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This invention relates to apparatus and 
methods of cementing casing‘ in oil ‘wells to, 
primarily, lend support to the casing, isolate sub- ' 
terranean ?uids from foreign strata and exclude 
corrosive constituents of the ?uids from contact 
with the casing. ' I‘ 

‘ To obviate thev well-known disadvantages inci 
dent to the passage of cement through the entire 
string of casing, and thence upwardly, around 
the casing to the desired location in the well-bore, 
lateral port cementing was introduced to the art 
whereby cementitious material is spotted through 
ports in the casing at any desired predetermined 
elevation, eliminating the passage of all cement 
through the lower end of the casing. By pumping 
separate volumes of cement through individual 
series of lateral ports, located in the casing at 
spaced levels, the distance each volume travels 
through the casing and the annular area of the 
hole, to the position at which it will subsequently 
be permitted to set, is reduced to a minimum. 

It is usually desirable to provide one or more 
?oat valves in the bore of the casing which are 
adapted to close to pressure therebelow during 
the lowering of the casing, thus enabling the 
operator to partially “?oat” the casing to posi 
tion for cementing to reduce strain on the derrick 
and equipment. To effectively perform this 
function, at least one of such valves should be 
located above the uppermost lateral ports, or 
valves provided on individual ports to maintain 
pressure in the casing less than that in the well 
hole. However, simple hinged or spring valves 
on the outside of the casing ports cannot ordi 
narily be relied upon to maintain their closure 
in the face of the great pressure; of deep wells. 

Float valves of the prior art, which are located 
in the bore of the casing, are‘ adapted to open 
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downwardly to permit circulating ?uid to be ' 
ejected from the lower end of the string, if 
necessary, to remove obstructions in the well hole 
to the lowering of the string and to enable hy 
draulic ?uid circulation and cementing through 
lower lateral ports. While vthe valve seats rigidly 
formed in the bore for such ?oat valves must be 
composed of easily drillable material, they must 
also be heavy and large to resist the pressures to 
which they may be subjected. In both single and 
multiple stage lateral port cementing, however, 
obstructions in the casing bore to the passage‘ of 
the 'cementitious mixture, as above noted, ad 
versely“ affect the vei’?cacy of the operation,‘ 
particularly-in deep wells. . 
his ‘a general object of the present invention 

to obviate‘the disadvantages above mentioned by 
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the provision of a ported well casing normally 
sealed to pressure in the well by valvular means 
but which casing may be cleared prior to the 
passage of cement therethrough to present a 
substantially unobstructed bore from the well 
surface to each series 0! ports. . 
Another object is to provide a casing string 

having a series of lateral ports located at dif 
ferent levels thereof, including closure means for 
said ports adapted to be successively opened in 
upward series by individual key ?uid pressures 
within, the casing. } 

Another object is to provide closure .means 
for a plurality of lateral ports located in sub 
stantially horizontal alignment‘ in the' casing, 
which may be simultaneously opened by prede 
termined pressure within the casing. 
Another object is to provide a casing string 

having a lateral port therein embodying a valve 
and valve seat removably supported in the bore 
of the casing above the lateral port, the valve of 
which is adapted to open to pressure thereabove, 
and the entire valve assembly adapted to be 
moved below the port to present a substantially 
unobstructed bore to the passage of cementitious 
material from the mouth of the casing to the 
lateral port. 

Another object is to provide a method of well 
cementing whereby a plurality of volumes of 
?uent cement, separated by hydraulic ?uid may 
be ejected from a string of easing at different 
levels in a single operation to permit the volumes 
to set simultaneously. 
Another object is to provide a composite mul 

tiple-stage cementing method forv serially seal 
ing portions/of the annular area between the well 
hole and a casing string having a plurality of 
lateral ports, whereby’ the‘ opening of each set 
of ports in the casing string may be con?ned 
to the individual cementing operation there 
through. 
,Another object is to provide a method of 

single or multiple stage lateral port well ce 
menting which may be performed in a casing 
having an entirely unobstructed bore if desired, 
to permit the casing to be “carried" with the 
drilling tools in cavey formations, and subse 
quently cemented ‘at its ?nal location in the hole‘ 
without withdrawal. 1 , 

Other objects and corresponding advantages 
will be obvious to those of skill in this art upon 
an examination of the following description read 
in the light of the accompanying‘ drawings, in 
whlch--- - 1 

-Figs. 1 through 5 illustrate schematically a 



2 
series of steps in the performance of a simple 
embodiment of the method of my invention; 

Fig. 6 is a sectional view of a casing equipped 
with one form of apparatus of my invention; 

Fig. '7 is a transverse sectional view of the 
casing taken on correspondingly-numbered lines 
of Fig; 6, with the apparatus normally disposed 
therein removed; 

Fig. 8 is modi?ed form of abutment for the 
casing bore upon which any or all of the ce 
menting valves illustrated in Fig. 6, an indicator 
plug, or the travelling plugs of Fig. 16, may seat; 

Fig. 9 is a broken elevation of a modi?cation 
of the closure means for the casing ports de 
picted in Figs. Sand '1; - ‘ 

Fig. 10 is a section of a ported casing, par 
tially broken away, with the modi?ed closure 
means of Fig. '9 in normal relation therewith; 

Figs. 11, 12 and 13 are elevations of cement 
ing plugs adapted to seat in the bore of the 
hollow ?oat plug and sleeve valves, in upward 
series, respectively, shown in Fig. 6; ' 

Fig. 14 is an elevation of an indicator plug 
< adapted to close the bore of the casing; 

Fig. 15 is a sectional view of a ported casing, 
illustrating another embodiment of the apparatus 
and method of my invention; 

Fig. 16 is a sectional view of a third embodi 
ment hereof; 

Fig. 17 is an elevation of a top plug adapted 
to cooperate with the apparatus of Fig. 16 to 
close the casing bore. 

