is an actuator assembly 23, in-
cluding bow springs which are held in deformed condi-
tion, as seen in FIG. lc¢, when the plug B is within the
tubing T, but which expand, as seen in FIG. 1d, when they
emerge from the lower end of tubing T. The actuator
means 23 is adapted to effect the anchoring of releasable
anchor means 24 against the wall of the tubing T follow-
ing emergency of the actuator means 23 from the lower
end of the tubing T. Following completion of the cement-
ing operation, the tubing plug B is removed from the
tubing T.

With the foregoing general description in mind, the
practice of the present method will now be described.
As seen in FIG. la and as indicated by the arrows, a
column of fluid in the tubing T and in the casing C
may flow downwardly and through the casing perfora-
tions P into the zone Z1, In order to assure that the
tubing T has no restrictions, offering impediment to the
completion of the operation, a drift plug 25 having a cup
26 slidably engageable within the tubing T may be dis-
placed downwardly through the tubing T and into the
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4
casing C, thereby assuring a minimum diameter opening
downwardly through the tubing T.

Thereafter, at the top of the well, the separator or
divider plug D is introduced into the fluid column in
the tubing T followed by the body of cement slurry
E. Above the cement slurry E, the upper separation plug
F is introduced into the tubing T, followed by displace-
ment fluid, which is pumped downwardly through the
tubing T to effect the downward displacement of the
body of cement slurry E and the plugs D and F, the
plugs D and F effectively isolating the cement slurry from
the fluid in advance thereof and the displacement fluid
thereabove, as seen in FIG. 1b.

A suitable interval above the upper separation plug F,
the tubing plug B is introduced into the tubing T, to be
pumped downwardly therein with the displacement fluid.
As the lower separation plug D emerges from the lower
end of the tubing T, the plug cups 13 and 14 expand
outwardly into sliding engagement with the larger di-
ameter casing C, as seen in FIG. 1c. The plug D there-
after functions as a divider between the fluid in ad-
vance of the cement slurry E and the cement slurry it-
self. As seen in FIG. 1d, the upper divider plug F then
emerges from the lower end of the tubing T and its
cups 13 and 14 extend into sliding engagement with the
casing C, so that the plug F acts as a divider between
the following fluid above the plug F and the body of
cement slurry E as the column of fluid continues to
move downwardly through the well casing C.

Such further downward movement of the column of
fluid in the well causes the lower separator plug D to
reach a point at which at least the lower cup 13 is below
the lowermost perforations P, at which time further down-
ward movement of the bottom separator plug D is ar-
rested, due to the presence of a static column of fluid in
the casing C below the perforations P. However, the
cement slurry E will continue to be displaced downwardly
past the upper casing cup 14 of the separation plug D,
and outwardly through the perforations P, by the follow-
ing fluid above the separation plug F. Such displacement
of the cement slurry E will continue until the tubing plug
B reaches the lower end of the tubing string T; where-
upon the actuator means 23 of the tubing plug B emerges
from the lower end of the tubing T and effects anchoring
of the anchor means 24 against the tubing, arresting fur-
ther downward movement of the tubing plug B.

Anchoring of the tubing plug B will be indicated by a
substantial increase in pressure at the top of the well,
whereupon pumping of the following fluid ceases, the
tubing T being shut-in at the surface to hold the cement
slurry E in the formation Z1 or in the casing immobile
until the cement has had an opportunity to set. There-
after, as will be more fully explained hereinafter, the
tubing plug B may be removed from the tubing T. After
removal of the tubing plug B, the casing C at the upper
subsurface zone Z2 may be perforated, if desired, by the
usual through tubing perforating equipment.

Referring. now to FIGS. 3a through 6c, the structure
of the tubing plug B will be more fully described.

