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Cliff Todd, a trained chemist, joined the Forensic Explosives Laboratory (FEL) in 1987. He worked his way up to become the agency's principal forensic investigator, leading a team of specialists in explosives analysis. In the course of his work he dealt with major bombings in Britain, but also travelled extensively around the world on behalf of the FEL. He is now retired and lives in Derbyshire. 'In forensic explosives investigations the key - whatever the setting and the pressure you are under,' says Todd, 'is to try to keep an open mind and not rush to judgement.'










Praise



‘An incredible story about the government unit who allowed us (the SAS) to do our job’ – Mark’ Billy’ Billingham, SAS veteran and Sunday Times bestselling author of The Hard Way


‘Gripping! A fantastic insight into a world only few understand’ – Kim Hughes GC, author the Sunday Times bestseller Painting The Sand


‘Cliff Todd devoted his life to bringing bomb makers to justice. He and his ingenious colleagues at the MoD's Forensic Explosives Laboratory played a pivotal role in uncovering the secrets behind many of the world's most horrifying terrorist outrages. From Lockerbie, through 7/7, to the Shoe Bomber and beyond, this elite band of unsung heroes did their duty without fanfare, and often at great personal cost. They are the technicians in white coats who stand behind the men in black, but are themselves no strangers to the killing zone. Explosive tells their fascinating and deeply moving story.’ – Major Chris Hunter, QGM, bestselling author of Eight Lives Down and Extreme Risk










About the Book



The story of Britain's leading forensic explosives scientist, who for nearly three-decades investigated some of the most prominent national and international criminal bomb attacks in history.


Cliff Todd devoted his life to bringing bomb makers to justice. He and his colleagues at the Ministry of Defence's Forensic Explosives Laboratory are the unsung heroes of terrorist bomb attacks - the men and women in white suits who piece together who planted the bombs, what a device consisted of and how the perpetrators might give themselves away.


They played a pivotal role in uncovering the secrets behind some of the world's most horrifying terrorist outrages. Explosive tells the stories of these high-profile cases and details, for the first time, the contribution Todd and his team made in tracking down bombers during a time when Britain was under attack first by the IRA and then by Islamic extremists inspired by al-Qaeda.


Explosive takes the reader into the murky world of the amateur bomb maker, and reveals what Todd's department achieved in many now infamous attacks, including the device concealed in a radio cassette player that brought down Pan Am Flight 103 over Lockerbie, the IRA attacks on Warrington in Cheshire, the Bali nightclub bombings of 2002, and the 7/7 onslaught in central London that claimed 56 lives and injured 784 others in 2005.


In Explosive, Todd takes us step by step through the investigations, explaining the chemistry, the forensic work and the emotional toll on him and his staff as they sought to recreate and understand what had happened at some of the most shocking tragedies in modern peacetime history.
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‘No rational cause could be found for the explosion – it was simply designated an act of God. But, thinks Dirk Gently, which God? And why? What God would be hanging around Terminal Two of Heathrow Airport trying to catch the 15.37 to Oslo?’


The Long Dark Tea-Time of the Soul
by Douglas Adams









Author’s Note


To protect the privacy of certain individuals, some names and codenames have been changed. The descriptions of explosive devices are missing crucial details so that this book cannot be used as a bomb-making manual. All expressions of opinion are the author’s own honestly held views and are not to be taken as reflecting the views of any organisations the author worked for.










Introduction: The bombers and me



My whole working life has been devoted to investigating the activities of a tiny subset of the human species – a subset who, for whatever reason, have decided to build an explosive device for illegal and often devastating purposes. Some were intent on destroying individuals, others on killing and injuring as many people as possible. Yet more were trying to make a personal statement or a political one. Most intended to shock and draw attention to their deeds as well as to their causes.


They carried out their activities in secret, in fear of arrest, in fear of giving themselves away. Many of them were novices, with only a limited grasp of the technical complexity of the devices they were attempting to build, for whom building a bomb was a matter of guesswork – perhaps trial and error – and thus fraught with as much danger for themselves as for their targets.


Then there were the professionals who’d been doing it for years or had been schooled in a group, such as the quartermasters and bomb-makers of the Provisional IRA, who constructed car bombs, lorry bombs and other such instruments of terror. The arrangement of the key components was broadly similar, but there were always surprises.


In many cases, my work involved devices with unique explosive concoctions and solutions to the technical challenges of supplying power, timing and detonation that had never been seen before. Some bombs were extraordinarily potent, others less so. Some bombs were clever and complex, others crude and simple. All needed careful analysis, understanding and reporting.