Referring particularly to Figs. 1 through 5, 
one embodiment of the method of my invention 
is initiated by the lowering of a casing 20 into 
a well hole in which a series of lateral ports are 
provided at spaced levels. For example, the low 
est series of ports 2| may be located near the 
bottom of the string just above the casing shoe 
22 which is provided with a valve to close the 
lower end of the casing to an external balance of 
pressure, as hereinafter described in detail. The 
next-above series of ports 23 may perforate the 
casing at approximately one third the length of 
the casing from the bottom, and the uppermost 
series of ports 24 at approximately one third the 
length of the casing from the top of the well. If 
it is desired to cement through the lower end of 
the string, the ports 2| above the shoe may be 
eliminated. Ports may be provided in the casing 
at any number of levels and with any appropriate 
relative spacing, as will be obvious. Each set of 
lateral ports may be normally closed to pressure 
from either direction by means hereinafter de 
scribed with reference to ports 23 and 24. 
When the casing has been landed. or positioned 

as desired hydraulic circulating ?uid is introduced 
‘therein and pumped through its lower end, if it 
is suspended above the well bottom as is usual 
practice (Fig. 1), or through the lowest series 
of ports, as is hereinafter described. The ?uid 

. under pressure then passes upwardly around the 
casing to the top of the well to'remove miscellane 
ous debris, such as drillings, cavings, etc. When 
it has beendetermined that the bore of the hole 
is clear, a plug is inserted into the casing and 
moved downwardly below the ‘lowest series of 
ports 2| by ?uid under pressure introducedinto the 
casing on top of the plug, which ports are opened 
by ?uid pressure from within the casing while 
the bore of the casing below said ports is closed 
by the seating of the plugging means in the cas 
ing. The opening of the ports will be indicated to 
the operator by the pressure required of the pump. 
Additional circulating ?uid thereabove may then 
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be pumped through the casing and, under pres; 
sure,____4will be de?ected through said ports by the 
closure of the casing therebelow. A volume of 
cementitious ?uid in an amount suilicient to ?ll . 
the annular area of the well hole around the cas 
ing from ports 2| to ports 23 is then introduced 
into the casing (Fig. 2). On top of the cement 
a second plug is inserted into the casing. The 
cement slug with the second plug on top thereof 
is then forced downwardly to said ports 2| by 
the introduction into the casing of additional 
mud ?uid under pump pressure. Continued in 
troduction of mud ?uid under pressure will expel 
the cement slug from the casing through ports 
2| and cause it to ?ow upwardly in the hole. 
As the last few feet of cement, the exact amount 
depending upon the depth of the well, reach ' 
ports 2| in its downward passage, the casing 
bore is plugged directly above said ports by the 
seating of the plug in the casing, preventing 
further pressure from moving the ?uid there 
below (Fig. 3). With the casing thus closed, 
and the ?rst charge of cement in ?nal position 
outside thereof, extending upwardly to ports 23, 
pressure will build up in the casing, which will 
indicate to the operator the completion-of the 
?rst stage of the operation, as will be apparent 
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to those of skill in this art. _ 
The second set of ports 23 in upward series are 

then opened by ?uid pressure. The volume of 
cement intended for discharge therefrom may or 
may not have been introduced into the casing 
prior to the opening of ports 23. With the sec 
ond set of ports open, ?uid under pressure there 
above will be de?ected outwardly through the 
ports and up around the casing by the immovable 
?uid column in the casing between the lower 
point of plugging (above ports 2|) and ports 23. 
If the second charge of cement is in the casing 
when ports 23 are opened it may be pumped 
through these ports in the manner indicated. 
Preferably, however, the ports are opened ?rst, 
and circulation therethrough established before 
the second volume of cementitious ?uid is intro 
duced into the casing. A third plug is inserted 
'into the casing on top of the second volume of 
cement. The cement and plug are then moved 
through the casing and through ports 23 princi 
pally by hydraulic ?uid under pressure. Before 
the entire volume of cement is discharged, the 
casing bore is plugged as at 25 by the seating of 
the plug, moved with the cement in the casing, 
adjacent ports 23 or between ports 23 and 24. 
Further displacement of any portion of this ce 
ment volume either in or out of the casing. being 
prevented, the cement tailings of the second vol 
ume of cement between the second point of plug 
ging 25 and ports 23, are left in the casing for 
subsequent removal by drilling tools in a well 
known manner. .; The portion of the volume of 
the second charge of cement which is discharged 
from the casing is preferably su?icient to ?ll the 
annular- area of the well hole from ports 23 to 
the next-above series of ports 24, thus providing 
with the cement expelled from ports 2| a column 
of cement around the casing from the lowest 
ports to ports 24. 
Other volumes of cement may be introduced 

into the casing (Fig. 4) and discharged from up 
per lateral ports at any number of spaced levels 
in a similar manner as will be apparent without 
further detailed description. At the conclusion 
of the last cement discharge, which completes the 
annular column of cement in the hole from the 

'‘ lowest series of ports to the surface of the well, 
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the casing here is ,again plugged (Fig. 5), by a 
plug introduced with the last volume of cement, 
above the uppermost ports- and sumcient ?uid 
pressure maintained thereon to prevent displace 
ment of the cement outside of the casing until 
it has had opportunity to set. Drilling tools may 
then clear the bore to permit further develop 
ment of the well. ' ‘ _ 

It will be understood that in the method de 
scribed individual hydraulic circulation through 
each set of ports before the introduction of ce 
ment for discharge from the respective sets of 
ports may be eliminated. After the opening of 
the lowest set of ports and the ?rst charge of 
cement is introduced in the well, the quantity of " 
hydraulic ?uid pumped in on top of the cement 
may be predetermined as su?icient to only fill 
the bore of the casing from the point at which 
the casing bore is closed intermediate the two 
lower series of ports and the second series of 
ports, or slightly less than that amount; On top 
of this ?uid the next charge of cement may be 
placed, on which another volume of hydraulic 
.?uid may be pumped, equal in amount to a col 