The tubing plug B comprises an elongate, sectional,
tubular body comprising an upper body section 30 which
is threadedly connected, as at 31, in a threaded bore of
an intermediate body section 32. Disposed upon the body
30 is an upwardly facing sealing means or packing cup
33 sealingly engaged against an annular seat 34 provided
on the body section 30 and by an upwardly and outwardly
extended flange 35 at the upper extremity of the inter-
mediate body section 32.

The intermediate body section 32 extends downwardly
and has a threaded lower end 36 engaged in the threaded
bore 37 of a lower body section 38. An expander cone
39 is disposed about the intermediate body section 32
adjacent the lower end of the latter. In the running-in
condition of the plug, as shown in FIGS. 3a through 3c,
the expander cone 39 is confined against axial movement
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relative to the body section 32 between an upwardly fac-
ing shoulder 40 provided at the upper extremity of the
lower body section 38 and a number of outstanding
tapered projections 41 on the intermediate body section
32, these projections 41 being formed on circumferential-
1y spaced resilient body webs or arms 42 which are pro-
vided by forming longitudinal slots 43 in circumferen-
tially spaced relation about the body section 32.

The webs 42, when the tool is in the running-in condi-
tion, are held against inward flexure by a cylindrical end
portion or head 44 of a center rod 45 extending longi-
tudinally within the body sections 32 and 30 and pro-
jecting through a top cap 46 threadedly connected, as at
47, to the upper end of the upper body section 30. This
rod 45 is releasably secured within the upper body section
30 by a shearing ring 48 disposed in an annular groove
49 in the rod 45, and extending into a circumferential
groove 51 defined between a shoulder 50 in the end cap
46 and a split retainer ring 52 disposed in a counterbore
53 in the upper end of the body section 30.

A set of upper by-pass ports 54 extend radially in the
tubular upper body section 30 above the packing cup
33, a set of lower by-pass ports 55 extending radially
through the upper end of the intermediate body section
32. These ports 54 and 55 establish communication be-
tween the annulus 56 surrounding the body of the tubing
plug and the bore 57 extending longitudinally of the
body of the plug B. In order to prevent communication
between the bore 57 above the cup 33 and the bore below
the cup 33, the rod 45 has a cylindrical section 56a pro-
vided with a suitable side seal 57a in the form of an
O-ring sealingly engaged within the bore 57. Thus, fluid
above the plug assembly B may be pumped downwardly
through the tubing T and will act on the cup 33 to force
the plug assembly correspondingly downwardly.

At its upper end, the rod 45 is threaded at 58 for en-
gagement in the threaded bore 59 of a typical well tool
recovery head 60 having a downwardly facing shoulder
61 adapted to be engaged by a suitable wire line fishing
tool (not shown) when it is desired to release the plug
B and pull the same from the tubing T, as will herein-
after be described.

Cooperative with the expander 39 for the purpose of
anchoring the plug B in the tubing T, when released to do
so, is the anchor means 24 which includes circumferen-
tially spaced 'wedgelike slip elements 62 having down-
wardly facing teeth 63 adapted to bite into the tubing T
when the slips 62 are expanded. These slip elements have
resilient arms 64 extending longitudinally of the lower
body section 38, which are integral with a slip supporting
ring 65 extending about the lower body 38. This ring 65
is initially retained against longitudinal movement with
respect to the body 38 to hold the slip elements 62 out
of wedged relation to the expander 39 and in retracted
position, as shown in FIG. 3b. In order to retain the
ring 65 against such movement, releasable latch means in-
cluding ball detents 66 are provided, these balls 66 being
disposed in radial holes 67 in the lower body 38 and
engaged in an annular generally V-shaped groove 68 in
the ring 65. A longitudinally shiftable latch rod 69 is
disposed within the bore 70 of the lower body section
38, the rod 69 having adjacent its upper end a cylindrical
enlargement or head 71 positioned within or behind the
balls 66 to hold the latter outwardly in the groove 68.
Between the slip elements 62 and the ring 65, the body
section 38 is provided with an external ring 72 providing
a downwardly facing shoulder 73 in opposed spaced rela-
tion to the ring 65, this shoulder 73 being cooperative
with the ring 65 in a manner hereinfater to be described.