In all of my cases, the bombers knew that whatever they did they’d leave clues as to who they were, where they built their devices, what components they used and where they were sourced. They also knew that we would be sifting through every fragment of debris for clues as to their identity and seeking to re-create their unique improvisation in its entirety.


They knew, too, that it was not just me and my colleagues at the Forensic Explosives Laboratory (FEL) who were involved in this work. Alongside us were the security services, the police and army bomb disposal experts.


In thirty years with the FEL, I never came to respect a bomb-maker, but I did sometimes came across handiwork that I could not help admiring.


What I learned above all is that, in this line of work, the devil was most definitely in the detail. One tiny fragment of metal or plastic, a sliver of electrical wiring or a spot of explosive residue a hundred thousand times smaller than a grain of sugar was all we needed to set us on our way.


Let’s start with the chemistry.


An explosive is a single pure substance or mixture of substances capable of undergoing a fast chemical reaction, always accompanied by a very rapid evolution of heat, and often of gas. In all cases, an explosive contains all its own energy.


In most cases, the chemical reaction is between a fuel and an oxidiser, the fuel being carbon, or carbon-based, the oxidiser being oxygen.


This can occur within a mixture of substances, such as with gunpowder, which is a mixture of carbon, potassium nitrate (which contains oxygen) and sulphur. Or it can be within a single molecule, such as RDX (cyclo-trimethylene-trinitramine), a pure substance that has both carbon and oxygen within its single molecule.


Mixtures of substances are usually termed low explosives, because their reaction is a burn, which, although fast, is at the low end of the explosive range, and is called a deflagration.


Single pure explosives, where the reaction occurs within a molecule, are usually termed high explosives, because their reaction rate is at the high end of the explosive range, and is not a burn but a detonation.


Low explosives can be initiated by flame, spark or friction. For example, fireworks.


High explosives need a shock wave to make them detonate.










Prologue



On 7 July 2005, I was one of the first to visit the scene of the London Underground suicide bombing carried out by an al-Qaeda-inspired Islamic extremist on the westbound Circle Line between King’s Cross and Russell Square. Accompanied initially by a safety officer and later by Sheila Coles, a colleague from the Forensic Explosive Laboratory (FEL), I made my way along the tunnel in the darkness towards a hellish place where twenty-six people had died and countless others were injured. It was a tumultuous moment in my career that has haunted me ever since.


At this point our escort stopped and told us we’d have to walk through the tunnel. It was a few hundred metres. Having been assured that the power was off and would definitely not be coming back on any time soon, we set off, assiduously avoiding the conductor rail. We must have been given a torch, though I can’t remember by whom. We had only been going for a few minutes – I remember that the tunnel had started to curve – when we both heard a rumble that seemed to be coming from somewhere ahead.


What on earth was it? We knew the whole system had been shut down. Was it some kind of echo? We tried to put it out of our minds, though I’m sure both of us were visualising ourselves being crushed as we tried to make our way to the seat of the explosion. Perhaps a rogue train had not been stopped? Had everyone been alerted? We carried on, but the sound got louder and now we could feel the rails vibrating beneath us. This was a very small tunnel, with no more than six inches between the outer skin of a train and the walls.


My memory may be hazy on some subjects, but on this it is still pin sharp. We knew there couldn’t be a train coming – there was one stuck in the tunnel ahead of us, for God’s sake – but we also knew what our senses were telling us. To hell with this. We went straight for a nook in the sidewall and waited. Sure enough, the noise got louder, and then a light appeared, growing brighter, coming towards us. And something did come round the corner – a sort of small, open cart, running along the rails, with several people standing in it.


It turned out that London Transport and the Fire Brigade, between them, had come up with the idea of a mobile rail cart with an electric motor, that could be taken apart, carried on a rescue wagon and assembled on the tracks, for moving people and equipment at times like this. Only no one had told us this before sending us into the belly of the Underground.


So we started waving our torch and, as they came up to us, I could see Roger Morton, another colleague from the FEL, and a Metropolitan Police bomb disposal officer, among others. It turned out they’d finished an initial look at the scene, now that all the living casualties had been removed, and were heading back up to plan the next moves.


Now it was our turn to ‘look at the scene’. As we approached the leading carriage, we glimpsed the first hints of the nightmare that awaited us, a nightmare that must have already been faced by victims and rescue workers in the frantic minutes immediately after the explosion. Discarded wrapping for bandages and intravenous fluid bottles littered the track. I could hardly imagine the horrors that lurked in the darkness and dirt and confusion.


