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PART ONE


GENESIS


Ancient Times to 1914


‘. . . there are two ways of dying in the circumstances in which we are placed . . . The first is to be crushed; the second is to die of suffocation. I do not speak of the possibility of dying of hunger, for the supply of provisions in the Nautilus will certainly last longer than we shall. Let us then calculate our chances.’


Captain Nemo in Twenty Thousand Leagues Under the Sea by Jules Verne













Introduction: ‘The Trade’


A century ago Rudyard Kipling penned a piece of verse in salute to what he called ‘The Trade’, which was plied by submariners playing what he described as ‘grisly blindfold games’. The grim potential of submarines had been displayed during the First World War, with their commanders using periscopes to seek out targets and delivering Kipling’s ‘one-eyed Death’.


‘The Trade’ concludes:


Unheard they work, unseen they win.


That is the custom of ‘The Trade’.


Over the years ‘The Trade’ has attracted as its deadly practitioners daring and courageous, glamorously unconventional and even dangerously eccentric young men. Many of them have lived fast and died young.


Sometimes gamblers and egomaniacs, among the best of them have been supremely ambitious captains with unswerving pride and confidence in their own abilities and that ultimate victory will be theirs. Some of the most effective have been of a different demeanour – quiet, even bookish, more like academics than the popular image of the macho warrior, but lethal all the same. During war certain nations have treated the young submarine captains like gods, awarding them gilded shore leave before going back to sea and finding death or more glory.


Many thousands – including others drafted not so willingly into submarines – have paid the ultimate price for a moment’s miscalculation by their commanders. Undersea combat itself – whether submarine versus ship, or sub versus sub – can be a nerve-shredding blend of cold unflinching calculation and technical precision, with a dash of (potentially) insane risk-taking and terror. A single error, whether in war or peace, can mean death for a captain and an entire crew – and there are many ways to die. Apart from drowning there is suffocating, being



burned alive, crushed, gassed or blown apart. Yet, despite all that, submariners and submarines exert a fatal attraction, not only among those who sign up to pursue ‘The Trade’– and these days women are at sea in the boats of some nations and are even commanding flotillas of them – but in the general population.


Undersea warfare has since the Ancients been the stuff of both dreams and nightmares. Over the centuries artists and scientists, generals and kings have been fascinated by the idea of voyaging beneath the surface of the ocean. They have also feared the ruination such a powerful vessel might inflict upon the world. The dreamers have seen underwater warriors and submarines as a means to beat empires that might otherwise be invulnerable, or even as an opportunity to liberate the world’s vital trade from the tyranny of surface navies. Some nations have at various times loathed submarines so much that they sought worldwide bans on the infernal machines and threatened to hang the men who operated them.


Yet for some visionaries the lure of creating a means to wage war from below the ocean – and a vessel to voyage through its dark, alluring depths – has outweighed all other concerns of morality or even danger to life.


Those men were either geniuses ahead of their time or they were nothing more than mercenary traitors, willing to create underwater weaponry for the highest bidder.


To some politicians and admirals, submarines have seemed to be the magic bullet – the equaliser for the weaker nation against the stronger power, but more than once it has proved to be a chimera.


The fate of nations has been gambled on the abilities of submariners to wreak havoc on an enemy – for primarily their objective has been to destroy the oceanic trade that is the lifeblood of the world. Submarine warfare is, in short, a direct attack on the very means by which the civilian populace is fed, clothed and has its homes heated. For that reason, more than once submarine warfare has been declared an outrage inflicted by brutish war criminals and pirates – an attempt to starve innocent men, women and children to death and force their homeland to surrender. There can be no doubt that the submarine – in its various forms over the decades – has proved decisive in conventional warfare in a fashion very few people imagined prior to the twentieth century.


Despite a ruthless, brutal aspect to the deadly trade, we remain



fascinated by those who live, fight and die in submarines. We see them as otherworldly beings who pursue an unknowable existence, living for weeks, or even months, at a time beneath the waves. Yet, for all their bad reputation, submariners have also often shown great humanity to their victims (something that is perhaps overlooked) and have even been worshipped as the bravest of the brave.


The vessels themselves remain mysterious, carrying out deep, dark deeds away from our sight and in the twenty-first century nuclear-powered submarines are just about the most complex, costly ships in existence. Creating and operating them is the mark of a true front rank nation. Armed with nuclear weapons, they have the ability to destroy millions of lives.


This book necessarily has a broad canvas, telling the epic story of submarine warfare from the efforts of dreamers and inventors centuries ago through devastating global conflicts to dangerous Cold War-era confrontations – some of which turned rather hot – and touches on today’s accelerating underwater arms race.













1 Many Falsehoods, Some Truths


Striving for an edge on a foe – a decisive killer advantage – has been a feature of undersea warfare for centuries.


Before there were vessels that went under the sea, there were men who took war below the surface and for them there was no finer exemplar of that ferocity in combat than the greatest warrior of ancient Greek mythology, Achilles. His lethal prowess in the water was vividly described in The Iliad. According to Homer, ‘Olympian-born Achilles’ left his spear on the banks of the river Scamander and, armed only with his sword, ‘leapt in like something superhuman, with murder in his heart, and laid about him right and left’.1


The first real-life warriors beneath the waves had more prosaic origins, for they were utilising the same diving skills they used to harvest shellfish, pearls and sponges, or to retrieve treasure from sunken vessels. According to Thucydides, in 414 BC during the siege of Syracuse in Sicily the Athenians sent men under the sea to saw through and clear wooden piles blocking the harbour mouth. They also broke underwater chains, all with the aim of enabling galleys carrying troops to enter harbour. Cutting the anchor cables of enemy vessels – so they would be driven ashore to destruction or collide with each other – was another favourite tactic.


The earliest image of submerged men carrying weapons is a wall painting in the Nile Valley of duck hunters armed with spears stealthily approaching their prey while using reeds to suck in air. Aristotle claimed Greek combat divers used an early form of snorkel ‘like the trunk of an elephant’2 but many of the Mediterranean’s underwater warriors could hold their breath for a phenomenal amount of time. They carried rocks to give themselves the ballast needed to sink to the seabed, countering pressure at depth by putting olive oil in their ears – to stop their eardrums bursting – and also holding it in their mouths to be expelled on reaching the seabed.


Yet, while tactically useful, divers could not offer control of the sea.



That power belonged to those who sent their men to war in surface warships. The triremes of the Greeks, Romans and Phoenicians and the galleys of the Persians reigned supreme.


When it came to men climbing inside vessels to go under the sea, it is said descending into the depths held no fear for a king who conquered much of the known world. In 332 BC, during an attempt by his army to take the port of Tyre, Alexander the Great ordered divers to carry out harbour clearance. To check on progress he allegedly submerged in a glass diving bell lowered from a galley on long chains.


Another ancient Greek connected to the story of submarining was the mathematician Archimedes. He devised many weird and wonderful weapons in his time and during another siege of Syracuse (214 BC–212 BC) helped defend it from the Romans. He used mirrors to reflect the sun, producing a heat ray that set fire to Rome’s galleys. Archimedes also devised a huge mechanical claw to pick up warships and smash them on the surface of the sea. While he did not construct a submarine, Archimedes experienced a key moment of discovery while having a bath. Puzzling over how to please the ruler of Syracuse, King Hiero, by telling the exact weight of a new crown – and hence the purity of the gold used to make it – Archimedes noticed that when he climbed into his bath he displaced water equivalent to his own weight. This became the Principle of Buoyancy, which he expressed as: ‘Any object, wholly or partially immersed in a fluid, is buoyed up by a force equal to the weight of the fluid displaced by the object.’ Screaming ‘Eureka!’ (‘I’ve found it!’) Archimedes sprang from the tub, so excited that he ran down the street naked.