Spring means including a helical compression spring
74 is provided to normally bias the slip 65 upwardly
when the ball detents 66 are released. Thus, the upper
end of the spring 74 abuts the slip ring 65, its lower end
abutting an annular spring seat collar 75 affixed to the
lower body 38 by suitable screw fasteners 76.
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The actuator means 23 are provided for holding the
cylindrical retaining portion 71 of the rod 69 in engage-
ment with the ball detents 66, such means being operative
to shift the rod 69 upwardly to remove the cylindrical
portion 71 from the ball 66 when the plug B is to be
anchored in the tubing T. This actuator means includes
an upper or end member 77 threadedly connected, as at
78, to the Jower end of the lower body section 38. The
member 77 has a cylindrical downward extension 79
telescopically disposed about the upward cylindrical sec-
tion 80 provided on a lower actuator member 81. These
actuator members 77 and 81 are interconnected by a
number of circumferentially spaced outwardly expand-
able bow springs 82. The upper end 83 of each bow spring
is provided with a flange confined within an annular
groove 84 in the member 77 by a retainer collar 85 se-
cured to the end member 77 by suitable screw fasteners §6.
The lower end 87 of each bow spring 82 is provided with
a flange confined within a groove 88 in the lower actuator
member 81 by a retainer collar 89 secured to the member
81 by a suitable screw fastener 90. Normally, the bow
springs 82 will expand outwardly, causing telescopic con-
traction of the cylindrical extensions 79 and 80 of the
members 77 and 81. However, when the bow springs are
confined within the tubing T, they are elongated to effect
telescopic extension of the sections 79 and 80 of the ac-
tuator members 77 and 81 to the positions shown in
FIG. 3b.

Extending downwardly from the actuator member 81
is a tubular body 91, this body 91 carrying a lower up-
wardly facing packer cup 92 bearing against an annular
seat 93 on the body 91 and against a lower packing sup-
port collar 94 which is provided with an upwardly and
outwardly extended end flange 95.

For purposes which will hereinafter appear, the packer
support 94 is releasably latched to the actuator body 91.
Accordingly, the body 91 is provided with a radial hole
96 in which a ball Iatch 97 is disposed. The ball 7 co-
operates with a conical seat or recess 98 in the packer
support 94, to hold the support 94 against downward dis-
placement from the lower end of the body 91. The rod 69
previously referred to, and which holds the first-described
ball detents 66 against displacement from the groove 68
of the slip ring 65, also includes a cylindrical enlargement
99 adapted to engage the ball 97 of the second latch
means to hold the latter in the seat 98. This cylindrical en-
largement 99 also carries a side seal 100 sealingly engaged
within the bore 101 of the actuator body 91.

At the base of the bore 101 of the actuator body %1lisa
seat 102 against which the lower conical end 103 of the
rod 69 is adapted to abut, to limit downward movement
of the rod 69 within the lower body section 38 and the
actuator body 91 to a position at which the cylindrical
portions 71 and 99 of the rod 69 initially hold the re-
spective ball detents 66 and 97 outwardly.

At its lower end, the actuator body 91 may be provided
with a guide spear 104 threadedly attached thereto and
having a conical gnide surface 105 at its lower end. In
addition, the lower end of the body 91 may be provided
with ports 108 leading into the bore 101, to facilitate
relative upward movement of the rod 69 in the bore 101
when the latch ball 97 is to be released.

