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'li‘his invention relates to protection of oil 
walls and the like by the use of casing adapt 
ed to seat on the formation seat of a well bore, 
and it is the object of the invention to sub 

5 stitute a string of casing of smaller diameter 
for the string ofcasing which has been em 
ployed as the final “oil string” set next above 
the sand, the substitution being made-after 
the final or “oil string” has been set,v without 

10 interfering with the usual protection to the 
open well bore provided by the final or “oil 
string”.~ " 

l It is a furtherobject of the invention to 
employ a iinal or “oil string” of casing which 

15 consists of upper and lower sections, and after 
seating this sectional string on the formation 
seat, to introduce a string of casing of smaller 
diameter through the upper ¿section so as to 
engage and seal with the lower section, and 

20 subsequently withdraw the upper section 
without disturbing the protection to the well 
bore. . 

The invention thus provides for great econ 
omy and efficient resultsin the handling of 

25 wells, since' it affords continuous protection 
against water or cavings while permitting 
material’reduction in the cost of equipment 
by allowing pulling of all the casing except 
the last string and substituting a string of 

As a consequence, Without 
disturbing the protection of the well, the 
larger casing which it is necessary to use dur 
ing the drilling operation may be subsequent 

. lywithdrawn and put to other use, and casing 
35 of reduced diameter such as will serve as well 

when the well is on production may be sub 
stituted and may be selected of the proper re 
duced diameter to utilize maximum energy of 
the gas pressure. ' 
ln the accompanying drawing we have il 

lustrated a preferred embodiment of the in 
vention in which: , . . 

Fig. 1 is an axial section through a well 
showing introduction of the apparatus for 

45 providing a water-tight seal at the formation 
seat. ` ‘ 

Fig. 2 is a similar view showing substitu 
tion of a string of reduced casing without 
disturbing the protection añorded by the 

50 water»tight seal. 
Fig. Slis a view similar to Fig. 2 but show 

ing a modified’construction. . 
’ Fig. 4 is a transverse section on the line 
4-4 of Fig. 2. " ' 

40 

In the drawings we have shown a usual 
well bore A having a formation seat B at thev 
production sand; and a lower shoe 1 is adapt~ 
ed for support upon the formation seat and 
engages an upper shoe 2te which a usual 
string of well casing 3 is connected. The> 
shoes 1 and 2 have unobstructed bores form~ 
ing a continuation of the bore of the well cas 
ing so as not to hinder drilling or`washing 
operations, and the bore of the lower shoe is 
provided with an annularrecess 4 for recep 

` tion of anchoring means on a reduction core 5 
which 1s adapted to form a Water tight seal` 
between the core and the lower shoe. 
The reduction core _carries a slip cage 6 and 

a lpacking rubber 7 supported on the cage, 
the core and its associated parts being adapted 
for lowering through casing 3 and shoes 1 
and 2 until the slip cage is in alinement with 
recess 4, whereupon the'slips carried by the 
cage »are expanded for seating on the shoulder 
9 at the base of the recess to anchor the re 
duction core in the lower shoe. 
As an instance of this arrangement a re 

taining nut 10 may be threaded on the lower 
end of core 5 with the _slip cage >supported 
on this nut. The slip cage is an kelongated 
sleeve cut-away at each side medially of its 
length to form diametrically opposite ribs 11 
connecting the respective ends of the sleeve, 
and medially of the length of these ribs they 
have transversely projecting’opposite arcu 
_ate guides 12 terminating in heads 13. Dia 
metrically opposite arcuate slips ,14 are 
mounted 1n the cut-away portions of the cage 
ysleeve between the opposite ribs 11, and> these 
slips. are recessed as shown at 15 to slidably 
engage guides 12, with enlargements 16 at the 
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inner. ends of the recesses received over heads ` 
13 for limiting said sliding movement. The 
slidable mounting for the slips permits Vtheir . 95 
retraction within the slip cage through their _ 
engagement by the wall of casing 3 and shoes 
1 and 2 to permit free lowering of' the reduc 
tion core as shown in Fig. 1, but springs 17 in 
back of the slips yieldably tend to» project 
the same, so that when the reduction core is 
lowered until the slips are in alinement with 
recess 4 the slips are expanded into the recess 
and seat on shoulder 9 for anchoring the re 
duction core. ' 

