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explosive charge material 43 is encapsulated in a housing 
or container 33 along with the usual booster charge 41 
and detonator 39. In addition, there is provided a firing 
mechanism 37 for the purpose of firing the detonator 39 
responsive to a predetermined differential pressure across 
the opposed ends of the explosive charge container. The 
details of the firing mechanism will be described below 
with reference to FIG. 6. Inasmuch as the use of a 
shaped jet charge is contemplated, the usual conical liner 
47 is provided. At the upper and lower ends of the con 
tainer 33 there are provided stop members 35 and 49. 
The purpose of the stop members is to hold a seating ring 
or firing collar 45 on the charge container. The firing 
collar is longitudinally slidable along housing 33 and has 
a tapered lower surface for the purpose of seating on the 
seat 31 at the bottom of the drill pipe so that a differen 
tial pressure can be produced across the charge. A 
frangible sleeve 46 is attached to the upper end of collar 
45 by a suitable adhesive, the sleeve 46 serving to keep 
the collar 45 properly aligned on the housing 33. The 
details of the firing collar are best illustrated in FIGS. 4 
and 5. The firing collar is formed of members 53 and 
55 and locking members 57 and 59. The purpose of the 
locking members is to prevent the firing collar from com 
ing apart before the charge is fired and to permit the firing 
collar to collapse inwardly when the container is destroyed 
by firing the charge. As shown in FIG. 5, the outer edges 
of the locking members have a V shape so that they will 
not drop away from the members S3 and 55 when in 
locking engagement therewith. 
The details of the firing mechanism are shown in FIG. 

6. The firing mechanism includes a housing 63 having an 
inlet tube 64 open to borehole pressure, and an outlet tube 
73 opening into a low pressure tube 77. The low pressure 
tube 77 extends the length of the shaped charge container 
to the bottom of the container so that it is exposed to 
the pressure outside of the drill pipe when the firing collar 
45 is seated on seat 31. The outlet tube 73 extends into 
the interior of the housing 63. A flexible, resilient 
diaphragm 61 of rubber-like material such as neoprene 
seals the inlet tube 64. A similar diaphragm 75 seals the 
outlet tube 73. The interior of the housing 63 thus is 
fluid-tight and is filled with water, glycerin, or other suit 
able, substantially incompressible liquid. A release col 
lar 65 is in sliding fit over the tube 73. A spring 71 
normally biases the release collar 65 away from the tube 
73 so that it engages the tube 64 of the inlet port. A firing 
pin 67 is pivoted about a pivot member 69 and is spring 
biased by means of spring 68 to rotate counterclockwise 
as shown in FIG. 6. The firing pin will be released when 
release collar 71 is moved to the right so as to strike 
detonator 39 at one end of its arc of movement. The 
release collar is moved to the right when a sufficiently 
large differential pressure exists between the inlet tube 64 
and the low pressure tube 77. The differential pressure 
will cause diaphragm 61 to bulge downwardly into the 
housing 63 so as to force the release collar to the right 
and release the firing pin 67 so that it will strike the 
detonator 39. 
The diaphragms 61 and 75 are not absolutely necessary, 

but serve to keep clean fluid around the working parts of 
the firing mechanism. This is desirable to insure that the 
firing mechanism will function properly. 

FIG. 7 illustrates a gauging charge particularly adapted 
for use with the present invention. The gauging charge 
comprises a housing 78 similar to the housing used with 
the shaped charge. A firing collar 45a is provided that is 
similar to firing collar 45. A frangible sleeve 46a is also 
attached to the collar 45a. The firing mechanism 37a may 
be substantially the same as firing mechanism 37. A low 
pressure tube 77a extends from the firing mechanism 37a 
to the lower end of the charge container in the same man 
ner as described above with respect to low pressure tube 
77. A substantial section of the lower portion of the 
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container is filled with a brisant or unbrisant explosive 
material or a mixture of brisant and unbrisant explosives. 
There is no conical liner provided with the device so that 
the explosive effects of the gauging charge are substan 
tially nondirectional. A stop 85 is provided above the top 
most level of the explosive so that firing collar 45a will 
land on seat 31 in such a manner that the topmost level 
of the explosive charge will be spaced from the bottom of 
the well pipe. The housing 78 is also provided with an 
upper stop 84. This construction is for the purpose of 
preventing damage to the well pipe when the explosive 
charge is detonated. The container may be formed of a 
frangible material so as to be destroyed easily. The blast 
ing cap 79, when struck by firing pin 67, will be detonated 
and will ignite a length of primacord 81. To facilitate 
destruction of the container, the primacord may be wound 
in a spiral around the inner surface of the container. 
Also, an auxiliary disintegrating charge 83a of tetryl or 
like material may be used to complete the destruction of 
the container. The container may be formed of a plastic 
material. A particularly suitable explosive for use in 
connection with the gauging charge is PETN or composi 
tion B (RDX and TNT). Other suitable explosives may 
be found on page 4 of the text "The Science of High 
Explosives' by M. A. Cook (Reinhold Publishing Com 
pany, 1958). The length of the lower end of the con 
tainer 78 containing the explosive preferably is long 
enough to extend substantially the length of the hole 
blasted by the shaped charge. 
The operation of the apparatus described in FIGS. 1 

