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APPARATUS FOR CEMENTING WELLS

Erd V. Crowell, Los
11, 1937, Serial No. 119,986

Application January
20 Claims.

This invention reiaves to apparatus and meth-
ods for cementing wells whereby cementitious
material may be discharged from & casing string
at a plurality of different levels into the surround-
ing well bore- either simultaneously or selectively
jn upward series as an integral operation or in a
series of operatively independent steps in accord-
ance with specific requirements. The present
gpplication is & continuation in part of my co-
pending application, Serial Number 645,656, filed
December 5, 1932, which matured as Patent No.
2,071,389, dated February 23, 1937. Certain sub-
ject-matter hereof has also been disclosed in
other of my applications which were copending

with application Serial No. 645,656, namely, appli-

cations Serial Nos. 436,434+ and 327,081, filed
March 17, 1930, and December 19, 1928, respec-

tively. The latter applications matured as Pat- -

ents Nos. 1,896,482 and 1,938,955, on February 1,
1933, and December 12, 1933, respectively.

Tt is a general object
vide apparatus for sealing the annular area of a
well holearound a casing string by expelling sepa-
rate charges of a fluent cementitious mixture
from different levels of the string.

Another object is to provide a well casing bhav-

ing a shoe guide and float valve at its lower end

to facilitate lowering of the.casing in an open
well bore, embodying 2 ported section whereby
the lower end of the casing may be cemented
without passing, the cement through the restric-
tions of the float valve. ]

Another object is to. provide,apparatus for
cementing a well casing string,,whereby a quan-

tity of fluent cement is placed in the annular bore

of a well hole around the casing and subsequently,
either immediately upon placement of the first
cement discharge and while the same is in & fluid
form, or later after the first charge has set, ex-
pelling one or more additional volumes of the
cementitious material at different upper levels

to form a single annular unitary column of

cement-around the
rate barriers of any desired lengths. T

Another cbject is to provide a fiuid barrier hav-
ing an opening therethrough, movable through
the fluid standing in the casing string, the area
pelow the barrier being com-
municable with the are above the barrier
through the opening. P

Another object is to provide means to mount
the barrier in the casing string’ against substan-
tial axial displacement. . : ) S

Another object is the provision of .a ported well
casing having a bore for the passage downwardly

casing, or two or more sepa-

of this invention to pro-

' connection with

Angeles, Calif.

(Cl. 166—1)

therethrough of pressure fluid, and a float valve
for the lower end thereof, with a sleeve valve in-
side the casing tending normally to maintain clo-
sure of the ports but longitudinally slidable

. therein to open the ports and forming a seat for &

parrier plug, the barrier plug being adapted to be
driven through the casing by the pressure fluid
for seating on the sleeve valve to open the ports
by shifting the sleeve valve and close the bore
of the casing below the ports, thus deflecting the
flow of the pressure fluid outwardly through the
ports above the float valve and obviating the
necessity -of forcing the cement through a float
valve, ' )

Other objects and salient features of my in-
vention will be apparent to those of skill in this
art upon an examination of the following de-
scription read in the Hght of the accompanying
drawing, in which—

Fig. 1is a sectional
of apparatus of
of one embodiment of the method of its use;

Fig. 2 is' a sectional view similar to Fig. 1
showing subsequent steps of the method illus-
trated in Fig. 1 and the apparatus therefor;

Fig. 3 is an upper continuation of the apparatus
shown in Figs. 1 and 2, or 4;-

‘Fig. 4 is a modified form of the lower end of &
casing string adapted to and embodying my in-
vention, and comprises & lower continuation of
¥Fig. 3: ‘

Fig. 5is a sectional view taken on lines 5—5 of
Pig. 3; '

Fig. 6 1s a sectional view illustrating & casing
section of the embodiment of Figs. 1~-3 assembled
in a string having & float valve at its lower end
adapted for. cementing the lower end of the
casing. : ’

The cementing operation may be carried on in
‘ a usual string of well casing A

which is received in a well bore B. In addition
to discharging cement at or adjacent the lower
end of the casing string, the jnvention provides
for ejecting cement at one or more higher levels.
The casing string is provided with an unrestricted
open bore prior to-the cementing operation or
equipped with a float valve, which is adapted to
be drilled out s0 88 to provide an unrestricted
open bore subsequent to the discharge of cement.

