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This invention relates to a cutting method and 
apparatus for use within a well, and particularly 
to a new and novel method and apparatus for 
cutting objects, such as well pipe and casing, in 
place in a well ‘by the use of detonating chemi 
cals. 
The term “cutting,” as employed herein, is 

intended to cover generally directing a cutting 
jet against a well wall and more speci?cally 
against a pipe wall and to include the operations 
of complete severing of pipe strings as well as 
the cutting of slots and openings of various sizes 
and shapes, and the cutting-out of complete 
tubular segments, commonly termed “windows," 
in pipe walls, and the cutting of other objects, 
such as drilling tools, in place in a well. 
In drilling and production operations connect 

ed with wells, such as oil wells, gas wells, water 
wells, and the like, many occasions arise when 
one or more of the strings of easing or pipe em 
ployed in such wells must be severed, slotted, or 
windowed at points far below the surface. The 
cutting of windows or other openings in the wall 
of a casing string, for example, to provide access 
to the formations lining the well bore through 
the wall of the casing liner, without otherwise 
disturbing the casing liner, requires a degree 
of exactness and dependability which is di?cult 
to accomplish by present procedures. In win 
dowing or slotting casing, it is normally import 
ant that the opening be of the desired dimensions 
and shape, and that the cutting of the opening be 
accomplished with a minimum of damage to the 
surrounding areas of the casing. In some cases 
it may be desirable to make a series of vertically 
or peripherally spaced slots in the casing wall, in 
others, to remove a complete section from the 
casing or pipe string. Methods heretofore used 
for cutting all such windows in a well casing or 
pipe while in place in the well, all require rela 
tively complicated methods and mechanisms 
which are generally time consuming and expen 
sive and are frequently di?icult to operate for 
accomplishing the desired purpose. 
A principal object of this invention, therefore, 

is the provision of an efficient and economical 
method of cutting within a well. 
An important object is an e?icient and eco 

nomical method of cutting well casing, pipe and 
other objects in place in a well by means of high 
velocity gases. 
Another object is to effect the cutting of well 

casing and pipe cleanly and sharply by means of 
high velocity gases generated by the detonation 
of detonating chemicals. 
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. A further object is to e?ect the cutting of 
objects, such as casing and pipe, within a well, 
with relatively simple and uncomplicated means. 
Further objects will appear from the detailed 

description taken in conjunction with the accom 
panying drawings in which will be described and 
illustrated a number of the embodiments of this 
invention. It is to be understood, however, that 
this invention is susceptible of various embodi 
ments within the scope of the appended claims. 

In the accompanying drawings: 
Fig. 1 is a longitudinal sectional elevation 

through an embodiment adapted for severing a 
well pipe from within a well; 

Fig. 2 is a cross-sectional view along line 2-2 
of Fig. l; - 

Fig. 3 is a cross-sectional view along line 3—-3 
of Fig. 1 and having parts broken away to more 
clearly illustrate the construction of the device; 

Fig. 3-A is a partly-sectional elevation of an 
other embodiment adapted for severing a pipe 
from the exterior thereof; 

Fig. 4 is a longitudinal sectional view of an 
other adaptation of this invention for the cut 
ting of longitudinal slots in a, well pipe; 

Fig. 5 is a horizontal sectional view along line 
5—5 of Fig. 4; 

Fig. 6 is an elevational view, partly in section 
and partly in perspective, of another embodiment 
in accordance with this invention adapted for 
cutting a plurality of radially spaced slots in a 
well casing; 

Fig. 7 is a cross-sectional view along line 7-7 
of Fig. 6: 

Fig. 8 is an elevational view, partly in section 
and partly in perspective. of still another embodi 
ment in accordance with this invention for cut 
ting out a window in a well casing; 

Fig. 9 is a cross-sectional view taken along line 
as of Fig. 6; 