, umn having a cross-section of the casing and a 
length equal to the distance from the point 
above the second set of ports and below the third 
set of ports at which the casing is closed (as in 
dicated at 25) to ports 24. The third and sub 
sequent volumes of' cement may then be intro 
duced into the casing, being separated by hy 
draulic ?uid. The ports may then be opened in 
upward series ‘as indicated, closing the bore of 
the casing between each relatively adjacent pair 
of ports at the conclusion of the cementing dis 
charge through the lowest set of each pair, as 
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above noted, which, in this embodiment will be i 
in quick succession. - 
While the method of my invention is indicated 

above as involving the introduction of pre-deter 
'mined quantities of cement into the casing it. 
will be noted that in the performance of the 
method where the discharges of cement are made 
in quick succession, i. e., before the lowest charge 
has had an opportunity to set, no exact limits 
to either the quantities of cement ‘or the hy 
draulic ?uid need be imposed, as it is obvious 
*that ifthe cement ?uid discharged from a lower 
series of ports is su?lcient to ?ll the annular 
area around the casing to a point above the next 
higher series of ports the following cement 
charge, expelled from the higher ports, will dis 
place that portion of the lower-expelled mix 
ture which extends above said higher ports, as 
it will still be in ?uent form. ‘ 
In a modi?cationof the above method, after 

circulation is established a volume of cement is 
discharged through the bottom of thecasing and 
forced upwardly therearound, which is prefer 
ably in an amount su?icient to ?ll the hole from 
the bottom to the level of the lowest series of 
ports. The bore of the casing below the lower 
lateral ports is then closed off- and, the operation 
completed in the manner above described. In 
this or other modi?cations the lower end of the 
casing string may be equipped with a conven 
tional type ?oat valve, as will be obvious. 
Referring to the embodiment of'the apparatus 

‘of my invention illustrated'in Figs. 6 through 14, 
the numerals of which indicate similar parts 
throughout the several views, 20 designates a cas 
ing string having a common form of shoe 2G in 
its lower end. Several series of lateral ports 
perforate the casing at spaced levels. A hollow 
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plug 21 slidably closing the bore of the casing, is 75 

bore. of the casing in relative horizontal align 
ment slightly above the ports. The upper end 
33 of the bore of plug 21 is bevelled, and has 
secured thereto, by rivets or the like, an annular 
packing member 3i adapted to slidably seal the 
Varea?between the casing and plug '21 to pressurev 
thereabove. Packing member 3i normally lies 
on the upper bevelled edges 32 of lugs 2| but 
may be collapsed to pass the lugs upon down-l 
ward movement of the plug. 
‘An annular recess 33 in the outer wall of the 

plug forms a downwardly-directed annular 
shoulder 34 which is normally located above ports 
2!, i. e., when supported by shear pins 23., An ' 
annular packing member, 35 secured to shoulder 
34 faces downwardly and engages-the wall of the 
casing to seal the area around the plug adjacent 
the ports 2| with respect to pressure in ‘the casing , . 
therebelow. ' 

In the lower bore of plug 21 a spider 36 is‘ 
threaded or otherwise secured supporting in its 
center the vertically movable stem 31 of a ?oat 
valve 38 adapted to normally seat on the lower 
end of plug 21. A helical spring 33 encircling 
stem 31 above spider 36 expands against an abut 
ment 40 at the upper end of the stem to re 
siliently resist downward displacement of the 
valve and maintain the bore of the plug closed 
to pressure therebelow. ' 
A series of lugs 4| secured to the casing in hori; 

zontal alignment and extending into the bore 
thereof are provided below ports 2i a distance 
substantially equal to the length of ‘plug 21 plus 
the length of a lead plug 42 (Fig. 11) later re 
ferred to. 
The next-above series of ports 23 in the casing . 

extend into an annular recess 43 in the outer 
wall of the casing. These ports are normally 
maintained closed by individual plugs 44, which . 
plugs are held in position by a frangible band 45 
extending around the casing in recess 43. Band 
45 may be composed of resilient material bent‘ 
around the casing over plugs 44 and having its 
ends secured by a frangible portion or pin (not ‘ 
shown) or the entire band. may be frangible. 
Regardless of its composition, to provide suf 
?cient margin of safety against premature break 
age, band 45 should be of su?lcient strength'to 
withstand maximum hydraulic circulating pres 
sures through the lower bore of the casing, the 
pressure required to break shear pins 23, and 41, 
later referred to, and the pressure necessary to 
pump hydraulic ?uid and cement through the 
string to ports 2i, or cement through the lower 
end of the casing and thence upwardly in the an 
nular area to the level of ports 23, all of which 
pressures may in speci?c embodiments be ex 
erted through ports 23 against the plugs 44 from 
the bore of the casing before it is desired to break 
the band, as will be obvious from the following 
description. 
In this particular' embodiment '(Fig. 6) a sleeve 

valve 46, slidable within the casing bore is sup 
ported over the lateral ports 23 by shear pins 
41. The bore of sleeve valve 46, which is of larg- - 
er diameter than the bore through plug 21 is 
tapered inwardly toward its lower end as indi 
cated at 48 to guide a. plug 49 (Fig. 12) therein 
but prevent its passage entirely through the 
valve. In the upper bore of valve 46 an up 
wardly-directed annular packing ring 50 is riv 
eted or otherwise secured to engage the wall of v 

. 3' 

supported therein over the lowest series of ports ' 
' 2|, by shear pins 23, with its upper end in contact 
with a plurality of lugs 28 extending into the - 
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the casing to seal the area therearound with the 
casing to pressure from above. In an annular 
recess II in the periphery of the valve 46 a down 
wardly-directed packing ring 62 is similarly se 
cured which engages the wall of the casing below 
the ports and extends downwardly to form a seal 
with the casing. Thus while the shear pins 41 
are unbroken, the ports 23 are isolated from 
pressures in the casing on opposite sides of pack 
ing rings 66 and 62. The lower periphery of 
sleeve valve 46 is tapered inwardly at an angle 
corresponding to the bevel 32 of lugs 26 on which 
it is adapted to seat. 

