- United States Patent 191
Andersonetal. - o

-—

[54] APPARATUS FOR COMPACTING MATTER

~ WITHIN A CONFINED AREA

[75] Inventors: Ralph B. Anderson; Ronald E.
| - Nelson, both of Houston, Tex.

[73] Assignee: All-Ways Safe Systems, Inc.,
| | Houston, Tex. |

[22] Filed:  Dec. 8, 1972
[21] Appl. No.: 3__13,260

[ST] Imt. Chooooce e F42b 3/00
(58] Field of Search.............. 102/20, 21.8, 24 R, 26
[56] - References Cited

-~ UNITED _STATES PATENTS o
- 119,330 - 9/1871 Dickey.ooooriveion, e 102/26 -
1,641,483  9/1927 - Greene. ................... veeieine 102/21.8
2,041,950  5/1936  Pierce................ e 102724
3,420,173 1/1969  Slawinski et al............ e, 102/24"
3,580,171 5/1971  MaeS.....oouumrrvvicmrrreni.. 102/28
3,687,076 8/1972

Fria_nt et al. ...... verennaaens e ..-1_02/24-

Primary E.raminer—+Véflin R. Pendegrass
Attorney, Agent, or Firm—Torres & Berryhil]:' |

C un 3,815,501
. _[45] June 11, 1974

[577  ABSTRACT
A self compacting explosive cartridge for use in bore-
holes. The cartridge is formed from rigid, upper and

~ lower telescoping tubes which extend centrally

- through a larger diameter sleeve of flexible material.

- Prilled ammonium nitrate fills the annular space be-
-~ tween the tubes and the sleeve; the upper tube is filled -
- with diesel fuel and the lower tube contains a detona-

tor. When remotely activated by a signal, compressive

| | - - - ~ means included in the cartridge telescope the tubes
[52] US. Cleooiiiieeeeeeeeeeee) . 102/24 R

together which foreshortens the cartridge and dis-

- places the fuel from the upper tube into the ammo-

nium nitrate causing the two chemicals to combine to

form an explosive mixture. The foreshortening or set-

ting of the apparatus compacts the explosive material

. in the bore-hole. The preferred form of the invention
- obtains the force for setting the cartridge from a
stretched outer sleeve of resilient material. A modified

- form of the invention supplies the setting force with a

tension coil spring concentrically disposed about the

telescoping tubes. Another modification supplies the
- setting force with stretched rubber bands which con-
-+ nect the two ends of the cartridge to each other.

26 Claims, 10 Drawing Figures
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APPARATUS FOR COMPACTING MATTER
| WITHIN A CONFINED AREA

BACKGROUND OF THE INVENTION
1. F 1eld of the Inventlon

The present invention relates to the formation and

compacting of explosive materials thhm confined ar-
eas. In a specific application of the present invention,
the field of the mvention relates to means for placing

non—exploswe materials in -a bore-hole, comblmng the

matertals in place to make an exploswe mixture and au-

3 815 501

The self compactlng aspect of the present invention

‘1s accomplished by the use of tensioned means which
‘set the cartridge by drawing two ends of the cartrldge

toward each other to permit or cause radial expansion
of a flexible sleeve extending between the two ends. In

“1ts initial, unset condition, the apparatus of the present

invention has a relatively slim radial contour so that it

- can be lowered easily through a small bore-hole. The

10

tomatically eompactrng the exploswe mrxture wrthm |

the bore-hole. |
-2 DeSCI‘lleOH of the Prlor Art | ..
It 1s well known that to obtain maxlmum effectwe-

ness from exploswes placed in confined areas such as

bore-holes, it is necessary to compact the explosive
within the area. When properly placed and tamped, a
‘minimum amount of explosive can be employed. By re-

15

20

ducmg the amount of explosive necessary to performa

given job, the cost of the explosive is reduced and the
expense and time associated with bore-hole drilling and
explosives placement are also srgmﬁcantly reduced.
Conventionally, such compacting is performed by man-
ually tamping a loose explosive mixture pos:tloned at

23

the bottom of the bore-hole. The manual tamping is ef-

fected by long rods mampulated by an operator at the
bore surface. The technlque 1S both tlme consuming
and dangerous

In some mtuatrons the exploswe cannot be reached
by manual tamping equipment and the only alternative
Is to detonate the exploswe in rts relatwely loosely
packed form. |

Another well known problem associated with the use
of explosives results from the fact that the explosives
may be accidentally detonated while being handled,
thus making them extremely dangerous. This danger
- imposes restrictions on the handling and shipment of

~explosives. In addition, explosives have a limited stor-~ -
age life because of oxidation and other chemical

changes in the mixture. These chemical changes may
make the explosive materials unpredlctable and unreli-
able, thus also eontrlbutmg to their dangers.