Fig. 10 is a longitudinal sectional view along 
line i?-l? of Fig. 8; and 

Fig. 11 is a detail, partly in section and partly 
in perspective, of one of the elements incorporat 
ed in several of the illustrative embodiments of 
this invention. 
Generally stated and in accordance with'illus 

trative embodiments of this invention, a gaseous 
penetrating jet is produced by detonating a 
chemical charge and the resulting gases are con” 
verged to a relatively sharp focus, upon the line 
of the cut to be made in a well. The term “focus” 
is hereinafter employed to describe what is be 
lieved to be the theory of action. It is to be 
understood, however, that this invention is not 
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to be restricted to any theory, which latter is 
simply advanced for the purpose of supplement 
ing the disclosure hereinafter set forth. 
The detonating chemical charge is hollowed 

and the hollow ‘is of generally ‘concave form. 
Upon detonation of such a hollowed charge, the 
resulting gases are directed generally along an 
axis in a manner well known in the art. How 
ever, in accordance with illustrative embodiments ‘ 
of this invention, there is interposed along such 
axis and in the path of the gases, means which is 
rupturable by the gases and this means ‘is con 
structed and arranged to converge the gases to 
a relatively sharp focus beyond that means. The 
converging means employed may be of reentrant 
form, which may correspond to and lie against 
the hollow of the charge. The cross-section of 
the converging means may be generally of a conic 
section, viz., an angle, an ellipse, or a frustrum 
thereof. This converger has such an angle and is 
made of such a material and thickness of ma 
terial, that it will rupture upon detonation of 
the charge in a manner so as to deform the con 
verger in the direction of the issuing gases in 
order to converge those gases to a relatively 
sharp focus; and by variation of the angle of the 
converger the position of the focus with refer 
ence to the charge or the apex of the converger 
may be varied to obtain a desired focal length 
for the resulting jet of gases. 
The construction heretofore described is such 

as to not only cause the converging means to con 
verge resulting gases to a relatively sharp focus, 
but to actually cause penetration of the gases 
through the convergerso that the resulting jet 
will pass beyond the converging means rather 
than have the latter precede it, as in the case 
of the propelling of a projectile. Moreover, be 
yond the focus the gases will be maintained in 
the form of a narrow column for’an extended dis 
tance beyond the focus. 
In the method and apparatus for cutting ob 

jects in a well, the jet or column, formed as here 
tofore described, is directed onto the material to 
perform its cutting function by penetrating the 
material to be cut or severed. The cutting is, 
therefore, primarily performed by the jet and not 
by a projectile propelled along the travel of the 
jet; for in actual cutting operation, the con 
verger is preceded by the jet which ruptures this , 
converger. 
In the illustrative embodiment of this inven 

tion, a closed carrier. dr housing extends from the 
converging element in the direction of the jet 
and it is from this housing that the jet is di- ; 
rected. This housing spaces the converger from 
the closed front and encloses the converger. The 
housing may also enclose the chemical charge, al 
though that is not necessary. Any suitable ini 
tiator may be employed to detonate the charge. 
More particularly, the method of this invention 

may be accomplished by preforming a charge of 
a detonating chemical of the type described be 
low to a con?guration substantially correspond 
ing to the line of the cut to be made in the Well 
object, and by controllably causing the major 
proportion of the gases generated by detonation 
of the charge to be concentrated and focussed 
relatively sharply on the line of the cut. 
Gases traveling at velocities in excess of 1000 

meters per second, and which may be at very 
much higher velocities, are employed for cutting 
objects in a well in accordance with this inven 
tion. Such gases may be generated by the de 
tonation of chemical substances of the type gen 
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4 
erally designated as “detonating explosives” 
which, upon detonation, decompose very rapidly 
to generate gaseous decomposition products 
which are capable of attaining extremely high 
velocities, particularly when suitably controlled 
and directed in accordance with the method of 
this invention. Numerous chemicals of this 
character are available for use in accordance 
with this invention including such materials as 
penta-erythritol tetranitrate (PETN), Tetryl, 
Pentolite,’ (50% PETN and 50% TNT), trinitro 
toluene (TNT), Amatol, Cyclonite, Tetrytol (60% 
Tetryl and 40% TNT), and many others well 
known to those familiar with such detonating 
chemicals. 
By way of an example, a detonating chemical 

