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ABSTRACT

An edimated 45 to 50 million emplaced
landmines in over 60 countries kill or mam
goproximately 10,000 people annudly. An
internationd  humanitarian demining effort is
under'way to diminate this globa problem.
Currently, the mogt common in-dtu mine
neutrdization procedure is demolition using
small explosve charges such as G4 or TNT.
However, this method is not suitable for
mines placed on or near important structures
such as bridges, public buildings, railroads,
water or ol wdls and power lines
Explosve dedruction in these circumstances
will dso damage these dructures In
addition, detonation of metal case mines
increases the amount of meta contamination
in an aea, making pod-clearance quality
contro  much more difficult and time
consuming. Burning landmines inStu is an
dternative method of neutrdization that can
avoid these problems. The US Army
Communications  Electronics  Command
(CECOM) Nignt Vison and Electronic
Sensors Directorate  (NVESD), under the
DoD Humanitarian Demining Research and
Development (R&D) Program, has been
working to develop a chemicd solution for
nonexplosve in-9tu  mine neutrdization.
To date the R&D Program has developed
four prototype chemicd ddivery sysems.
Two sydems use dighylene triamine
(DETA), which is hypergolic with TNT,
Tetryl and TNT based explosives, and the
other two ae based on binary chemicds.
The firs DETA sysem is known as Bullet

with Chemica Capsule (BCC). The second
DETA based sysem, the Reactive Mine
Clerance (REMIC) device, improved
chemicd ddivery peformance over the
BCC. The third and fourth systems (Smdl
and Large REMIC-II) use binary chemicas
to neutrdize a wider range of explosives,
and improve peformance agangt a vaiety
of mine case thickness when compared to
the DETA based prototypes. This paper
summarizes tests of the four devices agangt
anti-personnel (AP) and anti-tank  (AT)
mines. Each device has advantages and
dissdvantages  involving cod,  rdiability,
teran, man chage explodve type target
case thickness and type, chemicd toxicity,
shdf life, shipment and dorage.  Chemicd
mine neutraization sysems provide a means
to meke demining safer, more rdiable, and
less expensive.

INTRODUCTION

Landmines have played an important
role in land warfare snce ther introduction
in World War |. They were widdy used
during World War 11, and in many conflicts
ever dnce. The vaiety of landmines is
tremendous. They range from crude
mechanicd to complex dectromechanica
sydems. They vay in dze, shape, case
materid, fuze design, explosve type and
method of emplacement. The world is
polluted with an edtimated 4550 million
mines in over 60 countries.  Landmines
kiled or mamed gpproximatdy 10,000
peoplein 2000 alone [1].
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A drong interndtiond effort to diminate
the landmine problem has been underway
for severd years. The most common in-Stu
mine neutrdization procedure used by
demings is demdition, usng Smdl
explosive charges such as a G4 or blocks of
TNT. However, this method is not suitable
agangt mines emplaced on or near important
dructures such as bridges, public building,
railroads, water or oil wels and power
lines. In addition, detonation of meta case
mines increeses the amount of metd
contamindtion in the aea making pod-
clemance qudity control much more
difficult and time consuming. Other serious
drawbacks with remova for detonation
include safety, cod, effective destruction,
time condraints, Sorage, transportation,
traning, and the potentia for the explosve
to be dolen. Devdopment of a reliable
means for in-Stu mine neutrdization by
buning can provide a solution to these
problems.

To address this need, the US Army
Communications  Electronics  Command
(CECOM) Night Vison and Electronic
Sensors Directorate (NVESD), under the
DoD Humanitarian Demining Research and
Development (R&D) Program, has been
activdy  devdoping prototype  chemicd
ddivery sysems for in-Stu neutrdization of
mines by burning.

BACKGROUND

A 2,4,6-Trinitrotoluene (TNT) and
TNT-based explosve such as Compostion
B (TNT + RDX), aso known as Comp B, or
amatol (TNT + NH4NO3), is the man
explosve chage in many anti-personne
(AP) and anti-tank (AT) mines TNT is a
military and secondary explosve.
Secondary explosives fdl into one of three
categories, dl of which contain nitro (NO2):

= Nitrate ester - O-NO2, of which
PETN isan example.

= Nitroarenes- C-NO2, which includes
TNT.

= Nitramines- N-NO2, characterized
by RDX.

