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 1.  Introduction

Resulting from the inspiration and insatiable enthusiasm of Dr Al Bottoms (SCOT) 
, working with Professor H Sahli (Vrije Universiteit Brussel - VUB), a truly international conference on the requirements for the detection, removal and neutralization of landmines and UXO took place at VUB, Brussels from 15 – 18 September 2003.  To the credit of the organisers, some 34 nations were represented 
.  The 250 delegates were mainly representative of the technological community, as the conference coincided with a humanitarian demining meeting in Bangkok, which had more focus on the end-users.

 2.  Status Assessment

2.1.   Previous conferences on humanitarian demining, and indeed sponsorship for support, tend to have been driven by very plausible emotional arguments, well illustrated by images of injured children and accounts of the reversion of communities to subsistence living due to isolation, lack of inward investment or external markets, and infrastructure support etc, caused by mines.  

2.2.   Humanitarian demining required non-technical staff, to use poor equipment, to do what becomes a repetitive and boring job, in which diligence is essential to avoid danger, and less than 100% success is deemed unacceptable.  

2.3.  With the passage of time, pragmatism and politico-economic arguments have risen to the forefront.  These, together with a wealth of data on mine clearing activities from many nations, research activities, and the evaluation of effectiveness, have led to the ‘scientificization’ of the subject.  In many cases, these factors have resulted in poor coordination of policy, competitions between Non Government Organisations (NGOs), commercial motivation, and the evolution of a hierarchy of would-be experts. There is a mismatch between the expectations of the end-users, with reality of operational experience, and those proposing more complex technical solutions 
.   Lack of accountability to donor nations 
, profiteering and corruption 
, limited resources, and cost benefit analyses have contrived to obscure the well-meaning vision of humanitarian demining advocates such as the late Princess Diana.

2.4.  Accepted data suggests that there are some 110 million undetected mines 
, which lead to some 25,000 deaths per annum 
 
.  The removal of 1000 mines, on average, accounts for the deaths of between one and two de-miners (sappers).  According to UN data, costs of mine clearance total an average of $0.6 per square meter, with the efficiency within the range of 10 – 20 square meters per sapper per day.  In the international arms’ market there is a choice of over 700 mine types 
, developed by some 100 firms in 55 countries.  Horrendous as these figures may be, their impact is considerably reduced when compared with road accidents in western countries and death from malnutrition and lack of fresh water in many third world countries.  It is such specious arguments that have contributed to the current pragmatism based upon cost benefit analysis, and risk assessment.  Added to this, the issue is further complicated by legal considerations.  For example; as a result of three children being killed at Debelo Brdo, Bosnia by mines, in an area, which had been declared cleared, the parents are seeking recompense 
.  This is a ‘wake-up call’ with the clear message that those involved in demining operations need to give full consideration to ‘risk management’ and quality assurance, supported by robust contracts and legal support.
2.5.  Colonel Des Radmore (Namibia), using many years of experience, explained the realities of demining, stressing there was no general rule that applies to all countries.  Greed, corruption, self-interest and bribes were the norm and long delays and inactivity are to be expected as decision-making is passed up the chain.  To be effective the demining organizations have to be aware of the problems of obtaining visas, expectation of bribes, logistics and accessibility, fuel, repairs, fresh water, food, medicine and access to emergency medical assistance, language, religion and climatic conditions (particularly rainy seasons) generating low morale.  Furthermore, donors and sponsors need full visibility of the process and its implementation.

3.  Keynote Speakers

3.1.  Keynote speakers included Ambassador Carbonez (Ministry of Foreign Affairs, BE), Lt. Col. Salmon (Ministry of Defence, BE), Commissioner Busquin (EC) and General Jones, US (Supreme Allied Command, NATO).  All discussed the need to ban anti-personnel (AP) mines and the status of the relevant treaties, with General Jones giving a history of warfare and explaining that with current changes in world tension there is a reduced requirement for mining activities.

4.  Technical Sessions

4.1.  Parallel technical presentations were grouped under:

Decision Support & Information Systems

Electromagnetic Induction

Multi-sensor Platforms & Data Fusion

Airborne Survey

Seismic & Acoustic Detection

Underwater Detection

Prodders & Protection Systems

Test & Evaluation

Statistical Studies in Mine Action

Ground Penetrating Radar

Opto-Electronic Imaging

Mechanical Demining & Robotics Platforms

Neutralisation & Disposal

Bulk Explosive Detection

Trace & Vapour Detection Systems

Soil Taxonomies

4.2.  Many, if not all, of the high technology presentations were reports on military S&T programmes, or derivatives thereof.  Nevertheless, much innovative thinking and small budget S&T was evident from numerous, less technologically advanced nations.  

4.3.  Concepts which use sound sources (white noise in the 100 – 1000Hz range) with frequency banded reception, and electrically heating the soil surface and detecting differential radiation 
 seem less plausible.

4.4.  Without doubt the use of trained dogs 
 is highly effective and their use can be translated to low technology communities for humanitarian demining 
.   Successive generations of dogs are easier to train and genetic opportunities have not yet been exploited (as has been the case for domestic pets and for other working dog requirements).  The success of dogs for operational demining, lead some to question the need to develop the artificial nose, particularly as it is but one (albeit of most importance) of the attributes required for such work.  Preliminary studies are also being conducted with rats, bees and bacteria.  With regard to bees, honey samples around Chernobyl have been assessed for contaminants, and preliminary studies conducted with powdered explosive material mixed with pollen.

