295,822

’

2

Sept. 15, 1942. -

A. L. ARMENTROUT
APPARATUS FOR CEMENTING OBJEGTs IN WELL BORES

2 Shee’gs—Sheet 1

Filed Sept. 14, 1940

. 7 ’
Y R OTIVRAZASE B OSENE oREFRN . xax Y2 Ay

1
!
. ; /

NN % NG N2 N NN BN 2N 2NN VNN N2 NN NN 2N 7NN NN

.-Il ll-..l.lll"lllli'-t’d];.

R o B3 B e oA e S e e SIS I AT S S S e e AR RN NSy .:? PTRSOTTS

S NP
‘.‘l‘a\_'\ AN NCSE -\

’Im F NN
-.al_!g__E . .
== IR \\\ ag NN

[
k‘l
\i’ N et R

////’///’/’f/////f///f/fff’//f’fﬂ'ff/"/’/’; rf/r//fffffﬂlf//’f/’/”‘f//ffflflfl’l AT IR IS G TR S SO OO I A NOAALURAN B LU BRS8N
B OAY: IR //u///

lll l‘l..[

AN N AN N AN AN AN AN A 2 N N NN AN AN AN N N N N Z N N NN W NN N N2 N2 W2

D) g ¥ SEERY
5 YROILRASINSG § LABE N éﬁ,ﬁ, oY

NN '

l. ORONONAC NN NN ENENANONINONG NN NN 2 ,su\s

—:

[)?Vé/?/O/‘
AT L RrENTROUT

V) 4#0%

D

AR I I IR TEI I GAUEALLALLL AT SYMAATIAE A AR A A A f/ll/r AR IR AL SN / )
e | RSy L orSwrtll

p___r_ll ‘ |

ROREEY,

/r'z
N\
Ny I//a AN, NN o BN AN BN lr/l////////ll/ﬂ/l////l/ /flll/// y/ //r Nt R BN A zz SN BN AN /4.// Z/’!//I/ N AN EAN AN 83 rl/lfl//l// /// —//

7

- Il ————— I./_/é,/////

s s mxanm an s ey s IR e oo

Dot R' % e i, K
SAATLEAIATIIIATAS LA IATL AL EL AT AU UTLVERRAEARARL AL SR SEREURAR AR AR AR AR S8 & /If!fﬂfffl/f/t/tllffl/fl]y/

Z
AN NENALNANALNAZNANA A AN ANAAANENE NN LANAZANE AN

B8 8yg VAN

e T OSSP S N\
: ///_,7 2

1'!. 2

AR avas f//V//ﬂ/ AN /55////1-

“&///ﬁ-? u fomia n




Sept. 15, 1942. A. L. ARMENTROUT 2,295,822

APPARATUS FOR CEMENTING OBJECTS IN WELL BORES
Filed Sept. 14, 1940 2 Sheets—Sheet 2

NNNANNY

72

L —23

Z/

—

A2z _ ]

| | 127 — ;
1T /8

/

’ T A2 4

%
%
7
f//j 9. =
7
%
7

ANANNAN

(i

0 i A—3/
UG
wq & ) Yy \ e, ‘
1T » Nz
2l e = =
v )"
/0 ’
“7 sl /w7 g
PN =
BI— ”
5. A 1~ g |
5 \ —*0 A gﬁrﬂa)?zf.e}/;/:;f/vrl?aur
6. > ‘
o ,5// 7 (//Zp ) W |
éf 3’”9 > : : :{?g . LXT ﬁ//ar/g\ef




‘P‘atented Sept. 15, 1942 )

UNITED STATES

2,205,822

PATENT OFFICE

2,295,822
APPARATUS FOR CEMENTING OBJECTS IN
WELL BORES -

Arthur L. Armentrout, Long Beach, Calif., a.ssi:n
or of one-third to Elwin B. Hall and one-third

to Virgil P. Baker

Apbplication September 14, 1940, Serial Ne. 358,767
(C1. 156—1)

14 Claims.

This invention relates to the art of cementing
wells and has particular reference to a method
and apparatus for cementing casings, liners, and
like objects in well bores. A general object of
the invention is to provide a rapid, efficient
method and a simple, practical apparatus for
cementing objects in wells,

Another object of this invention is to provide
a practical method for performing multiple stage
cementing operations for the purpose of cement-
ing water strings or casings and for cementing
casings and liners at spaced .levels to isolate
spaced productive zones and to prevent the mi-
gration of water and other unwanted fluids to
such zones.

Another object of this invention is to provide
a multiple stage cementing method of the char-
acter referred to wherein each stage or charge
of cement slurry is separately and individually

delivered to the well and individually placed in

the selected portions of the annular space be-
.tween the wall of the well bore and the lining

15

of a single tubular string which serves to conduct‘
the charges of cement slurry to their respective
places in the well, to carry the circulation fluid
or flushing fluid, to carry the bridging plugs and
packer and to control and support the control
means and protective means for the bridging
plugs. -

Another object of this invention is to provide
apparatus for carrying on muitiple stage cement-
ing operations that is safe and dependable and
that is easily controlled. .

Another object of the invention is to provide
multiple stage cementing apparatus that does not
require the installation of complicated valves, or
the like, on the casing, liner, or other object in-

_stalledinthewell

or well casing. In the method of the present in-

vention the charges or bodies of cement slurry

- are individually passed down the well one at a

time for separate delivery to their respective
places and there is no danger of such charges
becoming stalled or blocked in the well. .

