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fornia, . . . 
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This invention relates to the art of lining wells, 
such as oil wells, with casings and is particu 
larly directed to an apparatus by means of 
which a section of well casing may be formed at 
the end of a casing which has already been po 
Sitioned in a Well hole. 

.N PO 

2 
?? hereinafter described. ... In the process of the 

It is a customary procedure on completing an 
oil well to install in the Well a string of casing 
known as a well casing in order to maintain the 
well bore and to prevent fluid from some of the 
formations from entering the well. This well 
casing is usually cemented into position at its 
lower end at least. After the well casing has been 
set in the well hole it may become desirable to 
extend the length of the casing below the bot- : 
tom of the Well casing as already set. Further 
more, it may become desirable to replace a sec 
tion of the well casing already set. Thus, for 
example, where a section of the well casing is 
found to be defective or leaking, it may be de 
sirable to remove this section of the casing. Also, 
it may be desirable to remove a portion of the 
well casing to perform additional operations back 
of the Well casing, such as additional cementing 
operations. After the removal of the section of 
the casing, it may become necessary to install a 
new Section of Casing. - s : 

Previous to the present invention, whenever 
it has been found desirable to install another. 
section of casing in a well hole after a well cas 
ing has been set in position, it has been neces 
sary to install sections of casing of smaller ex 
terior diameter than the interior diameter of 
the well casing already set in position, and this 
necessarily reduces the size of the Well bore. 

It is the general object of the present inven 
tion to provide an apparatus by which a new 
Section of Well casing of the same size as the 
casing previously set in the well may beformed . 
at any desired position in the well hole. . . . 
Another object of the present invention is to 

provide an apparatus by which a new section of: 
Well casing formed in the well may be aligned 
with the previously set well Casing. 
Another object of the present invention is to 

provide an apparatus by which a section of the 
well casing already set in a well hole may be. 
removed and a new section of well casing of 
substantially the same size formed in the place . 
thereof. , ; : 

We have found that a new Section, of Well 
casing of substantially the same size as the well 
casing already set in the well, may be formed 
in the well hole and aligned with previously. 
formed sections by the process and apparatus .55 
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present invention the elements of a section of 
well casing are established in retracted position 
on a setting string. In this retracted position 

3 they may be lowered through the previously set. 
Well, casing, although they are adapted to be ex 
panded into a position to form a section of Well: 
casing of the full diameter of the previously set 
well casing. On lowering to the desired posi 
tion, connection is made between these elements, 
to the previous, well casing in order to align the 
elements therewith. The setting string is then 
manipulated to move the elements from their 
retracted position into the position formed in 
the new casing, the setting string disconnected 
from the elements and withdrawn from the well 
hole. Finally the elements are cemented to the 
well hole. The new section of casing thus formed 
is anchored in place aligned with the old cas 
ing, and its formation does not reduce the size 
of the wellhole. . . . . . . . . . . . . . . The apparatus of the present invention in 
cludes the casing elements of the new section 
of casing to be installed, the setting string, and 
means for releasably connecting the elements to 
the setting string, which means allow for the 
positioning or assembling of the elements in a 
retracted position. This releasable connecting 
means also includes means by which on relative 
longitudinal movement between the elements and 
the setting string the elements may be moved 
from the retracted to a casing-forming position. 
The elements are provided with spring arms or 
other suitable interconnecting means by which 
connection may be established between the ele 
ments and the previously formed well casing, 
both in the retracted and expanded positions of 
the elements, whereby the new casing section 
so formed is automatically aligned with the 
previously set well casing. : 
The apparatus of the present invention, to 

gether with many further advantages of the in 
vention, will be fully understood from a descrip 
tion of a preferred example of the invention, and 
for that purpose we have elected to illustrate an 
example of the invention as applied to the task 
of forming a new section of casing in place of 
a defective section of the well casing previously 
Set in the well. The apparatus by which new 
Sections of a well casing can be formed at their 
position in the well hole will be apparent from 
the following description. 
In the drawings: . . . . . . - 
Figure 1 is a diagrammatic, vertical section. 

through a Well showing a well casing cemented 
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in position and having a defective or leaky sec 
tion which is to be removed. 