The slip cage 6 and the packing rubber 7 
which is mounted thereon are both slidable 
on reduction core 5, and a shoulder 20 at the 
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upper end of the core engages the rubber so 
that when the core is being lowered and the 
slip cage rests upon nut 1_0 as shown in Fig. 1, 

 the shoulder exerts no pressureagainst the 
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rubber and consequently the latter remains in 
normal inoperative position permitting free 
lowering of the core, but when the slip‘cage is 
anchored and the reduction core continues its 
downward movement therethrough, the 
shoulder 20 presses against rubber 7 so as to 
expand the same for forming a water tight 
seal between the reduction core and lower 
shoe 1. 
The upper end of the 'reduction core has 

a usual threaded Connection 21 whereby a 
string of casing 22 of reduced diameter may 
be mounted thereon, and with such reduced 
casing connected to the reduction core and 
the latter packed olf by rubber 7, the upper 
shoe 2 and the string of larger casing 3 may 
be withdrawn from the well, leaving the lower 
shoe and the reduced casing in position inthe 
Well without disturbing the protection of the 
well against entrance of water or cavings or 
the escape of gas from the sand. . j 
To readily permit such withdrawal of up 

per shoe 2 and casing 3 without disturbing 
.the seal formed by the lower shoe, the upper 
and lower shoes may have a left-hand thread 
ed connection 25 as shown in Figs. 1 .and 2, 
while the connections between the upper shoe 
and the lengths of the string of casing are 
standard right-hand threaded oints as shown 
at 21, thereby permitting the .string of cas 
ing and shoe 2 to be readily disconnected 
from shoe 1 by turning the string of casing 
in the ‘direction to tighten joints 21 but break 
the joinlt 25. ‘ 
A modified construction is shown in Fig. 3, 

wherein the shoes l and 2 have a conical> 
ground joint 25a instead of the .left-hand 
threaded connection 25, the weight of the 
string of casing 3 making the ground joint 
effective as long as the casing remains in 
position supported on the lower shoe, but 
permitting theready removal of the string 
of casing and the upper shoe when the reduc 
tîlon core has been packed off in the lower 
s oe. . 

As shown in Figfl, the lower shoe 1 may 
rest directly on the formation seat B, for 
which purpose the shoe has a tapering seat 
ing end 30, while in the modified construc 
tion shown in Fig. 3 the shoe 1 preferably 
has a threaded connection 30€L at its lower end 
from which one or more lengths of casing 3 
are suspended so as to rest upon the forma 
tion seat- and serve as an anchor for center 
ing the lower shoe in the well bore and ex 
tending it up past possible caves. _ 
In operation the upper shoe with casing 3 

attached may be either run into the well bore 
with shoe 1 suspended therefrom by the Con 
nection 25 as shown in Fig. l, or if the ground 
joint connection 25a of Fig. 3 is employed, 
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the lower shoe may be r n in by means of a 
suitable tool such as al art bailer, and the 
upper shoe with the casing attached is then 
lowered onto the lower shoe. In either case 
the Weight of the string of Casing firmly 
anchors the lower shoe on the formation seat 
and the well is then completed in usual man 
ner ready for production.- Since the only 
future purpose of'thecasing is to protect the 
sand pocket and provide a conduit for the 
pumping equipment, the 'casing 3 of rela 
tively large diameter is no longer necessary 
and casing of smaller diameter will serve as 
well. The reduction core 5 attached to re 
duced casing 22 is therefore lowered through 
casing 3 and the reduction core is anchored 
as previously described so that the packing 
rubber 7 provides a tight seal‘between the core 
and the lower shoe l. The casing 3 and shoe 
2 may then be removed without disturbing 
the protection of the well, since the shoe 1 
remains firmly seat-ed onythe formation seat 
and the casing 22 is tightly packed off with 
relation to the seated lower shoe, this removal 
of the upper shoe and casing 3 being readily 
effected as a result of the use of left-hand 
threaded connection 25 or‘ ground joint 25“. 
The reduced casing 22 is thus employed dur 
ing production of the well, thereby reducing 
the amount o_f casing and prolonging its life 
and service, and freeing the larger casing t3 
for other use. The reduction in the diameter 
of the casing also provides for maximum pro 
duction in ̀ flowing wells, since casing 22 may 
be of the proper reduced size to regulate the 
gas pressure so as to obtain maximum energy 
thereof for lifting'the oil. The construction 
is also" particularly advantageous in gas wells, 
since vit añords a convenient and positive 
means for packing off the gas. 