Another object of the invention is to provide
a cementing method of the character referred to
in which the cement slurry is effectively pre-
vented from passing down in the casing or liner
beyond the correct or intended point or points
of discharge.

Another object of this invention is to provide
a method of the character referred to in which
the individual bodies or charges of cement slurry
may be as small or as large as believed necessary
and may be individually increased, as found
necessary.

Another object of this invention is to provide
a cementing method of the character referred to

hich the interior of the well casing or liner

the cementing tool may be flushed free of
excessive cement slurry following each stage ce-
menting operation.

Another object of this invention is to provide
a cementing method of the character referred to
that is particularly adapted to “spot” or place
badies of cement slurry around a well liner at
spaced levels or depths to isolate spaced produc-
tive zones of the well,

Another object of the: mvention is to provide
a well cementing method of the character re-
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Another object of this invention is to provide
a multiple stage cementing apparatus embodying
novel and effective means for successively latch~
ing or locking the bridging plugs at their respec-
tive stations in the casing or Iiner.

Another object of the invention is to provide
multiple stage cementing apparatus in which the
bridging plugs and their latches are fully housed
and protected by novel means on the cementing
siring so that they are not worn or fouled when
the apparatus is lowered into the well and are
controlled so that they are freed for engagement
in the casing or liner only upon reaching their
respective stations, .

Another object of the invention is to provide .
a cementing apparatus of the character referred
to that is operable to accurately spot or locate
one or more bodies of cement slurry at selected
or pre-determined points in the well.

The various objects and features of my inven-
tion will be fully understood from the following
detailed description of a typical preferred man-
ner of carrying out the method and a typical
form of apparatus of the invention, throughout
which description reference is made to the ac-
companying drawings, in which:

Fig. 1 is a vertical sectional view of a portion
of a well bore with a liner arranged therein
preparatory to the cementing operation, the liner
and other parts being diagrammatically shown.
Pig. 2 is a view similar to Fig. 1 with the cement-
ing apparatus in position in the liner. Fig, 3 is
a view similar to Fig. 2 showing one of the bridg~
ing plugs engaged or latched in -the liner and
illustrating the packer set so that cement slurry
may be discharged under pressure above the set
plug for discharge into the well. Fig. 4 is an
enlarged fragmentary vertical detailed sectional

ferred to that is characterized by the employment 65 view of the cementing apparatus showing the



- joined by threaded couplings f2.
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packer in the unactuated state and showing one

2, 295 832

of the bridging plugs in the carrier. Fig. Siisan

enlarged fragmentary vertical defailed sectional
view of a portion of the liner showing cne of the
shouldered ported parts and Fig. 6 is a trans-
verse detailed sectional view taken as indicated
by line §—6 on Fig. 4.

The method and apparatus of the mventxon'

have a wide range of application, being useful in
carrying on various well cementing operations.
For example, the invention may be employed in
the muiltiple stage cementing of a casing for any
required distance, may be employed in the spot-
ting of cement for any purpose, for the repair
of leaks in a well casing, for the cementing of a
- liner, ete. In the following detailed disclosure I

will describe the invention employed as illustrated.

in the drawings to cement a well liner at spaced
levels to isolate spaced productive zones of the
well, it being understood that this is but a typ1ca1
use or application of the invention. -

The portion of the well bore must:.rated pene--

trates three spaced productive zones A, B and C,
separated by non-productive strata D and E,
which may or may not be water bearing. The
lower portion of the water string or well casing
0 is cemented in the well at or above the upper
end of the productive zone C. The liner L for
the open productive portion of the well is a long
tubular member or assembly received in the pro-
ductive part of the well with some clearance to
provide or leave an annular space. The liner L
may rest on the bottom of the well bore and the
liner may be proportioned to have its upper part
protrude into the well casing 10. It is fo be un-
derstood that the liner L. may be suspended or
supported in-the well in any of the well known
manners and if desired may be sealed or packed
off in the casing 10.

The present invention is not primarily con-
cerned with the material or structure of the liner
‘L. However, it will be assumed that the liher L
is formed of a readily drillable materia] such as
aluminum, an aluminum alloy or the like, and is
made up of several tubular lengthg or sections i f
The liner L
is provided with spaced perforated portions A’,
B’ and C’ at the productive zones A, B and C
respectxvely, to admit the well fluid. A float shoe
13 is provided on the lower end of the liner L and
- has a valve 14 serving to prevent the entrance of

fluid to the interior of the liner and adapted to
permit the outflow of fluid. The liner L is
equipped with other elements which are employed
in the cementing operations as will be later de-
scribed.

The cementing apparatus of the mvention may
be said to comprise, generally, shouldered and
ported parts X and Y on the liner L at or oppo-
site the non-productive zones D and E, & fluid
conducting operating string S, an expansible and
contractible packer 15 carried by the string S to
seal with the interior of the liner L, a plurality
of bridging.plugs X’ and ¥’ for latching or lock-
ing with the shouldered parts X and Y, respec-
tively, and means 16 on the string S carrying the
plugs X’ and Y’ to successively engage wnbh the
parts X and Y.

