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Foreword

Over the past 15 years, mine action has evolved into an established
component of the relief and developments sectors, supported by more than
250 million US dollars each year. Over this period, projects and programmes
for demining, mine risk education, victim assistance, advocacy, and stockpile
destruction have all been discussed, refined and improved by operators,
programmers, diplomats and activists.

A landmark treaty banning the production, stockpiling, transfer and use
of anti-personnel mines has entered into force, and already binds more than
three-quarters of the world’s nations. Since 2003, the world also has an
international legal instrument — a new protocol to the Convention on Certain
Conventional Weapons — allocating responsibility for action to counter the
threat posed by other explosive remnants of war.

International mine action standards have been adopted and are being
translated into national realities. Most mine action programmes have a national
authority and mine action centre that uses advanced geographic information
system (GIS) based information management systems. Priorities are being
better managed, employing socio-economic criteria to determine them. In
turn, comprehensive landmine impact surveys are being carried out in affected
States to assist in the identification of priorities. Standards for mine risk
education have been developed, and guidelines for victim assistance have
been finalised. Management training courses are being offered regularly for
national mine action staff and a mine action exchange programme between
mine-affected countries is progressing well.

As part of its ongoing concern to reinforce the effectiveness and
efficiency of mine action, the Geneva International Centre for Humanitarian
Demining commissioned contributions from development and mine action
experts on the many lessons that have been learned over the past 15 years
— and the challenges that remain to be met. These have been brought
together in this work: Mine Action: Lessons and Challenges. We hope that it
will contribute to debate on the future of mine action and its role within
relief and development more generally.
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Introduction

On 18 September 1997, the Oslo Diplomatic Conference formally adopted
new international law — the Convention on the Prohibition of Anti-Personnel
Mines — which outlawed the production, stockpiling, transfer and use of
anti-personnel mines. In December 1997, at the subsequent treaty signing
ceremony in Ottawa, States pledged a total of US$500 million over five years
to the global response to the landmine problem. Since 1989, the world has
spent more than US$2.5 billion in seeking to rid the world of the scourge of
mines and abandoned or unexploded ordnance.

Humanitarian responses to the landmine problem have existed as a distinct
discipline since 1989, but a comprehensive technical review of lessons learned
and future challenges has not yet been conducted. With the First Review
Conference of the Convention on the Prohibition of Anti-Personnel Mines in
November-December 2004, the international community seized the
opportunity to take stock of progress made in reducing the threat posed by
anti-personnel mines and other explosive remnants of war and to help map
the path for the remainder of the decade.

Certainly, the international mine action community has learned a great
deal over the past 16 years. This work, Mine Action: Lessons and Challenges,
represents the views of selected experts as to what some of the key lessons
have been, and what challenges remain for the future.

Following an Executive Summary of its main conclusions and findings,
this work is laid out in two parts. Part I looks at the core activities — the
“pillars” — of mine action: advocacy, victim assistance, mine risk education,
demining (survey, marking and clearance of mines and unexploded ordnance)
and stockpile destruction. Part II looks at key management issues, specifically,
programme coordination and management, information management and
capacity development. This work concludes with a thought-provoking
assessment of what mine action has actually achieved.






Executive summary

Over the past 15 years, mine action has evolved into an established
component of the relief and developments sectors. It benefits from an accepted
international definition that comprises five main pillars: demining
(encompassing survey, marking and clearance), advocacy, mine risk education,
victim assistance and stockpile destruction. These activities are underpinned
by international law, especially the Anti-Personnel Mine Ban Convention and
a recent protocol governing explosive remnants of war (ERW, covering
abandoned explosive ordnance — AXO, and unexploded ordnance — UXO).
In addition, internationally agreed standards, as well as a model legal and
institutional framework, exist to guide the effective coordination, management
and implementation of national mine action programmes. Today, the world
understands how these weapons affect the lives of civilians and the civilian
population in a far more accurate and sophisticated way.

Thus, from the shaky foundations of unadapted military breaching
procedures in the late 1980s, demining has evolved rapidly into a distinct
and refined discipline. The disjointed approaches of individual organisations
converged as, beneath an intense media spotlight, conferences and other liaison
brought productive exchanges of information. As the Ottawa Process that
led to the adoption of the Anti-Personnel Mine Ban Convention captured the
public imagination, governments throughout the world became involved, with
many donating funds or contributing resources to this growing industry.

The creation of the United Nations Mine Action Service (UNMAS) and
the Geneva International Centre for Humanitarian Demining (GICHD) brought
proper oversight, along with a more detached and objective approach to
management. Regulation has been applied primarily to working standards
(in the form of the International Mine Action Standards — IMAS) and
information technology (provided by the Information Management System
for Mine Action — IMSMA). This has helped standardise diverse programmes
and allowed a host of other benefits, ranging from better working conditions for
deminers to the ability to assess programme efficiency. The pool of accumulated
knowledge is also being better managed to allow new programmes to benefit
from the lessons of previous operations and to further enhance the equipment
and procedures in use.
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The evolution of the five pillars of mine action

Demining and demining technologies

At a relatively early stage in the evolution of mine action, scientists and
engineers became interested and began to contribute, unproductively at first,
but with increasing benefit as relationships with the demining community
improved. Necessity has been the mother of invention throughout the
evolution of mine action and many recent developments have been prompted
by requirements from the field, and then accomplished using sound scientific
research. Yet, despite the substantial and well-focused development work,
there have been few changes to the fundamental nature of mine clearance,
which remains dangerous, labour intensive and slow. Most people now accept
that there will be no “silver bullet” or one unique answer to solve the many
practical problems of demining.

In contrast, the exploitation of existing technologies has been more
successful, and new and improved mine clearance machinery is being
produced and fielded on a wider scale than ever before. Techniques for the
training and use of mine detection dogs have also been improved, thanks to
some original research carried out under the GICHD mine detection dog
programme.

One difficulty is that there is no single “mine problem”, a fact not
understood by most researchers. Each minefield or mined area may present
a series of unique problems to the clearance staff. And clearance tools that
work well in one area may be useless in another, even in the same country or
region. User requirements may vary subtly in each place, so single solutions
may not work as well in another location. This leads to the question whether
research and development of new technologies is cost effective.

From the researcher’s point of view, it is difficult to get from the
deminers a consolidated set of quantified performance requirements for
new equipment. Each mine action organisation has its own opinions on
performance specifications, but these would be better coordinated to cover
the whole demining community rather than one specific programme. Most
armies and industries have well-tried routines for establishing customer
needs for equipment performance. The mine action community needs the
same.

Also, although incremental improvements are being made in the cost-
effectiveness of mine action, there has been little success in developing a
stand-off detector to remotely locate the presence of mined areas. This alone
could improve the efficiency of technical surveys by a very large amount. It
can be argued that success in this area of research would find a ready market
and it is highly probable that military demining organisations would wish to
acquire the same capability. Military purchases would change the pattern of
the market completely and would probably give the return on the investment
that is currently sought.

In terms of survey — a major component of demining operations — the
landmine impact surveys (LIS) moved survey away from “chasing minefields”
to providing a better assessment of the impact of landmines on communities.
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The LIS gives an overview of the national landmine situation, and allows a
ranking of communities based on the severity of mine impact (and hence guidance
on the allocation of priorities and resources). However, ongoing data collection
is required to avoid a static view, the impact scoring system needs adaptation
to local situations, and the LIS does not provide data on contamination of
infrastructure.

There is a need for a greater focus on incorporating survey results into the
activities of potential end users — in order to maximise benefits from survey
projects. In the wake of national surveys, for instance, the transfer of survey
information to the IMSMA database is often considered the end-goal of the
project, but it is the activities that follow that define the success of the project.
Greater effort should be placed on the integration of survey information into the
activities of stakeholder groups through organised presentations, workshops,
training and dissemination of tailored data. Where appropriate, survey results
can also be used for strategic planning where the strengths and weaknesses of
the data are fully understood.

There are weaknesses in approaches of both hazard-focused and impact
surveys. Both can benefit from a more deliberate attempt at integrating their
findings. Better quality assurance procedures in emergency surveys could be
introduced and impact surveys could be adapted to capture impact associated
with blocked infrastructure. If it is indeed necessary to undertake additional
surveys it may be possible to avoid full duplication by retrofitting existing
information into the new format, allowing only new data fields to be
addressed. If surveys have followed a common gazetteer or use IMSMA as a
mutual database, then the possibilities of this are greater.

In addition to emergency surveys with socio-economic components, there
may, at the other extreme, be more comprehensive surveys that correlate
aspects of landmine and UXO contamination with information bodies from
other sectors — using data that have a focus on agriculture, land use or poverty
mapping. Agricultural surveys for instance, could supply values of land
productivity that would better support cost-benefit models for demining sites
that have a defined land use potential. Database and geographic information
system (GIS) efforts for mine action could be shared with other sectors during
post-conflict rehabilitation with diverse information-gathering bodies
expanding the potential for data analysis in mine action.

Advocacy

Advocacy has been a major factor in achieving a comprehensive international
legal prohibition of anti-personnel mines in the space of only a few years and
has promoted the commitment of significant resources to mine action. A side
benefit has been the promotion of the development and implementation of
international humanitarian law more generally.

The Landmine Monitor, issued by the International Campaign to Ban
Landmines, is an example of a mechanism that has been effective in
monitoring the progress made on landmines. It has become an essential
element in advocacy on the landmine issue. While many of its reports provide
a glimpse into the UXO problem, their primary focus is on the policies and
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activities related to landmines. More detailed information on other forms of
UXO would be useful.

In learning the lessons of the past decade, it is clear that part of the
success of the campaign against anti-personnel mines was the
unprecedented degree of coordination among the variety of actors involved
in advocacy activities. Although the main actors came from a range of
disciplines, operated under different mandates and played different roles
in the advocacy work, they nevertheless closely coordinated and supported
each other’s activities.

However, the same level of cooperation and coordination has not been as
evident in the efforts to improve the international law on ERW, anti-vehicle
mines and cluster munitions in the context of the Convention on Certain
Conventional Weapons (CCW). While some bodies and organisations have
worked closely in these areas, other organisations involved in the anti-
personnel mine issue have been less active. As compared with meetings on
landmines, fewer organisations have participated in the meetings of the States
Parties to the CCW or its Group of Governmental Experts. In addition, the
proposals on ERW and anti-vehicle mines have not been as extensively raised
in capitals by advocacy organisations.

One explanation is that many of the relevant organisations remain focused
on the anti-personnel mine problem and the implementation of the Anti-
Personnel Mine Ban Convention. With the Convention’s Standing Committees,
the Meeting of States Parties and implementation work at the national level,
most organisations are fully occupied throughout the year. It is often difficult
for them to follow developments in the parallel processes in the CCW with
their existing resources. As a result, there has been less public and political
pressure on governments for a positive result on ERW, anti-vehicle mines
and cluster munitions.

As work continues on these issues, cooperation and coordination will need
to be enhanced if the Protocol on Explosive Remnants of War is to be widely
ratified, and effective measures are to be adopted on anti-vehicle mines and
cluster munitions. The mobilisation of public pressure, political will and
dialogue with the armed forces will be essential parts of the advocacy work.
Greater cooperation and coordination in these areas will maximise the
effectiveness of the messages and activities. The organisation of an NGO
campaign on cluster munitions and ERW will improve the capacity for
cooperation and coordination on these issues. Formed in November 2003,
the Cluster Munitions Coalition needs to become an important actor and a
focal point in the advocacy efforts on these issues.

Mine risk education

The mine risk education (MRE) sector has slowly begun to professionalise
— a process marked by the development of guidelines, the introduction of
training protocols and the development of IMAS standards incorporating
MRE. Having said that, given the size of the MRE industry, there has been a
relative dearth of quality information for training and programme
management. The recent development of IMAS Best Practice Guidebooks by
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UNICEF in partnership with the GICHD should help to fill at least some of the
gaps.

Indeed, by far the most potentially important development of recent years
has been the development of the International Mine Action Standards for
MRE. These standards are intended to replace the existing UN guidelines
and include standards on data gathering, accreditation, programme planning,
implementation, management, training, monitoring and evaluation. The MRE
standards were formally adopted in June 2004.

The standards are welcome in that for the first time a generally supported
definition of MRE — what it is and what it is not — is codified in the document.
This alone is no small feat and, by clearly highlighting the public education
component and the community liaison function in unambiguous terms, it is
extremely useful. How quickly the standards effectively will impact on practice
in MRE organisations, though, will depend to a large extent on how aware
the operators are of the standards and their implications.

Yet, given the amount of funding made available to MRE programmes
(probably between US$10 million and US$15 million each year), it is extremely
surprising that donors have not been more insistent on being shown
substantive proof of efficacy. To date, operational efficiency and effectiveness
have largely been evidenced by questionable indicators such as the counting
of outputs — a particular favourite being the quantity of posters printed and
the number of individuals “briefed” or “reached”.

For, as has become better understood in recent years, factors such as mine
clearance and population movements may be responsible for a reduction in
mine and UXO casualties with no input from MRE programming. Similarly,
MRE may result in increases in casualties, or at least an increase in reported
casualties, as systems are put in place for recording these. In the same way as
mine clearance is seeking to look beyond simple quantitative measurements
of progress (such as numbers of mines and quantities of square metres of
land cleared) to assess the social and economic impact of its work on
communities, so MRE evaluations must seek to judge success on the basis of
more representative proxy indicators.

So, in seeking to coordinate and integrate with other mine action and
development intervention, MRE must also do much better than it has done
so far to demonstrate its effectiveness (and efficiency) as a means of reducing
casualties.

It can be argued that one reason for the lack of respect at times shown
for the profession is that the sector has poorly marketed itself, including
its relevance and proof that it works. MRE, and for that matter the clearance
side of mine action as well, has been guilty of assuming funding will remain
available, and that it was more important to deliver rather than waste
time in retrospective measurement activity. This view was convenient in
that it allowed for focusing on the delivery rather than on the search for
evidence of behaviour change among the target group. It also reflected a
naivety that funding would continue. As the funding environment has
become more formalised, so MRE organisations have realised this is no
longer the case and increasingly, organisations are undertaking more
meaningful evaluations of their work.
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In addition, mine action, including MRE, must improve its accountability to
the communities it serves. Completed general surveys, detailed maps of
contaminated, suspected and known cleared areas, clearance reports, etc., are
rarely shared with communities. Where such material exists, MRE organisations
should be tasked with ensuring its regular effective dissemination. In
communities where mine clearance is being undertaken the focus should be on
MRE through community liaison, managed and tasked as part of the clearance
operation.

Victim assistance

In terms of responding to the needs of one of the fundamental reasons for
its existence, mine action and the broader health sector have made relatively
little headway in improving the provision of assistance to mine and UXO
victims, despite it being a “pillar” of mine action. Broadly the same actors —
medical centres under national ministries of health, the International
Committee of the Red Cross, Handicap International, and the Vietnam
Veterans of America Foundation, to name some of the key service providers,
are engaged in various aspects of assistance, notably in physical
rehabilitation.

