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' This invention relates to an apparatus for cutting holes 
,inrwell casing. More speci?cally,»this invention relates 
. to an improved apparatus for cutting windows in a casing 
string disposed in a well. ‘ - 

@The removal of sections of ‘casing from a'casing string 
in a well is: sometimes required'for'the purpose of pro 
(timing the well, for producing a window through which 
a'drill can bypass the bottom 'of an old hole and drill 
into-lower formations, and the‘ like. Various methods 
have been proposed for producing such windows includ 
ing the removal of sections of casing by dissolving the 
casing in strong'acid solutions, by milling, and by melting 
the casing with a chemical heating agent such as thermite. 
These methods, in general, are expensive and time con 
suming and, furthermore, often do not produce a satis 
factory window through which a well can be sidetracked. 

I ,It isi,,therefore, an object of this invention to provide 
?li'llIlPl‘OVGd apparatus'for cutting windows in a string 
of casing'iwithin'a well. A more speci?c object of this 
invention is to‘ provide an apparatuslincluding a detonat 
ing explosive which can be lowered into a cased well vto 

> ‘cut. av section of'the-casing into a multiplicity of small 
segments whichcan be withdrawn from the-well through 
the casing-and thusremoved from the Window section so 
that adrill can be run'throughthe window and the well 
can be sidetracked. A stillmore speci?c object of this 
invention is to provide a detonating explosive charge with 
a generally cylindrical surface having grooves which tend 
to concentrate the force of the explosion along intersect 
ing lines. These and other objects of this invention will 
become, apparent from the following description in which: 
Figure 1' is a cross-sectional view of a detonating ex 

plosive showing a means for producing intersecting high 
velocity jets; and ' ' ' 

:Figure 2 is a cross-sectional view taken on the line 
2r-2 ofFigure’l; - ‘ I‘ 

This invention in brief thus comprises an apparatus in 
eluding a multiplicity of co-axial annular sections wherein 
alternzitesectiohs have'transve’rse peripheral grooves and 
are-iadapted to produce high velocity linear jets which 
intersect each other. at intervals so that when the ap 
paratusiis. disposed in a well casing and detonated, the 
casingiscut'into lattice-like sectionswhich are su?iciently 
smallgto be removed through the casing. Referr'ingnow 
toz<Figure -1 of the drawings, the detonating explosive 

' which: maybe any high density, high velocity explosive 
such asprpenta-erythritol tetranitrate (PETN), trinitrotolu 
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ene*~(TNT), or' mixtures thereof such as pentolite (50 ,‘ 
percent-,PET‘N and 50 percent TNT) is molded into short 
annular sections 5, 6, and (7 having an axial dimension 
of between about 1/2 and about 2 inches, typically 1% 
int_:hes.,-L Anaxial hole 8,.is desirably left in the center of 
the‘ annularfsections to provide space for a detonating fuse, 
a booster shot, _or both, ;The outer surface or periphery 

~ of? each annular ‘section ofdetonating explosive is grooved 
torproduce‘a'concentrated or focused beam of hot gases 
which',::as»is‘=well known Tin-,this art, will penetrate steel, 
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rock, or the like to a substantial distance. 
or end sections 5, the periphery preferably has a circum~ 
ferential groove 10. Additionally, alternate section 7 of 
the explosive has a similar circumferential groove. These 
grooves may be angular, i.e., V-shaped, and desirably 
have an angle at the apex of about lO-l00° to concen 
trate the beam into a very thin circular beam or jet vbe 
fore the gases from the detonatnig explosive reach the 
protective case 11. The more acute angles are desirable 
since the focal length is' shorter. 