In years to come those attempting to voyage under the water would use Archimedes’ principle to design craft capable of altering their density. By making the density of such a vessel less than the surrounding water, positive buoyancy would be achieved and so it would float on the surface. By making its density more it would attain negative buoyancy, enabling the vessel to sink below the surface. How to achieve an overall density equal to the surrounding water – neutral buoyancy, enabling it to hold position submerged – vexed many an inventor over the centuries. Enabling the craft to propel itself – and mount some kind of effective weapon system, all while sustaining the life of the operators who must navigate it – would present challenges of a whole different order of magnitude. Archimedes never got to explore the war-making



possibilities offered by his Principle of Buoyancy for he did not survive the siege of Syracuse. A sword-wielding Roman soldier took exception to Archimedes ignoring him in favour of solving a mathematical problem and killed him.
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In this hand-coloured woodcut, c.1547, Greek mathematician and inventor Archimedes is depicted in his bath during the process of evolving his Principle of Buoyancy. Also seen are what appear to be spherical weights and crowns to test their comparative displacement in water. (World History Archive/TopFoto)


Waging war under the sea remained the preserve of divers for some centuries and the chosen weapon of some was ‘Greek Fire’, which was possibly naphtha and pitch mixed with other things to a secret formula. A predecessor of napalm, it could not be extinguished once exposed to water. During one European war an intrepid thirteenth-century French diver carried Greek Fire in sealed jars to destroy an enemy’s submerged stockade on the River Seine, smashing them against the timbers.


An alternative means of achieving destructive effect under the water was to simply create a hole. On 24 June 1340, during the Battle of Sluys off the Flemish shore, English and French divers used augers3 to drill below the waterline of enemy ships. They wore a type of protective helmet that looked like an upside-down kettle, with air sucked in via the spout. Soldiers aboard target vessels dropped rocks onto them to



try to halt the drilling. Rocks were also hurled at the sections of hull where holes had been created in the hope of creating an even bigger breach.


More usually in general sea warfare the objective was to take the vessel as a prize, in order to seize the cargo, but there were also those who attempted to conjure up a means of total destruction. At the end of the fifteenth century, while working for the Doge of Venice, Leonardo da Vinci made sketches for what he called ‘a ship to sink another ship’. He envisioned a submersible deterring or defeating the Turks, who it was feared intended to conquer Venice. The craft would remain invisible under the waves so it could strike with the utmost devastation. It was propelled by a hand-cranked paddle that twitched from side to side in the manner of a fish tail, though Leonardo also proposed a propeller. His undersea vessel was to have fins both on top and bottom, with small, stubby hydroplanes on either side of the hull to enable diving and ascending. For its main offensive weapon Leonardo’s submarine also had an auger to drill holes in enemy vessels.


Favouring deterrence rather than conflict, Leonardo suggested the Turks should receive a warning. If they did not surrender they would be advised that within four hours they could expect to find their fleet destroyed by mysterious means. Leonardo imagined the prospect of wielding such awesome power would impress the Venetians so much they would grant him great riches. In the end, so horrified was he at the terrible possibilities offered by his ‘ship to sink another ship’, Leonardo kept the plans secret. He feared the mercenary merchants of Venice would sell the terrible machine to the highest bidder, possibly even to the Turks.


In the sixteenth century, among those with enquiring minds attracted to the idea of actually voyaging under water was William Bourne, an English mathematician and former naval gunner. He created designs for oar-powered submersibles and, while he never actually built one, in 1578 Bourne published proposals for just such a craft. He advocated a ‘screw-operated bilge tank ballast system’,4 comprising empty tanks on each side into which water could either be permitted, in order to take the craft under, or expelled, letting air in. According to Bourne this would enable it to ‘goe under water unto the bottome, and so come up againe at your pleasure’.5 The vessel would have a tall mast hollowed



out, down which fresh air would come, its top to remain above the surface at all times.


Necessity was the mother of Bourne’s striving for invention. Spain was the superpower of the day, with massive monetary and military resources, so technological innovation was necessary to beat its brute force. The English needed to avoid fighting on equal terms with their principal enemy and a submersible would have been a very useful adjunct to more conventional warships.


In his Naval Tracts, Bourne’s old Commanding Officer, William Monson, applied himself to a means of warfare complementary to the retired gunner’s ideas. Monson believed underwater cannon fire would more effectively sink enemy vessels than pounding them above the waterline or using divers to bore holes below it. He proposed mounting a cannon in the hold of an attacking ship. Once an enemy craft had been secured snugly alongside with grappling irons, the weapon was to be fired. Monson suggested this was how great galleons could be sunk by small boats.


Drawing on Bourne’s work, in the 1620s Cornelius Drebbel, a Dutchman living in London, staged a series of public trials with a submersible craft that looked as if one rowing boat had been fixed on top of another.


It had a wooden frame covered in planking, overlaid with greased leather. There were half a dozen watertight oars with their rowlocks likewise sealed by leather, three to each side. A team of 12 oarsmen was recruited from among the hardy watermen of the River Thames, tempted by money to take the extraordinary risk. It was the third prototype that Drebbel had constructed and could supposedly carry 16 passengers, though it took a brave soul to go aboard for a ride.


During one public demonstration the banks of the Thames were packed with thousands of onlookers, eager for the vicarious thrill of seeing the mad Hollander and his crew perish. Much to everyone’s surprise, the craft dived successfully – according to contemporary accounts down to 15ft. The sweating, grunting oarsmen drove it under as Drebbel adjusted primitive hydroplanes fore and aft to angle the bows down. With the oarsmen toiling away, the inventor himself crouched between them at the fore end, urging greater effort.


Drebbel’s craft allegedly voyaged from Westminster to Greenwich and back. Throughout, its stubby conning tower poked above the water, Drebbel navigating by peering through small windows. In 1623 Drebbel



allegedly took King James I under the Thames. By instinct cautious, the King was nevertheless fascinated by science and mechanical things, so curiosity may have overcome his anxiety. The King subsequently gave Drebbel grants to live off and also, according to English State Papers, to rent workshops in which he created ‘water engines’ and ‘water mines’ and even ‘underwater explosive machines’.6
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Cornelius Drebbel, the Dutch inventor of a prototype submersible. He allegedly took the submerged craft down the Thames in the 1620s – with King James I along for the ride. (TopFoto)


The practicalities of Drebbel’s diving boat supposedly included floats attached to hoses for drawing air down. Alternatively, he may have used the fumes of strong gin to make the oarsmen so light-headed they did not mind the lack of oxygen. Another explanation is that prior to each voyage Drebbel created oxygen gas by burning potassium or sodium nitrate in large bottles, which he unstopped on recognising that the air, along with his human propulsion system, was becoming exhausted.


Apart from muscle power and inclined hydroplanes adjusted by hand, Drebbel’s submersible may also have dived using a system of pigs’ bladders stowed under the rowers’ seats. They were connected to pipes that penetrated the hull, which were unstopped to allow water



in, the increased displacement settling the boat lower in the water.


To surface, the oarsmen squeezed, or carefully stamped on, their respective pigs’ bladders, expelling the water, and then tied them off. The lightening of the craft caused it to rise, the hydroplanes arranged to drive it to the surface. Despite Drebbel’s apparent ingenuity across all manner of disciplines in science and alchemy, according to one naval historian his submersible was probably nothing more than a ‘large leather-covered barge . . . weighted until the crew was below the surface’.7 Drebbel’s craft merely had water washing over its hull rather than actually diving, the fast-flowing current of the Thames assisting the exertions of the oarsmen.


With the English naval establishment losing interest in his purported submarine vessel and explosive devices, Drebbel’s fortunes declined. He ended up as the landlord of a London alehouse and died forgotten in 1634, at the age of 62. A crater on the moon has at least been named after ‘Drebbel . . . Cornelius; Dutch inventor’,8 forming a lasting memorial in outer space to a man who dreamed of voyaging through inner space.









2 Into Perpetual Night


On the other side of the English Channel a pair of priests – Marin Mersenne and Georges Fournier – proposed an undersea man-o’-war with a streamlined hull and resembling a giant fish. This metal monster would be armed with cannons and fitted with wheels so it could crawl along the seabed. It would achieve lethal surprise by rising to the surface in the middle of enemy fleets. Unleashing devastating broadsides it would then disappear below the waves again. Mersenne freely admitted to being inspired by the work of Bourne and Drebbel. How to manoeuvre such a craft, its propulsion and other essential technical challenges were not addressed in any detail.


Enmity for Oliver Cromwell’s Commonwealth of England, which under the dictator’s guidance created a powerful and aggressive fighting



navy, would be a driver for others seeking to create underwater fighting machines. The Frenchman Louis de Son built a semi-submersible craft at Rotterdam in the early 1650s, during the first of the Anglo-Dutch Naval Wars. It boasted a clockwork motor to drive an internally mounted paddle wheel, breaking new ground by suggesting a means of propulsion other than oars. Muscle power was still needed to regularly wind the spring.


De Son’s craft attracted the intense interest of Dutch naval authorities, potentially offering an opportunity to gain the upper hand in a bitter struggle for control of sea trade with the English.


