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FOREWORD


My interest in the subject of the Australian tunnelling companies in the First World War is very personal: my grandfather, 2nd Corporal 400 John Mansfield Thorn, served in the 1st Australian Tunnelling Company. My family has always wanted to gain a better understanding of what the Great War was like for him and his fellow sappers and Damien Finlayson’s beautifully detailed work has allowed us a window into my grandfather’s life as a Great War tunneller.


Few Australians know of the work of the tunnelling companies on the Western Front in the First World War. While C.E.W. Bean’s official history of the war provides an outline of their work, much of the detail is missing. Until now, there has been no accessible and comprehensive examination of the work these men performed. There have been tantalising glimpses in David Branagan’s 2004 biography of Edgeworth David, the remarkable founder of the Australian Mining Corps. British readers benefitted from a fictional account of their tunnellers in Sebastian Faulks’ best-selling Birdsong (1993). Superb factual accounts of the British tunnellers also appeared in Grieve and Newman’s Tunnellers – The Story of the Tunnelling Companies, Royal Engineers, During the World War (1936), Alexander Barrie’s War Underground (1964) and Peter Barton, Peter Doyle and Johan Vandewalle’s Beneath Flanders Fields (2004), all of which have snippets of information about the Australians. Some Australian tunnellers wrote their own personal accounts, including Oliver Woodward, who penned his The War Story of Oliver Holmes Woodward, Captain, 1st Australian Company, Australian Imperial Force in the 1920s. The private circulation of this marvellous work unhappily restricted public access and his story remains largely unknown. In addition, his unique recollections are limited to just one unit—his own—and recounted from the subjective viewpoint of his own experience. His story emphasises the pressing need for the comprehensive treatment of the tunnellers’ story that Crumps and Camouflets allows.


It is therefore not surprising that I have watched the development of Crumps and Camouflets with eager anticipation. Here, at last, is a full treatment of the contribution of these gallant bands of Australian tunnellers from their raising to disbandment and afterwards. Tunnellers made a disproportionate contribution to the war and deserved their staunch reputation within the Allied forces for bravery, technical achievement, tenacity and sheer unstinting hard work. This book contributes enormously to the task of bringing the tunnellers, their work and their fine reputation to present and future generations. Damien Finlayson deserves every credit for his research and for the superb quality of this book.


My own pleasure in this volume was magnified by my discovery within its pages of a photograph of my grandfather that my family had not previously seen. Was it a coincidence or meticulous research? I favour the latter!


Major General Michael O’Brien, CSC (Retd)




CRUMP


‘hard hit, heavy fall, bursting shell (army slang); sound of bursting bomb or shell’


CAMOUFLET


‘subterranean cavity formed by bomb exploding beneath the surface of the earth’


The Concise Oxford Dictionary




INTRODUCTION




O Earth, thou grantest us the great resisting surge of new-won life. Our being, almost utterly carried away by the fury of the storm, streams back through our hands from thee, and we, thy redeemed ones, bury ourselves in thee, and through the long minutes in a mute agony of hope bite into thee with our lips!


Erich Maria Remarque


All Quiet on the Western Front





New books about the First World War continue to arrive on bookshop shelves with extraordinary regularity despite the elapse of almost one hundred years since the start of that conflict. Such books are published for a wide range of reasons, from the complex historical analysis to the simple need to tell a story. The primary purpose of Crumps and Camouflets is to describe an aspect of Australia’s contribution to the war on the Western Front that has remained largely unknown while, at the same time, avoiding the well-worn path that details the role of the Australian infantry soldier in the war. This book does not celebrate death or delight in the defeat of fellow human beings, particularly through violent means, but rather honours the capacity of the human condition to endure the unendurable. While the book deals singularly with the Australian experience, this honour applies equally to all those men on both sides of the conflict who were caught in a time and place and driven by forces they could do little to control.


When Australians are asked what word best signifies the First World War, many respond ‘Gallipoli’. There is an ill-defined and mystical association between Gallipoli and the ‘birth of the Australian spirit’, however vague and subjective its meaning in the collective Australian psyche. The Australian experience on the Gallipoli Peninsula is treated with a level of reverence by current generations of Australians that unjustly overshadows other magnificent achievements of our amateur soldier forefathers during the war. The Australian ‘spirit’, for want of a better term to describe an attitude or approach to life, was not forged on the beach and rosemary- covered hills of Gallipoli in 1915—it already existed. The war merely provided the stage for displaying this spirit and allowed it to be further shaped and formed. The Australian spirit had already been forged through the heat, dust, floods and isolation of living and existing in Australia in the century of pioneering settlement leading up to the war. That spirit was an integral part of the First World War and immediate post-war generation of Australians.


This book seeks to broaden contemporary understanding of the myriad other feats at which the Australian volunteer soldier excelled within the complex theatre of the First World War. The experience that confronted 50,000 Australian volunteer soldiers at Gallipoli was undeniably unique and makes fascinating reading. Yet the Gallipoli campaign was merely the first act in a tragic play involving Australians that was to continue for a further three years. It was simply the precursor to a multitude of equally fascinating experiences faced by a further 280,000 Australian men and women in that conflict.


The Great War, as it is sometimes termed, is generally regarded as particularly hideous in both the scale of the conflict and the suffering and destruction it caused. Around 30 million combatants were killed or wounded with most of the suffering concentrated along two thin lines on a map: the eastern (Russian) and western (French and Belgian) fronts. The aftermath of the war shaped the history of the Western and Middle Eastern world, albeit regrettably not for the better. The Second World War, in which tens of millions of people—both military and civilians—were killed, was a direct consequence of the first. The First World War robbed the world of a multitude of men whose contributions to society, had they lived or returned home unscarred, would have undoubtedly led to a different world to the one in which we live today.


In the early twenty-first century most of us cannot begin to imagine the conditions and level of physical and emotional stress endured daily by our countrymen and women between the years of 1915 and 1919. Their experiences were such that they shaped and affected that generation of men and women throughout their lives. Many of those who returned home were physically damaged. Many others were emotionally scarred, some to the point where they later became unofficial fatalities and uncounted statistics of the conflict. Now, over ninety years later, we live in an age in which it is commonplace for people who, having faced infinitely less hardship, rush into the arms of lawyers seeking pecuniary compensation for their suffering. The insulated lives that many of us in Western society lead today are, in such respects, a world away from the lives of men and women like those portrayed in this book. Looking back can surely serve as a sobering reality check for the way we live our lives.


The First Australian Imperial Force—the First AIF as it was known—was unique in that it was almost totally a volunteer force. Around 330,000 Australians volunteered to take direct part in a conflict that took two months to reach by sea and ultimately resulted in around 63,000 official fatalities. There were many more unofficial fatalities in the years following. In northern France and Flanders (south- western Belgium), the divisions of the AIF were thrown into nightmarish conditions time and time again. Place-names such as Fromelles, Pozières, Bullecourt, Polygon Wood, Flers, Passchendaele, Villers-Bretonneux, Messines and Mont St Quentin may be at least vaguely recognisable to many people today, but were the common vernacular of the First World War and its immediate post-war generation. Amazing feats of courage and endurance were expected of our volunteer soldiers at these and other even less familiar places and our expectations were rarely disappointed. Yet, like much in the harsh reality of life, all was not glory and victory. That harsh reality also included extreme privation, tragedy, waste and sometimes failure.


Within the vast scale of the war, small, apparently unconnected and sometimes arguably pointless dramas were being staged at a micro level. These tiny dramas have been, for the most part, obscured by grand plans and strategies and overlooked by historians. Unbelievable stories of courage and tragedy were a daily occurrence on both sides of the conflict. Some have been told—a handful are legendary—but a multitude more remain untold and lie forgotten. Often, it is these day-to-day stories that prove the most fascinating because they usually involved the rank and file, the volunteer butchers, stockmen, labourers, civil engineers, teachers, husbands, fathers and brothers. The everyday soldier was a tiny cog in a massive machine that had gathered its own inexorable momentum and it was the everyday soldier who had to deal with being swept along in its wake. If and where our forefathers’ stories can be found, they should be recounted for their sakes and for those who fought alongside them and who no longer have a voice.


This book describes the lives and experiences of some of the officers and men attached to the Australian tunnelling companies in France and Belgium during the First World War. The sappers of the Australian tunnelling companies were given the nickname ‘earwiggers’ by their compatriots on the Western Front. The term was particularly apt since they were both Australian soldiers, known universally as ‘diggers’, and also men undertaking highly specialist wartime operations that were metaphorical with the common myth of the earwig. Earwigs were once thought to enter people’s heads by burrowing through the ear. The term ‘earwig’ was also used to describe someone who influences others through secrecy and stealth. Both connotations are loosely analogous with the role of the men of the tunnelling companies. The earwiggers’ primary task was to work in great secret, burrowing into dark, silent places to wait, listen and avoid detection.


The exploits of the British, New Zealand and Canadian tunnelling companies have been superbly documented in a number of remarkable books. Indeed, those familiar with Sebastian Faulks’ novel Birdsong will have read a fictionalised account of the experience of one Jack Firebrace, attached to a British tunnelling company on the Western Front. Firebrace is a man whose experience in the war leads him to become resigned to fate, a man whose soul becomes as dry as dust and whose well of hope runs dry. Faulks’ character parallels a real-life subaltern with the British 175th Tunnelling Company, Royal Engineers, Lieutenant Arthur Firebrace. The exploits of Arthur Firebrace are described in Alexander Barrie’s War Underground, which places him on the front in the summer of 1915 when the 175th Tunnelling Company had been enduring the stress of mining at the infamous Hill 60 in the Ypres salient, a location that was to become very familiar to the Australian tunnellers. At one point, Barrie describes Arthur Firebrace’s briefing by his commanding officer who outlines a plan to dig two long tunnels at a point north of Hill 60 with the aim of exploding four mines below the German front line. The mines were to be detonated as a diversion to coincide with the start of what later became known as the Battle of Loos. Arthur Firebrace was told by his superior that he had just one month in which to complete the job. The young man listened to the plan in gloomy silence. Finally, his manner so aggravated his commanding officer that the officer broke off his briefing and asked Firebrace if he was enthusiastic about anything. His response was a simple and softly spoken ‘No’. The commanding officer later admitted that he could have wept at the hopeless inevitability embodied in Arthur Firebrace’s reply. One certainly reads Sebastian Faulks’ novel with the same sense of dread.


While much of the published work on the role of tunnellers in the First World War describes the work of the Australians in paragraphs and even the odd chapter, there is no detailed account of the Australian tunnelling companies from their inception to their demise. The men attached to the units discussed in this book, many of whom survived the conflict, have since passed away and we now no longer have the luxury of obtaining first-hand descriptions and reminiscences of their experiences during the war. While the vast majority of personal stories of the men are lost forever, this book aims to preserve the memories of those who did attempt to tell their story, to save them from burial in dusty archives with little hope of seeing the light of day. While the day-to-day and personal detail of individual men’s lives can no longer be recounted with great accuracy, there is sufficient information to tell a story and to provide a living document, a testament to the achievements of the men involved with the Australian tunnelling companies, the companies themselves, and their raison d’être.