TNT is a popular explosve It mdts a a
rdativdly low temperaure (81°C) and is
therefore readily cas.  Chemicd dability is
high and sengtivity to impact is low. Due to
its low mdting point, TNT is used in a
mixture with metd, oxidized and many high
explogves such as Tritond (TNT + Al),
Cyclotol (RDX + TNT), Octol (HMX +
TNT), Baratol (TNT + Ba(NO3)2, Pentolite
(PETN +TNT) [2] etc. Explosives contain
condgderable oxygen within their metagtable
molecules, hence they do not need ar in
order to detonate, deflagrate, or dissociate
by autocatdytic decompostion. TNT will
generdly burn fiercdy but without trangtion
to detonation if smply ignited; i.e, without
use of a detonator and explosve booster
charge to shock-initiate the TNT. Hence, a
gimulus means such a a chemicd
hypergolic or high temperaiure thermite is
capable of causng autocataytic
decomposition insdead of detonation. The
chemicd transformation of TNT, as wel as
most other secondary explosves, can
proceed by four generd mechaniams.

Burning

Heterogeneous chemica reaction
Detonation

Autocatalytic decompostion

el SN

Open-pit burning, by spraying kerosene
or fue oil on propelant and explosve and
then igniting it, is a common practice for the
disposd of propelants and explosives.
Burning of confined, often buried ordnance
is not feasible because of its dependence on
oxygen.  Heterogeneous chemica reaction
of explosves with suitable chemicd
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reegents is effective [3] but requires
excessve quantities of such reagents, and
there is no practicd, effective ddivery
system for ingStu neutrdizaion, egpecidly
in the case of buried mines. Detonation of
explogve ordnance is a viable option that is
in practice, but as discussed previoudy has
several drawbacks.

Autocataytic decomposition and
burning are the amplest, cheapest, and most
effective options for chemicd neutrdization
of landmine explosves  These types of
chemicd neutrdization ae most readily
achieved by usng itable chemicds that
ae hypergolic or pyrophoric with the
explosves, eg., metd dkyls and diphétic
amines. Vey sndl amounts, even sverd
drops in laboratory tests, cause nearly
indantaneous  hypergolic ignition of TNT,
Comp.B, and Tetryl. However amines and
metd dkyls faled to ignite RDX, C-4 and
PETN explosives usad in saverd AP and AT
mines.

The US Armmy  Communications
Electronics Command (CECOM) Night
Vison and Electronic Sensors Directorate
(NVESD), under the DoD Humanitarian
Demining Research and  Deveopment
(R&D) Program, has developed four
prototype chemica ddivery systems for in-
gtu mine neutrdization by bumning. Two
deivery sydems use diethylene triamine
(DETA), which is hypergolic with TNT,
Tetryl, Comp.B and other TNT based
explosves. The other two systems use
binay chemicds that ae effective agang a
wide range of explosves The firda DETA
based system, developed by IIT Research
Inditute, is the Bullee with Chemicd
Capsaule (BCC). The second, developed by
BAE Sygems is the Reactive Mine
Clearance (REMIC) System.

BAE devedoped both binary chemicd
gystems under contract with NVESD. In
addition to being based on binary chemicds,
the Smal REMIC-II and Large REMIC-II
fine-tune the origind REMIC to different-
gzed tagets BAE Sysem's Integrated
Defense Solutions developed a new binary
chemicd congding of solid and liquid
chemicas. Separately, both chemicds are
safe to handle, transport, and store and they
are norrtoxic. However, when these
chemicds ae combined, they react and
burn.

Regadless of the type of chemicds
used, any chemicd neutrdizetion sysem
must have a ddivery sysem that can firs
expose the explosve indde the mine by
cutting into and opening the case without
causng detonation, then introduce the
chemicd(s) into the opening. The next
section describes the four delivery systems
developed under the Humanitarian
Demining R&D Program.

