w0 2017/192197 A2 |00 0000 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 November 2017 (09.11.2017)

(10) International Publication Number

WO 2017/192197 A2

WIPO I PCT

(51) International Patent Classification:
B02C 23/14 (2006.01) B02C 23/12 (2006.01)

(21) International Application Number:
PCT/US2017/018010

(22) International Filing Date:
15 February 2017 (15.02.2017)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
o . . (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,
(30) Priority Data: GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
15/046,174 17 February 2016 (17.02.2016) US UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
. TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors; and . EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicants: HILLIS, Gale, W. [US/US]; 20152 Bayfront MC. MK, MT, NL. NO, PL. PT, RO, RS, SE. SL SK. SM.
Lane, Um‘t 104, Huntmg?on Beach, CA 92§46 (US). MOR- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
RIS, Craig, J. [US/US]; 2106 MAM Trail, Monmouth, IL KM, ML, MR, NE, SN, TD, TG).
61462 (US).
(74) Agent: REGEHR, Martin, W.; Lewis Roca Rothgerber Published:
Christie LLP, P.O. Box 29001, Glendale, CA 91209-9001 —  without international search report and to be republished
(US). upon receipt of that report (Rule 48.2(g))
(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(54) Title: ORDNANCE REMEDIATION SYSTEM
110 . 120
k/w Dirt \/\
Coarse Unexploded
Feed Separation | metal Inspection | ordinance
—p > >
plant plant
Fine Nonhazardous
metal metal
FIG. 1

(57) Abstract: A system for eliminating unexploded ordnance from a mixture. The system includes a separation plant, including a
crusher, a magnetic separation station, and a screen plant. The crusher reduces the size of pieces in the mixture, the magnetic separator
separates pieces containing a significant amount of ferrous metal, and the screen separates small pieces from larger pieces. The fine
output of the screen is composed of pieces that are sufficiently small to pose little hazard; they may be further subjected to heat treatment.
Large pieces containing ferrous metal, or large pieces containing nonferrous metal, may be explosive and are transported, using an
unmanned machine, to an inspection plant where they are sorted and where any unexploded ordnance is identified and disposed of.
The separation plant is sufficiently distant from the inspection plant that an explosion at the separation plant does not pose a hazard

to personnel at the inspection plant.
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ORDNANCE REMEDIATION SYSTEM

FIELD

[0001] One or more aspects of embodiments according to the present invention
relate to former military sites and ranges that may be contaminated with military
munition components, and more particularly to a system and method for efficiently
rendering material from such sites and ranges safe.

BACKGROUND

[0002] Military activities involving explosives may result in buried unexploded
ordnance. For example, a testing range may accumulate ordnance, some of which
may explode as part of testing exercises, and some of which may remain
unexploded, for example as a result of a defective fuse. Testing ranges may include
such ordnance and ordnance fragments, mixed with rocks and other dirt.

[0003] To reclaim a testing range for other uses, it may be necessary to clear at
least the unexploded ordnance so that it does not pose a hazard, and it may be
desirable also to extract metal components, e.g., fragments of exploded ordnance.
The clearing of the range may involve separating unexploded ordnance and other
metal components from dirt, and exploding the unexploded ordnance to eliminate
any danger it may otherwise pose.

[0004] The separating of unexploded ordnance from dirt may be costly because
of the safety precautions required to protect operators from injury. For example, if
metal is separated from dirt in a separation plant, it may be necessary to bring
separation plant operations to a halt when a piece of unexploded ordnance is found,
so that explosive ordnance disposal experts may render it safe without being
exposed to risk from additional pieces of unexploded ordnance that could explode, if
the plant were to continue to operate.

[0005] Thus, there is a need for a system and method of safe and efficient
processing of dirt containing explosive ordinance, to render it safe.

SUMMARY

[0006] Aspects of embodiments of the present disclosure are directed toward a
system in which a received dirt mixture is processed to separate from it any
potentially hazardous pieces. Potentially hazardous pieces are separated from the
dirt mixture using a combination of crushing, separation according to size in a screen
plant, magnetic separation, and eddy current separation. The potentially hazardous
pieces are transported to a remote inspection plant to identify and dispose of any
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explosive pieces among them. The remaining material may be heat treated to render
it safe.

[0007] According to an embodiment of the present invention there is provided a
system for eliminating unexploded ordnance from a mixture, the system including: a
separation plant, including: a first crusher having an input and an output, the first
crusher being configured to receive a stream of pieces of material at the input and to
produce, at the output, a stream of pieces of material of reduced size, a first
magnetic separation station having an input, a first output, and a second output, and
being configured to receive a stream of material at the input and to produce
respective output streams of material at the first output and at the second output, by
directing ferrous metal pieces to the second output; and a screen plant having an
input, a first output and a second output, and being configured to receive a stream of
material at the input, and to produce respective output streams of material at the first
output and at the secand output, by directing pieces larger than a threshold size to
the first output and directing pieces smaller than a threshold size to the second
output; and an inspection plant having an input for receiving, from the separation
plant, pieces larger than the threshold size, the inspection plant including an
inspection station for identifying unexploded ordnance among the received pieces,
each of the first crusher, the first magnetic separation station, and the screen plant
having an input or an output connected to an input or an output of another of the first
crusher, the first magnetic separation station, and the screen plant, the inspection
plant being sufficiently distant from the separation plant to prevent unexploded
ordnance at the separation plant from posing a personnel hazard at the inspection
plant.