" One known prior art device encloses explosive mate-
rial in a flex1ble sleeve which in turn is carried within

30

“holes.

cartridge is set on command from a remote signal

which causes the cartridge to contract axially causing
a radial expansion. During this movement the separate

-cartrldge materials are mixed, the mixture is increased
n density and compacted tightly against the surround-

Ing bore-hole wall. The self compacting ability is inde-
pendent of gravity and the cartridge of the present in-
vention may be used in vertlcal or horizontal bore—

The surrounding outer sleeve may be formed of an

elastic or resilient material which is placed in tension

and elongated when the cartridge cylinder is in its unset
condition. The tension in the outer sleeve in one em-
bodiment -of the present invention provides the force
tending to draw the two ends of the cartridge together.
In other embodiments, a coil spring or bands of elastic
or resilient material may provide the force for drawing
the ends of the cartridge toward each other to effect ra-
dial expansion of the exploswe mixture. |
‘The unset cartridge is held in its elongated posrtlon

by upper and lower: telescoping tubes. Diesel fuel oil

trapped in the upper tube forms a fluid lock preventing

movement of a piston secured to the lower tube which

- prevents the two tubes from telescopmg together under

the influence of the compressing means. A remote sur- .

_ face control signal is employed to release the fluid lock

35

40

and contraction of the tensioned resilient means draws
the piston through the upper tube to displace the fluid
into the annular space between the tubes and the sur-
rounding sleeve. Prilled ammonium nitrate is in the an-
nular space and when the fluid mixes with the prills, an

explosive mixture is formed. The mixture may be deto-

nated by an electrical signal which ignites a detonator

- preferably carried within the lower tube.

45

a rigid outer sleeve. The assembly Is lowered into a

bore-hole and when the proper position is reached, the
metal sleeve is raised through the bore-hole to permit

the explosive mixture within the flexible sleeve to ex-

30

In one embodiment of the invention, a perforated
coiled tube extends through the prilled material in the
annular area. When triggered from the surface, the
flud 1s released into the tube and evenly disbursed

‘throughout the prills to uniformly mix the two chemi-

cals.
The resilient or flexible outer sleeve permits the ex-
plosive charge to fully conform to the contour of the

- surrounding bore wall so that optimum effect is ob-

pand outwardly. The expansion is effected solely by

gravity settling of the explosive materials causing the -
- flexible sleeve to bulge outwardly Very little compres-

sive. or tamping effect is accomplished by the tech-

tained from the explosion of the materials within the

-~ cartridge. Where means other than the outer sleeve are

55

nique. Removal of the rigid outer sleeve complicates

the procedure and may be extremely difficult under

some circumstances. Moreover, the prior art techmque

would not be sulted for horlzontal bore-holes since the

gravity effect would not cause radial compactlon

- SUMMARY OF THE INVENTION

~ The present invention provides a self compacting ex-
plosive charge which until set or compacted is unable
to explode. This is done by employing separate chemi-

cals which individually are non-explosive but when

combined produce an explosive mixture.

60
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employed for providing the tensioning or compressive
tamping force, the outer sleeve may be provided by any
suitable flexible material which can maintain a rela-

) twely small radial contour when elongated and yet will

be able to expand radlally outwardly when foreshort-
ened axially.

From the foregomg it will be apprec1ated that a prl—
mary object of the present invention is to provide a self
compacting explosive cartridge which will expand into

- contact with the walls of a conﬁned area such as a bore-

hole.

A related object of the present invention is to auto-
matlcally increase the density of an explosive mixture

In a conﬁned area. Yet another object of the present
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invention is to provide an explosive cartridge which,

until compacted, is incapable of being exploded. _
[t is an important object of the present invention to
provide a means for depositing a maximum amount of
explosive materials in a given area with a means which
may be easily positioned in the area, automatically
compacted and thereafter be remotely activated.