Referred to as ‘the Rotterdam ship that would kill the English under water’, able to ‘run as Swift as a bird can flye’1 it allegedly had the potential to complete a voyage to the Netherlands’ rich colonies in the East Indies within six weeks (rather than months).


De Son himself promised it would destroy 100 ships in a day: ‘No fire, no cannon ball or rocket, no storm or waves can hinder him unless God the Lord should intend to do so.’2 This wooden wonder, running with its hull awash at up to 9 knots rather than actually diving, would inflict destruction by ramming. A major flaw was the lack of a spring powerful enough to stand any chance of moving the 8ft-wide, 72ft-long vessel through the water. The Dutch had to rely on their sailing men-o’-war to beat the English.


One of the problems with marking milestones of sacrifice in maritime history, especially involving submarines, is that both the vessels and the people lost have disappeared forever below the waves.


With casualties on land there is invariably something tangible – whether it is the graves of the fallen or wreckage – to visibly mark the spot where something important and tragic happened. This is not the case with unlucky submariners and the craft that take them to their doom.


Today cross-Channel ferries, fishing boats and even nuclear-powered submarines pass to and fro over the spot where naval history claimed its first recorded submariner casualty.


John Day was an illiterate ship’s carpenter’s labourer from Norfolk well known for his love of inventing, despite lacking formal education or a profession. In early 1774 the 24-year-old Day achieved the remarkable feat of submerging to a depth of 30ft in one of the Yarmouth Broads.



He stayed down for at least six hours before emerging in perfect health from his vessel when the tide receded. Day had realised that wooden barrels could both keep water out and air in, so why not apply that logic to a sealed box inside a boat? All he needed was stones for ballast to sink and a means of releasing them to rise again. To go one better, and enhance his fame with financial gain, Day contacted gentleman gambler Christopher Blake, proposing a scheme that could make them both rich. ‘I have found out an affair by which many thousands may be won,’ Day wrote to Blake,3 who advanced him £350 for constructing a new diving boat. If it proved successful Day would receive a percentage of the bets placed with Blake.


The 50ft sloop Maria was adapted by a Plymouth shipwright to accommodate a watertight cabin in the hold alongside 10 tons of gravel and a further 20 tons of rock in special holders suspended from either side of the keel. The latter were connected by rods to levers within the cabin. These would be released from inside when it was time to surface. Day intended descending to 100ft where he would stay for 12 hours, using valves to let in water fore and aft to ensure Maria maintained balance as she slipped under. Seventy-five large, empty oak barrels strapped inside the hold for extra buoyancy would aid the subsequent ascent of Maria.


After a well-executed shallow plunge, Day was emboldened to go even deeper. By then a respectable sum of money had been wagered on his success or failure. Maria would make her next dive in 132ft of water and to pass the time while he sat on the bottom Day would repose in a hammock, the cabin illuminated by a wax taper. He had a supply of ship’s biscuits and bottled water in case he felt hungry or thirsty and a clock so he could tell when the time was right to surface.4 Day intended sending up a white indicator buoy to advise spectators ‘all is well’. Should he release a red buoy it meant he had declined into ‘indifferent health’. If they saw a black buoy he was ‘in great danger’.5


On 28 June 1774 Maria was towed out by the 32-gun frigate HMS Orpheus to a spot between Drake’s Island and Millbay but refused to go down until a further 20 tons of ballast was added. Maria took around five minutes to disappear, just astern of Orpheus, from whose quarterdeck specially invited guests watched. News of Day’s exploit – and possible death – drew hundreds of onlookers to the shores of Plymouth Sound, who waited expectantly for the appointed hour when he would surface



in Maria. Neither Day nor the Maria was ever seen again and there had been no signal buoys to indicate his status. Onlookers aboard Orpheus described how ‘a number of very large bubbles kept rising from the bottom, and the sea became covered with white froth for some yards round’.6 That could well have been the moment Day met his end. It is thought on reaching a depth of over 100ft the fledgling submariner discovered something he had hitherto been ignorant of. This was the ability of water pressure to crush a vessel, or at least rupture its hull enough for water to flood in. It would not have affected Drebbel in the comparatively shallow Thames, or indeed Day on his earlier Yarmouth Broads adventure, but it did pertain to the deepest part of Plymouth Sound.


The Dutch doctor Nikolai Falck suggested Day actually froze to death or was suffocated when a vacuum was created inside the watertight cabin. Falck concluded Day had ‘descended . . . into perpetual night!’7 No matter how exactly he met his end, he became the first of many thousands who would lose their lives in a diving vessel.


While innovators in England led the way in the conceptualisation and even practical development of submersible boats, the desire to harm the British state continued to motivate others. The Continental Europeans saw the Royal Navy as the primary target, for it increasingly dominated the oceans, ensuring Britain’s trade prospered at the expense of other nations.


Even so, the most serious threat from under the sea came from within the embrace of the Empire, for it was British American rebels seeking independence from the mother country who mounted the first serious seagoing attempt at a practical combat submersible.


One of those fighting to break away was David Bushnell, a pioneer in underwater explosive charges from Connecticut who had attended Yale University (graduating in 1775). He came to the conclusion that a gunpowder charge was more devastating if it exploded in the water, under a target vessel’s hull, rather than expending its force into air. A submersible craft was needed to ensure the charge could be placed below the waterline in a position to cause catastrophic damage.


Bushnell aimed to deliver a decisive blow to the very foundation of British power – the fleet that guaranteed troops and supplies could be conveyed to wherever trouble broke out in the colonies.




The vessel he created was named Turtle, though it more resembled a gigantic walnut than a water-dwelling reptile. The sole crewman of Turtle would be pursuing much the same task as combat divers since ancient times – using an auger to create a hole in an enemy vessel. In this case explosives, rather than well-aimed rocks, would exploit it. A clockwork-detonated charge would be attached and shatter the target vessel’s hull. A suitable time delay would ensure Turtle had enough time to get away without being sunk.


Putting together two large scooped-out pieces of oak six inches thick created the Turtle’s hull. A broad iron band bound them tightly together, with the seam sealed. The craft was 7ft long with a beam of 3ft and a draught of 6ft. Propulsion was provided by a pair of hand-cranked, two-bladed propellers, with one mounted on the vessel’s side for propulsion in the horizontal plane and the other on top for movement in the vertical. Steering came courtesy of a single rudder and Turtle was capped by a small, hinged copper conning tower with some windows so the pilot – squeezed into the space left among all the machinery – could see where he was going. He let water into a tank to submerge – increasing the density of the craft – and when surfacing used a hand pump to expel it (following Archimedes’ principle of reducing density). Ballast necessary to counter the craft’s innate buoyancy took the form of lead attached to the bottom. To ensure the pilot did not rapidly lose consciousness, carbon dioxide was evacuated from the Turtle via pipes. The sheer effort of manoeuvring while submerged would anyway use up oxygen enclosed in the Turtle very quickly, probably in a quarter of an hour.


The commander of the rebel American army, General George Washington, authorised funding and practical support for the Turtle project, with Bushnell’s brother Ezra volunteering as its pilot.


On the appointed day Ezra was poorly, so the mission fell instead to Sergeant Ezra Lee, one of several other volunteers. The target was to be HMS Eagle, a 64-gun ship of the line, which, in September 1776, flew the flag of Vice Admiral Richard Howe, commander of the North America Station.


On the night of 6 September Turtle was towed out from Manhattan into the Hudson River, with Eagle at anchor not far from where the Statue of Liberty stands today. Casting off, Sgt Lee fixed his gaze on Eagle through the portholes in the small conning tower. Remarkably,



if legend is to be believed, he managed to creep up to the man-o’-war without being spotted, despite Turtle going at no more than three miles an hour. Taking Turtle under the British warship, Lee was guided in the gloom by a primitive depth gauge utilising a cork float in a glass and a compass. Both the needle of the compass and the float were coated in bioluminescent Foxfire fungus. Unfortunately for the rebel cause, Lee failed to attach his charge, supposedly due to anti-parasite copper sheathing on Eagle’s hull. Alternatively, he may have attempted to drill into an iron plate that was part of the warship’s rudder mounting.