[0008] In one embodiment, each of the first crusher, the first magnetic separation
station, and the screen plant has an input or an output connected to an input or an
output of another of the first crusher, the first magnetic separation station, and the
screen plant by a conveyor.

[0009] In one embodiment, the distance between the separation plant and the
inspection plant is at least 1,000 feet.

[0010] In one embodiment, in a first mode of operation: the first output of the
screen plant is connected to the input of the first magnetic separation station; the first
output of the first magnetic separation station is connected to the input of the first
crusher; the second output of the first magnetic separation station is connected to a
storage bin for large metal pieces; and the output of the first crusher is connected to
the input of the screen plant.

[0011] In one embodiment,, in a second mode of operation: the first output of the
screen plant is connected to the input of the first magnetic separation station; the first
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output of the first magnetic separation station is connected to the storage bin for
large metal pieces; and the output of the first crusher is connected to the input of the
screen plant.

[0012] In one embodiment, the system includes a second magnetic separation
station having an input, a first output, and a second output, and being configured to
receive a stream of material at the input and to produce respective output streams of
material at the first output and at the second output, by directing ferrous metal pieces
to the second output, wherein the first output of the second magnetic separation
station is connected to the screen plant and the second output of the second
magnetic separation station is connected to a storage bin for large metal pieces.
[0013] In one embodiment, the system includes a second crusher having an input
and an output, the second crusher being configured to receive a stream of pieces of
material at the input and to produce, at the output, a stream of pieces of material of
reduced size, wherein the output of the second crusher is connected to the input of
the second magnetic separation station.

[0014] In one embodiment, the second crusher is a jaw crusher.

[0015] In one embodiment, the system includes an unmanned piece of earth-
moving equipment for feeding the second crusher.

[0016] In one embodiment, the system includes a third magnetic separation
station having an input, a first output, a second output, and a third output, and being
configured to receive a stream of material at the input and to produce respective
output streams of material at the first output, at the second output, and at the third
output, by directing ferrous metal pieces to the second output or to the third output,
wherein the second output of the screen plant is connected to the input of the third
magnetic separation station.

[0017] In one embodiment, the third magnetic separation station includes a
magnetic separator configured to direct ferrous metal pieces to the third output of the
third magnetic separation station.

[0018] In one embodiment, the third magnetic separation station further includes
a conveyor with a magnetic head pulley configured to direct ferrous metal pieces to
the second output of the third magnetic separation station.

[0019] In one embodiment, the system includes: a stacker conveyor having an
input and an output; and a first stockpile at the output of the stacker conveyor,
wherein the input of the stacker conveyor is connected to the second output of the
screen plant.

[0020] In one embodiment, the system includes an eddy current separator having
an input, a first output, and a second output, and being configured to process an
input stream of material and to produce a first output stream of material and a
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second output stream of material, by directing electrically conductive pieces into the
second output stream, wherein the input of the eddy current separator is connected
to the second output of the screen plant.

[0021] In one embodiment, the first crusher is an impactor.

[0022] In one embodiment, each connection between: the first crusher, the first
magnetic separation station, and the screen plant includes a conveyor.

[0023] In one embodiment, the system includes an unmanned bin-hauling
machine for moving a bin containing pieces of material larger than the threshold size
to the inspection plant.

[0024] In one embodiment, the inspection plant includes a conveyor configured to
display metal pieces for inspection, the conveyor feeding a chute with a trap door,
the chute being configured to deposit metal pieces in a storage bin when the trap
door is open, and to deposit metal pieces into a sand pan when the trap door is
closed.