composition comprising a mixture of PETN and 
TNT, when used in accordance with this inven 
tion, will develop a wave of gases which travel at 
velocities of over 10,000 meters per second at 
200,000 atmospheres of pressure and approxi 
mately 3900 degrees centigrade absolute temper 
ature. It is believed that the temperature of the 
gases is a relatively unimportant factor in the 
cutting action of the gases, since at the extremely 
high velocities involved. the time interval in 
volved in making a cut of any desired depth is so 
short as to render the temperature effect rela 
tively negligible. 
The detonating chemicals may be employed in 

cast or compressed solid form, but are employed 
preferably in the form of plastic or gelatinous 
masses which may be readily molded to the de 
sired form for use in accordance with this in 
vention, and may be used individually or as 
‘blends of two or more of them in suitable pro 
portions, and may include suitable detonable 
plasticizers. Only relatively small quantities of 
detonating chemicals, when used in accordance 
with this invention, are required to accomplish 
the complete severing or windowing of easing or 
pipe, or the cutting of other objects in a well and 
will produce cuts which are relatively clean and 
sharp and with minimum damage to areas of the 
casing or pipe adjacent to the cut. 
The concentration, converging and focussing of 

the generated gases is e?ected, as above described, 
by applying to a face of the preformed charge 
directed toward the object to be cut, a concave 
control member, which has been termed a "con 
verger,” and which is of predetermined form 
which is preferably angular in cross-section but 
which may be arcuate, or a combination of both 
forms, as described above. 
The size of the angle or arc enclosed by the 

convergerldetermines the shape of the jet or 
beam of gases which will be directed toward the 
object to be cut and distance from the inner end 
of the converger at which the gases will be 
brought to the desired focus, and this, in turn, 
will determine the optimum spacing of the charge 
from the object to be cut. The size of this angle 
will usually be less than 180". Furthermore, the 
shape of the converger will also determine the 
optimum distance over which the gases may be 
maintained in effective jet or beam form, and 
therefore, the depth of the out which may be 
made by the gases. Thus, for a given angle in 
the converger, the gases will be caused to come 
to a focus at a predetermined distance from the 
base or apex of the converger and will travel a 
predetermined distance in a relatively concen 
trated beam or jet before scattering or dissipa 
tion of the gases. Once the gases begin to scatter 
or diverge from the focal point or line, the effec 
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tiveness of the cutting action is reduced extremely 
rapidly. Thus, when it is desired to cut through 
a steel casing, for example, with minimum pene 
tration of the earth formations behind the casing, 
by selecting a suitable relatively wide angle for 
the converger, the explosive gases may be caused 
to be focussed in suitable cutting concentration 
on the face of the casing and to retain their effec 
tive narrow jet or beam form for a distance su?i 
cient only to penetrate through the casing wall, 
and to then scatter or diverge sharply imme 
diately after passing the rear face of the casingv 
wall, with an immediate loss of penetrating power 
such that the cutting action of the gases on any 
material immediately behind the casing will be 
relatively negligible. On the other hand, by 
selecting a different and narrower angle for the 
converger, the gases can be brought to a focus 
and caused to travel in narrow beam form of 
cutting concentration and velocity a greater dis 
tance than the thickness of the casing wall, so 
as to pass through the casing wall and penetrate 
a predetermined distance into the formations 
behind it.‘ 
In many respects, the principles involved in 

the shaping of the converger to bring the gases 
to a focus at a predetermined distance from the 
end of the charge and to determine the shape 
of the jet or beam of gases, are quite analogous 
in function and in the mathematical calculations 

I involved to well known optical principles, in that 
the converger may be likened to a concave mirror 
or lens, and the actions of the gases passing 
through the converger from the charge may be 
made to correspond closely in many respects to .; 
the actions of a beam of light rays passing 
through a concave lens or re?ected from a con 
cave mirror. Accordingly, in view of the anal 
ogous relationship, optical terms such as “focus,” 
“focal length,” “beam,” etc., are employed in 
connection with the description of this invention, 
and their meaning will, therefore, be clearly 
evident as so employed. 
The convergers employed in accordance with 

