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Field Oct. 5, 1959, Ser. No. 844,535 
4 Caimas. (C. 1082-20) 

This invention relates to new and useful improvements 
in methods of and means for fracturing earth formations. 
As is well known, it is common practice to increase 

the productivity of oil bearing and similar earth forma 
tions by creating artifical fractures therein so as to pro 
vide passages for facilitating filow from the formations 
into Well bores from which the fluids can be recovered. 
Hydraulic fracturing, i.e., the injection of fluids under 
high pressure, is in general use for this purpose and has 
been relatively successful; however, there is no control 
over the direction or plane of the fracture which may 
eXtend into a barren or undesirable Zone, such as a gas 
or Water bearing formation instead of the desired oil 
bearing formation. Also, some formations tend to 
"break down' or crush and form a multiplicity of minute 
fissures only in the vicinity of the well bore or the point 
of initiation rather than fracturing in a single plane which 
deeply penetrates the reservoir. Accordingly, it is readily 
apparent that it is most desirable to orient the plane of 
the fracture whereby it is disposed wholly within the 
elected formation and that said fracture be of sufficient 
magnitude to accommodate an adequate flow of fluid 
from said formation to an adjacent well bore. 

Therefore, one object of the invention is to provide an 
improved method cf fracturing an earth formation 
adjacent a well bore or other cavity in a predetermined 
plane, such as parallel to the horizon or at any angle 
thereto. 
Another object of the invention is to provide an im 

proved method of creating a fracture having a predeter 
mined orientation in an earth formation so that the frac 
ture can be confined to the selected formation and direct 
ed and/or extended so as to increase the flow of fluid 
from said formation. 
A particular object of the invention is to provide an 

inproved fracturing method, of the character described, 
wherein a fracture having a predetermined orientation is 
created by the interaction of shock waves in the earth 
formation which coact to produce a combined force 
Sufficient to fracture the formation in the desired plane. 
An important object of the invention is to provide an 

improved fracturing method, of the character described, 
wherein the orientation of the fracture is controlled by 
the intersection of a pair of shock waves having spaced 
sources moving along substantially parallel axes in the 
desired plane and which coact with a Subsequent third 
shock wave radiating from a point source intermediate 
and in the plane of the two moving sources whereby the 
forces of the waves combine to part the formation in said 
plane. 
A further object of the invention is to provide an im 

proved method, of the character described, wherein a 
pair of jets are directed along substantially parallel axes 
in the desired plane of fracture to generate the pair of 
shock waves which initially intersect in said plane of 
fracture whereby the components of force of said pair of 
waves perpendicular to said fracture plane increase rela 
tive to the components of force of said waves parallel 
to said fracture plane and coact with the components of 
force of the third shock wave perpendicular to said frac 
ture plane to produce a combined force sufficient to part 
the formation in the desired plane. 

Another particular object of the invention is to provide 
an improved fracturing method, of the character de 
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scribed, wherein the third shock wave results from the 
delayed collision in the desired plane of fracture of a 
pair of jets having convergent axes in a plane substan 
tially perpendicular to the plane of the fracture and be 
tween the pair of substantially parallel jets whereby said 
third wave is of greater magnitude than the wave pro 
duced by either of the colliding jets. 
An object of the invention is to provide improved 

means for fracturing an earth formation adjacent a well 
bore or other cavity by explosive jet charges which pene 
trate the formation and produce shock waves which coact 
in such manner that the plane of the fracture may be 
accurately controlled. 
A further object of the invention is to provide an im 

proved apparatus for fracturing an earth formation by a 
pair of explosive jet charges having substantially parallel 
axes for generating a pair of shock waves which initially 
intersect in the desired plane of fracture, and by explosive 
jet charge means which generates a Subsequent third 
shock wave from a point source between and in the plane 
of the substantially parallel axes whereby the waves coact 
to produce a combined force sufficient to fracture the 
formation in the desired plane. 