[0025] According to an embodiment of the present invention there is provided a
method for eliminating unexploded ordnance from a stream of material, the method
including: at a first location: crushing pieces in an input stream to form an output
stream; separating pieces in an input stream into two output streams, according to
magnetic characteristics of the pieces; and separating pieces in an input stream into
two output streams, according to the size of the pieces relative to a threshold size;
transporting pieces larger than the threshold size to a second location sufficiently
remote from the first location that an explosion at the first location does not pose a
personnel hazard at the second location; and identifying, at the second location,
potentially explosive pieces, wherein each of the processes of crushing, separating
according to magnetic characteristics, and separating according to size includes
receiving material from or providing material to another of the processes of crushing,
separating according to magnetic characteristics, and separating according to size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and other features and advantages of the present invention will be
appreciated and understood with reference to the specification, claims, and
appended drawings wherein:

[0027] FIG. 1 is a block diagram of an ordnance remediation system, according to
an embodiment of the present invention;

[0028] FIG. 2 is a schematic diagram of a first part of a separation plant,
according to an embodiment of the present invention;

[0029] FIG. 3 is an illustration of a portion of a separation plant, according to an
embodiment of the present invention;
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[0030] FIG. 4 is an illustration of another portion of a separation plant, according
to an embodiment of the present invention;

[0031] FIG. 5is an illustration of another portion of a separation plant, according
to an embodiment of the present invention;

[0032] FIG. 6 is a schematic diagram of a second part of a separation plant,
according to an embodiment of the present invention;

[0033] FIG. 7 is a schematic diagram of an inspection plant, according to an
embodiment of the present invention; and

[0034] FIG. 8 is an illustration of a portion of an inspection plant, according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0035] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments of an ordnance
remediation system provided in accordance with the present invention and is not
intended to represent the only forms in which the present invention may be
constructed or utilized. The description sets forth the features of the present
invention in connection with the illustrated embodiments. It is to be understood,
however, that the same or equivalent functions and structures may be accomplished
by different embodiments that are also intended to be encompassed within the spirit
and scope of the invention. As denoted elsewhere herein, like element numbers are
intended to indicate like elements or features.

[0036] Referringto FIG. 1, in one embodiment, an ordnance remediation system
includes a separation plant 110 and an inspection plant 120. A feed mixture of dirt
and metal, which may be excavated from a munition contaminated area or range,
and which may contain unexploded ordnance, is fed into the separation plant 110.
The separation plant produces several outputs, which may include a coarse metal
output, a fine metal output, and a fine dirt output. The coarse metal output may
include a coarse ferrous metal output and a coarse nonferrous metal output, that
may be separate from the coarse ferrous metal output. Similarly, the fine metal
output may include a fine ferrous metal output and a fine nonferrous metal output,
that may be separate from the fine ferrous metal output. As used herein, “metal’
parts are parts that contain a significant amount of metal, and that may contain non-
metallic components. For example, a piece of unexploded ordnance, which may
include, e.g., a ferrous metal shell casing housing an explosive element, is referred
to herein as a metal part.

[0037] The coarse metal output may contain unexploded ordnance, and it may be
the only one of the outputs of the separation plant 110 that potentially includes



10

15

20

25

30

35

WO 2017/192197 PCT/US2017/018010

unexploded ordnance, i.e., the other outputs may contain at most small pieces of
explosives and may be relatively nonhazardous. The coarse metal output may be
delivered to the inspection plant 120, and may be the feed mixture received by the
inspection plant. This feed mixture may include unexploded ordnance, and other,
non-hazardous materials. Personnel staffing the inspection plant 120 may observe a
stream of metal parts, e.g., using a video camera trained on a conveyor carrying the
parts, to classify the metal pieces as nonhazardous metal or unexploded ordnance.
The personnel may then take appropriate action to dispose of each piece of
unexploded ordnance.

[0038] Referringto FIG. 2, in one embodiment, a first part of the separation plant
110 includes several processing stations connected by conveyors. Raw feed
material is fed into a jaw crusher 200, the output of which is carried by a first
conveyor 201 to a vibrating table 245. In some embodiments, the output of the jaw
crusher 200 is fed first to a secondary hopper (not shown) by an additional conveyor
(not shown), and is then carried by the first conveyor 201 to the vibrating table 245.
In these embodiments the rate at which material is fed to the vibrating table 245 may
be controlled by controlling the speed of the first conveyor 201, and the rate at which
material is fed into the jaw crusher 200 may be adjusted based on the amount of
material in the secondary hopper (e.g., material may be fed into the jaw crusher 200
more quickly when the secondary hopper is nearly empty, and it may be fed into the
jaw crusher 200 more slowly when the secondary hopper is nearly full). In some
embodiments the secondary hopper may include a flow gate to control the rate at
which material leaves the secondary hopper. The raw feed material may be fed into
the jaw crusher 200 from a raw material stockpile by an unmanned, or armored
manned, piece of earth-moving equipment, depending on the site-specific munition
of greatest hazard. An armored control tower may be constructed at the separation
plant 110 to allow staff to monitor and control the operation of the equipment in the
separation plant 110.