The vast majority of the affected countries have to deal with specific needs
of landmine victims while struggling with fundamental challenges of economy,
employment, health, education, and basic human rights at the same time,
some amid internal or international conflicts or post-conflict reconstruction.
Three main issues identified by States Parties to the Anti-Personnel Mine Ban
Convention in 1999 still pose a challenge to victim assistance today: how to
collect and share needed information on victims; how to gain sufficient
attention from donors; and how to coordinate victim assistance activities
more effectively. The world still has much to do in repairing the many wounds
of war.

Stockpile destruction

The fifth pillar of mine action — stockpile destruction — is also its most
recent, having been added to the definition of mine action only five years
ago. However, the world has made inroads into global stockpiles, estimated
at more than 250 million anti-personnel mines prior to the entry into force of
the Anti-Personnel Mine Ban Convention. Sometimes progress has been slow,
but generally the obligation has been implemented in good faith. In the past
decade, more than 60 million stockpiled anti-personnel mines have been
destroyed, according to the Landmine Monitor.

But most stockpiled anti-personnel mines remain outside the purview of the
Convention. China and the Russian Federation hold the bulk of these and neither
appears ready to accede to the Convention at an early stage. Despite apparently
destroying many millions of stockpiled anti-personnel mines that did not comply
with Amended Protocol II, the Russian Federation has continued to use
landmines in its military operations in Chechnya. Getting these and other major
military powers, such as India, Pakistan and the US, to destroy their stockpiles
will demand greater political will than has so far proved to exist.
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The coordination and management of mine action
programmes

Overall, the international community has learnt — and agreed upon —
many of the requirements for successful coordination and management of
national mine action programmes. Central to that learning experience has
been the work of the national authorities of affected States, the United Nations
and key donors to mine action.

Wherever there is significant contamination or impact from mines, UXO
or abandoned explosive ordnance (AXO), a national mine action authority
and a mine action centre can play an effective role in ensuring the proper
coordination and management of a mine action programme. These institutions
should be mandated and regulated by domestic legislation to bring clarity,
coherence and transparency to the sector.

Information management

Central to effective mine action management is the management of
information. The first five years of mine action information management
systems — the period pre-IMSMA — saw the development of databases in
large programmes that had a requirement but, more importantly, the capacity
to devote significant resources to this task. These databases were not well
rounded — they focused on the particular sort of data and reporting that
were of specific interest to the individuals working in the programme at the
time and did not benefit from a wider body of experience.

The next five years saw the development of IMSMA through three major
versions and, with the exception of the northern Iraq programme, very little
database development elsewhere. As IMSMA progressed from vl to v3 it
grew in size, complexity and capability. Important new functionality included
robust decentralised data entry, integrated coordinate transformations and
the addition of mine risk education. IMSMA is now the de facto standard
database for mine action. For the most part mine action programmes have
warmly embraced this standardisation effort.

The current course of the IMSMA version 4 project marks a sharp turn from
that of the previous five years. The GICHD’s creation of regional IMSMA
representatives addresses one of the main points highlighted by Price
Waterhouse Coopers in their review of mine action information management.
Namely, that far more attention has been given to developing the IMSMA
software than to assisting users in the field in making appropriate use of it.
Rather than relying on technical advisers — a resource many programmes
cannot afford — GICHD has stepped forward to directly provide this service
to the users of its software.

However, the balance of power between headquarters staff and
information management professionals seems to be firmly weighted towards
headquarters staff, given the experience during the design of recent surveys.
Important lessons learned during the landmine impact survey process seem to
have been forgotten. By focusing on data rather than data use, surveys such as
the Emergency Survey in Iraq have degraded their effectiveness by failing to

11
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focus on analysis. Fielding data collection forms that do not have a focused
intent yields poor quality data.

Geographic information systems are now widely used in mine action. For
most programmes this means that they have the capability to print maps
showing the mine threat. While automated mapping is a very modest use of
the geographic tools made available by IMSMA, it is a huge advance from
what was available before and places mine action among a very select group of
GIS users in many of the countries where it is used.

Capacity development

The UN and its many partners can play a major role in developing an
indigenous capacity to run national institutions to plan, direct and coordinate
mine action operations efficiently, while at the same time maintaining safety
standards as high as possible. However, the effort to foster indigenous mine
action capacities in developing countries and economies in transition is very
much a glass half-empty/half-full story. International assistance generally
has succeeded in developing the capacities of individuals for the front-line
tasks relating to mine clearance, survey, quality assurance, medical support
of clearance operations, MRE and victim assistance. In most cases where the
contamination is likely to require a sustained effort, indigenous capacity for
continuing these training programmes has also been developed. These
achievements provide benefits in particular to the successful trainees (at least
those obtaining employment).

Where the incentives are right, some of the more entrepreneurial of these
individuals will go on to establish local organisations (even though, in
competitive environments, the unlucky and incapable will cease operations).
In short, the transfer of technical skills to individuals is fairly easily
accomplished and the problems that have occurred have in the main stemmed
from coordination failures among the donors and with the government. In
the case of Angola, for example, this led to an inordinate delay in mounting
the training programmes; in Bosnia’s case, donor competition led to grossly
excessive investment in basic capacity development activities such as training
and equipping people for manual demining. A further concern is that
sometimes a notable lack of political will to address the issue exists within
the government of an affected country.

The development of individual capacities, together with the provision of
equipment, funding and the like, is also a boon to existing organisations that
have established capacities and can absorb new responsibilities when assisted
appropriately. However, capacity development of the type needed to establish
new organisations or to improve the management cadres and systems of
poorly performing organisations has been much more hit-and-miss. In the
first decade, the failures at this level of capacity development outweighed
the successes, in part because short-term emergency thinking dominated, no
successful models existed in the new field of mine action, and most of the
early programmes began in the difficult situations of complex emergencies and
failed states.



Executive summary

More fundamentally, donors and the UN organisations could not muster
the extra individual and collective capacities for capacity development required
in such trying circumstances. After the excellent Development of Indigenous
Capacities study, the UN addressed many of its shortcomings, most
fundamentally by establishing the coordination structures required to learn
from experience and then to apply these lessons.

But enhanced donor coordination will also be necessary in one of the
frontier issues for capacity development in mine action; the transition of mine
action programmes from donor dependence to sustained financing by the
local government. This is likely to involve downsizing of most programmes,
both to match the government’s fiscal capacity and in recognition that the
most pressing contamination priorities will have been addressed in many
cases, leaving a “residual” contamination problem. Ideally, the transition
should not be abrupt, but the experience from other humanitarian and
development sectors that have gone out of fashion or “off the boil” suggests
that a dignified disengagement of donors is more likely to be the exception
than the rule.

The need for better coordination within the donor arena is also one of
many frontier issues concerning capacity development of networks, which is
needed to ensure that a group of otherwise capable organisations works
effectively in concert. There is a general awareness of the institutions and
processes required to make the organisations within a country’s mine action
arena function as a reasonably coherent network (donor support groups,
steering committees, technical working groups for clearance, MRE, and the
like, plus a national strategic plan), although of course these elements are not
fully in place in all programmes and most programmes exhibit some common
weaknesses, such as failure to truly integrate MRE with the survey, marking
and clearance functions.

So, has mine action really made a difference?

After all the work that has been carried out and all the money that have been
expended, it is still necessary to ask whether mine action has really made a
significant, long-term difference to the lives of the people it is trying to help. For
few things in mine action cause more frustration and misunderstanding among
donors, recipient governments and programme managers than the question:
what results has the programme achieved? Study after study has decried the
fact that, while there is abundant data detailing the number of landmines
destroyed, the area of land cleared and the number of people receiving mine
risk education (“doing the job right”), there is little data allowing an assessment
of whether these achievements have enhanced the well-being of people in mine-
afflicted communities.

Simply put, mine action practitioners often cannot demonstrate that they
are doing — or even aiming at — “the right job”. This deficiency will pose
ever greater problems as donors seek an accounting of the benefits generated
with their funds and as host governments try to gauge what mine action
(relative to other claims on the public purse) promises for their citizens and for
the country’s overall development.
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There are numerous attempts under way to rectify this shortcoming, but for
the most part these represent only partial measures — pieces of a larger puzzle.
In fairness, the mine action puzzle is unusually complex. The community faces
the challenges that always arise when trying to focus more tightly on results —
what might be termed “garden variety” management problems. But it also faces
“exotic” challenges because many mine-afflicted countries represent such
difficult and rapidly changing environments.

What is certain is that mine action programmes in heavily contaminated
countries will almost certainly not be able to declare victory in the short- to
medium-term. Therefore, they need to equip themselves adequately for the
long haul. This implies something more fundamental than new tools for their
tool kits: it implies learning how to learn. This ability is required if
programmes are to assess their performance in terms of results that make a
difference to people in mine-afflicted communities, which is necessary to
maintain the support of donors and, increasingly, of host governments. Even
more critically, the ability to assess performance in terms of meaningful results
is necessary to improve such performance over time. In sum, the learning
process, reflected throughout this publication, must not only continue, it must
intensify.



Part |

The Pillars of Mine Action

15






The demining toolkit

Colin King

Summary

From the shaky foundations of military breaching procedures,
demining has evolved rapidly into a separate, refined discipline.
Maturity occurred during the 1990s with the integration of mine risk
education, minefield survey, marking and clearance, victim assistance,
advocacy and stockpile destruction into the broader discipline of mine
action. This rounded approach now takes its place as a major
component of humanitarian aid to mine-affected regions, particularly
in the immediate post-conflict period. Yet, despite substantial research
and development work, there have been few changes to the fundamental
nature of mine clearance, which remains dangerous, labour-intensive
and slow. Most people now accept that there will be no “silver bullet”
to solve the many practical problems of demining.

Introduction

From its inception in the late 1980s, mine action has developed into a
global activity with an entire industry built up around it. The growth and
rate of change within mine action is almost unparalleled among international
aid efforts, and the expansion has occurred simultaneously on several fronts.
Not only have programmes emerged in dozens of different countries, but
the extent and complexity of those programmes have increased beyond the
wildest expectations of the early days.

A network of activities has developed in support of this expansion, ranging
from the provision of specialist equipment and information technology to
systems for regulation and global management. The explosion of activity has
attracted a great deal of media attention, raising the profile of mine action
and stimulating broad interest and support. In turn, the heightened awareness
has helped to attract the substantial levels of funding needed to sustain
operations on this scale.

As a result of its accelerated development, mine action organisations' have
achieved tangible results in countries throughout the world; they have also
evolved a template for providing rapid and effective mine action in new
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programmes or post-conflict situations. Part of the approach involves the
selection of proven equipment and techniques for demining tasks, together
with the knowledge and experience to use them effectively.

Demining is the clearance of land to internationally agreed standards.
This means that the objective is to clear given areas of land of all explosive
devices — mines, unexploded ordnance (UXO) and any other explosive
remnants of war (ERW).2 The term “demining toolkit” is often used to describe
the range of options available to the mine action programme manager. The
elements of the toolkit, which have been adapted (from military applications),
invented, developed and refined over the last 15 years or so, now offer
workable solutions to most demining challenges.

However, despite the many accomplishments of mine action, progress has
not always been smooth and success has been achieved at considerable cost.
The evolution of mine action has been punctuated by hard-learned lessons,
personal tragedies and, occasionally, outright failure. This chapter explains
the impetus behind global mine action and outlines the evolution of the
demining toolkit over the last 15 years.

Mines and mine warfare

The characteristics of mines

The need for mine action owes a great deal to the characteristics of the
mines themselves. Ever since the development of explosive munitions there
has been danger from UXO, but landmines are unique in their ability to inflict
casualties long after their deployment.

Most munitions are targeted towards the intended “victim” — this entails
a degree of selectivity and is intended to produce a destructive effect at, or
shortly after, the time of impact. In contrast, the typical mine waits for its
victim to arrive, completely removing the element of selectivity. This method
of operation also requires the mine to remain functional for an indefinite
period, often extending its lifespan way beyond the conflict in which it is
used. More recently, “smart” mines with pre-determined life spans and greater
selectivity have been produced, but these are the preserve of wealthy nations
and few have been used operationally.

Mines are inherently simple munitions and require few components. The
casing may be of virtually any material and the mechanism is often little
more than a spring-loaded striker retained by a pin. This means that mines
are inexpensive and easy to produce, resulting in universal availability and
(prior to the entry into force of the Anti-Personnel Mine Ban Convention)
widespread use. With little to go wrong and virtually guaranteed operation,
mines are highly efficient defensive weapons.

Mine warfare

The availability, efficiency and versatility of the mine have led to its
adoption by military forces throughout the world. Originally, mines were
used mainly for the defence of borders and installations, but then spread to
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more offensive use in ambushes and isolated attacks. The potential of mines
for insurgent or terrorist use soon became clear, and the ease with which
mines could be made or acquired meant that they were readily available to
any hostile faction.

Mines are made in a number of different configurations, with hundreds
of individual designs and fuze combinations. Although many are designed
to be buried, others are placed on short stakes or positioned well above the
ground, creating a three-dimensional threat. The use of tripwires, linked mines
and improvisation adds further complications. All in all, the variety of mine
types, fuzes and means of positioning leads to countless permutations, making
it impossible to evolve a single foolproof clearance process.

While well-trained military engineers generally used mines in a systematic
and disciplined manner, many forces did not. In many countries, mines were
laid in vast numbers by untrained soldiers, militias or insurgent groups with
little or no thought for the long-term implications and, more importantly,
without recording their locations. In most cases, the urgency of the conflict
overwhelmed any other consideration and, even within otherwise responsible
governments, few people considered the devastating consequences of
extensive and indiscriminate mine-laying.

Minefields

For most people, the term “minefield” conjures up an image of a discrete
area of flat agricultural land crossed by neat rows of mines. The reality is
very different, for a variety of reasons. To begin with, mines have been used
in every type of environment, from the deserts of North Africa to the jungles
of South-East Asia. Even where mines have been laid on agricultural land,
their denial of access over the land means that it can no longer be used for
grazing animals or growing crops. It therefore quickly becomes overgrown,
particularly in fertile regions, with thick vegetation and trees creating major
obstacles after a few years.

Other natural obstacles (such as steep slopes, rocks and water courses)
contribute to the complexity of the minefield and greatly complicate the
clearance process. Battlefields often contain earthworks (such as trenches and
mounds), wire (barbed wire, communications line and missile guidance wires)
and a great deal of metallic military scrap, including live UXO and other
ERW. In some cases, mines are also present in and around settlements,
bringing the added complication of man-made structures and underground
services. In sum, there is no such thing as a standard minefield and, therefore,
no single approach to a clearance task.

The British Army was reintroduced to the realities of mine warfare during
the Falklands campaign of 1982, where minefields proved to be formidable
and demoralising obstacles. Despite their relative simplicity,® the minefields
defied clearance once the conflict had ended. As casualties mounted during
the initial attempts at clearance, the British government recognised the
inherent difficulties of the task and halted demining operations. The
minefields still remain in place, with little prospect of clearance in the
foreseeable future.
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Minefield breaching

The ability to clear mines is a fundamental component of mine warfare, but
is tailored to the requirements of military formations during combat. The objective
is normally to overcome the obstacle in the most efficient manner possible: for a
minefield, this means crossing it rather than removing it. It also means taking the
shortest practical route and clearing as little area as possible.