Intermediate ports 29 and the upper series of 
ports 24 a plurality of lugs 69 similar in size to 
lugs 29 are secured in the bore of the casing 
having upwardly-directed beveled faces 64. 
The outer wall of the casing is recessed at 65 

at the upper series of ports 24 and plugs 66 are 
held in the recess in a position closing said ports 
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by a frangible band 61 in a manner identical to , 
the structure of ports 23. The frangible band 
61, however, is composed of almaterial adapted 
to withstand, in addition to the, pressures from 
within the casing to which band 46 may be sub 
jected, as above noted, the pressures required 
to break shear pins 69, later referred to, to circu 
late hydraulic ?uid through ports 22 and to pass 
cementitious ?uid downwardly through the eas 
ing through ports 22 and upwardly in the annular 
area around the casing. 
A sleeve valve 69 similar to valve 46 but having 

a tapered bore of larger minimum diameter than 
that of sleeve valve 46 is normally suspended 
in the bore of the casing over ports 24 by shear 
pins 69. The upper end of valve it carries an 
annular packing member 80 which engages the 
casing to seal the area around the valve above 
ports 24. Below the ports 24 a peripheral recess 
9| is formed in the valve in which a\_downwardly 
extending annular packing member 62 is secured 
by well known means to seal the area around 
valve 68 to pressure within the casing therebelow. 
A plug 69 (Fig. v13), of a diameter larger than 
the smallest diameter of the bore of vvalve 69, 
carries an upwardly-directed calathiform packer 
64, which is adapted to engage the wall of the 
casing upon insertion therein. The plug 66 may 
accordingly be moved downwardly by ?uid pres 
sure into the bore of valve 69 and cooperates 
with the valve to close the bore of the casing. 
Continued pressure will break shear pins 69 and 
move valve 68 and plug 63 downwardly against 
lugs 63. y ' 

A plurality’r of lugs 65 which may be identical 
with lugs 26, 4| or 63 in size, shape and number, 
are secured in the casing bore preferably just 
slightly above ports 24 in substantially hori 
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zontal alignment. An indicator plug 66, having , 
an upwardly-directed calathiform packer 61, 
slidable with the casing, is adapted to seat on 
lugs 66 and thereby close the bore of the casing 
above the uppermost ports 24 to pressure there 
above. . 

As above noted I do not limit my invention to 
three levels at which lateral ports are located 
for cement discharge, as it is obvious‘ that more 
or fewer levels of the casing may be perforated 
to comply with speci?c requirements. However 
the bore of each of the sleeve valves employed in 
upward series is larger than the bore of the sleeve 
valve or plug 21 therebelow. In the embodiment. 
here alluded to (Fig. 6) where the sleeve valves 
‘and plug 21 are employed, each set of lugs of 
the series 26, 4|, 62 and 65 are preferably small 
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enough to permit the passage of a plug having 
the diameter of the largest sleeve valve-actuat 
in: plus- . 
Annular valve seats, each comprising a beveled 

ring 66 (Fig. 8) may be substituted for any or 
all series of horizontally-aligned sets of lugs. 
The valve seats 66 may be secured in the bore 
of the casing by any means well known in the 
art, such as by clamping against a shoulder 66 
formed in the bore of a section of casing or 
coupling by an adjacent section of easing or 
coupling, as indicated at 10. 
Conventional spring valves 1| (Figs. 9 and 10) 

may be substituted for plugs 44 or 66 on any or 
all of the lateral ports as desired. Valves 1| will 
close to pressure outside of the casing at the con 
clusion. of the cementing operation to prevent 
back ?ow of cement. The casing is preferably 
vertically recessed as at 12 at each port in which 
recesses the valves 1| are riveted or otherwise 
secured. Apparatus wherein valves 1| are em 
ployed also preferably incorporates the frangible 
bands, above described, to maintain each set of 
horizontally-aligned valves closed until the bands 
are broken, in the manner indicated. I 
In the operation of the particular embodiment 

just described and illustrated in Figs. 6 through 
14, the casing string 20 is lowered in the well, 
equipped as shown in Fig. 6 with plug 21 and 
sleeve valves 46 and 66 supported in a position 
covering respective ports. Hydraulic ?uid in 
troduced into the casing is pumped through the 
bore of each sleeve valveand opens valve 36. 
It then passes through the lower end of the eas 
ing string or through the lower ports 2| depend 
ing upon the pressure differential, thence up 
wardly around the casing as above described. 
On top of the hydraulic ?uid, lead plug 42 (Fig. 
11) is inserted and pumped downwardly through 
sleeve valves 46 and 66 to close the bore of plug 
21. The shear pins 29 are then broken by the 
hydrostatic weight of the ?uid plus sufficient 
pump pressure from the well surface, and the 
plug 21 and lead plug 42 are forced downwardly 
exposing ports 2|. The introduction of more 
?uid under pressure at the well surface expels 
a substantially equal amount of ?uid from the 
lower ports as plugs 21 and 42 seat on lugs 4|, 
closing the bore to pressure from above. The 
freedom of circulation indicates to the operator 
that the well and easing are in condition for 
placement of the ?rst volume 'of cement. A 
charge of ?uent cement is then introduced into 
the casing on which plug 49 (Fig. 12) is placed. 
Hydraulic ?uid under pressure pumped in on 
plug 49 causes th cement in advance thereof to 
move downwar _ through the casing and valves 
49 and 56. As the‘upper end of the cement 
volume passes through sleeve valve 46, plug 49 
will seat therein closing the bore of the casing. 
The ?uid pressure on the top of plug 49 and 
sleeve valve 46 will break shear pins 41 and down 
ward movement of the second charge of cement 
therebelow will .be resumed until substantially 
all the cement has been expelled through the 
ports, at which time sleeve valve 46 and plug 49 
will be seated on lugs 28.‘ The resistance to the 
introduction of more hydraulic ?uid into the eas 
ing due to closure of its bore by sleeve valve and 
plug will indicate to the operator the completion 
of the discharge. 
With the bore of the casing thus closed at a 