Second Lieutenant Robert John Stanley Finlayson was a relative of mine who saw active service with the 1st Australian Tunnelling Company from April to June 1917. Born into a large gold-mining family in the rugged highlands around Walhalla in Victoria, Robert Finlayson had been a mining engineer working at the gold mines in Bendigo. He was married with a young daughter. His remains lie in the small but neatly tended military cemetery at the fringe of Dranoutre village in western Belgium. He was killed in tragic circumstances just two weeks after one of the most momentous days of the 1st Australian Tunnelling Company’s short history. It was while researching his part in the war that I became aware of the scant reference to the Australian tunnelling companies in the vast array of Great War literature. This book is aimed at redressing that regrettable situation.


While considerable effort has been made to provide an accurate account of events, times, places and people, errors or inaccuracies in the reporting of some facts are inevitable as many events can no longer be verified by the participants and some of the written records that formed the basis for the book are now barely legible. In spite of these limitations, the vast bulk of information contained in this book is correct and beyond question. Some liberty has been taken in an attempt to make what might otherwise be a dry and lifeless discourse of facts into an interesting and captivating story.


Crumps and Camouflets is the product of my years of effort. It is dedicated to the memory of the officers and men of the Australian tunnelling companies and the Australian Electrical and Mechanical Mining and Boring Company, in particular to the memory of Robert John Stanley Finlayson of the 1st Australian Tunnelling Company and his brothers-in-arms who did not return.




Chapter One


MINING—ITS PLACE IN THE WAR


Lengthening shadows painted the harbourside city of Fremantle in Western Australia a deep, burning gold in the late afternoon of 8 March 1916. The white-capped waters of the Indian Ocean, ruffled by the sea breeze that played along the shore that early autumn day, washed rhythmically onto sandy beaches that stretched away to the north and south of the bustling coastal settlement. Around the docks and above the quay, seagulls wheeled and swooped, ready to pounce on morsels dropped from clumsy fingers, their harsh shrieks drowned by the din of a thousand voices mixed with the blaring of ships’ horns.


Australia in March 1916 was a nation at war and the clamour of voices and cacophony of horns announced the departure of the Australian troopship HMAT Ulysses which had just slipped her berth. The ship’s decks were crammed with men waving, whistling and shouting their farewells to the crowds of well-wishers and loved ones who packed Victoria Quay, desperate for a last, fond glimpse.


Stowed securely aboard were men, machines and stores belonging to the Australian Mining Corps. The corps comprised the first draft of 1,300 officers and men of what would become the operational units of the 1st, 2nd and 3rd Australian Tunnelling Companies and the Australian Electrical and Mechanical Mining and Boring Company. The men were on their way to France to assume a highly specialised role in the great conflagration that had ensnared the major powers of the Western world: the First World War.


Over the preceding three weeks the men had been making their way steadily westward from Sydney via Melbourne. Earlier that day, the corps had proudly paraded through the streets of Fremantle, a stirring sight for the colourful crowds that flocked to line the streets, waving and cheering. At the local sports oval, the Mayor of Kalgoorlie, resplendent in robes and gold chain, had presented a ceremonial flag on behalf of that town’s mining fraternity. Eighty of the men who now leant over the rails of the Ulysses had made the journey from the Kalgoorlie and Boulder goldfields, 600 kilometres inland from Fremantle.




[image: ]


Plate 1: HMAT Ulysses, the Australian troopship that transported many Australians to the war in Europe between February and May 1916, including the men of the Australian Mining Corps. (AWM PS0154)





The men on board the Ulysses that day found themselves caught up in a heady mix of excitement and anticipation as the ship prepared to depart. For many, it was the first time they had ventured from Australian shores. The dwindling sight of Fremantle falling below the horizon was to be the last lingering memory of their country as they headed towards an uncertain future. Others on board recalled earlier memories of watching the country of their birth disappear over the stern rails of a ship. These were men whose birthplaces lay on the other side of the globe, close to the intended destination of the Ulysses. English, Scottish, Irish, Italian, Welsh, Russian, American, Canadian, Finnish, and Swedish sappers had joined their Australian- born brothers in the great adventure that was war. Like others who had rushed to heed the call to arms, these men represented an enormous cross-section of Australian society. Stockmen, labourers, bank managers, engineers, teachers, timber-cutters, dentists, policemen, kangaroo shooters and university academics—the diversity of civilian professions was astounding, as was the fact that these professions had been left in abeyance while a new and potentially deadly mission occupied the national consciousness.


At 6.00 p.m. the ship was cast free of the dock and steamed slowly towards the mouth of the Swan River. Once clear of the heads, she was to await the arrival of a tug containing a small picquet of non-commissioned officers. To these men had fallen the task of rounding up the inevitable stragglers who had slunk off quietly to a dockside pub for a final ale that afternoon and subsequently lost track of time. On board the ship, those men whose loved ones were already far away in the eastern states turned from the railings to settle into groups of newly formed mates and play cards, perhaps light a cigarette or fill a pipe and talk. The ship cleared the heads, entered the chop and swell of the Indian Ocean, and slowed. A ripple of concern swept the throng. Men raised their heads from games of cards and conversations died. The ship stopped and began rolling in the swell. Exclamations in the colourful language that typified independent men of a hardened background raised wry smiles from those within earshot, the tension broke and laughter further strengthened the bonding of mateship. Soon after, at 8.00 p.m., the tug containing the picquet and its small catch of drunken sappers bumped against the side of the ship. The tug pitched in seas six metres below the deck of the Ulysses and its passengers swore blithely as they clambered up the swinging rope ladders that dangled over the side of the ship. Those too intoxicated to negotiate the ladders were winched aboard with a bowline slung around their chests, much to the amusement of the men who gathered at the rails to watch the spectacle. The last of the stragglers finally aboard, the ship remained where she was, rocking uneasily with the ocean swell. A short time later, the news spread: the Ulysses had run aground on rocks near the entrance to the port. Plates had been strained, joints parted and, as night fell, the ship began taking water faster than the pumps could expel it. It was a shuddering start to the great adventure.


Such was the ignoble departure of the Australian Mining Corps as it embarked on its quest for glory in the First World War. Fortunately, the only serious casualty from the incident was the morale of those on board, and this was to prove neither fatal nor long lasting. It was too late in the day for the men to disembark, so they remained aboard the crippled vessel. Later the following morning the Ulysses was freed from her rocky vice and, that afternoon, a swarm of bustling tugs assisted with the evacuation of the ship. Plans were made for the men to be relocated to a camp onshore while the ship was put in for temporary repair. With the large-scale transport of Australian men and supplies for the war in full swing, it was no simple matter to locate another vessel at short notice. All available troopships had been earmarked for other troop contingents embarking for war service from various ports around the country. HMAT Ulysses had been assigned to transport the Australian Mining Corps and, short of the ship slipping beneath the waves, she would carry out her assigned task.


In the days when the ambitions of emperors and kings governed the fate of nations, the assassination of Archduke Ferdinand of Austria and his wife Sophie in Sarajevo on 28 June 1914 served as the pretext for a series of events that culminated in the German invasion of France through neutral Belgium. Plans for such an invasion had, in fact, been prepared years in advance by the German High Command. The ‘Schlieffen Plan’ for the taking of Paris was based on quick, open and mobile warfare which would see German forces sweeping down through Belgium and northern France. In practice, however, the plan was only a partial success, its Achilles heel soon evident in the security of supply lines and the unexpectedly dogged resistance of the Belgians, French and the hastily marshalled British Expeditionary Force, the BEF. In the second week of September 1914, just one month after war was declared, the momentum of the initial German thrust was lost and the First, Second, Third and Fourth German Armies were forced back at the Battle of the Marne. After a desperate ‘race for the sea’, both sides dug in, resolved to defend every inch of ground. The war of stagnation had commenced and with it what was to become known as ‘trench warfare’. This lethal stalemate was to last for the next three and a half years and plunge the lives of millions of men on both sides into a nightmarish existence.


The stagnation that was trench warfare was not the result of a lack of technological advance in the science of warfare—quite the reverse, in fact. The evolution of military technology in the first decade of the twentieth century was simply enormous compared to the relative hiatus that had gripped the whole of the nineteenth century. British military tactics and equipment, for instance, varied little between the Battle of Waterloo and the fall of Sebastopol in the Crimean War, forty years later. Regiments still paraded and fought in brightly coloured uniforms, regimental bands marched into battle alongside the infantry, and senior commissions could be bought by anyone who wanted an adventure and was willing to pay for it. Probably the greatest advance of the nineteenth century was the rifling of gun barrels that allowed projectiles to be fired in a straight line, dramatically improving the likelihood of actually hitting an opponent. As the end of the nineteenth century approached, the increasing momentum of the industrial revolution drove the pace of technological change. The powerful industrial countries of Western Europe relied on their industrial supremacy to either advance or maintain their imperial aspirations and, as is the case today, many of the advances in science and industry were destined for military purposes.


Hints of the power of the newly developed technology and tactics of warfare were certainly in evidence in the Boer War of 1898 to 1901. That particular conflict was characterised, however, by a mismatch of firepower between the Boer forces and the British. The war was effectively a series of skirmishes between a disciplined and well-equipped regular army and a coalition of horse-mounted guerilla units. By contrast, from the outset of the First World War, new-age technology was available to both protagonist armies which were evenly matched in development, production and application of this technology. The scale of this conflict had never been experienced in military history and only a handful of military strategists such as the British Secretary of State for War, Lord Horatio Kitchener, had any inkling of the effect and tragic consequences of the new technologies now used by enemies of equal strength. The mismatch that existed now, however, lay between the architects of conflict and the technology at their disposal. As the roar of guns heralded the outbreak of the First World War, the tactics of most military planners were already anachronistic given the sophisticated resources at their command.


The early days of the descent into war quickly produced a stalemate along the Western Front and, as the winter of 1914 descended, the now infamous war of attrition commenced, although its formal adoption as a military strategy was not to occur until later. Immobility, however, was to reap unexpected benefits. As the two sides settled and dug in, the stability of their lines allowed new and alternative strategies for mobile warfare to be planned and trialled, sometimes with a high degree of effectiveness. Less successful strategies were also trialled and many proved abject failures, often leading to the unprecedented waste of valuable life. Some developments were radical in the extreme: centuries of historical reliance on horse cavalry ceased almost overnight, to be replaced by its fortified equivalent—the tank. Other developments that evolved to meet the new challenge of modern trench warfare included the adoption of creeping barrages of massed artillery of a wide range of calibres to shield advancing ground attacks. The ingenious use of raiding parties was tested and perfected; portable trench mortars and flame-throwers were developed; aerial bombardment was tentatively used; and the first chemical agents (chlorine and mustard gas) made their appearance among a flourishing of inventive techniques all aimed at breaking the deadlock.


