[n the hest possible case, the progression:of.such work
is thercfore as slow as that of an individual 0n his kaees:
[t is fairly reliable, although it may be defective in trea-
ting some specific devices:

® mines with a specific oscillating pressure plate

@ mines with a chemical firing system

® mines buried at a particular angle

Probe work is well suited to soft grounds (sand and
damyp soil) but gets exzremely tedious in the case of
hard, rocky or frozen grounds. As a matter of fact, the
harder the groand, the more das ngerous the operation:
the UN. poings out that mj ine-clearance can be safely
conducted for months in Cambodia (where the ground
is very damp) whereas one week seldom goes by
without an accident occurring in Afghanistan (hard
barren ground). It is advisable to make sure that the
probing operators do not carry any metal object that
nught trigger 3 magneric mine.

MAGNETIC DETECTION

Magnetic detection consists in searching wich pa;‘"m?)?c
detecrors (magneto nmus) the metal parts of the mine
(casing, parts <>{ the mechanism,
etc...) Mine clearance is no fas-
ter than human pace. While
such systems are efficient
those areas where ancient, metal
mines were used, they may fai
o detect more modérn, non-
metal mines {approximately
0% of alb).

The Afghan programme chiefly
uses manual  mine-clearance
methods. The basic team is divie
ded into 4 sections, Fach section
bas 3 opening units under the supervision of a section
feader. Dogs and flail-equipped vehicles are sometimes
used as a complement.

New gmw atior e}f i iﬁwze
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Today we can look back overalmost 10 vears and give
an approximate evaluation of the progression of mine
clearance.

In Afghanistan, it was estimated that a team consisting
of thirty pu&s could clear datly up to:
-2 500 w0 5 000 squn in an casy ground
- 1500 3 (00 sq.m 10 an average- di H;mk}f g!'om}d
- 800 0 1 200 sqm in a difficule ground

However, these figures may be greatly modified depen-
ding on the de nsity of the metal ¢ E]cus present on the
ground (either déngmous or harmiess).

Planning is usually based on the estimation that 2
mine-cleari ing team will clear between 300 000 and
400 000 sq.m per vear. (See appendix 6, page 77,
«The limits of magnetic detection»).

SEARCHING FOR NEW MODES
OF DETECTION

resulrs achieved so far (and
expected to be achieved), plus the prohibitive cost of
the operations put the 5%)1115 on research and deve-
topment which will hopefully be able to provide fast
substitute methods mﬂ h;g_ﬂ vels of safety, accu-
racy and p‘i‘mﬁi&bi?%t‘\' '1bc}1§1(}3(>0’x has heen progres-
sing so slowly in the area of mine detection since the
dev dm)mmn of non-metal mines that research today
muci} consists in exploiting concepts from other
scientific areas, Many scientific discoveries formerly
tested in other areas should help achieve the follo-
wing objectives:

The unsatistacrory
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locate with a 90% success rate and a precision to the
meter a mine larger than + cm in diameter buned 8
vears ago, 7.5 ¢m below ground surface.

These results should be achieved with a decent false
alarm rate. A fairly precise picture of the detected
object should therefore be available n order to avoid
excavating non-dangerous items.

Bomb-disposal experts tend to recommend the deve-
lopment of cheap, low-maintenance devices more
convement 1 muned, not well-served areas. They
favour portable devices but researchers contend those
are not sufficient, as a system moving no faster than
man pace could by no means provide an econormical
and effective solution to the huge problem of mines.

Svstems may be classified into categories according to
their mode of operation:

- portable (like the metal detector)

- mobile on a vehicle and/or air-transported

Another distinction can be made based on technical
charactenstics:

- detection of specific elements in the mine: presence
of metal (in the case of the detector) or

nitro compounds (explosive).

- detection of an abnormality resultung from the pre-
sence of the mine within a natural environment: resis-
tance to the probe, as well as a series of magneuc or
dielectric disturbances...

DETECTION OF SPECIFIC
ELEMENTS

As previously discussed, in many cases, metal is no lon-
ger regarded as a specific part of the mine; in fact, very
litde metal is used.

Detection of the explosive, no matter by which means,
would seem to be the most satsfactory since 1t can not
be taken apart from the mine. Most explosives used in
the production of mines contain nitro derivatives.

In ther natural state, muro compounds are present in
very small amounts 1n the ground (less than 0.1 %),
while they represent between 10 and 40% of the explo-
sive by weight. Moreover, no casing can be hermetic
enough to prevent a muumal amount of the explosive
used from evaporating therefore the method based on
the detection of traces of explosive (the minimum
detectable amount was determined to be 10-3 nano-
grams by the Amertcan Army) appears to be one of the
most efficient ones.

o Use of mine-clearing dogs

Dogs have been trained to parucipate 1n mine-cleanng
operaaons for years and in many parts of the world.
The dog’s sense of smell 15 well known to outdo the
human one, and it enables dogs to detect explosives or

other substances even 1n very small amounts.
However, the dog still can not provide a solution in all
cases of mine-clearance, due to the fact thar their
mode of detection is based upon the movement of air
conveying exhalations of the explosive. If some mislea-
ding current were to divert the smell of the explosive,
the dog might end up following 1t all the way down 1o
the mine teself.

