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I am writing to you following your letter of 12 November to Lynda Clark about our work on the Dervish mine detonating machines.   On the strength of my previous admiration for your outspoken statements on matters as wide ranging as the drug laws and the photographic content of the gutter press I hope that I too may be as outspoken.

You write that the United Nations has set a standard for mine clearance of 99.6% and that new technologies must meet this as a first requirement.   I would like to discuss how such a figure could be measured, whether the task of demonstrating that it has been achieved is a reasonable demand on slender development funds of privately financed researchers and whether it is in fact the correct number for all situations.

How do we measure clearance reliability?

The 99.6% figure originated from the clearing programme in Kuwait and was used to decide whether a clearance team should be paid for their work.  Mines and other unexploded ordnance were scattered thickly and some teams were picking up thousands of items in a single day.   At the end of the work an engineer officer drove along the nearest road with a pair of binoculars and counted how many items were still visible.  If it was less than four per thousand lifted then the contractor was paid.  

It is much easier to think in failure rates rather than in percentages very close to 100. The UN 99.6% means a failure rate better than 1 in 250 or 4 in 1000 or, more sensibly, 40 in 10,000.  The number of failures in any finite size trial will be subject to the statistical variation of random events.  A pedantic statistician would demand trials with some thousands of mines to establish a clear confidence level about any claim.  Can you give me details of the test protocol that your Department lays down?

Is the requirement for measurement reasonable?

When I first started work on the Dervish I was promised access to live mine-fields by several groups.  But when I later discussed actual times and places the promises were rapidly withdrawn.  A mine-field in the UK would have to be surrounded by a 12 foot high fence.  While any mines were still left the field would need a 24-hour guard.  We would have to produce a method statement on the procedure for dealing with damaged but unexploded mines.  The costs of doing this for the thousands of mines needed for proving the third significant figure of the UN standard would be very high for the military, let alone a private inventor.  When we introduce further requirements for the different types of mines being laid in a representative range of ground conditions, the controlled experimental measurement of any reliability figure becomes impossible.  

Can a meaningful figure be measured from data taken in a real as opposed to an experimental field?  This year the number of anti-personnel mines recovered by 1100 deminers in Bosnia was only 2719 from an area of 2.7 square kilometres.   If the techniques were better than 99.6% reliable there would have been fewer than 11 failures with two standard deviations of about 3.   Do we go over the area a second time to count the number of failures?  What detection method could we use for that?  How reliable does the check method have to be?  If the second method is to be sufficiently reliable why did we not use it the first time?  Do we wait and see how many mine casualties arise from the cleared ground?  Eventually it could be all 11.   Would the demining contractors wait for the mine casualties to taper off at less than 11 before they are paid?  How do we allow for the possibility - indeed given the hatreds that ravage mined countries the high probability – that some mines are relaid after clearance?  Presumably the cost of any reliable demonstration would be comparable to the actual costs of demining in Bosnia this year.  This would be the employment costs of 1100 people plus equipment transport and insurance.  Who should pay for it? 

You write that DFID has already invested funds in support of equipment trials.  Presumably the techniques you supported have, as a first requirement, solved the measurement difficulties which I have listed above.  Can you tell me if and how they did this and the cost of the proof?  Can you tell me anything about the new methods themselves?

Is 99.6% the correct value?

Arguments about the 99.6% often raise the emotional question about whether one would allow one’s own children to play in ground with 0.4% failure standard. The inevitable answer is that the 99.6% requirement is not nearly high enough.   But this is like saying that emergency housing we send to landslide victims in Honduras must meet the standards of UK building controls.  Some people, particularly HALO and MAG, argue that a method which cannot be ‘proven 100% effective’ should never be used.  They refuse to release figures on their own demining costs per square metre or square metres per man-day of demining effort.   I have learned independently that, for some NGOs in Bosnia, the costs are over $100 per square metre.  At their present clearance rates and on their own estimates of the numbers of mines, it will take hundreds, if not thousands, of years to clear the world.  They have to carry the responsibility for injuries in the many areas which remain uncleared because their techniques are too slow and expensive.