For both sides, however, the dominant factor in the new style of warfare was soon found to be the effective use of overwhelming artillery firepower—quickly recognised as the key to winning the war. The arsenal of artillery that was eventually employed by both sides during the conflict was simply staggering and ranged in calibre from portable trench mortars to 15-inch railway-mounted naval guns. Both sides realised almost immediately that maximising the efficient use of artillery depended on the ability to view an enemy’s positions and thus accurately guide the shells to their targets. This could be achieved by gaining control of the elevated ground that overlooked the enemy. Thus it was the high ground that became the prized objective so fiercely disputed in the war. At the time the Western Front readied itself for a long campaign in late 1914, the German Army had the luxury of occupying the high ground, particularly in the characteristically flat landscape of northern France and Flanders, and this was to play a pivotal role in the strategic use of tunnelling and mining.


It was on the Western Front that an unseen and largely unheard war was waged underground at the same time as battles and skirmishes took place on the surface—in the trenches and across no man’s land. In that ‘war within a war’, a dramatic panorama unfolded, largely unknown to the wider military community and to the even more remote outside world. Information passed to families at home in letters or postcards was so heavily censored that it was impossible even for those closely connected to the hidden combatants to understand exactly what they were doing or where they were for most of the time. The underground war was waged by British and German miners. These were the ‘tunnellers’ of the Western Front.


In a short three-year period from August 1914 to June 1917, military mining rose from an obscure and uncoordinated, ad hoc operation to a sophisticated and systematic form of technology that has remained unsurpassed since the First World War. The need for miners and mining engineers in the theatre of war evolved from that characteristic that was unique to the first three years of World War I—immobility. Prior to the First World War, at the siege of Sebastopol during the Crimean War of 1853, a similar situation had arisen. Crimea was the last campaign prior to the outbreak of hostilities in 1914 in which military mining operations of any significance had been undertaken by allied forces. The scale of that conflict had been far smaller and the science far more primitive than it would prove to be in the war that was to follow some sixty years later.


As the stagnation of trench warfare shaped the campaign that unfolded on the Western Front, commanders and strategists quickly realised that frontal attacks launched against a well-entrenched enemy above ground would usually result in serious loss of life and equipment. The only reasonable alternative lay in attack from under the ground. In many parts of the front, the distance between the opposing trench-lines amounted to less than 100 metres and there was little prospect of either side moving. These conditions were perfectly suited to the use of mining as a weapon with which to inflict enormous damage on enemy material and manpower and, more insidiously, to drain his morale and instil a state of constant fear.


The current, popular perception of early twentieth century ‘mining’ generally involves a band of weary men with blackened faces emerging from dark and foreboding tunnels or waiting silently in a shaft lift to be transported to the bowels of the earth to recover minerals. The act of excavating earth and rock in order to bring ore to the surface is an oft-used description of mining. ‘Military mining’, however, bore little resemblance to this activity. Again, the misinformed popular perception is often of tunnelling companies extracting iron and coal to feed the factories that make the steel for armaments. This is far from the case. The First World War tunnelling companies were not listed on any stock exchange.


In contrast, the ‘mining’ described in this book refers to the act of placing an explosive device—a ‘mine’—below ground with the intention of destroying enemy personnel or enemy infrastructure. Tunnelling was necessary to place the destructive charge below the enemy position. This was the prime reason for the formation of the allied French, British, Australian, Canadian and even Portuguese tunnelling companies. They were formed to counter the German mining threat.


Mining was introduced almost immediately after the front lines on the Western Front crystallised in late 1914 and it was the German miners who took the initiative. On 20 December 1914 they detonated the first mines of the war under the British front line outside the village of Festubert which, at the time, was occupied by the 9th (Sirhind) Brigade of the 3rd Indian Division. Ten mines were fired simultaneously, accompanied by an enormous German artillery barrage and vigorous infantry attack. The German raid on the trenches that followed the mine explosions was devastatingly successful, killing many of the defending troops and demoralising many more. The ensuing German attack resulted in the capture of six machine- guns, eleven trench mortars, nineteen officers and 815 men. A German account described the aftermath of the attack:


In dugouts of the trenches which were destroyed by the mines, a large number of Indian corpses were found still sitting; they had apparently been suffocated.1


The total charge used in all ten mines was a mere 340 kilograms, a minuscule amount compared to what would soon become the norm. In spite of the comparatively small charge, the effect on the morale of the surviving soldiers was shattering. A few days after the attack, the whole Indian Corps was temporarily withdrawn from the line to recover its composure. The mining war on the Western Front had begun.


Even before the attack at Festubert, the idea of using tunnellers on the Western Front had been suggested to the War Office by the man universally regarded as the father of British tunnelling companies, John Norton Griffiths. Norton Griffiths was a larger-than-life character—the type of Englishman that only the brash and confident Victorian era could have produced. At the outbreak of the war he was forty-two years old, chairman of his own engineering contracting company, J. Norton Griffiths Limited, and a staunch patriot to his bootstraps. He had military experience, having served with British forces during the Boer War when he had risen to the rank of captain. His photographic portrait reveals a handsome man dressed in military uniform complete with medal ribands, moustache, and a relaxed but confident gaze. His self-assured, defiant look typified his approach to life: Norton Griffiths did not baulk at obstacles, they were merely challenges to overcome. He was nicknamed ‘Empire Jack’ for the zealous manner in which he pursued his goals.


Importantly for the future of the British war effort, Norton Griffiths’ company was engaged to dig sewer drainage tunnels in Manchester at the outbreak of the war. As a result, Norton Griffiths understood the complex business of tunnelling. It was while digging through the clay subsoil that his tunnellers hit upon a technique for digging through stiff clay using the power of their legs to push the blade of a shovel through the sticky clay rather than employing the traditional picking action using their arms. Norton Griffiths quickly recognised that this manner of digging would be ideal in the sticky clay substrata of Flanders, western Belgium. The action, known as ‘clay-kicking’, was to become the favoured technique for tunnelling in northern France and Flanders and the tunnellers actively sought areas of clay where they could use this technique.
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Plate 2: Major (Temporary Lieutenant Colonel) Sir John ‘Empire Jack’ Norton Griffiths, DSO.





By December 1914, anxious to be personally involved in the struggle, Norton Griffiths had become convinced that he could use his men and their digging technique in the soil conditions reportedly prevalent in Flanders. In September 1914 he had re-enlisted at the rank of major with the 2nd King Edward’s Horse Regiment in an attempt to become more involved in the war effort. In mid-December 1914 and, coincidentally, just prior to the Festubert incident, Norton Griffiths wrote to the War Office asking if he could take some of his ‘moles’, as he called them, to France to assist with the British campaign.


As the shock of the German mine attack at Festubert was still reverberating, his idea, previously considered absurd by the War Office, was recognised as startlingly relevant and he was instructed to report immediately to Whitehall where, on 12 February 1915, he was duly interviewed. Such was the recognised seriousness of the German mining threat that he was interviewed by no less than Field Marshal Horatio Kitchener himself. Kitchener sought his advice on how best to handle the German mining situation. Norton Griffiths was adamant that his clay-kicking moles were the answer. The Field Marshal, with no credible alternative at his disposal, was swayed by Norton Griffiths’ proposal and requested 10,000 men on the spot. The astonished Norton Griffiths was forced to admit that there were not that many men familiar with clay-kicking in the entire country. Yet it was a win for the mining advocate and, confident that he had the support of the most powerful man in the War Office, Norton Griffiths left immediately for France with instructions from Lord Kitchener to reconnoitre the ground at the front and gain support for his proposal from local army commanders.


Norton Griffiths was received the following day at British General Headquarters (GHQ) in St Omer by the British Engineer-in-Chief, Brigadier General George Henry Fowke (later Lieutenant General Sir George Fowke). Also present were the Brigadier’s assistant, Colonel Robert Napier ‘Ducky’ Harvey, and Colonel James Edmonds, who was later promoted to brigadier general and became the British Official War Historian. All three men were officers of the Royal Engineers. After taking two days to explain the principles of the proposed mining procedure to many at GHQ, including the then Commander-in-Chief of the BEF Sir John French, Norton Griffiths was granted approval ‘in principle’ to mine using the clay-kicking technique, employing specialist miners with clay-kicking experience. On 17 February, Norton Griffiths returned to the War Office with a letter from Brigadier General Fowke seeking the establishment of no fewer than eight tunnelling companies.
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Plate 3: Brigadier General Robert Napier ‘Ducky’ Harvey CB, CMG, DSO, Inspector of Mines for the British Army, the man given operational responsibility for all tunnelling companies in the British sector of the Western Front.





Approval from the War Office came imme- diately and Norton Griffiths was received at the British GHQ in St Omer on 19 February. The first of the tunnelling units were to be assigned as the 170th to 178th Tunnelling Companies, Royal Engineers. Norton Griffiths abandoned his Manchester sewer contract and the first batch of tunnellers comprised laid-off workers from that project. On 22 February 1915, just ten days after the initial proposal had been put to Lord Kitchener, the sixty-six men who comprised Norton Griffiths’ clay-kickers, and a number of mining men transferred from other regiments, arrived in France and the tunnelling companies entered the annals of military history.


On their arrival, the men were split into two groups. One group went to Béthune where Norton Griffiths and some of his eighteen clay-kickers were already positioned. The others boarded a truck bound for Ypres, their destination a position known as Hill 60. Both locations were later to become very familiar to the Australian tunnelling companies.


Australia’s First World War miners were not restricted simply to tunnelling companies. This book would not be complete without some mention of the role of mining in the Gallipoli campaign.2 Prior to the formal establishment of specialised tunnelling companies, tunnelling and mining at Gallipoli was the province of a hastily formed group of officers and men with mining and engineering backgrounds thrown together out of dire necessity. In many ways, this reflected the experience of the British forces in France between December 1914 and February 1915 prior to the arrival of the first specialised tunnelling companies. In France, ‘brigade mining companies’ were formed to undertake what mining activities they could in response to German mining. These companies undertook localised and uncoordinated operations that played a relatively minor role in the history of mining in the war. The Australian mining experience on the Gallipoli Peninsula was starkly different: tunnelling was the dominant activity of the campaign. The extreme proximity of the Australian and Turkish front lines and the steep topography of the countryside meant that not mining was inconceivable. Almost everyone participated in some way. Official Historian Charles Bean described the mining situation at Gallipoli as ‘a matter of constant personal interest to every officer and man in the sector’.