The Soviet toops were said to achieve sansfactory
results by using dogs for the detection of mines, espe-
ctally duning pursuit operations, where their opponents
would lay mines to delay their hunt.

This 1s not surprising then, since the mines had
been laid just in the few hours, or minutes, before
their detection. [n such circumstances, there had to
be traces of human smells and other ground distur-
bances at the very place where mines had been laid,
as well as recent exhalations from the explosive.
Such clues could not escape any trained dog
(Unfortunately, those condidons deteriorate over

time, as clues tend to ebb away). The use of dogs 15
most effective 1 locating mined zones. In all cases.
the dogs should have received extensive tramning and
be attached to one dog-handler specifically; dog-
handlers themselves should be highly-trained and
motivated.

Dogs should work for fairly short periods of time,
usually no longer than 40 mmutes depending on the
surrounding conditons, with long rest breaks in-bet-
ween. Those dogs require a veterinary follow-up and a
specific diet, as well as unrestricted water Similar to
humans, dogs may exhibit depressive symptoms if their
motivation happens to decline. In a hostile environ-
ment, using dogs 15 parncularly tedious.
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Dogs used in mine-clearing operations are psychologi-
cally trained to detect some specific substance (nitro
compounds 1n the explosive, see Appendix 1}. Their
sensory detector is located in the mucous membranes
of their muzzle which allow them to analyse the aero-
sols. Their performances are outstanding but they do
have a limitanon: contrary to humans, dogs do not
regulate their cenwral body temperature by perspira-
tion, but instead by panting, which presents the draw-
back of making their mucous membranes dry and the-
refore make them less efficient. It is therefore impor-
tant to restrict the use of dogs in very hot and dusty
environments; it is critical to give them great amounts
of water and observe their rest tme.

® Technologies to enhance the performances of
the dogs

Another way of exploiing dogs 1n the detection of
mines 15 to collect samples of air in areas where the pre-
sence of mines is suspected. The air is absorbed by fil-
ters where exhalations, including nitrogen fumes, are
concentrated.

All samples are tightly sealed, 1n order to avoid conta-
mination by one another. They are also clearly labelled
to determine the location where they were collected.
All samples are then presenced together to the dog ina
central location wath lughly controlled conditions; the
dog will examune all smells in turns. Whenever the dog
reacts to a defimte sample, the area where 1t was col-
lected is subjected to further mnvestigation.

This technique, sdll in the process of development,
requires further improvement.

3. TREATMENT OF MINES

CURRENT METHODS

THE MANUAL METHOD

Peace-time mine clearance relies mainly on the sim-
plest, yet the most dangerous and physically chal-
lenging techniques. It comprises at least the following
two phases: identficanon and on-site destruction
Neutrahizanon performed in order to allow subsequent
destruction requires very delicate handling operations

o Identification of the devices

The idennfication of the device may be immediate
because within a given area, the number of different
models used is limited; however, the possibility of a dif-
ferent model beig found can not be overruled. The
mine-clearance operator will have to interrupt his work
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for an indefinite penod of ime. Part of the difficulty s
due to the existence, besides the 360 known models
manufactured by about 100 firms in 55 different coun-
tries, of numerous sub-models generated by adapang
different mechanisms The following categories should
be disungwshed:

® modern mines (ex: non-metal)

e older mines (ex: metal)

® copies of exisung mines

® home-made mines

e transformaven of ammunition into andpersonnel
mines

Some of the mines may be equipped with traps. Some
mines, usually having the same general appearance as
the others, are equipped with an «anti-discovery» sys-
tem with the purpose of killing or seriously injuring the
mine-clearing agent.

The idenuficaton is mainly based upon the experience
of the mine-clearing agent, either that he has already
run into this kind of device, or he has received a trai-
ning enabling him to analyse and dismantle any kind of
pyrotechnic device. Some military certifications, such
as «EOD» {(Explosive Ordnance Disposal) or
«NEDEX> (French Army), should enable an expert to
handle a device he has never seen before, and also to
teach the rest of the team how to neutralize it.
Therefore, it is advisable that at least one of those
experts be present on each worksite.

® Destruction - Neutralization of the devices

On-site destruction

Mines that were located and identified are usually des-
troyed locally. This operation is usually achieved with
the use of specific explosives (demolition charges, as
well as explosive foams or even hollow charges) so as to
cause the device to detonate.

This method is easily applicable, and because 1t does
not involve too much handling operations, 1t 15 also
fairly safe. It requures the use of explosives (wicks, deto-
nators and explosive cordons. The amount of explosive
can range up to several hundred grams per mme,
depending on the nature of the casing and the size of
the unit package. Obviously, with such items, very
strict safety norms must be followed throughout trans-
port and storage. Not only do the norm relate to the
risk of accidents occurring, but also to possible robbery
or embezzling.

Besides, this kind of destruction may give rise to unde-
sirable side-effects:

- In the case of particularly dense minefields (frequent
i Cambadia), the mines are so close to one another
that the explosion of one could, by a chain reaction
(sympathetic explosion), cause the explosion of many