The sole aim of minefield breaching is to create a (relatively) safe lane for the
movement of troops. The work will always have a strict time limitation and
might be carried out under enemy fire; these limitations demand some compromise
in the standard of clearance, which cannot be guaranteed completely under
combat conditions. Modern surveillance equipment has virtually eliminated the
utility of the early manual breaching techniques (performed by soldiers equipped
with metal detectors and probes). Current methods (including explosive line
charges, ploughs and rollers) use equipment that can be deployed from behind
armour and yield rapid results.

Many of the considerations for breaching are different from those in demining
and, in some cases, the two are in direct conflict. While calculation of “acceptable
losses” of troops is part of planning a military operation, there can be no acceptable
losses, and therefore no missed mines, in a humanitarian context: there can be no
“acceptable” loss of life or limb, and any future accident would destroy the
confidence of local people, in using the land (as we know, people often do use the
land despite the danger). It soon became obvious that existing military minefield
breaching techniques and equipment would be of little value for demining.

The beginnings of demining

Afghanistan, 1989

The first major humanitarian demining programme was part of
Operation Salam, an ambitious United Nations (UN) aid project aimed at
restoring normality to war-torn Afghanistan following many years of Russian
occupation.

Extensive mine clearance operations had taken place after the 1939-45 war,
especially in Europe, but most were conducted by troops and many units
suffered heavy casualties. Most mines had been recently laid and were readily
detectable because of their substantial metal content. In many cases the
minefields were well-recorded and could be identified or cleared by those who
laid them.

In contrast, the situation in Afghanistan was awkward and confused.
The casualty rate among the local population was appallingly high,* with
the very few medical facilities hopelessly unable to cope with increasing
numbers of mine victims. Countless refugees were unable to return to
their homes and many of the surviving communities had been denied the
use of their land.

A wide variety of mines had been used by both sides, including a number
of “minimum-metal” types designed to defeat metal detectors. Few records
of the minefields existed, and some mines had been scattered from the air or
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positioned randomly without any form of marking. No formal organisation
existed for the clearance of mines and the workforce had to be drawn from
Afghans with little or no relevant experience. The scale of the problem was
daunting, yet similar situations would be soon encountered in regions
throughout the world.

At this time, the only people with any relevant expertise were army
personnel trained in mine warfare. A number of Western countries, including
Australia, Canada, France, Italy, New Zealand, the UK and the US, sent
training teams to teach the would-be Afghan deminers. The most immediate
problem was that many of these trainers had never cleared live mines
themselves. Most were military engineers, but only a few were trained in
explosive ordnance disposal (EOD); the US contingent, for example, were
Special Forces personnel who had only just received superficial training in
mine clearance.

Further problems immediately became apparent.” Not only did the trainers
lack credibility among their Afghan trainees, but they also lacked the depth
of knowledge to address new or unforeseen issues. Training was firmly based
on military breaching procedures, yet there was no attempt to standardise
practices between national contingents. Some of the techniques taught (such
as probing in rocky ground) were completely impractical, while others (such
as throwing a grapnel hook to clear tripwires) were downright dangerous.
Even as training was going on (and training was held in camps in neighbouring
Pakistan, not in the minefields of Afghanistan), some instructors began to
recognise serious shortcomings; however, it was not until the “trained” Afghan
teams were deployed to begin demining that the inadequacies of the system
became truly apparent.

Despite its many weaknesses, Operation Salam did establish some important
and enduring principles of mine action. To begin with, the work would be
carried out entirely for the benefit of the local population, not for military
expediency. The programme attracted international support and some of the
best “technical advisers” available at the time, while the deminers were drawn
from the host nation and would remain there to build an indigenous capacity.
It was also the first humanitarian programme to make extensive use of mine
detection dogs and demonstrate their potential for demining applications.
From these shaky beginnings, the Mine Action Programme for Afghanistan
(MAPA) developed into one of the most successful long-term mine action
programmes in the world.

Kuwait, 1991: international contract clearance

The clearance of Kuwait following the first Gulf war was the second major
demining programme of recent times. But while the scale of the problem was
comparable to Afghanistan, the approach was entirely different. In Kuwait,
the ready availability of funding meant that massive resources could be
committed to hire commercial operators to complete the job quickly. While
the majority of Afghanistan is expected to be demined within another ten
years® (making nearly 25 years in total), Kuwait was cleared in less than four
years. The work was performed by expatriates, recruited from virtually any
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ordnance-related field, although very few had any operational experience of
mine clearing.

While the basic aim was achieved, the cost of clearing Kuwait was high in
terms of both funding and casualties. According to reports, the Kuwaitis
employed 4,000 contractors at a cost of US$800 million,” a level of funding
unlikely to be available to most national programmes. During the clearance,
84 deminers were killed and a further 200 injured,® a casualty level that was
widely regarded as unacceptably high. Unfortunately, some of the military
contingents accepted their casualties as the inevitable price of a high-risk
operation and continued their approach to clearance throughout the operation.
However, among the civilian contractors a series of investigations and
conferences prompted a major re-evaluation of working practices; the resultant
changes were to permanently alter the conduct of demining.

Although some would take years to evolve, a number of common-sense
and innovative measures were implemented as the clearance progressed. An
interesting example was the adoption of a “sapping” technique used by soldiers
of the French Foreign Legion in preference to traditional military probing.
They found that it was faster and more thorough to scrape away sand as
they progressed down their clearance lane, allowing the loose surface to fall
back to its natural angle of repose. As the edge fell away, mines were exposed
and could be dealt with easily.

Both the British and American contingents experimented with new
explosives, machines and personal equipment; although there were few major
breakthroughs, a great deal was learned about the limitations of new
techniques. One example was a mine flail brought in to clear beach areas of
anti-personnel mines. The machine was well designed and engineered, and
should have been a major asset in this particular task, but operational use
soon proved otherwise. Not only was the machine routinely halted by wire,
which it tended to reel onto the rotating spindle, but it scattered live mines
into previously cleared areas, resulting in an operator losing a leg.

Fundamental flaws in the early programmes

For all their differences, the demining programmes in Afghanistan and
Kuwait demonstrated many of the same shortcomings. Perhaps the most
significant weakness was that both programmes focused on the clearance of
mines while largely overlooking other mine-related issues. Both were primarily
“demining” programmes and had little or no linkage with other components
of what is now called “mine action”.

Mine risk education

While some mine risk education (then called “mine awareness”) was
conducted in both regions, the activity was never an integral part of the
demining programme. There was no concerted education campaign and
efforts by individual departments and non-governmental organisations
(NGOs) were largely sporadic, disjointed affairs. Even in these early days,
it should have been apparent that mine risk education could have had a
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far more immediate impact on casualty rates than demining, yet this option
was largely overlooked.

Victim assistance

The situation regarding victim assistance was similar to that with mine
risk education; some work was being done, but there was little linkage with
the demining programme. Agencies such as the International Committee of
the Red Cross (ICRC) treated the casualties who survived long enough to
reach them, but many mine victims had no access to effective first aid in the
immediate aftermath of an incident. There were also few provisions for long-
term aid, such as prosthetic limbs or facilities for continuing care in the
community.

Survey

No process existed to conduct a comprehensive survey of the countries in
order to establish which areas had suffered the highest humanitarian impact.
In Kuwait, since all work began more or less simultaneously, nations
participating in the clearance effort were simply allocated sectors of the
country. In Afghanistan, the first demining teams were expected either to
return to their home communities or work wherever their help was sought.
Since there was no comprehensive overview of the mine problem, it was
impossible to prioritise tasks or allocate resources efficiently.

Stockpiles

In the meantime, while the demining continued, substantial stockpiles of
mines remained available to the many hostile factions in Afghanistan. These
would continue to be used in the many territorial disputes and power struggles
between warlords, even as mines were being lifted in other parts of the
country. This situation has occurred in many other unstable areas, and in
some cases cleared ground has been re-mined when hostilities resumed.

Practical issues

Besides the strategic “mine action” issues highlighted above, a host of
technical problems emerged during the early demining programmes. These
were issues that directly affected the deminers and indicated that operational
reality would involve a steep learning curve. One example was the minimum-
metal mines that were now widely encountered; these became the misleading
stereotype image that the scientific community, media, public and even
deminers themselves would associate with mines. Among the many categories
of mine, the small buried blast mine attracted all the attention, despite the
fact that, for example, a fragmentation stake mine is far more lethal and takes
far longer to clear.’

Many minimum-metal mines were barely, if at all, detectable by the location
equipment of the time, and they became such an obsession that, for many
years, the development of mine detectors addressed little else. Other detection
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issues, such as locating tripwires or minimising false-alarm rates, were virtually
ignored in the relentless pursuit of ever-more sensitive metal detectors.
Unfortunately, increasing sensitivity without any corresponding increase in
selectivity raised the false alarm rate still further.’® With most detectors now
capable of locating 0.1 grams of metal, it can be extremely difficult and time-
consuming for operators to identify the object that is causing their detectors to
alarm.

Good training or reference material could have mitigated the lack of
operational expertise among the expatriate “technical advisers” and
deminers, but this too was unavailable. At the time, Western military
intelligence was largely focused on the Warsaw Pact countries, while many
of the mines were from Europe (East and West) or other parts of the
world. Of the information that was available, much was classified and
most concentrated on weapon characteristics and capabilities rather than
disarming procedures.

The lack of technical knowledge was the direct cause of numerous
accidents as operators (many of whom had never touched a live mine, let
alone cleared a minefield) attempted to lift, disarm and dismantle mines
that they knew little about. Few, for example, understood the difference
between percussion detonators and the far less stable “stab-sensitive”
detonators used in many mine fuzes." One organisation issued its deminers
with needle-nosed tweezers, with instructions to extract “stab-sensitive”
detonators from the bounding mines they recovered, a practice that caused
at least one fatality.

The issue of weapons intelligence was not confined to mines. In
Afghanistan and Kuwait, as with many other mine-affected regions, many
other types of UXO were present in and around the minefields. Unexploded
submunitions were a particular threat and were often likened to mines
because of their sensitivity and the numbers in which they were encountered.
The UXO problem led to the formation of EOD teams, often created by
providing existing deminers with more advanced training.

The rising number of accidents revealed many weaknesses in basic
working practices, but also highlighted the urgent need for effective
personal protective equipment (PPE). Early deminers were issued little, if
any, PPE; helmets and flak jackets were provided in some programmes
but provided inadequate protection for the special needs of the deminer.
Eye protection also became a major issue after an expatriate deminer was
blinded during an accident in Kuwait.

At the time, most of the available protective equipment was military issue
body armour, which had been designed for a completely different role. It
soon became apparent that specialist equipment would be needed to protect
deminers, while allowing them sufficient comfort and freedom of movement
for sustained work.

A further lesson from the ever-increasing casualty list was the need to
insure all deminers. While the expatriate workers were generally provided
with adequate cover, host-nation workers were not. Litigation following mine-
related accidents also acted as a stark reminder to employers that they had a
duty of care towards their workers, no matter how inherently dangerous the
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task. By law, failure to provide adequate equipment, protection or even
information might be regarded as negligence. This realisation may have been
instrumental in prompting programme managers to anticipate problems rather
than simply reacting to them.

Reflection and adaptation

The experiences and casualties from the early programmes had given the
growing demining community much cause for reflection. It was obvious that
addressing a mine-affected region required something more than a prolonged
clearance project and that the elements of an aid package should be integrated
into a more coherent effort. Clearly, the removal of mines would remain a
fundamental component of the new rounded approach to “mine action”, but
the adaptation of military breaching procedures and equipment had proven
inadequate for the job.

Cambodia

Even as the clearance programme in Kuwait proceeded, new approaches
were beginning elsewhere. The programme in Cambodia (started in 1991)
brought together a diverse range of managers and technical advisers into a
new environment that demanded innovation. Although the new Cambodian
Mine Action Centre was firmly based on a military structure, procedures had
to be adapted or formulated to address problems such as probing in hard
ground and moving through heavy vegetation.

In the dry season, much of the ground in Cambodia becomes so hard that
conventional probing techniques are impossible. However, deminers found
that if they soaked the earth with water, it became soft enough to probe.
Unfortunately, there were two major disadvantages to this process: the first
was that large amounts of water were needed and the second was that it
took some time for the water to soak in sufficiently. Although the technique
was used with some success, no measures were introduced to mitigate the
logistic and time penalties.

Undergrowth was cut, by hand, in a painstaking process that had to
allow for the possible presence of tripwires among the vegetation. In some
areas, technical advisers estimated that 80-90 per cent of their deminers’
time was used simply to clear vegetation and gain access to the ground.
Although many organisations still endure this major penalty, it prompted
consideration of mechanical assistance to accelerate the process. A British
demining organisation, the HALO Trust, bought local tractors with brush
cutters and armoured them to protect the operator. In 1994, they began
the first mechanically-assisted manual demining operations and saw a
substantial increase in productivity.'?

Mozambique

The UN programme in Mozambique (where planning started in 1992) saw
the introduction of numerous refinements to address common problems.
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Mozambique was among the first programmes to identify the inadequacy of
existing metal detectors in magnetic soils, which were encountered in around
one third of the clearance tasks. This situation threatened a key component
of the deminers’ toolkit and soon stimulated research into “all-terrain”
detectors capable of operating effectively in magnetic soils.

Since the inability to use metal detectors often resulted in continuous
prodding, a second effect from the Mozambican experience was to prompt a
faster and more refined probing technique. New probes were produced from
disused bayonets and were slightly longer than previous versions. This
allowed prodding in the kneeling position, which had proven the most stable
and comfortable position for sustained work. A simple wooden guide
eliminated guesswork and increased consistency by marking the correct
prodding intervals and unwinding lane-marking tape as it was moved
forwards. Having seen the advantages of using water to soften hard ground
for probing in Cambodia, programme managers in Mozambique formally
incorporated water supply into their logistic system to ensure that their
deminers always had an adequate supply.

During the early days of the programmes in Cambodia and Mozambique,
the only protective equipment in use was industrial glasses. These were worn
at all times and, in addition to being very cheap, did not impair the
performance of the operator. Although the visors being adopted elsewhere
offered much better facial protection, they quickly became scratched and their
cost prevented regular replacement. This, together with their added
inconvenience, meant that visors were often raised or absent altogether when
accidents occurred. Acknowledging these practical considerations, the first
demining standards permitted the use of goggles.

Angola

Some of those involved in Mozambique went on to work in Angola, where
they continued to build upon their experience. PPE was becoming an obvious
priority and, while protective goggles had been tolerated at first, the
additional protection offered by full-face visors was undeniable. The deminers
in Angola opted for a long visor, which offered protection over a range of
movement and positions: it also tied in better with body protection to give
continuous coverage over the front of the neck. Meanwhile, the importance
of good equipment “husbandry” was driven home and more care was taken
to keep visors in good condition.

Operators were no longer expected to work in the prone position and,
since most explosions were likely to occur around ground level, it was
important to offer protection from below. Protective clothing, such as flak
jackets developed for the military, simply did not cater for this, so programme
managers began to design their own. An unexpected bonus of this move was
that goods from the commercial companies they approached were
substantially cheaper than those from companies used to supplying the defence
industry.