10
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of the parts X and Y in a.ny preferred Jmanner
In the particular case illustrated each part X and
Y is-an integral nipple or coupling-like element
interposed between and connecting adjacent sec-
tions ({ of the liner L. The parts X and ¥ may
be screw-threaded with the adjacent sections {1
of the liner L and may be formed of readily drill-
able material, for example, they may be formed
of the same material as the liner sections. Each
part X and ¥ has a pair of vertically spaced
opposing internal shoulders {7 and {8. In prac-
tice I prefer to form a groove in the internal
surface of each part. X and Y and to shape the
grooves so that their end walls constitute the
shoulders {7 and 8. Thus the part X is pro-
vided with an internal groove {9 and the part’

Y has & similar internal groove 28. The grooves

20
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i8 and 26 are annular so that the shoulders 17- .

and {8 are continuous. In accordance with the
invention the grooves {9 and 28 are graduated
in width to be selectively engaged by lock means
on the plugs X’ and Y’. In the construction il-
lustrated the groove 28 in the upper part Y is
considerably wider than. the groove {9 in the
part X.

One or more ports 21 are prov1ded in each of

. the shouldered parts X and Y. There is prefer- -
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The shouldered and ported parts X and Y are -

. arranged to be in those portions of the well which
pass through what I will term non-productive
zones D and E, being connected or assembled in
the liner L to occupy such positions when the
liner is finaly set or hung in the well. The in-

70

ably a plurality of circumferentially spaced ports
21 provided in each part X and Y. The ports 21
are spaced some distance above the grooves 19
and 20 and are provided to discharge the cement
slurry into the annular space between the wall
of the well and the liner L. Each port 2{ is
equipped with & suitable inwardly seating check
valve 8 to prevent the return of the delivered or
discharged cement slurry. - It may be desirable
or necessary to provide a cement retainer or
basket 22 on or adjacent each part X and Y below
the ports 2{ to limit the downward flow of the
cement slurry discharged from the ports. In
the drawings I have shown baskets 22 of con-
ventional form secured to the paris X and Y
below the ports 21 and designed to seal with:the
wall of the well. It is to be understood that
where the liner L is drillable all of theelementsas-
sociated with the liner may be formed of read-
ily drillable material.

The string S serves as an operating string for
the packer {5, the plugs X’ and Y’ and the
means {6, and operates as a conduit for deliv-
ering the cement slurry and flushing fluid to the-
liner L. The string S may be made up of suit-
able well pipe or tubing connected in the usual
way by threaded couplings. The string S is pro-
portioned to be received in the casing 18 and
liner L with substantial clearance. It is to be-
understood that the string S is tubular and con-
tinuous and that pumps or ofher means are pro-
vided at the upper end of the well for supplymg
fiuid under pressure to the string S.

The packer (5 is operable to seal with the in-
terior of the liner L and is arranged to be manip-
ulated and controlled by the string S. The

packer 15 as shown in Fig. 4 includes an abut-

ment or collar 23 fixed to the string S, a sleeve 24
shiftable with respect to the string and a body of
packing 25 between the collar 23 and the sleeve
24. The collar 23 may be thrzaded to the lower
end of the string S and a mandrel 26 may be
threaded in the lower end of the collar 23 to ex-
tend downwardly through th=z packer 5. The
mandrel 26 constitutes a downwardly extending

- continuation of the string S and is tubular to

conduct fluid. The lower end of the collar 23 is

vention contemplates the forming and mounting 75 tapered or sloped upwardly and outwardly. The
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shiftable @utment or sleeve 24 is arranged on

the mandrel 28 at a point below the collar 23.

The upper end of the sleeve 24 slopes down-
wardly and outwardly. The packing 2§ is ar-

ranged on the mandrel 28 between the collar 23 -

and the sleeve 24 and is an annular or tubular
body of resilient compressible material. The up-
per and lower ends of the packing 2% are concave

bodies 36 by plates 38. The rims or walls of the

cups 38 are flared to effectively seal with the sur-"
rounding internal surface of the liner L. The

" cups 36 at the upper ends of the plug bodies 3%

to receive or cooperate with the tapered opposing
- ends of the collar 23 and sleeve 24. The tapered

ends of the collar 23 and the sleeve 24 cooperat-
ing with the cupped or concave ends of the pack-
ing 28 are effective in expanding the packing.
When the packing 28 is in its normal unexpanded
state its periphery is spaced from the interior of
the liner L, leaving a free annular passage.”

When the packing 28 is compressed its periphery -

is brought into sealing contact with the interior
of the liner L.

The packer (1§ further includes a gripping
means or slip means for holding the sleeve 24
against downward movement whereby the string
S may be lowered to actuate or compress the
packing 25. The lower portion of the sleeve 24
is shaped to constitute a cone 21 and a-set of
slips 28 is arranged on the cone. Reins 29 de-
pend from the'slips 28 and are secured to a ring
30 which freely surrounds the mandrel 26. A
second ring 31 is arranged around the mandrel
26 below the ring 30. A series of leaf springs 32
extends between and connects the rings 38 and
31. The springs 32 are bowed outwardly to fric-
tionally engage the interior of the lining L and
this engagement resists movement of the rings
and the slips 28. Latch means is provided to
control the slips 28. A hook-like latch 33 is se-
cured to the ring 30 and is engageable with a pin
34 on the mandrel 26. When the latch 33 is in

face upwardly to be actuated or expanded by
downwardly directed fluid pressure while the cups
36 at the lower ends of the plug bodies face
downwardly to be expanded by upwardly di-
rected fluid pressure. .