The cement is ejected at each or any of the

predetermined jevels by the pressure of hydraulic
fluid above the cement to fill the entire length of
the casing string to the earth’s surface.

For this purpose, and at each level above the
jower end of the cading string where it may he

view illustrating one form

my invention and the first steps
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© ported sections being shown
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desired to discharge additional cement, a fixed
section .2 of the casing string hag ports 3 in its
side wall, g plurality of these Successively higher
at Pig. 1. Aside

from the borted sections 2, the the casing string

uniform
the exterior diameters of the ported

and unrestrieted continuations of thig
bore, with
sections substantially the
diameters of usual coupling collars for the lengths
of the casing string. The bore of the casing
being -unrestricted throughout its length; the
casing string may be lowered with the drilling
tools and uninterrupted hydraulic circulations
may be maintained to-facilitate Dlacement of the
casing in the wel] bore in & position most con-
ducive to effective cementing. If in accordance
with usual practice,
smaller casing strings are to be lowered through
the first string for Increasing the depth of the

* well, any of the smaller strings may be provided
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with ported sections 2 at the levels where it may
be desired to discharge additional cement, ang
since these ported sections of ‘a string do not

strict the cross-sectional area of its bore, there

opened for discharge of cement,
Initial disct;arge of cement at

valve § slidable in
said recess to oben -’ or ‘close the cooperating
lateral ports, and the bore of the sleeve valve
forms an unrestricted continuation of the bore
of the casing string. The sleeve valve is nor-
mally held in position overlying and closing its
cooperating lateral ports, a5 for example, by a
spring 1, with the annular.recess § forming an
enlargement of the hore of the casing below the
sleeve valve. Valves 11 are
for ports'3 and 3a st the e

rior of sections 2
and 2a, .

the position of the cooperating

sleeve valves, s

A plug 4 cooperates with each of the ported
sections 2, and a plug 4a. cooperates with the
ported section 2a. Each of these plugs has slips
12 which are radially retracted while. the plug is

being lowered in the wel casing, with Packing

same as the exterior _

one or more Successively .

" packing (4 shutting

2,177,172

14 on the plug maintaining fluid
ment with the casing bore; and when the plug
alines with its cooperating recess §, springs I§.
extend the slips 12 so as to engage and open
sleeve valve 6, and then anchor the plug with its
off the bore of the casing -
below the cooperating lateral ports.

As shown in Fig, 1, the recesses § of the suc-
cessively higher sections 2¢ and 2 are of suc-
cessively reduced length; and the slips 12 of the
plugs 4a and -4 are of different length corre-
sponding to the recesses 5 of their ~cooperating
sections 2a and 2, so that when one of the plugs
is lowered into the casing, its slips 12 will pass
the shorter recesses 5 of higher po;'ted sections
without expanding and ‘anchoring therein, and
will' thus anchor only at the\ ported section with
which the plug is adapted to ‘tooperate. It will
thus be seen that by successively lowering plugs
having slips correspon‘ding-in"length\\tzc\)-the re-
cesses of predetermined ported sections, the ports
of selected ported sections may be successively

. obened for discharge of cement. Prior to lowering

increase its maximum exterior diameteér nor re- -

-

" plug 4a'is

preferably provided |

. as shown in
lowered- into
- by a suitable string of

one or more of the plugs into the casing string,
and with the sleeve valves § in normal closed
bosition and the casing string elevated from the
kottom of the well bore, circulation may be read-

ily established downwardly through the casing

and thence upwardly in the surrounding ‘well,
since the unrestricted bore of the casing is open
for flow of fluid throughout its length,