Figure. 2 is a view of the same well after::thies: 
defective casing has been removed and the bore 
milled out preliminary to the forming of the , 5; 
new Well casing. 
Figure 3 is a view of the sanie.:"well...showing: 

the apparatus of the present invention in posis. 
tion adjacent the opening in the old Well casing 
thus produced, and preliminary, to, the formation. 0. 
of the new casing section. 

Figure 4 is a view of the same well after: the . 

4. 
being interposed between the outer staves so that 
they become finally arranged in. One circumfer 
enitialiseries. 
To guide the Stave members in these Opera 

tions, the stave members 2 and 3 are provided 
with cooperating guide means. For this purpose 
:the inner staves are provided with a plurality of 
pins 5 adjacentitheir edges. 
radially from the staves. 

The pins 5 extend 
The Outer staves are 

provided. With slots 6 extending inwardly in a 
: circumferential direction from their edges, and 
in position for receiving the pins 5. The inter step of moving the staves to;form:the newscasing: 

Section. - 

Figure 5 is a view of the 'Sante, well after the 
cementing step, 

Figure 6 is an enlarged elevation, mainly, in . 
vertical Section, of the apparatus positioned in 
the well bore and before the expanding opera 
tion. 

Figure 7 is a fragmentary perspective Wiew of 
One of the bottom centering members, 

Figure: 8:is: a view.of-the apparatus; in over. 
expanded position, as, taken on the line 8-8. Of 
Figi. 16. 

Figure.9 is; a. section, through...the apparatus, 
taken on the line: 99; of Fig. 6. 
'Figure 10 is a fragmentary elevation of the 

staves assembled...in position to form, the new, 
casing Section; 

Figure .11 is a section. On the line ... -i of 
Fig. 103. 

Figures 12 is: A fragmentary elevation of one. 
of the inner staves. 

Figureh 13, is a fragmentary elevation of one. 
Of the Outer staWes' before: the addition of the 
guard members: 

Figure 14 is a fragmentary 7 elevation of: one 
of the inner'stave members showing the open 
ings for the installation of the can boxes; 

Figure 15 is an enlarged fragmentary vertical 
quartersection of the apparatus in the well-hole 
before the expanding operation; 

Figure 16 is, a similar view after the overs' 
expanding operation. 

Figure. 17 is a similar view after the release: 
of the mandrel from the formed casing: Section.” 

Figure 18 shows a modified form of the upper 
dogs to be used where the new casing is to be. 
formed below, the well casing. 

Referring to the drawings, the casing section, 
to be produced is, formed from a plurality of 
casing, ellements. Asillustrated, these casingele 
ments, are shown in the: form of staves. 

the preferred form of the invention four. Outer 
staves are employed. These staves might be pro 
duced, through slitting...a... section...of well, casing 
longitudinally. The staves... are of the usual 
thickness of well casing ordinarily employed, in 
oil wells, or, may be of heavier material, and 
therefore have inherent rigidity. The staves are 
assembled as indicated in Figure 9 with the inner 
staves 2 in one concentric series on the mandrel 

The outer staves are arranged in a second" 
concentric." series and staggered relative "to the 
4. 

innershaves 2: 
In this position the staves are sufficiently come 

pacted so that they may belowered through the 
previously set well casing-in-ther“ well. Tör förm* 
the well casing both the inner-staves 2 and the 
outer-staves:3are moved radially from the-posi 
tion - illustrated in Figure : 9, the vinner staves 2. 