Or maybe none of it happened. The late Richard Compton-Hall, retired submarine captain, historian and also one-time director of the Royal Navy Submarine Museum, was a leading Turtle debunker. He suggested sentries pacing up and down Eagle’s upper decks would easily have spotted Turtle had the craft actually managed to get near the ship. It would probably have been impossible in such a strong current for Lee to hold position and keep drilling. Compton-Hall pointed out that Eagle ‘was not coppered until 1782’,8 so the idea that Lee was frustrated in that fashion does not match the facts.


Compton-Hall felt Sgt Lee was more likely to have just drifted on a strong tide past Eagle without mounting an attack.


According to Lee when Turtle emerged from under Eagle, he opened a vent to suck in some fresh air and was spotted. A small British boat gave chase but was deterred when he cast his explosive charge adrift and it exploded. As Lee didn’t talk about his Turtle exploits for four decades, his memories of what actually occurred were probably somewhat imperfect.


Whatever really happened it was enough to persuade the British to withdraw their blockading fleet to a safer distance, giving rebel New Yorkers more of a chance to bring people and supplies in and out.


After several further attempts to attack British warships failed, the sloop acting as Turtle’s mother ship was caught and sunk by a Royal Navy frigate; Bushnell’s submersible accompanied the sloop to a watery grave.


George Washington regarded both Ezra Lee’s original attack and Turtle’s later attempts as heroic failures. In 1785 he remarked: ‘I then thought, and still think, that it was an effort of genius.’9











3 Humane Torpedoes


The most ambitious of the early would-be underwater warriors was Robert Fulton, an American who did not let any of his supposed antipathy towards the British prevent him from travelling to London to seek his fortune.


When he first set foot on English soil Fulton was intent on becoming a wealthy portrait artist rather than a submarine inventor. By 1787 he was training in London with the renowned artist Benjamin West, a fellow American from Fulton’s hometown who, with his famous 1770 depiction of the heroic death of General Wolfe at Quebec, had won international renown.


Born in 1765, in Lancaster, Pennsylvania, Fulton combined an artist’s soul with a talent for engineering and explosives. Among other things he built while still very young was a paddle-powered craft for his friends to go fishing in and a rocket to launch in celebration of American Independence. Acquiring the arts of gunsmithing, as a teenager Fulton even made an airgun, was at one time apprenticed to a silversmith and became a skilled miniaturist.


Britain was in the late 1780s the centre for artistic, scientific and engineering innovation, so when fame and fortune as an artist proved elusive Fulton turned his attention to becoming a mechanical engineer. Fulton was especially interested in the potential for steam engines to propel commercial passenger ships. He also made himself into a well-respected expert on canals, their navigation and mechanical devices to take barges up steep inclines.


Travelling to France in the summer of 1797, Fulton intended staying only a few months before heading back to the United States to further explore canal engineering opportunities. He ended up spending seven years there, with success remaining elusive. His canal schemes frustrated, Fulton embarked on an ill-starred projects for rope-making, an important and lucrative industry during the age of sailing ships but not for the American, who failed to prosper. Still looking for his main chance he turned to devising a submersible attack craft.


The design drawings he revealed in Paris were well thought out and detailed. It has been speculated that he gained inspiration for his



submersible during an art expedition to the British fleet anchorage and convoy assembly point of Torbay in Devon.1 He may well have gazed at the warships that dominated and controlled world trade, pondering how weaker nations might deliver a devastating blow to liberate their commerce from such hegemony. A scientifically minded man like Fulton – blessed with the artistic skills to conjure up designs while also an engineering craftsman – just needed the vision and motivation to offer a solution.


He proposed a ‘plunging boat’ and might have received added inspiration – even technical advice – from Bushnell, for the Turtle’s inventor was in France at the same time. Following service as an officer in the Continental Army during the War of Independence, including at the siege of Yorktown in 1781, Bushnell had apparently vanished. There followed unsubstantiated stories about him being swept up in the French Revolution and possibly losing his life.


By the time Fulton reached France, Bushnell was making wild claims about new underwater craft, promising French authorities ‘a means quite as terrible as it was invisible to force the British to lift their blockade’.2 The French heard Bushnell vow that he would ‘undertake to drive the enemy from our shores’ and also ‘carry the war to the shores and ports of Great Britain, hereto inviolable’.3 For all his promises he was rebuffed. The French did not regard Bushnell’s proposals as realistic, especially with no evidence of Turtle ever having sunk a ship. It is entirely possible he and Fulton met in Paris. On hearing of Bushnell’s exploits, Fulton possibly thought he might succeed where the other man had failed.


In 1798 Fulton provided an insight into the higher purpose of his submarine project, writing that for America ‘a free ocean is particularly Important’. Unfortunately, he said, its prosperity and defence was restricted ‘owing to the Naval systems of Europe’, which Fulton labelled ‘licenced Robbery on the ocean’. He asked: ‘How then is America to prevent this?’ Fulton suggested the answer lay not in trying to build a fleet of warships to rival those of Europe but ‘by Rendering the European fleets useless’.4


He aimed for nothing less than making warfare at sea redundant, ensuring peace reigned and free trade prospered, with his ‘plunging boats’ wresting supremacy of the sea from the British. They would deploy



‘Torpedoes’ – floating explosive charges named after a type of electric ray that paralyses its prey with an electric shock.


Fulton felt the plunging boat and torpedo combination would shatter even the largest warship. Yet, when the American laid out his submarine proposals, the French were surprisingly unenthusiastic. They were possibly reluctant to finance the creation of a war vessel the British could seize – just as they had many French warships – and use against them.


Even so, a commission was formed to consider Fulton’s proposals. It raised severe concerns about a plunging boat’s effectiveness in war conditions and also about flouting internationally accepted rules of conflict that not even Revolutionary France dared break. Fulton decided he had to prove the point to make the French change their minds. Part funding submarine construction work by the creation of a grand panorama of Paris that people paid to see, Fulton also managed to persuade a Dutch backer to provide finance.


Fulton’s plunging boat was constructed at Rouen and launched on the River Seine in May 1800. With a copper skin on iron ribs, its construction drew on Fulton’s metallurgical skills and of course it was not the first vessel he’d built. It was, however, somewhat more complex than a fishing boat.


Christened Nautilus, his craft was more than 20ft in length with a beam of 6ft, had ballast tanks for diving and surfacing and was steered by horizontal rudders aft. Propelled under the water by a hand-cranked propeller at the stern – with a bow-mounted ‘horizontal propeller’5 to maintain depth – when on the surface Nautilus used sails, also boasting a primitive periscope and snorkel. Fulton staged a well-received public display at Paris, with an audience of thousands lining the banks of the Seine.


Yet, for all his apparent technical success, Fulton recognised that continuing with a private enterprise – including expensive sea trials out of Le Havre and an unsuccessful attempt to attack British ships – would be ruinous and pointless if there was no desire from the French to use Nautilus.


After much lobbying, on Napoleon’s authority 10,000 francs in credit was authorised to develop Nautilus and construct support vessels, though this was probably about 18,000 francs short of the actual cost.6




Napoleon insisted Fulton must base himself at Brest and, after sea trials, attack the British. In March 1801 Fulton transported Nautilus to the Breton naval dockyard and on 3 July staged a demonstration dive in the harbour. Taking it easy, he took the Nautilus down in stages, 5ft at a time, but declined to go deeper than 25ft. Fulton was wary of the effects of water pressure, showing he had taken heed of Day’s fatal error.


Nautilus was dived for an hour, the first time without internal illumination but on subsequent descents with candles lit. They tended to burn up the air contained within the craft, so Fulton ordered a design modification – windows.
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A drawing of Robert Fulton’s Nautilus plunging boat, with an inset showing how its torpedo would be attached to the bottom of the target vessel. (Reproduced by permission of Mr John Wyckoff Mettler of New York and New Brunswick, New Jersey, owner of the original drawings now in the William Barclay Parsons Collection in the New York Public Library. Courtesy Naval History & Heritage Command.)


Three weeks later Fulton carried out another dive, checking his ability to read a compass through the window light and also trialling the boat’s manoeuvring capabilities. Before the month’s end he was again at sea to observe how smoothly Nautilus might switch from surface cruising to plunging.