[0039] In one embodiment the jaw crusher 200 is fed by excavating raw material
from the testing range, and the jaw crusher is on wheels or tracks or otherwise easily
moved, so that as the excavation progresses the jaw crusher may be advanced into
the munition contaminated site or range, and additional conveyors may be added as
the jaw crusher is moved away from the remainder of the separation plant 110
(which may include a secondary hopper for flow rate control). The jaw crusher 200
may include a feed hopper, at the bottom of which may be a set of grizzly bars
allowing pieces of material smaller than a threshold size (e.g., 6”) to fall through gaps
between the grizzly bars, directly onto the output conveyor (e.g., the first conveyor
201). Video cameras may allow a remote operator to view the contents of the hopper
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and to intervene when a piece of material appearing to be a piece of unexploded
ordinance is identified. This intervention may involve, for example, stopping the
operation of the jaw crusher 200, removing the piece of material from the hopper
with a remotely-controlled excavator arm (not shown) installed adjacent the jaw
crusher 200, setting the piece of material aside, and re-starting the jaw crusher 200.
[0040] The vibrating table 245 feeds a second conveyor 202, which carries
material to a first magnetic separation station 231. The first magnetic separation
station 231 separates ferrous metal pieces from the material it receives and deposits
the ferrous metal pieces onto a third conveyor 203 via a first chute 221. The
remainder of the material fed to the first magnetic separation station 231 feeds a
crushing and separation loop via a fourth conveyor 204, which deposits material onto
a fifth conveyor 205. The fifth conveyor 205 feeds a screen plant 225 that may
include a 5/8” screen and that separates fine material (e.g., material that fits through
5/8” diameter holes in the screen) from coarse material (e.g., material that does not
fit through the holes in the screen). In some embodiments the screen is finer or
coarser (depending, e.g., on contractually-specified requirements), having, e.g., 1/2”
diameter holes or 17 diameter holes. The fine material falls through the screen and is
carried, by a sixth conveyor 206 that extends under the screen plant 225 and carries
material out from under the screen plant 225 to a seventh conveyor 207. In some
embodiments the screen plant 225 includes multiple screens, one above the other,
with each screen having larger holes than the one below it, and with the lowest
screen allowing the smallest pieces to fall onto the sixth conveyor 206.

[0041] Material that does not fall through the screen moves along the top of the
screen to a third magnetic separation station 233. At the third magnetic separation
station 233, in a first mode of operation, coarse ferrous metal pieces from the top of
the screen are sent, via a second chute 222, to an eighth conveyor 208. Other
coarse pieces fall from the end of the screen onto a ninth conveyor 209, that may be
a part of the screen plant 225, and are deposited onto a tenth conveyor 210. The
tenth conveyor 210 feeds a crusher 230, which may be a cone crusher or an
impactor (e.g., an impactor with four blow bars). This crusher 230 processes material
that has already been processed by the jaw crusher 200, and accordingly may be
referred to as the secondary crusher 230. The output of the secondary crusher 230
is then carried, by an eleventh conveyor 211, back onto the fifth conveyor 205, thus
forming a loop.

[0042] Within the crushing and separation loop, dirt, rock, and metal pieces may
circulate counterclockwise as illustrated in FIG. 2. With each pass through the
secondary crusher 230, rocks or clods of dirt fed to the secondary crusher 230 may
be broken up into smaller pieces. The output of the secondary crusher 230 is carried
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by the eleventh conveyor 211 and fifth conveyor 205 back to the screen plant 225,
where pieces that fit through the screen leave the crushing and separation loop, and
pieces that do not fit through the screen return, via the ninth conveyor 209, to the
secondary crusher 230. In this manner, each piece of rock delivered to the crushing
and separation loop is eventually broken down into pieces sufficiently small to fit
through the screen; these pieces then leave the crushing and separation loop via the
sixth conveyor 206.

[0043] Ferrous metal pieces in the crushing and separation loop leave the loop
through the third magnetic separation station 233. Nonferrous metal pieces may not
be effectively reduced in size by the secondary crusher 230, and thus may remain
too large to fit through the screen of the screen plant 225, even after multiple trips
around the crushing and separation loop. Thus, if the feeding of raw material into the
separation plant 110 is shut off, the crushing and separation loop may eventually
hold only coarse pieces of nonferrous metal, i e, pieces of nonferrous metal too
large to fit through the screen of the screen plant 225. These pieces may be
removed from the separation plant 110 by operating the plant temporarily in a
second mode, in which the direction of the ninth conveyor 209 is reversed, so that
large pieces of nonferrous metal that fall from the end of the screen onto the ninth
conveyor 209 are deposited onto the eighth conveyor 208 via a third chute 223.
[0044] Both the third conveyor 203 (which carries ferrous metal pieces from the
first magnetic separation station 231) and the eighth conveyor 208 (which carries, in
the first mode of operation, coarse ferrous metal pieces, and, in the second mode of
operation, coarse nonferrous metal pieces) feed a coarse metals bin 235. The
coarse metals bin 235 may periodically (e.g., when it is full) be pulled aside and
replaced with an empty bin; the full bin may then be transported to the inspection
plant 120. In some embodiments, a radial stacker (not shown) may be used to
deposit coarse ferrous metal pieces and coarse nonferrous metal pieces into the
coarse metals bin 235, or, depending on the position of the radial stacker, other
coarse metals bins (not shown). In these embodiments, whenever a coarse metals
bin has become full, the radial stacker may be rotated to fill another coarse metals
bin. These operations may be performed by a bin-hauling machine (e.g., an
unmanned bin-hauling machine or an armored bin-hauling machine). As used herein,
a bin-hauling machine is any piece of equipment (e.g., a bulldozer, an excavator, or
a roll-off truck) suitable for moving a bin of material.