point just above ports 2| pressure may be in 
creased until ports 23, which have been exposed 
to pressure within the casing by the downward 
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movement of valve 48, are cleared by the break 
ing of frangible band 45. Circulation may then 
be established through ports 23 as described 
above with reference to the lower ports. The 
second cement charge is then introduced into the 
well, plug 63 (Fig. 13) being inserted on top of 
the cement, and forced downwardly by hydraulic 
?uid pressure. Plug 63 and the cement will pass 
freely toward ports 23 until the plug seats in the 
bore of sleeve valve 58. Continued pressure will 
break the shear pins 59 and the cement, with 
valve 68 and plug 63 thereon, will again be moved 
downwardly, the cement being discharged from 
_ports 23. Sleeve valve 58, coming to rest on lugs 
53,, cooperates with plug 63 to close the bore of 
the casing to ‘pressure thereabove. With this 
position of plug 83 and valve 58, the completion 
of the second cementing discharge is indicated 
at the well surface by the laboring ?uid pump as 
will be understood from the above description. 

' The third, and still other cement discharges 
to which particular embodiments of my invention 
may be adapted, from respective series of ports 
in upward series, such as from ports 24, are per 
formed in the same manner, as will be obvious to 

- those of skill in this art. Plug 66 (Fig. 14) is in 
serted on top of the last volume of cement to 
seat on lugs 65 and thus close the casing bore 
above the uppermost lateral ports. Hydraulic 
?uid pressure in the casing thereabove may be 
maintained in the casing to prevent displacement 
of the cement outside of the casing, as well as 
of hydraulic fluid, cement tailings, and plugs and 
valves in theucasing bore until the cement has 
set. . 

Referring particularly to the modified form of 
both apparatus and method of my invention, il 
lustrated in Fig. 15, the casing is provided with 
ports 23 and 24, as above designated. The ports 
23 and 24 of the separate levels are provided 
with individual plugs 13 and 74, respectively, 
which plugs are maintained at the outside of 
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the casing, closing respective ports, 'by frangible . 
bands 15 and 16, respectively, band 16 being pref 
erably stronger than band 15 i. e., of relatively 
greater resistance to fracture by pressure from 
within the casing. 

It is often necessary in deep wells where the 
formation is prone to cave to “carry” or lower 
the casing with the drilling tools as the hole is 
deepened. The present modi?cation contem 
plates multiple lateral port ‘cementing through 
casing having a bore su?ieiently unobstructed to 
permit the normal and unrestrained operation of 
drilling tools therethrough prior to the cement 
ing operation. In preparation for the introduc 
tion of cementitious ?uid the casing is suspended 
slightly oil‘ bottom and circulating ?uid is passed 
through the casing and up‘to the surface in the 
annular area of the well hole to remove debris. 
A quantity of cement, preferably in an amount 
sumcient to reach from the bottom of the casing 
to the lowest of the lateral ports, is introduced 
into the casing. A plug 11, having an upwardly 
directed calathiform packing member 18 at its 
upper end, slidably fitting the casing, is placed 
on top of the cement charge and passed under 
pressure to the bottom of the casing from which 
cement is discharged. The lower end of plug 
‘ll will urge the cement through the bottom of 
the casing and will abut against the bottom of 
the hole, the upper end of the plug and its packer 
18 remaining in the casing to close the same to 
pressure from above. The application of more 
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bands 15',- which is ordinarily located around the 
lowest'series of plugged ports 23 and‘thes‘hy 
‘draulic ?uid in the casing will then be free to - 
?ow .therethrough upwardly around the casing 
to the well surface. Another charge of cement 
introduced into the casing is followed by a plug 
18. Plug 19 has a downwardly directed expan 
sible swab packer 80 of a type will known in the 
art mounted by any well known means to its 
lower end. The packer is adapted to pass all 
couplings between casing sections and other ir 
regularities in the casing bore upon-its downward 
movement actuated by ?uid pressure. The upper 
end of'plug 19 carries a packer.“ similar to 
packer ‘I8 of plug 'l'l. Fluid pressure applied 
on top of plug 19 will move it and- the cement 
therebelow toward open ports 23. When plug 19 
reaches the ports the cement will have been dis 
charged therefrom and extend as a continuation 
of the column from the bottom of the hole to 
the upper ports 24. The lower end of swab 
packer 80 will then be supported on the column 
of ?uid in the casing between plug ‘fl and ports 
23 which will limit its downward progress. The 
upper end of plug‘ 19 and packer 8! being above 
ports 23, the bore of the casing above said ports 
will be closed, preventing both further downward 
movement of the ?uid above ports 23, and the 
displacement of the discharged cement. Pres— 
sure is then built up in the casing above the 
plug to a degree sufficient to cause the b 'eakage 
of frangible band 16 of the next higher series _ 
of ports 24. - 

The next volume of cement is then introduced 
into the casing and an‘ upper plug (not shown), 
identical with plug 19 is inserted thereon. Hy 
draulic pressure will then move said upper plug 
to a position over ports 24, the charge of cement 
being expelled in advance thereof from the ports 
2% to continue the annular column of cement 
around the casing to the top‘ of the well, or the 
next higher series of ports (not shown) from 
which cement may subsequently be discharged, in 
a similar manner. - 

With the uppermost plug supported on the 
?uid column in the casing extending upwardly 
to the ported level at which the uppermost ce 
ment discharge is to be made, the casing bore at 
the upper end of said plug (above the uppermost 
ports) will be closed by a packer carried by the 
plug. Fluid pressure maintained on said plug ‘ 
will prevent displacement of the various charges 