The train had just passed through a wider junction and then entered a narrow stretch of tunnel when it came to a halt. There were only inches between the carriage and tunnel walls at this point, but we were able to climb through the opening at the front of the relatively undamaged driver’s cab.


The true scale of the carnage only became apparent when we moved through into the passenger compartment. The floor of the central aisle was passable with care, but it was slick with blood and human remains. Bodies and bits of bodies were piled along the seats on either side of it, with little yellow signs saying ‘DEAD’ on most of the recognisably human ones.


Up to the first set of doors (I think they were still there, despite the wreckage), more bodies were piled on seats with more yellow signs. The floor was getting more difficult to walk on; the handrails had all been ripped off by the blast. And so on, up to the second set of doors – all of which were missing, blown out on to the track where the tunnel widened, where the explosion had taken place. All the windows had been blown out by the blast wave. There was a depression in the standing area where the doors had been. It was hard to tell how deep it was because it was full of compacted human remains. It was hard to walk without slipping over.


The aisle on the far side was much the same, slippery underfoot with more yellow stickers and more bodies. They were piled high on both sides, up to the door connecting us with the next carriage along, which seemed pretty much intact. There was a lot of evidence of paramedic activity, but no more human remains. The tunnel was much wider here, with access now possible from both sides where other tracks merged.


We climbed out on the wider side, into more debris, including the doors and three or four corpses. This must have been where the front carriage had been when the bomb detonated.


These bodies displayed very similar damage to those inside the carriage. Although I wasn’t remotely capable of making any kind of pathological assessment, observing those who had been close to an explosion could give me important information. High explosives cause specific and recognisable injuries, including traumatic amputation of limbs and scorching of flesh. Clothing tends to be torn and shredded, charred and sooted. It didn’t take long to conclude that these unfortunate people had been very close indeed to the blast, which appeared to have been at or around floor level.


We clambered back into the carriage, crossed the aisle and stepped down beside the tunnel wall. So far, the scale of devastation had enabled me to focus on the bodies forensically rather than emotionally, and maintain my concentration on what I needed to be looking for: information useful to the police.


I was also very conscious of needing to stay calm for the rest of the team, to make sure they were managing okay, not being overwhelmed and not needing to go back up to the street. We were all in the same boat, of course, but so far, so good; we all seemed to be coping.


That was until Sheila and I came upon a man wrapped, almost neatly, around one of the train wheels. Unlike the others he was, at first sight, apparently intact, and so was his suit. I suddenly felt short of breath. He was so clearly, so undeniably, a real person, who’d had, if possible, an even more horrific end than those for whom death would have been, if not instantaneous, then at least mercifully quick.


The man in the suit must have been on the far side of the crowded standing area, against the doors, so he would have been shielded quite effectively from the immediate blast. But when the doors burst open, he’d been pushed out with them, most likely still fully conscious and relatively uninjured, and fallen on to the track. The train wheel had achieved what the bomber had failed to do. I remember thinking his head was a slightly strange shape, but otherwise he looked quite untouched.


This image will stay with me for ever, while others, thankfully, remain quite hazy. I’m fairly sure I said something to Sheila along the lines of ‘He’s clearly not explosively damaged, we’ll just note that, and where he is, and move right along.’ In other words, ‘Let’s put him out of our minds and get back into the carriage and back to slightly more tolerable scenes of carnage.’


I’m fairly sure we took one or more of our explosive testing kits on to the track with us. We used them on some parts of the inside of the carriage, more in hope than expectation, since blood and human tissue will fairly comprehensively mask or degrade small explosives traces, but it still needed to be done. Never had I found myself struggling so much just to focus on the job in hand – the forensic investigation of what had happened here. So we looked for the cleanest surfaces we could find, close to the seat of the explosion, and swabbed there for later examination at the lab. We may also have swabbed the detached doors, though I can’t absolutely guarantee that. It seems to me, now at least, that that would have been a good thing to do, though with hindsight it wouldn’t have mattered anyway, given the nature of the device – but we didn’t know that at the time.


Having gathered our samples, and got a fairly clear picture of what we had to deal with, we all headed back to the surface for some lungfuls of fresh air, to take stock, and decide how to proceed.
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Lockerbie – the best of the FEL


The bombing of Pan Am Flight 103 over the Scottish town of Lockerbie in December 1988, which killed all 259 passengers and crew and eleven people on the ground, was the single worst atrocity that the Forensic Explosives Laboratory (FEL) dealt with during my time there.


What remains the most deadly criminal event in modern British history stunned the world as people confronted the horror of an almost fully-laden Boeing 747 falling out of the sky just half an hour after take-off from Heathrow, bound for New York.