Once dived, at around 5ft, Fulton divided duties between himself and his three crewmates. Two worked the propulsion with the third on the helm, while Fulton acted as captain. It took about seven minutes for Nautilus to cover around 500 yards. After surfacing, Fulton took her down again. He later claimed to have successfully brought the vessel around so she headed back the way she had come. Some historians have cast doubt on this, maintaining Fulton actually discovered Nautilus was uncontrollable when dived.7


According to this view attacks would have to be carried out on the surface, with Nautilus under sail and the torpedo on the end of a long spar to ensure the explosive charge made contact with an enemy vessel’s hull. Recognising the potential for this method to sink Nautilus at the same time as the target, Fulton proposed charges should be attached. This torpedo took the form of a spike with a charge on the end of it, which was to be hammered into the bottom of the enemy hull by means of a device fitted into the small conning tower. Thanks to its clockwork detonator the torpedo would only explode once Nautilus was at a safe distance. While Nautilus appeared to have sailed well, failing to actually sink a vessel undermined the case for further investment, though Fulton did manage to destroy a small craft using a torpedo shoved towards it from a rowing boat. So that he might use Nautilus for trial attacks on the British, the French agreed to give Fulton and his assistants legal cover through naval commissions. This ruse would prevent them being hanged as pirates. Fulton was made an admiral.


He wrote to French officials in September 1801 promising to create a flotilla of submarines that could be used to blockade the Thames and principal English naval dockyards.


Napoleon showed no urgency in commissioning plunging boats. He did send word for Fulton to stage a new demonstration but the impulsive American had already broken the vessel up. He told the First Consul Nautilus had sprung too many leaks and was no longer ‘further useful’.8 Fulton sold any worthwhile metal parts for their scrap value and destroyed what remained. He feared the French would seize Nautilus and manufacture their own version without any financial benefit to himself.


Napoleon declared Fulton a charlatan and things were not helped by the new Minister of Marine, an old school admiral, taking a dim view



of submarine warfare altogether. He felt it was both impractical and of dubious legality.


The Treaty of Amiens of March 1802 temporarily brought an end to warfare between Britain and France, so the plunging boat was no longer needed. Fulton went to the Netherlands and, while he still found no interest in his submarine schemes, during a three-month stay he secretly met a British emissary. No less than the Prime Minister himself, Henry Addington, had sent ‘Mr Smith’ – a fellow American Fulton knew from his earlier time in England – to Amsterdam. Such a rendezvous could not easily take place in France due to Fulton being closely watched by government agents.


The British were well aware of his proposals to sink their blockading ships including mines attached to grappling hooks. They had decided they would far rather have him on their side than working for the French but Fulton declined the terms initially offered, putting forward his own proposals: £10,000 to return and £10,000 to actually construct a plunging boat.9 Despite the risk, ‘Smith’ came to Paris in March 1804 for further discussions, which must have been a very dangerous undertaking as Britain and France were again at war. ‘Smith’ handed over several hundred pounds as an inducement along with a letter from Lord Hawkesbury, Secretary of State for Foreign Affairs. It pointed out that the British needed proof of his plunging boat’s viability before they could hand over the sums Fulton requested.


Installed in lodgings at 13 Sackville Street, Piccadilly, Fulton used the cover name Robert Francis as he had good reason to be careful. The French had indicated that if they ever captured anyone using plunging boats or torpedoes against them the penalty would be death.


Even before he left France the American had proposed a new design to the British, which was ‘vastly superior’ to Nautilus.10 It was 35ft long, capable of matching the surface speed of a fishing boat, with a crew of six, and would carry enough provisions to stay at sea for nearly three weeks. To refresh the air it would not need to show itself above the surface, replenishing oxygen via two tubes – one ejecting foul air, the other one pulling in fresh (a process taking no more than four minutes). Fulton suggested his vessel could remain submerged during the hours of daylight and surface under cover of darkness while, for attacking purposes, it would be able to carry ‘30



submarine bombs’.11 To bring it all to fruition ‘Mr Francis’ needed £7,000 and the full assistance of a British naval dockyard. Fulton also required 100 Royal Navy seamen who could swim well. Many, if not most, sailors at that time couldn’t swim a stroke, so that was not an easy thing to sort out. He requested an experienced sea officer, plus 40 tons of gunpowder for making torpedoes. To show how dedicated he was to proving the feasibility of his proposals, Fulton promised to lead attacks against the French invasion fleets assembling in Brest and Boulogne.


Addington’s administration lost office, yielding to a government led by William Pitt, and he turned out to be more interested in torpedoes than undersea craft.


While the Admiralty felt Fulton’s submarine would eventually mature into a proper vessel of war there was no time to waste, especially with Napoleon’s Army of England massing on the French coast.


The Royal Navy might dominate the high seas – successfully bottling up enemy fleets – but it had failed to get in among the growing enemy invasion flotillas. Small raiding craft of a kind that could do so were used widely in the Mediterranean but deploying them in the Channel, with its more turbulent seas and stormy prevailing weather, was problematic.


Allied with new vessels constructed specifically for the job, including catamarans of Fulton’s devising, torpedoes might offer a means to effect the required destruction. A secret agreement was drawn up and for the next two years Fulton worked for the Admiralty. It paid him £200 a month for the exclusive use of his inventions (and also a lump sum of £7,000). This was not the end of the incentives, for if Fulton’s devices managed to sink an enemy line-of-battle ship he would be rewarded with £40,000, a substantial fortune. During a breakfast meeting with Fulton, the Prime Minister conceded the potentially transformative nature of such a weapon. Pitt felt that should it be successfully introduced into service, ‘it could not fail to annihilate all military marines [navies]’.12


Fulton’s torpedoes were used in two major attacks by the British against invasion flotillas at Boulogne and Calais, launched by his catamarans and other craft. The catamarans operated as semi-submersibles, gaining a very low profile, with the crews wearing black body suits and facemasks to further reduce visibility, but none of the raids was a



success, the majority of torpedoes failing to make contact with targets, exploding in the wrong place or not detonating.


Even placing and detonating torpedoes next to a couple of small French naval vessels served only to rock them severely and shock their crews. The force of the explosions dissipated into the air, rather than shattering their hulls.


It must have enraged Fulton that had his submarine been built and deployed, the foul Channel weather would not have mattered. A submarine would have been able to escape into the relative tranquillity below the waves and more easily deliver destruction. The torpedoes could have been detonated with the whole force of a devastating explosion exerted upwards.


As it was, the threat of invasion remained suspended over Britain, so Fulton pressed on, staging a spectacular demonstration of how powerful his torpedoes could be when used properly.


On 15 October 1805 a 200-ton brig named Dorothea was deliberately blown up off Walmer Castle, the Kent coastal residence of William Pitt, just north of Dover. Torpedoes suspended on lines designed to catch anchor cables were taken underneath the craft’s hull by the prevailing tide, with mechanical timers detonating them.


Unfortunately the Prime Minister had been called away by urgent business but senior naval officers were among those on hand to see events unfold. They included a certain Captain Kingston, who was determined to remain unimpressed. Prior to the explosion Kingston told Fulton that were he aboard Dorothea having dinner in his cabin, ‘he should feel no concern for the consequence’ of the torpedoes. With some relish Fulton later related that the explosion ‘appeared to raise her [Dorothea] bodily about six feet; she separated in the middle, and the two ends went down in twenty seconds, nothing was to be seen of her except floating fragments’. This sight had a decisive effect, with even Kingston deeply shocked. Fulton noted drily: ‘Occular demonstration is the best proof for all men.’13


The full force of the explosion had been transmitted into the water under the Dorothea, a mass of which was punched upwards to wrench her apart. To some in the British naval establishment it illustrated a cowardly and cruel form of warfare they would not entertain, but to Fulton it was an ‘experiment of the most satisfactory kind’.14


The top man in the Royal Navy, First Lord of the Admiralty Earl St



Vincent, thought the Prime Minister ill-advised to pursue such methods. St Vincent told Fulton it was foolishness ‘to encourage a mode of war which they who commanded the seas did not want, and which, if successful, would deprive them of it . . .’15
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An original engraving of a portrait of Robert Fulton as painted by Benjamin West. Engraved by W. S. Leney. In the background (left) it shows the brig Dorothea being split in two by the explosion of a Fulton torpedo. (NHHC)


Ignoring such trenchant opposition, Fulton proposed that his torpedoes should be used to destroy the primary means by which the enemy intended to wrest control of the Channel from Britain – the Franco-Spanish Combined Fleet, then lurking at Cadiz. Should this powerful force escape the Mediterranean Fleet it might enable invasion troops to be conveyed safely to England. Despite the Army of England itself having already turned east – marching to war against a coalition led by the Austrians – until the Combined Fleet was destroyed the threat of invasion was not entirely lifted.