Valves 39 control the upper and lower ends of
the openings 37 in the plugs. - The valves 33 may

_ be flapper type valves pivotally supported on the
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plates 38 at 40 to seal against the plates 38 or the
ends of the plug bodies 35. Springs 41 are as-
sociated with the pivotal mountings 40 to urge
the valves 39 to their closed positions. The
bridging plugs X’ and ¥’ and the parts associated
therewith are formed of readily drillable ma-
terial to be drilled up by conventional well drili-
ing tools. It is to be understood that there is a
plug provided to engage in each shouldered part
of the liner L and that the apparatus may em-
body any required number of bridging plugs of
the character just deseribed.

.Each bridging plug X’ and Y’ is equipped with
a latch means or lock means for cooperating with
its respective shouldered part of the liner L. A -
plurality of spring latching or locking elements
42 is provided on the plug X’ to engage in the
groove {9 of the shouldered part X. The locking

‘elements #2 are spaced around the plug body 3%

- and have their lower ends suitably secured to the

lower part of the plug body. The spring ele-
ments 42 extend upwardly and outwardly and

5 then straight up, each having a substantially

straight vertical part 43. The parts 43 form
shoes that are adapted to ride on- the internal

- surfaces of the casing 10 and the liner I when

cooperation with the pin 34 the slips 28 are re-

tainéd in their. retracted positions illustrated in
Fig. 4. .The pin 34 is disengageable from the
latch 33 by manipulation of the string S and sub-
sequent downward movement of the string S re-
sults in expansion or actuation of the slips 28 by
the cone 21. The slips 28 gripping in the liner
L are operable to hold the sleeve 34 against down-
ward movement and continued or subsequent
downward movement of the string S resulls in

460

compression of the packing 25 so that it seals

with the interior of the liner L. The packer 1§
is such that the packing 25 returns to its initial
size when relieved of the compression forces by
upward movement of the string S. Following

such retraction of the packing 25 the string S
may be manipulated to release the slips 28 and :

re-engage the pin 34 with the sleeve 33 to again
hold the slips in their released positions,

The bridging plugs X’ and ¥’ are adapted to
form barriers or partitions across the interior of
the liner L below the discharge ports 2f so that
cement slurry or other fluid under pressure de-
livered to the interior of the liner above the plugs
is obliged to discharge laterally through the ports.
The plugs X’ and ¥’ may be alike in construction.

Each plug X’ and Y’ comprises an elongate
central core or body 35 and sealing cups 36 on the
opposite ends of the body, see-Fig. 4. The plug
bodies 35 are smaller in diameter than the liner
I. and have central longitudinal openings 31.
The sealing cups 36 of the plugs X’ and Y’ are
arranged on the bodies 35 to seal with the in-
terior of the liner 1. for the purnose of preventing
fluid under pressure from passing the plugs in

. either direction. 'The cups 36 have flat central

portions clamped agam§t the ends of the plug

the apparatus is moved through the well. In ac-
cordance with the invention the parts 43 are pro-
portioned to enter the groove 18 in the liner part
X and the groove 20 or any other like grooves
above the part X. The lock elements 42 are
shaped to ride downwardly past the grooves 19
and 20 and any other similar grooves and operate
to selectively enter their respective groove 19
upon subsequent upward movement. The spring-
locking elements 42 are shaped to latch or lock

"in the groove 19 when the shoe varts 43 enter the

groove. Each lock element 42 has a downwardly
and inwardly turned nose 44 at the upper end of

-its shoe part 43. The walls or shoulders 17,and

- {R of the groove 19 are preferably undercut and

70
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the noses 44 are sloped or shaped to lock under
the shoulder 11, The engagement of the noses
44 with the shoulder {71 dependably locks the
plug X’ against upward movement in the liner L.
The bridging plug Y’ is provided with a plu-
rality of spring locking elements 45 similar to
the above described elements 42. The locking
elements 45 are spaced about the body 35 of the
plug Y’ and have their lower ends secured to the
lower part of the plug body. The elements 45°
slope upwardly and outwardly and have substan-
tially vertical shoes 46 adapted to ride on the in-
ternal surface of the casing 10 and the liner L.
The shoes 46 are proportioned to readily enter :
the groove 20-in the shouldered part Y but their
length is such that they cannot enter the groove
9 or other similar grooves that may be provid-
ed in the liner below the groove 20. Downward-
ly and inwardly directed noses 47 are provided
on the upper ends of the shoes 46 to cooperate
with the shoulder §1 of the groove 20. The walls
or slgoulders 17 and 18 of the groove 20 are un-
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dercut and the noses 41 are adapted to engage

the undercut shoulder 17 to dependably lock the.

plug Y’ against upward movement in the liner.

- The plugs X’ and Y’ are further provided with
means cooperable with the shouldered parts X

"~ and Y, respectively, to latch or hold the plugs

their shouldered parts X and ¥. Longitudinally
extending slots 53 are provided in the cage 52
to freely receive or pass the outer portions of

" the latch elements 42 and 45. The slots 53 ex-

tend to the lower end of the cage 52 so that the

- cage may be moved upwardly from the plugs X’

" agalnst downward movement. Each plug X’ and

Y’ has & number of downwardly and outwardly
sloping latch fingers or lock fingers 48 for coop-
erating with the shoulders (8. The fingers 48
are spaced between the lock elements 42 and 45
and are suitably attached to the upper portions
of the plug bodies 35. The outer or lower parts
of the fingers 48 may be straight or substantial-
ly vertical to better lock with the shoulders 18.
The fingers 48 are adapted to engage with the
shoulders 18 of the related parts X and Y to de-
pendably support or hold the plugs X' and Y’
against downward movement.