lVe claim: . 
1. 'l‘hemethod of handling wells which 

consists of seating the lower end of a string 
of casing on the formation seat of a well, com 
pleting the drilling and cleaning of the well 
ready for production, _and without disturb~ 
ing that portion of the string. of casing seat 
ing on the formation seatgwi’thdrawing the 
remainder of said string of casing which 
extends upwardly from the seated lower end 
of the string. j _ 

2. The method of handling wells which 
consists of seating the lower end of a string 
of casing on the formationseat of a well, com 
pleting the drilling and cleaning of the well 
ready for production, introducing a string 
of casing of reduced diameter into said seated 
string of casing, packing off between the rc 
duced casing and that portion of the seated 
string of casing resting oil-the formation seat, 
and Without disturbing that portion of thel 
seated string of casing resting on the forma 
tion seat withdrawing the remainder of said 
string of casing which extends upwardly 
from the seated lower end of the string. 
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3. Apparatus of the character described 
comprising a lower shoe adapted for support 
Yon the formation seat of a well‘bore, an 

i ' upper shoe adapted for suspension from a 
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string ofwell casing s_o as to engagel the 
lower shoe With said upper and .lower shoes 
and the casing forming an uninterrupted sub 
stantially uniform bore, and a threaded con 
nection between said shoes threaded in the 
direction opposite to that of the threaded con 
nections between the upper shoe and the 
lengths of the string of casing whereby the 
said `connection is adapted to form a tight 
jointor permit withdrawal of the upper shoe ' 
and string of casing without disturbing the 
lower shoe and 'Without turning the upper 
shoe and the string of casing in the direction 
to break the joints between the lengths of the 
string of casing. 

4. Apparatus of the character described 
comprising a lower shoe adapted for support 
on the formation seat' of a well bore, an 
upper shoe adapted for suspension from a 
string of well casing, and a connection be 
tween said shoes adapted to form a tight 
joint or permit Iwithdrawal ofthe upper shoe 
and string of casing without disturbing the 
lower shoe, a core adapted for lowering' 
through the casing into the lower shoe, and 
means for packing ofi' between the core and 
the lower shoe. 

5. Apparatus of the character described 
comprising a lower slme adapted for support 
on the formation seat of a well bore, an upper 
shoe adapted for suspension from a string 
of well casing, and a connection between said 
shoes adapted to form a tight joint or permit 
withdrawal' of the upper shoe and string 
of casing without disturbing the lower shoe, 
a core adapted for lowering through the cas 
ing into the lower shoe, means for attaching 
a string of casing of reduced diameter to thev 
core, and yieldable packing means adapted 
for expansion by theL weight of said string 
of casing of reduced diameter to form a 
Huid tight connection between the core and 
the lower shoe. ' 

6. Apparatus of the character describedv 
comprising a shoe adapted for insertion in 
a` well bore and having an annular recess in 
its bore, a string of well casing, a core sus 
pended from the string of well casing and 

i adapted lfor lowering into the shoe, the core 
and the string of well casing having an un 
obstructed open bore, yieldably projected 
slips slidable on the core and retracted dur 
ing lowering of the core through engage 

` ment by the wall of the shoe and adapted for 
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projection into the annular recess to anchor 
the slips against further downward move 
ment through ̀ the shoe, packing slidable on 
the core above the slips and adapted for eX 
pansion to pack off between the core and shoe 
by lowering ofA the core'relative to the an 
chored slips. 