A third latch means is provided in the tubing plug B
which, as hereinafter will appear, is adapted to hold the
rod 69 in upwardly displaced relation to the ball detents
66 and 97. This third latch means is incorporated in the
upper actuator member 77, and includes a laterally shift-
able latch dog 109 disposed in a radial bore 11 in the
member 77 and confined therein by the retainer collar
85. This latch dog is normally biased inwardly by a coil
compression spring 111 which engages the collar 85 and
seats in a recess 112 in the outer end of the dog 169. The
dog 109 engages an enlarged cylindrical section 113 on
the rod 69, as shown in FIG. 3b, this cylindrical portion
113 having a lower downwardly facing shoulder 114 be-
neath which the dog 109 is adapted to engage to hold the
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rod 69 in an upper position within the body 38, 79 after
the latch balls 66 have been released, and to enable the
tool to be released from the tubing T and pulled upwardly
therethrough to the top of the well bore.

Referring now more particularly to FIGS. 4a and 4b,
the tubing plug assembly B is illustrated as anchored in
the lower end of the tubing string T, in response to emerg-
ence of the bow springs 82 of the actuator members 23
from the lower end of the tubing T. In these views, it will
be noted that the upper rod 45 has maintained its position
with respect to the upper body section 30 and the inter-
mediate body 32. Accordingly, the seal ring 57a still pre-
vents communication between the upper by-pass ports 54
and the lower by-pass ports 55, and the enlarged cylindri-
cal portion 44 at the lower end of the rod 45 is centrally
located within the flexible webs 42, thereby maintaining
the expander or cone 39 against upward movement rela-
tive to the intermediate body section 32. However, when
the bow springs 82 emerge from the lower end of the tub-
ing T into the larger diameter of the casing C, these
springs are free to expand laterally outwardly and con-
tract lengthwise, moving the actuator body 91 upwardly
with respect to the lower body section 38, which moves
the actuator rod 69 upwardly with it within the body sec~
tion 38. Such upward movement of the rod 69 elevates
the enlarged cylindrical portion 71 above the latch balls
66, thereby releasing the latch means which holds the slip
ring 65 against upward movement and permitting the
spring 74 to expand and shift the slip ring 65 and the slips
62 upwardly along the cone 39 and laterally outwardly
into anchoring engagement with the tubing T, thus pre-
venting further downward movement of the plug assem-
bly B. Such anchoring of the plug assembly B will be in-
dicated at the top of the well by an increase in the pres-
sure of the following fluid being pumped downwardly
through the tubing string T, since the fluid cannot by-pass
through the ports 54 and 55.

In addition, upward movement of the rod 69 within the
body section 38, as shown in FIG. 4b, moves the down-
wardly facing shoulder 114 on the cylindrical enlarge-
ment 113 of the rod 69 above the latch dog 109, the lat-
ter being shifted inwardly by the spring 111 under the
shoulder 114 to prevent return downward movement of
the rod 69 to its initial position.

The plug assembly B will remain anchored in the tub-
ing T under these circumstances until the plug is positively
released. While the plug B remains anchored, the cement
slurry, which has been displaced into the formation or
zone Z1, will be held immobile to allow it to set up to

plug off that formation by maintaining pressure on the 5

fluid in the tubing string T above the plug assembly B.

When it is desired to release and remove the plug
assembly from the tubing T, such result can be effected
by either pushing the plug downwardly and out of the
tubing, or by pulling it upwardly through the tubing to
the top of the well bore. Release by pushing downwardly
is illustrated in FIGS. 54, 5b and 5c¢, release by pulling
upwardly through the tubing being illustrated in FIGS.
6a, 6b and 6c.

As disclosed in FIGS. 5q to 5¢, the tubing plug assembly
B is released by applying a downward force to the recovery
head 60 (not shown in FIG. 5a) by a suitable jarring
apparatus on a wire line (not shown), which is trans-
mitted to the center rod 45 to shear the ring 48 and effect
downward movement of the rod 45. Such downward
movement of the rod serves the purpose of moving the
lower cylindrical portion 44 of the rod 45 downwardly
within the flexible webs 42 from its position behind the
cone 39, so that the webs 42 are free to flex inwardly in
response to downward movement of the upper body sec-
tion 30 and the intermediate body section 32. This down-
ward movement is caused by engagement of the enlarged
cylindrical portion 56z of the rod with the upwardly
facing shoulder 565 in the body section 32, downward
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movement of the body section 32 causing the webs 42 to 75

