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2 Claims. (Cl. 166-55) 

This invention relates to an apparatus for applying 
outwardly directed forces to the inner surfaces of tubu 
lar means and more particularly to such an apparatus 
which is adapted to deform and/ or perforate a section of 
well casing. , 

' The apparatus of our invention is particularly adapted 
for use in applying deforming forces to a well casing in 
a newly-developed method for completing wells in poorly 
consolidated formations which is described in the patent 
application of Abraham 1. Teplitz, Serial Number 424,862, 
?led April 22, 1954, now abandoned. In the Teplitz 
method a well is drilled through a poorly consolidated 
producing formation, such as an unconsolidated oil sand, 
and casing is cemented in the well. Thereafter a stress 
is applied to the casing opposite the sand formation so as 
to crack the surrounding cement and form a system of 
?uid-permeable fractures in the cement sheath. Perfo 
rations are formed in the casing, in any convenient man 
ner, before, after or simultaneously with the cracking of 
the cement. The resulting well structure comprises a 
perforated tubular casing extending into the unconsoli 
dated producing formation and a surrounding fractured 
cement sheath. The fractured cement sheath provides 
support for the sand formation. The fractures in the 
cement exclude sand but permit fluids to pass from the 
producing formation into the borehole through the per 
forations in the casing. ‘ ' 

The above-mentioned Teplitz patent application de 
scribes a number of methods of applying stress to the 
cement sheath to form the desired fractures. These in 
clude the use of an explosive charge, the 'use of a device 
for hammering the inner wall of the casing, the use of a 
gun perforator ?ring non-penetrating bullets, etc. The 
present invention provides an apparatus which is par 
ticularly advantageous for use in applying stress to such 
a cement sheath by applying outwardly directed deform 
ing forces to the inner walls of the well casing. The 
advantages of our apparatus in this usage include sim 
plicity of construction and of operation, the ability to 
transform a vertical force into controllable lateral forces 
by hydraulic pressure, and the ability to use the Weight 
of drill pipe by which the device is lowered into the well 
for producing the outwardly directed deforming forces. 
The apparatus of the invention in general comprises an 

elongated body member or mandrel which is provided 
with an interior vertical chamber and a plurality of hori 
zontal cylinders extending radially from the interior cham 
ber through the walls of the mandrel. A vertical pis 
ton is slidably mounted in the upper portion of the 
interior longitudinal chamber and a horizontally slidable 
piston is mounted in each of the horizontal cylinders. 
The vertical piston is provided at its upper end with 
means for connection to a string of drill pipe. It is also 
provided with means for limiting its vertical displace~ 
ment. When the vertical piston is raised to its upper limit 
the limiting means makes a supporting engagement with 
an element of the mandrel so that the entire apparatus 
is supported by the string of drill pipe to which the ver 
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tical piston is connected. The mandrel or body member 
is provided with anchoring means such as serrated SllpS 
which can be forced into gripping engagement with the 
inner walls of the tubular means into which the apparatus 
is lowered so as to hold the apparatus at any desired 
level within the tubular means which is to be deformed 
or perforated. This arrangement of the elements of the 
apparatus is such that when the anchoring means is 
engaged with the walls of the tubular means and the 
weight of the supporting drill pipe is released, the verti 
cal piston is forced downwardly and applies a hydraulic 
pressure to a ?uid within the longitudinal chamber of the 
mandrel which is transformed into horizontal forces act 
ing outwardly against the horizontal pistons. 
The invention can best be described in detail with ref 

erence to the drawings in which: 
Figure 1 is a view partially in cross-section of a par 

ticular embodiment of the apparatus of the invention p0 
sitioned within a tubular means; 

Figure 2 is a cross-sectional view taken along line II-— 
of Figure 1; 

Figure 3 is a diagrammatic view in vertical section of 
a producing formation in an oil well with an apparatus 
of our invention positioned Within the cemented casing 
of the well opposite the producing formation; and 

Figure 4 is a similar view of the well after the casing 
has been perforated and after the cement sheath sur 
rounding the casing has been fractured by an apparatus 
of our invention. 
The embodiment of the apparatus of our invention il 

lustrated in Figure 1 will be discussed in detail. The de 
vice comprises an elongated body member or mandrel 
20 provided with an interior longitudinal chamber 21 
and a plurality of horizontal cylinders 22 extending ra 
dially from the longitudinal chamber through the walls 
of the mandrel. 

Slidably mounted in said horizontal cylinders 22 are 
pistons or plungers 23. The horizontal pistons 23 have 
enlarged, stress-applying, outer faces 24 which are adapt 
ed to be forced against the inner walls of tubular cas 

' ing to apply stress to the casing. The stress-applying 
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faces 24, in the preferred embodiment shown in Figures 
1 and 2, are provided with pointed projections 26 which 
can pierce the steel casing when the outwardly directed 
force applied against the pistons 23 is suf?cient. Pistons 
23 preferably are also provided with pins (not shown in 
the drawing) which limit their outward displacement so 
that the stress applied to the steel casing will not exceed 
its elastic limit. 