" If the initial discharge of cement is to be at

__ the lower end of the casing string, plug 4a, adapt-

ed for cooperation with ported section 2a, may be
initially lowered into the casing in back of the
circulating mediuym which fills the casing. As

preferably & solid plug, with g

um in ‘advance of plug 4a is thus
discharged from the open lower end of the casing
by the pressure .in back of plug 11, so that the
finally anchored in ported section 2a

as shown in Fig, 2, thereby opening the ports 3q

tight engage-
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& predetermined quantity of ce- ..
.ment is introduced into the casing in back of plug

and shutting off the bore of the casing below the .

open ports. . The presstre on plug {7 then forces:
the cement through the ports 3¢ 50 as to open
valves If for discharge of the cement into the
surrounding well’ bore, with the plug 171 seating
on the anchored plug 4z when all of the cement
has been’ discharged, and the valves (1 then’
back-flow of the cement.

ered of hydraulic fluid
standing ‘in thé casing; And for this purpose
each of the plugs 4 h 8 & bore 25, normally
closed by an upwardly ‘opening valve 26; and
Fig. 2 the plug 4 which is-to be
the casing, is forced

opens {0 permit the plug

‘through the hydraulic fluig to its operative posi-

tion alining with the corresponding recessed
ported section 2 and opening its sleeve valve 6.

- When the plug 4 has been anchored in its.
‘corresponding recessed

borted section and the

tool string C has been withdrawn, a predeter-~

70

ined quantity of cement i forced downwardly g5
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through the casingin back of the hydraulic fluid
which is standing in the casing above the an-
chored plug, and the column of fluid, which is
separated from the cement by a plug 21, is thus
discharged. through the open ports 3 by the pres-
sure of a column of hydraulic fluld above the ce-

ment and separated therefrom by a traveling

plug {1. The plug 27 thus eventually seats
on anchored plug 4, and as shown in Fig. 3 the
packing 27a of plug 21 is adapted to then yield

s0 that the cement is ejected through ports 3,

with the traveling plug 17 finally seating on plug
21, and the fluid column above the traveling
plug extending to the earth’s surface.

Tither before or after the cement has set, the
operation may be repeated for discharge of ce-
ment at a ported section 2 which is at a selected
higher level, a plug 4 having slips 12 of a length
to cooperate with the recess § of the selected
ported section being forced downwardly through
the fluid column standing in the well casing, by
means of tool string C, and with the valve 26 of
the plug opening for passage of the fluid as
previously. described. The plug 4 is thus an-
chored in the -selected section and the ports 3
are opened, so that when the tool string C has
been withdrawn, the column of fiuld standing in
the casing above the anchored plug and a pre-
determined quantity of cement which is intro-
duced into the casing in back of the fluid and sep-
arated therefrom by a plug 27, may be successively
ejected through the open ports by a column of
fluid above and separated from the cement by a
traveling plug 17 and extending to the earth’s
surface. While any number of ported sections
equipped with sleeve valves may be incorporated

in the string of casing, each of which may be °

utilized in the manner just above indicated in

upward series, cement may be discharged from,

any selected one or number of the ported sec-
tions most favorable to producing the results de-
sired. . :

One feature of the invention is that in a pre-
ferred embodiment of the method hereof the de-
sirability of discharging cement from any one or
each of the ported sections may be definitely de-
termined by opening their respective ports and
establishing hydraulic circulation therethrough
before introducing into the casing, the cement to
be ejected therefrom. As above indicated, each
volume of cement may be allowed to set before
repeating the operation at a selected higher level,
or the entire ‘string may be cemented utilizing

-all or any particilar combination of ported sec-

tions as an integral operation.