Another object of the invention is to provide an im 
proved apparatus, of the character described, wherein the 
explosive jet charge means has less penetrating capacity 
than the substantially parallel jet charges so that the 
third shock wave emanates from a point source adjacent 
the terminus of the penetration of said means. 
A particular object of the invention is to provide an im 

proved apparatus, of the character described, wherein the 
point source of the third shock wave is produced by the 
collision in the plane of desired fracture of a pair of jets 
which emanate from a pair of explosive jet charges having 
convergent axes in a plane substantially perpendicular to 
said fracture plane and between the substantially parallel 
explosive jet charges. 

in essence, this invention involves creating a fracture 
in a desired plane in an earth formation by the intersec 
tion of a pair of shock waves, which emanate from 
moving Sources having Substantially parallel axes in the 
plane, in coaction with a subsequent third shock wave 
having a point source in said plane and between the sub 
stantially parallel axes so as to produce a combined force 
Sufficient to part the formation in said plane. More 
Specifically, the pair of shock waves are generated by a 
pair of substantially parallel jets which penetrate the for 
mation in the desired plane and the third shock wave 
enanates from the collision in said desired plane of a 
pair of jets having convergent axes in a plane substan 
tially perpendicular to the plane of and between the sub 
stantially parallel jets whereby the forces of all three 
shock Waves coact to fracture the formation in said desired 
plane. it has been found that the shock waves have a 
combined force sufficient to fracture the formation when 
the jets are formed by pairs of substantially parallel and 
convergent explosive jet charges. In addition to provid 
ing a third shock wave of ample magnitude, the conver 
gent changes may overlap the substantially parallel 
charges and permit the positioning of the latter charges 
in relatively close proximity whereby the apparatus may 
be of minimum width or diameter for use in small bores. 
Since the substantially parallel jets control the orientation 
of the plane of the fracture, it is essential that the pair of 
shock waves be initiated prior to the initiation of the third 
shock wave, such as by detonating the convergent charges 
Subsequent to the detonation of the parallel charges. 
The pair of shock waves generated by the substantially 

parallel jets are substantially conical or paraboloidal and 
interSect in the plane of fracture whereby the components 
of force of Said waves parallel to said plane offset or 
nullify one another and the components of force of said 
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waves perpendicular to said plane combine and coact to 
produce a perpendicular force which tends to part the 
earth formation in said plane. The third shock wave is 
substantially spherical or hemispherical, since it is gen 
erated from a stationary point, and has its center or point 
source in the plane of the fracture between the substan 
tially parallel axes of the pair of shock waves. Prefer 
ably, the point source is disposed medially of the sub 
stantially parallel axes whereby the third shock wave 
has an identical relationship to each of the pair of shock 
waves. The components of force of the third shock per 
pendicular to the plane of fracture combined with the 
aforesaid perpendicular components of force of the pair 
of shock waves to produce a perpendicular force which is 
sufficient to part the earth formation in said plane, the 
components of force of said third wave parallel to said 
plane radiating in directions opposed to one another and 
being insufficient to create fracture in the perpendicular 
plane. 

Methods of carrying out the invention will be herein 
after described, together with an apparatus for perform 
ing the methods. 
The invention will be more readily understood from a 

reading of the following specification and by reference 
to the accompanying drawings, wherein examples of the 
invention and methods thereof are shown, and wherein: 

FIG. 1 is a transverse, vertical sectional view of a well 
bore having a casing cemented therein and an apparatus 
constructed in accordance with the invention suspended 
therein on an electrical cable for performing the methods, 

FIG. 2 is an enlarged, transverse, vertical, sectional 
view of the lower portion of the apparatus and a portion 
of the casing, 
FIG. 3 is a horizontal, cross-sectional view, taken on 

the line 3-3 of FIG. 2, a casing of larger diameter being 
shown in broken lines, 

FIG. 4 is a front elevational view of the apparatus, 
FIG. 5 is a rear perspective view of the mounting block 

with the explosive jet charges and fuse cords removed 
therefrom, 

FIG. 6 is a graph showing the relative penetration and 
timing of the jets, 

FIG. 7 is a diagrammatic view showing the relationship 
of the pair of parallel shock waves and their components 
of force, 

FIG. 8 is a diagrammatic view showing the relationship 
of the shock waves in exploded perspective, 

FIGS. 9, 11 and 13 are diagrammatic, horizontal, 
cross-sectional views illustrating the penetration of the 
formation by the jets for generating the shock waves, 

FIGS. 10, 12 and 14 are diagrammatic, transverse, ver 
tical, sectional views showing the penetration of the jets 
at right angles to FIGS. 9, 11 and 13, respectively. 