. of cement and permit the same to set. 
It will be apparent that the plugs employed 

in this embodiment may be all of the same di 
ameter to minimize manufacturing costs ‘and 
simplify operation. The number of ported levels 
of the casing at which cement may be discharged 
depends only upon the proportioning of the 
strength of material of which the frangible bands 
are made in consideration of the pressures em 
ployed within the casing and the pressures en-2 
countered around the casing, to insure, in the 
‘embodiments described, their breakage, in up 
ward series. _ 

It will be obvious that cement may be spotted 
at any level around an imperforate casing ?lled 
with ?uid, or such'a casing entirely cemented 
by employing a conventional type perforator to 
form each set of lateral ports-beginning with 
the lowest level at which cement is to be dis 
charged, each cement volume being ?nally placed 
before perforating for the next discharge there 
above. ' 

pressure will break the weakest of the frangible '15 Another embodiment of the apparatus for per 

.5 



6 
forming the method described above with refer 
ence to Fig. 15, is illustrated in Fig. 16. A con 
ventional type ?oat valve structure, such as gen 
erally indicated at 82, is secured by well known 
means, in the bottom of the casing 20 to facili 
tate lowering the string'in instances in which the 
casing is placed after removal of drilling tools. 
Float valve 82 may be provided in any of the'em 
'bodiments of my invention asabove noted. 
The casing 20 is ported at 28 and 24, which 

ports are closed by plugs 44 and 86, respectively. 
A frangible band 45 encircling the casing over 
plugs 44, in the manner, described above, nor 
mally maintains ports 28 closed, and a similar, 
but stronger, band 51 is located around the cas-, 

~ ing over plugs 56. 
Below each set of ports 28 and 24 and any 

other sets of ports which may be provided in 
particular embodiments, a series of lugs 88 and 
84, respectively, are secured in horizontal align 
ment in the bore of the casing, each set of lugs 
88 and 84 and any others, in upward series, be 
ing shorter than‘ the set of lugs therebelow. 
Valve seats, such as the one illustrated in Fig. 8, 
may be substituted for any or‘ all of the lugs as 
will be obvious, each seat in upward series hav 
ing a larger bore than the seats below it. 
In operation circulation is established, as above 

noted, through the lower end of the casing and 
upwardly in the hole to the well surface. Cement 
is then pumped into the casing on top of the 
hydraulic ?uid, in an amount suf?cient to fill the 
area of the hole around the casing from the bot 
tom of the hole to the level at which the lower 
lateral ports 28 are located. On top of 'the ce 
ment a plug 85 is placed, which is diametrically 
small enough to pass both sets of 1118s 83 and 
84. Plug 85 has a calathiform packer 88 secured 
to its upper end which is adapted to engage the 
wall of the casing and prevent the downward 
passage of ?uid thereby. The cement and plug 
88 are pumped through the casing, the'cement 
being discharged from the bottom thereof, the 
plug 85 seating on the ?oat valve structure 82, 
closing the bore to-pressure from above. In 
creased pressure will break frangible band 45 
and permit ?uid to be discharged through ports 
23. A second cement volume is then pumped 
into the casing with a plug 81 thereon, and dis 
charged from ports 24. Plug 81, which carries 
_a packer 88 adapted to engage the wall of the 
casing and close the bore to pressure from above, 
is of a diameter small enough to pass lugs 84 but 
seat on lugs 83. As the last of the cement is 
discharged from ports 24 plug 81 will seat on lugs 
88, preventing further displacement of ?uid 
either above, below or outside of the ports. 

Fluid pressure is again applied to break the 
upper band 51 and the operation repeated 
through ports 24 with a plug 88 (Fig. 17), carry 
ing a packer 88 at its upper end, coming to rest 
on lugs 84 to close the casing to pressure above 
ports 24. Pressure su?lcient to hold plug 89 on 
lugs 84 will permit the respective cement vol 
umes to set, after which the casing is cleared for 
a purpose and in the manner well known in the 
art. 

It will be apparent that the float valve struc 
ture 82 at the lower end of the casing may be 
eliminated and that a plug similar in construc 
tion and function to plug 11, but of a diameter 
of plug 85 may be substituted for plug 85; also 
a series of ports 2| may be located just above 
the casing shoe through which the ?rst cement 
volume may be discharged, there being lugs (got 

10 

20 

25 

30 

35 

2,249,511 
shown) longer than lugs 88 provided in the eas 
ing bore below said ports 2| for the seating of 
the modified plug described; or in the absence of 
?oat valve structure in the bore of the casing a 
lead plug of su?lcient length to seat on the bot 
tom of the hole and having its upper end clos 
ing the bore of the casing above the lowest set 
of lateral ports may be substituted for plug 88, 
all without departing from the spirit of my in 
vention as de?ned in the appended claims. 
The lugs or valve seats adaptable in either of 

the modi?cations shown in Figs. 6 and 16 need 
not be adjacent their respective ports but may be 
placed at any point intermediate the ports be 
tween which they are shown. It will be obvious 
also that the embodiment of the method de 
scribed in connection with the appartus of Fig. 6 
may include the steps required to elect a ?rst 
volume of cement from the bottom of the casing 
by pumping the cement on top of the preliminary 
circulating hydraulic ?uid; following the cement 
with a volume of hydraulic ?uid su?lcient to ?ll 
the casing from the shoe to the lower lateral 
ports: and placing the lead plug 42 directly on 
top of such ?uid for actuation of plug 21. The 
lower lateral ports 2| may also be equipped in 
particular embodiments with plugs or valves 
adapted to be opened by pressure within the cas 
ing less than that required to break frangible 
bands 45 and 81. The lower ports 2| may also, 
in the absence of plug 21, be protected by a sleeve 
valve similar to sleeve valve 48 but ‘having a 
smaller bore. 
This invention is not limited to closure means 

for the lateral ports such as that disclosed which 
comprise a plug or valve retained in closed posi 

‘ tion by a frangible band, except in the claims ap 
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pended hereto speci?cally so limited, as it will 
be understood that spring means, for example, 
of various strengths, adapted to be opened by pre 
determined minimum pressures may be substi 
tuted therefor. 
What I claim and desire to secure by Letters 

Patent is: 
1. In a well cementing apparatus, a casing hav 

ing a lateral port therein, a body slidably closing 
, the bore through the casing, means including 
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?uid pressure within said casing at the port sup 
porting the body above the port, said body hav 
ing a hole therethrough communicating the zone 
above the body with the area therebelow, a valve 
normally closing said hole to pressure from be 
low the body, .and a plug to close the hole to 
presssure from above the body. 