DELIVERY SYSTEMS
Bullet with Chemical Capsule (BCC)

Dr. Allen Tulis and James Auding,
former members of IIT Research Inditute,
developed the Bullet with Chemicad Capsule
(BCC) [4]. The BCC uses diethylene
triamine (DETA) in a plagic bottle placed
just above the landmine, over an area where
the man charge is located. The BCC
ddivery mechanism is a gmple tripod as
shown in Figures 1la and 1b. A bullet, shot
through the cgpsule and into the mine,
ruptures the capsule, penetrates the mine
casng and enters into the explosve charge,
carying the dispersed chemicd into the
explosve chage indde the mine Within
seconds a  highly  exothermic, hypergolic
autocataytic sdf-dedtruction  of the
explosve charge takes place and the
explosve dats to burn. Neutrdization is
completed within  minutes, specific  time



In-Situ Landmine Neutralization Using Chemicalsto Initiate Low Order Burning of Main Charge

depending on the size and type of explosive,
and type of mine case. The prototype design
is robudt. It can be operated remotely and it
is reusable (Figures la and 1b). Remote
operation is by an dectric squib, and a
tripod for pogtioning the ddivery device

i =i

Figure la: Original BCC Design

Figure 1b: BCC - Improved Tripod
above the mine.  The chemica-filled (60
mL) plastic bottle is secured indde a quick-
disconnect reducer assembly at the bottom
of the gun tube. Once the squib is fired, it
produces gas pressure, driving a hammer to
impact a firing pin, which in tun fires a
cartridge. The bullet penetrates the

chemicd filled capaule, the mine cadng, and
the man explosve chage  thereby
shattering a portion of the explosve charge.
The DETA fdlowsthrough behind the
bullet and contacts the explosve charge,
causng hypergolic ignition and autocataytic
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fresh consumables (DETA filled pladtic
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delivery sysem is ready for the next mine
Figure 1c shows across-sectiond drawing of
the BCC ddivery sysem. The system was
tested agangt AP and AT mines with metd,
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wood, and plagtic casngs. The results of
this test are shown in Table 1. In ted, the
BCC proved effective agangt TNT,
Comp.B, Tetryl and TNT-based explosive.

Although the BCC demondrated the
concept of non-explosve neutrdization of
landmines, testing reveded ddivery sysem
desgn issues that would not be acceptable
for field use. In order to prevent damage to
the delivery system, it had to be pulled away
from the mine a soon a burning
commenced. The sysem had to be cleaned
before each use, which would be too
inefficient in actud demining operdions. In
addition, a sysem that requires a lesser
quantity of DETA was desred. Under a
CECOM-NVESD contract, TRACOR (now
Integrated Defense Solutions Divison, BAE
Sysems) developed the Reective Mine
Clearing Sysem (REMIC) to address these
problems.

Reactive Mine Clearing (REMIC) System

REMIC was designed using CTH
hydrocode. It contains two main
components, alinear charge top component,
and chemical reservoirs at both sides of the
bottom portion. The linear cutting charge is
designed to cut through the mine case,
thereby exposing the explosive fill without
detonating it [5, 6]. The linear charge cutsa
larger opening in the mine case compared to
the BCC. Thisimprovement reduces the
amount of chemical needed, and
sgnificantly decreases the burning time. The
two reservoirs each contain 7 mL of DETA.
The reservoir is desgned such that the
expanding jet gases break the reservoirs and
gect the DETA into themine. Thedeviceis
about 7.4 cmwide, 10.2 cmlong and 7.4 cm
high, and weighs 340 grams. It conssts of
an auminum or copper sheet linear shaped
charge liner, detasheet explosive (20 g), and
Teflon reservoirs for the DETA. Remote
initiation is by ablasting cap or detonating

cord with the REMIC suspended above the
mine at a pecified sandoff distance with a
monopod support (Figure 2). Once the
deviceisinitiated remotely, it produces a
high velocity jet, which cuts the mine case.
Next, hot gas from the jet breaks the
chemica reservoirs and the chemicd enters
the mine. The chemicd reactspyrogolicdly
with the explosive, causing the explosive to
dart burning. The burning reection is sdlf-
sugtained and will not trangtion to high-
order unless afuze or detonator reacts to the

Figure 2. REMIC device on theleft, and burning
AT landminefollowing REMIC initiation.

gpproaching burn front by detonating, which
may initiate any remaining main charge
explosves. Burning will typicaly last for 5
to 12 minutes depending on the amount and
type of explosive, type of mine case and size
of the opening in the mine case. REMIC was
tested againgt unfuzed AP and AT mines of
various cases such as metd, plastic and
wood. Both types of mines were either flush
buried or had one cm of soil overburden.
The test results are tabulated in Table 2.