be cammed inwardly by the downwardly tapered lower
surfaces 41a of the web projections 41. Following such
inward deflection of the web 42, the downward wedging
action of the expander 39 on the slips is relieved, so that
the expander 39 is no longer in condition to retain the
slips 62 anchored against the wall of the tubing T. The
downward movement of the body sections 3@, 32, 33
causes engagement of a ring 72 on the lower body section
38 with the ring 65 to urge the latter downwardly and
free the slips from wedging relation to the expander 39.

The downward application of foice on the rod 45 and
body of the tool is continued until the entire plug is
ejected downwardly from the tubing T, whereupon it will
drop or gravitate to the top plug F. During the downward
movement of the plug and its ejection from the tubing T,
the by-pass ports 54, 5§ are in communication, since the
cylindrical portion 56a and its seal ring 57a have been
lowered below the ports 55, allowing fluid to by-pass
around the upper packing cup 33.

As illustrated in FIGS. 64, 6b and 6c, the tubing plug
B can be released from its anchored position in the well
casing and elevated through the tubing T to the top of
the well. By use of a suitable retrieving tool (not shown)
lowered in the tubing on a wire line (not shown), such
retrieving head engages the recovery head 60 and latches
under its downwardly facing shoulder 61, in a known
manner. An upward jar is taken on the wire line to jar
upwardly on the rod 65, which shears the ring 48 and
moves the rod 45 upwardly within the body of the tool, un-
til the enlargement 56a engages the split retainer ring 52,
as disclosed in FIG. 6a. With the rod in this condition,
the ports 54 and 55 are in communication with each other
through the interior of the body section 30 and 32, per-
mitting fluid to by-pass around the upper packing cup
33. Accordingly, upward movement of the wire line and
rod 45 connected thereto will raise the body sections and
the entire tool, including the expander 39, the latch 109
elevating the rod 69 with the spring 74 yieldably urging
the slips 62 in an upward direction. However, such slips
will merely ride along the wall of the tubing T, since the
downwardly tapering expander 39 is being elevated there-
from. Also, during the initial stage of the elevating move-
ment, the rod 69 is also being elevated, as well as the
bowed springs 62. When the bowed springs move upward-
ly into the casing, they are compressed, shifting the actua-
tor body 91 downwardly with respect to the lower body
section 38 and the rod 69, including its enlargement 99,
the downward movement of the body 91 along the cy-
lindrical enlargement 99 removing the detent ball 97 from
engagement therewith, permitting it to drop out of the
socket 28 in the plug support 94, and thereby freeing the
lower packing cup 92 and its support 94 from the body
91. As upward movement of the plug continues, the pack-
ing cup 92 will tend to re-enter the tubing T, but the
fluid column in the tubing will act downwardly on the
packing cup 92 and shift the latter, together with its
support 94, from the lower end of the actuator body 91,
the packing cup 92 and actuator body 91 dropping down
into the well casing. The remainder of the plug assembly
B is now free to be moved upwardly through the tubing
string T to the top of the well by appropriately elevating
the wire line, the slips 62 merely sliding upwardly along
the wall of the tubing string.

I claim:

1. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally retracted
slip elements on said body expansible ouwardly into
anchoring engagement with the tubing, an expander on
said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means op-
erable in response to movement of said actuator means
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out of the lower end of said tubing for shifting said latch
means to released position.

2. In a tubing plug as defined in claim 1, said latch
means comprising a member shiftable longitudinally of
said body by said biasing means and connected to one
of said expanders and said slip elements, detent means
carried by said body and normally held in engagement
with said member, and means shiftable by said actuator
means upon movement of said actuator means out of the
lower end of said tubing to release said detent means.