Fulton, using his cover name of ‘Francis’, wrote to Admiral Lord Nelson on 4 September 1805, while the latter was still in England prior to taking command of the Mediterranean Fleet. The American sought to persuade Britain’s greatest naval hero to back his catamarans and torpedoes, describing the latter as ‘submarine navigation carcasses’.



Fulton told Nelson: ‘. . . it is on the application of those engines I wish to see your Lordship as I am convinced you will find the explanation of them interesting. I should be extremely happy to have a few minutes conversation before you leave Town . . .’16


There is no evidence Nelson ever read the letter but Viscount Castlereagh, Secretary of State for War, wrote to him aboard Victory off Cadiz, conveying information on schemes offered by ‘Francis’.17


Nelson confessed he had ‘but little faith’ in their chances of success, though he promised ‘Francis’ would still get ‘every assistance’ were he to be sent out to try his luck with the attack craft and ‘carcasses’.


Deliverance for Britain’s invasion arrived six days after Fulton blew up the Dorothea, with Nelson’s ships decisively defeating the Combined Fleet during the Battle of Trafalgar. There was now no need for Fulton’s torpedoes and his catamarans and certainly not for a submarine. Nelson was killed saving his nation, with those final moments depicted by Fulton’s mentor, Benjamin West, in his epic The Death of Nelson, painted in 1806.


In the aftermath of Trafalgar, the British wanted to pay Fulton to suppress his inventions, provoking him to respond furiously: ‘In fact, I will do my utmost to make it a good philosophic work and give it to the world.’ He added: ‘I shall hope to succeed in my first object that of annihilating all Military Marines and giving liberty to the Seas.’


Worn out and demoralised by trying in vain to convince two major global powers that plunging boats and torpedoes offered a decisive edge, Fulton departed England aboard a packet sailing out of Falmouth in October 1806.18


By the time Britain and America went to war with each other in 1812 – over trade disputes and the Royal Navy’s habit of impressing US-born mariners into its service – Fulton was working on schemes to attack his old sponsors. In 1810 – three years after trying and failing to interest the American government in a submarine vessel – Fulton published an account of his time in England, called Torpedo War, and Submarine Explosions. This was in blatant contravention of an agreement with the Admiralty, which required him not to publish anything for 14 years.


Fulton took the risk because he was eager for the American government to invest in his inventions. This would prove his patriotism – his habit of changing sides did not endear him to some people – and



also provide funds to pursue the long-held dream of a steam-propelled commercial passenger vessel.


Fulton proposed swarms of small boats fitted with harpoon guns. The harpoon would slam into the wooden hull of an enemy warship while a length of line attached to the other end of it would jerk a torpedo into contact, hopefully followed by an explosion. Fulton maintained the Royal Navy would have no option but to retreat in the face of the harpoon boats. In that moment, so he forecast, ‘the power of the British marine is for ever lost, and with it the political influence of the nation’. Britain would find that ‘her merchant vessels could be attacked, destroyed and her trade ruined . . . England, who has usurped the dominion of ocean . . . would be the most humble supplicant for the liberty of the seas.’19


The morality of what he was proposing troubled Fulton, with some people suggesting such warfare would be inhumane. Fulton proposed his torpedoes would be no more likely to encourage inhumane behaviour than muskets might encourage highway robbery. He felt civilised society would not allow his torpedoes to be abused but did admit ‘it is barbarous to blow up a ship with all her crew’.


Fulton lamented that this should be necessary, but pointed out: ‘all wars are barbarous, and particularly wars of offence.’


If torpedoes ‘should prevent such acts of violence, the invention must be humane’.20 Congress did ultimately fund research into Fulton’s torpedoes while he was also working on a design for a large, 80ft-long submersible named Mute. Another project aimed to create a floating fortress to safeguard New York.


A Fulton prototype submarine, or something similar, was used to attack the British line-of-battle ship HMS Ramillies in 1812. Her presence was keeping US Navy frigates trapped in harbour, but they were not powerful enough to take her on. The 74-gunner was riding at anchor off New London when a strange craft, apparently propelled by oars, made three attempts to drill into and fasten an explosive charge to her hull.


Each time the alarm was raised and the would-be assailant was seen off. Increasingly irritated by this impudent vessel’s repeated forays, the British decided to take a hundred American citizens prisoner, and place them aboard Ramillies as human shields.


The American government was advised that should its submarine



boat destroy Ramillies and her crew, it would be responsible for also killing its own citizens. This ruse worked and the Americans withdrew their annoying vessel. Other craft – showing barely anything above the water, and also armed with Fulton torpedoes – were sent against the same British flotilla, making unsuccessful bids to destroy Victorious, Plantagenet and Hogue.


In retaliation Ramillies ran her big guns out and let rip with several broadsides. Cannon balls plunged onto the small town of Stonington, which was, according to one British officer, entirely justified. It was ‘conspicuous in preparing and harbouring torpedoes, and giving assistance to the enemy’s attempts at the destruction of His Majesty’s Ships . . .’21


Fulton did not live long enough to see the end of the war with Britain. He was not lost in a submarine at sea or in fighting the British but caught pneumonia after saving a friend from drowning and died in February 1815 aged 49.


As for the other major submarine innovator of the same era, David Bushnell, after his frustrations in France he changed his name to Bush and settled in Georgia, becoming a teacher and a doctor. Keeping his previous life under wraps, Bushnell’s past as submarine pioneer only became known on his death in 1826, at the age of 86.22 Discovered in the home of ‘Dr Bush’ after his passing was a model for a new design of torpedo.23









4 A Bonnet Full of Secrets


Submarine development was incrementally moving forward with various people borrowing ideas and adding a few of their own. As a riposte to the Americans the British were said to have worked on some kind of submarine during the War of 1812. It allegedly bore startling resemblance to Fulton’s proposed improved Nautilus.


Then there is the tale of a traitorous former Royal Navy officer who, on seeing Napoleon exiled to St Helena in the South Atlantic, reportedly



offered his services (and a submarine) to enable the emperor’s escape. Napoleon expired before the submersible could sail to the rescue.


In the 1830s a Spaniard named Cervo built a spherical vessel out of timber, which vanished on its first dive along with its creator. In the same decade a French doctor named Jean Baptiste Petit took a metal coffin-shaped craft out into the Seine estuary for its maiden voyage, dived and was embedded in the mud. Petit was trapped and suffocated.


In 1850, when the German Confederation roused itself to resist Danish aggression, a Bavarian artillery corporal named Wilhelm Bauer devised a steel boxy type of submersible called Fire Diver. Its purported means of attacking and destroying the enemy was by a pair of mechanical hands to attach an explosive device to a ship’s hull.


The 27ft long, 39 tons displacement Fire Diver put to sea in the Baltic with Bauer navigating by peering through small windows in a metal snout poking above the surface. Propelled by two muscle men working a treadmill turning its screw, the strange craft’s approach scared off the Danes, who decided to withdraw and mount their blockade further out.


Fire Diver subsequently got stuck in mud on the bottom of Kiel harbour with more than 50ft of water overhead. Trapped for five hours, salvation for the three occupants came when Bauer used valves to let in water – despite efforts at physical restraint and the terrified exhortations of his companions, eager to prevent such (apparent) foolishness.


Bauer knew what he was doing. The ingress compressed the air inside the craft and increased pressure until it was equal to that of the water outside the hull. This enabled Bauer to open the hatch, with Fire Diver’s occupants shooting to the surface in what was the first escape from a submarine.


In 1853 Bauer took his designs to England, seeking backers at a time when Russia was at war with Britain and France in the Crimea, Baltic and Arctic. He found sponsorship via an introduction to Prince Albert, a fellow German interested in the possibilities offered by submarine warfare. Albert put him in touch with renowned Scottish shipbuilder and naval engineer John Scott Russell, who was working on a kind of submarine with the engineering firm of Fox & Henderson, which was famous for having constructed the Crystal Palace.


Bauer was employed at the Millwall shipyard on the Thames, where



Russell was building a massive steam-powered paddle steamer called the Great Eastern in partnership with Isambard Kingdom Brunel. When not working on the Great Eastern, Bauer honed his own designs.


