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10 Claims.

“This invention relates to that method of ce-
‘menting wells whereby cementitious material
may be discharged from a casing string into a

.+ :surrounding well ‘bore, and additional cement
5 umay then be ejected from the casing: string at
.a predetermined .higher level:so that the casing
-string may be cemented-off :at predetermined
1evels or throughout:any.desired length. Certain
.subject-matter disclosed :in ‘this application has
10 been reserved for :my scospending applications,

S. N, 27,041, filed June 17,:1935,:and S.'N. 119,986,
~ filed January 11, 1937, @ndtoithose parts of the

present disclosure no -¢laim 'is:made herein. It

is an object of the invention :to discharge the
35 cement at different devels from a casing string
which has an open thore of unrestricted cross-
- sectional area prior io ithe:cementing operation,
‘and ‘which is adapted o be «drilled-out to the
same unrestricted bore subsequentito.the cement-
o, -
20 minimum successive reduction in -diameter may
be recelved one within .another for increasing
the depth of the well while maintaining the bore
of the casing of maximum size, and usual drill-
ing operations may be continued through the
casing, and fluld circulation established, all in
accordance with present practice. -
It is a further object of the invention to dis-
charge cement at one level by the pressure of

25

a column of hydraulic finid filling the entire .

30 length of the casing string above the cement,
and to then discharge the fluid standing in the
casing above a higher level at which another

batch of cement is to be discharged, with addi-

tional cement then ejected at said higher level
by the pressure of a column of hydraulic fluid
which again fills the entire length of the casing
string above the additional cement. .

Further objects of the invention will be read-
fly understobd from the following description
of the. accompanying drawing which shows a
preferred means for carrying out the improved
process, and in which: : B .

Figs. 1, 2, and 3 are vertical sections through
a string of casing received in a well bore, and
fllustrating the successive steps of the cementing
‘operation. . < :

Fig. 4 is a transverse
of Fig. 3. . . ;

Pigs. 5 and 6 are fragmentary views similar to
Fig. 2, showing modifications of the invention.

The cementing operation may be carried on
in connection with a usual string of well casing
Awhlchisreceivedina.wellboreB; and In
55 addition to the usual practice of discharging ce-
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ing operation, so that wa plurality -of strings of

seqﬂbnonthennei—l,

(CL 166—21)

ment at or adjacent the lower end of the casing
string, the invention provides for ejecting ce-
ment at one:or more higher levels, with the cas-
ing string havihg :an unrestricted open ‘bore
prior to the cementing operation and adapted to
be -drilled-out so :as to provide the same un-~
restricted -open ‘bore subsequient to discharge of
cement, :and ‘with ithe .cement ejected at each
‘of the predetermined levels by the pressure of
hydraulic fiuid :above the cement and filling 'the
entire Jength of the casing string to the earth’s
surface. . . a
 Tor this purpose, and at each level above the
lower end of the casing string where it may be
desired to discharge additional cement, a fixed
section 2 of the casing string has ports 3 in-its
side wall, a plurality of these successively higher
ported sections belng shown at Fig. 1. Aside
from the ported sections 2 the casing string may
have & usual open bore of uniform cross-sec-
tional area as shown at Figs: 1 and 6; and the
bores of the ported sections 2 form open and
unrestricted continuations of this uniform bore,
with the exterior diameters of the ported sec-
" tions substantially the same as the exterior di-
ameters of usual coupling collars for the lengths
of the casing string. The bore of the string
being thus unrestricted throughout its length,
_usual drilling operations may be carried on
through the string and fluid may be circulated
. in usual manner; and if in accordance with usual
. practice one or more successively 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 with ported sec-
“tions 2 at the levels where it may be desired—to
discharge additional cement, and since these
ported sections: of a string do not Increase its
maximum exterior diameter nor restrict the-
cross-sectional area of its bore, there need be
but minimum reduction in the size of the suc-
cessively smaller strings, and as a consequence
the final bore of the casing may be of apprecia-
ble size, as.is of exireme importance when the
well is put on production. .
The lateral ports 3 of sections 2.are normally
closed so that a fluld such as a washing medium
“or cementitious material may be directed down-
wardly through. the unrestricted bore of the cas-
ing to its lower end; and when the well is to be
cemented, & batch of cement is preferably first
discharged at the lower end of the casing string,
‘and the bore of the casing is- then shut-off be-
low the ports of a section 2 which is at the level
where it is desired to- discharge additional ce-
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2
ment, and the ports 3 of said section are opened
for discharge of cement.