As early as May 11, two weeks after the Australian landing at Anzac Cove, the 11th Battalion started digging in an effort to push saps forward from its tenuous front line.3 At the same time, the Turks commenced a serious tunnelling assault in the vicinity of Quinn’s Post at the head of Monash Valley where the two front lines were at their closest—a matter of only fifteen metres apart. Desultory listening for Turkish digging activity was undertaken by the Australians using three vertical holes sunk to a depth of four metres—‘rabbit holes’ as they were called—which were dug by New Zealand engineers.4 Attempts to destroy or at least disrupt the approaching tunnels were made by dropping explosive charges down these listening holes. Ultimately, these attempts were futile as the charges proved insufficient to cause any real damage to the Turkish tunnels.


The Australians belatedly commenced counter-mining in an effort to meet the threat head-on. However, on 29 May 1915, the Turks exploded the first mine of the campaign at Quinn’s Post which, at the time, was garrisoned by the 13th Battalion. The Turkish assault was stunningly successful and worked to the same sequence used so effectively on the Western Front. In the confusion and disorientation that reigned in the destructive wake of the explosion, a Turkish raiding party successfully rushed Quinn’s Post. For five hours, intense hand-to-hand fighting ensued in the cramped trench space before the Turks were finally repulsed. Major Hugh Quinn, after whom the famous post was named, was killed during the fighting. Eleven other Australians were discovered under the rubble, killed by the initial mine explosion.


On the same day as the attack at Quinn’s Post, General (later Field Marshal) William Riddell Birdwood, the British commander of the Australian forces who had assumed command after General William Bridges was fatally wounded on 18 May, ordered experienced miners to be found from the ranks of the infantry. Around 200 men with mining experience were selected from the 2nd and 3rd Brigades as were four officers who were mine engineers. The Australians began their counter-mining activities in earnest on 24 June with the firing of a mere seventeen kilograms of guncotton.5 Four more mines were fired three days later and a sixth was detonated on 30 June. By 19 July, sixteen mines had been fired at Quinn’s Post alone. From the time of the attack at Quinn’s Post until the very last act of the Gallipoli campaign in December, tunnelling and mining were undertaken vigorously by both sides.


The miners were not used exclusively for mining and counter-mining, but were also employed to construct safe quarters and trench-lines for the movement of men and for pushing the front line out from the original trench-line. The men worked in cooperation with field engineers and, as was to be the case on the Western Front, local infantry was used as labour support, mainly for the unglamorous but important role of removing spoil. Many techniques developed at Gallipoli such as the use of listening posts and listening equipment and the employment of ammonal as the explosive charge of choice were as sophisticated as those being used in France at the time by the then well-established British tunnelling companies.


At Cape Helles at the southern end of the Gallipoli Peninsula, the British began the mining campaign against the Turks outside the little village of Krithia. Again, impromptu mining squads were formed from the assembled British divisions. These squads were then combined by Captain H. Laws of the 63rd (Royal Naval) Division to form the VIII Corps Mining Company. Throughout 1915, specially formed tunnelling companies were being established in England and mining on the Western Front was rapidly maturing into a science. In December 1915, just prior to the evacuation of the Gallipoli Peninsula, one of the newly formed tunnelling companies, the 254th Tunnelling Company, arrived on the peninsula to assist with British mining operations. The officers and men of the incumbent tunnelling company were absorbed into the 254th Tunnelling Company. The now Major H. Laws, DSO, commanded the newly named company and returned with it to France to conduct tunnelling and mining operations alongside its sister British tunnelling companies.6


At the time of the Australian evacuation from Gallipoli on 21 December 1915, sixteen mines charged with a total of just over fifteen tonnes of high explosive had been placed at six points along the front line in readiness for any unexpected attack by the Turks during the evacuation. Individual mines ranged in size from 250 kilograms to three tonnes. Lieutenant James Caddy (later a major with the 5th Australian Division Engineers) detonated the last three mines of the campaign on 20 December 1915 as a demonstration of occupancy at Russell’s Top on Walker Ridge. The charge of the mines totalled three and a half tonnes of explosives and was a far cry from the first ‘mine’ used six months earlier. By then, all but a skeleton force of men had been evacuated from Anzac Cove and, by the following morning, these too had departed, the whole Australian force having been withdrawn without the loss of a single man.


The Turkish tunnellers who undertook such bold initiatives against the Australians at Gallipoli were not miners by profession. The men they faced, however, belonged to a specialist unit that comprised miners by trade. The difference was telling, and the Australians soon gained the ascendancy over the Turks in both the effectiveness and the extent of their tunnelling and mining operations.


The experience at Gallipoli highlighted the need for specialist units to undertake this type of work, a realisation that the British High Command had been faced with some twelve months earlier. As a consequence, while the latter phases of the Gallipoli campaign were unfolding, officers and men with mining experience were being selected from recruits within Australia to form specially trained and equipped tunnelling companies. Following the evacuation from Gallipoli, the Australian Anzac tunnellers were, for the most part, absorbed back into their parent infantry units and moved on to other battlefields and other histories.


As the Australians on Gallipoli battled to establish an effective mining strategy, the evolution of military mining in France was reaching its maturity. On 1 January 1916, the War Office had approved a request from GHQ for the formation of a new staff post: the Inspector of Mines. This post would place supreme command and coordination of all British mining operations on the Western Front under the leadership of one man. Colonel Robert Napier Harvey of the Royal Engineers and formerly the aide to Brigadier General George Fowke, the then Commander of the Royal Engineers in France, was appointed Inspector of Mines for the BEF and promoted to the rank of brigadier general, based at GHQ. Although the post was held by an officer of the Royal Engineers, his chain of command and area of responsibility was largely distinct and separate from typical engineer units. His assistant was Major Ralph Sheldon Griffin Stokes MC who later, as Lieutenant Colonel, became the Controller of Mines to the First Army.7


The BEF was divided into armies. A Controller of Mines was assigned to the staff of each army headquarters and assumed direct control of mining operations within his army area. All tunnelling companies operating within an army area reported directly to its army Controller of Mines. Lieutenant Colonel Guy Williams, former Commanding Officer (CO) of the 173rd Tunnelling Company, was appointed Controller of Mines for the First Army. Lieutenant Colonel Alexander Stevenson was appointed to the same position for the Second Army and Lieutenant Colonel Bertram Danford was appointed Controller of Mines for the Third Army. Like Guy Williams, Danford had first-hand experience with the workings of the tunnelling companies, having previously been the CO of the British 174th Tunnelling Company.


Army mine schools were immediately established in each army area as was a specialist medical service for the miners. The army mine schools provided basic mining training and refresher courses for the tunnellers as well as specialist courses in mine rescue and listening. The First Army Mine School was based at Houchin, south-west of Béthune, while the Second Army Mine School was located at Proven, north-west of Ypres.


From January 1916, just prior to the arrival of the first Australians, tunnelling companies began operating as army troops under the orders of the relevant army command. Their work was coordinated as a unified force from GHQ.


By the time the Australian companies arrived in France in May 1916, the mining situation along the Western Front was well established. Mining operations had been conducted by specially formed and dedicated tunnelling companies since February 1915. In the intervening sixteen months, the skills of exclusively British tunnelling companies had been employed along the length of the British front; however there were a number of mining ‘hotspots’ where mining and tunnelling activity had been intense since the early days of 1915. Mining was not carried out continuously along the whole front line, but usually at key strategic positions where one side or the other had a point of strategic ascendancy such as elevated ground or a ‘salient’.


Salients were formed where the front lines deviated from a straight line to form a projection. Where the landscape is flat, a salient provides an advantage to the troops holding the inside of that projection as machine-guns and artillery in the salient can direct a line of fire along and sometimes behind the front lines of the opposing force.


One of the biggest salients on the Western Front was the Ypres salient which extended in a large arc around and to the east of the city of Ypres in north-western Belgium. While the British held the Ypres salient itself, the Germans held the high ground around the salient and were able to look into and across the salient, directing accurate fire on the hapless British. Most salients were much smaller and extended from a few hundred metres to a kilometre or so in length. Because of the advantage they provided to opposing forces, salients were the targets of fierce fighting in attempts to wrest the advantage from the enemy. The jutting nature of many salients usually meant that the distance between the two front lines was reduced, making them an obvious target for mining activity.


From late February 1915, demands for the specialist units increased rapidly and the number of tunnelling companies grew steadily. During the early formative days of the tunnelling companies, John Norton Griffiths was provided with almost unlimited power to commandeer men with mining experience from infantry units along the front line. He cut an imposing figure as he cruised up and down the front in his Rolls Royce searching out and commandeering officers and men from whatever unit he could find. With the relatively junior rank of major, he infuriated many senior unit commanders by wielding his carte blanche authority provided by the War Office and making off with valuable men whom the affected units could ill afford to lose. However, Norton Griffiths’ gift for diplomacy, a talent that was to be used to great advantage later in his career as a politician, soon came to the fore. He quickly learned that the best way to smooth the bristling moustaches of the battalion COs was to make consoling overtures and present a peace offering in the form of Scotland’s finest, a case of which he carried in his car for such purposes, before beating a hasty departure with his human prizes in hand. It was not until February 1916 that he was granted the temporary rank of lieutenant colonel which provided him equivalent rank to many of the officers with whom he had to negotiate.


The operations of the British tunnelling companies would eventually cover vast swathes of the British front line during the period of underground warfare that effectively lasted until mid-1917. Mining ‘hotspots’ such as Hill 60 in the Ypres salient; the Mound; and the Bluff, outside the village of St Eloi; the Brickstacks at Cuinchy; Hill 70 outside Lens; and the Hohenzollern Redoubt near Auchy-les- Mines were the first targets for the fledgling tunnelling companies. Over the course of the next two years, those place-names would become etched in the collective psyche of a multitude of men—tunnellers and infantrymen alike. As more British divisions arrived and occupied more of the Western Front trench-lines, the frontage covered by mining operations increased accordingly. Eventually, the full extent of the British sector was covered by the tunnelling companies, from Nieuport Bains on the Belgian coast to the Somme River in Picardy, France.


To the uninitiated, tunnelling appears as the simple act of digging a narrow hole in the ground, often to allow others to crawl through. In fact, nothing could be further from the truth. What the tunnellers created in their assigned sectors were complex and elaborate underground systems of connected shafts, inclines, tunnels, drives, chambers, dugouts, subways and posts. The tunnel systems contained medical dressing stations, fully equipped and manned mine rescue stations, dugouts (underground rooms where men could rest and shelter from shellfire), command posts and even infantry subways similar to train subways that allowed men to walk below ground in large numbers in safety, equipped with electric lighting, water- pumping apparatus and ventilation equipment.