Russell’s private venture prototype submarine was modelled on a diving bell that would sink to the bottom, after which its crew would walk it along the seabed. It was suggested divers could deploy from it to attach explosive charges to the sea walls of the Russian naval fortress of Kronstadt in the Baltic. During a test in the Thames the submarine-diving bell followed the familiar pattern of diving and not coming up again. Stuck in the mud, its two crewmen perished. Meanwhile, Bauer became paranoid that someone was sneaking into the Millwall drawing office late at night to plagiarise elements of his design. Angrily accusing Russell of ripping off his hard work, Bauer decamped to St Petersburg, determined to help Britain’s enemies. In 1854 he unveiled Sea Devil, a sausage-shaped craft almost double the size of Fire Diver. It could accommodate a 13-strong crew, employed primarily in operating a screw using a treadmill. Ballast tanks were operated by hand pumps, a laborious and inexact process. Successfully completing more than 130 dives – straight up and down affairs but with some bottom slithering – Sea Devil’s most notable exploit came in September 1856. She submerged carrying a musical quartet that serenaded Tsar Alexander II from beneath the waves to celebrate his coronation.


When it came to a practical demonstration of war-fighting potential Sea Devil failed. Bauer was asked to attack and sink a redundant vessel in Kronstadt harbour using a large mine containing 500lb of explosives. This required a crewman to stand in the nose of the vessel and insert his arms into a pair of rubber gloves attached to the outside of the hull. Via these he was meant to unclip an explosive charge and fix it to the hull of the target. Navigating more or less blind, using only a compass, Sea Devil hit a mud bank. Unable to make further progress she eventually extracted herself from trouble by surfacing but then sank as water poured into an open hatch, fortunately without taking Bauer or his crewmates down too. Salvaged and restored to operation, Sea Devil was lost permanently in mysterious circumstances, possibly scuttled by order of senior Russian officers. They had suffered quite enough hare-brained proposals from the upstart Bavarian. Wandering around Europe looking for other backers, Bauer made a bid to interest Emperor Napoleon III of France in a submarine but this came to nothing.



He returned to Bavaria, where he died in 1875, like Drebbel before him forgotten and poverty-stricken.


When war ripped the United States apart, with brother Americans pitted against each other, there would be a sudden enthusiasm on both sides for unconventional warships.


The Civil War started in April 1861, when the army of the southern Confederate States, which had seceded from the Union that February, bombarded Fort Sumter, guardian of the gate to the South Carolina port of Charleston. Thereafter, the US Navy, also known as the Federal Navy, sought to strangle the Confederacy’s maritime trade, imposing a blockade to ensure the agrarian South could not export its cotton or import crucial supplies and tools of war. In reply the South constructed blockade-running ships, some of them, much to the fury of the North, built in England.


Finding it increasingly difficult to break the blockade, the South turned to submarines. In October 1861 intelligence was received in the North from an agent in the South, revealing construction of a small four-man submersible. This alarming news had been obtained because the Director of the Federal Secret Service, Allan Pinkerton, had sent Mrs E.H. Baker to become the North’s mole in Richmond, the Confederate capital. Her specific mission was to discover all she could about the South’s torpedo and submersible schemes. Although she had most recently been with Pinkerton’s Detective Agency in Chicago, Baker was a native of Richmond and soon rekindled old friendships.


Introduced to a Confederate officer and his wife, they got along so well that the couple offered Baker lodgings. She expressed curiosity in submersibles and, flattered by her interest, the officer invited her to tour an ironworks where a number of weapons projects were underway.


When the ironworks visit was postponed, due to the officer being required to observe trials of a submersible in the James River, it was a fortuitous turn of events. The Confederate officer invited both his wife and Mrs Baker to accompany him.


They witnessed the craft submerging about half a mile down river from a vessel playing the target, a large scow (flat-bottomed cargo vessel). Onlookers were only able to tell where the submersible was thanks to the progress of a dark green-painted float, which enclosed an



air hose. This was a snorkel of the kind advocated by previous submarine innovators but now effectively put into practice.


Using binoculars Mrs Baker saw the float had stopped moving a little way from the target. What she couldn’t see was that a diver had exited the submersible and attached a torpedo to the bottom of the scow. The float began moving away from the target, the submersible still connected to the torpedo by a long wire that unreeled behind it. This would enable electrical detonation at a safe distance.


After a pause there was a massive explosion, the scow lifting into the air and then sinking, provoking loud cheers from spectators. With a craft such as this to destroy blockading warships, the South’s fast steamers packed with cotton would soon be sailing in safety for England.


Mrs Baker was doubly alarmed to learn she had only seen a small prototype of a larger submersible. To communicate this imminent danger to the North, on returning to her lodgings she immediately retired to her room in order to begin composing a report for Pinkerton.


After a subsequent tour of the ironworks, when she saw the other vessel, Baker also made sketches. These were carefully folded up and, along with the report, sewn into a bonnet. Claiming that being so close to the horrors of war was causing her too much distress, Baker left Richmond, telling her hosts she was returning to Chicago. She actually met Pinkerton at Fredericksburg to hand over the bonnet.


After seeing its secrets Pinkerton decided ‘there was no longer any doubt that the submarine . . . could be used with deadly and telling effect on the ships constituting the Federal blockading squadron’.1 He went to see both General George McClellan, commander of the Army of the Potomac, and Secretary of the Navy Gideon Welles to brief them.


An attack by a Confederate submersible on the USS Minnesota, lying off Hampton Roads, in October 1861 almost succeeded but the torpedo could not be attached. The submersible withdrew but was spotted by sailors aboard Minnesota, who later boasted to reporters about their narrow escape. A Northern newspaper subsequently claimed that the Confederate craft had a crew of two, possessed a screw propeller, used a rudder to steer itself and had a system of water ballasting to go up and down. It used a compass to navigate and a ‘velocimeter’2 to report distance travelled. A snorkel device to pull in air was also mentioned. Such a level of detail could only have been leaked to the press by Pinkerton.



Union naval forces were instructed to watch out for green floats and use grapples to drag the James River, hopefully snagging the air hoses of Confederate submersibles. A few weeks later Pinkerton received a report claiming a blockading warship had ‘caught the air-tubes and this effectually disabled the vessel from doing any harm, and no doubt drowning all who were on board of her’.3 Newspapers claimed that the attack was foiled due to pure chance but Pinkerton observed: ‘I knew much better and that the real credit of the discovery was due to a lady of my own force.’4









5 Troublesome Alligator


Finding an effective means to wage submarine warfare was, not surprisingly, also an aspiration for the North’s navy. The story of how it constructed its first submersible was initially marked with indifference to, and then suspicion of, the proposed design.


On 8 March 1861 an enterprising French immigrant named Brutus de Villeroi wrote to President Abraham Lincoln proposing a submarine boat that would carry out reconnaissance of the enemy coast and ‘land men, ammunition, etc., at any given point, to enter harbors’.1


De Villeroi claimed his craft could also accomplish intelligence-gathering and ‘carry explosive bombs under the very keels of vessels’. All this would be achieved ‘without being seen’.2


The Frenchman assured Lincoln ‘a few such boats’ could guarantee that ‘the most formidable fleet’ was ‘annihilated in a short time’. These boasts were in keeping with the Frenchman’s description of himself as a ‘natural born genius’.3 The President – who frequently received offers of wonder weapons and was not above inspecting some of them – failed to absorb the intellectual brilliance of de Villeroi and ignored the letter.


De Villeroi had actually been in the submarine inventing business for many years and had already taken a vessel under water. Born at Tours in 1797, he grew up to become a professor of drawing and mathematics



at Nantes who allegedly taught a young scholar named Jules Verne in the early 1840s. Even if he never actually took a lesson with de Villeroi, the future visionary novelist could not help but be aware of the professor’s exploits, which were eagerly reported by newspapers.


By the 1830s de Villeroi was experimenting with a fish-shaped submarine. Operated by a crew of three, this craft – a mere four feet in diameter and about ten feet long with a submerged endurance of around an hour – demonstrated its diving prowess by retrieving rocks and seashells from the seabed. It possessed a retractable conning tower, and propulsion was provided by three sets of duck’s feet-shaped paddles. A sealed ball and socket arrangement enabled them to be manipulated from inside. Dubbed the Waterbug, it was steered by a large rudder and to provide ballast water was taken in or hand-pumped out via a lever and piston system.