Though REMIC proved to be smple to
operate, it is not effective aganst hard case
metdlic and plagic mines, and snce it uses
DETA done agpplicadility is limited to mines
containing TNT or TNT —based explosive.
Teflon, used for condructing chemicd
reservoirs, is hamful to the environment
and to humans when it is depolymerized at
high temperature. It is dso difficult materiad
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work with. To address problems with the
REMIC, BAE Sysems developed the
REMIC Il System.

Reactive Mine Clearancell (REMIC-II)

REMIC 1l will neutrdize dl types of
mines, regardiess of explosive type or mine
case thickness. BAE developed two variants
of REMIC-Il. Both use the same binary
chemicds, which ae effective agang a
wide range of secondary explosves. Small
REMIC-I1I can cut open sted mine cases up
to 032 cm thick usng a copper linear
cutting charge. The large REMIC-I1I is able
to cut open a sted case up to 1.27 cm thick
usng a heavier verson of the linear shaped
charge.

Small Reactive Mine Clear ance-l|
(REMIC-II)

The sndl REMIC-II was developed to
fine tune the origind REMIC to neutrdize
thinrcased AT and AP mines Each smdl
REMIC-1I device is made of a cadstable
polyurethane (Figure 3). Dimensons are 6.6
cm long, 51 cm wide and 51 cm high.
Totd weght is approximaey 62 grams.
There are four one (1) mL glass tubes which
contan the binary chemicd neutrdizer.
They are located at the bottom of the device,
with two pairs a each side, one on top of the
other. The solid reagent (oxidizer) tube is on
top and the liquid goes into the bottom tube
of each pair. The linear cutting charge ses a
2mm thick PETN-based detasheet explosive
driver mated to a curved 1mm thick piece of
duminum. The liner is a shdlow, curved
shaped charge plate that upon detonation
devdops a high vdocity linear cutting jet
formed of particles of the liner. The device
is placed above the explosve section of a
thin case AP or AT mine with a sand tha
provides versdile orientation and sandoff
control of the device over the mine.  The
device is initiated remotely by inserting an
electric blasing cap, which is placed ingde

a holder that accepts the blasting cap and
hold it firmly in place. Once the dectric cap
is initialed with a demolition device, the
linear shaped charge jet perforates the mine
cadng, while the explosve by-products of
the cutting chage fracture the reservoir
tubes and direct the chemicds into the mine.
Once the binary chemicds combine indde

Figure3: Small REMIC-II positioned over a
PMD-6 AP Mine.

the mine, burning begins with sufficient hest
to initiale buning of the explosve in the
mine. Fgure 3 shows the support dructure
for pogtioning the device over a mine. The
device is desgned o it can be used from a
dde angle (i.e. veticdly). The reslts of
Smdl REMIC-II tedting againg AP and AT
mines and their results are shown in Table 3.

L arge Reactive Mine Clearance-l |
(REMIC-II)

The large REMIC-I1I body is cast in two
identical polyurethane haves, connected by
four smdl pins Dimendons are 102 cm
long, 11.4 cm high and 13.33 cm wide. Tota
weight is aproximady 500 grams
including dripper plate (described below).
Four 85 mL gze glass tubes contan the
binary chemicd neutrdizer a the bottom of
the device, aranged in a smilar manner to
the Smdl REMIC-1I. The 0.94mm thick
copper liner is a shdlow, curved plate that
upon detonation develops a linear cutting
jet.  The linear cutting charge uses a 6 mm
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thick RDX-based detasheet explosive driver
mated to a curved liner. The assembled
device is placed with a sand which enables
the user to position the device up and down,
and rotate it s0 it can be used to neutrdize

EFP. The dripper plates with larger
openings  dlow  grester penetration.

Numbered S1 through $4, the stripper plates
have no dot, 1.27, 1.90 and 254 cm dots

respectively.

Figure4: Beforeand after: Large REMIC-II positioned over aVS-50 AP Landmine, and the completely

burned mine after REMIC application.

seke mines. To neutrdize a mine, the
device is placed above the explosve section
of the mine a dtandoff distance, 15 to 20 cm
depending on the thickness of the mine case
(Figure 4). An dectric cap is used to initiate
the device remotdy. Once the device is
initiated, the EFP perforates the mine casng
via hydrodynamic eroson. The explosve
by-products of the cutting charge, in turn,
fracture the reservoir tubes and direct the
chemicds into the mine to initiate burning.
The lage REMIC-II can penetrate steel-
cased mines up to 1.27 cm thick. However,
the penetration force that accomplishes this
can pulverize or cause high order detonation
in mines with cases that are not so thick. To
control the penetration performance of the
EFP, and thereby increase effectives agangt
thinner case mines, the large REMIC device
uses one of 4 dripper plates depending on
the thickness of the target mine case. The
width of the opening of the dripper plae
determines the degree of disruption of the