[0045] The seventh conveyor, which carries fine materials from the screen plant
225, feeds a second magnetic separation station 232. At the second magnetic
separation station 232, fine ferrous metal pieces are carried, by a twelfth conveyor
212 and a thirteenth conveyor 213, to a fine ferrous metals bin 240. The remainder
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of the material, which includes fine nonferrous metal pieces and fine rock and dirt, is
carried by a fourteenth conveyor 214 to a fifteenth conveyor 215. The fifteenth
conveyor 215 may be a radial stacker conveyor.

[0046] In operation, the separation plant 110 may, in a first phase of operation, be
fed at the jaw crusher 200. The plant may operate, during the first phase, in the first
mode of operation, with the ninth conveyor 209 returning large nonferrous pieces to
the crushing and separation loop. The plant may operate in this first phase until a
significant amount of nonferrous metal has accumulated in the crushing and
separation loop. In a second phase of operation, the feeding of new material into the
separation plant 110 at the jaw crusher 200 may be temporarily stopped, and the
remainder of the separation plant 110 may continue to operate, until the crushing
and separation loop contains primarily nonferrous metal pieces. In a third phase of
operation, the plant may then be operated in the second mode of operation, with the
ninth conveyor 209 operating in reverse, so that material that falls from the end of
the screen onto the ninth conveyor 209 is deposited onto the eighth conveyor 208
via the third chute 223, and delivered by the eighth conveyor 208 to the coarse
metals bin 235. In one embodiment two different coarse metals bins are used, afirst
one for coarse ferrous metal pieces and a second one for coarse nonferrous metal
pieces; these bins may be interchanged when the separation plant 110 switches
between the first and second modes of operation.

[0047] The first, second, and third phases may be repeated until a certain
quantity of material has accumulated in the coarse metals bin 235. The full coarse
metals bin 235 may then be hauled away, e.g., by an unmanned or armored bin-
hauling machine, to the inspection plant 120, and an empty coarse metals bin 235
may be put in its place, so that the separation plant 110 may continue to operate.
[0048] In each of the first, second, and third phase of operation, fine ferrous metal
pieces may be collected in the fine ferrous metals bin 240, and the remaining output
material from the first part of the separation plant 110, which may include fine dirt
and fine nonferrous metal pieces, may be stacked in one or more stockpiles of
ferrous-free dirt by the fifteenth conveyor 215, which may be a radial stacker
conveyor.

[0049] In one embodiment, the inspection plant 120 is sufficiently far from the
separation plant 110 that any explosions at the separation plant 110 (e.g., in the
crushers or on the conveyors of the separation plant 110) do not pose a threat to the
explosive ordnance disposal experts. As a result, the separation plant 110 need not
be stopped during disposal work at the inspection plant 120, and may continue to
operate essentially without interruption. This may result in significantly higher
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throughput than would be achievable, for example, if an inspection station were
located directly on, or at the output of, the eighth conveyor 208.

[0050] Referringto FIG. 3, in one embodiment the first magnetic separation
station 231 includes an overhead magnetic separator 300 including a magnet 305
and an integral conveyor 310 that wraps around the magnet 305. The magnet 305
may be a permanent magnet or an electromagnet. Ferrous metal pieces are picked
up from the flow of incoming material by the magnet 305, pulled across the surface
of the magnet 305 by the conveyor 310, and dropped onto the first chute 221, to be
deposited onto the third conveyor 203. Other nonferrous materials (e.g., dirt, rocks,
and nonferrous metal) are deposited onto the fourth conveyor 204. A suitable
magnetic separator 300 may be obtained from Eriez, of Erie, Pennsylvania
(www.eriez.com).

[0051] Referring to FIG. 4, in one embodiment the third magnetic separation
station 233 may include an overhead magnetic separator 400 including a magnet
405 and an integral conveyor 410 that wraps around the magnet 405. The magnet
405 may be a permanent magnet or an electromagnet. The fifth conveyor 205 feeds
the screen plant 225; coarse materials move along the top of the screen, and fine
materials fall through the screen onto the sixth conveyor 208. After reaching the end
of the screen, the coarse materials are further separated into nonferrous materials
(e.g., rocks, and nonferrous metal pieces) that are deposited onto the ninth conveyor
209, and ferrous metal pieces that are deposited onto the eighth conveyor 208 (via
the second chute 222). In the first mode of operation (illustrated in FIG. 4) the third
chute 223 is unused; in the second mode of operation, the ninth conveyor 209
operates in reverse and deposits nonferrous materials onto the eighth conveyor 208
via the third chute 223.