Within seconds of the pilots losing contact with air traffic control, the plane broke up and then came crashing to earth, raining debris and dead bodies all over a small Scottish town where people were watching television early on a winter’s evening.


This tragedy occurred just eighteen months after I joined the FEL as a lowly trainee case officer and so it was not an investigation that I took part in. But Lockerbie was always in the background during the following twenty-six years that I worked at Fort Halstead, where the lab was based, overlooking the town of Sevenoaks in Kent, southeast of London.


The Fort was a large and rambling secure complex, similar to a small trading estate, that had originally been built in the late nineteenth century as part of a ring of defensive positions protecting London on its southern flank. By my time it was being run by the Ministry of Defence, which had a number of agencies working there, including the Royal Armaments Research and Development Establishment, which in 2001 became the Defence Science and Technology Laboratory, or Dstl, of which the FEL was a part.


The FEL section of the complex consisted of two main laboratories, one of which dated from the 1950s, while the other was a modern purpose-built two-storey facility completed in the 1980s with distinctive tall extractor chimneys on its roof. Alongside it were a number of ancillary workshop-style buildings, which we used as explosives magazines and storage facilities, where exhibits from the scenes of bombings were kept while being examined. When I started in 1987, there were probably thirty-five employees at the FEL. This grew to around sixty by the time I retired in 2013 – itself an index of how much busier this service became during my years there – of which about twenty were doing forensic casework investigations.


And as I became more senior – I was promoted to head of casework at the FEL in December 1997 – Lockerbie came under my management remit, as we dealt with the various inquiries and legal actions connected with it that have continued to rumble on. Many of these related to allegations of a miscarriage of justice in the trial and conviction of Abdelbaset al-Megrahi, the former Libyan intelligence officer who was jailed for the bombing in 2001.


Some of those allegations were to do with the FEL forensic investigation and are touched upon at the end of this chapter, but they are not my main purpose here. What I want to highlight is what I believe to be – by some distance – the most outstanding example of explosives forensic investigative work ever carried out by the FEL.


The investigation into what happened on Pan Am 103 was led by the then head of casework, Dr Tom Hayes, and his number two, Allen Feraday, who were my first bosses. Tom focused on the analysis of chemical residues, and clothing and luggage, while Allen dealt with electronics and investigations into bomb damage on metals and other surfaces.


Looking back, it seems extraordinary that such a high-profile task was entrusted to just two individuals. Nowadays there would have been at least twice as many case officers involved and probably more. But in the late 1980s at the Ministry of Defence, managers more or less told you what to do and there was very little comeback. In this case their early decision-making, which reflected their concerns about the international political and diplomatic sensitivity of this case, would come back to haunt them.


Lockerbie was quite simply the biggest and most complex investigative challenge imaginable. A huge aircraft packed full of people, baggage and fuel had disintegrated at 31,000ft. While the wreckage was centred over Lockerbie, there were also two long corridors of debris, spread on the westerly wind and stretching 80 miles across northern England and out into the North Sea. In this respect it was quite unlike a bomb attack on a building, for example, or even a conventional plane crash, where the debris field is compact and easily delineated and managed.


What is more, the total weight of the Pan Am plane was in the region of 440,000kg, yet the total weight of the key items of evidence that would show what had happened to it was probably no more than a couple of kilos. This investigation relied on even the most insignificantly small items of debris being found, stored, catalogued and then carefully assessed and analysed.


Tom and Allen took on this mammoth undertaking with unwavering determination and patience, adopting a methodical approach and keeping an open mind about what they were looking at. It involved painstakingly sifting through thousands of items from the aircraft itself and from the luggage it was carrying. They did this work in the months following the crash under enormous pressure, with governments on both sides of the Atlantic and elsewhere keen to establish exactly what had happened.


I well remember those days and Tom, in particular, coming in each day before everyone else had arrived and leaving long after we had all gone home. He spent his time camped out in the exhibit store at the Fort, working his way through an ever-growing mountain of clothing material and other debris. It was hardly glamorous work; he would sort it into piles and then gradually narrow down his focus to the handful of pieces that might – or might not – prove critical to the outcome of the investigation.


It is easy to forget that, in the first few days after the crash, it was not clear that a bomb had been involved. Although it was extremely rare for a jet airliner to fall out of level flight at high altitude while in cruise mode, occasional malfunctions did occur. So it was not automatically assumed by everyone that a bomb lay at the heart of this tragedy, and for several days the main theme in the media was the likelihood of structural failure rather than sabotage.