These and other objects, advantages and features of

the present invention will-be more readily understood
from the following description, the related drawings
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertical cross sectional view schematically
lllustrating an unset seismic cartridge made in accor-
dance with the teachings of the present invention as it
appears when it is initially positioned in a bore-hole:

FIG. 2 illustrates the bore-hole cartridge of FIG. 1 as
it appears following self compaction or setting: |

FI1G. 3 1s a vertical elevation partially in section illus-
trating details of a preferred form of the self compact-
ing cartridge of the present invention in its initial unset
position before self compaction; B

FIG. 4 is a cross sectional view of the cartridge of the
present mvention taken along the line 4—4 of FIG. 3:

FIG. S i1s a view of the apparatus illustrated in FIG.
3 shown in self compacted position in a surrounding
bore-hole; | |

F1G. 6 1s a vertical elevation illustrating a modified
form of the present invention: |

FIG. 7 1s a horizontal cross section taken along the
line 7—7 of FIG. 6; |

FI1G. 8 1s a vertical elevation, partially in section, il-
lustrating a third modification of the present invention:

FIG. 9 is a horizontal cross section taken along the
line 9—9 of FIG. 8; and | |

F1G. 10 is a horizontal cross sectional view taken
along the line 10—10 of FIG. 8.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS |

A typical anticipated application of the apparatus of
the present invention is illustrated in FIG. 1 where a
cartridge indicated generally at 10 is shown in position
within a bore-hole B. The cartridge is suspended in the
bore-hole by a line E which extends to the surface of
the bore-hole. The line E may contain one or more
electrical conductors as required to provide the neces-
sary signals for controlling the cartridge 10.

FIG. 2 illustrates the cartridge 10 expanded radially
outwardly into firm engagement with the wall of the
surrounding bore-hole B. In its set or compacted form,
the cartridge 10 extends closely about projections P
and fills voids V while simultaneously increasing the
density of the explosive material contained within the
cartridge, thereby performing the necessary functions
of a tamping operation. The contents of the cartridge
cannot be exploded until the cartridge is set thus pre-
venting inadvertent explosion during handling or place-
ment. Once the cartridge 10 has been set as illustrated
in FIG. 2, the materials within the cartridge are condi-
tioned to be exploded by activating a detonator (not
iilustrated) in the cartridge with an electrical signal
provided over the line E.
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FIG. 3 illustrates details in the construction of the
preferred form of the cartridge of the present inven-
tion. In FIG. 3, the cartridge 10 is illustrated in unset,
unactivated condition as it appears during storage and
handling and during its descent into the bore-hole. The
cartridge 10 includes an outer sleeve 11 of elastic or re-
silient material such as butyl rubber or other suitable
material. The sleeve extends between upper and lower
end pieces 12 and 13 respectively. Within the sleeve
11, an upper tubular member 14 is secured to the end
piece 12 and extends centrally through the chamber 10
and telescopes over a second tubular member 15 which
In turn is secured to the lower plate 13. The tubular
members 14 and 15 have a circular cross section and

-are preterably formed of aluminum tubing or other

suitable rigid material. Upper and lower end plates 16

and 17 respectively are secured to the end pieces 12

and 13 by small screws 18 or other suitable means. The
plates 12 and 13 are provided with central bores which

“surround the ends of the tubes 14 and 15 respectively;

and the plates 16 and 17 prevent the tubes from sliding
through the end pieces of the cartridge as it is set. The
sleeve 11 may be bonded to the end pieces 12 and 13
by a chemical adhesive, nailing, stapling or by any
other suitable means. |

- At the upper end of the'cart'ridge 10, a tubular insert
19 1s disposed within the upper end of the tube 14 and

an Internal tube shoulder 14a holds the insert in posi-
tion within the tube. A cylindrical piston 20, positioned
within the central opening of the insert 19, is equipped
with upper and lower O-ring seals 21 and 22 positioned
Initially above and below the tube openings 23 and 24.
The opening 23 communicates with a small, flexible
hose 25 which is constructed of butyl rubber, polyvinyl
chloride or other suitable flexible material. The hose 25
extends helically through the annular area between the
sleeve 11 and the tubes 14 and 15 and connects to the
lower piece 13. Small holes or perforations 26 are
formed throughout the entire length of the hose 25 for
a purpose to be described. |