[0052] Referring to FIG. 5, in one embodiment the second magnetic separation
station 232 is fed a mixture of fine pieces (pieces that fit through the screen of the
screen plant 225) by the seventh conveyor 207 (in turn fed by the sixth conveyor
206). Larger ferrous pieces within this stream of material are picked up by an
overhead magnetic separator 500 including a magnet 505 and an integral conveyor
510 that wraps around the magnet 505. The overhead magnetic separator 500 is
mounted above the end of the seventh conveyor 207, and it deposits the larger
ferrous metal pieces onto the thirteenth conveyor 213. The magnet 505 may be a
permanent magnet or an electromagnet. The seventh conveyor 207 may include a
magnetic head pulley 515 that holds smaller ferrous metal pieces so that they remain
on the belt around the pulley and are deposited onto the twelfth conveyor 212. The
remaining material, which may include fine nonferrous metal pieces and fine rocks
and dirt, is deposited onto the fourteenth conveyor 214. Both the twelfth conveyor
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212 and the thirteenth conveyor 213 feed the ferrous metal pieces they receive to
the fine ferrous metals bin 240 (FIG. 2). The fourteenth conveyor 214 feeds the
fifteenth conveyor 215, which forms stockpiles of ferrous-free dirt. Some nonferrous
metal may remain in the ferrous-free dirt and become part of the stockpiles.

[0053] Referringto FIG. 6, in one embodiment, in a second part of the separation
plant, dirt from one of the one or more stockpiles of ferrous-free dirt fed by the
fifteenth conveyor 215 may be further processed to remove nonferrous metal pieces.
The ferrous-free dirt may be moved, e.g., by an unmanned, or manned armored,
piece of earth-moving equipment, from one of the one or more stockpiles of ferrous-
free dirt and placed in a hopper 600. Dirt may fall from the bottom of the hopper onto
a conveyor 605 and carried to a nonferrous metal separation station 610. In the
nonferrous metal separation station 610, nonferrous metal pieces (which are
sufficiently small to have fit through the screen of the screen plant 225) may be
separated and dropped, through a chute 615, into a fine nonferrous metal bin 620.
The remainder of the dirt, from which the nonferrous metal pieces have been
removed, may then be carried by a conveyor 625 to one or more stockpiles of metal-
free dirt. The conveyor 625 may be a radial stacker conveyor. Those of skill in the art
will understand that the metal-free dirt need not be entirely free of metal, but that this
term refers to dirt that has undergone one or more process to remove metal (e.g.,
processes to remove ferrous metal and other processes to remove nonferrous
metal), and that e.g., small pieces of metal may remain in the metal-free dirt.

[0054] In one embodiment the nonferrous metal separation station 610 includes
an eddy current separator, available from Eriez, of Erie, Pennsylvania

(www .eriez.com). Such a separator may include moving magnets that produce, in
the stream of material being processed, moving magnetic fields, that, in turn
generate eddy currents in any conductive pieces of material in the stream. Magnetic
fields produced by the eddy currents then interact with the magnetic fields from the
magnets to generate forces on the conductive pieces of material, diverting the
conductive pieces of material (e.g., pieces of nonferrous metal) from the path of the
remainder of the stream of material, and, e.g., onto the chute 615. In one
embodiment several nonferrous metal separation stations are operated in parallel,
e.g., fed by different output chutes from the intake hopper 600, to provide greater
processing capacity.

[0055] The stockpile or stockpiles of ferrous-free dirt formed by the fifteenth
conveyor 215 may act to decouple the processing rates of the first second parts of
the of the separation plant 110, so that, for example, the first part of the separation
plant 110 may continue to operate even if the second part of the separation plant
110 is temporarily shut down, or vice versa, or so that the first part of the separation
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plant 110 may continue to operate even if the processing capacity of the second part
of the separation plant 110 is less than that of the first part of the separation plant
110. In some embodiments, additional conveyors may be installed between the
fourteenth conveyor 214 and the fifteenth conveyor 215, tc extend the stockpile or
stockpiles from the remainder of the separation plant 110. In some embodiments, the
fifteenth conveyor 215 may, instead of forming one or more stockpiles, feed the
nonferrous metal separation station 610 directly.

[0056] The coarse metal output stream or streams may be treated as sufficiently
hazardous to merit further processing in the inspection plant 120. The remaining
output streams from the separation plant may be composed of pieces that are
sufficiently small to fit through the screen and that may pose little hazard.
Nonetheless the material in these streams may not be entirely safe; for example, a
munition that is fractured in the separation plant (or before being brought to the
separation plant) may produce fragments of explosive material. To further reduce the
hazard the material in these remaining output streams may pose, the material from
each of these streams may be heat treated in a heat treatment facility 650, e.g., it
may be briefly heated in a suitable furnace, causing any explosive fragments to
decompose.