this invention are preferably constructed of thin 
metal, such as steel, brass, copper and the like, 
or of glass or rigid plastic composition which have 
been preformed or molded to the desired shape. 
The wall thickness of the convergers is a func 
tion of the depth of the cut to be made, that is, , 
the distance from the focus of the beam through 
the object to be cut, andawill, therefore, be varied 
in accordance with the requirements of each use. 
In most circumstances the wall thickness of the 
converger will range from less than 1% to about 
10% of the depth of the cut. It is important 
to note that the convergers employed in accord 
ance with this invention are not in any sense 
projectiles, and are normally disintegrated or 
pierced by the the gases leaving the charge with 
out forming, or functioning as, projectiles in the 
ordinary sense of this word. 
In order to assure the proper development of 

an eifective cutting beam of gases, the gases leav 
ing the converger should preferably be guarded 
from interference by any extraneous solid or 
liquid matter until the gases attain the desired 
focussed form, for until the gases reach their 
point or line of focus, the interposition of any 
extraneous solid or liquid matter in their paths 
will de?ect and dissipate the gases so as to pre 
vent their concentration, converging and focus 
sing into an e?ective cutting beam. The guard 
ing of the gases leaving the converger is pref 
erably accomplished by enclosing the converger 
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6 
within a shielding housing, constructed of any 
suitable metal or rigid plastic composition, ex 
tending in the direction of the desired path of 
the gases and terminating at a distance from the 
end of the converger which is substantially the 
predetermined point or line of focus of the beam 
of gases. The outer end of the shielding hous 
ing may be closed, if necessary, to exclude any 
extraneous liquid or solid matter from the interior 
thereof. Since this end closure will be at sub 
stantially the focus of the beam of gases, it can 
no longer interfere with the effective cutting 
action of the beam and will be cut thereby as, 
in e?ect, a portion of the object against which 
the gases are primarily directed. 
Referring now to the drawings and ?rst to Figs. 

1, 2 and 3, there is illustrated an embodiment, 
in accordance with this invention, for severing 
a well casing or other pipev 20. An annularly 
shaped cutting unit, designated generally by the 
numeral 2i, and constructed generally of two 
semi-circular segments, is disposed in a comple 
mentary circular slot 22 cut horizontally into 
the periphery of a generally cylindrical body 23, 
which may be constructed of steel or other metal, 
or of solid plastic or other suitable rigid com 
position material which will serve as a suitable 
holder for the cutting unit. The diameter of 
body 23 is generally made somewhat less than the 
internal diameter of casing 20 so that it may 
pass readily therethrough. An axial passageway 
24 extends entirely through body 23 and at its 
upper end, registers with the bore 25 of a tubu 
lar stem 26 which is threadedly connected to the 
upper end of body 23. A bail 21 is attached to 
the upper end of stem 26 by means of which the 
device may be suspended on a lowering line 28 
connected to the bail. 
A generally tubular chamber 29, radially spaced 

from passageway 24, extends vertically into body 
23 from the upper end‘thereof into communica 
tion with slot 22 and is arranged to contain a 
detonating fuse member 30, of generally con 
ventional form. The upper end of chamber 29 
is closed by means of a suitable threaded plug 3! 
which is provided with a hydrostatically sealed 
opening 32 through which a pair of electrical 
leads 33, connected to fuse member 30, extend 
into the interior of casing 20, whence they lead 
to any suitable form of electrical ?ring device 
(not shown) which is adapted to ?re fuse mem 
ber 30. The outer end of slot 22, in which cut 
ting unit 2! is seated, is closed by means of an 
annular sleeve 3% which is arranged to ?t closely 
about the periphery of body 23 and form a ?uid 
tight closure for slot 22. It will be understood 
that the sleeve 34 is not perforated as shown in 
Fig. 1, but later becomes perforated by the cut 
ting gases. 
Cutting unit 20 (see also Fig. 11) comprises a 

pair of spaced, parallel, ring-shaped walls 35—3>5, 
which may be constructed of thin sheet steel or 
other metal, or of rigid plastic or glass composi 
tion. 
Mounted between walls 35-35 is a converger 

36, which likewise may be constructed of thin 
metal, plastic or glass, and which is generally 
V-shaped in cross-section and annular in plan 
view, having the opening of the V directed toward 
the line of the cut to be made in casing 20. Con 
verger 36 is spaced from the outer ends of con 
tainer walls 35-35 a pre-determined distance 
depending upon the angle of the converger, as 
above described. The desired spacing may be 
effected, as illustrated, by means of a pair of 
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thin parallel extensions 3'|--3'|, which extend 
from the edges of converger 36, and which fit 
closely against the adjacent inner faces of walls 
35-—35 and terminate ?ush with the outer ends 
thereof and against the inner surface of sleeve 34. 