The 
stayes are: divided into two. units, a set of inner, 
staves. 2..and a, set of outer staves 3. There are. 
equal numbers of inner. and outer staves. In 

fittings engagement between the pins 5 and the 
slutsi6islock the staves 2 and 3 from relative longi 

º tudinial'movement, while permitting both circum 
ferential and radial movement of the Staves. 
They also permit, a relative radial movement 
between the staves so that the inner staves may 
be positioned as described, back of the outer 

20 staves. Preferably at each of the slots 6 the 
outer stayes are provided with guards 7 which 
are; iindicated as preferably, welded, to the staWes. 
The guards 7: extend beyond the edges of the 
staves, and are provided with elongated apertures. 

258 which through a portion of their length align 
with the slots 6 but which extend beyond the 
edges of thes outer stayeS-3; these apertures re 
ceivestiheviends of the pins 5; theº-ends of theº aper 
tures limiting the circumferential separation of 

.303 the Staves, . 
Tensionimeanszare provided for yieldingly urg 

ing: the stave members: 3 toward the axis of the 
apparatus. For this purpose we preferably em 
ployal number of elastic bands. 9 which are indi 

353 cated as formed of helical spring. Wire. We have 
shown three of the elastic bands 9 spaced apart 
and: at least two elastic bands should be used, 
one adjacent each end of the Staves. We prefer 
ably position: the: guards in sets spaced apart a 

40...' Suitable distance; as indicated, for example, in 
Figure 10; in order to retain the elastic bands in 
position, but obviously: other means might be en 
ployed; for anchoring the guards in their correct 
longitudinal position with reference to the staves. 
For expanding: the staves radially, the mandrel 

4 sisi indi?at?das: provided with two or more Sets 
of circumferentially spaced hubs 0. Toothed 
cams, ?i are pivoted to each of the hubs ºf 0. The 
camist ?i; asº; indicated: more particularly in Fig 

50ures 15.16 and 17, are of eccentric type and are 
intendedi:to cooperate With cam , Surfaces | 2. On 
cami boxes. 3:. Each of the inner staves 2 is 
originally."provided "With at least two longitudi 
nally spaced apertures 4; as illustrated in Figure 

55:14, and thie cam: boxes. 33 are: welded in position 
in said; apertures. 4. Counterclockwise rotation 
of the cams: if from the position indicated in 
Figure :15 by longitudinal movement of the man 
drel 4; relativesto the stave members will expand 

go or move the inner'stave members 2 radially out 
ward. This positions, the inner staves 2 and also 
thie Outerstaves 3 into the position illustrated in 
Figures $8; and 16.. We’refer to this, position as 
the over-expanded position, since the staves have 

65, now 'been advanced radially to slightly beyond 
the-positionin':which they are finally to rest. In 
thiiš expansion of the stave members the aper 
tures:8;in': the guards : . control the relative cir 
cumferential movement of the staves 2 and 3 and 

70'limit the separation of the staves. 
As the cam: passes the center position shown 

ini Figure 16, it disengages from the cam box 3 
and drops: into the position shown in Figure 17, 
wherein the staves are released from the mandrei 

754. Thie inner- and outer staves move radially 

45. 
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until their edges contact under the influence of 
the tension bands 9 and assume their final posi 
tion. 

Each of the inner stave members 2 is provided 
at its upper end with a spring arm 5 having dogs 
f6 at their other ends, the dogs providing fingers 
f7 and shoulders 8. The spring arms 5 are 
compressed inwardly when the apparatus is pass 
ing through the well casing, but when the appa 
ratus is positioned below the well casing, the arms 
expand and the fingers contact the inner-sur 
face of the casing and come to center the appa 
ratus with reference to the well casing. In the 
eXpanded position the shoulders 8 are adapted 
to engage the bottom of the well casing and stop 
the upward movement of the device when the 
mandrel is elevated. This provides a point of 
mechanical support for the device so that the 
upward movement of the mandrel may be trans 
lated into a force for pivoting the cams ff. Pref 
erably there are also provided spring arms 9 at 
the -lower ends of the Outer stave members 3. 
These Spring arms are provided with dogs 20 
having fingers 2 for centering the apparatus 
With reference to the lower section of well casing, 
and have enlarged portions provided shoulders 
22 for limiting the descent of the apparatus. 
At their upper ends the dogs 20 have flanges 