Manual demining procedures were further refined in Angola, including
more thorough and precise methods of searching and marking. New detectors
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were also adopted: these had no external cables to snag or break, were extremely
simple to use and had external speakers, which eliminated the need to wear
headphones. As the French Legionnaires had done in Kuwait, the managers in
Angola questioned the efficiency of probing and established that excavation or
“sapping” was often faster.

Although none of these measures was particularly momentous in isolation,
the constant refinement of existing techniques, together with the gradual
development of new equipment, was continually enhancing the demining
process. As managers migrated between national programmes, new ideas
spread throughout the mine action community, further stimulating the
refinement process.

The media spotlight

Throughout the early 1990s, a combination of influences accelerated the
pace of change within demining. New programmes were beginning all over
the world, drawing in technical advisers from elsewhere and forcing them to
adapt their experience to different situations. The increased activity also
generated media interest, particularly after October 1992, when the
International Campaign to Ban Landmines (ICBL) was formed by a steering
committee of six NGOs."

The unprecedented success of the ICBL advocacy and the subsequent
Ottawa Process launched by the Canadian government captured the
imagination of people throughout the world. While some argue that this
diverted potential funding from the operational programmes, there is little
doubt that it also drew attention to their existence. With many nations under
intense pressure to join the Ottawa Process, some of the more astute
administrations realised that demining exemplified the popular struggle
against the now stigmatised mine and began to increase their support.

The slow progress and problems associated with demining also became a
source of fascination among academics and equipment developers. A large
number of mine action conferences were organised throughout the 1990s but,
at least initially, few deminers attended and many events lacked purpose or
direction. Few of the early conferences yielded any significant progress but
gradually, as more programme managers and technical advisers began to
attend, there was some useful exchange of information and topics identified
for further action.

Some of the conference discussions indicated a need for further research
or development in particular areas. The subjects were diverse, ranging from
a need to understand more about the mechanism by which a dog locates a
mine to the collection of data on mine accidents in order to develop more
effective PPE. In some cases, separate working groups were organised to
focus on specific issues, such as the employment of machines or future trends
in detection. In others, leading stakeholders were asked to confer on more
academic projects, such as drafting safety standards or “statements of user
requirement”.'

Among the short simplistic media articles on demining, it was common to
blame the so-called “non-metallic” mine for the slow and costly progress of
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clearance. This, together with endless technical discussions at the conferences,
led many to the conclusion that the key to the problem would be equipment-
based. At this stage, many believed that the answer lay in one of two options:
either a new generation of detector or a clearance machine that processed
ground with no requirement for detection at all. So began a number of parallel
research and development programmes in the relentless pursuit of a “solution”
to the mine problem.

Seeking new solutions

A prime example of this mindset was the establishment of a humanitarian
demining equipment programme within the US Army’s Night Vision and
Sensors Directorate (NVESD) at Fort Belvoir in 1995. Initially, the programme
was heavily criticised by the operational community for its isolation from
reality and relentless, misguided pursuit of inappropriate equipment. It had
also raised the expectations of many observers, only to disappoint them by
failing to deliver any significant progress. However, despite its initial
shortcomings, this project had realistic funding levels and talented, enthusiastic
engineers who were willing to learn. Gradually, they would reach out to the
demining programmes and involve them in migrating new equipment to the
field. At last, the scientific, engineering and operational communities were
beginning to combine their resources productively (although the concrete
achievements remained difficult to quantify).

Heavy machinery

Humanitarian demining was (and still is) primarily a manual task and it
was difficult for most people to understand why the process could not be
mechanised. There were countless examples of machines that had assisted or
replaced people in routine, laborious or dangerous work ranging from
harvesting crops to mining coal. Besides this, the military had all but
abandoned manual minefield breaching in favour of mechanical expedients
or explosive devices. Logically, the use of a demining machine would not
only make the work safer, faster and cheaper, but would also render the
entire detection process redundant.

Variations on military equipment — ploughs, rollers and flails — were
researched extensively and even used for clearing mines by some
organisations. The problem was basically one of perceptions: for those who
had never worked in mine-affected countries, the stereotype image of a
minefield was based on agricultural fields or open plains. The reality in most
places was very different, with heavy vegetation, watercourses, steep slopes
and a variety of other obstacles. In many developing countries, the
infrastructure could not even cope with the transportation of large heavy
vehicles from site to site. There was also a wide variety of mines, some more
resistant to detonation by standard mechanical demining equipment than
others.

Much of the research and development (R&D) effort during the early 1990s
was ill-conceived and misdirected. Equipment of all types was developed,
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often in isolation, based on flawed perceptions of the problem. In many cases,
the deminers were not consulted until the prototype stage, when they were
invited to trial the equipment within their programme. A succession of
inventions ranging from the bizarre to the suicidal quickly eroded deminers’
confidence in the ability of the scientific community to help. Not surprisingly,
many engineers became disheartened and some despaired of the deminers’
seeming unwillingness to accept change.

It was only when engineers and operators began working together
closely that there was genuine progress in equipment development. As
engineers accompanied their machines to overseas programmes, they began
to see the reality of the environment and understand the limitations of
their designs. Meanwhile, the operational demining community became
better at articulating its problems and defining its needs. Over recent years,
an atmosphere of mutual trust and cooperation has gradually replaced
the contempt and suspicion.

One outcome has been the widespread acceptance that, used in isolation,
machines are unlikely ever to achieve sufficiently high levels of confidence to
be used for mine clearance (although recent research has questioned even
this assertion).'” But it was soon apparent that they could make a major
contribution by cutting vegetation, preparing ground and eliminating the
tripwire threat ahead of manual or dog clearance. Towards the end of the
1990s designers once again went to work on heavy machines, but this time
with a better sense of direction. Having seen the environment where the
machine would work and understanding the limited facilities for repair in
the field was a tremendous advantage. By the end of the 1990s, a variety of
purpose-built machines had been fielded, many of which were embraced by
the operators, who had been consulted during their design. In addition, there
had been some useful, local adaptation of heavy machinery, notably
construction equipment, for use in demining.

Detection

The progress of detection equipment has followed two distinct paths. The
established manufacturers of metal detectors have continually refined their
products, gradually incorporating new technology while improving
ergonomics and robustness. Successive generations of metal detectors have
been developed with assistance and feedback from the operators, and most
have been adopted by demining programmes as soon as they are fielded.

During the same period, a number of organisations with no previous
involvement in demining began to design other high-technology detection
options. Here, the story is similar to that of the heavy machinery engineers,
with many of the systems developed in isolation from the demining
community. Once again, high expectations were dashed and field operators
became disillusioned with the scientific community, while many scientists
were frustrated by their inability to translate good science into usable
equipment.

Some equipment was successfully developed for military use but proved
too costly, too unreliable or too inflexible for demining. Examples include
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aerial detection systems'® that can identify patterns of mines in lightly-vegetated
areas but cannot locate individual mines that are deeply buried or obscured by
undergrowth. Many of these long-range “stand-off” systems also lack the spatial
resolution to identify small mines. Early multi-sensor systems were incapable
of instant signal processing and were so bulky and power-hungry that they
had to be vehicle-based, severely limiting their versatility.

Mine detection dogs

Mine detection dogs (MDDs) were trialled in the early days of the Afghanistan
programme and, having shown their potential, were gradually adopted in many
other regions. Dogs have proven valuable not only for the detection of mines
but also for “area reduction”, the term used for narrowing down a suspect area
to the section actually containing mines, or eliminating it (confirming the
absence of mines) altogether. The speed with which dogs can cover ground
makes them particularly suitable for both area reduction and rapid confirmatory
checks: this offers enormous savings in time and resources by eliminating the
need to undertake completely redundant work.

Since there were no existing guidelines on the use of MDDs, a variety of
techniques evolved in parallel. These procedures required substantial
modifications to existing clearance methods (such as working in “boxes” rather
than parallel “lanes”) and there are still major differences in the techniques
employed by organisations using MDDs. The subject remains highly
controversial among deminers and the fundamental capabilities of MDDs are
still disputed, as are the safest and most effective ways to employ them.

Demilitarisation

Just as inappropriate military equipment had been rejected, many
organisations began to question the suitability of their procedures, many of
which had also been based on the military principles of minefield breaching.
One example, common to many organisations, was the withdrawal of the
deminer on identifying a suspect signal, handing over to another team member
to continue the investigation. A handover at this critical stage was clearly
dangerous and illogical, but had somehow been perpetuated from its origins
in the military chain-of-command, where the team leader would confirm any
finds.

There was no longer a blind adherence to outdated practices but, instead,
an atmosphere in which each and every aspect of procedure was open to
question. In fact, particularly where accidents had occurred, it became
necessary to actively review and justify every component of a standing
operating procedure (SOP). Before awarding contracts or accepting NGOs,
mine action centres (MACs) now began to study the SOPs of prospective
demining organisations to ensure that they were both current and practical.

A further aspect of demilitarisation was the gradual rejection of combat
body armour in favour of purpose-built PPE. The Kuwait experience had
driven home the requirement for PPE, not only from a common-sense point
of view, but also from a legal perspective. Yet, other than eye protection, the
only items widely available to the early programmes were military flak jackets
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and helmets. Sleeveless waist-length jackets
provided hopelessly inadequate protection,
particularly in the kneeling or squatting position
adopted by most deminers. Helmets did at least
provide a mounting point for a visor (which
offered far superior protection to goggles), but
were excessively hot and heavy for sustained
use in tropical climates.

The use of dogs for detection in demining
was another departure from routine “Western”
military procedures. The ability of dogs to detect
mines had been recognised for many years but,
although detection dogs had been incorporated
into former Warsaw Pact mine clearance teams,
they were not widely used by US forces or those
of most Western European countries.

Practical innovation cluster bomblets in Kosovo
close to Pristina, 2000. ©ICRC/

Much of the new equipment of the early 1990s ~ &/ovan
had been developed in isolation. Not only did this result in misguided efforts,
it often wasted resources by duplicating effort. Some of the ideas were feasible
but all too often they worked best where they were needed least. Most of the
detection and clearance equipment was designed for flat open ground with
loose, uncontaminated soil. In these conditions most options, including
straightforward manual clearance, would be quick and effective. It was in
the rocky, steep, heavily-vegetated or contaminated areas where help was
needed.

The many technical conferences not only provided direction but also
increased awareness of other projects: some even managed to inject a reality
check by giving deminers the opportunity to show their working environment
and explain their problems. Although some designers were more willing to
share their ideas than others, the general effect was a trend towards more
focused equipment development programmes. Above all, many of the newer
ideas were driven by the requirements of the operational demining community
instead of being based on flawed assumptions.

The scientific community also contributed through their systematic analysis
of demining. This was one area where lack of prior knowledge proved to be
a positive advantage by eliminating preconceptions and preserving objectivity.
One of the most revealing studies has been on the types and causes of injuries
sustained during demining. Injury statistics were drawn from accident
investigations!” among a number of demining organisations, most of which
cooperated fully in the study.

Actual blast testing began on simulated limbs and dummies and culminated
in a “Lower Extremity Assessment Programme”, conducted by the US
Department of Defense (DoD) in 2000. This controversial project used full-
body human cadavers and high-speed radiographic imaging to fully evaluate
the mechanism of injury and determine the degree of protection provided by
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commercially-produced protective footwear.

Such information has allowed the development of better tools and PPE
based on hard science, rather than instinct or expedience. The resultant
equipment revisions have also prompted or allowed innovative and
unconventional departures from traditional designs. In one example, the
Massachusetts Institute of Technology (MIT) demonstrated that a probe with
an oval cross-section requires less force than a round one — an observation
that was initially met with derision but has proved significant.

There has been widespread adoption of aprons for PPE to replace fitted
suits. Not only do these provide greater freedom of movement, they also
offer better protection. Systems are also becoming better integrated to
complement one another: for example, overlapping the visor and body armour
to ensure complete neck protection.

A great deal of new demining equipment has been fielded recently for
detection, demolition and mechanical vegetation clearance and most has been
carefully designed around the needs of the user. Those needs include not
only the ability to locate and clear mines but also less obvious requirements
such as ease of training and simple maintenance. This revolution in common
sense and practicality has done much to restore the relationship between the
equipment developers and the demining community. It has also ensured that
the dialogue and atmosphere of cooperation will continue to refine the
demining process in years to come.

Not all of the news is good, however. The one area where new
development consistently fails to meet the needs of the user is cost. By itself,
demining rarely offers a large enough market to justify major commercial
development costs or mass production. Although some inventions are spin-
offs from other projects and others are funded under national development
programmes, many reflect the substantial outlay for development and
production costs in the price. This often makes them disproportionately
expensive for programmes struggling to survive on minimal funding and the
sad fact is that most mine action organisations cannot afford the equipment
that they would like.

Mine action comes of age

During the late 1990s, mine action began to gel into a cohesive international
industry. Not only had many lessons been learned but they had also been
broadly disseminated via networks, conferences and the movement of
technical advisers between programmes. For many years, the various elements
of mine action had progressed in isolation but the quantum leap in
communication brought a flurry of productive activity, which resulted in a
series of important milestones.

Particularly significant was the unification of mine action to incorporate
five fundamental pillars or core components in pursuit of its aim to reduce
the social, economic and environmental impact of mines and UXO. These are:

» mine and UXO awareness and risk reduction education;

» minefield survey, mapping, marking, and clearance;

» victim assistance, including rehabilitation and reintegration;
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» advocacy to stigmatise the use of landmines and support a total ban on

anti-personnel landmines; and

» stockpile destruction, to ensure that stockpiles of landmines are

destroyed.

Another, less obvious form of engagement has occurred between the
demining community and the military. After the early split between combat
breaching and demining, one accepting casualties as a reality of life, the other
striving for clearance of all mines and UXO from a given area, it appeared
that the two would continue to diverge, the only link being the large numbers
of military personnel who went on to work in mine action. Yet, ironically, the
two now work side by side in many areas.

Not only are the military increasingly involved in humanitarian operations
but the deminers have based much of their heavy mechanical assistance
equipment on the breaching equipment designed for the battlefield. The US
routinely sends army personnel to train foreign national deminers' and works
closely with NGOs and other civilian mine action specialists. In Kosovo and
Iraq, the military established the initial systems to collate and provide
information, while military EOD teams from several countries coordinate
closely with humanitarian agencies to undertake clearance operations.

Regulation

With the integration of mine action came both the opportunity and the need
for regulation. In October 1997, the United Nations Mine Action Service
(UNMAS) was formed to coordinate all aspects of mine action within the UN
system. This was followed by the establishment of the Geneva International
Centre for Humanitarian Demining (GICHD) in 1998, tasked with supporting
the mine action efforts of the international community and the United Nations
via mine action research, operational support for demining in the field and
advocacy of the Anti-Personnel Mine Ban Convention.” These two organisations
brought a more detached and objective approach to management onto an
industry that had been heavily biased toward field operations. They have been
instrumental in unifying and regulating programmes and organisations that
had neither the time nor the resources to do so for themselves.

Perhaps the greatest practical milestone was the production of the
International Mine Action Standards (IMAS), the first edition of which was
officially adopted on 1 October 2001.*° These lay down standards for virtually
every aspect of mine action — minimum norms to which every UN-supported
programme should aspire. The broad consultation with operational mine
action organisations has resulted in a highly practical approach. IMAS has
even won favour with programmes outside the UN system, many of which
now adhere to the same standards.