[0057] In one embodiment, a simplified separation plant has only one crusher,
one screen plant, and one magnetic separation station, arranged in a loop similar to
the loop of FIG. 2 including the secondary crusher 230, the screen plant 225, and the
first magnetic separation station 231. Material to be separated is delivered to the
screen, the output of which feeds the magnetic separation station. Large ferrous
pieces are sent to the inspection plant, other large pieces are fed back to the
crusher, and small pieces are piled up as minimally-hazardous dirt, or heat-treated
and piled up as nonhazardous dirt.

[0058] Referringto FIG. 7, in one embodiment coarse metal pieces from the
separation plant 110 are deposited into a feed hopper 700 at the inspection plant
120. From the feed hopper 700 the coarse metal pieces are carried, by a feed
conveyor 705, to an inspection conveyor 710, which carries the coarse metal pieces
through an inspection area 715. In the inspection area, each coarse metal piece is
inspected, e.g., by personnel in a bunker, or by personnel using a video link, to
determine whether it is potentially a piece of unexploded ordnance. The inspection
conveyor deposits the pieces it carries into chute 720 which may be a chute with a
trap daor (e.g., a pant-leg chute). When the pieces being depasited in the chute 720
are not unexploded ordnance, the trap door 722 (FIG. 8) is kept open, and the
pieces drop through the trap door into a storage bin 725. When a piece of
unexploded ordnance is identified, the trap door is closed before the piece falls off of
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the end of the inspection conveyor 710, so that the piece is dropped into a sand pan
730.

[0059] Referring to FIG. 8, in one embodiment the trap door is closed by an
actuator 800 such as a pneumatic cylinder or a hydraulic ram, that may be operated
remotely by personnel monitoring the material on the inspection conveyor 710.
[0060] In embodiments of the present invention various pieces of equipment such
as crushers, magnetic separation stations, conveyors, and screen plants, may be
arranged in various configurations with material from one piece of equipment
delivered to another. The region or location at which a piece of equipment receives
material (such as the top opening of a crusher, or the region in which material first
comes within the region of influence of a magnetic separator) is referred to herein as
the “input” of the piece of equipment. Similarly, the location or region from which a
piece of equipment discharges material (e.g., the bottom opening of a crusher) is
referred to herein as the “output” of the piece of equipment. When the system is
configured so that material produced at the output of a first piece of equipment is
delivered to the input of a second piece of equipment, the output of the first piece of
equipment is referred to herein as being “connected” to the input of the second piece
of equipment. The output of a first piece of equipment may be referred to herein as
being “directly connected” to the input of a second piece of equipment only if there
are no intervening pieces of equipment. For example, if a crusher is installed above
a screen plant so that material drops from the crusher directly onto the screen plant,
then the output of the crusher is connected to the input of the screen plant and the
output of the crusher is also directly connected to the input of the screen plant. If the
crusher is adjacent to the screen plant and a conveyor carries material from the
output of the crusher to the input of the screen plant, then the output of the crusher is
connected to the input of the screen plant, but the output of the crusher is not directly
connected to the input of the screen plant.

[0061] As used herein, an “unmanned’ piece of equipment is a piece of
equipment that may operate without a human operator being in direct contact with
(e.g., sitting in the cab of) the piece of equipment. An unmanned piece of equipment
may be operated remotely by an operator standing at a distance and watching the
piece of equipment, or by an operator in a control room with remote controls for
controlling the piece of equipment and a video feed for monitoring its operations. An
unmanned piece of equipment may operate autonomously, e.g., it may execute pre-
programmed tasks without real-time participation of a human operator.

[0062] Although exemplary embodiments of an ordnance remediation system
have been specifically described and illustrated herein, many modifications and
variations will be apparent to those skilled in the art. Accordingly, it is to be
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understood that an ordnance remediation system constructed according to principles
of this invention may be embodied other than as specifically described herein. The
invention is also defined in the following claims, and equivalents thereof.
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WHAT IS CLAIMED IS:

1. A system for eliminating unexploded ordnance from a mixture, the
system comprising:

a separation plant, comprising:

a first crusher having an input and an output, the first crusher being
configured to receive a stream of pieces of material at the input and to produce, at
the output, a stream of pieces of material of reduced size,

a first magnetic separation station having an input, a first output, and a
second output, and being configured to receive a stream of material at the input and
to produce respective output streams of material at the first output and at the second
output, by directing ferrous metal pieces to the second output; and

a screen plant having an input, a first output and a second output, and
being configured to receive a stream of material at the input, and to produce
respective output streams of material at the first output and at the second output, by
directing pieces larger than a threshold size to the first output and directing pieces
smaller than a threshold size to the second output; and

an inspection plant having an input for receiving, from the separation plant,
pieces larger than the threshold size, the inspection plant comprising an inspection
station for identifying unexploded ordnance among the received pieces,

each of the first crusher, the first magnetic separation station, and the screen
plant having an input or an output connected to an input or an output of another of
the first crusher, the first magnetic separation station, and the screen plant,

the inspection plant being sufficiently distant from the separation plant to
prevent unexploded ordnance at the separation plant from posing a personnel
hazard at the inspection plant.