DEMONSTRATION AND TEST
RESULTS

All four chemicd ddivery sysgems were
teted aganst surface buried, fuzed and
unfuzed AP and AT landmines with metd,
wood and plagic cadngs. Smulated meta
and wooden case unfuzed mines were aso
used. Generdly, three mines were used for
esch ted, however in some cases low mine
avalability limited testing to one or two
mines. Table 1 contains the results of the
Bullet with Chemica Cgpsule (BCC) tedt,
which took place a an ambient temperature
of 10°C in November 1995. Teble 2 shows
the results of the DETA based REMIC test,
which took place in January 1998. Testing
of the Smdl REMIC-II and Large REMIC-II
took place in May 2001. The test results of
these systems are tabulated in Table 3.



In-Situ Landmine Neutralization Using Chemicalsto Initiate Low Order Burning of Main Charge

TABLE 1. Test Resultsof Bullet with Chemical Capsule against AP and AT mines

MineType | Designation Casing Explosive Fuzed | Neutralization
AP PMD-6 Wood TNT No Completely burned
AP PMD-6 Wood TNT No Completely burned
AP PMD-6 Wood TNT No Completely burned
AP PMN-2 Plastic TNT/RDX | Yes Completely burned
AP PMN-2 Padtic TNT/RDX Yes Completely burned
AP PMN-2 Plagiic TNT/RDX | Yes Completely burned
AP Smulated Steel TNT No Completely burned
AP Smulated Stedl TNT No Completely burned
AP Smulated Steel TNT No Completely burned
AT TMD-44 Wood TNT No Completely burned
AT Large Padic Comp.B No Completely burned
AT Large Meta Comp.B No Completely burned
AT Large Meta Comp.B Yes Completely burned

Table 2. Test Results of Reactive Mine Clearing (REMIC) Device

Burial Mine Designation | Mine case | Explosive Explosive

Depth | type Burn time, min.
Flush AP Smdl Padic Tetryl Detonate
Flush AP Smdl Padic Tetryl Detonate
Flush AP Smdl Padtic Tetryl Detonate
Flush AP Medium Steel TNT 10 minutes
Flush AP Medium Stedl TNT 20 minutes
Onecm AP Medium Sted TNT 17 minutes
Surface AP PMOZ-2 Cast-iron TNT No penetration
Fush AP TS50 Pladic RDX Fve minutes
Flush AP TS-50 Pladic RDX Fve minutes
Fush AP VS-50 Pladic RDX Five minutes
Flush AP PMD-6 Wood TNT Fve minutes
Fush AT Large Meta Comp.B 11 minutes
Flush AT Large Meta Comp.B 12 minutes
Flush AT Large Pladic Comp.B Eight minutes
Onecm AT Large Pladtic Comp.B 25 minutes
Flush AT TM-46 Metal TNT Eight minutes
Flush AT TM-46 Meta TNT One minute
Flush AT TMD-44 Wood TNT Eight minutes
Flush AT VS22 Padtic Comp.B | No penetration
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Table 3. Test Result of a Small REMIC-I1 and aLarge REMIC-II Tested against Fuzed
and Unfuzed AP and AT Mines