Slidably mounted at the upper end of the chamber 21 
, of the mandrel 20 is a vertical piston 30 which is pro-v 
vided at its upper end with a threaded connection for at 
tachment to drill pipe or tubing 36. Piston 30 isv also 
provided with a ?ange or collar 31 which is adapted to 
limit the extent of vertical movement of the piston, the 

- collar 31 being con?ned in movement between the upper 
end 32 of the mandrel 20 and the inwardly turned ?ange 
33 of a cylindrical sleeve 34 which is threadedlyconnected 
to the upper end of mandrel 20. 
At its lower end the mandrel 20 is provided with means 

for anchoring the assembly within a tubular means, such 
as a well casing, at any desired level. The anchoring 
means is of conventional design. In the preferred em; 
bodiment of the drawing it comprises serrated slips 38 
pivotally attached by slip reins 39 to a ring or collar 40 at 
the upper end of a slip cage sleeve 41. The slip cage 
sleeve 41 is free to rotate and slide longitudinally upon 
the mandrel 20 except as limited by a pin 42 which pro 
jects outwardly from the mandrel through a J-slot 43 
in the slip cage sleeve 41. ' ‘ 

Rigidly mounted on the mandrel above the slip cage 
sleeve 41 is a tapered member or slip cone 45 which has 
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inclined ‘guide slots 46 for the inner faces of the serrated 
slips 38. Rigidly attached to the lower end of slip cage 
sleeve 41 is a ring 47 to which are attached the lower ends 
of a plurality of outwardly-bowed friction springs 48. 
Springs 48 are attached at their upper ends to a ring or 
collar 49 which is mounted slidably on the upper portion 
of the sleeve 41 to permit contraction and expansion of 
the bow springs 48. 
To fracture a cement sheath surrounding a well casing 

using the apparatus of Figure 1 the procedure is as fol 
lows. The apparatus is lowered through the well casing 
52 to a level opposite an unconsolidated producing forma 
tion 51 as shown in Figure 3 of the drawing. Then, to 
anchor the apparatus at the desired level, the drill pipe 
36 is raised slightly and rotated to the left. The bowed 
springs 48 provide su?icient friction so that the pin 42 
attached to mandrel 20 can move to the limit of the 
lateral slot at the top of J—slot 43 in the slip cage sleeve 
41. The drill pipe is then further lowered, resulting in 
downward movement of the mandrel it} with respect to 
sleeve 41 which remains in position because of the fric 
tional engagement of the springs 4-8 with the inner walls of 
casing 52. As the mandrel 2h moves downwardly relative 
to the cage sleeve 431 and the slips 38 mounted thereon the 
cone 45 slides downwardly and forces the slips outwardly 
into a gripping engagement with the walls of the casing. 
By the gripping engagement of slips 38 with the inner 

walls of casing 52 obtained by the above—descri-bed manip 
ulation of the mandrel, the entire apparatus is anchored 
in the casing at the desired level. As the weight of drill 
pipe 36 is further released to bear against the vertical 
piston 30, the piston is forced downwardly in chamber 21. 
The pressure on the hydraulic ?uid, such as oil, in cham 
ber 21 is transferred to the horizontal pistons 23, causing 
the pistons to apply outwardly directed forces against the 
walls of the casing 52. The casing 52 is thus stressed and 
deformed or bulged outwardly. As a result of the de 
forming of the casing the relatively inelastic cement 
sheath 53 surrounding the casing is fractured. 

Depending upon the thickness of the unconsolidated 
producing formation, it may be desirable or necessary to 
deform the casing at two or more levels in order to crack 
the cement sheath throughout the producing interval. If 
so, after the casing has been expanded or deformed at one 
level the anchoring means of the deforming apparatus is 
disengaged by raising the drill pipe and rotating to the 
right to re-engage pin 42 with the lateral slot at the top 
of J-slot 43 in the slip cage sleeve 41. The slip cone 45 
is thus raised and the slips 33 are disengaged from the 
casing walls. The raising of vertical piston 30 creates a 
partial vacuum in the longitudinal chamber 21 and causes 
the horizontal pistons 23 to be withdrawn inwardly so 
that they cannot impede the lowering or raising of the 
deforming apparatus. 

In the preferred embodiment of the apparatus a resil 
ient means such as spring 59 is positioned between the 
collar 31 on vertical piston 30 and the upper end of man 
drel 20 to assist in maintaining the vertical piston in the 
raised position shown in the drawing. 