It will be understood, of course, that exten 
sions 31-.31 may be ‘eliminated, if desired, and 
converger 36 ?xed in the desired position between 
walls 35—35 by welding, soldering or otherwise 
suitably attaching the edges of the converger to 
walls 35--35. " 

The inner portion of cutting unit 20 behind 
converger 36 is packed with a mass of a suitable 
detonating chemical 38, of the type described 
above, so that the outer face of the mass as 
sumes the shape of the converger. The upper 
one of walls 35 is provided with an opening 39 
(Fig. 3) which registers with the lower end of 
chamber 29 and through which fuse member 3|) 
extends into the mass of detonating chemical 38. 
To sever casing 20, the device, assembled as 

described above, is lowered by means of lowering 
line 28 to the desired position in the casing op 
posite the point at which the cut is to be made 
and chemical charge 38 is detonated. The high 
velocity gases generated by detonation of the 
chemical charge rupture converger 36 and are 
converged thereby to a focus on the inner face 
of sleeve 34 in the form of a thin annular beam, 
as indicated by the arrows in Figs. 1 and 2. This -: 
beam cuts through sleeve‘ 34 and through the 
wall of casing 20 and produces a relatively nar 
row cut entirely around the periphery of the 
casing and cleanly severs'the casing. 
As previously described, by suitable selection : 

of the angle of the converger, the gases may be 
brought to a focus and maintained in a narrow 
column of cutting concentration for a distance 
su?icient only to cut through the casing wall, and 
to then diverge so as to eiTect minimum penetra 
tion of the surrounding earth formations. 
This method of controlling the depth of the 

cut is particularly useful when the above-de 
scribed embodiment is applied to the cutting of 
the inner one of a pair of concentric pipes, with 
out injuring the outer pipe, as when applied, 
for example, to the cutting of a string of drill 
pipe inside a surrounding casing. D 
As an example of one speci?c application of 

the above-described embodiment to the severing, 
while in place in a well, of ?ve and one-half 
inch casing, having a wall thickness of approxi 
mately one~half inch, cutting unit 2| will com 
prise an annulus having an outside diameter of 
4.25 inches, an inside diameter of 1.844 inches 
and one-half inch wide between side walls 35— 
35. Converger 36.will have an angle of '72 de 
grees and be constructed of mild steel thirty 
six thousands (0.036) inch thick, and the outer 
edges thereof will be spaced approximately three 
eighths (%) inch from the inner face of sleeve 
34. Approximately 90 grams of Pentolite will be 
employed to sever the casing. 

Cutting of easing or other pipe strings in a 
well may be easily accomplished by the embodi 
ment described, whether or not well fluids or 
drilling mud is present in the well. The pro 
vision of the axial passageway 24 and hollow 
stem 26 permits the cutting tool to be lowered 
through a column of such ?uid without dif?culty. 
Weight su?lcient to sink the tool through such 
?uids may be supplied by making body 23 of 
steel or by attaching any suitable weighting 
member to the cutting tool. The presence of 
any well ?uid or drilling mud in the narrow 
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annular space between the outside of body 23 
and the inner wall of casing 20 will not interfere 
with the e?icient cutting action of the developed 
jet of gases. so long as it is excluded from the 
area between the outer face of converger 36 
and the point at which the generated gases 
come to a focus, in this case, at about the inner 
face of sleeve 34. 