REMIC | Mine | Mine Fuzed | Case | Explosive | Stand- Neutralized,
Device | Type Off,cm | Burned time
Smdl AP | Smdl No | Padgic | Teryl 5 Failed
Smdl AP | Smdl No | Pladic Tetryl 5 Yes, totd 8 min.
Smdl AP | Smdl Yes | Padic Tetryl 5 Detonate aft. 17s
Smdl AP | VS50 No | Padic RDX 5 No burned
Smdl AP | PMN No | Padic TNT 5 No burned
Smdl AP | PMD6 No | Wood TNT 5 Mine broken up
Smdl AP | PMD6 No | Wood TNT 5 Mine broken up
Sl AT | Lage No Metal Comp.B 5 Burned, 18 min
Smdl AT | Lage No Meta Comp.B 5 Burned, 17.5 min
Smdl AT | Lage Yes Metal Comp.B 5 Burned, 15 min
Smdl AT | Lage No | Plagic | Comp.B 5 Burned, 14 min
Smdl AT | Lage Yes | Padic | Comp.B 5 Burned, 19 min
Smdl AT | Lage Yes | Pagic | Comp.B 5 Burned
Smdl AT | TM62 No Metal TNT 5 Failed
Smdl AT | TM62 No Metal TNT 6.35 Burned, 16.5 min
Smdl AT | TMAS No | Padic TNT 5 Failed
Smdl AT | TMAS No | Padic TNT 7.5 Failed
Smdl* AT | Lage No Metd | Comp.B 5 Burned, 25.5 min
Lag.S1 | AP | Va.69 No | Padgtic | TNT/RDX 20 Burred
Larg.S1 AP | VS50 No | Pladic RDX 20 Burned, 8.5 min
Larg.S2 AP | VS50 Yes | Padic RDX 20 High order Deto.
Larg.S2 AP | TS-50 No | Padic RDX 20 Burned
Larg.S2 AP | Smdl No Metal TNT 20 Burned, 8 min
Larg.S2 AP | Smdl No | Metd TNT 20 High order Deto.
Lag.S2 | AP | Smdl No | Metd TNT 20 High order Deto.
Large AP | POMZ** No | Metd TNT 215 | Burned
Large AP | POMZ** No | Metd TNT 19 Burned
Large AP | POMZ** No | Metd TNT 20 Burned
Larg.S1 AT | TMD-44 No Wood TNT 20 Burned, 23.5 min
Larg.S1 AT | TMD-44 No | Wood TNT 20 Burned, 18 min
Larg.S1 AT | TM-46 No Metal TNT 20 Burned, 16 min
* Side attack S1- Stripper plate 1, no dot

** Simulated POMZ-2

S2- Stripper plate 2, 1.27 cm dot

RESULTS AND DISCUSSION
The Bullege with Chemicd Capaule

(BCC) was 100% effective against tested
AT and AP mines (Table 1). Theoreticaly,
one could use this sysem to neutrdize a

mine buried up to sx inches in soil as long
as the exact location of the mine is known.
However, because the BCC uses DETA, it is
not effective agang mines contaning RDX,
PETN or plagtic explosves. It cannot be
used againg steke mines, bounding and blast
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ressant AP mines. The system is reusable,
but the gun bard must be cleaned &fter
evary u Also, the ddivery sysem must be
pulled awvay from the mine once burning
darts to prevent it from damage. The BCC
requires a large quartity of DETA, and it
takes longer to burn the explosve due to the
smdl opening created by the bullet.

The success rate for the REMIC was
75% among tested AT and AP mines (Table
2). The mine burns at twice the speed of the
BCC sysem because it cuts a 1.27 cm X
10.2 cm opening into the mine case.  As
with the BCC, the REMIC system cannot
neutrdize sake, bounding or blast resstant
mines, or mines containing RDX, PETN or
plasic explosve. The sygsem has severd
drawbacks. The Teflon chemica reservoir is
codly, hard to work with, and generates
toxic fumes during burning. Since it uses 20
gn of detashest explosve, it must be
transported and stored as an explosive. It
cannot be used from a sde angle if the mine
is above ground.

In test, Smal REMIC-II neutrdized only
13 % of AP and 73% of AT mines (Table 3).
It did not do wedl agang AP or AT mines
containing TNT. This may be because the
quantity of binary chemicd is not sufficient
to ignite the TNT, which has a high auto-
ignition temperature. The device is good for
neutrdizing AT mines It is not effective
agang sake, bounding and blast resstance
mines, though it can be used verticdly.
Smdl REMIC-II uses PETN detashed,
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which requires it to be shipped and stored as
an explosve. The glass tube chemicd
reservoirs avoid the environmenta problem
with Teflon. Two separate storage facilities

ae required for the solid and liquid
components.
Lage REMIC-II was tested against

thireen AP and three AT mines, with a
gandoff distance of agpproximatey 20cm. It
neutrdlized 70% of AP and 100% of AT
mines (Table 3). Its larger Sze enddles it to
neutradize mines with sed cases up to %
inch thick. Stripper plates S1 and 2 were
the only ones used. Knowing which stripper
plate to use on any given mine requires
knowledge of the mine and its thickness.
Shipping and dorage requirements ae
gmilar to the Smal REMIC-I1.