3 

7. Apparatus of the character described 
comprising a-shoe adapted for insertion in a 
well bore and having an annular recess in 
its' bore, a string of well casing, acore sus 
pended from the string of well casing and 
adapted for lowering into the shoe, the core 
and the string of well casing having an un 
obstructed open bore, packing slidable on the 
core, a support» for sald packing slidable on 
the core and adapted for automatic anchor 
ing in the shoe to prevent downward move 
ment of the support relative to the shoe, and 
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means for expanding the packing to pack otf . 
between the core and shoe by lowering the 
core relative to the anchored support. 

8. The method of handling wells which 
consists of seating the’lowerend of a string 
of casing on the formation seat of a well, 
completing the drilling and cleaning of the 
well ready for production` introducing a 
string of- casing'of reduced diameter into said 
seated string of casing, anchoring the string 
of casing of reduced diameter to that portion 
of the seated string ol’ casing resting onI the 
formation seat, and without disturbing that 
portion of the seated string of casing resting 
on the formationseat, withdrawing the re 
mainder of said string of casing which ex 
tends upwardly from the seated lower end of 
said string. ' 

9. Apparatus of the character described 
comprising a lower shoe adapted for support 

. on the formation seat of a well bore, an upper 
shoe adapted for suspension from a` string 
of well casing, and a connection between'said 
shoes adapted to form a tight joint or per 
mit withdrawal of the upper shoe and string 
of casing without disturbing the lower shoe, 
a core adapted for lowering through the cas 
ing into the lower shoe, and means for anchor 
ing the core in the lower shoe. 

l0. Apparatus of the character described 
comprising a lower shoe adapted for support 
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on the formation seat of a well bore, an ' 
upper shoe adapted for suspension trom a 
string of well casing, and a connection be- - 
tween said shoes adapted to .form a tight 
joint or permit withdrawal of the upper shoe 
and string of casing without disturbing the 
lower shoe, a core adapted for lowering 
through the casing into the lower shoe, and 
yieldable packing means adapted to form a 
fluid'tight connection between the core and 
the lower shoe. 

1l. Apparatus of the character described 
comprising a lower shoe adapted for support 
on the formation seat of a well bore, an upper 
shoe adapted for suspension from a string 
of well casing, and a connection between said 
‘shoes adapted to form a tight joint or per 
mit withdrawal of the upper shoe and string 
of casing without disturbing the lower shoe, 
a core adapted for lowering through the cas 
ing into the lower shoe, means for anchoring 
the core in the lower shoe. and yieldable 

110 

120 

130 



10 

4 

packing means adapted to form a fluid tight 
connection between the anchored core and the 
lower shoe. 

12. Apparatus of the character described 
comprising a lower shoe adapted for support 
on the formation seat of a well bore, an upper 
shop adapted for suspension from a string 
of'well casing, and a connection between said 
shoes adapted to forni a tight joint or permit 
withdrawal or" the upper shoe and string of 
casing without disturbing the lower shoe, the 
lower shoe having an annular recess therein, 

, a core adapt-ed ~for lowering into the recessed 
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shoe, yieldably projected slips slidable on 
the core and retracted during lowering of 
the core through engagement' by the wall of 
the shoe and. adapted for projection into the 
annular recess to anchor the slips, packing 
slidable on the core above the slips and 
adapted for expansion to pack off between the 
core and recessed shoe by lowering of the core 
relative to the anchored slips. 