The IMAS do not attempt to dictate every procedure in detail but rather
to specify aims and (where appropriate) how these should be achieved. A
good example is the use of mine detection dogs — a subject which continues
to cause disagreement and defy detailed regulation. IMAS lay down guidelines
for the employment of dogs but make no attempt to impose rigid or detailed
procedures for their use.

33



34

Mine Action: Lessons and Challenges

In many ways, the agreement and international acceptance of common-
sense rules signalled the coming of age of an industry that had remained
immature for far too long. It has also helped to demystify an activity that
once thrived on its image as a “black art”. No longer perceived as a stand-
alone function, mine action often has to compete with other aid programmes
for donor funding and must demonstrate value for money. In addition to
laying down basic safety requirements, standardisation was necessary to
establish meaningful performance indicators on which programmes could be
assessed or compared.

Further refinements

It is difficult to say whether regulation hastened the integration of mine
action or vice versa but the maturing process has stimulated — and in some
cases demanded — further refinements. A prominent example is information
management, which had to be improved and standardised to keep pace with
the new generation of mine action programmes. The Information Management
System for Mine Action (IMSMA) became the UN-approved standard in
January 1999. The system was developed by the Swiss Federal Institute of
Technology (ETHZ) for the GICHD, at the request of UNMAS, to help programmes
coordinate, prioritise and execute their mine action activities.

Additional benefits from the introduction of IMAS and IMSMA have
included the standardisation of terminology and improved transparency
within national programmes. In turn, the enhanced oversight of decision-
making and the ability to assess progress has led to greater accountability.
Not only is this important for the credibility of the programme but it is crucial
to donors, who require evidence that their money is being well spent.

At the operational level, the systematic approach to mine action has led to
genuine capacity-building within the host nation. This means that, in addition
to the individual skills provided, an infrastructure is created to sustain the
activity or organisation. An important aspect of capacity-building is the
preparation of indigenous people to assume the various management functions
when expatriate staff and technical advisers leave. This tended to be a
weakness of earlier programmes but has now become a fundamental
component of most new mine action programmes.

Problem areas

Although there has been phenomenal progress since the early days of
mine action, the process is far from perfect. Demining is still inherently
dangerous and most tasks are labour intensive and painfully slow. Most
programmes have funding problems of some kind and some are so chronically
under-funded that they continually struggle for survival. One of the
disadvantages of integration with other international aid initiatives is that
mine action is continually competing for funds.

The shortage of money means that many organisations are ill-equipped,
or at least unable to acquire the equipment best suited to their task. This
undermines the widely-held concept that organisations are free to select from a
demining toolkit. Although an enormous range of equipment is available
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globally, very few organisations have the luxury of picking the items they require
at will. The problem is most acute among the poorer, military-run programmes,
many of which still have to make do with obsolete and unsuitable military-
issue equipment.

Several national demining programmes are conducted by the country’s
own armed forces with little or no NGO involvement. Often, they do not
have the benefit of accumulated experience and, being outside the UN system,
they are not subject to IMAS regulation. While some have chosen to adopt
the IMAS, many fail to meet the standards set: not only is the level of clearance
unacceptable by UN standards but injury rates among deminers are also often
alarmingly high. A number of military clearance programmes have been
influenced by US training programmes, but many are still reminiscent of the
early days, including the focus on demining to the exclusion of the other
components of mine action.

Another problem area is the exit strategy, which is rarely satisfactory.
Very few programmes have either fully achieved their aim or successfully
handed control to the host nation and, in many of the earlier programmes,
there was no realistic plan for the “end game” at all. The first exception was
the Kuwait clearance, which was unique in having virtually limitless funding
to achieve its ambitious aims. More recently, the clearance of Kosovo was the
first major UN mine action programme to “achieve completion” and hand
control to the local authorities.”

It has also been accepted that the absolute clearance of all mines is rarely
possible. No matter how thorough the demining, there will always be the
possibility that some may have been missed for one reason or another. In
recognition of this fact, the terms “mine safe” or “impact free” have been
adopted in preference to “mine free”. In Kosovo, for example, completion
signified that every marked minefield had been cleared, but recognised that
some areas were known to contain so-called nuisance minefields.” Even within
the “cleared” areas, it was considered likely that some mines and submunitions
had been missed.

Conclusions

From the shaky foundations of outdated military breaching procedures,
demining has evolved rapidly into a separate, refined discipline. The
disjointed approaches of individual organisations converged as, beneath
an intense media spotlight, conferences and other liaison brought
productive exchanges of information. As the Ottawa Process captured the
public imagination, governments throughout the world became involved,
with many donating funds or contributing resources to this growing
industry.

Scientists and engineers also became interested and began to contribute,
unproductively at first, but with increasing benefit as relationships with the
demining community improved. Necessity has been the mother of invention
throughout the evolution of mine action and many recent developments have
been prompted by requirements from the field, then accomplished using sound
scientific research.
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Yet, despite the substantial and well-focused development work, there
have been few changes to the fundamental nature of mine clearance, which
remains dangerous, labour intensive and slow. Most people now accept
that there will be no “silver bullet” to solve the many practical problems of
demining.

Maturity occurred during the 1990s with the integration of mine risk
reduction education, minefield survey, marking and clearance, victim
assistance, advocacy and stockpile destruction into the broader discipline of
mine action. This rounded approach now takes its place as a major component
of humanitarian aid to mine-affected regions, particularly in the immediate
post-conflict period.

The creation of UNMAS and GICHD brought proper oversight, along
with a more detached and objective approach to management. Regulation
has been applied primarily to working standards (in the form of IMAS) and
information management (provided by IMSMA). This has brought diverse
programmes into line and allowed a host of other benefits, ranging from
better working conditions for deminers to the ability to assess programme
efficiency. The pool of accumulated knowledge is also being better managed
to allow new programmes to benefit from the lessons of previous operations
and to further enhance the equipment and procedures in use.

There is an enormous range of equipment available to the demining
community but the term toolkit is, perhaps, a misnomer. It implies that each
programme can assess the problem it faces and select the appropriate
resources, much as a mechanic would pick the tools needed for a particular
repair. The reality is that few programmes have the luxury of access to the
most appropriate tools. Having made their initial choices of detector, PPE,
hand tools and so forth, most are constrained to use them for each and every
situation they face, until a periodic enhancement or fleet replacement can be
made.

Funding is the major limitation but not the only one. A change of equipment
or technique often involves a major training burden (during which work
ceases) and may well demand additional logistic support. Individual
organisations cannot justify the purchase, operation and maintenance of
expensive assets, such as heavy machinery, unless they will see extensive use
coupled with demonstrable increases in productivity. In future, it may be
feasible for mine action centres to control centrally-held equipment for loan
to the organisations under their control, as and when it is needed. Such
coordination at national level would ensure the most efficient use of resources
and allow the transfer of equipment to new programmes when no longer
needed.

There continue to be problems and frustrations, including the continuing
shortage of funds and the limitations that this imposes on field operations. A
number of programmes outside UN control fail to achieve accepted safety or
clearance standards and many do not adequately address the other pillars of
mine action, such as victim assistance. However, the overall picture is one of
success: the evolution of mine action has been tremendously fast and has
brought tangible benefits to people living in mine-affected regions throughout
the world. It should not be forgotten that the cost has been high, in both casualties
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and financial terms, but mine action continues to make substantial progress
towards reducing the threat of mines and UXO.
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Endnotes

1. Most of the organisations directly involved in mine action are UN agencies, national
and international NGOs and commercial contractors. Military forces frequently
provide individual specialists or technical advisers.

2. ERW are defined under international law as abandoned explosive ordnance (AXO)
and unexploded ordnance (UXO).

3. Only nine types of mine were used throughout the Falklands, all of conventional
mechanical design. Most of the minefields were laid in consistent patterns and many
were marked and recorded.

4. Early surveys indicated casualty rates of 14-24 mine victims per day.

5. First-hand accounts of the author, who was a training team leader during Operation
Salam.

6. MAPA plans, UN Mine Action Service website (www.mineaction.org), September
2003.

7. ICBL (1999: 891), citing the UN.

8. Roberts and Williams (1995: 261).

9. Stake mines are initiated by tripwires, which must be traced (often through
vegetation) to both ends before they can be neutralised. Most stake mines have a
lethal radius in excess of 10 metres.

10. Estimated at around 1,000 false alarms per one live mine in parts of Cambodia.
11. Percussion detonators require a substantial blow from a blunt striker on a specific
point. This distorts a protective metal layer and crushes a friction-sensitive compound
onto an anvil. In a stab-sensitive detonator, the friction-sensitive compound is exposed,
and is therefore vulnerable to initiation by contact with any foreign object.

12. Increased productivity is estimated to be up to 300 per cent, with a single brush-
cutting machine allowing approximately 60 deminers to proceed with the detection
and removal of mines.

13. Handicap International, Human Rights Watch, Medico International, Mines
Advisory Group, Physicians for Human Rights, and the Vietnam Veterans of America
Foundation.

14. An element of the military procurement process in which the user defines the
capabilities (rather than the characteristics) desired from a new item of equipment.
15. See GICHD (2004b).

16. Including the COBRA system developed for the US Marine Corps, and LAMD,
developed for the US Army as part of the ASTAMIDS programme.

17. “Database of demining victims” sponsored by the US DoD, 2000.

18. The US Department of State publication, To Walk the Earth in Safety, (US DoS, 2002)
notes DoD assistance to 30 countries between 1994 and 2001.

19. The Convention on the Prohibition of the Use, Stockpiling, Production and Transfer
of Anti-Personnel Mines and on their Destruction, commonly referred to as the Anti-
Personnel Mine Ban Convention, opened for signature in Ottawa in December 1997.
20. See www.mineactionstandards.org.

21. Report of the Secretary-General on the UN Interim Administration Mission in Kosovo,
15 January 2002.

22. Particularly border areas and tracks in the Dulje Pass, where clearance work is
scheduled to continue for several years. Remaining tasks in MNB order, amendment six,
MACC Pristina, 12 March 2002.



Landmine detection and
destruction technologies

Paddy Blagden

Summary

The processes of the detection and destruction of mines and munitions
for humanitarian purposes has come a long way since 1989, but
arquably not far enough. Reliance still has to be placed on “classical”
methods of mine detection: few new technologies have been introduced
into demining, despite the expenditure on research. In contrast,
exploitation of existing technologies has been more successful, and
new and improved mine clearance machinery is being produced and
fielded on a wider scale than ever before. Techniques for the training
and use of mine detection dogs have also been improved.

Introduction

Chapter 1 described the evolution of the demining toolkit. The slow
progress of demining can be largely attributed to the level of technology of
the tools that mine action managers have at their disposal. Accordingly, this
chapter attempts to look at historical efforts, both military and humanitarian,
to create technologies to detect and destroy landmines.

Detection is considered to be the process by which mines are detected,
which may mean the exact location of single mines or the less precise
location of groups of mines. Destruction refers to the destruction of
previously detected and located mines in the ground or in special
destruction areas, and also the destruction of mines which have not been
detected but are destroyed by actuation leading to detonation or by
physical disruption. The word “mines” is taken to include other explosive
munitions found on the battlefield which have to be detected and removed.
Anti-tank mines are referred to as anti-vehicle mines.

After this introduction, this chapter addresses the following issues:

» close-in detection (the detection and location of individual mines);

» stand-off detection (the detection of mined areas);
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» the destruction of individual mines after location;
> the destruction of mines by machine, using physical detonation or
disruption; and
» the destruction of unexploded ordnance (UXO).
The chapter concludes with suggestions on where mine action might need
new technologies and how the introduction of new technologies could be
speeded up.

The challenge for detection and destruction technologies

As we saw in Chapter 1, landmines, both anti-personnel and anti-vehicle,
were not extensively used until the 1939-45 war. This was one of the first
major wars in which armoured vehicles were used extensively and many
large-scale minefields were laid, especially in Eastern Europe and North
Africa. By the end of the war, hand-held mine detectors were widely used,
and early versions of tank-mounted mine destroyers such as flails and
armoured hoses had also been deployed.

The mines of the 1940s were predominantly metal-cased, although some
anti-personnel and anti-vehicle mines were made of wood, especially those
improvised from munitions or local explosive. In the mid-1940s, the
development of plastics allowed the first generation of plastic mines to be
developed,' and plastic mines proliferated rapidly in the immediate post-
war period. By the start of mine action in 1989, almost all anti-personnel
mines and many anti-vehicle mines were plastic-cased — which were detected
by the metallic or magnetic mine detector and by the prodder.

Following the 1939-45 war, a large amount of mine clearance took place in
Europe and the Far East, mostly carried out by military units, which in some
countries (such as Germany and Poland) continue to clear mined areas from
that war. The detection and destruction equipment remained similar to that
used during the war itself, and this situation remained almost unchanged
until the start of humanitarian mine clearance in 1989. This caused many
problems because the military detectors were heavy and unreliable, being
designed for intermittent use in minefield breaching rather than continuous
use in mine clearance. The same applied in mine destruction equipment such
as flails or explosive hoses. Though adequate for minefield breaching, their
ability to detonate or remove mines and their reliability under continuous
operation were insufficient for humanitarian use. Some early mechanical
equipment was based on tank platforms, making it expensive to buy and
maintain, and cumbersome to use.

The size and complexity of the world mine and munition problem, and its
effects in post-conflict environments, began to come to light after the end of the
Cold War. The true situation began to emerge when nations in Africa, Latin
America and South-East Asia which had adopted or been pushed into warring
ideologies began to seek assistance in removing their mine and munition
problems. From a single national clearance programme in Afghanistan in 1989,
there are now over 30 countries which have identified mine or munition problems
needing clearance to humanitarian standards.
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As humanitarian mine clearance has developed and the true nature of the
world’s mine problem has become apparent, a pressing need has developed to
make best use of scarce resources by increasing the efficiency and cost-
effectiveness of clearance. Since, in practice following limited conflicts, many
declared mined areas or minefields actually contain few mines, greater effort is
being exerted to find where mines are NOT within the suspected area, to reduce
expensive and time-consuming mine clearance to genuinely contaminated
areas. This has led to the need for two different types of detector — the “close-
in” detector, often hand-held, locating the exact position of the mine, and the
“remote” or “stand-off” detector, to remotely determine where mines are, but
with no great positional accuracy. The two types of detector may be different in
concept.

Close-in detection

Close-in detectors exist in many forms. In general, detection is done either
by pushing some form of energy at the mine and measuring the response
(prodders, eddy current, radar, infrared, nuclear, etc.) or by detecting any
disturbance caused to the natural conditions by the mine (disturbance of
magnetic fields, disturbance of soil, detection of explosive vapour from the
mine and its filling). Below are some of the more common forms used or in
development.

The mine prodder

The prodder, still in use as the final
physical check of the presence of the mine,
has gone through much development, but in
most areas remains in its basic form. Prodders
were conceived as simple, cheap and effective
tools. They have been made from many
materials, from expensive plastics down to
small-gauge reinforcing bar retrieved from
broken concrete buildings. Experimental
prodders (with acoustic sensors to detect the
materials being encountered by the noise of
impact)® and vibrating prodders (to allow
hard soil to be pierced more easily) have rarely
been introduced into service because, in the
hands of a skilled operator, the ordinary
prodder can give information of size and
shape of the target and sometimes even the
toughness of its casing. A deminer in Afghanistan.