through 7 is as follows. Before the apparatus described 
above is used, a borehole may be drilled in the earth 
through the relatively soft earth formations near the 
earth's surfaces by means of conventional rotary drilling 
equipment. Alternatively, the apparatus described above 
may be utilized from the time that the well is spudded. 
However, it usually will be found to be more economical 
to use a rotary drilling procedure for the initial stages of 
drilling the borehole until relatively hard earth forma 
tions are encountered. 
When a hole has been drilled to a desired depth in the 

conventional manner, the rotary drill pipe may be pulled 
out of the hole and a thinner walled pipe 28 such as shown 
in FIG. 2 may be substituted therefor. An advantage 
associated with utilizing thinner walled pipe is that larger 
explosive charges can be run down the pipe. The lower 
stand of the pipe may be provided with reamer blades 28a 
for the purpose of reaming the hole should such become 
necessary. Likewise, the lowermost edge of the pipe may 
be studded with diamonds to rotary-drill for short time 
intervals should relatively soft earth formations be en 
countered. 

Initially, a shaped charge 33 from magazine housing 
17 is injected into the drilling fluid stream. At intervals 
of approximately 1 to 10 minutes, the driller may inject 
the other charges from the magazine housing 17 into the 
fluid stream. When a shaped charge is seated at the 
bottom of the well pipe, manifestly the differential pres 
sure across the shaped charge will detonate the charge as 
described above. An elongated tapered hole will be pro 
duced. Drilling fluid circulation will continue so that 
detritus including earth fragments, fragments of the shap 
ed charge container, and fragments of the firing collar 45 
will be circulated up the annulus around the well pipe. 
One or more gauging charges are landed in succession 

at the bottom of the pipe after each shaped charge. It 
will be found that one gauging charge is sufficient to en 
large the entire hole to a desired diameter. As men 
tioned above, the gauging charges should extend substan 
tially to the bottom of the hole formed by the jet charge. 
Collar 45a, inasmuch as it is slidable along at least a por 
tion of the gauging charge container, will readily seat on 
the seat 31 so that a differential pressure will build up 
to detonate the gauging charge. Manifestly, the gauging 
charge will be tamped; a hydrostatic pressure of at least 
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1000 psi. will be exerted thereon. When a gauging 
charge is detonated, it will be found that an almost per 
fect cylindrical hole will be blasted into the earth for 
mations by the gauging charge. The hole will be amaz 
ingly uniform in diameter and will be of a sufficiently 
large diameter so that the well pipe 28 may be lowered 
to the depth of the hole blasted by the shaped charge 33. 
It will be found that, by virtue of the fact that the gauging 
charge is tamped and under hydrostatic pressure, the 
volume of earth that is spalled by the gauging charge 
will be between 50 and 100 percent greater than when 
the explosive charge is not tamped and is not under hy 
drostatic pressure. A hydrostatic pressure of at least 
1000 pounds has been found to be satisfactory. Much 
higher hydrostatic pressures may be utilized with the ef 
fectiveness of the gauging charge increasing as the hy 
drostatic pressure is increased. Detritus produced by the 
gauging charge may be circulated out of the hole formed 
as described above, as the well pipe is lowered. 
The invention is not to be restricted to the specific struc 

tural details, arrangement of parts, or circuit connections 
herein set forth, as various modifications thereof may be 
effected without departing from the spirit and scope of 
this invention. 
What is claimed is: 
1. An explosive charge capsule for injection into a 

well pipe having a seating surface at the lower end there 
of, comprising: an elongated housing having a compart 
ment for an explosive charge material; an annular seating 
ring slidably affixed to the elongated housing and longi 
tudinally slidable along the housing, adapted to seat on 
the seating surface of the well pipe to substantially seal 
the well pipe against fluid flow downwardly therethrough; 
a firing apparatus enclosure in said capsule; an inlet line 
hydraulically coupling the exterior of the upper portion 
of the capsule to the interior of the enclosure; an outlet 
line extending into said enclosure hydraulically coupling 
the interior of said enclosure to the exterior of the lower 
portion of said capsule; a sleeve in said enclosure slidably 
fitting over the end of said outlet line, and having a closed 
end; a coil spring within said sleeve biasing the closed 
end of said sleeve away from the end of said outlet line 
within said enclosure, yieldable under differential pres 
sure between said outlet line and said inlet line so that the 
closed end of said sleeve slides toward said end of said 
outlet line; first and second resilient diaphragms respec 
tively sealing the interior of said inlet line and the in 
terior of said outlet line so that said enclosure is fluid 
tight; a substantially incompressible fluid within said en 
closure; a detonating charge extending into said enclosure 
and into said compartment for detonating explosive ma 
terial within said compartment; a firing pin pivotally sup 
ported within said enclosure positioned to strike said de 
tonating charge at one end of its arc of movement, said 
firing pin being positioned relative to said sleeve so that 
said sleeve prevents rotation of said firing pin toward 
said one end of its arc of movement from the other end 
of its arc of movement until a predetermined differential 
pressure between said inlet line and said outlet line moves 
said sleeve a predetermined distance toward said end of 
said outlet line; and spring means biasing said firing pin 
for pivotal movement to engage said sleeve and strike 
said firing pin. 