3. In a tubing plug as defined in claim 1, said biasing
means comprising spring means, said latch means com-
prising a member shiftable longitudinally of said body
by said spring means and connected to one of said ex-
panders and said slip elements, said member having an
internal channel, one or more balls carried by said body
and engageable in said channel, openings in said body
in which said balls are disposed, said actuator means
comprising a rod movable in said body and having a
large diameter portion for holding said one or more balls
in said channel and a reduced diameter portion for re-
leasing said balls from said channel upon longitudinal
movement of said rod in said body by said actuator
means as a result of movement of said actuator means
out of said tubing.

4, In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally retracted
slip elements on said body expansible outwardly into
anchoring engagement with the tubing, an expander on
said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means
operable in response to movement out of the lower end
of said tubing for releasing said latch means, said actuator
means including a pair of relatively longitudinally mova-
ble members, bow springs connected to said members and
deflectable inwardly by said tubing to hold said members
in a first position, said bow springs expanding upon
emergence from the lower end of said tubing to move
said members to a second position, and means for releasing
said latch means upon movement of said members to said
second position.

5. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally retracted
slip elements on said body expansible outwardly into
anchoring engagement with the tubing, an expander on
said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means
operable in response to movement out of the lower end
of said tubing for releasing said latch means, said packing
means including an upper packing cup and a lower pack-
ing cup respectively spaced on said body above and below
said actnator means.

6. In a tubing plug as defined in claim 5, including
second releasable latch means removably holding said
lower packing cup on said body, and means for releasing
said second latch means upon re-entry of said actuator
means in said tubing.

7. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon for
sealing engagement with the tubing, normally retracted
slip elements on said body expansible outwardly into
anchoring engagement with the tubing, an expander on
said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means opera-
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ble in response to movement out of the lower end of said
tubing for releasing said latch means, said packing means
including a packing cup on said body below said actuator
means, second releasable latch means removably holding
said packing cup on said body, and means for releasing
said second latch means upon re-entry of said actuator
means in said tubing.

8. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally retracted
slip elements on said body expansible outwardly into
anchoring engagement with the tubing, an expander on
said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means op-
erable in response to movement out of the lower end of
said tubing for releasing said latch means, said biasing
means comprising spring means, said packing means in-
cluding a packing cup on said body below said actuator
means, said latch means including a member shiftable
longitudinally of said body by said spring means and
connected to one of said expanders and said slip elements,
detent means carried by said body, a rod in said body
having a portion normally holding said detent means in
engagement with said member, second releasable latch
means normally holding said packing cup on said body,
said rod having a second portion normally holding said
second latch means engaged with said packing cup, and
said actnator means including means for moving said
rod to release said detent means upon emergence of said
actuator means from said tubing and for releasing said
second latch means upon re-entry of said actuator means
in said tubing.

9. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally retracted
slip elements on said body expansible outwardly into an-
choring engagement with the tubing, an expander on said
body, means for biasing said slip elements and said ex-
pander relatively longitudinally to cause said expander to
expand said slip elements, latch means normally holding
said biasing means inactive, and actuator means operable
in response to movement out of the lower end of said
tubing for releasing said latch means, said biasing means
comprising spring means, said packing means including
a packing cup on said body below said actuator means,
said latch means including a member shiftable longitu-
dinally of said body by said spring means and connected
to one of said expanders and said slip elements, detent
means carried by said body, a rod in said body having a
portion normally holding said detent means in engage-
ment with said member, second releasable latch means
nor{nally holding said packing cup on said body, said rod
having a second portion normally holding said second
latch means engaged, said actuator means including a pair
of relatively longitudinally telescopic sections of said body,
bow springs connected to said body sections and deform-
able in said tubing to move said body sections in directions
away from each other, said bow springs moving said body
sections in directions toward each other, said rod being
epgaged by one of said body sections and shifted lone -
glt‘udinally of the other body section upon emergence of
§'a1d bow springs from said tubing, dog means for prevent-
ing return movement of said rod relative to said other
bod-y section upon re-entry of said bow springs in said
tubing, said bow springs moving said one body section
relative to the other to release said second latch means
to release said packing cup from said body upon re-entry
of said bow springs in said tubing.