The initial discharge of cement at the lower
end of the casing string, as preferably employed
in connection with subsequent ejection of cement
at selected higher levels, may be by any usual
means other than that hereinbefore described.
For example, the lower end of the casing string
may ‘have a usual valve-controlled cementing

-shoe 30 as shown in Fig. 4, adapted for usual

initial discharge of a circulating medium, with
the cement which is to be discharged from the

valvular shoe then forced downwardly through -

the casing between.a Y-plug 31 and a traveling
plug 17, and the Y-plug being adapted to anchor
at the shoe 30, with its packing 3la then yielding
for passage of the cement so that it may flow
through the Y-port of the plue for discharge
from .the valvular shoe, and the cemen{ being
forced downwardly by a column of hydraulic
fluid above the traveling plug 11, with the fluid
extending to the top of the well and through

- a column of hydraulic fluid extending above the

3

which a plug # is adapted to be subsequently
lowered as previously described, when additional

“cement is to be discharged at a selected higher

level.

The lower end of the casing may be provided
with a valve-controlled cementing shoe 30 and a
ported section 2a as shown in Fig. 6. A solid plug
#a is adapted to engage in recess 5 to actuate
the sleeve valve 6. Cement is introduced into
the casing on top of plug 4a and is followed by
a plug 17 in the same manner as above described
in reference to Figs. 1 and 2. Thus the hydraulic
circulating fluid in advance of plug 4a is ejected
from the shoe 30 through the valve therein: and
the lower end of the casing is cemented by
passing the cement through ports 3a in section 2a
adjacent the shoe to secure the advantages of a
float valve and guiding shoe without passing the
cement through the restrictions of the valve.
It will be apparent that a plug 4 may be substi-
tuted for plug 4a in any of the embodiments of
PFigs. 1, 2, or 6, and the method of cementing the
lower end of the casing. may be altered in ac-
cordance with the method described above in
reference to the upper ported sections.

The invention thus provides for cementing a
well at a plurality of predetermined levels as an
integral operation, or as a series of unitary
cementing operations with the cement ejected at
each selected level by a column of fluid extending
to the earth’s surface and adapted for. subse-
quent discharge from the casing from above the
selected level and in advance of subsequent dis-
charge of cement at a higher level; and by
sélectively discharging cement at different levels,
any desired portion of the casing string may be
readily cemented off. The construction also pro-
vides an unobstructed bore for circulation of a
fluid medium, drilling or underreaming prior to
.cementing or for removing debris prior to any in-
tegral cementing operation, since before intro-
ducing the cement, the bore of the casing is open
for flow of fluid downwardly therethrough to a
selected level and thence upwardly exteriorly
thereof; and after the cement has been dis-
charged from the casing and has set in the sur-
rounding well bore, the plugs in.the casing string
may be readily drilled out in usual manner so as
to clear the casing. . .

what I claim and desire to secure by 1et-
ters Patent is:

1. In combination, a string of casing for a
well bore having normally closed ports in its side
wall, the string of casing being adapted to retain

normally closed ports, and a plug adapted for

- fluid-tight sliding fit in the casing and having a

bore provided with a valve adapt'ng said plug to
upwardly by-pass the column of fluid to permit
lowering the plug in the casing, and a member to
lower said plug downwardly through said fluid |

-retained in the casing.

2. In combination, a string of casing for a
well bore having normally closed ports in its
side wall, the string of casing being adapted to
retain a column of hydraulic fluid in its bore
extending above the normally closed ports, a bar-
rier plug adspted to be jowered in the casing and
to by-pass said hydraulic fluid upwardly within .
the casing for opening the ports, and a member
to move said plug downwardly through the fluid
retained in the casing.

3. In combination, a string of casing for a well
bore having normally closed ports in its side wall
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and presenting an unrestriqtedf .open bore, the 75




4

string of casing being adapted to retain a column
of hydraulic fluid extending above the normally
closed ports, means adapted to be lowered in the
casing and to by-pass said hydraulic fiuid. up-
wardly within the casing for opening the ports

and closing the bore of the casing below the

ports, and means to move said first-mentioned

+ means downwardly through the fluid retained in

10

15

the casing. - .