- A release disc 27 secured to the upper end of the tu-

bular insert 19 by any suitable means forms a hydraulic

chamber 28 which is filled with a suitable liquid such
as water. The O-Ring seal 21 forms a seal with the sur-
rounding tubular insert 19 to prevent the fluid in the
chamber 28 from entering the tube 14 or flowing
through the holes 23 or 24. The release disc 27 is pref-
erably constructed of a heat disruptable material which
has sufficient structural strength to confine a pressur-
1zed fluid in the chamber 28. An electric heating coil
28 is secured to the disc 27 and an electrical line 29
which is included as part of the line E is electrically
connected to the coil 28. A second line 29’ connects to
the coll 28 to complete the electrical circuit. The line
E may be physically secured to the cartridge 10 in any
desired manner. |

'The mternal area of the upper tube 14 is filled with
a fluid 30 which, when combined with a prilled chemi-
cal 31 in the annular area between the tubes }4 and 15
and the outer sleeve 11 produces an explosive material.
The fluid 30 is preferably diesel fuel oil which is com-
prised primarily of mixed alophatic hydrocarbons and

‘the material 31 is preferably prilled ammonium nitrate.

It will be appreciated however that other materials may
be substituted for the diesel fuel oil and the ammonium
nitrate with the requirement being that neither material
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alone is explosive but that the mixture of the materials

is explosive. o - . _
At the lower end of the tube 14, a piston 32 is se-

cured to the upper end of the lower tube 15. The piston

32 is received within the tube 14 and an annular O-ring
seal 33 provides a continuous, sliding engagement be-
‘tween the piston and the surrounding tube. A fitting 34
such as a grease fitting or other suitable means is car-

Once the desired depth has been reached, a suitable
electrical current is conveved through the line E to the

- heating coil 28 over the electrical conductor 29. The

- ried in the piston 32 and is employed to fill the tube 14

‘with diesel fuel. A ball 35 functions in a conventional
manner as a check valve to prevent reverse flow of the
fluid injected into the tube 14 through fitting 34, It will
be appreciated that the fitting 34 may be positioned at
any suitable location and need not be carried on the
piston 32.
‘At the lower end of the cartridge 10, one or more
axial fill openings are formed in the lower end piece 13

to be employed for inserting the material 31 into the

annular space between the tubes and the outer sleeve.
A removable plug 36 is threadedly engaged with the fill
opening after the annular space has been filled.

- During the initial assembly of the cartridge 10, before

~adding the diesel fuel 30 and the ammonium nitrate 31,

the tube 15 is telescoped within the surrounding tube
14 substantially in the position shown in FIG. 5. The
normal, untensioned cross sectional diameter of the
rubber sleeve 11 is greater than that of the cross sec-
tional area of the bore-hole within which the cartridge
is to be received. A suitable pressurized source of diesel
fuel is connected to the filling 34 and the fuel is in-

10

15

heat produced by the heating coil 28 causes the release
disc 27 to rupture which in turn permits the water or
other liquid contained in the chamber 28 to be re-
leased. Release of the pressure in the chamber 28 per-
mits the piston 20 to slide upwardly through the cham-
ber under the influence of the pressure exerted by the
diesel fuel oil 30. When the lower O-ring 22 has been
moved axially above the openings 23 and 24, the diesel
fuel oil 30 is displaced from the tube 14 through the
openings. Preferably, the opening 24 is slightly con-
stricted so that a portion of the fluid is forced through
the small hose line 25 where it is disbursed from the
perforations 26 throughout the length of the cartridge.

- The hose 25 is coiled and flexible so that it will move

20

with the cartridge as the cartridge is initially elongated
and thereafter foreshortened during the tamping opera-
tion. The hose 25 may be omitted but is desirable for
use where the chemicals to be combined do not readily

- mix. With the use of diesel fuel and prilled ammonium

25

30

jected into the tube 14. As the fluid 30 fills the tube, the

piston 32 is displaced toward the lower end of the tube
14 and the end pieces 13 and 12 are moved axially
away from each other. The resiliency of the sleeve per-
mits it to be stretched into the form illustrated in FIG.
3 where it is in tension, attempting to draw the two end
pieces 12 and 13 back together. =~ '

- After the chamber containing the fluid 30 has been
filled and the piston 32 is in the position illustrated in
FIG. 3, the source of pressurized diesel fuel may be re-
moved and the check valve 35 prevents the fluid from
escaping. The O-ring seal 22 on the upper piston 20
prevents escape of the diesel fuel oil 30 from the upper
end of the tube and the seal 33 on the piston 32 traps
the fluid at the lower end of the tube to provide a fluid
lock which keeps the elastic outer sleeve in its ten-
sioned condition and the fuel oil under pressure. When