10. In a tubing plug for cementing a well zone traversed
by a well casing in which tubing is disposed: an elongate
tubular body, said body having packing means thereon
for sealing engagement with the tubing, normally re-



3,572,433

11

tracted slip elements on said body expansible outwardly
into anchoring engagement with the tubing, an expander
on said body, means for biasing said slip elements and said
expander relatively longitudinally to cause said expander
to expand said slip elements, latch means normally hold-
ing said biasing means inactive, and actuator means oper-
able in response to movement out of the lower end of said
tubing for releasing said latch means, said expander com-
prising a member shiftable on said body, said body having
a shoulder engaged with one end of said expander mem-
ber, said body having a plurality of inwardly flexible arms
extending through said expander member, projections on
said arms above said expander member, said shoulder
and said projections initially preventing movement of said
body with respect to said expander member, and said arms
being inwardly flexible to allow longitudinal movement of
said expander member relative to said slip elements to
release said slip elements from said tubing.

11. A tubing plug comprising: an eclongate tubular body
having an upper packing cup facing upwardly thereon, a
lower packing cup facing upwardly thereon, an upper rod
in said body and projecting upwardly therefrom, recovery
head means on said rod above said body, releasable means
for initially preventing longitudinal movement of said rod

in said body and releasable to allow reciprocation of said

rod in said body, an expander carried by said body, slips
carried by said body, resilient means for biasing said slips
into wedging engagement with said expander, releasable
latch means for holding said slips out of engagement with
said expander, and actuator means for releasing said re-
leasable latch means, said actuator means including spring
means and being operable to release said latch means in
response to emergence of said spring means from the
lower end of a tubing in which the plug is movable.

12. A tubing plug as defined in claim 11, wherein said
actuator means includes an actuator rod shiftably dis-
posed in. said body, said actuator rod having means for re-
leasing said latch means in response to movement of said
body relative to said actuator rod, and means for effecting
such relative movement upon emergence of said spring
means from the lower end of the tubing.

13. A tubing plug as defined in claim 1%, wherein said
actuator means includes an actuator rod shiftably disposed
in said body, said actuator rod having means for releasing
said latch means in response to movement of said body
relative to said actuator rod, said body including rela-
tively longitudinally movable members, said spring means
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comprising bow springs connected to said body members
and deformable by the tubing to extend said body mem-
bers relatively to each other, said bow springs contracting
said body members relative to each other upon emergence
from the tubing, one of said body members being engaged
with said actaator rod to move the latter and release said
latch means in response to contraction of said body mem-
bers relative to each other.

14. A tubing plug as defined in claim 11, wherein said
actuator means includes an actuator rod shiftably disposed
in said body, said actuator rod having means for releasing
said Iatch means in Tesponse to movement of said body
relative to said actuator rod, said body including relatively
longitudinally movable members, said spring means com-
prising bow springs connected to said body members and
deformable by the tubing to extend said body members
relative to each other, said bow springs contracting said
body members relative to each other upon emergence
from the tubing, one of said body members being engaged
with said actuator rod to move the latter and release said
latch means in response to contraction of said body mem-
bers relative to each other, and latch means releasable
upon extensible movement of said body members relative
to each other for releasably retaining said lower packing
cup on said body.

15. A tubing plug as defined in claim 11, wherein said
releasable means comprises shearable means connecting
said upper rod to said body.

16. A tubing plug as defined in claim 11, said body
having by-pass ports above and below said upper packing
cup, said body having a bore communicating with said
ports, said upper rod having seal means for preventing
communication between said upper and lower by-pass
ports until said releasable means is released.
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