In the drawings, the numeral 10 designates an appa 
ratus for carrying out the method of the invention and 
adapted to be lowered by a cable 11 into a well bore 12 
to a point adjacent the earth formation 13 in which it is 
desired to create a fracture. Although the well bore 12 
may be open or uncased, usually, a well casing 14 ex 
tends throughout the same and is secured against dis 
placement by cement 15. The apparatus includes a cylin 
drical, thin-wall body 16 which may have a hemispherical 
bottom or lower end 17 and which is suspended from a 
tubular, thick-wall sub or housing 18. As shown by the 
numeral 19 in FIG. 2, the lower end of the sub 18 is re 
duced externally for receiving the upper end of the body 
16. Suitable packing 20, such as O-rings, are carried by 
the reduced portion 19 for frictional, sealing engagement 
with the inner surface of the body. The interior of the 
sub, which has its upper end connected to the cable 
by a cable head 21, provides a shock chamber for the 
apparatus. A drag spring 22 is attached to the sub 8 
and extends longitudinally thereof for maintaining the 
opposite portion of the apparatus in contact with the 
casing 14. As shown by the broken lines 14 in FIG. 3, 
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4 
the casing may be of much greater diameter than the 
apparatus. The cable contains an insulated core or con 
ductor 23 for transmitting electrical impulses to the appa 
ratus from the surface. 
A mounting block 24 of suitable material is adapted 

to be inserted in the body 6 for supporting two pairs of 
explosive jet charges 25 and 26 in predetermined posi 
tions. As shown most clearly in FIGS. 4 and 5, the block 
24 has a cylindrical front end portion 27 and a Substan 
tially conical or frusto-conical rear end portion 28. Com 
plementary, longitudinal chambers or sockets 29 and 30 
are formed in the cylindrical portion 27 for confining 
the charges 25 and 26 in spaced relationship with por 
tions thereof projecting laterally beyond the margin of 
said portion as well as forwardly thereof. The pair of 
charges 25 and their sockets 29 have substantially parallel 
axes in a transverse or substantially horizontal plane, 
while the pair of charges 26 and their sockets 30 have 
convergent axes in a plane substantially perpendicular to 
the plane of the substantially parallel axes. As shown 
in FIG. 3, the lateral portions of the front ends of the 
parallel charges 25 are adapted to bear against the inner 
surface of the body 6 for positioning the block 24 therein 
in coaction with the upright margins 3E of the flat, rear 
face 32 of said block. The orientation of the face mar 
gins 31 is determined by the bevelling of the frusto-conical 
portion 28 to provide a pair of flat, upright Surfaces 33 
in opposed relationship, whereby the plane of the parallel 
charges may be horizontal, as shown, or at an angle to 
the horizon. Preferably, the convergent charges 26 are 
spaced equally from the parallel charges and have equal 
angularity, such as 12, whereby the perpendicular plane 
of said convergent charges bisects the transverse plane of 
said parallel charges and this intersection may be in aline 
ment with the longitudinal axis of the block 24. 
A detonator 34, such as an electrical blasing cap, is 

secured to the lower end of the electrical conductor 23 
for connection with the upper end of a fuse cord 35 
which extends through an upright port 36 in the rear 
portion 28 of the block adjacent its rear face 32. The 
exposed portion of the fuse cord 35 between the deto 
nator 34 and port 36 is encased in and protected by a 
tube 37 of suitable material. An axial passage 38 extends 
from the port to the front face of the block 24 and has 
its intermediate portion intersected by a pair of trans 
verse passages 39 and 40 which are substantially perpen 
dicular to each other and communicate with the inner 
ends of the sockets 29 and 30 at their respective axes. 
The passages 39 and 40 contain fuse cords 4; and 42 
which contact a fuse cord 43 in the passage 39 and en 
gaging the fuse cord 35. As shown in FIGS. 2 and 3, 
the passage 39 is disposed rearwardly of the passage 40 
whereby the cords 41 are detonated prior to the detona 
tion of the cords 42. Also, due to the divergence of the 
axes of the convergent charges 26 at their inner ends, 
the cords 42 have a greater effective length than the 
cords 41. As a result, the parallel charges 25 are deto 
nated prior to the detonation of the convergent charges 
26 whereby the jets generated by said parallel charges 
penetrate the earth formation before the jets generated 
by convergent charges. 
The explosive jet charges 25 and 26 are shown as 