35
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nitrate, the hose 25 is not needed since the inherent ab-
sorbing quality of the ammonium nitrate and the pres-
surized disbursement of the diesel fuel cause the two
materials to completely combine to form a uniform ex-
plosive material. ' - o

~ As the two tubes are telescoped together under the
influence of the tensioned outer sleeve, the sleeve ex-
pands radially and contracts axially and the exposive
mixture follows to form a compacted mass in the bore-
hole. FIG. § illustrates the cartridge 10 in its com-
pacted condition. Thereafter, a suitable electrical sig-
nal applied through the electrical lines 37 and 37’ deto-
nates the booster cartridge D which in turn detonates
the explosive mixture to produce the desired explosion.

FIG. 6 illustrates a modified cartridge form indicated
generally at 110. The cartridge 110 is similar in basic
operation to that already described for the cartridge
10. Components in the cartridge 110 which are similar
to those already described for the cartridge 10 are iden-
tified by a reference character which is 100 higher than
that for the corresponding component of the cartridge

10. The cartridge 110 includes a coil spring 160 which

s secured to the upper and lower end pieces 112 and -

- 113 respectively and extends axially about the tubes

- stretched into the position shown in FIG. 3, the cross

sectional diameter of the sleeve 11 is inherently re-
duced so that a relatively slim cartridge contour is ob-
tained. , | o

A conventional cylindrical booster cartridge D is in-
serted into the tube 15. Electrical leads 37 and 37’
from the line E are connected to the detonator through
the base plate 17 which in turn is then secured to the
bottom of end piece 13 by screws 18. The annular area
between the tubes and the surrounding sleeve may then
be filled by pouring the prilled material 31 through the
fill hole provided in the end piece 13. When the annu-
lar area has been completely filled, the plug 36 is repo-
sitioned and the cartridge is loaded and ready to be
used. - |
The loaded cartridge is lowered through a bore-hole
to the desired sub-surface location by the line E. While
~only a single cartridge 10 is illustrated connected to the
Iine E, a plurality of such cartridges may be suspended

from the line and activated to explode sequentially.

50

35

60
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114 and 115, A pleated outer sleeve 170 encircles the
cartridge 110 and is formed of sheet material made of
polyvinyl chloride or other suitable material. Construc- -
tion of the pleats is illustrated in FIG. 7.

The cartridge 110 obtains the compressive tamping
force from the coil spring 160 which is stretched into
tension as the diesel fuel is inserted into the tube 114.
With the center support structure elongated, the pleats
in the sleeves 170 function to maintain a desired small |
cross sectional area. Once the cartridge is properly po-
sitioned, release of the hydraulic lock permits the
spring 160 to draw the upper and lower ends 112 and -
113 toward each other causing an intermixture of the
prilled and fluid chemicals. The pleats in the sleeve 170
unfold to permit the sleeve to extend radially outwardly
as the two end pieces 112 and 113 are brought toward
each other. | '

- FIG. 8 illustrates a third modification of the present
invention indicated generally at 210. Similar compo-
nents in the FIG. 8 modifications are identified with
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reference characters which are 200 hlgher than those
identifying the corresponding component in the appa-
ratus 10. The cylinder 219 differs from those previously
described primarily in that a series of rubber bands 280
are employed to provide the compressive tamping
force which draws the two ends 212 and 213 toward
each other.

A steel wire 281 is secured to the inner surface of a
bag 282 acts as a safety means employed in deactivat-
ing the chemicals in the cartridge 210. The wire 281 is
connected to electrical lines (not shown)  extending
from the surface. When supplied with an electrical cur-
rent, the wire becomes hot and ruptures the bag 282.
Water or other disintegrating chemical may then be in-
serted Into the bore-hole to mix with the cartridge
chemicals to render the cartridge non-explosive.

Brads 280a or other suitable means may be employed
to secure the rubber bands to the upper and lower end
pieces 212 and 213 respectively. The bag 282 may be
constructed of any suitable flexible material which can
be expanded from a relatively slim configuration to one
which will completely engage the walls of the surround-
ing bore-hole.