Where the water table allowed, the mining systems were worked on a number of levels simultaneously. The first level—termed the ‘shallow’ system—usually lay just below root level, at a depth of three to six metres. The second system occurred at around fifteen metres’ depth and was usually referred to as the ‘fighting’ or ‘intermediate’ system. The deep systems were often sunk to around thirty to thirty- five metres in depth. Fighting between opposing miners in the multi-level systems usually occurred in the intermediate level where listening was concentrated and camouflets were fired. The deep systems were sunk for the laying of massive amounts of explosives. Most excavations were fully supported and lined with wood, typically Oregon pine, which was supplied in standardised ‘sets’. In the more chalky subsoil of the Picardy region around the Somme and up as far as the Béthune coalfields, there was less need to fully line the tunnels and chambers with wood, chalk being less susceptible to collapse than the clay and sand-rich substrata of Flanders.


A number of factors directly influenced the success of military tunnelling and mining operations and, consequently, whether the miners would live or die. It was crucial for the miners to possess a good understanding of the strata through which they were expected to tunnel; a very accurate surveying capability; the means to hear through solid earth and, at the same time, to decipher the sounds that could be heard; and the ability to work in absolute silence. Yet it was secrecy that comprised the fundamental and overriding principle behind the success of this method of warfare. The need to maintain secrecy led to the adoption of extraordinary modus operandi and dominated the manner in which the work of the tunnellers was undertaken.


The men worked continuously in shifts underground—in some areas for years on end—and up until mid-1917, always in silence, trying to make as little noise as possible so as not to signal their position to the enemy. The miners tapped, picked, shovelled and listened, fully aware that the enemy was doing the same somewhere in the morass of earth in front, above, or below them. The men working below ground were intensely aware that, at any given moment, their lives could be extinguished without warning or they could be suddenly cut off from their comrades by hundreds of tonnes of collapsed earth and debris, to die slowly and alone in the dark. They existed as players in a deadly game of cat and mouse, caught in two wars simultaneously. Above ground was the regular war experienced by the everyday soldier. The tunnellers lived that war during their time of rest between shifts and were exposed to the same risks of injury or death as their fellow soldiers. Like their brothers in the infantry, many tunnellers were killed above ground by shell and gunfire. Returning to their work underground, the tunnellers descended from the regular to the unseen war—the war that only they knew, the terrors of which only they were conscious. Many tunnellers on both sides of the conflict died in that subterranean war.8


It is difficult to imagine how anyone could endure such an existence without severe psychological damage. The men spent up to eight hours a day, every day, in a dimly lit, cramped, damp, isolated and silent environment with the constant spectre of a sudden, violent death. Yet, endure it they did.


The objective of military mining was essentially to dig to a selected location below the enemy’s position without being detected and then destroy that position. With two opposing groups of miners facing each other, one force would often attack while the other defended, although on occasions both forces simultaneously attacked and, at other times, simultaneously defended. For each scenario, a different method of mining was employed.


Defensive mining was undertaken solely in response to the actions of enemy miners. The main defensive mining structure was a ‘lateral gallery’, a tunnel running below no man’s land in front of and parallel to the trench system or other strategically important points being defended. The standard mine gallery measured a claustrophobic 1.3 metres high by 0.7 metres wide. Movement along these galleries could never be described as either easy or rapid.


The galleries were sunk sufficiently far forward of the trenches to ensure that, if an enemy mine was detonated, it would not damage the front-line positions. The lateral gallery was initially constructed by digging a vertical shaft from a dugout in a front- line trench or an angled shaft from a communication trench located some distance behind the front line. A number of shafts were dug along the front to be defended, spaced at intervals of around thirty-five and seventy metres. Once the shafts were dug and stabilised to a predetermined depth, a ‘drive’ would be constructed. A drive was effectively a straight tunnel directed towards the enemy trenches. Drives would be excavated to a fixed length and, when they reached that length, ‘cross cuts’ or tunnels at right angles to the head of the drive, would be dug. When the cross cuts from each shaft joined, they formed the lateral gallery, equivalent to an underground front-line trench.
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Map 1: Centres of mining activity, northern part of the British sector of the Western Front, 1915.
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Diagram 1: Schematic diagrams illustrating the basic differences between offensive and defensive mining.





Listening posts were dug at intervals of around fifteen metres along the face of the lateral gallery closest to the Germans. These posts took the form of short tunnels, again driven directly towards the enemy trenches, extending out below no man’s land. Once they were sufficiently distant from the front-line trenches that an enemy mine could not damage those trench-lines, two short dugouts were constructed to form a ‘T’ at the head of the drives. These dugouts formed the listening post, with each branch of the ‘T’ facing another from the neighbouring listening posts. In this way it was possible to detect a sound through the earth from more than one point and thus ‘triangulate’ the position, or fix a bearing on it in three-dimensional space. The source of the noise could then be pinpointed and, if the listener determined that it came from the enemy moving towards the workings either in front, above, or below, the sounds could be tracked and followed until defensive counter-measures were deemed necessary. When a critical distance was reached, a defensive measure was taken—either a camouflet or, if a more powerful charge was required, a mine.


Offensive mining involved tunnelling from the shafts in the most direct route possible to pre-determined locations below strategically important enemy positions. Once a particular location was reached, a chamber was excavated, charged with a calculated amount of high explosive, wired up and tamped. The objective of offensive mining was usually to destroy enemy positions on the surface. The deeper the mine was laid, the greater the payload required for the explosion to break the surface of the earth. The craters formed by the deeper mines were vast, a clear consequence of the enormous charge that had been laid.


Many of the shallow mines resulted in craters not significantly bigger than would be formed by a large calibre artillery shell. In the case of mines laid for the Somme offensive in July 1916, the mines were deliberately over-charged to produce craters with lips as high as three and a half metres. Huge craters resulted, many of which are still evident today, including the Lochnagar Crater outside the village of La Boisselle. The forward lips of the craters were to act as ready-made parapets for the attacking British infantry who would consolidate the crater lips and establish machine-gun emplacements as a defence against counter-attacks. Generally, however, this plan was not realised. Indeed, in many cases, it was the enemy who consolidated the craters. The Germans proved time and again that they were particularly adept at capturing mine craters and making the best use of the protection that these craters afforded.


The tunnellers referred to underground explosions as ‘blows’, and these were categorised in two types. The first was a ‘mine’—a charge of explosives of a calculated size which penetrated the surface of the ground and caused damage to whatever lay within the blast zone above the charge. The second was a ‘camouflet’—a smaller charge designed not to break the ground surface, but rather to destroy enemy tunnels and mines. The camouflet was the tunneller’s equivalent to a duelling pistol. British and German tunnellers spent most of their time attempting to locate one another below ground, second-guess the others’ moves and destroy their workings before these could be used to kill or to damage the front line they were engaged to protect.


By the time the Australians arrived in early 1916, the science of mining in the clay of Flanders and the chalk of northern France was well advanced. Not only were there advances in the type of explosives being used, the sheer size of the mines being deployed on a day-to-day basis was vastly greater than those first used by the Germans at Festubert sixteen months earlier. Mines with explosive charges of around four and a half tonnes and camouflets of around half a tonne were routinely used. But even these charges would eventually be dwarfed in size by those mines used at the climax of mining on 7 June 1917.


Prior to July 1915, gunpowder, or ‘black powder’ as it was sometimes called, and guncotton were the tunnellers’ explosives of choice. Gunpowder was a simple explosive compound that could be ignited easily with a lit fuse. Guncotton was a more stable compound with two and a half times the explosive force of gunpowder. The most advanced explosive compound was ammonal, developed before the war, but not widely known and not immediately used. Ammonal comprised a mixture of ammonium nitrate, trinitrotoluene (TNT), aluminium shavings and charcoal. It proved such an effective compound that, following a hastily arranged trial under battle conditions, ammonal became the explosive mainstay of the tunnelling war. The great advantage of both guncotton and ammonal was their stability, allowing ease of transport and handling—ammonal could generally be stacked safely in twenty kilogram boxes. In terms of sheer weight of firepower, however, it was ammonal that proved its deadly edge. It had nearly four times the explosive power of normal gunpowder and almost twice that of guncotton.


Ammonal was sufficiently stable to be transported to the front in battle conditions without exploding if struck by a stray bullet or fragment of shrapnel. Most importantly, in the quagmire that was the Western Front, it was waterproof. Both guncotton and ammonal required the use of a detonator to ignite. Detonators were small explosive charges, usually electrically fired. When a large mine was laid, often involving many hundreds or, in some cases, thousands of boxes of ammonal, the detonators were laid within a number of the boxes of ammonal. These were known as the priming charges. The priming charges, when detonated, acted as a catalyst to ignite the remainder of the ammonal charge.


The first recorded use of ammonal in the First World War was by Lieutenant Geoffrey Cassels of the British 175th Tunnelling Company. Cassels had volunteered to destroy two large concrete shelters being built adjacent to the ruins of the Hooge Chateau, two and a half miles to the east of Ypres, an area staunchly defended by the Germans. An attack by the British 3rd Division (V Corps) was planned for 19 July 1915. Tunnelling commenced with the aim of placing two mines below both shelters. A few days before the planned attack, the branch tunnel leading towards the left shelter was calculated to be off course and likely to miss its target. It was too late to correct the mistake by backtracking so, in order to compensate, Cassels decided to create an explosion below the right-hand shelter of sufficient size to destroy it and, at the same time, bury the adjacent left-hand shelter in debris.


With time running out, the desperate Cassels suggested that a relatively unknown explosive called ammonal be trialled in the explosion. Ammonal, though not used by the army, was known to possess a greater explosive force than guncotton, the standard explosive material used for mining on the Western Front at the time. Ammonal was so unknown that Cassels had no idea how much to use or at what depth to set the mine in order to achieve the desired effect. His hasty plan was approved by his CO, Major Hunter Cowan, and a request for 3,500 pounds (1,500 kilograms) of ammonal was made to the Quartermaster General at GHQ in St Omer.


The Quartermaster General was totally unfamiliar with the substance requested by Cassels. At a loss, he duly requested more information from the Quartermaster of V Corps. Headquarters V Corps was also unfamiliar with the substance and, finally, the Medical Officer at Corps Headquarters was asked if he had heard of it. After a short delay, a message arrived back at Corps Headquarters informing GHQ that ammonal was:


... a compound drug extensively used in America as a sensual sedative in cases of abnormal sexual excitement ... the MO states that no cases have occurred among V Corps personnel indicating the necessity for administering the drug.9


The reaction at GHQ is not recorded, but one can readily imagine the agitation caused when a request was made by a front-line unit for 1,500 kilograms of a drug for suppressing ‘abnormal sexual excitement’. Further hasty inquiries revealed that ammonal the explosive had been confused, understandably, with the pharmaceutical drug ammonol. Waves of relief must have swept through the corridors of GHQ on receipt of this news.