2. The system of claim 1, wherein each of the first crusher, the first
magnetic separation station, and the screen plant has an input or an ocutput
connected to an input or an output of another of the first crusher, the first magnetic
separation station, and the screen plant by a conveyor.

3. The system of claim 1, wherein the distance between the separation
plant and the inspection plant is at least 1,000 feet.

4. The system of claim 1, wherein in a first mode of operation:

the first output of the screen plant is connected to the input of the first
magnetic separation station;
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the first output of the first magnetic separation station is connected to the
input of the first crusher;

the second output of the first magnetic separation station is connected to a
storage bin for large metal pieces; and

the output of the first crusher is connected to the input of the screen plant.

5. The system of claim 4, wherein, in a second mode of operation:

the first output of the screen plant is connected to the input of the first
magnetic separation station;

the first output of the first magnetic separation station is connected to the
storage bin for large metal pieces; and

the output of the first crusher is connected to the input of the screen plant.

8. The system of claim 1, further comprising a second magnetic
separation station having an input, a first output, and a second output, and being
configured to receive a stream of material at the input and to produce respective
output streams of material at the first output and at the second output, by directing
ferrous metal pieces to the second output,

wherein the first output of the second magnetic separation station is
connected to the screen plant and the second output of the second magnetic
separation station is connected to a storage bin for large metal pieces.

7. The system of claim 6, further comprising a second crusher having an
input and an output, the second crusher being configured to receive a stream of
pieces of material at the input and to produce, at the output, a stream of pieces of
material of reduced size,

wherein the output of the second crusher is connected to the input of the
second magnetic separation station.

8. The system of claim 7, wherein the second crusher is a jaw crusher.

9. The system of claim 7, further comprising an unmanned piece of earth-
moving equipment for feeding the second crusher.

10.  The system of claim 1, further comprising a third magnetic separation

station having an input, a first output, a second output, and a third output, and being
configured to receive a stream of material at the input and to produce respective
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output streams of material at the first output, at the second output, and at the third
output, by directing ferrous metal pieces to the second output or to the third output,

wherein the second output of the screen plant is connected to the input of the
third magnetic separation station.

11.  The system of claim 10, wherein the third magnetic separation station
comprises a magnetic separator configured to direct ferrous metal pieces to the third
output of the third magnetic separation station.

12.  The system of claim 11, wherein the third magnetic separation station
further comprises a conveyor with a magnetic head pulley configured to direct
ferrous metal pieces to the second output of the third magnetic separation station.

13.  The system of claim 1, further comprising:

a stacker conveyor having an input and an output; and

a first stockpile at the output of the stacker conveyor,

wherein the input of the stacker conveyor is connected to the second output of
the screen plant.

14.  The system of claim 1, further comprising an eddy current separator
having an input, a first output, and a second output, and being configured to process
an input stream of material and to produce a first output stream of material and a
second output stream of material, by directing electrically conductive pieces into the
second output stream,

wherein the input of the eddy current separator is connected to the second
output of the screen plant.

15.  The system of claim 1, wherein the first crusher is an impactor.

16.  The system of claim 1, wherein each connection between:
the first crusher,
the first magnetic separation station, and
the screen plant

includes a conveyor.

17.  The system of claim 1, further comprising an unmanned bin-hauling

machine for moving a bin containing pieces of material larger than the threshold size
to the inspection plant.
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18. The system of claim 1, wherein the inspection plant comprises a
conveyor configured to display metal pieces for inspection, the conveyor feeding a
chute with a trap door, the chute being configured to deposit metal pieces in a
storage bin when the trap door is open, and to deposit metal pieces into a sand pan
when the trap door is closed.

19. A method for eliminating unexploded ordnance from a stream of
material, the method comprising:
at a first location:
crushing pieces in an input stream to form an output stream;
separating pieces in an input stream into two output streams, according
to magnetic characteristics of the pieces; and
separating pieces in an input stream into two output streams, according
to the size of the pieces relative to a threshold size;
transporting pieces larger than the threshold size to a second location
sufficiently remote from the first location that an explosion at the first location does
not pose a personnel hazard at the second location; and
identifying, at the second location, potentially explosive pieces,
wherein each of the processes of crushing, separating according to magnetic
characteristics, and separating according to size comprises receiving material from
or providing material to another of the processes of crushing, separating according to
magnetic characteristics, and separating according to size.
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