After disengagement of the anchoring means and the 
horizontal pistons, the apparatus is raised or lowered op 
posite the portion of the cement sheath which is not yet 
fractured. The anchoring means is re-engaged as ex 
plained above and the weight of the drill pipe is released 
to bear against the vertical piston and force the horizontal 
pistons by hydraulic pressure outwardly against the casing 
wall. This procedure is repeated as many times as is 
necessary to fracture the cement sheath throughout the 
producing formation. 

It is necessary, of course, to form perforations in the 
well casing so that ?uids can pass from the fractures in 
the cement sheath into the well bore. These perforations 
can ‘be formed in the casing before or after it is placed 
in the well. As already mentioned, the horizontal pistons 
23, in the embodiment of our apparatus illustrated in the 
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4 
drawing, are provided with perforating points or pro 
jections of hardened steel on their outer faces. These 
points are capable of piercing holes in the casing when 
the pistons are forced outwardly to deform the casing and 
crack the cement sheath. The apparatus can thus be used 
to deform and perforate the casing simultaneously. It 
should be understood, however, that the invention also 
includes apparatus which is intended only to deform 
casing or other tubular means without perforating. In 
such apparatus the perforating points are omitted and the 
pistons have rounded or ?at stress-applying faces, pref 
erably of a larger cross-sectional area than the pistons. 
The structure of the well which results from the opera 

tion of our apparatus is shown in Figure 4 of the drawing. 
As the drawing shows, the casing 52 extends through the 
unconsolidated producing zone 51 and is surrounded by a 
cement sheath 53 having a network of fractures therein. 
These fractures permit fluids to pass from the producing 
formation into perforations 543 in the casing but prevent. 
the production of sand of any substantial particle size. 

Although the apparatus of the invention is particularly 
adapted for use in the Teplitz method of well completion 
for applying stress to a casing to fracture the surrounding 
cement, apparatus embodying the principles of the inven 
tion can also be used simply as a tubing or casing per 
forator. In such an embodiment of the apparatus the 
outer ends of the horizontal pistons terminate in casing 
perforating means such as hardened points or blades 
adapted to perforate without otherwise deforming the 
tubing or casing to any substantial extent. 
The particular anchoring means shown in the drawing,‘ 

with its slips 33 and slip cone 45, is largely of conventional 
design and is only one convenient form of anchoring 
means. Our apparatus can employ any other suitable 
means capable of holding the apparatus at a ?xed level‘ 
within a well casing or other tubular structure while a 
downward force is applied to the longitudinal piston 30 
by the weight of the string of pipe to which the apparatus 
is attached. 

Obviously many modi?cations and variations of the in-' 
vention as hereinbefore set forth may be made without 
departing from the spirit and scope thereof and therefore‘ 
only such limitations should be imposed as are indicated 
in the appended claims. 
We claim: 
1. Apparatus for deforming well casing which com 

prises a drill pipe adapted to be lowered into a well casing 
and means carried adjacent to the lower end of said drill 
pipe for transforming the downward force developed by 
the weight of said drill pipe into horizontal forces acting 
outwardly against said well casing, said means comprising‘ 
a mandrel having a longitudinal interior chamber, a plu 
rality of horizontal cylinders extending radially from said‘ 
interior chamber through the walls of said mandrel, hori 
zontal pistons slidably mounted in said cylinders, the outer 
faces of said horizontal pistons being adapted to press 
against the inner walls of a well casing which is to be 
deformed, a vertical piston slidably mounted in said longi 
tudinal chamber, said chamber, pistons and cylinders being 
adapted to contain a liquid as a hydraulic working medi 
um, said vertical piston having a collar attached near its 
upper end, a cylindrical sleeve attached to the upper end of 
said mandrel, said sleeve having an inturned ?ange at its 
upper end, said inturned ?ange and the upper end of said 
mandrel limiting the extent of vertical displacement of 
the collar of said vertical piston, resilient means disposedv 
between the upper end of said mandrel and the collar of 
said vertical piston, anchoring means comprising serrated 
slips adapted to be forced outwardly for anchoring said 
mandrel within a well casing to be deformed, said anchor 
ing means being operable while said apparatus is sus 
pended within said well casing, said vertical piston being 
connected at its upper end with said string of drill pipe 
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adjacent the lower end thereof whereby the entire ap 
paratus is supported by said drill pipe when the collar of 
said vertical piston is in supporting engagement with the 
inturned ?ange of the cylindrical sleeve of said mandrel 
and whereby the weight of said drill pipe can apply a 
downward force to said vertical piston when said serrated 
slips are in anchoring engagement with the inner walls of 
the well casing so as to force said horizontal pistons out 
wardly by hydraulic pressure. 

2. The apparatus of claim 1 in which said horizontal 
pistons are provided at their outer faces with perforating 
points. 
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