Tnitial discharge of cement at the lower end.
of the casing string may be in accordance with
any usual practice; and as shown in Figs. 1 and
2 is via a cementing shoe or casing section 2&
having normally closed lateral ports 3t The
sections 2 and 2@ are of similar construction, the
bore of each section being annularly recessed
as shown at 5, with a sleeve valve 6 slidable in
said recess to open 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 normal-
1y held in position overlying and closing its co-
operating lateral ports, as for example by a spring
1, with the annular recess § forming an enlarge~
ment of the bore of the casing above the sleeve
valve. Valves Il are preferably provided for
ports 8 and 32 at the exterior of sections 2 and
25, and are adapted to open responsive to pres-
sure of outward. discharge through the ports
3—3%, when the corresponding sleeve valves 6
have been opened, but are adapted to automati-
cally close against back-flow through the ports,
irrespective . of the position of the cooperating,
sleeve valves. ' - L

A plug # cooperates with each of the ported
sections 2, and a plug 4s cooperates with the
ported section 2». Each of these plugs has slips
{2 which are radially retracted while the plug
is being lowered in the well casing, with pack-
ing 14 on the plug maintzining fluid tight en-
gagement with the casing bore; and when the
plug alines X
12 so as to engage-and open
sleeve valve 6, and then anchor the plug. with
its packing (& shutting-off the bore of the cas-
ing below the cooperating lateral ports.

“ cessively higher sections 2*—2 are of :successive-

"1y reduced length;

45

and the slips’ 12 of ‘the plugs
4—4s are of different léngth corresponding to
the recesses § of their cooperating sections 2—-2»,
so that when one of the plugs 1s lowered into the’
casing, its slips 12 will pass the shorter recesses
5 of higher ported sections without expanding

‘and anchoring therein, and will thus énchor only

50

termined ported sections,

at the ported section with which the plug is
adapted to cooperate. It will thus be seen that
by successively lowering plugs having slips cor-
responding in length to. the recesses of prede-
the ports of selected
ported section may be successively opened for

" discharge of cement. '

55 ¢
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" i8 then lowéred into.

Prior to lowering one or more of the plugs into
the casing string, and with the sleeve valves §
in normal closed position and the casing string
elevated from the bottom of the well bore, circu-
lation may be readily established downwardly
through the casing and thence upwardly in the
surrounding well, since the unrestricted bore of
the casing is open-:for flow of fluld throughout
its length; and a plug having slips 12 coire-
spongding to the recess § of the ported secfion
at which cement 18 to be initlally discharged,.
the casing.. If in accord-.

_ance with usual practice, initial-discharge of.

70.

L3

‘I, 8

cement 18 to be at the lower end of the casing .
string, it is the plug &, adapted for cooperstion
with ported section 2%, which 1s initially lowered
. into’ the casing :

in back of the circulating me-
dium which fills sing., .
predetermined quantity .of cement is in-

troduced into the casing in back of plug 4-,\_@1@_'

with its cooperating recess §, springs

; i . ing in the casing
As shown in Fig. 1, the recesses b of the suc- .

2,071,389

is preferably a solid plug, with a traveling plug
11 in back of the cement, and a column of hy-
draulic fluid above the traveling plug and ex-
tending to the top of the well. The circulating
medium in advance of plug 4* is thus discharged
from the open lower end of the casing by the
pressure in back of plug i1, so that the plug 4a
is finally anchored in ported section 2# as shown
in Fig. 2, thereby opening the ports 8* and shut-
ting-off the bore of the casing below the open
ports. The pressure on plug {1 then forces the
cement through the ports 32 so as to open valves
{1 for discharge into the surrounding well bore,
with the plug 11 seating on the anchored plug
4= when all of the cement has been discharged,
and the valves {[ then closing against back-flow
ofthe cement. - '
Additional cement may then be ejected at &
ported section 2 which is at a selected higher
level, by lowering into the casing one of the plugs
& which has slips 12 corresponding to the selected
ported section. The plug 4 is lowered through
the column of hydraulic fluid standing in the
casing, and for this purpose each of the plugs
& has & bore 25, normally closed by an upward-
1y opening yalve 26; and as shown in Fig. 2 the

" plug 4 which is to be lowered into the casing, is

forced downwardly by a suitable ‘string(of tools
¢, and its valve 26 opens to permit the plug be-
ing readily lowered F

to its operative position alining with the corre-
sponding ported section 2 and opening its sleeve
valve 6. L .

“When the plug & has been anchored in its.cor-

responding ported section-and the tool string C.

has been withdrawn, a predetermined quantity.
of cement is forced downwardly through the cas-
ing in back of the hydraulic fluid which is stand-
above the anchored 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 pressure of a column of
hydraulic fluid above the cement and separated
therefrom by a traveling. plug AT, _
thus eventually seats on anchored plug 4, and as
shown in Fig. 3 the packing 272 of plug 27 is

-adapted to then yield so thatthe cement is ejected

through ports 3, with the traveling plug 11
finally seating on plug 21, and the fluid column
above the traveling plug extending to the earth’s
surface. .