35 and the lower ends of the staves 3 overlap the 
flanges 35. Preferably there is installed in the 
apparatus a bearing surface between the mandrel 
and staves 2 and 3; and while various bearing 
Surfaces might be provided we have indicated the 
mandrel 4 as provided with a collar 34 adapted 
to contact the upper ends of the flanges 35 to 
Serve, as this bearing surface. The staves 2 are 
indicated as of shorter length at their lower ends 
than the staves 3, in order to provide clearance 
for the movement of the dogs 20 on the spring 
arms 9. 

For certain purposes, particularly where the 
apparatus is to be used in a process of forming 
a section of casing in the open hole below the 
well casing, additional centering devices may be 
employed, for which purpose the mandrel 4 is 
indicated as attached to a spring formed center 
ing device 23. 
With the apparatus described, the method of 

the present invention is as follows: Referring to 
Figure 1 of the drawings, we have indicated dia- , 
grammatically a typical well hole 24. Such a well 
hole is indicated as having the well-known water 
string 25 with a shoe 26 at its lower end. This 
Water string is cemented in place, as indicated 
at 27. A well casing 28 is indicated as suspended 
at its upper end in the well hole by slips 29 
mounted in a landing head 30. The well casing 
28 extends to the bottom of the well and is there 
cemented into position, as indicated at 3. In 
the drawings the section marked X of the well 
casing 28 is indicated as of leaking and defective 
construction. -- 

In the process of the present invention, this 
defective section is first milled or cut away. For 
this purpose there may be employed any usual 
milling or cutting equipment, not shown, Fol 
lowing the removal of the defective portion of 
the well casing, the formation back of the well 
casing is enlarged, as indicated at 32 by means 
of any suitable expandable cutter or ...reaming 
tool. The enlargement of the well bore removes 
the mud cake or other foreign impermeable mate 
rial from the well bore and not only provides 
adequate space for the subsequent formation of a 
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6 
access to the permeable formation back of the 
well casing and facilitates securing a good bond 
between the formation and the cement to be in 
troduced as hereinafter described. 
The staves 2 and 3 are then assembled in the 

position indicated in Figures 6 and 9 on the man 
drel; that is the inner staves form one circle and 
the outer staves form a second circle, concentric 
therewith, with the outer staves staggered rela 
tive to the inner staves. In this assembling opera 
tion the pins of the inner staves are fitted into 
the slots for the Outer staves, and the cams i 
on the mandrel are properly engaged with their 
cam surfaces. The tension bands are positioned 
as indicated, and the mandrel carrying these 
staves is attached to the end of a drill pipe 33. 
The apparatus is then lowered into the well hole. 
When the arms 9 pass below the ends of the 

casing 28 above the en largement 32 of the well 
hole, the arms expand until the flanges 35 on the 
dogs 20 contact the lower end of the outer staves 
3. In this position further lowering of the ap 
paratus allows the fingers 2 to pass into the well 
casing 28 below the enlargement 32 where they 
are in position to center the device as hereinafter 
pointed out. When the shoulder 22 of the dogs 
20 strike the upper end of the casing 28 below 
the en largement 32 they arrest the further 
descent of the apparatus and signal the operator 
that the apparatus is at the proper depth in the 
well hole. When the spring arms 5 attached to 
the Staves 2 pass below the casing 28 they expand 
immediately and cause their fingers T to contact 
the inner surface of the casing 28 and center the 
device with reference to the upper portion of the 
Well casing 28. 
The operator now elevates the drill pipe.33 and 