Oblivious to the consternation caused by his request for ammonal, Cassels scraped together what explosives he could find from nearby units. In addition to a supply of ammonal eventually sent from Corps Headquarters, the Hooge mine finally consisted of 1,908 kilograms of ammonal, 227 kilograms of gunpowder and 91 kilograms of guncotton. At just over two tonnes, the Hooge mine was the largest mine laid by the British to that date. Cassels had no idea of the effect that a mine of that size would produce, especially as it was comprised almost entirely of a totally unfamiliar explosive compound. It soon proved to yield an explosive force that dwarfed all previous mines. When it was detonated at 7.00 p.m. on 19 July 1915, the explosion was so large that a whole tree was seen cart-wheeling through the sky. A crater with a forty-metre diameter was produced at the surface. The magnitude of the blast was so unexpected that a number of men of the 4th Middlesex in a forward post were buried and killed as they waited for the start of the attack. Between 200 and 400 Germans were also buried.10 Dugouts were later constructed through the sides of the crater walls and used by both the British and the Germans. The crater and its dugouts would become well known to the men of the 1st Australian Tunnelling Company who were later to add to the shelters below its rim. The crater now forms a tranquil pond that belies its horrific genesis and its subsequent use during the Third Battle of Ypres. After Hooge, ammonal became the tunnelling companies’ explosive of preference and it was used routinely and extensively.11


The mines used on the Western Front employed enormous explosive charges—and there was a reason for their size. In order to outwit the German miners, the Allied tunnelling companies tried to mine to a greater depth than their opponents. The deeper the mines were buried, the bigger the charge needed to effect the desired outcome. The experience gained by the firing of innumerable mines and camouflets by the British tunnellers meant that, by the time the Australian tunnelling companies arrived, there were precise mathematical equations developed for predicting the size of a mine crater when a mine of a known charge was detonated at any depth below ground in any given geological strata. This was the clearest indication of the advances in mining science on the Western Front.


The shortest distance between the centre of a mine charge and the ground surface was known as the line of least resistance. The distance from a mine charge to the limit of the underground effect of an explosion was known as the horizontal radius of rupture. Knowledge of the likely horizontal radius of rupture prior to the detonation of a mine was critical for two reasons. Once enemy workings were detected approaching or the miners suspected that a charge was being prepared, the distance of the work was determined either by listening or estimation. A camouflet was the most common means of destroying or disrupting nearby enemy workings without causing too much peripheral damage. When preparing charges for a camouflet, the miners had to be sure that the charge of the camouflet was of sufficient magnitude to destroy the enemy workings through the ground beyond the charge—otherwise the camouflet would prove totally useless. In addition, the miners had to estimate the likely effect of an explosion on their own nearby workings. If a camouflet was required to intercept an approaching enemy mine gallery, the miners needed to place the charge in the optimum location to destroy the approaching works while, at the same time, minimising any damage to their own workings.


Knowledge of distances and depths was therefore crucial to the operations of the tunnelling companies and surveying was used to overcome the inexactness of guesswork. Systematic surveying of the mining systems was conducted using theodolites, usually on a weekly basis with assistance from the British Field Survey Companies of the Royal Engineers. The survey results were plotted on a coordinate system that was overlaid with aerial photographs showing the British and German trench systems. Daily progress of work was plotted on the coordinate overlays, and tracings of the updated mine system were made and forwarded to the relevant Army Controller of Mines at the end of each week.


The task of surveying the mines was simplified by the fact that mine galleries were usually driven in a direct line because soil removed from under the ground had to be disposed of above the ground. Soil disposal was a major problem that dogged all tunnelling operations. The straighter the tunnels, the smaller the quantity of soil produced for disposal. It was soil disposal, rather than the size of the tunnellers themselves, that was a major factor in dictating the dimensions of the tunnels and ensuring they remained necessarily small.


Allied mining in northern France and Flanders was undertaken in two distinct geological environments: clay and chalk. Each environment required a different approach to mining. On the Western Front, the boundary between the two different geological areas lay in the vicinity of the La Bassée Canal between Lens and Armentières. The geology of Flanders, in the northern, Belgian sector of the Western Front, is characteristically clay and, apart from a strategically important but low-lying ridge that arcs around the south and east of Ypres, the landscape is relatively flat. The combined effect of clay soil and flat topography spells poor natural drainage in the Flanders region. Centuries of agricultural endeavours have overcome this through heavy modification to the landscape by the construction of a network of drains and ditches to rid the land of water during wet periods. The flat topography and the inability of rainwater to quickly drain through the ground also ensure that groundwater lies close to the surface of the earth. When the carefully laid network of man-made drainage was damaged or destroyed, as it was along much of the front during the war, the result was the infamous waterlogging and mud of the Flanders fields.


Unlike Flanders and the northern sector, the southern geological zone of the Artois and Picardy is characterised by chalk and, although not mountainous, the countryside is generally more undulating than Flanders and gives rise to a number of important rivers including the Somme, Scarpe and Escault, many of which have had their flow modified through the construction of interconnected canals.


Disposal of soil proved one of the greatest threats to maintaining secrecy since the soil being removed from below the ground was usually a different colour to that of the surface. Simply dumping the mined soil behind the mine shafts would have clearly advertised the location of the mines on German aerial photographs. Not only would the position of the soil indicate that tunnelling was actively occurring, it would also point to the precise location of the mine entrances. This problem was particularly evident in the mining systems south of the La Bassée Canal near Béthune, where the underground strata changed from the clay and sand of the north to the chalk of the south. The startling white of the chalk waste rock was easily recognisable from a distance. Great trouble was taken to remove the mine waste and either disperse it so that it blended into the surface soil, or move it to dumps well behind the front lines. Sometimes it was necessary to cover the waste with camouflage netting.


A mine explosion was a terrifying experience for those who survived and an awe- inspiring spectacle for those who witnessed the blow, even from a safe distance. When a large mine was detonated there was no immediate explosive boom, just a deep, almost inaudible rumble, followed by a pause. Sometimes even the officers detonating a mine, particularly a deep mine, would be uncertain as to whether the mine had exploded. Seconds later, however, all doubt would be dispelled as the earth above the charge literally stood up, the pressure of expanding gases from the mine chamber pushing all above it upwards and outwards. In such an explosion, as the earth is pushed up, the restrictive pressure on the superheated and confined gases diminishes, allowing the gas to expand, accelerating upwards and outwards. The fractured earth increasingly expands, pushed out by the rapidly expanding gas. A dome of earth forms and, as it grows, it starts to dissolve—almost gracefully—into a massive three-dimensional jigsaw puzzle. The gas and vapour at the core is suddenly free to escape through the myriad of expanding cracks. As it does, it reacts with oxygen and ignites. The inside of the dome appears to explode for a second time as flames blast through the cracks and the monstrous apparition booms. Jets of white and red-hot flame and vapour shoot through the sides and top of the dome further propelling the earth in all directions. With the release of pressure from its centre, the mass of earth collapses back on itself in a chaotic jumble and the dome subsides. Much of the soil does not fall back to where it originated, but lands out to the side of the centre of the explosion. Consequently a crater is formed and a crater lip, a mound encircling the crater which is highest at the edge of the hole, drops away until the original level of the ground is reached.
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Plate 4: The famous photograph of the Hawthorn Ridge mine explosion, the result of 18,140 kilograms of high explosives laid by the 252nd Tunnelling Company. The tunnel leading to the mine chamber had been dug for a distance of 320 metres from the British front line at a depth of 22 metres. The mine was blown at 7.20 a.m., ten minutes before zero hour on the morning of 1 July 1916 and it was one of a number of massive mines that heralded the start of the Somme offensive. The mine produced a crater 40 metres across by 18 metres deep. To gain a sense of the scale of the blast, note the figure of the observer in the trench below the trees; the explosion is at least another 500 metres beyond the figure.


(Courtesy, Imperial War Museum Q754)





Mine blasts did not discriminate; everything within the immediate blast zone was destroyed. At the edge of the blast zone, thousands of tonnes of airborne soil and detritus descended, burying everything below. Someone fortunate enough not to be carried skyward in an initial mine blast could still be buried alive by the fallout in the nearby trenches or killed by the concussion of the shock wave. Once-familiar stretches of trench could disappear in an instant, along with any listening posts, machine-gun pits or dugouts that could contain a score of sheltering men. For days following a mine explosion, poisonous gases, namely odourless carbon dioxide and carbon monoxide, would seep up through the shattered earth and, unless dispersed by the wind, form invisible and deadly pools at the bottom of the mine craters.


Mines were very powerful weapons, not only for their physical destructive power, but also for their demoralising psychological effect on survivors and witnesses. Once mining was a reality on the Western Front, infantry soldiers in strategic front-line trenches were subjected to intense psychological stress. Battlefield stress in soldiers is often alleviated by the soldier’s belief that he has a chance to defend himself against an assault even if the odds of surviving are overwhelmingly low. Infantrymen could see attacking enemy infantry running, stumbling or falling towards their positions; they could endure the onslaught of intense artillery bombardments by seeking shelter in deep dugouts; but, unaided, they were completely powerless to defend themselves from an attack through the earth from below. They could not hear when a tunnel was being dug towards them; they could not tell whether a huge payload of high explosive was being placed below them and there was no way of knowing when such a payload was scheduled to ignite. Once the infantry was able to see the effects of an enemy mine attack, the morale of the troops in front-line trenches was significantly compromised. Without the protection of their own tunnellers, men in front-line trenches and dugouts lived in a constant state of stress:


The knowledge that dirty work was going on underground gave new meaning to sounds. The tread of an unseen man pacing up and down for warmth on the bricked or duck-boarded trench, the tap of a foot beating time to a tune running in someone’s head, the drip of water, any repeated sound of that sort was apt to be hair-raising – especially in the small hours when vitality is low and we are active to fancy’s prompting.12


During the early months of the British tunnelling companies’ operations in Flanders and France, a love-hate relationship developed between the infantry and the tunnellers, particularly between the senior officers in the infantry and the tunnelling companies in their sector. It was a great comfort and morale boost to the infantry holding a stretch of line to know that tunnellers were operating below them as they knew that the tunnellers were providing protection from enemy mine attack. The presence of tunnellers was, however, a double-edged sword, as it meant also that there were enemy tunnellers in large numbers opposite. More importantly, it drew unwanted attention from the enemy who actively sought to locate and destroy the mine shafts. Tunnelling thus attracted the attention of artillery and raiding parties:


The tactical advantages of a mine successfully blown caused daily activity in sapping and wiring; and small arms, bomb, trench-mortar and artillery covered or hindered the work.13


Tunnelling, by its very nature, is an intrinsically dangerous occupation. In war, the dangers are wholly magnified. On the Western Front, death or injury resulting from tunnel galleries being crushed by mine or camouflet explosions was an obvious and ever-present danger. An equally deadly but far more insidious danger to the tunnellers was suffocation by carbon monoxide poisoning.