being of conventional construction and as including 
cylindrical cases 44 of dense metal, such as lead or zinc, 
having thick concave bases 45 formed with axial apertures 
46 for communicating with the passages 39 and 40. A 
mass of highly compacted explosive 47 is contained within 
each of the cases 44 and may be shaped by conical liners 
or cones 49 and 50 of suitable metal having inwardly 
directed apices. Since the apertures 46 communicate 
with the passages, the explosive 47 is in contact with 
the fuse cords 41 and 42. Satisfactory results have been 
obtained when the cones 49 of the substantially parallel 
charges 25 are formed of copper, the cones 50 of the 
convergent charges 26 are formed of aluminum and all 
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of the cones are of 60. All of the charges may have 
equal diameters and lengths of about 1/8 inches and con 
tain approximately 11 grams of high explosive. The Sub 
Stantially parallel axes of the charges 25 may be spaced 
apart a distance of about 1% inches, while the spacing 
between the convergent axes of the charges 26 may be 
greater than this distance at their inner end and less than 
said distance at their outer ends. Due to this conver 
gence, the charges 26 project forwardly of the charges 25 
a short distance, such as 4 inch. These specifications rep 
resent a preferred embodiment of the invention which 
has produced satisfactory results in typical earth forma 
tions; however, it is noted that said specifications are sub 
ject to variation in accordance with the characteristics of 
the particular formation in which it is desired to create a 
fracture, some formations being more difficult to fracture 
than others. Different sizes and types of explosive jet 
charges may be employed, the quantity and/or strength 
of the explosive may be varied, the angles and materials 
of the cones may be changed, and the charges may be 
spaced differently. 

It is emphasized that the convergent charges 26 are 
highly desirable for two reasons. These charges may over 
lap the substantially parallel charges 25 and permit closer 
spacing thereof whereby the apparatus 10 may be of 
minimum width or diameter for use in small bores. For 
example, the external diameter of the apparatus may be 
as Smail as 34 inches so as to be capable of being low 
ered through and used in well casing having an internal 
diameter 3% inches. The converging jets initiated by 
the charges 26 collide outwardly of the casing wall and 
combine to provide a shock wave 3 of Sufficient force to 
fracture the earth formation 13 in coaction with a pair of 
shockwaves 1 and 2 generated by the substantially parallel 
jets initiated by the charges 25 (FIGS. 7 and 8). Mani 
festly, it would require a much stronger and/or larger 
single charge to produce a force equal to the combined 
force derived from the convergent charges and Such charge 
would necessitate more space, i.e., width or diameter. 
Accordingly, it is readily apparent that the utilization of 
convergent charges is most advantageous. 

irrespective of the construction and relationship of the 
charges, it is essential that the charges 25 produce a pair 
of subsantially parallel jets 51 which penetrate the earth 
formation 13 to a greater depth than the converging jets 
52 produced by the charges 26. As shown in FIGS 9-14, 
the jets 51 form perforations 53 of greater penetration and 
less diameter than the perforations 54 formed by the jets 
52 due to the different characteristics of their respective 
charges. For example, the perforations 53 of the jets 51 
may be approximately one-half the diameter and twice the 
penetration of the perforations 54 of the jets 52. It is 
noted that the relative dimensions of the perforations may 
vary from formation to formation and in accordance with 
other factors, such as the nature of the charges and wheth 
er the well bore is cased or uncased. In FIG. 6, the curved 
lines 55 and 56 of the graph illustrate the relative rates of 
penetration of the substantially parallel and converging jets 
51 and 52, respectively, and the time interval between the 
initiation of said jets is shown by the distance between the 
points 57 and 58. The greater length of the line 55 
indicates the deeper penetration of the parallel jets and 
the longer time required for such penetration. The prior 
initiation of the parallel jets or the delay in the initiation 
of the converging jets is due to the greater effective length 
of the fuse cords 42 and the positioning of the same for 
ward of the fuse cords 41. Due to the velocity of the jets 
being much greater than the detonation rate of the fuse 
cords, the time interval between initiations need be of only 
brief duration and, as an example, may be of the order of 
0.91 micro-second. It is pointed out that the delayed initi 
ation of the convergent jets 52 provides convenient means 
for insuring that the parallel jets 51 commence to penetrate 
the formation and commence to generate the pair of shock 
Waves 1 and 2 prior to the collision of said converging jets 
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3. 
and the generation of a third shock wave 3. The desired 
time interval between the initiation of the shock waves 
is of primary importance and may be obtained by other 
means, such as varying the source of the third wave. In 
other words, the charges may be detonated simultaneous 
ly if the initiation of the third shock wave is subsequent 
to the initiation of the pair of shock waves. 
Upon initial penetration of the converging jets 52, the 