The means (€ serves to support the plugs X’
and Y’ and to house and protect the plugs when
the tool or equipment is manipulated in the well.
The means 16 is such that the plugs X’ and Y’
may be individually released when engaged in
their respective shouldered parts X and Y as the

stage cementing operations progress. In the

preferred form of the invention the means (6 in-
- cludes a stem or tube 49 connected with the lower
end of the mandrel 26 and extending downward-
1y therefrom. A head or collar member 502 may
serve to connect the tube 49 with the mandrel 26.
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The tube 49 is proportioned to be received in the *

" openings 37 of the plug bodies 35. The plugs X’
and Y’ are arranged on the tube 49 from its
lower end, the plug Y’ being arranged above the
plug X’. As illustrated in Figs. 2, 3 and 4 of the
drawings the tube 49 passing through the open-
ings 371 holds the valves 39 in their open posi-
tions. The openings 37 shiftably or slidably re-
ceive the tube 49 so that the plugs may be suc-
cessively disengaged from the tube. The tube
49 serves as a fluid conductor constituting a con-
tinuation of the string S and being operable to
discharge the flushing fluid, cement slurry, ete.
from the lower end of the tool

Means are provided for releasably securing the
plugs X’ and Y’ to the tube 49. Shear pins 50
are arranged through radial openings in the plug
bodies 35 to engage in openings or sockets 5{ in

‘the wall of the tube 49, see Fig. 4. The pins 50
serve to retain the plugs X’ and ¥’ in their ini-

tial positions on the tube 49 until after the plugs

and Y’ as the lock elements 42 and 45 successive-
ly engage in the shoulderead liner parts X and Y.
The slots 53 expose the shoe parts of the ele-
ments 42 and 45 for free engagement with the
internal surface of the liner so that the lock ele-
ments nay engage in the parts X and Y. It will
be observed that the cage 52 fully and effectively
houses the plugs X’ and Y’ to prevent wearing
of the plugs and fouling of the plugs during
movement of the apparatus in the well.

The operation of the apparatus and the
method of the inventioh, employed as illustrat-
ed in the drawings, may be said to comprise, gen-
erally, the setting or positioning of the liner L
in the well, the lowering of the string S in the
well to bring the packer I5 to & position below
the lowermost ports 21, the actuation of the
packer (5, the delivery of cement slurry under
pressure through the string S to the lower por-
tion of the liner L for discharge from the shoe {3,
the releasing of the packer {5 and the raising of
the apparatus to bring the packer to a position
above the part X and to cause the plug X’ to
latch in the part X, the actuation of the packer
15, the passage of cement slurry under pressure
down through the string S for delivery to the
ports 21 of the part X, the releasing and rais-

- ing of the packer 15, the repeating of the cement-
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have been latched or locked in their respective .

- shouldered parts X and Y of the liner I where-
upon the pins may be broken to permit the with-
drawal of the tube 49 from the plugs.

The means 16 further includes a housing or
cage 52 for the series of plugs X’ and Y’.
cage 52 is a tubular element whose upper end is

- fixed to the collar member 502 as by welding. The

cage 52 surrounds the tube 49 with substantial

The"
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clearance leaving a chamber or space which . .

- houses the bridging plugs X’ and Y’. As illus-
trated, the cage 52 may be somewhat shorter
than the tube 49 so that the tube continues
downwardly for the discharge of the fluid. In
the preferred construction the cage 52 is propor-
tioned to be received in the liner L with consid-
erable clearance, leaving an annular space for
the flow or passage of fluid. The cage 52 is pro-

. portioned to receive the plugs X’ and Y’ so that
" the cups 36 and the latch fingers 48 of the plugs

may bear outwardly against its internal surface.

The plug enclosing cage 52 is formed to per-

- down through the string S to discharge into the °
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mit the engagement of the lock elements 45 with 75

ing operations at the part ¥’ and at the shoul-
dered liner parts thereahbove, followed by the
withdrawal of ‘the string S and the removal of
the bridging plugs X’ and Y’. In addition to
these general operations the liner L and the ce-
menting equipment may be flushed or washed
preparatory to-and following each stage cement-
ing operation.

- Assuming that the liner L is set or positioned
in the well and that the liner and well are con-
ditioned for the reception of the cement slurry,
the string carrying the cementing equipment is
run down in the well to a position such as illus-
trated in Fig. 2 of the drawings. The string S
is lowered to-bring the packer {5 below the part X
and to bring the discharge end of the tube 49
adjacent the shoe 3. If desired or necessary,
fluid may be pumped down through the string S
to discharge from the tube 89 to flush the lower
portion of the liner and to clean the cementing
apparatus. The string S is turned s short dis-

tance and moved downwardly to release the pin -

34 from the latch 33 and subsequent downward
movement of the string sets the slips 28 and com-
presses the packing 25. With the packer 15 set
or actuated to seal with the interior of the liner
L a suitable distance above the shoe {3 a quan-
tity of cement slurry under pressure is pumped

liner at or above the shoe 3. This cement
shury passes through the valve 14 into the well
and flows up around the lower portion of the
liner. This body of cement slurry serves to seal

off the well below the lower productive zone A. .