Carbon monoxide is a colourless, odourless and tasteless gas, a by-product of the combustion of oxygen and a fuel. In the case of underground mining, the fuel comprised high explosive compounds. Other gases, hydrogen, methane and nitrogen monoxide, also resulted from the detonation of the ammonium-nitrate explosive compounds used extensively in mining on the Western Front. In favourable conditions, hydrogen and methane are explosive gases in their own right. However, it was carbon monoxide that posed the greatest threat to the tunnellers. Carbon monoxide is a gas absorbed through the lungs in preference to oxygen but, unlike oxygen, it cannot provide respiration. If it is present in sufficient quantities, the body will absorb it while the breather remains unaware that he is actually starving his body of oxygen. If carbon monoxide comprises as little as ten per cent of inhaled air, the inhaler can lapse into unconsciousness. Once the realisation dawns—if it does at all—it is usually too late to take evasive action. Unless oxygen can be provided, death will quickly follow.


A contemporary wartime description of the effects of carbon monoxide told of:


Headache of a peculiar throbbing character is complained of by nearly all who have been gassed. Pain in the pit of the stomach, and vomiting and fluttering and palpitation of the heart, with breathlessness on the least exertion, are also complained of. Trembling is frequently seen. The patient generally complains bitterly of cold. Convulsions may be met with. On recovering consciousness men are frequently dazed, confused, and stupid looking. Other men become delirious, struggle and fight, talking in an incoherent manner, shouting, laughing or crying. Care should be taken that these men do themselves no harm when they are being removed on the stretcher. Others again become very drowsy, great difficulty being experienced in rousing them.14


In War Underground, Alexander Barrie describes the effects of gas poisoning:


In small amounts it caused giddiness, breathlessness and headaches followed quickly by painful vomiting and retching. Often victims struggling up an escape shaft were suddenly hit with muscular paralysis and in some cases fell to the bottom as a result. There they almost invariably died. Ironically, due to the action of the gas on the blood, victims always looked in rosy good health.15


Above the ground, when artillery shells detonated, the residual gases resulting from the combustion of the explosive compounds were usually quickly diluted in the open air and their poisonous effects dissipated. Even after large mines were detonated and the craters were quickly occupied by men intent on using them as ready-made defensive positions, residual gas within the broken ground could dissipate with little effect on the occupiers, although this was not always the case. Atmospheric conditions played a crucial role in the effective dispersal of explosive gases.


The amount of carbon monoxide resulting from the detonation of a mine or camouflet was a function of a wide range of factors. These factors included the size of the explosive payload, the exact type of explosive used, its freshness, whether or not it was under water at the time it was detonated, and even the condition of the detonator used to explode it. When the ingredients of an explosive device are partially consumed during a detonation, more carbon monoxide is created than by an equivalent device in which the explosive fuel is completely consumed.


Underground, there was very little opportunity for carbon monoxide to become diluted. In the tunnel and gallery systems dug through the chalk that dominated the mining conditions in Artois and Picardy, the effects of carbon dioxide poisoning were generally far more dangerous than in mining systems dug into the tight Ypresian clay of Flanders. In an area in which an explosion had occurred, the softer, more porous chalk was able to retain more gas for a longer period than clay.


After a ‘blow’, any residual carbon dioxide in the tunnel galleries could be flushed out relatively quickly. But within the devastated ground around the detonated mine chambers and camouflets the gas would remain, held within the shattered substrata. In the older, established mining systems on the Western Front where large numbers of camouflets and mines had been detonated over time, the problem of carbon monoxide poisoning was significant. Tunnelling work had to be undertaken in ground that had become more and more impregnated with pockets of gas. The tunnellers inevitably encountered shattered ground from earlier blows which was often difficult to recognise, given the pulverising action of the artillery across the entire front. The threat of carbon monoxide seeping into the tunnel where the men were working was constant.


The miners, however, had very effective early warning systems for detecting the presence of carbon monoxide. Mice and canaries, referred to as ‘tunnellers’ friends’, provided a service of immeasurable value, often only recognised by the men whose lives they protected. Due to their small size and high metabolic rate, canaries and mice are particularly susceptible to the effects of respiratory inhibitors. These creatures had been used for centuries in coal mining and their role in the war alongside the miners at the digging faces was no less critical. Although the galleries were ventilated with air hoses, it was not always possible to extend this ventilation throughout the whole mining system. In the early phases of mining there was often no ventilation at all. The condition of the mice and canaries was checked from time to time and, if their behaviour was noted as agitated or distressed, the miners in the gallery would be withdrawn and it would be flushed with air until it was tested and judged clear of any further signs of gas.


Not all tunnellers understood the role of their little companions. Oliver Woodward relates a story of two tunnellers from the 1st Australian Tunnelling Company who were mining at Hill 60 on the southern edge of the Ypres salient. They were given the task of reopening a gallery that had been partially destroyed after a mine had been blown. Poisoning from carbon monoxide gas trapped in shattered ground around the old mine gallery was a clear risk. The two men were given a white mouse and instructed to get out of the gallery if the mouse looked drowsy. When the shift officer went down later to inspect the progress of the repairs, he was shocked to see that the men had hung the mouse cage in front of their ventilation hose, rendering the animal totally useless as an early warning device. While the mouse was thereby assured of a long and healthy life, the same could not be said of the two erstwhile tunnellers. A severe reprimand ensued, the tunnellers’ attention forcibly drawn to the risk they were taking in allowing the mouse access to their air supply. One of the men totally failed to appreciate the point, gruffly retorting, ‘Why, all the air that b***** mouse will eat won’t hurt us!’16


Some miners were incredulous that such a small, innocuous animal could offer any sort of useful protection. After seeing a canary fall from its perch while he was working in the mining system at Calonne, a Scottish miner was heard to remark, ‘Och, thon bir-r-rd has nae guts!’17 Soon after, the same man was removed from the mine on a stretcher, unconscious and, fortunately for him, was revived to reflect on his words.


Mice and canaries were held captive for one purpose—mine safety. They were not held to be admired, to keep men company or act as a reminder that innocence can survive where nature had been so hideously corrupted. The presence of a yellow canary was a sure sign that tunnelling was occurring nearby. Where secrecy was paramount, an accidental release meant extreme measures were taken to avoid the birds being observed by the Germans.


On one occasion, a number of the birds escaped after a fire in the cookhouse of one of the tunnelling companies working on the Somme. The bright yellow birds perched on the wire in front of the British parapet. An officer and a party of sappers were ordered to retrieve them discreetly. The incredulous trappers had to leave the relative safety of the trenches and slither out to the wire. Such an activity in broad daylight was taboo and the fact that the order was given was testament to the importance of what the birds represented. In another accidental release, the lone bird flew out into no man’s land and perched on a bush, well out of reach of the British parapet. Infantrymen manning the fire-step were told to shoot it, but failed. A trench mortar was then called on to deal with the unsuspecting creature. Within minutes of gaining its freedom, the bird, its bush and a substantial chunk of the ground on which the bush clung to life, disappeared in an earth-shattering explosion. What might have seemed to the Germans in the opposite trenches as the work of a poorly trained mortar crew was, in fact, an accurate air strike on a canary.18 


The uncounted deaths of scores of British canaries and mice in the tunnels below the front lines in France and Belgium undoubtedly saved the lives of many men and these creatures won the eternal respect and gratitude of the tunnellers. The sacrifice of the little animals in their role as protector of the tunnellers has not gone unnoticed. As an expression of gratitude for their service, they are commemorated on one of the stone columns at the War Shrine in Edinburgh Castle.


Mine rescue was a vitally important facet of the work of the tunnelling companies. In the early months of operations of the British tunnelling companies on the Western Front, mine rescue procedures and systems were poorly organised. In one five- week period, sixteen men lost their lives and another forty-eight were hospitalised due to mine gassing in one company alone. In another company, twelve men were killed and twenty-eight hospitalised over a four-week period.19 The appointment of Lieutenant Colonel D. Dale Logan, DSO, in late 1915 to oversee mine rescue under the Inspector of Mines resulted in the adoption of standardised procedures and equipment for mine rescue. These procedures, in turn, led to a dramatic reduction in the number of accidental gassings and a significant improvement in survival rate for the victims of mine gassing.


Both the First and Second Armies established their own mine schools. Selected officers and sappers from each of the tunnelling companies operating in those army areas were sent for initial training and follow-up revision training in a range of specialist military mining skills including mine rescue and listening. At the schools, the men were put through an intense physical training regime. Once back with their companies, the rescue teams conducted their own weekly practice. Mine rescue stations contained all necessary rescue and resuscitation equipment and were usually dugouts constructed at or near the ground surface, generally not more than 250 metres from any mine shaft. Stations were positioned to effectively cover a number of shafts. Two rescue men under a non-commissioned officer remained on duty at all times in each station. These men had to be very familiar with the mine workings as rescue work was often conducted in smoke-filled galleries and tunnels where visibility was almost non-existent.
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Plate 5: View of the mine rescue station (or proto station) of the 3rd Australian Tunnelling Company at Hulluch Tunnel near Loos. Sapper 1057 Eugene Kelly (killed in action 11 April 1918) is on duty wearing the proto apparatus and carrying a canary (or white mice) used for testing air conditions underground. Owing to the poisonous gas (carbon monoxide) formed by explosions, much of the mine fighting had to be done by men wearing this kind of protective apparatus. The 3rd Australian Tunnelling Company had several such mine rescue stations for rescue or mine fighting in its forward subways and in the infantry subways. (AWM E01683)





The mainstay of mine rescue equipment was the ‘proto’ apparatus, equivalent to the modern self-contained breathing apparatus. Although bulky by today’s standards, the proto apparatus was one of the most lightweight portable breathing apparatus of the time. Weighing fifteen kilograms, it consisted of two small steel oxygen cylinders connected to a large rubber breathing bag. The bag was worn on the rescuer’s chest with the oxygen cylinders on his back. It was divided into inhaling and exhaling compartments, connected at the base by almost two kilograms of caustic soda sticks. The caustic soda absorbed carbon dioxide from the exhaled air, allowing the air to be reused via the inhaling compartment with injections of fresh oxygen from the tanks. In this way, a wearer was supplied with up to two hours of recirculated, ‘scrubbed’ air. Sodium bicarbonate and heat were produced in a chemical reaction when carbon dioxide came into contact with the caustic soda. An excessive build-up of heat was avoided by the periodic addition of oxygen to the bag when the relief valve was opened. From time to time the bottom of the bag had to be rubbed by the wearer to stop the bicarbonate fusing the soda sticks together, thus reducing their usefulness. After each use, the spent caustic soda sticks were removed from the bag and replaced.


A smaller breathing apparatus known as the ‘salvus’ provided around thirty minutes to an hour of breathable air and was used when a quick reconnaissance of a mine system was required.
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Diagram 2: The operating components of the ‘fleuss’ or, as it was more commonly known, ‘proto’ mine rescue apparatus. The apparatus weighed around fifteen kilograms and was used extensively and very successfully by dominion tunnelling companies on the Western Front during the intense mining phase of the war. As a portable breathing apparatus, it allowed for rapid deployment and an air supply sufficient for up to two hours, enabling rescue or recon- naissance after underground explosions.