4. A device of the character described adapted
to be connected to the lower end .of g string of
well casing comprising an outer ported member
and an inner sleeve valve tending normally to
maintain closure of said ports, a plug for the
lower end of said member tapered inwardly and
downwardly to form a guiding end, a passage-
way formied centrally through said plug, a float
valve closing the bore of said passageway to
pressure therebelow, and a barrier plug actuated

by pressure fluid to open said ports and close

the bore of said passageway to pressure there-
above. : _
5. In combination, a string of well casing com-

‘prising an outer ported member at the lower end .

of said casing and an inner sleeve valve tending
normally to maintain closure of said ports, a
plug for the lower end of said casing tapered in-

‘wardly and downwardly to form a guiding end,

a passageway formed centrally through said plug,

“a float valve closing the bore of said passageway

to pressure therebelow, and a barrier plug ac-
tuated by pressure fluid to open said ports and
close the bore of said casing to pressure there-
above. ' ’

6. A ported well casing having a bore for the
bassage downwardly -therethrough of ‘pressure
fluid, a float valve for the lower end thereof, a
sleeve valve inside of said casing tending nor-
mally to maintain closure of said ports and lon-

_gitudinally slidable therein to open the ports and
forming a seat for a plug, and a plug actuated

by said pressure fluid to seat on said sleeve valve

- for opening the ports and close the bore of said

casing below the ports thus to deflect the flow
of said pressure fluid outwardly through the
ports above said float valve.
. 7. In combination, a ported well casing, a
sleeve valve normally closing the ports longi-
tudinally slidable in said casing to open the ports,
a body having valve means therein connected to
the lower end of said casing to close the same to
pressure in the well, and a barrier plug actuated
by fluid. pressure to seat on said sleeve valve for
opening the ports and closing the bore of said
casing above said valve means. P

8. In combination with a well casing, & tubular

- member secured  thereto and forming a part

70

(]

thereof, a valved float plug fitted to said mem-

.ber and enabpling the passage of fluid downward- -

Iy through the said member but not in the oppo-
site direction, valve means for said valved float
plug capable of being made effective after the
casing has been positioned in the bore to prevent
the passage of fluid downwardly through said
plug, said member having cementing ports
formed through the side thereof above said plug,
valve means for said ports preventing the flow
of fluid into the casing from the exterior thereof,
said valves opening to permit the discharge of
cement from the interior of the casing only after
the fluid pressure therein éxceeds a predeter-
mined value., " -

9. A plug adapted to be lowered into a well
casing carrying means to snugly engage the wall

2,177,172

of the casing, means for anchoring the blug
against longitudinal movement in the casing, the

‘plug having an opening therethrough to by-pass

fluid while lowering said plug in the casing, and

-valve means for closing said opening against the

passage of fluent material downwardly there-
through when anchored in the casing. ’
10. In combination, a string of casing disposed

In a well shaft and containing a column of fluid .

in its bore, a plug, means carried by said plug
forming a fluid-tight closure for said casing
bore, means to lower said plug in the casing while
maintaining. disposition of the fluid in the cas-
ing, and means to anchor said plug against axial
movement in the c¢asing.

11. In a device of the character described, a
‘casing barrier, a tubing string to lower said bar-

“rier in a well casing, means to anchor said bar-

rier in the casing against longitudinal movement
therein, said barrier having a bore to by-pass
fluid in the casing communicable with the bore
of the tubing, and valve means for closing the

‘bore of said barrier. N

12. In combination, a ported string of casing
disposed in a well shaft containing hydraulic
fluid whereby said casing will retain a column
of said fluid in the casing extending .above the