2. In a well cementing apparatus, a well casing 
having a pair of lateral ports therein, closure 
means for one of said ports adapted to be dis 
placed by pressure within said member, closure 
means for said second port adapted to be dis 
placed by pressure less than the minimum pres 
sure required to displace said ?rst-mentioned 
closure means. 

3. In a well cementing apparatus, a well casing 
having a lateral port therein, closure means for 
said port adapted tobe displaced by pressure 
from within the casing, and valvular means re 
leasably supported in the bore of said casing clos 
ing said port to pressure from within the casing, 
said casing having a second lateral port therein: 
means closing said second port but removable 
to open said last-mentioned port by pressure 
greater than that required to displace said ?rst 
mentioned closure means, and means to cause 
movement of said valvular means to expose said 
grst mentioned port to pressure in the‘casing. 
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plug to close the bore of said tubular member," , 4. In a well cementing apparatus, a well cas 
ing having a lateral port therein, a body in the 
bore of the casing normally closing the port but 
movable from said port by pressure within the 
casing, said body having a by-Pass therethrough, 
.means to close said by-pass, auxiliary closure 
means for said port movable from said port by 
a minimum pressure greater than the pressure 
required to move said body. 

5. In a well cementing apparatus, a well cas 
ing having an upper and lower lateral port, a 
body closing the bore of said casing, means to 
releasably support said body in a position clos 
ing the lower port to pressure in the casing at 
said upper port, means including ?uid pressure 
to release said body and move the same below 
said lower port, closure means ior said upper 
port adapted for displacement by pressure in 
the casing greater than that required to move 
said body below said lower port. 

6. In a well cementing apparatus, a well cas 
ing having an upper and lower lateral port, a 
body closing the bore of said casing, means to 
releasably support said body in a position clos 
ing the bore of the casing between said ports, 
means including ?uid pressure to release said 
body and move the same below said lower port, 
closure means for said upper port adapted for 
displacement by pressure in the casing greater 
than that required to move said body below said 
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and a ?uent body to support said plug in a sta 
tionary position in the tubular member to close _, . i I 

the bore of said member above said lateral port 
to pressure from above in excess of pressure at 
the port. ’ _ 

11. In 'a device of the character described, a 
tubular member, means to close the bore of said 

‘ tubular member at a predetermined level, a plug 
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lower port, means releasably supported in the _ 
bore of the casing in a‘ position closing said upper 
port to pressure within' the casing, and means 
to move said laste-mentioned means below said 
upper port. ' 

7. In apparatus for cementing wells, at well 
‘casing lining the well shaft and having a pair 
of lateral ports therein for the ejection of ce= - 
ment from said casing, closure means for one 
‘of said ports movable to open its respective port 
by pressure within said casing and thereby en 
able the ejection of a,volume of cement from 
said casing into the area around said casing, 
closure means for-the other of said ports mov 
able to open its respective port in response to 
pressure di?erent from that required to open 
the port controlled by said ?rst mentioned clo 
sure means, for ejection of a second volume of 
cement from said casing. ' 

8. In a well cementing apparatus, a well cas 
ing having a lateral port therein, closure means 
for said port adapted to be displaced by pres 
sure from within‘~ the casing, a body in the bore 
of the casing normally closing the port to pres 
sure within the casing and havinga~by-pass 
therethrough, and means to close said by-pass 
and move said body to expose said port to pres 
sure within the casing,.a second lateral port in 
the casing below said ?rst-mentioned port, clo 
sure means for said second port movable to open 
said second port by pressure less than that re 
quired to displace said ?rst-mentioned closure 
means. A ' 

9. In a device of. the character described, a‘ 
tubi?ar member having a lateral port therein, a 
hollow plug in the bore of said tubular member 
above said port having a downwardly-directed 
surface exposed to the zone at said port, means 
to limit downward movement of said plug, a 
valve in the bore of said plug adapted to open 
to pressure above said plug but to close to pres 
sure below said plug, and means to move said 
plug below said port. 

10. In a device of the character described, a 
tubular member having a‘ lateral port therein, a 
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movable downwardly through said tubular mem 
ber above said point of closure, and a ?uent body 
supported on said closure means to limit down 
ward movement of said plug. , 

12. In apparatus for cementing wells, a casing 
having a pair of lateral ports therein at spaced 
levels, means to close the lower end of the casing 
openable to pressure within the casing, means 
closing said ports respectively to di?'erent pre 
determined maximum pressures within the cas 
ing, means to open the lower port in the casing, . 
means to close the bore of the casing above said 
lower port, and means to open said upper port. 
-13. In a device of the character described, a 

plug, a downwardly-directed calathiform packer 
connected to said plug, means connected to said 
plug engaging the outer edge of said packer to . 
maintain the downward extension'of the edges 
of said packer and an upwardly-directed calathi 
form packer connected to said plug above said 
?rst-mentioned packer. 

14. In a device of the character described, a 
tubular ‘member, 'a plug movable through said 
member, an arcuate packer carried by said plug 
extending downwardly so as to expand against 
the wall of said member by pressure within said 
member below said plug and means connected 
to said plug to resist upward displacement of the 
outer edge of said packer during downward move 
ment of the plug in said member. 