The first challenge, after the recovery of human remains, was to begin mapping and then gathering all the debris into one place. This Herculean task involved mainly the police and the military, but also many civilian volunteers, who picked up everything from tiny fragments of electrical wiring or a circuit board to large components from the plane’s interior fittings and structure. It was a joint enterprise that underlined a key aspect of the Lockerbie investigation: that it was, from the word go, a team effort involving many different agencies and even the general public, all of whom played their part.


At this early stage it was the inspectors from the Air Accident Investigation Branch (AAIB) who played the key role. They were allotted a large building at the Central Ammunition Depot – an MoD facility at Longtown, not far from Lockerbie – as a central collection point. Very early on they noticed that one luggage container, with the serial number AVE4041PA, that had been found at Falstone in Northumberland, about 50 miles east of Lockerbie, looked unusually damaged. In other words, it showed evidence of crushing from its impact with the earth but there were also signs that something else might have happened to it first, especially in one corner where the floor of the container was torn and ripped.


This was where Allen took over. After travelling up to Longtown and examining the partially reconstructed container, he selected some pieces of metal from it in order to test them for signs of explosive damage.


You might think that, since the container had hit the ground after falling from 31,000ft, damage from an explosive detonation or from impact with the ground would be indistinguishable. But this is not the case. When a high explosive detonates, tiny particles are produced that move outwards at very high speeds of up to 8 kilometres per second, or 18,000 miles per hour. If they collide with metal or similar hard surfaces within a few feet of the detonation source, they can produce impacts known as pitting or micro-cratering. These are craters often found in metal or similar hard surfaces close to the point of explosion. Some can be quite large – maybe 1–2 mm in diameter – while others are microscopic in size, and they look just like craters on the moon. This is because lunar craters are also caused by impacts from solid objects moving at similar or even much faster speeds – just on a cosmic scale. The point is that nothing, apart from explosively-driven particles, moves at anything near those speeds in a terrestrial environment – including something falling at terminal velocity from 31,000ft. So, if you find micro-craters, you can be pretty sure they must have been formed from a detonating high explosive, and that the craters must have been within only a few feet of the explosive material.


After a series of tests were carried out at the FEL, Allen was able to confirm on 27 December, just six days after the crash, that the metal from the container was explosively damaged. It was a major step forward in the investigation because, although many people involved were already beginning to work on the assumption that a bomb had been involved, they did not know for sure.


Now everyone knew that this was not just an unimaginable tragedy; it was a case of mass murder and the investigation was no longer just an inquiry into an accident and what had caused it, it was also a hunt for the perpetrators. In any exercise of this scale, involving a large number of different government agencies, senior managers are often reluctant to commit resources until they are sure they know what they are dealing with. The discovery of micro-cratering took away any doubts in their minds about where the work on Lockerbie was heading and all the funds needed were made available.


The next objective was to see if there were any traces of high explosives on the metal from the container. Again, it might be thought that when a high explosive detonates, it is all burnt off, but that’s not the case either. Some explosives, particularly military grade ones, are very efficient. But none leave no traces of chemical residue at all, so materials close to a detonation will often hold tiny particles of unconsumed explosive.


Now, these particles are usually found in vanishingly small amounts, but there are chemical-analysis techniques that can detect them, and the FEL was, and still is, a world leader in these techniques. And when I say vanishingly small, I am talking nanogram amounts, with perhaps five nanograms being the lower limit of what could be reliably detected. To give you some idea of how small that is, imagine a single grain of granulated sugar and divide that down into 100,000 pieces; each of those pieces would weigh around five nanograms.


After another three weeks of trace analysis, Tom was able to establish that the high explosives RDX and PETN were present in nanogram quantities on two of the pieces from the container. RDX and PETN are commercially-made high explosives, with both commercial and military uses. The levels detected were what would be expected if the pieces of metal had been within a few feet of a detonating charge of maybe a few hundred grams and up to 1–2kg.


One possible candidate was the military plastic explosive Semtex-H, which was produced in Czechoslovakia and was widely used by the military in former Eastern Bloc countries and often contained both RDX and PETN in its formulation. The discovery of the residues on the metal was not proof of Semtex-H, but it was a possibility. Investigators knew it would have been the perfect choice for a small but powerful bomb that would easily fit into a suitcase. The findings only confirmed what the micro-cratering had already established, but now Allen and Tom also knew that a device possibly containing military-grade explosive had been smuggled on to Pan Am 103.


And so the work started in earnest. Hundreds, and eventually thousands, of exhibits requiring detailed examination began pouring into the FEL. These were largely damaged luggage containers, the luggage itself, and its contents. Much of it could quite easily be dismissed as having no obvious explosive damage, but that still left a substantial quantity that required closer examination. And even the stuff that could be easily dismissed still had to be looked at in order to be discarded. Given the amount of luggage carried in a transatlantic passenger plane carrying 259 passengers and crew, even this apparently simple task became a significant undertaking.