The arguments for very high clearance reliability may be justified if the people using the mined land could equally well go somewhere else until the clearance is complete.  However this is often not the case.  People are dying of starvation next to fields of ripe crops.  Such areas should have priority.  If you are forced to walk in mined areas to your only source of food wood or water, you act on the apparent balance of the risks.  We can see where the perceived balance of risks lies merely by noting the mine casualty rate.   Where casualties are occurring, any clearance method, even one below the UN 99.6% standard, will reduce the rate in direct proportion to its reliability and be welcome. 

The proper way to do the calculation is to assume that the amount of money available for demining is fixed.  We should then spend the fixed sum in the way that we believe will prevent the greatest number of casualties.   If we take the minimum casualty argument to areas where people have to use the land, we should choose techniques on the highest ratio of reliability divided by cost per square metre.  If we multiply this ratio by the pedestrian traffic density we get an exact number for injuries prevented per pound spent.   This means that clearance techniques with reduced reliability can still be useful provided that cost per unit area has reduced at a greater rate. 

I have never made any claims about the clearance reliability of the Dervish.  I will not be able to do so truthfully until many thousands of mines have been cleared.  Even then the claim would have to be highly qualified with details of mine types and ground conditions.  I have written that the Dervish will not clear mines which are in deep pits, under obstructions like stones or roots, in hard-baked clay or frozen soil.  It will not clear faulty mines or mines that have not been properly armed.  However these mines are also unlikely to be fired by human feet.

In some theatres the clearance rate with metal-detection plus hand probing is only 5 square metres per man-day.  Furthermore the hand-probing method advocated by MAG and HALO fails for zero metal mines or mines laid deeper than about 200 mm.  Totally zero metal mines and laying depths of 600 mm are being used now in Bosnia.  A great deal of EC and US research effort is being spent on mine sensors which can easily be defeated by the most trivial effort on the part of the mine layer and by the large amount of rubbish that litters every battlefield.  The first thing that happens in a battle is that rubbish collection stops.   Front line troops do not have the most fastidious habits and in no time the place is like a landfill site covered with items that have many minelike features.

The case for the Dervish is that it costs only a few cents per square metre, that it can cover 5 square metres a minute, 300 square metres an hour and perhaps 6000 square metres a day if we can work in darkness.    It will fire the mines most likely to injure people and the places where it cannot go are obvious.  It shows the pattern and extent of a mine-field and can be easily transported, even in difficult terrain.  It is cheap enough to be regarded as expendable.  It attacks mines on their inescapable feature of exploding under load and so cannot be distracted by false positives.  Finally it is an excellent platform for carrying any mine sensor.

The dream demining solution is the combination of a set of fast, cheap methods which do not have to be 100% or 99.6% reliable but which fail in very different and well understood ways.  I hope that eventually the mechanical wheels of a Dervish will have a reliability of 95%, a figure which might perhaps be meaningfully measured but which is 12 times worse than the 99.6% you demand as a first requirement.  However three such independent techniques would, together, achieve a failure rate of only 1 in 8000 ie. a clearance standard of 99.988%.   We are working on the other two techniques. 

Finally you write that you have reservations about the Dervish method.  I have tried to learn as much as possible from experienced deminers and really would be very grateful to hear about these reservations.  I would much rather encounter a problem in the laboratory now than in a live mine-field later.

I enclose for your files some papers on our recent work, a grant proposal to EPSRC, a photograph of the Mark III Dervish and a video of a Mark II Dervish in action with live mines.  Its success rate in this trial was actually 100% but the sample number of only 7 was far too small to let us draw any meaningful statistical conclusion!

With best wishes.

S H Salter

Enc.
Toulouse, costs, 1-page, EPSRC proposal, PAL video