Following the delivery of the first body of cement
slurry, the string S is manipulated to release the
packer {§ and to re-engage the pin 34 with the
latch 33, whereupon water or flushing fiuid may
be pumped down through the string S to remove
excessive cement from the lower part of the liner
and to fiush the cementing tool. The flushing




fiuid is free to pass upwardly in the liner around
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the cage §2 and around the retracted packer 8.

with the first cementing operation completed

mthe string 8 is raised to move the cementing tool

.

up through the liner L to a position where the
packer 18 is above the shouldered part X. Dur-
ing - this upward movement of the siring S the
shoe parts 43 of the lock elements 42 spring out-
wardly into the groove (9 of the part 48 and the
pointed upper ends of the elements 42 engage
under the shoulder IT of the part X. The en-
gagement of the elements 42 in the part X latches

10

the plug X’ in the part X and of course resists -

upward movement of the string 8. This sudden
resistance to upward movement of the string S
informs the operator that the plug X’ has latched
in the part X. An upward pull of increased in-
tensity is then placed on the string 8 to insure
the breaking of the shear pin 80 so that the con-
tinued upward movement of the string 8 with-
draws the tube 49 and the cage 52 from the plug
X’. This frees the latch fingers 48 of the plug
X’ and the fingers engage In the groove 19 to
prevent downward movement of the plug X’ in
the liner. 'The sealing cups 36 of the plug X’ are
automatically conditioned to seal with the inte-
rior of the liner L and the valves 38 of the plug
X’ automatically close when the tube 48 passes
upwardly from the plug.

" Following the setting or latching of the bridg-
ing plug: X’ the string S is again manipulated. to
actuate the packer 18 so that the packer is made
to seal with the interlor of the liner L above the
plug X’. A quantity of cement slurry under
pressure s then passed down through the string

8 to discharge in the liner L adjacent and above.

the bridging plug X’. This cement shurry under
pressure is free to discharge through the ports 21
of the part X to surround and seal about the liner
in the unproductive zone D. It will be observed
‘that the bridging plug X’ and the packer {5 limit
or prevent movement of the cement slurry up and
down in the liner obliging the cement slurry
under pressure to pass out through the ports 21
in the part X. Pressures that may develop in
the liner L below the part X cannot interfere
with the cementing operation, the plug X’ serv-
ing to effectively hold back such pressures. If
it is believed that additional cement slurry

_should be delivered to the well the operator may *

pump such additional cement slurry down
through the string S to increase the volume of
cement discharged into the well at the zone D.
The basket 22 associated with the part X limits
the down flow of the cement slurry and a body
or column of cement slurry builds up around the
liner in the stratum or zone D. ¥Following the

. cementing operation in the zone D the string S is
_ manipulated to release the packer I5 and wash-

“ing fluid may be pumped down through the string

to wash away excessive cement and to clean the
cementing tool. - .
Following the above operations the string S
is raised to bring the bridging plug Y’ to the
shouldered part Y. When the plug Y’ reaches
the part Y its lock elements 45 snap into the
groove 20 and the noses 41 engage under the
shoulder I1. The engagement of the lock parts
45 in the groove 21 suddenly offers increased re-

. gistance to upward movement of the string S

informing the operator of the engagement of the

_plug ¥’ in the part Y. An increased upward pull

is then put on the string S to break the shear
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latched plug Y’. The string 8 is moved up-
wardly to completely free the tube 49 from the
plug ¥’ and is then manipulated to actuate the
packer (8. ‘ .

The apparatus is then ready for the third ce-
menting operation. A selected quantity of ce-
ment slurry is pumped down through the string -
S to discharge from the tube 49 above the plug
Y’. The cement slurry under pressure passes
out through the ports 2/ in the part Y to seal off
around the liner in the stratum of zone E. Fol-
lowing the cementing operation at the zone E the
string 8 is manipulated to release the packer I8
and washing fluid may be pumped down through’
the string 8 to wash away excessive cement
slurry from the liner and the tool. The string

.S may then be withdrawn from the well. To

condition the liner L for production the frangible
or drillable plugs X’ and Y’ are removed. The
plug X’ and Y’ may be removed by drilling them
out with a suitable drilling tool or by breaking
them out. This conditions the well for produc-
tion or for the installation of additional equip-
ment. :

When the method and apperatus of the in-
vention are employed to close or repair a leak in
a previously set well casing, or the like, the loca-
tion of the leak is first ascertained. The appa-
ratus of the invention is assembled to embody a
single plug, say the plug X’, the plug heing pro-
portioned to seal or close the casing. The
string S carrying the apparatus is then lowered
through. the casing to bring the sleeve 52 below
the coupling in the casing below and closest to
the leak. As well known to those skilled in the
art the couplings of well casings form or have

. internal grooves similar to the grooves 18 and

40

20, above described. When the siring S

"bheen lowered to the position above mentioned,

it is raised until the lock parts 43 of the plug

. X’ engage in the casing coupling below the leak.
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1 80 and the string is moved upwardly to with- %

draw the tube 49 and the cage 52 from the

An up-pull is then put on the string S to break
the shear pin 50 and the string S is moved up-
wardly to draw the sleeve 52 upwardly from the

' plug X’. This allows the spring fingers 48 to en-

gage in the casing coupling. The packer 1§ is
then set or actuated at a point above the leak
in the well casing and cement slurry under pres-
sure is pumped down the string. The plug X’

‘set In the casing bhelow the leak prevents the

cement slurry from flowing down the casing and

the plug X’ and the packer 13 closing off the

casing below and above the leak oblige the cement
slurry under pressure to pass out through the

leak., The cement slurry thus discharged into -
the well at the leak closes or seals the leak., ¥Fol-

lowing .the delivery of the cement slurry the

packer 15 is released and the string S is with-

drawn from the well. '~ The plug X’ is.then re- -
moved from the well, for example, it may be

drilled up by a well drilling tool. From the above

it will be apparent that the method and appa- .
ratus are useful in installing a single plug and

in “spotting” cement slurry at any selected point

in a well.