On contact between the shoulder 8 and the well 
casing 28 the upward movement of the staves is 
arrested and further upward movement of the 
drill pipe 33 causes the counter-clockwise rota 
tion of the cams , , expanding the staves as 
heretofore described and interposes the inner 
staves 2 between the alternate outer staves 3, 
forming the same into a circumferential series to 
conform to a well casing section. Further nove 
ment of the drill pipe 33 releases completely the 
mandrel from the thus-formed well casing sec 
tion and the drill pipe and mandrel are then 
Withdrawn from the well hole. As the outer 
staves 3 expand, the fingers 2 on the dogs 20 
move outwardly into position to contact the well 
casing 28 below the enlargement 32 of the well 
hole and these fingers then center and align the 
formed well casing section with the lower portion 
of the well casing 28. 
The produced casing section is then cemented 

in position in any ordinary or desired manner. 
For example, a packer may be lowered down and 
positioned at a medial point along the newly 
formed Well Casing section, Cement is then 
pumped down the well casing and caused to flow 
under the bottom of the staves into the enlarge 
ment 32 of the well hole and up around the two 
ends of the casing 28 and back of the newly 
formed casing, locking the old casing 28 with the 
new casing section. Subsequently the packer is 
removed and after setting of the cement the bore 
of the new pipe section is drilled out to conform 
with the bore of the portions of the casing 28 
above and below the new section. 

In drilling out the bore of the newly formed 
casing, the dogs f6 and 20 are drilled out. To 

new casing section but also provides unrestricted 75 facilitate the drilling out of these dogs they are 
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preferably formed of a friable or readily drillable 
material, such asº?ast irón. The pins*5, guards 
7, elastic bands 9-and-spring si 5 and 9° re 
main imbedded in the cement back bf-the-newly 
formed casing-section and anchor arid reinforce 
the section. 
Now referring to Figure 18:6f theidrawings, we 

have “ shown - a modification º of the å åpparatus 
which may be used where the new well casing is 
to be formed below, the already set:well casing. 
In Figure 18 the well casing: 28 is iridicated as ter 
minating as usually in a float-shoe, 36. The dogs 
6 attached to the spring arms 15 in this modifi 

cation have fingers 7 which are provided with 
heads or hooks 37 which are adapted to catch on 
the float-shoe 36 and suspend the newly formed 
section from said float-shoe until the newly 
formed section has been cemented in place. 
With the apparatus of the present invention it 

is therefore possible to install a section of well 
casing of full size in a well hole after the well 
casing has been set in position in the well hole. 
By means of the present invention it is therefore 
possible to preserve the diameter of the well; the 
diameter of which has previously been always re 
duced by these operations. 
While the specific examples of the apparatus 

herein described are well adapted to "carry out 
the objects of the invention, it will be Öbvious 
that vairious modifications may befºrmade in the 
details of the apparatus' employed, without ide 
parting from the principles of the invention, and 
this invention includes i such modifications and 
advantages as come within the scope of the ap 
pended claim.S. 
We claim: 
1. An apparatus for forming sections of cas 

ing. in º a well, hole, i comprisingº a mandrel, a’ Set 
of inner staves and a set of Outer Staves SUppOrted 
by said mandrel, expanding means interconnect 
ing said mandrel and staves for moving the staves 
radially upon relative axial movement between 
said mandrel and staves, and guiding members 
interconnecting said staves operative for guiding 
the Staves into circumferential alignment. On rate 
dial expansion of the staves. 

2. An apparatus for forming Well casing: Sec 
tions, which comprises an inner set and a con 
centric outer set of casing staves, a mandre Sup 
porting said staves, interconnecting expanding 
members between the mandrel and staves for ra 
dial advancement of the staves, on relative axial 
movement between the staves and mandrel, and 
tension means for yieldingly urging the staves ra 
dially. 

3. An apparatus for forming a casing Section in 
a well hole below a previously... set casing, com 
prising a mandrel, a. plurality of casing i staves 
mounted. On the mandrel, radially advancing 
members between Said Staves and , mandrel for 
radially advancing the Staves on relative; axial 
movement between the mandrel and Staves, said 
staves having interconnecting guide members for 
circumferentially aligning the staves when radial 
ly advanced, and centering arms connected to the 
staves adapted for making centering contact with 
the well casing belloW , which the casing Section is 
to be formed. 