Substantially parallel jets 5; have penetrated the earth 
formation 13 and are advancing as shown in FIGS. 9 and 
10. The collision of the jets 52 and the continued travel 
of the jets 51 is shown in FIGS. 11 and 12, wherein the 
line 59 indicates the commencement of the desired frac 
ture at a point slightly deeper than the penetration and 
collision of said jets 51. The total penetration of the 
jets 52 and the completion of the fracture 59 is shown in 
FIGS. 13 and 14, it being noted that the well casing 14 
and cement 5 are omitted for simplicity of illustration. 
The fracture is in the plane of the parallel jets which 
controls the orientation of said fracture due to the co 
action of the pair of shock waves 1 and 2 generated by 
said jets. As shown, the converging jets collide in this 
plane, preferably, midway between the parallel jets, and 
the point of this collision determines the origin or initia 
tion of the third shock wave 3. From the results of nu 
merous tests, it appears that the shock wave 3 emanates 
from a point Source 60 which is spaced a slight distance 
from the actual point of collision of the converging jets. 
As shown in FIG. 8, the point source 60 is stationary 
whereby the shock wave 3 is substantially spherical or 
hemispherical, while the pair of shock waves S. and 2 are 
paraboloidal or Substantially conical due to the moving 
sources provided by the continued travel of the jets 51. 
The coaction of the pair of shock waves 1 and 2 

is illustrated diagrammatically in FIG. 7 wherein the axes 
of Said Waves are shown as being substantially parallel and 
disposed in the desired plane of fracture of the earth 
formation, represented by the line x. These waves collide 
in the plane, indicated by the line y, which is substantial 
ly perpendicular to the plane x and intersects said plane 
medially of the axes of said waves due to the same 
being of equal velocity and being initiated simultaneously. 
The components of force Fix and Fx2 of the waves 
which are parallel to the plane x offset or cancel one an 
other, while the components of force Fy1 and Fy2 of said 
Waves which are perpendicular to said plane x or parallel 
to the planey are additive and combine to produce a per 
pendicular force which tends to part the formation in said 
plane x. In other words, the sum of the perpendicular 
components of force Fy equals the sum of the perpendicu 
lar components of force Fy1 and Fy2, or two times Fy1, 
'or two times Fy2, whereas the sum of the parallel com 
ponents of force Fic equals the parallel components of 
force Fx minus the parallel components of force Fix2 
or Zero. Accordingly, the only effective parting force is 
provided by the components of force Fy which are per 
pendicular to the desired plane x of fracture. 