13. Apparatus of the character described 
comprising a lower shoe adapted for sup 
port on the formation seat of a well bore, 
an“upper shoe adapted for suspension from 
a string of well casing, and a connection 
between said shoes adapted to form a tight 
joint .orpermit withdrawal of the upper 
shoe and string of casing without disturb 
ing the lower shoe, the lower shoe hav 
ing an annular recess therein, a core adapted 
for lowering into the recessed shoe, pack 
ing slidable on the core, a support _for said 
packing slidable on the core and adapted 
for automatic anchoring in the recessed shoe, 
and means for expanding the packing to pack 
off between the core and recessed shoe by 

`lowering the core relative to the anchored 
support. 

14. Apparatus of the character described 
comprising a shoe adapted for insertion in 
a well bore and having an annular recess inv 
its bore, a string of well casing, a core sus~ 
pended from the string of well casing and 
adapted for lowering into the shoe, the core 
and the string of well casing having an un 
obstructed open bore, arcuate slipson the 
core adapted for radial retraction and pro 
jection, and springs in back of the slips tend 
ing to radially project the same, said slips. 
being retracted against the tension of their 
springs during lowering of the core through 
engagement of the slips by the wall of the 
shoe and adapted for projection by their 
springs into the annular recess of the shoe 
to anchor the slips. j  

15. Apparatus of the character 'described 
comprising a shoe adapted for insertion in 
a well bore and having an annular recess 
forming a supporting shoulder at its lower 
end, a string of well casing, a core suspended 

_ from the string of well casing and adapted 
for lowering into the shoe, the core and the 
string of well casing having an unobstructed 

1,712,029 

~open bore, arcuate sli s adapted for radial 
retraction and projection on the core to per 
mit lowering of the core into the shoe and ' 
projection of the arcuate slips into the annu 
lar recess of theshoe so as to seat on the sup 
porting shoulder and thereby anchor the core. 

16. Apparatus of the character described 
comprising a shoe adapted for insertion in 
a well bore and having an annular recess in 
its bore forming a supporting shoulder at 
its lower end and an inclined shoulder at its 
upper end, a string of well casing, a core sus 
pended from the string of well casing and 
adapted for lowering into the shoe, the core 
and the string of well casing having an unob 
structed open bore, and arcuate slips adapted 
for radial projection and retraction on the. 
core to permit lowering of the core through 
the shoe and projection of the slips into .the 
annular recess so as to seat on the supporting 
shoulder for anchoring the core, the said in 
clined shoulder being adapted to engage the ' 
projected slips and retract‘the same when 
the core is elevated relativel to the shoe, in 
order to permit withdrawal of the core from 
the shoe. 

17. Apparatus of the character described 
¢ comprising a shoe adapted for insertion in 
a well bore and having an annular recess 
-forming a supporting shoulder at its lower 
end, a string. of well casing, a core suspended 
from the string of well casing and adapted 
for lowering into the shoe, the core and the 
string of well casing having an unobstructed 

wopen bore, arcuate slips slidable on the core 
and adapted for radial retraction and pro 
j ection on the core to permit lowering of the 
core into the shoe and projection of the arcu 
ate slips into the annular recess of the shoe 
so as to seat on the supporting shoulder for 
anchoring the slips, packing supported on 
the slips and slidable on the core,’and means 
on the ‘core for engaging the packing and 
axially compressing the same against the an 
chored slips so as to radially >expand the 
packing to pack off between the core and the 
recessed slice by lowering the core relative 
to the anchored slips. 

. 18. The method of handling wells which 
consists of seating the lower end of a string 
of casing on the formation seat of a well, in 
troducing a string of casing of reduced diam 
eter into said seated string of casing, packing 
0H between the reduced casing and that por 
tion of the seated string of casing resting' on 
the formation seat, and without ydisturbing 
that portion of the seated string of casing 
resting on the formation seat withdrawing 
the remainder of said string of ̀ casing which 
extends upwardly from the seated lower end 
of said string. ' v 

ln testimony whereof we have aíïixed our 
signatures 'to this specification. 

ERD V. CROWELL. 
ALVIN B. CROWELL. 
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