Having described only a typical preferred
manner of carrying out the method and a typi-
cal form of apparatus of the invention, I do not
wish to be limited to the specific details herein
set forth, but wish to reserve to myself any
variations or modifications that may appear to
those skilled in the art or fall within the scope
of the following claims: :

Having described my invention, I claim:

1,  Apparatus of the character described com-




6
prising an elongate tubular object to be installed
in a well and having a plurality of lonzitudinally
spaced ported parts, a bridging plug for each of
said parts having means for locking in the same,
‘a tubular well string for conducting fluid into
the well and adapted to be entered into said
object and means on the string for simultane-
ously carrying the several bridging plugs to be
successively locked in their respective ported
parts as the string is moved in the well.

2. Apparatus of the character described com-

b
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prising an elongate tubular object to be installed ~

in a well and having a plurality of longitudinally
- spaced ported parts, a bridging plug fot each of
said parte having means for locking in the same,
g tubular well string for conducting fluid into
the well, means for detachably securing the plugs
to the string to be run into the well thereon
and to be successively locked in their respective

15

ported parts as the string is moved upwardly in~20

said object, and a packer on the string above the
last named means for sealing with the interior
of said object.

3. Apparatus of the character described com-
prising an elongate tubular object to be installed"
in a well and having a plurality of longitudinally
spaced porteog parts, & bridging plug for each
of said parts having means for locking in the
same, a tubular well string for conducting fluid
into the well, means on the string for support-

ing the plugs on the string for detachment there- .

from when the locking means are made operative
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6. In apparatus of the character described, s,
tubular object to 'be installed in a well, said
object having a series of longitudinally spaced
internal grooves, said grooves being graduated
in width from one end of the series to the other,
a tubular well string adapted to conduct fluid
into the well, a plurality of plugs for installa-
tion in said object, there being a plug for in-
stallation in the object at each groove, a lock
means on each plug engaging in its respective
groove to secure the plug in the object, sealing
parts on the plugs for sealing with the interior
of the object, means for securing the plugs to
the string releasable by manipulation of the
string when the plugs are locked at their re-
spective grooves, and a cage on the string for
housing the plugs to protect their sealing parts,
the lock means of the plugs being graduated in
size and the plugs being arranged in order on
the string so that the plugs may be successively
locked at their respective grooves by longitudinal
movement of the string in the object. :

7. In apparatus of the character described, a
tubular object to be installed in a well, said
object having a series of longitudinally spaced
internal grooves, said grooves being graduated
in width from one end of the series to the other,
a tubular well string adapted to conduct fluid
into the well, a plurality of plugs for installation
in said object, there being’a plug for installation
in the object at each groove, a lock means on

- each plug engaging in its respective groove to

and supporting the plugs in the order to be .

successively locked in their respective parts when
the string is moved upwardly in said object, and
a releasable packer on the string above the last
named means operable by manipulation of the

string- to seal with the interior of said object _

and releasable by manipulation of the string.

4. In apparatus of the character described, a
tubular object’ to be installed in a well, said
object having a series of longitudinally spaced
‘internal grooves, said grooves being graduated
in width from one end of the series to the other,
a plurality of plugs for installation in said ob-
ject, there being a plug for installation in the
object ai each groove, a tubular well string for
simultaneously moving the plugs in the object
and adapted to conduct fluid into the well, and
a lock means on each plug for engaging with its
respective groove, the lock means of the plu-
rality of plugs being graduated in size so that
the plugs are successively locked at their re-
spective grooves upon movement of the string in
one direction in the object. .

5. In apparatus of the character described, a
tubular object to be installed in a well, said
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secure the plug in the object, sealing parts on
the plugs for sealing with the interior of the
object, means for securing the plugs to'the string
releasable by manipulation of the string when
the plugs are locked at their respective grooves,
a cage on the string for housing the plugs to
protect their sealing parts, the lock means of
the plugs being graduated in size and the plugs
being arranged in order on the string so that
the. plugs may be successively locked at their

" respective grooves by longitudinal movement of
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object having a series of longitudinally spaced

internal grooves, said grooves being graduated
in width from one end of the series to the other,
a_plurality of plugs for installation in said ob-
ject, there being a plug for installation in the
object at each groove, a lock means on each
plug for engaging in its respective groove to
secure the plug in the object, a tubular well
string to be run into the object and adapted to
conduct fluid into the well, and means securing
the plugs to the string releasable by manipula-
tion of the string when the plugs are secured
in the object, the lock means of the series of
plugs being graduated in size and the plugs
being arranged in order on the string so that
the plugs may be successively locked at their re-
spective grooves by longitudinal movement of the
string in one direction.
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the string in the object, and means on the string
above the cage for sealing with the interior of
the object.