As lead investigator, Tom did the initial examination of all of the exhibits, but quickly passed to Allen anything that was even vaguely electrical or electronic, along with any potentially explosively-damaged metal for microscopic examination, all of which was Allen’s particular expertise. Under Scottish law, all forensic investigation work must be confirmed by a second scientist. The simplest way of achieving this, in an ‘ordinary’ case, is for the work to be done together. Nothing about this case was ‘ordinary’, though, and working together throughout was impractical. Instead, the detailed assessments were carried out by Tom, with Allen then signing them off, unless something unusual leapt out at him. Given the large amount of damaged luggage and its contents, this meant that the bulk of the work, certainly initially, fell on Tom’s shoulders.


Although he was my boss, he was only a few years older than me and was then in his early forties. A quintessential English gentleman and highly conscientious, Tom was a wonderful man to work for. With an unflappable temperament, he never raised his well-spoken voice and was always happy to help newcomers like me learn the ropes. He had a lovely dry wit and a mischievous sense of humour that could easily catch you out, especially when you were still getting to know him.


On one occasion, not long after I started work at the FEL, he asked me to join him in the explosives area – a building with massive walls but a flimsy roof, where explosive material could be examined, and where anything that detonated unexpectedly could be confined and not damage the rest of the site. A box of old sticks of gelignite had been delivered for disposal by the police and Tom had gone there to examine them.


Picking one of them up and slowly turning it over in his hands, he motioned to me to come closer to have a look.


‘Look at this Cliff,’ he said quietly. ‘We’ve got this roll here and you can see how wet it is on the outside.’


‘Yes,’ I agreed, rather nervously.


‘You see the little white crystals – these are quite dangerous,’ he added, with an emphasis on the word ‘dangerous’ that made me involuntarily flinch.


‘Oh, they are, are they?’


‘Yes, because that liquid you can see is nitroglycerine that has seeped out from the gelignite. The little white crystals are ammonium nitrate, which has also leaked out. If two of the crystals rub together for some reason,’ he added, still turning the stick in his hand, ‘they can create enough friction to set off the liquid nitroglycerine on the outside.’


By this stage I was starting to back away a bit.


‘Oh really? So how dangerous is it, then?’ I inquired, trying not to sound too scared.


‘Well, it’s an explosive – it’s dangerous.’


‘You mean it could go off if it fell on the floor?’


‘Yes, that might do it.’


‘What sort of damage would that do . . . if it fell on the floor?’


‘Well, the FEL would probably need to recruit another couple of scientists, so we better not drop any of them, eh?’


By that point I had edged even further away.


‘It’s all right,’ he said, with a broad smile, ‘you can stand a bit closer, Cliff . . .’


That was Tom to a tee, explaining how we go about things at the FEL, pointing out the dangers and having a bit of fun at my expense.


Allen, by contrast, seemed to thrive on confrontation, was highly intimidating and was combustible when his work or decisions were called into question. He was older than Tom and had been at the FEL for longer than anyone else and he could not have been more different to his boss. But the pair seemed to get on, because, I suspect, they respected each other’s strengths, which were perfectly complementary. During my early years at the FEL, I certainly learned to respect Allen’s depth of knowledge when it came to electronics and the forensics of explosives.


*


The next step in the investigation was to look in more detail at the metal pieces from the container to see what else the damage to them might reveal. This involved a full metallurgical examination, some of which was done by Allen, but the bulk of which was carried out at a separate department at the Fort that specialised in this and used more-sophisticated equipment than we had at the FEL.


The analysis confirmed that the micro-craters Allen had identified were definitely explosively formed. But by taking sections through individual craters, it showed something else: that there was other material deposited on the floor of some of the craters. In a number of cases this was found to be a layer of melted aluminium, which further analysis demonstrated had originated from one of the side panels of the luggage container.


AVE4041PA, the luggage container, was of a type that has an overhang on one side, designed to fit to the inside curved shape of an aircraft fuselage. From the shape of the piece of metal in question, and the position it originated from in the container, Allen was able to deduce that the deposits in the craters could only have been made if the bomb had been positioned within this overhang. This, in turn, meant that it would have been close to the external surface of the aircraft’s fuselage, and hence far more likely to make a significant hole in the outer wall than if it had been close to an inside surface of the container. Of course, the positioning of the device within the container was just a matter of cruel luck for everyone on board.