The disadvantage of the prodder is that it ©ICRC/Zalmai
brings the hands and sometimes the face of the
operator close to the mine. In some theatres, the stoniness of the soil demanded
that the prodders were stiff, to pierce through stony soil, and short military
bayonets were used, which led to injuries to hands and eyes. Prodders can also
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become hazardous to use against any mines such as the Chinese T72B with a
tilt or anti-disturbance fuze.

Another disadvantage of the prodder is that to engage the side of the mine,
it has to be inserted at a shallow angle, usually about 30° to the ground. Since
many prodders are around 30 centimetres in length, this means that they cannot
penetrate more deeply into the ground than about 10-14 centimetres. In many
cases, anti-personnel mines are found buried at about this depth or more, while
anti-vehicle mines are often deeper. To insert the prodder at a steeper angle may
risk impacting the top cover or actuating surface of the mine which, in the case
of the anti-personnel mine, might cause it to detonate.

Mines can also rotate in the ground due to soil movement, so that the top
face of the mine can end up being hit by the prodder, even though inserted at
the correct angle. In the same way, mines in the “windrow” of soil produced
by a mine plough can be at any orientation, which makes detection by prodding
potentially hazardous. Despite these shortcomings, the mine prodder is likely
to remain a useful tool for the deminer for many years to come.

The magnetic or metallic mine detector

The metal-cased mines of the 1945 period were comparatively easily
detected by the metal-detecting mine detectors of the day, although they
were often heavy, cumbersome, insensitive, uncomfortable to use and
unreliable. With the increasing use of plastics in mine construction, the metal
component of the mine decreased sharply. Soon the metal components were
confined to the firing pin and spring, and parts of the arming mechanism. To
match the decreasing metal content, the detectors had to be increased in
sensitivity and, with the high usage found in humanitarian mine clearance,
detectors also improved in lightness, reliability and ease of use.

Unfortunately, as sensitivity increased, so
did the susceptibility of metal detectors to
false alarms from small fragments of metal in
the ground, sometimes splinters from
exploding shells or rocket warheads, or food
and beverage cans. Sensitivity also increased
to metallic compounds found in certain soils,
such as laterite, a common road-making
material in South-East Asia and Africa.

Despite these limitations, metal mine
detectors remain the most commonly used
form of detectors, and considerable
improvements in their design continue to be
made.

There are various types of metal detector,
but the most common is based on . -
electromagnetic induction. The sensor head Hand-held metal detector. GEIA
sends a primary magnetic pulse or continuous
wave which creates eddy currents in the buried metallic object, creating a
secondary magnetic field. This in turn is detected by coils in the search head.
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Other types are usually used to detect buried munitions. These are most
commonly based on magnetometers, which measure alterations to the earth’s
magnetic field, or gradiometers, which measure the magnetic field gradient,
again altered by the presence of a metallic object.

Major advances have been made in the sensitivity of these detectors and
their capability of detecting metal items in laterite soils without major loss of
sensitivity. Several types of detector are on the market which can “tune out”
or “compensate” for background magnetic returns. Developments have also
indicated the possibility of giving an estimation of the depth of the mine or
munition target, and even a definition of the shape of the metal piece within
the object. Should this become a feature of future metallic mine detectors, it
could radically decrease the false alarm rate in soil contaminated by metal
scrap.’ Thus the metal detector has by no means reached the end of its
development potential.

Other technologies

Even in 1992, the reducing amount of metal in anti-personnel and anti-
vehicle mines was causing concern, and it was rumoured that totally non-
metallic mines were in development or even in production, which would
render metal detectors useless against such mines.

In Stockholm in May 1994, the Swedish Defence Research Agency (then
FOA), together with the UN, organised what was probably the first major
meeting between mine clearers and research scientists. The aim was to assess
what technologies existed, how they could be used, and roughly when
“fieldable” new technology detectors would appear. This produced some
interesting results. A table of different technologies was drawn up, showing
which was more likely to produce fielded equipment within five years. The
most promising detection technologies at the time appeared to be ground
penetrating radars and infrared detectors.

Ground penetrating radars

The ground penetrating radar (GPR) consists of a transmitter which pushes
into the ground a pulse of energy or a continuous wave at a certain given
range of frequencies. This is matched to a receiver, which takes in the reflected
radar signals. The radar energy passes through the ground and is reflected
back, at different speeds, depending on the material through which the radar
energy is passing. If the radar detects that there is a sub-ground object which
is of a different material (or more strictly material of a different permittivity
or dielectric constant), the object can be detected. This means that plastic or
totally non-metallic objects can be detected by GPR.

In theory, GPR can present indications of the location and the depth of the
target object, and sometimes even the shape. This, however, depends to an
extent on the frequencies used: to get good definition of small objects, a high
transmitted frequency must be used. It also depends on whether the output
of the radar is in the form of an audio signal or an image on a screen. To get
good penetration of soils, a lower transmitted frequency has to be used. Current
GPRs work between about 0.4 MHz and 6.0 MHz.
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Unfortunately, despite being the most likely technology to be fielded by
1999, GPR detectors are only just becoming fieldable. The problems surrounding
their development have been more difficult than was originally thought and
totally non-metal mines have not yet been used in conflicts, so the need to
establish them as a primary detector has not been great. GPR performance can
be limited by soil humidity and type, and under certain circumstances can give
false alarms. At present their likely cost is still several times higher than the
equivalent metal detector. Fieldable radars are being used in conjunction with
metal detectors, and can significantly improve the false-alarm rate of the detection
system. Despite the significant improvements already achieved, such combined
detectors have not yet found a significant market in humanitarian mine
clearance.

At least some of the problems of current GPRs can be resolved by better
detection computer algorithms and faster processing, especially with visual
output detectors, and antenna development is still in progress. Ultimately,
GPR might develop the capability to provide three-dimensional images, and
even provide some indications of the material of which the detected target is
made.

The development of GPRs has been concentrated on detecting anti-
personnel mines. There is still a need for the rapid and reliable detection of
anti-vehicle mines in roads, and anti-vehicle mines present a larger target
than anti-personnel mines and thus can be detected using lower frequencies.
Anti-vehicle mines such as the Chinese T72 mine (not to be confused with the
T72A and T72B anti-personnel mines) have very small amounts of metal in
the firing mechanisms, and many Italian mines, such as the Valsella VS 2.2
and 3.6, are also difficult to detect using metal detectors. If funds can be
found to continue development, GPR may yet become a major element in the
toolkit of the humanitarian deminer.

Infrared detectors

Initial tests of infrared (IR) detectors were encouraging, and IR detectors
were also considered to be fieldable by 1999. In addition, IR was seen as a
possible technology to locate the edges of mined areas, a capability that is
vital to “technical survey”, which can greatly increase the efficiency and cost-
effectiveness of clearance.

In fact, the resolution of current IR cameras is insufficient to identify the
very small areas of changed temperatures, and it is currently unlikely that
sufficient resolution will be obtained to identify small targets such as the US
M14 anti-personnel mine* under four centimetres of soil, topped with
vegetation and under tree canopy, scenarios which are fully representative
of actual field conditions. The target is so small that even when there are
major changes in ground temperature, the “thermal inertia” of the mine will
not be sufficient to give sufficient cooling or heating to the soil above it to
provide a patch of soil that will be detectable. It was also hoped that IR could
identify the edges of minefields by locating at least some of the mines, but
performance of this resolution has not yet been achieved. Many well
established minefields are by now heavily vegetated, which makes detection
even more difficult.
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Anti-vehicle mines can be detected under certain circumstances, especially
when they are newly-laid and the disturbed ground above them gives a different
IR response. There may also be a role for IR in the detection of submunitions
such as the US BLU 97° (used in the first and second Gulf wars, Afghanistan
and Kosovo), or even the M75 and M85 artillery-launched submunitions (used
in the second Gulf war), because they have a high metal content and are usually
found on or near the surface of the ground. But small submunitions, such as the
M75 and M85, might require a high-resolution camera to identify them at
anything but close range.

Consideration has also been given to artificially heating the ground, to
show up “cool spots” caused by the presence of mines. In practice, the heating
system might well require large amounts of energy, especially to achieve a
temperature difference from mines buried below ten centimetres deep. Such
power requirements could prove difficult to provide in a man-portable detector
system and difficult to apply in areas with heavy vegetation.

In general, there have been few major improvements announced in IR
sensor sensitivity and resolution, and the widespread use of IR for the
detection of individual anti-personnel mines is unlikely, although its use
against anti-vehicle mines and submunitions remains a possibility.

Nuclear detection
Neutron-based techniques

Most explosives contain specific identifiable elements, including
nitrogen. When activated with thermal neutrons, various elements in the
target produce small but characteristic levels of radiation, usually gamma-
ray activity. This can then be detected by gamma-ray detectors such as
scintillometers, which in principle can give a relatively precise location of
the concentration® of the element concerned, usually nitrogen in the case
of explosives. Explosive detection is widely used in airport security but
can also be adapted for the detection of landmines.

In principle, all nuclear detection methods require a neutron generator,
often a Caesium or Californium source to irradiate the target area, and a
method of slowing the neutrons down and collimating them in the direction
of the target. The various elements in the explosive respond to neutron
bombardment in different ways, but often they emit some form of identifiable
reaction. These returning signals are then detected by a detector, the results of
which are analysed, giving an indication of the chemical composition of the
material detected.

There are various types of neutron-based detection systems, and eight
have been patented” but none has as yet been sufficiently developed to be
fielded for humanitarian mine detection.

Although the technology is thought to be relatively straightforward,
turning the technology into a hand-held working tool has proved more
difficult. Nuclear technology-based detectors are better suited to static large-
scale installations, such as those used to examine baggage at airports. The
practical requirement to produce a neutron generator with long service life,
and which is safe and simple to use by local mine clearance staff, has not yet
been achieved. The requirements to keep the neutron generator at some distance
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from the user may also pose a problem. In summary, although research is
continuing, no recent new developments have been fielded in this technology
area.

Nuclear quadrupole resonance (NQR)

Some of the nuclei found in explosives, such as molecular groups containing
nitrogen, oxygen and chlorine, respond in a particular way when bombarded
by radio frequency radiation, and their responses depend on the chemical
structures within which they are bonded. This means that the response of
some explosive compounds can be detected by a technique called nuclear
quadrupole resonance (NQR).®

This technology has had some success and is being explored to meet a
military requirement, but a humanitarian version of any forthcoming
equipment is probably not yet planned.

In some experiments, NQR has given clear responses for the detection of
explosives such as RDX and HMX, but not for the more common explosive,
trinitrotoluene (TNT). Although some mines, such as the Italian anti-personnel
mine VS50, are made of RDX and others use an RDX/TNT compound, most
of the simpler and cheaper mines are filled with cast TNT. This means that
unless NQR responses to TNT can be enhanced during development, NQR
detectors may not be suitable for humanitarian mine clearance for some time.

NQR is also being considered as a component of an integrated mine
detector, using more than one sensor. This concept is discussed below.

Other radiation detectors

There are a number of other ways in which explosive materials can be
“interrogated” by inputs of energy. Among these are the following:

X-ray backscatter

As with neutrons, materials bombarded with x-rays may cause photons
to be scattered at differing angles from them and these photons can be
detected. Although experiments have been carried out on the use of x-rays in
baggage search devices, the power consumption and size of the equipment
make them difficult to develop into a fieldable mine detector.

Acoustic detectors

Acoustic detection is used in the mining industry and the development of
acoustic detectors was suggested in a meeting at the University of Colorado
in Denver in 1994. Various experiments have been tried and methods have
been evolved where geophones can be in contact with the ground outside
the immediate area of the minefield being cleared, which would be acceptable
from a safety standpoint. Although research continues, no prototypes have
yet been presented for field trials, and it is suspected that acoustic detectors
are still some years away from being fielded.

Animal antibodies

Animals, if injected with some chemicals, can develop sensitive antibodies
which can detect and indicate the presence of such chemicals. This process,
called Enzyme-Linked Immunosorbent Assay (ELISA) can apparently be made
highly sensitive, but no development has yet shown how such detection can be
used in the field.
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Laser detection

Laser energy can be used to cause the breakdown of TNT vapour into
chemicals that fluoresce or glow at specific frequencies. Again, this process
may be developed into a form of detector for bulk explosive, but at this stage
it is hard to see how it can be developed into a fieldable detection system

Ultraviolet detection

Efforts were made to detect mines in roads by spraying with ultraviolet
sensitive material and looking for anomalies or disturbances in the road
surface after a period of time. The system proved cumbersome to use and the
experiments were discontinued.

Vapour detectors

Another way of detecting mines is by detecting their smell. This smell,
undetectable to humans but detectable by some animals and by sophisticated
chemical detection equipment, can lead to detecting the mines sufficiently
accurately to locate their individual positions. The vapour produced by a mine
can vary and its components are at present not fully understood.

The amount of vapour given out by a chemical depends on its vapour
pressure or volatility. Some explosive compounds have impurities produced
during the manufacturing process, such as dinitrotoluene (DNT) which occurs
as an impurity in TNT, which has a lower vapour pressure and is in theory
more detectable. Explosive vapours can also be changed by molecular action
as the vapour passes through soil: the new compounds (including amino-and
di-amino compounds of DNT and TNT) may also have a lower vapour pressure
and be more detectable.

There are currently two main methods under development for detecting
explosive vapours — chemical sensors, and animals or insects.

Chemical analysis detectors

There are a number of chemical analysis techniques in existence, but the
method showing the greatest practicability and resolution is that of gas
chromatography. In this method, a sample of the target substance in the form of
gas or liquid is moved by a carrier gas along a column containing on its inner
surfaces a chemical liquid in a solid supporting structure. The various
components of the sample interact with the chemical liquid, a process which
takes varying amounts of time. When the components of the sample emerge
from the column, they are detected and the time they have taken to move down
the column varies according to the chemical nature of the components, thus
discriminating between them and identifying them. The components are then
detected in a way that measures their relative quantity, so the final readout can
separate the component parts of the sample which can be identified for chemical
composition and quantity.

The actual detection is either done by measuring the extent to which the
components capture electrons (Electron Capture Detection or ECD), which
happens if the components are nitro-explosives or compounds such as
carbonyls, or by measuring their thermal energy when they decompose
(Thermal Energy Activity or TEA detector). Unfortunately the electron

47



48

Mine Action: Lessons and Challenges

capture detectors are poor at specifically identifying explosive components,
but TEA detection is nitrogen specific.

Most gas chromatographs are more suited for laboratory use rather than
field use, as they are large, delicate, and require supplies of electricity and
gases. They could be built into a mobile laboratory which could be taken into
the field, where vapour samples could be
brought for analysis. This would require
use of remote explosive scent tracing, a
technique which will be described later.

Animals and insects

Animals have a keen sense of smell
and their powers of scent detection
exceed those of humans by many orders
of magnitude. A human may be able to
detect one part of contaminant in 10,000
(1 in 107*), and some gas
chromatographs may be able to detect
down to one part in 1,000,000,000,000 (1 in 10—'?) but dogs and rats are
believed to be able to detect to 1 in 107" or less.