8. Apparatus of the character described for

use in a tubular object in a well having spaced

shoulders and a port, the apparatus comprising
a tubular well string for conducting fluid into
the well, a plug for the object, lock means on
the plug for cooperating with the shoulders to
lock the plug in the object, means attaching
the plug to the string at a point above the lower
end of the string, so that the plug may be run
into the object on the string and fluid may be
passed down the string to discharge into the well
below the plug and so that the plug may there-
after be raised by the string to have its lock
means cooperate with the shoulders, the last
named means being releasable by manipulation of
the string following such locking so that the
string may be raised through the locked plug to
bring the lower end of the string to a point above
the plug, and a packer on the string operable
to seal with the interior of the object above the
plug whereby fluid passed down the string to
discharge therefrom above the. plug to flow from

_said port cannot flow upwardly in said object.

-1
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9. Apparatus of the character described for
use in g tubular object in & well having spaced
shoulders and a port, the apparatus comprising
a tubular well string for conducting fiuids into
the well, a plug for the object, lock means on
the plug for cooperating with the shoulders to
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lock the plﬁg‘ in the object, the lock means in-
cluding a resiliently mounted lock part for en-
gaging one of sald shoulders, means attaching

’

the.plug to the string at a point ahove the lower

end of the string, so that the plug may be run
into the object on the string and fluid may be
passed  down the string to discharge into the
well below the plug and so that the plug may
thereafter be raised by the string fo have its lock
means cooperate with the shoulders, the ‘last
named means being releasable by manipulation
of the string following such locking so that the
string may be raised through. the locked plug to
bring the lower end of the string to a point above
the plug, and a packer on the string operable
to seal with the interior of the object above the
plug whereby fluid passed down the string to
discharge therefrom adjacent the plug to flow
from said port cannot flow upwardly ih said
object. -

10. Apparatus of the character described for’

use in a tubular object in a well having spaced
ghoulders and a port, the apparatus comprising

10
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" a tubular well string, & plug for the object, lock '

\

means on the plug for cooperating with the
shoulders to lock the plug in the object, the:
lock mesns comprising a lock part on the plug
for engaging upwardly against one shoulder and

25

a lock part for engaging downwardly against '

- the other shoulder, means attaching the plug to

the string at a point above the lower end of the

. string, so that the plug may be run into the

object on the string and- fluld may be passed
down the string to discharge into the well below
the plug and so that the plug may thereafter be
raised by the string to have its lock means co-
operate with the shoulders; the last named
means being releasable by manipulation of the

_ string following such locking so that the string

may be raised through the locked plug to bring.
the lower end of the string to a point above the
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downwardly engaging part retracted and releas-
able from the same upon disengagement of the
string from the plug. - B )

12. Apparatus of the character ‘described for
use in & tubular object in a well having spaced
ghoulders and & port; the apparatus comprising
a tubular well string for conducting fluid into
the well, a plug for the object, lock means on
the plug for cooperating with the shoulders to
lock the plug in the object, the lock means com-.
prising parts engaging upwardly and downward-
ly against said shoulders, sealing means on the
plug for sealing with the interior of the object,
means for securing the plug to the string and
designed t6 release under an upward strain when
sald upwardly engaging part is in cooperation
with its shoulder, and means for holding the
downwardly engaging part retracted and releas-

-able from the same upon disengagement of the

string from the plug, the last named means coms
prising a cage housing the plug. .

13. In apparatus of the character described, &
tubular object adapted for installation in a well,
a shouldered part on the object, & tubular well
string for conducting fiuid into the well, a bridg- -
ing plug for closing said object, means on the
plug for locking with sald shouldered part to
lock the plug in the object, and releasable means

_attaching the plug to the string at a point above

the lower end of the string so that the string
may be employed to lower the plug through the
object to a point below said part and then used
to conduct fluid downwardly for discharge into
the object below the plug, and so that the string
may thereafter be raised to cause the first named
mesns-to lock the plug in said ghouldered part
and release the releasable means whereby the .

' gtring may be withdrawn upwardly through the
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plug, and a packer on the string operable to seal -

with the interlor of the object above the plug

whereby fluld passed down the string to dis-
charge therefrom above the piug to flow from
sald port cannot flow upwardly in sald object.
11, Apparatus of the character described for
use in @ tubular object in & well having spaced
shoulders and a port, the apparatus comprising

& tubular well string for conducting fluid into

with its shoulder, and

the well, s plug for the object, lock means on

" ‘end of the string
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the plug for cooperating with the shoulders to -

lock the plug in the object, the lock means com-
prising parts engaging upwardly and downward-
1y against said shoulders, sealing means on the
plug for sealing with the interior of the object,
means for securing the plug to the string and
designed to release under an upward strain when
sald upwardly engaging part is in cooperation

- part, the

plug to discharge fluid above the plug.

14, In apparatus of the character described, &
tubular object adapted for installation in & well,
a shouldered and ported part on the object, &
bridging plug for closing said object, means on
the plug for locking with the shouldered part,
& tubular well string adapted to be lowered into
sald object, releasable means for securing the
plug to the string at a polit. above the lower .
so that the string may be
employed to run the plug into sald object to
have its lock means lock with the shouldered
last named means being releasabie
following said locking so that the string may be

withdrawn upwardly through the plug, and a

_packer on the string for sealing with the in<
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means for holding the 60

terlor of sald object above sald part whereby

fluid may be passed down the string to discharge

from the string above the plug and pass out
through the port-of sald part.

ARTHUR L. ARMENTROUT.