In any investigation into this sort of disaster, a basic principle is that, as far as possible, every detail should be established and understood so that it can be demonstrated how each component fits together within the whole. In general, the more details that are known and understood, the more confidence there can be in the final conclusions.


In this spirit, the obvious next question was – did the damage to the luggage container match similar damage to the aircraft fuselage and, if so, how could we establish this? The spectacular answer to this question involved the AAIB specialists front and centre.


Over several weeks and even months, the recovered aircraft parts were gradually moved from where they were first stored at Longtown to the AAIB headquarters at Farnborough in Hampshire. Given that investigators knew the luggage container’s serial number, they also knew from the aircraft’s loading plan that it had been positioned towards the front left of the plane. So, once at Farnborough, AAIB staff set about gradually reconstructing a large part of the front section of the aircraft on a giant scaffolding frame. They were aided in this task by the fact that, on all passenger aircraft, every individual component of the structure is marked with its own unique number, so putting Pan Am’s Clipper Maid of the Seas back together was like doing a gigantic numbered jigsaw puzzle. While this made it easier, it was still a hugely impressive undertaking that relied on the equally impressive search and recovery operation that collected an estimated four million items of debris from the hundreds of square miles over which it was spread.


As we have seen, this was a quite remarkable logistical and recording exercise, and a superb job was done. But, inevitably, in an undertaking of that size, a few errors in the detailed recording and tracking of the thousands of items did occur. Inevitable though it seems to me that such errors were, some later became part of the ammunition of conspiracy theorists and others who didn’t like the outcome of the Lockerbie trial.


The reconstructed fuselage clearly showed that a large hole had been torn in the side of the plane, with the luggage container positioned roughly in the centre of it. More than that, pieces of the structural framework of the aircraft closest to where the container was positioned were examined at the FEL and they too showed specific explosives damage.


The final AAIB report concluded that, initially, a relatively small hole was made in the fuselage by the explosion. That damage then spread, due to the other forces acting on a plane travelling at high speed at 31,000ft, causing the rest of the structure to rapidly break apart in flight.


Investigators now knew a bomb containing commercially-made high explosive had detonated on Pan Am 103; they knew it was in a luggage container; they knew which container that was; and they knew where that container was positioned and how that had led to the destruction of the aircraft. I should say here that none of the conclusions to this point have ever been in dispute.


Now, the obvious assumption was that the bomb was in a suitcase – could Tom and Allen say anything more about that?
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Lockerbie: a suitcase, clothing from Malta and a Toshiba radio cassette


Tom and Allen knew that a bomb had brought down Pan Am flight 103. Now they focused on understanding precisely how that device had been carried and detonated. There were two strands to this part of the investigation – the examination of luggage and clothing and what that revealed about the bomb; and electronics.


Taking electronics first: when the AAIB were initially reconstructing the damaged luggage container, they opened up part of one of its crushed aluminium panels and found several small pieces of plastic and electronics rammed into it. They showed these to the FEL scientists at the scene, who realised that they could be very significant, and they were quickly sent back to the lab for closer examination.


It was fairly immediately established that these items had suffered specific explosive damage, and could indeed be part of a device. Because they were explosively damaged, these fragments were all very small, the largest no more than 10–15 mm along its longest axis. Despite this, some still had clear sections of circuit board discernible, and they were big enough for the board material itself to be properly analysed. Allen knew that although the main components of the bomb were no longer present, he had just enough of the board fragments to potentially identify their origin.


It had emerged that Pan Am 103 did not have just travellers from the UK and returning US nationals on board. It was also supplied by a separate feeder flight, Pan Am 103A, from Frankfurt in Germany, and this had brought more passengers and their luggage on to it for onward travel to New York. The transferring passengers would have had their luggage checked through to New York, meaning it would be loaded straight from Pan Am 103A on to Pan Am 103 at Heathrow.


An obvious line of inquiry for the police and Allen was that perhaps the bomb had originated in luggage from Frankfurt. Their inquiries with the German authorities revealed that, during a police operation in Germany in October 1988, codenamed ‘Autumn Leaves’, a number of improvised explosive devices had been found, designed for use on passenger aircraft, and constructed within Toshiba radio cassette players. These had been made by a Palestinian terror group, and the find was clearly of great interest to the investigation, with much focus by detectives at that stage on the proposition that Palestinians had blown up the plane.


This led, at the end of January 1989, to a visit by Allen to Germany, to compare his bits of circuit board to the intact ones in the devices from the Autumn Leaves operation. In the event, although the Lockerbie fragments were similar to the German Toshiba boards, they were not an exact match. Nevertheless, the similarities were striking. On his return to the UK, Allen made inquiries with Toshiba in Britain, and after much detailed comparison work with them, a match was made with a circuit board from a Toshiba radio cassette, model number RT-8016.