2. An explosive charge capsule for injection into a well 
pipe having a seating surface at the lower end thereof, 
comprising: an elongated housing having a compartment 
for an explosive charge material; an annular seating ring 
slidably affixed to the elongated housing and longitudinally 
slidable along the housing, adapted to seat on the seating 
surface of the well pipe to substantially seal the well pipe 
against fluid flow downwardly therethrough; a firing ap 
paratus enclosure in said capsule; an inlet line hydraul 
lically coupling the exterior of the upper portion of the 
capsule to the interior of the enclosure; an outlet line 
extending into said enclosure hydraulically coupling the 
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interior of said enclosure to the exterior of the lower por 
tion of said capsule; a sleeve in said enclosure slidably 
fitting over the end of said outlet line, and having a 
closed end; a coil spring within said sleeve biasing the 
closed end of said sleeve away from the end of said out 
let line within said enclosure, yieldable under differential 
pressure between said outlet line and said inlet line so 
that the closed end of said sleeve slides toward said end 
of said outlet line; a detonating charge extending into 
said enclosure and into said compartment for detonating 
explosive material within said compartment; a firing pin 
pivotally supported within said enclosure positioned to 
strike said detonating charge at one erid of its arc of 
movement, said firing pin being positioned relative to 
said sleeve so that said sleeve prevents rotation of said 
firing pin toward said one end of its arc of movement 
from the other end of its arc of movement until a pre 
determined differential pressure between said inlet line 
and said outlet line moves said sleeve a predetermined 
distance toward said end of said outlet line; and spring 
means biasing said firing pin for pivotal movement to en 
gage said sleeve and strike said firing pin. 

3. An explosive charge capsule for injection into a well 
pipe having a seating surface at the lower end thereof, 
comprising: an elongated housing having a compartment 
for an explosive charge material; an annular seating ring 
slidably affixed to the elongated housing and longitudinally 
slidable along the housing, adapted to seat on the seating 
surface of the well pipe to substantially seal the well pipe 
against fluid flow downwardly therethrough; a firing ap 
paratus enclosure in said capsule; an inlet line hydrau 
lically coupling the exterior of the upper portion of the 
capsule to the interior of the enclosure; an outlet line 
extending into said enclosure hydraulically coupling the 
interior of said enclosure to the exterior of the lower 
portion of said capsule; a sleeve in said enclosure slid 
ably fitting over the end of said outlet line, and having 
a closed end; a coil spring within said sleeve biasing the 
closed end of said sleeve away from the end of said out 
let line within said enclosure, yieldable under differen 
tial pressure between said outlet line and said inlet line 
so that the closed end of said sleeve slides toward said 
end of said outlet line; a detonating charge extending 
into said enclosure and into said compartment for deto 
nating explosive material within said compartment; and 
a spring-biased firing pin biased so as to strike said ex 
plosive charge at one extremity of its path of movement, 
and positioned relative to said sleeve so that said sleeve 
holds said firing pin away from said detonating charge 
until a predetermined differential pressure exists between 
said inlet line and said outlet line whereby said firing pin 
will be released to strike said detonating charge. 

4. An explosive charge capsule for injection into a well 
pipe having a seating surface at the lower end thereof, 
comprising: an elongated housing having a compartment 
for an explosive charge material; an annular seating ring 
operatively associated with said elongated housing adapted 
to seat on the seating surface of the well pipe to substan 
tially seal the well pipe against fluid flow downwardly 
therethrough; a firing apparatus enclosure in said cap 
sule; an inlet port hydraulically coupling the exterior of 
the upper portion of the capsule to the interior of the 
enclosure; an outlet port extending into said enclosure 
hydraulically coupling the interior of said enclosure to 
the exterior of the lower portion of said capsule; a sleeve 
in said enclosure slidably fitting over the end of said out 
let port, and having a closed end; a coil spring within 
said sleeve biasing the closed end of said sleeve away from 
the end of said outlet port within said enclosure, yield 
able under differential pressure between said outlet port 
and said inlet port so that the closed end of said sleeve 
slides toward said end of said outlet port; a detonating 
charge extending into said enclosure and into said com 
partment for detonating explosive material within said 
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compartment; and a spring-biased firing pin biased so as to References Cited in the file of this patent 
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