After the cement has set, the operation may be

repeated for discharge of cement 4t a ported sec-'

tion 2 which is at a selected higher level, a plug
4 having slips 12 of a length to cooperate with
the recess 5 of the selected ported section being
forced downwardly through the fluld celumn
standing in the well casing, by means of tool
string C, and with the valve 26 of the plug open-
ing for passage ofgthe fluid as previously de-
scribed. The plug 4 is thus anchored in the se-

lected section and the ports 3 are opened, so

that when the tool string C has been withdrawn,

. the column of fluid standing in the casing above

the anchored plug.and a predetermined quantity.
of cement which is introduced into the casing in
back of the fluid and separated therefrom by a
plug 21, may be suceessively ejected through the
open ports by a column of -fluld above and sep-
arated from the cement by & traveling plug 17 and

-extending to the earth’s surface. If desired the
‘g

peration may then be repeated at a selected
v ‘section at & still higher level. .
The hitial discharge of cement at the lower

"end-of. the casing an. as preferably employed

_The plug 21

through the hydraulic fluid. .
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in connection with subsequent ejection of cement
at selected higher levels, may be by any usual
means other than that
For example, the lower end of the casing string
may have a usual valve-controlled cementing
shoe 30 as shown in Fig. 5, adapted for usual
initial discharge of & circulating medium, with
the cement which is to be discharged from the
valvular shoe then forced downwardly through
the casing between a v-plug 31 and a traveling
plug 11, and the v-plug being adapted to anchor
at the shoe 30, with its packing -31* then yield~
ing for passage of the cement so that it may flow
through the v -port of the plug for discharge from
the valvular shoe, and the cement being forced
downwardly by a column of hydraulic fluid above
the traveling plug {1, with the fluid extending
to the top of the well and through which 2 plug
4 is adapted to be subsequently lowered as pre-
viously described, when additional cement is to
be discharged at a selected higher level.

As shown in Fig. 6, initial discharge of cement

_at the lower end of the casing may be via a usua

30

35.

~ column. of hydraulic fiuid standing in. the well

40

45
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shoe 35, with a washing medium initially circu-
lated in usual manner, and & batch of cement

then forced downwardly through the casing be--

tween a lower plug 36 and an upper traveling
plug {1, and with a column of hydraulic fluid
above the traveling plug and extending to the
earth’s surface. The plug 36 drives the washing
medium before it and is finally ejected from shoe
35, so that the cement is discharged.into the

surrounding well bore with the plug (1 finally
36; and when additional ce- .

anchoring on plug
ment is to be subsequently ejected at a selected
higher level, a plug 4 is lowered ¢hrough. the

above the anchored traveling plug, and is an-
chored at its cooperating ported section at the
selected higher level, as previously described.
The invention thus provides for cementing &
well at a plurality of predetermined levels as in-
tegral operations, with the cement ejected at each

selected level by a column of fluid extending to.

the earth’s surface and adapted for subsequent
discharge from the casing from above the se-~
jected level and in advance of subsequent dis-
charge of cement at.a higher level; and by se-
lectively discharging cement at different levels,
any desired portion of the casing string may
be readily cemented-off. The construction also
provides an unobstructed bore for circulation of
a fluid medium for removing debris prior fo any
integral cementing operation, since before intro-
ducing the cement the bore of the casing is open
for flow of fluid downwardly therethrough to &
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 &8s
to clear the casing..

I claim: . E

1. The method of cementing casing in a well
bore, which includes circulating hydraulic fluid
through the-casing, and while retaining the hy-
draulic fluid in the casing to a 1evel above that
of normally closed ports in the side wall of the
casing, opening said ports and closing the bore
of the casing below said ports, discharging
through the open ports the hydraulic fluld stand-

ing in the casing above said ports, and then

ejecting. cement

from the casing through the
open ports. '

2. The method of cementing casing in a well

hereinbefore described.’

" level at which additional

..lowering & plug through

3

bore, which Includes circulating hydraulic fluid
through the casing, and while retaining the hy-
draulic fluid in the casing to a level above that
of normally closed ports in the side wall of the
egsing, lowering a plug through said hydraulic
fluid for opening the ports and closing the hore
of the casing below said ports, and then estab-
lishing circulation downwardly through the ‘cas-
ing and outwardly through said open ports.