of the groove and the case 11 such that the beam of gases 
is formed before the gases strike the case or an “inter 
mediate material such as liquid or solid between the case 
and the casing or well wall. An apex angle of about 60"‘ 
is generally preferred. V 
The detonating explosive may be formed into this shape 

by various means, but preferably a shaped charge liner 
12 which consists of a thin ring is used to provide a mold 
into which the detonating explosive is cast. The upper 
and lower surfaces of'the annular section may ‘be plane, 
or in some cases other con?gurations well-known to those 
skilled in the art may be substituted. The outside surface 
or periphery of the explosive naturally conforms to the' 
shape of the liner. While the liner or concentrator and 
thus the groove in the periphery of the detonating ex 
plosive may be angular as shown, it will be apparent that 
other con?gurations well-known to those skilled in the 
art may be substituted. The two sides of the groove are, 
usually symmetrical, but some irregularity is‘permissible,‘ 
The frustro-spherical sections 6, constituting the central , 
or symmetrical frustums of spheres, disposed between 
these circumferentially, grooved annular sectionss and .7' J 
are constructed in av manner somewhat similar. to ‘the c'iri 
cumferentially'grooved ‘sections and generally have about 
the same overall vdimensions. The outer surface or pe 
riphery of these intermediate sections 6 are grooved with 
the axis of the groove preferably at an angle of about 90° 
to the circumferential grooves. That is, the grooves in 
the intermediate sections 6 are desirably axial or longi 
tudinal-‘whereas the grooves in the outside and alternate" 
sections are desirably circumferential. This leaves the 
ends of the pipe or casing relatively smooth. The grooves‘ 
in the intermediate sections in addition to ‘being longi 
tudinal are curved so that the high velocity jets issuing 
therefrom tend to be lengthened or ?ared lengthwise in 
an axial direction whereby they intersect the jets on either 
side issuing from the circumferentially grooved sections 
5 and 7. While the apex of the longitudinal groove 14 
may be arcuate having a radius r of about the same length 
or shorter than the radius of the sections, any geometric 
or even an irregular shape may be employed, ‘provided 
only that the shape must be convex so that'thejet's ‘are 
?ared lengthwise to intersect the circular jet produced by 
the adjacent alternate explosive charges. 'Any>numberf_ , 
of longitudinal grooves. 14 may be provided in the inter-, 
mediate sections 6. ' Typically, between about'3 and about t 
12 are used, the only-limitation being that the distance, 
between is desirably substantially less than theidiameter‘ Q 
of a casing which is to be cut. The angle of ‘the sidesi ' 
of-the grooves is in the same range as the corresponding: , ' - 
angle in the circumferentially grooved sections. These: 
intermediate sections are also molded preferably by ?llingl 
a pre-forrned shaped charge liner 13 with a detonating ex-.I 
plosive. This liner 13, like liner 12, consists usually of 
a thin metallic ring, for example, an iron, aluminum, 
copper, or brass'ring, which in the case of liner 13 is in 
the general form of a frustum of a sphere, namely the ‘ 
center symmetrical section of a sphere. . > 

Any number of circumferentially grooved ‘sections of, 
detonating vexplosive-may be used provided that. a sec-' 
tion of the same or a similar detonating explosive. having; 

Inthe outer , f 

The apex’ angle ‘of the ,‘ 
groove is correlated with the distance between the bottom 1 
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means for producing axially ?ared jets is located between 
each pair of such sections. Typically, a suf?cient number 
of alternate sections of each type is assembled axially to 
provide a length of from about 1 to about 25 feet or 
more. These two types of sections may be assembled 
adjacent each other, but preferably a non-detonating spac 
er 16 is provided between adjacent sections. This spacer 
may be made of metal such as iron, brass, or the like, 
but preferably it is made from a readily drillable material 
such as lead, plastic, rubber, ?ber, or the like. Each 
spacer has an axial bore '17 of between about 3716 inch to 
about 1/2 inch, preferably about 5/16 inch. By this ar 
rangement, when the various detonating explosive sections 
are formed, a booster 18 such as tetryl or the like may 
be cast or formed as a core inside the cylindrical sections. 
The spacers 16 have a diameter substantially equal to 
the inside diameter of the case 11. The thickness imjay 
be varied over a substantial range. Typically, the spacers 
may be made from Bakelite or other plastic sheets having 
a thickness of between about 1736 and about 1 inch. Spac- ‘ 
ers made from 3A6 inch Masonite have been found quite 
satisfactory. These spacers appear to strengthen or en 
force the jets on either side so that, particularly in com 
bination with the ?ared longitudinal jets, the tendency 
of the vertical and horizontal jets to interfere is overcome 
and the small lattice-like casing sections do not remain 
joined at the corners. The spacers are sometimes beveled 
on the outer edge 21 with the bevel on the side adjacent 
to the intermediate or vertical cutter sections 6. The 
surfaces of the bevels are desirably substantially perpen 
dicular to the tangent of the base of grooves 14 at the 
ends of the grooves. The elongated longitudinal jets can 
be formed by this means without distortion of the gas by 
contact with a solid before the gas reaches the focal point. 
The booster 18 may be ignited by a detonating fuse or 