Fig. 3-A illustrates another embodiment in 
accordance with this invention applied to the 
cutting of a generally cylindrical object within 
a well by directing the cutting jet against the 
exterior of the object. The invention is illus 
tratively applied to the cutting of a tubing 20a 
inside well casing 20. It will be understood that 
tubing 20a may be a conventional drill pipe 
or drill rod, as used in rotary drilling, or even 
a conventional wire line, as commonly used in 
cable tool drilling. It will be further under 
stood that this embodiment may be applied, as 
illustrated, in the absence of a well casing, the 
presence of the well casing in the well bore 
being unessential to the successful accomplish 
ment of this particular application of the inven 
tion. 
As illustrated, a ring-shaped cutting unit 2|a 

surrounds the exterior of tubing 20a and is sub 
stantially identical in form and construction 
to cutting unit 2| of Fig. 1, except that cutting 
unit 2|a has its converger 36a facing inwardly 
instead of outwardly as in the case of converger 
36 of Fig. 1. Cutting unit 2|a is attached to 
the lower end of a tubular guide sleeve 2|b. 
which surrounds tubing 20a and a lowering line 
28a is connected to the sleeve 2|b for lowering 
the cutting unit to the desired position in the 
well along tubing 20a. A conventional detonat 
ing means 30a is inserted into contact with the 
detonating chemical 38a in the cutting unit and 
is connected by electrical leads 33a to a suitable 
electrical initiator (not shown). 
With this embodiment tubing 20a can be 

cleanly severed by the application of the cutting 
jet, developed by cutting unit 2|a in a manner 
similar to that previously described, to the ex 
terior of the tubing to produce a clean annular 
cut entirely around the periphery of the pipe. 
A standard type well tubing three and one-half 

(3.5) inches in external diameter and of about 
three-tenths (0.3) inch wall thickness may be 
severed by employing about 160 grams of Pento 
lite, shaped, as illustrated, into an annulus about 
three-eighths (%) inch thick. Converger 36a 
is constructed of mild steel approximately thirty 
four thousandths (0.034) inch thick and has an 
angle of about 72 degrees. The inner end of the 
converger will be spaced approximately three 
eighths (1%) inch from the exterior of tubing 20a 

Figs. 4, 5 and 11 illustrate another embodiment 
in accordance with this invention which is use 
ful for cutting a single longitudinal slot in a 
well casing in place in a well. In this embodi 
ment, a cutting unit, designated generally by 
the numeral 40, and having a length substan 
tially equal to thelength of the slot to be cut 
in a casing 4|, is closely enclosed within a closed 
tubular sheet metal housing 42, of smaller di 
ameter than casing 4|. Bow spring members 43 
are arranged on the outside of housing 42 in 
alignment with the rear longitudinal edge of 
cutting unit 40 and bears against the opposite 
side of the wall of casing 4|, whereby the for 
ward edge of cutting unit 40, in the enclosing 
housing, is positioned closely adjacent the por 
tion of the wall of casing 4| in which the slot 
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is to be cut. Housing 42 is suspended from a 
lowering line 44, to which a suitable weighting 
member 45 may be attached when required to 
assure the downward movement of the housing 
in the casing to the desired cutting position. 

Cutting unit 46 comprises a ‘narrow rectangu 
lar container, having spaced parallel sidewalls ‘ 
46-43 constructed of thin sheet metal. A front 
wall 41 closes one of the longitudinal edges of the 
container and the other longitudinal edge ,is 
closed by means of a friction cover 48. The ends 
of container are closed by end walls 49-49. 
Front wall 41, cover 48 and end walls 49 may be 
eliminated, if desired, particularly, when hous 
ing 42 is made ?uid-tight. A V-shaped con 
verger 50 is disposed within the container be 
tween the side walls thereof and is spaced from 
front wall 41, or from the front edges of side 
walls 46-46, a pre-determined distance, depend 
ing upon the angle of the converger, by means 
of extensions 5|-5| as described above. The 
length of converger 50 is substantially equal to 
the length of the cut to be made. The interior 
of the container behind converger 50 is packed 
with a mass of a suitable detonating chemical 
52 of the type described above. A suitable ini 
tiator 53 is inserted in one end of the container 
and is connected by leads 54 to a suitable ?ring 
device (not shown) and pass through a suitable 
hydro-statically sealed opening 55 in the upper 
end of housing 42. 