During burning of fuzed, medlic AT
mines, very low order detonation takes place
after more than % of the explosve is
consumed. However, this can be avoided or
minimized with the use of two Smilar mine
neutralization sysems placed &bove the
main charge of the mine, opposte to each
other and away from fuzes. It dso reduces
burning time by nearly half.

Table 4 provides an overdl comparison
of dl four sysems in tem of cog,
relidbility, terran, man chage explosve
type neutrdize, target case thickness and
type, chemicd toxicity, shdf life, shipment
and storage.
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Comparison Among BCC, REMIC, Small-REMIC-Il and Large-REMIC-I|
Neutralization Systems

Parameters BCC REMIC Small- Large-
REMIC-II REMIC-II
Mine Burn Burn Burn Burn
neutraize,
Chemicasusd DETA DETA Oxidizer & Oxidizer
Solvent (Solid) &
Solvent
Penetration by Bullet Linear charge EFP EFP
Penetration Copper Copper & Copper Copper
Materia Aluminum
Chemicd Padtic Teflon Glass Glass
Reservoir mat.
Case materidl Sted Plagtic, Teflon | Polyurethane Polyurethane
Explosive need Squib 20 gm PETN 2mm thick 6mm thick
Detasheet PETN Detasht. | RDX detasheet
Amount of 60 mL liquid 14 mL liquid 2mL solid 17 mL solid
Chemica 2mL liquid 17 mL liquid
Initiation Squib Electric cap or Electric cap or Electric cap or
method Detonation cord | Detonation cord | Detonation cord
Placement of On explosive Abveexplosve | Abov explosve | Aboveexplosv
Device portion of mine | Inmine Inmine Inmine
Standoff of Touchingmine | 10 cm above 5to7.5cmabo. | 18.7510 21.25
distance case mine surface Mine surface cm above mine
Typesof explos | Tetryl, TNT & Tetryl, TNT & Tetryl, PETN Tetryl, PETN,
neutrdized TNT based expl | TNT based expl | TNT,RDX, etc | TNT, RDX, €tc.
Perf. againgt No No No Yes
Stake mines
Perform againgt No No No Yes
Bounding mine
Maxim. stedl 3mm 4mm 6 mm 13mm
penetration
Chemicd df- Unlimited shelf Unlimited shelf Both solid & Both solid and
life life in unopend life in unopend liquid are gable | liquid are stable
Origind contan | origind contain | under ord.conds | under ord. cond
Toxicity of Corrosiveto Corrosiveto Both solid and Both solid and
Chemicds skin and eyes skin and eyes liguid aedight | liquid are dight
toxic toxic
System use Reusable Onetime use Onetime use Onetime use
Humanfactors | Easy to use, Easy to use Easy to use, Easy to use
min. training min. training min. traning min. training
Trangportation | No explosve Explosvetrans. | Explosvetranr | Explosvetrans.
Requirements Trans. needed needed Sport needed Needed
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Parameters BCC REMIC Small- Large-
REMIC-II REMIC-II
Storage Squib & liquid Explosve & Explosve, Explosve,
requirements storages Liquid storages | liquid & solid liquid & salid
storages storages
Initiation power | Blading Blast machine Blast mechine Blast machine
reguirement mechine or firing device | or firing device | Or firing device

SUMMARY AND CONCLUSIONS

The Humanitaian Demining R&D
Program developed four prototype chemica

mine neutralization technologies to
neutrdize mines by bumning. A key
advantage to this form of in-Stu

neutrdization is the avoidance of damage to
important structures such as roads, bridges,
oil wells, power lines and public buildings

The Bullege with Chemicd Capaule
(BCC) uses a gngle chemicd, diethylene
triamine (DETA), which is pyrogolic with
TNT and TNT based explosve. Therefore,
the sysem is only gpplicdble to mines
containing TNT, Tetryl and Comp.B. Also,
due to lack-of penetration of the bullet into
thick mine cases, it is effective aganst only
thin cases AP and AT mines The ddivery
system s reusable but requires cleaning after
each use, and it must be pulled awvay once
the mine darts burning. The sysem may be
work agang a buried AT mine if the exact
location of the mineis known.