the like. in the preferred embodiment a fuse or detonating 
cord 19 such as Primacord or. Cordeau having cap means 
(not shown) to initiate detonation may be inserted in 
tube 20. The tube is placed in the apparatus between 
the upper head 23 and the lower head 24 so that a fuse 
and a seal 25 can be inserted after the charges are as 
sembled. Suitable electrical conductors 26 may be 'con 
nected via the supporting cable (not shown) to a genera 
tor or the like at the surface as a means of initiating the 
explosion of the Primacord, the booster, and/or the 
detonating explosives. 

While for the purpose of illustration the grooves in the 
periphery of alternate sections of the detonating explosive 
have been made circumferential and the grooves in the 
periphery of intermediate sections have been made axial 
or longitudinal so that the jets form right angle parallelo 
grams, it will be apparent that other con?gurations where 
in two or more lines of jets are at different angles may 
in some cases be more desirable. Regardless of the angle 
or angles between the lines of jets, however, it has been 
found that in order to cut a casing window and leave the 
lattice-like casing segments in pieces which are completely 
separated from adjoining pieces, at least one line of the 
intersecting jets must be ?ared lengthwise at an arc hav 
ing a greater curvature than that of the regular surface 
of the charges. That is, the tendency of two lines of 
jets to leave the casing sections connected near the inter 
secting cuts can be overcome by making, for example, 
the vertical grooves convex outwardly whereby the jets 
from the intermediate sections are forced to intersect the 
horizontal or circumferential jets. It will also be apparent 
that while the apparatus has been described in the pre 
ferred embodiment as a series of generally annular sec 
tions of detonating explosive cast in separate metallic 
liners, various other types of liners can sometimes be 
employed. These and various other modi?cations can, 
therefore, be made in the apparatus without departing 
from the spirit of the invention. The invention is thus to 
be construed to be limited only by the scope of the ap 
pended. claims. ' ’ 
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4 
We claim: H \ 

1. An apparatus for cutting a window in casing by cut 
ting a section of said casing into small segments which 
can be removed from said window through said casing 
comprising a generally cylindrical explosive having at least 
two sets of substantiallyrparallel grooves in the periph 
ery thereof, each groove being substantially symmetrical 
about a plane which passes through its apex and is sub 
stantially normal to the surface of said explosive, said 
planes of said sets of grooves intersecting to form in said 
periphery lattice-like grooves for concentrating the force 
of said explosive into linear jets along intersecting lines, 
the ?rst of said sets being curved convex outwardly be 
tween the other of said sets, said ?rst set being curved 
su?iciently so that a line in said plane of one of said 
grooves in said ?rst set and perpendicular to the bottom 
of such groove intersects said plane of a groove in an 
other set of said grooves to ?are lengthwise said linear 
jets from said ?rst set of grooves between said inter 
secting lines of another set and cause said linear jets 
from the respective sets of said grooves to intersect within 
said casing, .and means to detonate said explosive. 

2. An apparatus for cutting a window in casing by 
cutting a section of said casing into small segments which 
can be removed from said window through said casing 
comprising a generally cylindrical explosive having a ?rst 
set and a second set of substantially parallel grooves in 
the periphery thereof, each groove being substantially 
symmetrical about a plane which passes through its apex 
and is substantially normal to the surface of said ex 
plosive, said planes of said sets of grooves'intersecting 
to form lattice-like grooves at about right angles, said sec; 
ond set of parallel grooves being in segments shorter than 
the distance along said planes between adjacent pairs of 
said ?rst set of parallel grooves, each groove in said sec 
ond set of parallel grooves being curved convex outwardly 
at the ends so that a line in said plane of said groove 
perpendicular to the bottom of said groove intersects 
within said casing said plane .of at least one groove in 
said ?rst set of said grooves, whereby the jets produced 
by one of said sets of grooves upon detonation of said 
explosive intersect within said casing the jets produced by 
the other of said sets of grooves, and means to detonate 
said explosive. I 