4. In an apparatus for forming a section of cas 
ing; a plurality of inner casing staves and a com 
plementary number of outer easing staves, a pin 
and slot guiding connection between the inner, and 
outer staves, and Spring arms' Connected to the 
Staves having centering fingers. 
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8 
'5. In an apparatus for forming a section of well 

casing, a plurality of inner staves arida, comple 
mentary number of Outer staWes, a pin and slot 
guide-connecting- means between the inner and 
outerstaves, a set of spring arms having centering 
fingers connected to the inner staves' at their up 
per ends, and a set of spring arms having center 
ing fingers connected to the outer staves at their 
lower ends. , 

6. In an apparatus for forming well casing sec 
tions, a mandrel, a plurality of pivotally movable 
toothed · cams connected to said mandrel, a plu 
rality of stave members supported by said man 
drel and having toothed cam surfaces for coop 
eration with said cams, the cans being positioned 
for radially advancing the staves on pivotal move 
ment of the cams, said cams being adapted to 
release the 'staves on completion of the pivotal 
movement of said cams. 7. In an apparatus for forming well casing 
séctions, a manidrel, a plurality of pivotally mov 
able toothed cams connected to said mandrel, a 
plurality of stave members supported by said 
mandrel and having toothed cam surfaces for co 
operation with said cams, the cams being posi 
tioned for radially advancing the staves on 
pivotal movement of the cams, said cams being 
adapted to release the staves, on completion of 
the pivotal movement of said cams, and inter 
connecting guide means between the staves for 
circumferentially aligning the staves upon their 
radial movement. 

8. In an apparatus for forming a section of 
well casing in a well hole, in which a well casing 
has been previously set, a plurality of staves, 
means for mounting said staves for radial move 
ment from a nested position to a circumferen 
tially aligned position wherein the staves' define 
a casing section, spring arms connected to the 
staves at their lower ends, and having stop blocks 
for arresting the movement of the staves at the 
position of the well hole where the casing is to 
be produced. 

9. In an apparatus for forming a section of 
well casing, a circular series of stave members, 
a concentric outer series of stave members, the 
Staves of the outer series being staggered to the 
Staves of the inner series, means for radially ad 
vancing the staves, means. interconnecting the 
Staves for guiding the same into circumferential 
alignment upon expansion, and tension bands 
yieldably urging the stave members radially in 
Ward. 

10. An apparatus for forming sections of cas 
ing in a well hole, comprising casing elements, 
means for releasably mounting said elements 
in retracted position on a setting string, means 
for interconnecting said elements with the pre 
Viously set casing while said elements are in re. 
tracted position, and means carried by the setting 
string for expansion of the elements on relative 
movement between the said elements and Setting 
String. 
all. An apparatus for forming a casing section 

in a well hole below a previously set well casing, 
Comprising Casing elements, means for releas 
ably connecting said casing elements to a setting 
String, said releasable connecting means allow. 
ing for movement of the casing elements from 
a retracted position to an expanded position. On 
relative movement between said "elements and 
said. Setting String, and interconnecting means 
On Said elements for establishing connection. and 
alignment between said relements and the pre 
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viously set well casing on lowering of the ele- REFERENCES CITED 
ments and setting string adjacent thereto, said 
means being adapted for establishing connection The following references are of record in the 
between said elements and said previously set file of this patent: 
well casing while said elements are connected 5 UNITED STATES PATENTS 
to said setting string. Number Name Date 

1,880,218 Simmons ----------- Oct. 4, 1932 WCOR. J. BESSENGER, 
GLENN D. JOHNSON, 1,981525? Price ------------------------ Nov. 20, 1934 

2,054,353 Yowell ------------ Sept. 15, 1936 