The lower tube 215 of the cartrldge 210 1s shortened
to permit more chemicals to be carried within the bag
282. A smaller booster cartridge (not illustrated) is in-

[0

IS5

20

25

serted in the shortened tube 2185 to initiate the detona-

tion of the cartridge. The tube 215 is connected to the

lower end piece 213 by a rod 283 which transmits axial

movement of the end piece to the tube.

The foregoing disclosure and description of the in-
vention 1s 1llustrative and explanatory thereof, and vari-
ous changes in the size, shape and materials as well as
In the details of the illustrated construction may be
made within the scope of the appended claims without
departing from the spirit of the invention.

We claim:

1. Apparatus for compacting matter within an area
having confining boundaries comprising:

a. an axially extending, laterally expandable outer

housing means having first and second axial end

means;
b. compactable matter contained within said housmg
means;
c. self-contained powering means closely connected

30
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with said housing means for moving said end means

compact satd matter; and
d. control means for activating said powering means.

2. Apparatus as defined in claim 1 wherein:

a. said compactable matter includes unmixed materi-
als; and |

b. mixing means are included in said housing means
for combining said unmixed materials whereby said
matter, when compacted, includes a mixture of
said materials.

3. Apparatus as defined in claim 1 wherein said pow-
ering means includes a resilient tubular sleeve means
extending axially between said first and second axial
end means.

4. Apparatus as defined in claim 1 wherein:

a. rigid, axially contractable support means extend
axially within said housing between said ﬁrst and
second axial end means;

b. said powering means includes resﬂlent tension
means connected to said first and second axial end
means tending to draw said end means axially

50
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9
toward each other against the restraining force pro-
vided by said support means; and

c. said control means include release means operable

to permit said support means to axially contract
whereby said matter is compacted within said area.

S. Apparatus as defined in claim 4 wherein:

a. said support means include a cylinder containing
a first material connected to said first end means
and a piston connected to said second end means,
said piston being movable to displace said first ma-
terial from said cylinder; and |

b. said control means includes remotely operable re-
lease means to open outlet port means in said cylin-
der to permit said piston to move through said cyl-
inder whereby said first material is displaced from
said cylinder into an area within said housing con-
taining a second material whereby said first and
second materials may be mixed.

6. Apparatus for compacting matter within an area

having confining boundaries comprising:

a. an axially extending, laterally expandable outer
housing means havmg first and second axial end
means; -

b. rigid, axially  contractable support means extend-
ing axially within said housing means between said
first and second end means, said support means in-
cluding a cylinder means, containng a first mate-
rial, connected to said first end means and a piston
means connected to said second end means, said

- piston means being movable to displace said first
material from said cylinder means; -

c. compactable matter contained within said housing
‘means; |

d. powering means contained within said housing
means for moving said end means to compact said
matter, saild powering means including resilient
tension means connected to said first and second
axial end means tending to draw said end means ax-
1ally toward each other against the restraining force
provided by said support means; and

e. control means for activating said powering means,
said control means including release means opera-
ble to permit said support means to axially contract
whereby said matter is compacted within said area
and further including remotely operable release
means to open outlet port means in said cylinder
means to permit said piston means to move throu gh
said cylinder means whereby said first material is
displaced from said cylinder means into an area
within said housing means containing a second ma-
terial whereby said first and second materlals may
be mixed.

7. Apparatus as defined in claim 6 wherein:

a. said cylinder includes a first tubular member:

b. said piston is connected with a second tubular
member adapted to telescope within said first
member; -

c. said control means includes a release plston held
In position by pressurized release fluid in a release
chamber and operable when moved to open said
outlet port means; and |

d. said release chamber includes rupturable, fluid re-
lease means operable from a remote location to re-
lieve the pressure on said pressurized releae fluid
whereby said release piston may move to open said
'outlet port means.




8 Apparatus as defined in clalm ’7 wherem
a. said first material comprises a fluid; and

b. satd second material comprises a dry composition

“in small particle form and substantially fills the area

between said first and second tubular members.

9 Apparatus as defined in claim 8 wherein said pow-
ering means includes a resilient tubular sleeve means
extending axlally between said first and second axial
end means.