Once an unconscious man was brought to the surface, artificial respiration was administered using the Schaefer method, the favoured technique of the time. This involved lying the victim face down and placing his forehead on his forearm. The resuscitator then straddled either side of the unfortunate man’s hips and, using both hands, pressed down firmly on his back over the lower ribs. Every five seconds or so, the resuscitator would raise his body weight, relaxing the pressure applied through his hands to the victim’s lower back. The pressure would then be slowly reapplied. This cycle was repeated until the man either regained consciousness or died. During this bizarre ritual, the mouthpiece of a Novita oxygen machine was placed over the victim’s mouth and oxygen administered.


Mine rescue stations usually contained a number of sets of the various breathing equipment while a set each of the proto, salvus and Novita apparatus was also usually housed in a convenient locker or at nearby mine shaft heads.


The First World War was characterised by the rapid evolution of new technologies. Whole new tactical systems were developed, trialled and thrown into active service within remarkably short time-frames. The modern tank, for example, is the progeny of technology that, up until the First World War, did not exist outside the minds of a few visionary engineers.


The application of technology for warlike conditions was trialled in all aspects of the conflict and tunnelling was no exception. In mid-February 1916, one of two tunnelling machines with a 1.8-metre diameter arrived in France, ordered to the front by John Norton Griffiths. These were coal-mining machines that had been modified for clay tunnelling, built by Stanley Brothers of Nuneaton and called, rather melodramatically, ‘attack shields’. The machines, which cost a small fortune at £6,000 each, offered the tantalising promise of speedy tunnelling on the Western Front and, for this reason, John Norton Griffiths had ordered them to be trialled.20 


The machines consisted of a hollow cylinder with a pair of rotating cutting heads at the front. High pressure air from a two-cylinder compressor was fed into the cutters which forced them to turn around the axis of a central cog. Soil dug at the face fell back through the cylinder where it could be removed. The air compressor was powered by an electric generator located on the surface outside the mine shaft.21 The unit was ‘stabilised’ and pushed forward with the aid of four hydraulic rams, two at the top rear of the machine, the other two at the bottom rear.


The dense blue clay of Flanders was to prove too great an obstacle for the technology of that era. Flanders clay is a swelling type, made up predominantly of the clay mineral montmorillonite. The molecules that make up montmorillonite form flat sheets that absorb and release water far more effectively than other clay minerals. As water is absorbed between the microscopic clay particles, it pushes the sheets apart causing the clay to swell. Conversely, during drying, the clay shrinks, resulting in the opening of desiccation cracks in the ground. The Ypresian clay is firm and damp and, during the tunnelling process, as clay was removed to form the mine galleries, the pressure on the clay walls was released, allowing the walls to swell.


The first of the British tunnelling machines was sent to the Petit Bois mine where it was lowered down No. 2 shaft in pieces and then reassembled. By early March it was ready to commence work, twenty-three metres below ground.22 The tendency of the Ypresian clay to swell had serious consequences for the new tunnelling machine. It started well but, after a few hours of operation, had to be shut down for repair. Under normal circumstances, the machines fitted snugly in the tunnels they created, with little margin for movement. In the montmorillonite-rich clay, however, the tunnel walls around the stationary machine swelled, locking it completely. The cutting blades at the front and supports along the sides of the machine then had to be freed by hand, a slow and frustrating chore. In addition, the fuse wiring in the motors kept burning out as the machine struggled through the tight clay. To reduce the incidence of blown fuses, barbed wire was used as a heavy-duty surrogate for the standard fuses. Ironically, because of the greater current now able to pass through the surrogate fuse wire, the motor wiring regularly burnt out.


This was the frustrating experience of the British 250th Tunnelling Company at the Petit Bois mine system. With little to show after a month of constant repair, the machine was left to rust where it stopped, trapped in the bowels of the earth twenty- three metres below the ground surface. The specialist operator who had arrived with the machine reportedly left it in a state of ‘high dudgeon’.23 The second machine, which arrived later in Belgium, was sent to the Canadian tunnellers working at the Bluff. It achieved the same level of success as the first.


The British experiment with tunnelling machines was brief and traumatic and the machines proved to be far from the anticipated saviour of the British tunnelling effort on the front. By way of consolation, the Germans had no greater success in their attempts to use machines. One British account noted that:


... a boring machine used in the vicinity of Hill 60 [by the Germans] made such a row that it provoked the phlegmatic Teutons to mirth. When the machine started working they began to laugh and it was audibly suggested that even if the British were not blown up they would at least be frightened by the noise of the machine.24


In this case, manpower was not threatened by the introduction of new technology and reliance on honest toil continued for the remainder of the underground war.


As with most other military units on the front, each tunnelling company consisted of an administrative branch and an operational branch. Administration of the company was the lot of the headquarters which comprised the company commanding officers and their adjutants, the officers and staff of the Quartermaster (stores) and transport sections, the medical officer, chaplain and cooks. Operational matters were the province of the company sections. Each company was divided into four independent sections, numbered 1 to 4 and commanded by a captain assisted by a staff sergeant. Three lieutenants were assigned to each section. Sections were then further divided into squads, led by squad sergeants. After September 1916, sections boasted a full establishment of four officers and around 170 other ranks.25


Work was arranged on a shift basis, with squads in each section working and resting alternately. The tunnelling companies’ work was rarely concentrated in one location and the shift work within each section was left to the discretion of each section commander. Hill 60 in the Ypres salient was one exception. Here the 1st Australian Tunnelling Company was required to focus its full attention on the one mining system twenty-four hours a day over many months. This resulted in an adjustment to the way the company rotated its labour during its tour of duty at the hill. The company was divided into two half-companies of two sections each. Tours of duty in the trenches lasted four days. While one half-company was taking its four days of rest back at company headquarters camp, the other half-company continuously rotated its two sections every six hours over the four days. This was a gruelling schedule to maintain for months on end.


Digging new galleries or tunnels below the front lines was a risky business. In offensive mining, which saw galleries pushed out through no man’s land to a position below the enemy’s lines, absolute silence was paramount to the tunnellers: in short, their lives depended on it. In the clay substrata of Flanders, ‘clay-kicking’ was the supremely successful method for tunnelling and was adopted by the Australians wherever it could be used. The 1st Australian Tunnelling Company, in particular, used the technique extensively.


Clay-kicking involved the use of two pieces of apparatus: a clay-kicking spade and a reclined plank of wood. The angular metal spade head was 0.3 metres long with a sharpened cutting edge. It widened from the cutting edge to the rear edge of the spade, which was also 0.3 metres wide. Lugs for foot rests were placed on the rear edge either side of the spade shaft. The spade shafts were around 0.76 metres long and fitted with a cross handle that could be gripped with both hands at the top. The clay-kicker’s seat was attached to a narrow plank of wood by a strap. The seat height could be quickly adjusted on the plank by sliding the seat and strap up or down. The plank itself extended from the tunnel floor to the roof, but it was angled backwards from the working face so that the sapper working the spade reclined on the seat with his back supported by the plank. The upper and lower ends of the seat-plank were placed in the small gaps between the wooden sets that made up the tunnel floors, walls and ceiling.


The clay-kicker used the strength of his legs to drive the spade head into the clay face of the tunnel, using the spade handle merely to guide the spade to the next cut and to level the spade shaft. Successive cuts to the face were made from bottom to top in steps of around 0.25 metres. The spade head was ‘kicked’ into the clay, then prised down, peeling slabs of clay. Not only was this a rapid way to dig solid clay, it was virtually silent. There was space for men to kneel either side of the plank- seat and remove the worked clay from the face as it was cut, passing it carefully behind them. Each cut would push the gallery forward by around half a metre. The technique involved four men at the tunnel face for digging and removing the fallen soil. As each cut was completed to the correct tunnel dimensions, two or three ‘sets’ of timber would be placed in the new cut. The clay-kicking apparatus would then be moved forward and the sequence would begin again. In this way, a gallery in the good, ‘blue’ clay the tunnellers sought, could progress at an average rate of around twenty-one metres a week.




[image: ]


Diagram 3: Clay-kicking in a mine gallery. There was just enough room to the side of the clay-kicker in the 700-millimetre-wide gallery for a shoveller to remove the cut clay from the face. This allowed the clay-kicker to complete the whole face before the gallery was advanced further after fitting another set of timbers. Gaps of between 75 and 125 millimetres were left between the timber sets to allow for the kicking seat and swelling of the ground.





A further eight men were usually employed behind the face-men, filling hempen bags with the clay and removing them to soil ‘trucks’. These were small, rail-guided carts that resembled miniature railway trucks. They were built of wood and had a flat tray top measuring 0.35 by 0.75 metres. Each was capable of holding eight to ten hempen bags of soil. The trucks were mounted on rubber wheels guided by two low wooden rails. The rails were portable and could be laid rapidly. Once loaded, the trucks were either directly hauled to the surface via an inclined shaft or moved to a vertical shaft where the bags were removed and winched up using a sling. Although they were fitted with rubber wheels, trucks could not be used close to areas where silence was critical. In this situation, the sappers filling the bags at the working face would carefully drag the full bags along the floor of the wooden gallery to the trucks. This was not the only method for removing soil from tunnels. During excavation of the massive Hythe Tunnel at Loos-en-Gohelle (commonly known simply as Loos) during 1918, the 3rd Australian Tunnelling Company used a pulley system in which a rope fitted with hooks removed 500 bags of soil every hour.


Once removed from the mine system, the bags of soil would be used to protect trench parapets and cover dugouts. The ‘blue’ clay of deep mines discoloured the bags making disposal much more difficult. At Hill 60, the 1st Australian Tunnelling Company often dumped soil bags in the railway cutting adjacent to the hill where they could be hidden from German observation.


Unlike mining and tunnelling, the digging and construction of infantry subways and dugouts carried no necessity for silence, and picks and shovels could be used. The infantry subway galleries were usually 1.9 metres tall by almost 1.1 metres wide and even small dugouts were 1.9 metres tall by 1.8 metres wide, allowing more men to work at the faces of these structures.26 The increase in labour meant that progress of over ten metres per day in the infantry subways around Hill 60 was easily achieved.27 


Once a gallery had been pushed out to a position where a mine was to be placed, a chamber was excavated to house the charge. The size of each chamber depended on the number of boxes of explosives that had to be packed into the space. Once a chamber had been excavated and packed with the mine charge, its primers and detonators, the chamber was ‘tamped’. Tamping was crucial in preventing part of the force of the mine explosion dissipating along the otherwise open mine galleries, and in pushing all the force of the explosion in the desired direction. Tamping also prevented whole mine systems becoming saturated with carbon dioxide and other noxious gases following an explosion.
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