‘This embodiment is employed to cut a slot lon 
gitudinally in the wall of easing 4| by lowering 
container 42 with cutting unit 40 to the desired 
point within the casing by means of lowering 
line 44 and detonating chemical charge 52. The 
gases generated by detonation of the chemical 
charge will rupture converger 5n and will be fo 
cussed thereby at approximately the inner face 
of front wall 41 in the form of an elongated nar 
row beam which will then cut through front wall 
'41, the wall of housing 42 and the adjacent wall 
of casing 4|, to produce a long narrow cut sub 
stantially equal in length to the cutting unit. 
As previously described by selection of the 

proper angle for converger 5,6, the focussed beam 
of gases will be maintained in narrow column 
form of cutting concentration for a distance suf 
ficient only to penetrate through the casing wall 
and to then scatter quickly so as to have rela 
tively negligible cutting e?ect on the surround 
ing earth formations. On the other hand by the 
selection of a narrower angle for the converger, 
and correspondingly changing the spacing of the 
converger from the casing wall. the beam of gases 
may be caused to penetrate through the casing 
wall and cut slots of the desired depth in the 
surrounding earth formations. 

It will be understood that this embodiment 
may be similarly employed, in the absence of 
casing. for directly cutting slots in the earth 
formations lining a well bore. 
By way of example, to cut a slot three feet 

long in a casing three-quarters of an inch thick, 
cutting unit 40 will be made about three feet 
long with side walls 46-46 spaced about one 
half inch apart. Converger 50 constructed of 
mild steel about thirty-six thousandths (.036) 
inch thick, will also be about three feet long and 
will have an angle of '72 degrees, and will be 
spaced about three-eighths inch from the inner 
face of front wall 41. Approximately 400 grams 
of Pentolite will be used to generate the cutting 
gases. 
Where it is desired to have the cutting jet pene 

trate into the surrounding earth formations to 
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a depth of one foot behind the casing, the same, 
set-up will be employed but converger 50 will be 
changed to an angle of about 55 degrees, a thick-_ 
ness of about forty thousandths (.040) of an inch 
and will be spaced about ?ve-eighths inch from 
the inner face of front ‘wall 41. Side walls 
46-46 will be spaced approximately three-quar 
ters of an inch apart and approximately 684 
grams of Pentolite will be employed for this oper 
ation. 

Figs. 6 and 7 illustrate a further embodiment 
for cutting a series of angularly spaced slots in 
casing 4|. In this embodiment, a plurality of 
cutting units 40 (three, in the illustrative em 
bodiment) are symmetrically arranged within 
housing 42, which, in this case, is only slightly 
smaller in diameter than the bore of casing 4|, 
so as to have only sufficient clearance for move 
ment therethrough. The structural features of 
each of the cutting units 46 are substantially 
identical with those previously described. The 
opposite ends of the cutting units 4|] are attached 
to end plates 54a which serve to ?x the relative 
positions of the cutting units. Each of the cut 
ting units is provided with a suitable detonator 
fuse (not shown), which are suitably connected 
to an electrical conductor 55a leading to a ?ring 
device (not shown). A lowering line 56 is em 
ployed to lower the cutting tool to the desired 
position in the casing. 
With this device, detonation of the chemical 

charge contained in the several cutting units will 
‘produce a corresponding plurality of angularly 
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spaced longitudinal slots in the wall of the eas 
ing or in the surrounding formations, or in both, 
in the manner previously described in connection 
with the preceding embodiment. 

Figs. 8, 9 and 10 illustrate still another em 
bodiment in accordance with this invention which 
is particularly useful for cutting a window in a 
well casing such as casing 4|. By “window” in 
this connection is meant the removal of a com 
plete tubular section from the casing string to 
provide access to the surrounding earth forma 
tions. , 