15. In‘ a device of the character described, a 
tubular member,‘ a barrier movable through said 
member, and a ?uid column below said barrier 
to limit downward movement of said barrier. 

. 16. In a device of the character described, a‘ 
substantially vertical tubular member having a 
port therein, a ?uid column in said member hav 
ing its upper end terminating at said port, a plug 
‘movable downwardly through' said member to 
said port, ?uid pressure means to move said plug 
downwardly, said ?uid column limiting down 
ward movement of said plug, and means carried 

’ by said plug to separate said ?uid pressure means 
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from said port while said plug is supported by 
said ?uid column. - - 

1'7. In a device of the character described, a 
tubular member having a pair of ports therein 
spaced vertically with respect to each other, a . 
plug movable through said member, means car 
ried by said plug to close the bore of said mem 
ber to pressure thereabove, a ?uid column be 
low said lower port to support said plug in a sta 
tionary position with said means between said 
ports against pressure above said plug in excess 
of pressure at said lower port, a second plug,‘ 
means carried by said second plug to close the 
bore of said member, a second ?uid column, sup 
ported on said ?rst plug, to support said second 
plug stationary against pressure thereabove in 
excess of pressure at said upper port, with said 
last-mentioned means above said upper port. 

18. In a device of the character described, a 
tubular member having an unobstructed bore 
and adapted to be lowered as drilling proceeds, 
'said‘member having a lateral port therein, and 
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of said member above said port. ‘ 
19. In apparatus for cementing wells, a well 

casing having a lateral port therein, means clos 
ing the lower end of said casing to pressure out 
side thereof but adapted to open to circulating 
?uid under pressure within said casing, means 

> closing said port to pressure in said casing equal 
to the pressure required to 'circulate ?uid 
through the lower end of the casing, a plug to 
close the lower end of said casing to pressure in 
the casing, ?uid pressure to open said port, a sec-‘ 
ond plug movable through said casing, means 
carried by said second plug closing the bore of 
said casing. and a ?uid column extending from 
the lower end of said casing to said port to sup 
port said second plug with said last-named 
means above said port so as to close the bore 
of said casing below said port to pressure in the 
casing above said last-named means carried by 
said second plug. 

20. In a method of cementing wells comprising 
the steps of :' lowering into a well a casing string 
forming a ?uid seat for a plug in the casing, and 
closing the bore of the casing section by seating 
a plug on said ?uid seat. s 

21. In a well cementing apparatus, a casing 

10 

15 

20 

25 

2,249,!) 1 1 
means including a ?uid column to close the bore’ ‘ 24. In a well cementing apparatus, a tubular 

member adapted to be lowered into a well hole, 
said member having a pair of ports therein, 
closure means for each vof said ports, and fran 
gible means maintaining both of said ?rst-named 
means in positions closing said ports. said clo 
sure means being openable in response to pres‘ 
sure within said member upon the breaking of 
said frangible means. ‘ 

25. In a well cementing apparatus, a member 
having a pair of ports therein, means including 
a frangible element closing both of said ports 
to communication with the zone in the member, 
and means comprising ?uid under pressure to 
break said frangible element to open both of said ' 
ports substantially simultaneously. 

26. In a device of the character described, a 
casing string having a lateral port thereimmeans 
secured rigidly in the casing below the port re 
stricting the bore thereof, and a plug movable 
downwardly through the casing by ?uid pres 
sure to seat on said last-named means, and 
means carried by said plug to close the bore of ' 
the casing above said port when said plug is 
seated on the means restricting the casing bore. 

2'1. In apparatusfor cementing wells, a well 
, casing string having a pair of ports therein, 

having a pair of lateral ports in substantially ,. 
the same horizontal plane, closure means for said 
.ports, single means to maintain both‘ of said 
closure means on the outside of said casing in a 
position closing said ports to pressure around 
the casing, said last-mentioned means being 
movable by pressure within the casing so as to 
release said closure means simultaneously. 

22. In a device for cementing wells, a tubu 
lar member, a valve body having a bore therein 
and carrying a downwardly opening valve con 
trolling the bore of said member, said valve body 
being located in the bore of the casing to divide 
the bore into an upper and a lower chamber, a 
tubular member having a port therein to com 
municate the lower chamber ' with the area 
around said member, and means to move said 
valve body and said valve in the bore thereoi' 
downwardly to communicate the upper chamber 
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with the area around said member through said v 
_ port. 

23. In a well cementing apparatus, a tubular 
member adapted to be lowered into a well hole 

- and having a pair of ports therein, closure means 
for each of said ports adapted to be displaced 
by pressure within said member, single means 
maintaining both of said ?rst-named means 
closed, and means consisting entirely of ?uid to 
render said last-named means ineffective for 
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as 
maintaining the closure means in closed posi 
tion. 

means closing said ports, respectively, means 
consisting of ?uid exclusively to open one of said 
ports, and means consisting of ?uid exclusively 
to subsequently open the other of said ports. 

28. In apparatus for cementing wells, a well 
casing string having a pair of ports therein, 
means closing said ports, respectively, means 
to open one of said ports, and means consist 
ing of ?uid exclusively to subsequently open the 
other of said ports. ' ' 

29. In apparatus for cementing wells, ‘a well 
casing string adapted to be lowered into a well 
bore, said casing string having a port therein 
and an opening below said port communicating 
the casing bore with the well bore, means to nor 
mally maintain said port closed, ?uid means to 
wash the well bore upon ejection from the eas 
ing through said opening in the casing, and 
means consisting of ?uid exclusively to subse 
quently displace said closure means from the port. 

30. In a device of the character described, a 
casing string having a lateral port therein, means 
in the bore of the casing secured rigidly against 
vertical movement, and a plug movable down 
wardly through the easing into contact with 
said last-named means to close the bore of the 
casing adjacent said port. 

EDWARD F. WESTALL._ 