However, Toshiba UK did not have full information on all the company’s worldwide products, and they suggested that there were other possible Toshiba models, using similar boards, and that perhaps the company HQ in Japan could help? After a little preparatory international diplomacy, it was arranged for the police and Allen to visit their headquarters in Tokyo, to see if any further information could be obtained. It proved a useful visit, because six other Toshiba radio cassette players were identified that had a circuit board that the fragments could have come from, one of which was the RT-SF 16 ‘Bombeat’ model.


It was now late April 1989 and a month later came a major corroborative discovery – which has since been the subject of some controversy – when the badly damaged pages of a Toshiba RT-SF 16 ‘Bombeat’ owner’s manual, with possible signs of explosive damage on them, were identified among the debris from the crash. This strongly suggested that the ‘Bombeat’ had been the housing for the bomb.


Turning now to the damaged luggage, the focus of this work was to try to identify the suitcase the device was in, what other items might have been in the case and what that might say about who it belonged to, and to ask whether there were there any more bits of the device to be found among those damaged items.


Given the amount of luggage recovered, this was another mammoth task. Firstly, you are looking just for damaged materials and dismissing the rest. This may sound simple, but, as noted above, to separate out the damaged items first, you have to look at everything to be sure that you haven’t missed anything. Then, once you have selected just the damaged items, the task becomes much more painstaking and complicated.


Let’s start with the suitcases. The object was to find the one in which the device was carried – known as the primary suitcase. Do you just look for the most damaged pieces of suitcases? Yes. But it is more complicated than that. Imagine lots of cases, some of them quite large, all packed up against each other. Wherever the device is positioned within its own suitcase, it is likely to be closer to some parts of a tightly-packed adjacent case than it is to, let’s say, one end of its own case. So parts of that adjacent case are likely to be more badly damaged than some parts of the primary suitcase. This is not insurmountable, but it adds a layer of complication.


As well as finding the most damaged pieces of suitcases, you now have to try to identify those pieces that are most damaged on their inside surface, rather than the outside. This is easier with hard-shell than soft-shell cases and, obviously, Tom had no idea to start with which type it would turn out to be. But, ultimately, the primary suitcase was identified as a brown hard-shell case made by Samsonite.


With luggage contents, which were mostly clothing, the goal was to identify items from the primary suitcase, which were also likely to be clothing, so the case would not arouse suspicion if it was opened prior to loading. Damage to this clothing is subject to the same complications as the suitcases, for the same reasons, and it is more tricky to classify than damage to suitcases, because you do not have the contrast between inside or outside surfaces.


So, we have a bomb concealed inside a Toshiba radio cassette player in a suitcase, at least partially surrounded by clothing. As it explodes, fragments are rammed into whatever they are next to. Then those combined fragments are further rammed into what they are next to, and so on. Although you do get individual pieces of debris, those which are closest to a bomb tend to be compressed fragments of different materials. And if you select those pieces that contain bits of the device – any type of rigid, mechanical or electrical materials – but do not include any suitcase shell, you can be reasonably sure that they originated from the primary suitcase. By doing this you are essentially removing the outer layer of materials in the primary suitcase from your most robust findings, but that is the safest way to proceed, and that is what was done by Tom and Allen. Everything else was still examined in detail and reported, but with the caveat that it may not have originated from the primary suitcase.


It was a meticulous and time-consuming business and it wore Tom down, as he was also having to deal with his other responsibilities as head of casework. It has always seemed to me that more should have been done to ensure the load was sustainable.


And after all this time and effort – what results? Several items of clothing were identified as coming from the primary suitcase, most of which had fragments of a Toshiba radio cassette embedded within them, some of which included fragments of the owner’s manual.


Three items of clothing, however, were of particular importance to the investigation. One was a blue-and-white babygro that had a label on it indicating it was made in Malta. Another was a pair of trousers bearing a ‘Yorkie’ brand label, and also another label with a printed number still visible. The babygro led to extensive police inquiries in Malta, to see if its source could be tracked down further.


Initially it seemed that this would not take the investigation much further, as that particular babygro was distributed quite widely, not just in Malta. But a little while later, with help from the US authorities, the ‘Yorkie’ brand trousers were also tracked down to a factory in Malta. When the police returned to Malta to visit that factory, they were told that the label with the printed number was a factory batch number – and that whole batch had been sold to a shop called Mary’s House in Sliema, a town in Malta, in November 1988, the month before the bombing.
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