The animal most commonly used for mine detection is the dog, mainly
because of its ability to work in conjunction with humans. Dogs can be
trained to detect odours from specific vapours. Dogs have been used for
tracking and hunting for many years, but also for the detection of landmines
since the 1939-45 war. Dogs can also detect drugs, explosives, weapons,

specific foodstuffs, metals such as mercury,
T wood rot, and human beings buried in snow
or rubble.

In the past, the experience of using mine
detection dogs (MDDs) proved highly
variable. Even the performance of individual
dogs varied considerably and detection dogs
were not universally used except by a few
commercial companies for many years. Many
mine action programme managers would not
An APOPOQ's mine detection rat. trust dogs sufficiently to allow them to be
©GICHD used. In September 1999, a meeting was held

in Ljubljana, at which the GICHD was asked
to take the lead in carrying out a study into the breeding, training and use of
MDDs, and the study was started soon afterwards.

The study soon showed how little was known about dogs, what vapour
they were detecting and at what concentrations, and how vapour was emitted
from mines in the first place. It also studied what weather conditions permitted
or inhibited vapour detection, and at what levels weather features such as
humidity and wind speed began to erode the performance of detection dogs.

The study assembled many of the MDDs breeders and trainers, and the
mine action groups who were using the trained dogs, to try to work out some
best-practice procedures for training, licensing, accreditation, testing, daily
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An NPA mine detection dog. ©M. Kelly
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checking and use. This study is still ongoing but much information is already
available. The use of MDDs is increasing and their cost-effectiveness is becoming
more widely acknowledged.

As part of the study, the GICHD looked at work being done under the Belgian
APOPO project into the use of rats for explosive detection. Early experience
with African pouched rats showed that they could be sociable, easily trained
and that their ability to detect specific odours was possibly as good as, or better
than, that of the dog. The APOPO project is still ongoing in Tanzania and the
results are encouraging. Rats can breed quickly and successive generations
become increasingly tolerant to humans and easier to train. Basic training can
be carried out in small multi-choice cages and results can be collected directly
by computer — so that identifying the better rats becomes a quick and effective
process.

If scents can be brought to rats, the detection can be simply carried out,
with one or more animals sampling each vapour target. Rats have not yet
been extensively used in a free-running mode and techniques for free-running
are under development. Although rats are considered as food in some
countries and condemned for religious reasons as unclean animals in others,
it has to be remembered that the same can be said of dogs, which are widely
used even in those countries where they are declared unclean. Rats cost
between one tenth and one thirtieth of the cost of dogs to buy, train and
keep. They are often indigenous to the country of use, so are less prone to
local disease or climatic effects than dogs, which are usually imported. Rats
could provide a highly cost-effective part of the mine clearance toolkit.

Experiments have also been carried out with insects such as flies or bees.
While the insects may be bred to have excellent detection capability and
sensitivity, how they can be used repeatedly in the field has not yet been
made clear.

Remote explosive scent tracing (REST)

There are two ways in which explosive vapour can be detected; first by
taking the detector to the source of the scent, and second by taking the scent to
the detector.

In the late 1980s, a South
African commercial company
developed a method of
“sniffing” roads by sucking
vapour from the road surface
through filters, mounted in cups
that were hung just above the
road surface. The sampling
filters were replaced in the cups
at measured and recorded
intervals, and the removed filters A REST scent trapping team in Angola. ©GICHD
were put into surgically clean
containers and taken back to base. Up to four sampling filters were used for
each stretch of road, which might be between a half-kilometre and two kilometres.
The sampling filters were then mounted on holders and MDDs were trained to
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walk along the row of holders to identify which filters had the scent of explosive
vapour. A positive identification implied that within the stretch of road on
which the filter was installed in the cups, there was probably a mine. Free-
running dogs then returned to that stretch, to identify if there was a mine and
locate it.

This system was first deployed successfully in South Africa and later for
UN contracts in Mozambique and Angola in 1994 and 1995 (and more recently
in Afghanistan in 2003 and Sudan in 2004). The GICHD dog study has
undertaken research into this technique to refine and validate it. The research
has concentrated on finding the best filter material, optimum air speeds through
the filter, effect of dust and many other criteria. The result is potentially a very
powerful technique which can be used to bring explosive scent to any form of
detection system, whether a gas chromatograph in a laboratory, a dog in the
field or a rat at a base camp.

The REST technique was originally designed for the clearance of relatively
narrow linear targets such as roads or railways, but tests are now in progress
to see if it can be adapted for searching or checking wider areas, as part of
area reduction (eliminating areas of suspect land which are not in fact mined).
If this is the case, the REST technique will become a powerful method of
increasing the cost-effectiveness of mine clearance.

System integration

At the 1994 meeting in Stockholm, it was agreed that it was unlikely that
any one sensor would ever be able to provide the degree of definition required,
but that two or more should be linked together to provide complementary
output.

For simplicity, detection can perhaps be divided into four categories of
capability:

» Category 1: A target of some kind has been detected, which may be a

false alarm.

» Category 2: A target has been detected, which appears to have a man-

made shape, which is probably not a false alarm.

» Category 3: A target has been identified, which is of man-made shape

and contains explosive, which is probably a mine.

» Category 4: A mine has been identified at 5.5cm depth, the type of

which can be identified by the on-board computer.

It was generally agreed at the Stockholm meeting that no one sensor of the
types considered above would ever progress beyond the first two categories of
detection without being integrated with another form of sensor. Much research
effort has gone into systems integration, but the problems of linking two
completely different types of sensor input have not yet been sufficiently resolved
to allow an example to be fielded.

The nearest to an integrated system to have been produced in a fieldable
state so far is a hand-held detector with two sensors, magnetic and GPR, but
even here the two systems are independent and the outputs are not mixed.
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Stand-off detection

All the detector technologies mentioned above have been designed for close-
in detection, for either hand-held use or to be mounted on a vehicle platform.
The efficiency of mine detection could be greatly increased if some detector
system could indicate where mines were, or were not, from a remote or stand-off
position. This presents an even greater technical challenge but could provide
greater rewards. Some systems have shown potential in this area.

Visible light imagery

Obviously normal airborne or space-borne photography cannot detect mines
or submunitions below the surface, unless they have recently been laid and the
disturbed earth shows up clearly, or if the mines or submunitions are on the
surface. On the other hand, if the minelaying has been recent, or fences have
been erected, it may be possible to detect the laying activity for some time after
the event, although this may require some skilled interpretation to derive full
benefit from the imagery.

Although not fully relevant to detection as such, air and space photography
can play a major role in providing detailed imagery of the ground conditions,
and possibly even the position of military defences around which mines may
have been laid.’ If old satellite imagery can be obtained from the archives of
Cold War satellite users, comparisons with up-to-date imagery might show
how cultivation, ground and road use may have changed or villages have been
destroyed or moved. Although this is no proof that the use of mines prompted
the changes, such anomalies can show areas which might merit further
investigation. The absence of any changes in land use patterns might indicate
that the areas can take lower priority in the survey process.

Air and space imagery is therefore a useful tool in minefield survey, although
under certain conditions the possession of air or satellite photos can be militarily
and politically sensitive. It is also important for the making and updating of
maps, which are key to mine action or any kind of mine activity. One of the key
elements of a mine action programme is a standard and up-to-date map, which
can be the basis of all mine action, aid and redevelopment activity. Such imagery
can be produced for mapping at any scale and can be part of the graphical
output obtainable from current information management software.

Infrared detectors

These have already been mentioned in the close-in detection section above,
but are better suited to stand-off use. As stated, the resolution of current IR
cameras is insufficient for detecting small anti-personnel mines, although even
minute differences in temperature are now becoming detectable. Surface-
laid anti-vehicle mines and certain submunitions should be identifiable, but
this depends on the vegetation and tree cover.

IR detectors may well prove to be difficult to use in the field, as they often
require aerial platforms, which are not only expensive to operate and maintain
but militarily and politically unpopular. Aerial surveillance may require specific
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authorisation from national governments, especially in areas of national
sensitivity such as international borders (frequently areas contaminated by
mines), which may further limit its use. Although optical wavelength images
have been produced with high resolution, space-borne IR cameras available
for humanitarian use are unlikely to achieve the necessary resolution to identify
anti-personnel-mine-sized targets in the near future.

Air or satellite radar imagery

Air and space visual light imagery is much limited by cloud cover in many
areas of the globe but radar is not so badly affected. At present, the resolution
of space radars available for humanitarian purposes is not sufficient to identify
anomalies on the ground which can be detected by visual imagery — although
radar images could perhaps be used to verify previously obtained
photographic imagery, or identify changes to it. Future developments may
need to be monitored, perhaps if military-grade radar images become
available for humanitarian use.

Remote explosive sensing

It has been suggested that vapour sensors, placed downwind of suspected
mined areas, may detect explosive vapour over a period of time. This could give
a general indication that the area was in fact contaminated without the need to
enter the suspect area. This method has not yet been tried under field conditions
but might be adaptable, possibly using REST techniques.

In the same way, explosive molecules escaping from mines or munitions
can leach into ground water, and it has been proposed that water extracted
from small tube wells near the suspect site might contain traces of explosive.
Unless there was some knowledge of how the ground water moved, the
indication might prove too general to be of value, but some research might
still be merited.

Detector platforms

Much research resources have been expended on platforms for carrying
mine or explosive detectors to allow mine clearance without putting mine
clearers into active mined locations. Some mine destruction equipment can
already be used remotely, either using a simple controller at the end of a
cable or some form of radio control.

Remote sensing using robot-mounted sensors (usually conceived without
user advice) has not yet been fielded — because of the difficulties of knowing
exactly where the robot platform is and when a target has been identified, and
because of the poor vision capabilities of robot-mounted television cameras.
Mine clearance uses visual cues such as disturbance to earth or vegetation,
tripwires, bits of plastic or metal packing material, boxes, protective caps
removed before mines are laid, or even the canisters from which submunitions
are released. Experiments have shown that the human eye is more capable and
versatile when collecting data than was first imagined and no television imagery
can currently match the wide angle stereo imagery built into the human head.
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Another problem with unmanned platforms is the difficulty of retrieving
such platforms in the event of breakdown or mine damage. Retrieving broken
machinery from active minefields is a hazardous and unpleasant process. It
is not hard to create safe protective cabs for human operators — and human-
operated machines are much easier to control, retrieve and repair than robots.

In the opinion of many deminers, the first priority for development funding
must remain the two types of detector, close-in and stand-off. This opinion has
been reflected in the GICHD study into operational needs, which showed
improvements in detectors has the potential to provide the greatest operational
advantage.'

Many development projects for mine action equipment insist on designing
new platforms for detection equipment, ignoring the fact that sensors would
perhaps be better mounted on proven mine-protected vehicles, several types
of which are commercially available. Illustrations of such equipment can be
found in the GICHD Mechanical Equipment Demining Catalogue."

Practical limitations to detector technologies

Many detector technologies are technologically complex and this can present
difficulties to field operators. In some countries, trained operators are often
highly astute and skilled at interpreting the audio or visual signals from the
detectors on which their personal safety may depend, although they may not
be literate.

Some new technologies require relatively large amounts of power, which
are difficult to provide using current battery technology without making the
detection device heavy and unwieldy, or giving it a short operating life
between battery changes. Commercial standard batteries are considered by
many operators to be better than rechargeable ones, partly because of
uncertainty with the life of rechargeable cells, and partly because the
continuous supply of electrical power in the field cannot be guaranteed. All
hand-held detection equipment must also be ergonomically designed, so that
operators can work for many hours without undue stress, even at extremes
of temperature.

Maintenance and repair of complex equipment is also a major problem
in the field, especially when the mine clearance work site may be many,
even thousands of kilometres from the nearest source of spare parts.
Modular construction can make maintenance and repair a more simple
matter and the modules can be sent for repair to the manufacturer.
Simplicity has to be built into design as early as possible or the resulting
equipment will be found to be unsuitable for field use and represent a
major waste of development resources.

Individual destruction equipment

Once mines have been detected and located, they can be destroyed.
Destruction is either done in place, to prevent any dangers of moving the mines,
or mines can be defuzed on the spot and removed to central destruction areas
for disposal. The procedure to be used depends on many factors, such as the
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stability of the mines, the number of mines to be destroyed, the proximity of
buildings or infrastructure and the skills level of the workforce.

Some mines, such as the Soviet PMN1 anti-personnel mine and Czech
PTMi BAIII anti-vehicle mine, can become dangerously sensitive and
hazardous to handle, as can some
submunitions such as the BLU97.
Old munitions with nitro-glycerine
in their propellant should be moved
as little as possible before
destruction. Some mines and
munitions are relatively stable and
can be carefully defuzed and
moved with comparative safety to
a central destruction area.

Whether destroyed in place or in
bulk, mines are often destroyed by
open burning or by detonation where
the environmental circumstances
allow. Open burning can be achieved
by using a pyrotechnic charge to burn through the case of the mine and ignite
the main explosive change. Detonation is achieved by exploding a charge in
close proximity to the mine, or piercing the case of it with a shaped charge and
achieving a sympathetic detonation.

Destruction of mines in Albania, 2001.
©ICRC/Sidler

Pyrotechnic charges

These function by directing a jet of high temperature flame at the mine,
burning through the case and igniting the main charge. Typical flame
temperatures are over 1,800°C, while the ignition temperatures of TNT and
RDX are both about 300°C."> A minimum burning temperature of 850°C is
advised.” Pyrotechnic charges work best for mines with plastic or wood cases,
but can penetrate metal cases as well. A number of such pyrotechnic devices
are available commercially from countries such as the UK and US.*

Pyrotechnic charges can only be used if the mine is on the surface or is
sufficiently exposed to enable the flame to play directly on the mine casing.
Such charges can also be used for starting open burning of mines collected at
a destruction point, including for the destruction of anti-personnel mine
stockpiles in accordance with Article 4 of the Anti-Personnel Mine Ban
Convention.'

Pyrotechnic charges are useful when the noise of detonation may cause
alarm or the detonation blast may harm surrounding buildings or services.
In some cases, the heat generated by the ignition of the main charge may
cause the detonator to explode and the mine to actuate, detonating any
un-burnt portion of the main charge. The destruction of individual mines by
burning is a slow procedure and may delay the clearance process as all mine
action staff have to leave the minefield until all burning is completed.
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Use of fire for mine clearance

In some countries, local people have tried to clear mines by igniting dry
vegetation or undergrowth. Although fire has value in removing such vegetation,
buried mines are rarely affected by surface fires but could be made more sensitive
by heating, as happened to mines laid near oil fires in Kuwait in 1991. Fire will
destroy the wooden stakes on which some tripwire-actuated blast mines are
mounted and may melt, but not necessarily ignite, their main charge, rendering
them more difficult to dispose of. Such methods of attempted clearance are not
usually recommended.

Explosive charges

The most common way of destroying mines is by placing a charge of
explosive in close proximity and detonating it, causing a sympathetic
detonation in the detonator, booster or main charge of the mine. For mines in
place, destruction is done by exposing the edge or surface of the mine, placing
a charge of plastic explosive such as C4, PE4 or block TNT in direct contact
with the mine and detonating it. A charge of about 250gm of conventional
explosives will normally detonate any anti-personnel mine. If moulded into or
around the fuse pocket of an anti-vehicle mine, full detonation will also usually
occur.