3. In an apparatus for cutting a window in casing and‘ 
the like a series of axially aligned generally annular sec 
tions of a detonating explosive, alternate sections of said 
series having a circumferential groove in the periphery 
thereof, the sections between said alternate sections hav‘ 
ing central frustro-spherical surfaces with a multiplicity of 
longitudinal grooves therein, and said sections being. 
spaced along their common axis so that the jets produced‘ 
by said sections between said alternate sections intersect 
within said casing the jets produced by said alternate sec 
tions. 

4. An apparatus for cutting a window in casing and the 
like comprising a series of axially aligned generally an 
nular sections of a detonating explosive, alternate sec 
tions of said series having a circumferential groove in‘ 
the periphery thereof, intermediate sections of said series 
lhaving a central frustro-spherical surface with a multi 
plicity of longitudinal grooves therein, said alternate sec; 
tions and said intermediate sections being spacedalong" 
their common axis so that the‘ jets produced'by saidlJin‘j 
termediate sections intersects within said casing the jets: 
produced by said alternate sections, saidalternate sections 
and said intermediate sections each having an axial-bore 
therein, a booster disposed in said bore, and means to 
detonate said booster. 

5. An apparatus according to claim 4 wherein spacers’ 
are provided between each of said alternate and said‘in 
termediate sections of detonating explosive. 

6. An apparatus according to claim 5 wherein said“ 
spacers are beveled on the outer edge on the side adjacent 
said intermediate sections whereby the jets- from saldd?d 



2,986,020 
5 

I termediate sections may be ?ared and intersect the jets 
from‘ said circumferential sections. 

7. In an apparatus for cutting a window in casing by 
cutting a section of said easing into small segments which 
can be removed from said window through said casing 
comprising a generally cylindrical explosive, a multiplicity 
of circumferential grooves in the surface of said explo 

' sive, and a multiplicity of segmented longitudinal grooves 
in said surface between pairs of. said circumferential 

‘ grooves, said segmented longitudinal grooves being curved 
convex outwardly between said pair of circumferential 
grooves so that upon detonation of said explosive the 
linear jets produced by said segmented longitudinal 
grooves intersect within said casing the jets produced by 
said circumferential grooves. 

8. An apparatus according to claim 7 wherein said cir-' 
cumferential grooves are spaced a distance not substan 
tially greater than the diameter of said generally cylin 

_ drical explosive. 

9.,I_n an apparatus for cutting a window in casing by 
‘cutting said casing into small segments which can be re 

, moved from said window through said casing including a 
generally cylindrical explosive having at least two sets of 

' substantially parallel grooves in the periphery thereof, 
each groove being substantially symmetrical about a plane 
which passes through its apex and is substantially normal 
to the surface of said explosive, one set of said grooves 
intersecting the other set of said grooves for concentrat 
ing the force of said explosive into two sets of linear jets 
along intersecting lines, and means for detonating said 
explosive, the improvement comprising curving at least 
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one of said sets of grooves convex outwardly so that's line in said plane of a groove within one of said sets 

of grooves and perpendicular to the bottom of said 
groove intersects within said casing said plane of a groove 
of the other of said sets of grooves and ?ares length- ‘If 
wise the segments of at least one of said sets of linear 
jets between said intersecting lines whereby each of saidv ‘ .7; 
casing segments is completely severed from adjacent seg- ; V, = 
ments. 

10. An apparatus according to claim 1 wherein liners -' 
are placed in said grooves. 

11. An apparatus according to claim 1 wherein said 
explosive is cast in a thin metallic liner having depres 
sions in the surface conforming to said grooves. 

12. An apparatus according to claim 2 wherein said ' 
?rst set of parallel grooves is circumferential and, said 
second set of parallel grooves is substantially longitudinal 
of said generally cylindrical explosive. ‘ 

13. An apparatus according to claim 2 wherein the 
parallel grooves in each of said ?rst set and said second 
set are spaced a distance not substantially greater than 
the diameter of said generally cylindrical explosive. 
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