in FIG. 8, the shock waves are shown in exploded per 
Spective to more clearly illustrate the relationship of the 
Same. Although the shock wave 3 radiates in all direc 
tions, its stationary center or point source 6 is disposed 
in a plane y-z which intersects the plane x-g between 
the axes of the shock waves 1 and 2. The components 
of force of the shock wave 3 which are perpendicular to 
the plane x-z or parallel to the planey-z are additive 
and combine with the perpendicular components of force 
of the shock Waves and 2 to increase the force per 
pendicular to said plane x-z sufficiently to fracture the 
formation in Said plane. The components of force of 
the shock Wave 3 which are parallel to the plane x-z are 
ineffective because the parallel components of force of 
the shock waves E. and 2 have nullified one another and are 
not available for combined coaction therewith. It is 
noted that the third shock wave is of greater magnitude 
than the shock waves generated by the converging jets 
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52 and that the collision of said jets in the plane x-z lo 
cates its point source 60 in said plane to permit utiliza 
tion of its perpendicular components. As set forth here 
inbefore, the coaction of all three shock waves is essen 
tial to the method of this invention. The orientation of 
the fracture is determined by the plane x-z of the sub 
stantially parallel axes of the pair of waves 1 and 2. 
Due to the intersection of these waves in the substantially 
perpendicular plane y-z and the location of the point 
Source 60 of the third wave 3 at the intersection of the 
planes x-z and y-z, the combined components of force 
perpendicular to Said plane x-z is of such magnitude 
that the formation is fractured in said plane v-z. The 
longitudinal movement of the jets 51 and their waves 1 
and 2 cause the fracture 59 to progress in the plane of 
Said jets and said fracture may extend beyond the pene 
tration of said jets (FIGS. 13 and 14). The third shock 
wave 3 generated by the collision of the converging jets 
52 provides sufficient additional force to insure the crea 
tion of the fracture. Insofar as the method is concerned, 
the shock waves may be initiated by any suitable means 
capable of producing the necessary force and controlling 
the orientation of the plane of fracture. 

Various changes and modifications in the methods and 
apparatus disclosed herein may be made within the scope 
of the appended claims without departing from the spirit 
of the invention. 
What I claim and desire to secure by Letters Patent is: 
1. An apparatus for fracturing an earth formation in a 

predetermined plane at a location spaced from a surface 
of said formation, said apparatus including: mounting 
means; a first pair of explosive jet charges secured to said 
mounting means and having substantially parallel spaced 
axes lying in a common plane for directing a first pair of 
jets into the formation from the surface thereof toward 
said location when the apparatus is disposed adjacent said 
Surface with said common plane coplanar with said pre 
determined plane to penetrate the formation and generate 
a pair of shock waves in the formation having parallel 
spaced axes lying in said predetermined plane whereby 
said pair of shock waves intersect initially in said prede 
termined plane in said formation; a second pair of ex 
plosive jet charges secured to said mounting means hav 
ing converging axes lying in a plane substantially perpen 
dicular to said common plane and intersecting in said 
common plane and between the axes of said first pair of 
jet charges for directing into the formation from the sur 
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face thereof, when the apparatus is disposed adjacent 
said Surface with said common plane coplanar with said 
predetermined plane, a second pair of jets having con 
vergent axes intersecting at said predetermined plane in 
Said formation and colliding in said predetermined plane 
for generating a third shock wave in said formation; and 
means for detonating said first pair of charges and said 
Second pair of charges, said mounting means and said det 
onating means cooperating to hold said two pairs of jet 
charges in predetermined relationship to each other and 
the surface of the formation when the apparatus is dis 
posed adjacent said surface and to detonate said charges 
to cause Said second pair of jets to penetrate into said 
formation at Said surface subsequent to the penetration of 
said first pair of jets into said formation at said surface 
whereby said Second pair of jets collide and generate said 
third shock wave Subsequent to the initiation of genera 
tion of said first pair of shock waves by said first pair of 
jets. 

2. The apparatus of claim 1 wherein said second pair 
of explosive jet charges have less penetrating capacity 
than said first pair of jet charges whereby the penetration 
of the Second pair of jets into said formation is substan 
tially less than the penetration of said first pair of jets, 
the point of collision of said second pair of jets being dis 
posed in said common plane between the point of great 
est penetration of said first pair of jets and said surface 
of the formation when the apparatus is disposed adjacent 
the surface of the formation. 

3. The apparatus of claim 2 wherein said means for 
detonating the two pairs cf charges causes the detonation 
of said second pair of charges a predetermined period of 
time after the detonation of said first pair of charges. 

4. The apparatus of claim 1 wherein said means for 
detonating the two pairs of charges causes the detona 
tion of said second pair of charges a predetermined period 
of time after the detonation of said first pair of charges. 
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