For the destruction of stockpiles of anti-personnel mines, bulk explosive is
often used because, if the mines are sensitive enough, they can be detonated
when packaged in boxes, which eases the handling of the mines at the
demolition site. One nation completed the destruction of its anti-personnel mine
stocks using a mixture of ammonium nitrate and fuel oil (ANFO). Some care is
needed in setting up large-scale demolitions for destruction of mines, because
shock wave effects can vary and some parts of the demolition may not be
destroyed but ejected some distance from the demolition site.

Explosive charges can also take the form of shaped charges, fired through
the side of the mine. This can have the advantage that the mine itself need
not be touched once it has been located. And, if the mine has been located
accurately enough, the shaped charge can be fired into the mine through the
earth above it. Provided that the explosive jet has sufficient energy as it passes
through the main charge of the explosive, a high order detonation will occur.
For munitions, the shaped charge can be “tuned” to cause a low order
detonation (“deflagration”), which reduces the explosive effect.

Shaped charges can be quicker, safer and easier to transport than bulk
explosive charges. Mines with sensitive explosive, or with anti-handling fuses,
need not be touched, as the shaped charge is fired from the stand-off position.
It is also quicker and safer to destroy a mine underground, without exposing
it, but it does require a detector of sufficient accuracy to locate the mine to
fine limits (within lcm or less for anti-personnel mines). Shaped charges are
produced commercially in a number of countries including Austria, Germany
and Switzerland.'® The only hindrances to their more widespread use are their cost
compared with standard charges and lack of experience with their use.
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Where the transportation of explosive is difficult due to legal restrictions,
explosives can be produced in binary form, where they consist of two stable
and transportable compounds which, when mixed, form a normal liquid
explosive. Explosive can also be produced in the form of foams, which can be
placed over exposed mines without contact with their surface. The foam can
then be detonated using standard electrical or safety fused detonators. Both
foam and binary liquid explosives have considerably lower power than
conventional explosives and have a higher cost, which makes them more
suitable for specialised use only."”

Environmental issues

Much comment has been made on the environmental issues surrounding
the destruction of mines and munitions, especially during stockpile
destruction in accordance with Article 4 of the Anti-Personnel Mine Ban
Convention. Where mines are destroyed by open burning or open detonation
the gaseous products of detonation or burning are released to the
atmosphere.

In reality, the detonation products of most TNT- or RDX-filled mines are
similar in nature to the combustion products of fuels for cars and aircraft, but
the polluting cloud of a large-scale demolition is instantaneous and
conspicuous, which makes it more dangerous in the eyes of some
environmentalists. This has led to recommendations for the use of elaborate
forms of destruction or demilitarisation, often using very high temperature
burning and the scrubbing of the gases formed in the combustion process.
These methods are relatively expensive and destruction or demilitarisation
costs can vary between US$0.50 per mine to more than US$12 per mine in
countries where environmental laws are at their strictest, a sum which most
countries cannot afford.

Other commercial destruction or demilitarisation techniques favour
dismantling of the mine, removal of the bulk explosive for commercial use
and the recycling of some of the plastics used in the mine bodies. Despite the
income generated by the recycling process, the costs per mine are usually
well in excess of open detonation techniques. Since long-term burial in moist
soils can lead to explosive products leaching into the ground water, the
delaying of clearance and destruction due to the imposition of stringent
environmental regulations may not in the end be the best environmental
solution.

There is one case where controlled destruction must take place, which is
the destruction of munitions filled with liquid explosive or propellant. One
form of anti-personnel landmine, the Soviet PFM1, contains a liquid filling
that is toxic and corrosive, and whose products of combustion or detonation
are also toxic. These mines are the subject of a special study into the most
cost-effective methods for their destruction.

In general, most countries have opted for the simplest and cheapest methods
of landmine stockpile destruction using open burning or detonation and so far
no reports of environmental consequences have been reported.
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The bulk destruction of UXO poses a different series of problems, due to the
dense metal casing of some of the munitions involved. Extraction of the explosive
then becomes a more favoured option, unless the country concerned has few
environmental laws and many sparsely inhabited areas where pollution by
metallic fragments would not pose a major problem. This was the case in Kuwait
in 1991, where open detonation was frequently used for the destruction of tank
and artillery ammunition, mortars and rockets. Care and specialist knowledge
were needed to ensure that the detonation drove the metal fragments downwards,
to limit the spread of metallic fragments.

Mechanical destruction/disruption

Mines can be destroyed in place by causing them to actuate or by physically
disrupting them. Destruction by actuation is achieved by pressurising them
beyond the actuation pressure, which should cause the mines to explode.
This is usually done by an explosion or by rollers.

Explosive disruption

Many variants of mine clearance explosive devices have been produced for
military purposes. Many of them are based on thrusting explosive pipes, or
firing rockets towing hoses full of explosive across the mined area. The explosive
pipes or hoses, when detonated, are intended to cause either sympathetic
detonation or disruption of any mines below or nearby.

This procedure has not been adopted for humanitarian purposes because it
is many times more expensive than manual mine clearance'® and because the
clearance capability of even heavy explosive hoses depends on the vegetation
in the mined area. Bushes can prevent the hose from reaching the ground and
the detonation of every mine under the linear hose cannot be guaranteed. Rocket-
pulled hoses rarely land in a straight line and even a successful detonation of
an explosive charge may not be sufficient to make a safe lane. This is of less
importance in military minefield breaching because the track made by the
explosive hose is usually immediately augmented by a mine plough to make a
track for the armoured vehicles following it.

A variant of the explosive hose is the polythene tube filled with an explosive
mixture of gas and air. The polythene tube rolls out across the mined area as
it fills and is then detonated. For military use, charges of fuel/air explosive
(FAE) can be used, but both these and the explosive tube above rely totally
on the shock and pressure effect of the gas/air detonation.

Mines do not always detonate under explosive hoses and the fuses of
some mines, such as the TS50 anti-personnel mine and PTMi BAIII anti-vehicle
mine, are specifically designed against them, especially the very rapid
explosive pressure pulse produced by the explosive hose. This can limit the
use of hoses still further under certain conditions. Explosive hoses have
received limited use in mine action, although they have been tried in South
Africa with some apparent success.
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Mine rollers

A more reliable way of detonating mines is to pressure them with a roller,
pushed in front of a vehicle. This again is mainly used by military forces, often
in conjunction with a plough, but rollers have been used to destroy anti-
personnel mines and are available commercially. Military mine rollers have
often been mounted on armoured vehicles and cover the rack width only, whereas
humanitarian rollers need to cover the entire front of the pushing vehicle and
are usually propelled by a modified agricultural vehicle or construction
equipment such as a bulldozer.

Rollers are moderately effective but their performance can be degraded by
uneven ground or ground that is so soft that the mines are pushed deeper into
the soil without exploding. In addition, some mines do not respond when
pressurised only once as they require two or more efforts to actuate the detonator
system. Even so, rollers have a use in rapidly checking cleared land or in area
reduction where a suspect area can be tracked by the roller until the edge of the
mined area is found. Only military rollers can withstand repeated blasts of
anti-vehicle mines.

A successful variant of the
mine roller is the protected
vehicle fitted with steel roller
wheels. Vehicles of this type
have been produced and
successfully used in South
Africa and have been trialled in
Croatia. So far, little use has
been made of them by mine
clearance NGOs, possibly
because of the cost of the
protected vehicles, but their
performance merits further use
Pearson mine roller. ©Pearson in other and non-African

theatres.

Anti-personnel mines were also successfully detonated in large numbers in
Kuwait in 1992 using a digging rake on an armoured excavator. The anti-
personnel mines were dug up and one claw of the rake was used to press on
them until they detonated. If they failed to do so, the next mine found would be
placed on top and the two detonated together. This method was suited to sandy
soils with patterned minefields but would be difficult to use for isolated mines
in soft or heavily vegetated soils.

Experiments were also conducted where anti-vehicle mines were pressured
using a steel rod mounted on an armoured excavator. This system worked but
it was impossible to find steels strong enough for the pressure rod to withstand
the repeated heat, blast and shock of the anti-vehicle mine detonation without
cracking or spalling away. A similar but smaller-scale experiment for detonating
larger anti-personnel mines such as PMN was tried in Cambodia using a
wooden rod mounted on two bicycle or agricultural wheels. The success of this
low-cost experiment is not known.
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Flails

One of the earliest devices to be used
against anti-vehicle mines was the flail,
first developed in 1942. This tank-
mounted device had a rotating shaft
mounted at the front, with weights on
chains slung from it. When the shaft
rotates, the weights beat the ground
with the aim of detonating any mines in
the path of the flail. The flail concept
was rapidly revisited following the _ Nl D k
Falklands/Malvinas war of 1982 and Diana 40T flail unit in action. ©Hontstav
versions were produced for military SHO.
trial. These were taken into
humanitarian use in 1991 but early models proved underpowered and
unreliable, and prone to throw anti-personnel mines out of the beaten zone of
the flail. The machines were also easily damaged by repeated detonations of
anti-vehicle mines.

Since then, a number of humanitarian versions of the flail have been
produced, of varying sizes.” The larger flails mounted on heavy tracked chassis
are still too cumbersome for field use
and difficult to transport on country
roads and bridges. They are also
extremely difficult to extract from
active minefields if they are damaged
or break down. Some of the smaller
mini-flails are proving successful for
vegetation clearance in heavy
undergrowth and limited mine
clearance against anti-personnel
mines only. A number are now
RM-KA 02 remote-controlled flail. @Duro produced with remote or radio control
Dakovic Specialjalna Vozila and some are mounted as attachments

onto the arms of hydraulic excavators,
which makes them able to clear corners that cannot be reached by vehicle-
mounted flails. Some of the bigger wheeled versions of the flail are proving to be
robust, reliable and very effective.

Despite the increasing and long-term use of flails, comparatively little is
known of the precise interaction between the flail weight (also called the pick or
bob) and the ground. Research has shown that different shapes of weight transfer
different degrees of energy in different directions when they hit the ground,
which can affect their capability for applying the necessary pressure to the
target mines. Different sizes and shapes of weight are now being used but
further research is needed to optimise the flail weights to the soil conditions
and the types of mine being cleared.

o
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Earth ftillers

The principle of the earth tiller
is to beat or till the ground with
steel teeth to such an extent that
any mines are either detonated or
physically broken to the stage that
they are no longer able to
detonate. Earth tillers require
high power to turn the tilling shaft,
which, like the flail shaft, is
mounted at the front of the vehicle.
An early model had two engines, ]
both of about 900bhp, and the Rhino system in operation. ©Rheinmetall
tilling head was mounted on a Landsysteme GmbH
tank.  This design  was
unfortunately too heavy to be practicable in the field, even in Europe with its
full network of high capacity roads and bridges.

Several types of tilling machine have been produced and are available
commercially® but are still large, heavy and ungainly and show few advantages
against the better types of flails. Tillers are usually heavier, more expensive
and need greater maintenance and repair than their flail counterparts.

Tilling machines can leave broken fragments of explosive in the soil after
the tilling process. This makes it difficult to employ dogs in the quality
control process that has to follow the primary clearance.

Some smaller tilling machines have the tilling head mounted on the
hydraulic arm of a tracked or wheeled excavator. These, like the arm-
mounted flails, are very effective at removing vegetation and preparing the
ground for manual or dog clearance and are being increasingly used for
humanitarian mine action.

An environmental disadvantage with both flails and tillers is that the
cohesion of the soil is disrupted and the roots of any vegetation are destroyed.
In areas with thin layers of topsoil, any form of earth-processing equipment
must be used with care or the pulverised soil may be blown or washed away,
leaving the area completely barren.

Sifters

The aim of mechanical sifters is to cut a layer of soil from the ground
and pass the soil through a sifter process to sift out mines from possibly
contaminated soil. This is not easy to achieve because of the amount of
other material in or on the cut soil such as stones, roots or lumps of
vegetation which also has to pass through the sifter. Sifters are best working
in dry and sandy soils as clay or wet loam can quickly clog the sifting
system. Early sifters tended to build up soil in front of the cutter blade
which, due to the sideways movement of soil along the blade, could leave
mines at the edges of the sifter path.

Sifters need a relatively powerful base machine and require that the
sifted soil is examined for mines among the rocks, stones and roots that
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have not passed through the sieve mesh. Sifters will probably be capable of
withstanding the blast of a small anti-personnel mine, but repeated blasts,
or the explosion of an anti-vehicle mine, might cause extensive damage. The
sifting process is thorough but slow. Specialised sifters mounted on wheeled
plant are in operational use in southern Africa and are available
commercially.?

A method of mine detection and
destruction allied to the sifting
process is the procedure used by
one NGO using standard wheeled
bucket loaders. The top layer of soil
is excavated from the suspected
minefield, then removed and
spread out over a hard bare earth
surface. The deposited soil is raked
over by hand by mine clearance
staff in full protective gear, which
exposes the mines among the roots, Rotar sifting dry soil. ©HEC Hendric Ehlers Consult
rocks and vegetation. When the
mines have been raked to one side and removed the soil is returned its original
location and the next bucket-load of topsoil is collected and examined. This
method has the benefit of using equipment commonly found in commercial use
in many countries, unlike the specialist machinery mentioned above.

Ploughs

Although used by military formations to clear routes through mined
areas, ploughs do not destroy mines but merely remove them from one place
to another — at the same time turning them over so that the top actuating
cap may be facing in any direction, thus increasing the hazard of prodding
for them. Ploughs are only of use in humanitarian mine clearance for gaining
access to mined areas or in conjunction with some types of sifter. Sifters
work best with broken ground and can sift the windrow produced by a
plough easier than undisturbed earth.

Detection of UXO

This chapter has linked the clearance of mines and UXO together under
the term “mine clearance” because in most cases they present a similar problem
and both forms of munition are often cleared by mine clearance staff. The
clearance of certain types of UXO can pose special problems, which require
specialist clearance skills.

UXO are usually either munitions fired from artillery, rocket or mortar
weapons, or are aerially delivered, like submunitions or bombs. These can
pose specific hazards for clearance staffs. Unexploded artillery, rocket or
mortar rounds can either end up on the surface or buried. Fortunately, most
have a high metal content, especially artillery and mortar rounds, which makes
them detectable by magnetic mine detectors. Some aerial delivered bombs can
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end up deeply buried and specialist detection techniques are used for their
detection.

Once detected, many unexploded munitions are relatively inert but some
have sensitive fuzing systems which render them dangerous to normal
clearance methods. Bombs with delayed-action fuses have to be treated with
caution. Deep-buried shells and bombs have to be dug out before they can be
destroyed and if they are close to buildings, services or infrastructure, they
must be defuzed before removal, a highly specialised task.

Some missiles, especially the larger surface-to-air or surface-to-surface
missiles, are powered by liquid propellant which is toxic and corrosive, and
leakage or spillages of these substances can be hazardous to those near to the
missile or who approach without adequate protection. Clearance should not be
attempted without specialised advice. Some guidance is given in IMAS or their
Technical Notes on the handling of liquid-fuelled munitions. Although not
classed as explosive, depleted uranium-cored bullets or anti-tank projectiles