3. The method of cementing casing in a well
bore, which includes circulating hydraulic fluid
through the casing, and while retaining the hy-
draulic fiuid in the casing to a level above that
of normally closed ports in the side wall of the
casing, lowering & plug through said hydraulic
fuid for opening the ports and closing the bore
of >the casing below said ports, discharging
through the open ports the hydraulic fluid stand-
ing in the casing above said ports, and then
ejecting cement from the casing through the
open ports. . - —_—

4. The method of cementing casing in & well
bore, which includes circulating hydraulic fluid
through a string of casing having an open bore
which is unrestricted throughout its length, and
while retaining the hydraulic fluid in the casing
to a level above that of normally closed ports
in the side wall of the casing, opening said ports
and closing the bore of the casing below said
ports, discharging through -the open ports the
hydraulic fluld standing in the casing above said
ports, and then ejecting cement from the casing
through the open ports. _ ’

" 5. The method of cementing casing in
bore, which includes discharging cement
lower end of the 3

a well
at the
casing :
fluid retained in the casing in back of the cement
and extending above @ predetermiined - higher
cement is to be subse-
quently ejected, discharging from the. casing at
sald higher level the hydraulic fluid standing in
the casing above said level, and then ejecting
cement from the casing at said higher level.

6. The method of cementing’ casing in a well
bore, which includes discharging cement from
the casing by a column of hydraulic fluid re-
tained.in the casing in back of the cement and
extending above & predeterminéd higher level at
which additional cement is to be subsequently
ejected, discharging from
higher level the hydraulic fluid standing in the

casing above said level, and then efecting cement,

from the casing at said higher level.

7. The method of cementing casing in a well
bore, which includes
through the casing and retaining sald hydraulic
fluid in the casing to a point above a predeter-
mined level at which cement is to be ejected,
discharging from the casing at said level the
hydraulic fluid stanfling in the casing above sald

Jevel, ejecting cement from the casing at said.-

level by a column of hydraulic fluid retained In
the casing in back of said cement and extend-
ing above a prefletermined higher level at which
additional cement is to be subsequently ejected,
and then establishing circulation downwardly
through the casing and outwardly therethrough
‘at said higher level. . ) - ’
8. The method of cementing casing in & well
bore; which includes circulating hydraulic fluid
through the casing and retalning said hydraulic
fluld in the casing to a level above that of nor-
side wall of the casing,

mally closed ports in-the s
said hydraulic fluid for
ports and then closing the bore

first opening the

by & column of hydraulic’

the casing at said -

circulating hydraulic fluid !

3¢
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of the casing below sald ports, Introducing ce- fluld in back of the cement being refafned in the

ment into the casing in back of the hydraulic
fluld and separated therefrom by a barrier, and
forcing the cement downwardly by hydraulic
5 fluid in back of the cement and separated there-
from by a barrier, so as to.discharge through the
open ports the hydraulic fluld between the.plug
and the first mentioned barrier, and then cause
sald first mentioned barrier to yleld for discharge
10. of the cement through the open ports: ..
" 9. The method of cementing -casing in-a. well

bore; which includes circulating hydraulic fluid
through the casing and retaining said hydraulic

fluid ia the casing to a level above that 6f nor-
15 mally closed ports in the side wall of the casing,
lowering a plug through said hydraulic fluid for
first opening the ports and then closing the bore
-of the casing below said ports, introducing ce-
ment into the casing in back of the hydraulic
20 fluld and separated therefrom by a barrier, forc-
iag the cement downwardly by hydraulic fluid in
back of the cement and separated. therefrom by
a barrier, so as to discharge through the open
ports the hydraulic fluid between the plug and
25 the first mentioned barrier, and then calse said
first méntionied barrier to yleld for discharge of
the cement through the open ports, the hydraulic

casing to 'a level above that of additional nor-
mally closed ports in the side wall of the casing,
lowefing' a plug through said hydraulic fluid for
opening the last mentioned ports and closing the
bore of the casing below said ports, and then es-
" tablishing circulation downwardly through the
casing and outwardly through said open ports.
10. The method of cementing casing in a well
bore, which includes discharging cement from
the casing by & column of hydraulic fluid re-
tained in the casing in back of the cement and
- extending above normally closed ports in the side
wall of the casing, lowering a plug through said
- hydraulic fluid for first opening ‘the ports and
~_then closing the bore of the casing below. said
- ports, introducing cement into the casing in
back of the hydraulic fluid and separated there-
from by a barrier, and forcing the cement down-
wardly by hydraulic fluid in back of the cement
and separated therefrom by a barrier, so as to
discharge through the open ports the hydraulic
+ fluld between the plug and the first mentioned
harrier, and then cause said first mentioned bar-
rier to yleld for discharge of the cement throug
the open ports. .
: : ERD V. CROWELL.
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