5.  Discussion and Conclusions

5.1.  Perhaps one of the major benefits of this conference was the opportunity from the high tech / high cost investigators to mix with the low tech / low cost investigators and both to take heed from the experienced deminers. Many of the last would argue that training is more important than technological development and many developmental systems, which have been proved to perform well in idealised conditions (dry soils, smooth grassland etc), do not have the necessary versatility for realistic operations.  

5.2.  Detailed controlled studies have been conducted to quantify the effectiveness of ‘prodders’ and the techniques for their use.  Disappointing conclusions, derived from less than satisfactory experimental procedures 
, should not be used to denigrate this technique as, in many cases, they are the mainstay of current demining operations.

5.3.  The availability of data from demining operations has led to concepts such as the Global Minefield Atlas 
, MoMoSat 
 and DSS 
 and cost benefit analysis, leading to the overall assessment of the rationale for clearing a particular area.  Cost benefit analysis takes into consideration the cost and economic value of clearing a particular area of land (usually for agriculture or urban use 
) or road, and also the relative deployment costs of different demining systems.  Even in high-density minefield, most of the ground does not contain any mines and indeed, in some declared minefields it has been concluded that there were no mines present.  An adverse consequence is that even bad demining can be perceived as being effective.

5.4.  The S&T community generally recognizes and accepts the benefits of peer review and it was evident, from the questions asked following presentations, that peer review is often required prior to formulating a particular study or evaluation etc.  For example, in several studies known mine shapes have been buried in test areas and used to assess the effectiveness of particular detection systems.  Resulting ROC 
 curves reveal the number of false contacts, but the investigator had no knowledge of their cause.  In other studies most, but not all, of the critical variables were addressed – some being easier to quantify than others.

5.5.  The cost in human suffering, particularly in third world countries, is hard to quantify and as a result, it is difficult to carry out a rigorous assessment of risk, or conduct cost benefit analysis.  Nevertheless, with limited resource, decisions have to be made on the priorities for clearing particular areas.  Perceptions of acceptable risk are distorted by documentation revealing cases of refugees returning to work their land, despite it being declared (and marked) as a potential un-cleared mine field.  Such evidence probably says more about the tenuous balance between desperation and acceptable risk, as well as the individual’s appreciation of each.  In some cases, investment in mine-resistant 
 agricultural machinery may reduce the costs of on-going mine clearance and help to redevelop local economies. 

5.6.  As is the case with other technological environments, the ‘valley of death’ between S&T and the provision of usable equipment for the operators continues to be an issue.  This is particularly difficult in the humanitarian demining environment, as the counties requiring demining are generally poor, as well as lacking in technical expertise to operate and maintain sophisticated systems.  Furthermore, the types of ground, their range of vegetation cover, their seasonal variability and moisture content, and the diversity of mine types all mitigate against a ‘silver bullet’.  These factors also lead to a jaundiced attitude to technological innovation by those who have had experience working in mined areas.  Commercial companies, with due consideration on profit margins, are reluctant to invest in product development, particularly if it may be perceived as profiteering from this very real humanitarian problem.

The Office of Naval Research International Field Office is dedicated to providing current information on global science and technology developments. Our World Wide Web home page contains information about international activities, conferences, and newsletters. The opinions and assessments in this report are solely those of the authors and do not necessarily reflect official U.S. Government, U.S. Navy or ONRIFO positions.

Return to main newsletters page
� Unfortunately he was not able to attend the conference due to an accident.


� Leading to nearly 800 pages of manuscripts that were available at the conference.


� Eg: trained dogs verses artificial noses, prodders and metal detectors verses ground penetrating radar and nuclear quadrupole resonance etc. 


� Only Kosovo and Ethiopia substantially fund their own demining activities


� By both recipient nations at national, regional or local levels, and by demining organisations.


� Angola 10-15m, Afghanistan 9 –10m, Egypt  22m, Cambodia 8 – 10m, Kuwait 5 – 10m, Latin America 0.3 – 1m, Mozambique 2m, Somalia 1m, Republic of former Yugoslavia (less Kosovo) 4.6m etc.


� Though the numbers are decreasing.


� Twice as many people are badly injured.


� Minimum cost of an AP mine is $3 and for an anti-tank mine $75.


� Litigation is still in progress.


� Rate of advance:  30cm per minute for surface UXO and 10cm per minute for buried UXO.


� Mine Detection Dog (MDD).


� In 2002 an estimated 750 MDD were working in 23 countries


� Prodding tests conducted in ideal (sandbox) conditions, by the University of Western Australia (by James Trevelyn), conclude that the probability of detection falls-off at burial depths greater than 7cm, even with a probing interval of 60mm and 115mm target sizes.  Rather than denigrating the probing technique, it would seem more correct to attribute the results to poor experimental procedures and/or operator inefficiency.  How can it be otherwise?


� GIS database containing topography, vegetation, weather, infrastructure and soil type which, used with equipment specifications, leads to equipment usability.


� Mobile Monitoring via Satellite – map based with user input and notes on-line.


� Decision Support System based upon criteria weighting and multi-criteria analysis leading to transparency of decision-making.


� Including such areas as cemeteries.


� Receiver Operating Characteristics.


� At best, resistant to anti-personnel (AP) mines.