- ports by the balancing of the hydrostatic heaa

within and without the casing through the ports,
a plug carrying means for a fluid-tight engage-

ment with the casing, a tubular member to lower

said plug through the casing while maintaining
the disposition of the hydraulic fluid retained in
the casing, and means to. anchor said plug against
longitudinal movement .in the casing to form a
barrier. - : S
*13. In a device of the character described, a
casing barrier, a tubing string having a, releasable
engagement with said barrier to lower said bar-
rier in a well casing, means to anchor said bar-
rier in the casing against longitudinal movement
therein, said barrier having a bore to by-pass Auid
in the casing communicable with the bore of the
tubing, and valve means for closing the bore of
said barrier, ' ) ’
14. A device of the character described com-
prising a string of casing disposed in g well shaft
Provided with a plurality of cementing sections
carried in longitudinal spaced relation by said
casing, said casing containing a column of ‘hy-
draulic fluid in its bore, each of said cementing

sections including an outer ported member and’

an inner sleeve valve, and means comprising a

tubing string and a barrier actuated by said tub-

ing string for selectively closing the bores of said

- cementing sections below said ports therein, re-
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spectively, said tubing and barrier being movable .-

through the casing while maintaining disposition
of said hydraulic fluid retained in the casing. k
15, A device of the character described com-
prising a string of casing disposed in a well shaft
provided with a plurality of cementing sections
carried in longitudinal spaced relation by said
casing, said casing containing a column of hy-
draulic fluid in its bore, each of said cementing
sections including an outer ported member and

an inner sleeve valve, and. means.comprising a

tubing string and a barrier having a releasable
engagement with said tubing for selectively clos-
ing the bores of said cementing sections to pres-

movable through the casing while maintaining
disposition of said hydraulic fluid retained in
the casing. -

70

‘sure thereabove, said tubing and barrier being
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‘casing, said casing containing a column of hy-

16. In combination, a string of casing disposed
in a well shaft provided with a plurality of ce-
menting sections carried in longitudinal spaced
relation by said casing, each of said cementing

_sections in€luding an outer ported member and

an inner sleeve valve, a tubing string, a barrier
actuated by said tubing string for .selectively

. closing the bores of said cementing sections below
. the ports, therein, respectively, said barrier hav-

ing a bore ‘to by-pass hydraulic fluld in the

casing communieable with the bore of the tubing

string, and valve means for closing the bore of
said barrier. .

17. A ‘device of the chara.cter described com-
prising a string of casing disposed in a well shaft
provided with a plurality of cementing sections

carried in longitudinal spaced. relation by said-

casing, said casing containing a column of hy-

" draulic fluid in its bore, each of sald cementing
sections including an outer ported member and’

an inner sleeve valve closing the ports, and means
comprising a tubing strinig and a barrier actuated
by .the tubing string for selectively opening the
ports and -closing the bores of said cementing
sections below the ports while maintaining dis-
position of the hydraulic fluid retained within
the casing.

18. A device of the character described com-
prising & string of casing disposed in a well shaft
provided with a plurality of cementing sections
carried in longitudinal spaced relation by said

‘pressure thereabove, sald barrier havin

5

draulic fluid in its bore, each of said cementing
sections including an outer ported member and

“an_ inner sleeve valve, a barrier adapted to be

lowered in the casing and to by-pass said hy-
draulic fluid upwardly within the casing for se-
lectively opening the ports and closing the bores
of said cementing sections below the ports, and
a tubing string to move said barrier downwardly
through the casing.

19. A device of the character described com-

- prising a string of casing disposed in a well shaft

provided with a plurality of cementing sections
carried in longitudinal spaced relation by said
casing, each of sajd cementing sections including

-an outer ported member and an inner sleeve

valve controlling the ports, and means compris-
ing a tubing string and a barrier actuated there-
by for selectively closing the bores of said ce-
menting sections.

20. In combination, a strlng of casing disposed
in a well shaft provided with a cementing section
intermediate the ends of the casing, said ce-
menting section including an outer ported mem-

10°
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ber and an inner sleeve valve, means comprising 25

a ‘tubing string and a barrier actuated ‘thereby
for closing the bore of said cementing section to
a bore
communicable with the bore of the tubing, and
means for closing the bore of said barrier.
ERD V. CROWELL.
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