10. Apparatus as deﬁned in claim 8 wherein sald re-
silient tensioning means includes a coil spring con-
nected between said first and second end means.
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11. Apparatus as defined in claim 8 wherein said re-

sﬂlent tensronmg means includes a plurality of resilient
connecting means extending between said ﬁrst and sec-
ond axial end means. - |

12. Apparatus as defined in claim 8 wherem said first

~material includes a fluid comprised primarily of mixed _
alophatlc hydrocarbons and said second material com-

prises primarily small particles of ammonium nitrate.
13. Apparatus as defined in claim 2 wherein said mix-

ing means includes a fluid conveymg, perforated hne

extending between said end means. -

14, Apparatus as defined in claim 8 further lncludtng
a flexible, fluid conveying, perforated line connected
with said outlet port means and exténding between said

15
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end means for distributing the fluid contained in said

cyhinder through said small partlcle material.

15. Apparatus as defined in claim 8 _wherem.

a. said first material comprises a non-explosive fluid,
said second material comprises a non-explosive
solid, and the mixture of said first and scond mate-
rials comprises an explosive combination; and-

- b. said second tubular member houses remotely oper-
‘able detonator means for explodmg said mixture.

16. Apparatus for compacting matter m an area hav-

ing confining boundaries comprising:

30
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a. first a second compacting means movable relative

to each other to move said matter toward said con-
- fining boundaries whereby said ‘matter is com-
pacted,; | | |

b. controlled pewermg means for moving said first

and second eumpactmg means relatwe to each
other;

C. two or more dlfferent unmixed materlals included

- in said matter; and

40

45

d. controlled mixing means connected with said com- |

pacting means and activated by said powermg

means for combining said different materials in

- said matter whereby said matter when compacted 5
Includes a mixture of said materials. |

17. Apparatus as defined ‘in claim 16 wherein sal_d ,

different materials are non-explosive until mixed..

18. Appartus as defined in claim 16 wherein said dif-

ferent materials include diesel fuel 011 and ammonium
nitrate.

19. Apparatus as defined in claim 16 whereln sald
powering means include releasable, tensioned, resilient
means connected between said first and second com-

pacting means and operable when released to move

sald compacting means relative to each other.
20. Apparatus as defined in claim 19 wherein said
powering means include a restilient sleeve. |

35
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21. :Apparatzus as deﬁned in claim 19 {v'h'erém said

‘powering means includes a metal spring connected be-

tween said first and second compacting means and op-
erable when released to move said compacting means
relative to each other. |

22. Apparatus as defined ; in claim 19 wherem said
powering means includes a pluralty of resilient bands
connected between said first and second compacting
means and operable when released to move said com-
pacting means relative to each other.

23. Apparatus as defined in claim 19 further mclud-
mg |
r1g1d axrally contractable support means extending
“axially between said first and second compacting
~means for preventing said resilient means from

moving said first and ‘second eompaetmg means

relatively toward each other; and o
b. release means operable to permit said support

means to axially contract whereby said compacting
~ means may be moved to compact said matter.

24. Apparatus as defined in claim 23 further includ-

ing a flexible, laterally expansible tubular housing ex-

tending about said support means and connected be-
tween said compacting means. |

25. Apparatus for compacting matter in an area hav-

ing confining boundaries comprising: -

a. first and second compcting means movable relative
to each other to move said matter toward said con-
fining boundarles whereby sald matter 1s com-
pacted; . |

b. controlled powering means for moving said first
and second compacting means relative to each
other, said powering means ineluding a releaable,
tensioned, resilient metal spring connected be-
tween said first and second compacting means and
operable when released to move said compaetmg
means relative to each other; |

c. two or more different, unmlxed materlals included
in said matter; and

d. controlled mixing means connected with said com-
pacting means for combining said different materi-
- als 1n said matter whereby said matter when com-
“pacted includes a mixture of said materials.

- 26. Apparatus for compacting matter in an area hav-

ing confining boundaries comprising:

a. first and second compacting means movable rela-
~tive to each other to move said matter toward said
" confining boundaries whereby satd matter is com-
pacted; |

~ b. controlled powering means for movmg said first
‘and second compacting means relative to each
other, said powering means including a plurality of
‘releasable, tensioned, resilient bands connected
between said first and second compacting means
and operable when released to move said compact-
ing means relative to each other;

c. two or more different, unmixed materials included
in said matter; and |

d. controlled mixing means connected with said com-
pacting means for combining said different materi-
" als in said matter whereby said matter when com-

pacted mcludes a mixture of said materials.
* ok sk ok ok
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