The Reective Mine Clearance (REMIC)
Sysem was developed to address the
problems associated with the BCC. REMIC
dso usss DETA chemicd and a linear
shaped charge. The ddivery sysem is an
improvement over the BCC system, but
gnce it is dill based on DETA it cannot be
used againg stake, bounding, hard case blast
ressant mines, and mines containing RDX,
PETN and plasic explosves. The Teflon
chemicd resarvoir is toxic when it burns is
cosdly and hard to machine The PETN-
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detasheet explosive driver requires REMIC
to be shipped and stored as an explosive.

Smdl and Large REMIC-II are capable
of neutrdizing dl types of mines and dl
explosves in mines They use explodve
forming penetrators made from copper sheet
to cut and open mine cases without causing
detondtion, and they use binary chemicds
which can neutrdize most explosves found
in mines  The sndl REMIC-II is good for
thin case AP and AT mines while the large
REMIC-II is designed for thick case AP and
AT mines. Stripper plates dlow the large-
REMIC-1l to be used agangt mines with
cases of varying thickness. It can dso be
used to attack mines from the sde or a an
agle. The Smdl REMIC-II proved
efective agandg AT mines containing
Compostion B or RDX, but it faled to
neutrdize AP or AT mines containing TNT
because the quantity of binary chemicas is
not sufficient to ignite TNT due to its higher
auto-ignition temperature. Very smdl AP
mines with fuzes ae difficult to neutrdize
with burning. However, these sysems use
explosve and binay chemicds therefore
handing, shipping, doring and <Aty
restriction are required.

To summarize, we investigated four nor
explosve technologies for low order mine
neutrdization. Two of these technologies
ue a sngle chemicd, while the other two
ae binay chemicd sysems. In test, each
sydem  successfully  demondrated  the
feaghility of neutrdizing a mine by burning.
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Each chemicd sydem has  unique
peformance characteristics againgt tested
mines. Severd condraints were identified,
such as rdiability, repeatability and use of
explosve. At present, none of the tested
prototype systems meet military
countermine  or  humanitarian  demining
requirements. However, they demondrated
the potentid exits for devdopment of a
ussble and effective chemicd neutrdization
technology in the near future.

REFERENCES

[1]. TO WALK THE EARTH IN SAFETY,
The United Sates Commitment to
Humanitarian  Demining, Depatment  of
State Publication 10889, Bureau of Political-
Military Affairs, November 2001.

[2]. Handbook of Landmines and Military
Explosves for Countermine Exploitation,
USA-BRDEC-TR/2495, pp3-7, March 1992,
Divyakant Patel, AD-B164045L..

[3]. Chemicd Neutrdization of Explogves,
JN. Keth, A.J Tulis, W.K. Sumida, and
D.C. Heberlein. Proc. Eighth Symp. On
Explosves and Pyrotechnics, pp35.1-35.6,
Feb. 5-7, 1974, Los Angeles.

[4]. Chemicd Sygems for InStu
Neutrdization of Landmines in Peecetime,
D. L . Patd, B. D. Briggs, A. J. Tulis, J. L.
Audting, R. Dihu and A. Snelson, Proc. of

13

the Tech. And Mine Problem Symposum,
pp6.61-6.66, Nov. 18-21, 1996, Monterey,
CA.

[5]. A Reactive Mine Clearance Device
(REMIC), M. Magerus, R. Colbet, R.
Brown, D.L. Patd and B.D. Briggs, The
Third Internationd Symposum on
Technology and the Mine Problem, April 6-
9, 1998, Monterey, CA.

[6]. Reactive Mine Clearance Device, USA
Patent Number 5936184, owned by BAE
Sysems

ACKNOWLEDGEMENTS

The authors express their appreciation to the
former research scientits Dr. Allen J. Tulis,
James L. Audting, Remon J. Dihu and Dr.
A. Sndson of IIT Research Inditute for a
devdopment of the Bullet with Chemicd
Capsule (BCC) and research scientists Mark
E. Mgerus , Robert M. Colbert and Dr.
Rondd Brown from BAE SYSTEMS
Integrated Defense Solutions  for  the
development of REMIC, a smdl-REMIC-II
and a lage-REMIC-1I  under contract No.
DAAB12-95-C-0025 and DAABO07-97-C-
6012,CLINOO5, ModP00005 for the U.S.
Army CECOM-NVESD, Fort Bevoir, VA.,
respectively. Also the authors express ther
gppreciation to Mr. Thomas Henderson of
Camber for editoria support.