In this embodiment, a‘ plurality of vertically 
spaced,‘ annular cutting units, corresponding to 
cutting unit 2| of the embodiment illustrated in 
Fig. 1, and a plurality of longitudinally extend 
ing angularly spaced cutting units, correspond 
ing to cutting units 40 of Figs. 4 and 6, are com 
bined to form a generally tubular grid, desig 
nated generally by the numeral 60, as illustrated 
particularly in Fig. 8. Grid 66 is enclosed with 
in a closed container 51 which is suspended from 
a lowering cable 58, and one or more detonat 
ing fuse members (not shown) are inserted at 
one or more points in the grid and suitably 
inter-connected to an electrical conductor 59 
which leads to a ?ring device (not shown). 
Upon detonation of the chemical charge in 

each of the several cutting units (the deto 
nation occurring practically - simultaneously 
throughout the grid) a plurality of intersecting 
circumferential and longitudinal cuts will be 
made in the pipe wall, corresponding to the con 
?guration of the grid. The circumferential cuts 
made by the uppermost and lowermost ones of 
the cutting units 2| will de?ne the upper. and 
lower edges of the desired window. The inter 
secting cuts made by the other units in the in 
tervening portion of the casing wall will serve 
to cut up this section of the easing into rela 
tively small pieces which can then be removed 
very readily from the well. With this arrange 
ment, therefore, a single cutting operation will 
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suf?ce to cut a window of any desired size in a 
well casing and the cutting will be accomplished 
in such a manner as to permit easy removal from 
the well of the entire section of casing which it 
is desired to eliminate. ' 
A similar grid configuration of cutting units, in 

which the cutting jets are directed downwardly 
instead of laterally, may be employed for cut 
.ting into small pieces, tools which may-have been 
lost or stuck in the bottom of a well, and which 
are otherwise very di?icult to remove'from the 
well by conventional methods. 
From the foregoing, it will be understood that 

cuts of any desired con?guration and arrange 
ment may be made in a well, by employing a 
charge of detonating chemicals which has been 
preformed to the con?guration of the cut to be 
made, and by employing an angular converger 
of similar lineal con?guration to converge and 
focus the generated gases into a narrow beam 
of very high velocity and of generally corre 
sponding con?guration, and by directing the fo 
cussed beam upon the surface to be cut. 
The apparatus employed is of relatively simple 

and low cost construction, and the desired cut 
ting operation may be performed relatively 
quickly and ef?ciently and at a minimum of ex 
pense. 

It will be understood that various alterations 
and modi?cations may be made in the details 
of this invention without departing from the 
scope of the appended claims but within the spirit 
of this invention. 
What I claim and desire to secure by Letters 

Patent is: 
1. An apparatus for severing pipe in a well. 

comprising, a massive cylindrical body member 
for insertion into the pipe, said body member 
having a radially directed circumferential re 
cess therein extending interiorly of the body to 
a point intermediate the exterior of the body 
and the longitudinal axis thereof to provide a 
charge-backing support, an annular high explo 
sive charge in said recess seated against said 
charge-backing support, an annular hollow of 
angular cross section formed in the outer pe 
riphery of said charge and directed radially out 
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wardly, an annular liner conforming in shape to 
and seated in said hollow, a pair of substan 
tially parallel spaced-apart annular spacer ele 
ments connected to and extending radially out 
wardly from the outer edges of said liner, and a 
circumi'erentially extending, pressure sealing 
wall bridging the outer ends of said spacer ele' 
ments and closing said recess. - 

2. An apparatus for severing pipe in a well 
comprising, a rigid cylindrical body member fol 
insertion into the pipe, said body member hav 
ing a radially directed circumferential recess 
therein extending interiorly of the body to a 
point intermediate the exterior of the body and 
the longitudinal axis thereof to provide a charge 
backing support, an annular high explosive 
charge in said recess seated against said charge 
backing support, an annular hollow of angular 
cross section formed in the outer periphery of 
said charge and directed radially outwardly, an 
annular liner conforming in shape to and seat 
ed in said hollow, a pair of substantially parallel 
spaced-apart annular spacer elements connect 
ed to and extending radially outwardly from the 
outer edges of said liner, a circumferentially ex 
tending pressure sealing wall bridging the outer 
ends of said spacer elements and closing said 
‘recess, and a detonating means mounted on said 
body member and extending into detonating con 
tact with said charge at a point spaced radially 
inwardly from the apex end of said angular hol 
low. 

WILLIAM G. SWEETMAN. 
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