Admiral Sir Sidney Smith, who had encountered Robert Fulton in the early 1800s, was hired by the French government to inspect de Villeroi’s creation. As a fugitive from Britain, where he risked being gaoled for gambling debts, it was welcome paid work for Sir Sidney. After witnessing a demonstration in 1835, he chaired a commission to decide the Waterbug’s viability. The resulting report expressed dissatisfaction, claiming it was not a realistic means of waging war. Although interest was aroused in the Netherlands, no contracts were forthcoming. Never one to give up easily, a further attempt was made by de Villeroi to get the French Navy to use his craft during the Crimean War, but his proposal was again declined. Seeking more productive horizons, in 1856, at the age of 59, de Villeroi emigrated to the USA with his family.


Despite President Lincoln’s lack of interest, de Villeroi saw the Civil War as a fantastic opportunity and in May 1861 took a new cigar-shaped craft out on an audacious trip along the Delaware River.


With its black, humped back cutting through the water and a row of deadlights peeping just above the surface, it exerted a sinister, animalistic presence. A waterborne police investigation team under the command of Lieutenant Benjamin Edgar set off to locate and apprehend the vessel and arrest its occupants. When questioned, de Villeroi explained he was merely showing the craft off to provoke interest. He claimed that naval officials were expecting it, but when consulted they denied all knowledge.


Experts were sent to make an inspection, discovering an iron-hulled,



cylinder-shaped craft that could accommodate a crew of 12. There was an air lock permitting divers to exit and return while it sat under a target. When interviewed by the navy, de Villeroi proposed entering the Confederate naval base at Norfolk to destroy shipping. He should not be paid any bounty if the mission failed, though he would require funding to design and produce a vessel specifically for naval use.


In November 1861 de Villeroi got what he failed to find in his native land – a contract to construct a proper undersea combat vessel. Yet, far from realising his long-cherished dream, the French inventor was plunged into a nightmare.


The US Navy gave de Villeroi only 40 days to build his submarine and get it ready for action. He had previously suggested he could build several submarines ‘promptly’, but could never have imagined such a tight time frame.


The appearance of the formidable ironclad warship CSS Virginia was piling the pressure on. She was a reconstructed captured steam warship, the Merrimack, which had been abandoned at Norfolk Navy Yard, burned to the waterline by retreating Federal forces. Her machinery and propulsion had been left in working order and once rebuilt and rechristened she looked likely to be invulnerable to cannon fire. While the North was proceeding apace with its own ironclad – the future USS Monitor – perhaps striking up through Virginia’s vulnerable hull could destroy her? For that purpose a submersible seemed ideal, hence de Villeroi’s proposal looked enticing.


His decision to recruit an entirely French crew hurt American naval pride and won him quite a few enemies. De Villeroi said he did this not because French mariners were better, but rather to be ‘sure of their fidelity and obedience’.4 He feared Americans might give submarine secrets away because of divided personal loyalties between North and South.


As the deadline for delivery came and went, de Villeroi’s conduct became erratic and the US Navy grew increasingly impatient.


De Villeroi fell out with an American contractor he was relying on to help construct the submarine, complaining materials to complete the interior were not forthcoming. Even his French crew wanted rid of the autocratic inventor and the Americans feared that, actually, it was de Villeroi who would talk to other nations about his submarine.



The inventor again wrote to President Lincoln, this time demanding to be made absolute commander of the project. For the second time he received no direct response and the US Navy sacked him from the project.


In May 1862 a new, all-American crew was enlisted along with an expert in underwater demolition, possessing good knowledge of ‘electrics’ and ‘submarine explosions’,5 who was selected as Superintendent.


Fifty-two-year-old Samuel Eakins was a former army ordnance expert who had seen action in America’s Far West and was also a onetime silversmith and jeweller. He had recently spent 18 months clearing warship wrecks at Sevastopol and was well versed in how to detonate explosives by electronic means and also underwater weaponry. In 1859 Eakins had, with a colleague, patented an underwater cannon triggered by an electric battery for blasting rock. He seemed to be the perfect mix of hands-on experience and willingness to experiment with new technology.


With the craft’s inventor divorced from the project and Sam Eakins in charge, the North’s new submarine was launched in May 1862. At 47ft long, with a beam of around 4ft, hand-operated paddles propelled Alligator, though de Villeroi’s earlier prototype had used a single screw at the stern.


With a submerged displacement of 350 tons the deepest Alligator could go was 50ft. Requiring 22 sailors – 18 of them as oarsmen, with two helmsmen and a pair of divers – the green-painted vessel departed under tow in June.


The Alligator’s primary target was by then gone, for the Confederates had scuttled CSS Virginia on being forced to withdraw from Norfolk. Alligator would instead try to attack enemy shipping on the James River. Following the Confederacy’s own practice, Alligator’s divers aimed to attach torpedoes to the hulls of target vessels. A long cable was to be unreeled back to the submarine and, having recovered the divers via the airlock, Alligator’s commander would trigger electrical detonation.


There was another change of plan, with Alligator’s underwater warriors reassigned to clear obstructions in the James River and make a foray to destroy the Petersburg Bridge on the Appomattox River. This would sever a vital railway link with the Confederate capital, which would then be starved of supplies. It turned out the Appomattox was not navigable by Alligator, clogged as it was with all manner of



wreckage. She would not be able to dive, barring any hope of deploying in stealth (her only defence). Alligator needed clear water more than seven feet deep to fully submerge. Should she remain on the surface Confederate forces could easily hit her with cannon and rifle fire. It was feared Alligator might become trapped in fishing nets, be captured and then be used to attack the North’s warships, including Monitor. She was a liability and in early July 1862 was ordered back to Washington Navy Yard.


De Villeroi surfaced that August, full of injured Gallic pride and seeking redress. Utterly humiliated, with his prize creation taken brusquely off him, he was also out of pocket and fired an angry letter at Navy Secretary Gideon Welles, demanding payment for his services.


He was affronted by the fact that even the French crewmen he’d engaged received something for their trouble while he – the creator of the vessel! – got nothing. The US Navy considered de Villeroi was in breach of contract so still refused to pay him anything.


Shortly after Alligator’s return to Washington, Eakins departed and so did the crew, with a new batch of American sailors assigned and a fresh Commanding Officer appointed. Alligator’s new captain, Lieutenant Thomas Selfridge, was not impressed with the craft. Among many defects, it was especially discouraging that the air purifier was broken. The secret of how exactly it worked had been lost to the US Navy when it parted ways with de Villeroi. Instead, Alligator was to be fitted with an air compressor to provide oxygen for the crew and divers. Further sea trials were scheduled to prepare for an attempt to sink two Confederate ironclads, the Chicora and Palmetto State. Selfridge thought the prospects of success were zero and regarded Alligator as a death trap, which struggled to even dive properly or obtain neutral buoyancy. The propulsion system was ineffective and unable to overcome strong tides. Her submerged mobility consisted of nothing more than sinking to the seabed, with Selfridge praying Alligator would surface when required.


His anxiety was reinforced by a near disaster. Successfully diving and surfacing Alligator, he made course for home, but her bow suddenly dipped. The crew was gripped by panic, fearing they were about to drown. Selfridge, piloting from the conning position on the hull, shouted reassuring words down the hatch to calm the men and ordered them to climb up and out one by one. With the bow still under



water, Alligator drifted, her men clinging on to the hull. Fortunately a tow back to harbour was obtained from a passing vessel. Despite this mishap, Selfridge and his men persevered, but Alligator only ever had enough air for an hour submerged. This was not enough to complete any war task while the lock-out chamber did not work, at least not without potentially drowning the poor soul put into it.


Selfridge was grateful to be relieved of command and eagerly departed, with Eakins brought back as Superintendent. He requested a refit in an attempt improve Alligator’s capabilities. In Eakins’s view the paddles were a huge error. They were ineffective, requiring a large number of men to operate them and in the most trying of circumstances. They were replaced with a hand-cranked screw, requiring fewer crew and improving the vessel’s speed to 4 knots.


In early 1863 Alligator put on a show for President Lincoln, cruising up and down and even diving below the Anacostia River. Orders were issued for her to attack Confederate ironclads and help subdue Fort Sumter.


Alligator was towed south by a steam warship named USS Sumpter, departing on the last day of March 1863. Three days later they were enveloped by a savage storm off Cape Hatteras, with Sumpter taking in water and her galley funnel torn away. As she was twisted by the storm, Sumpter’s engines came close to giving out, due to the sheer effort of trying to keep the ship head-on into gigantic waves.


Alligator pitched and yawed alarmingly, and the glass in her portholes smashed, allowing the sea to pour in. The port hawser parted and it was clear the starboard one might not hold much longer. In the meantime Alligator might sink and pull Sumpter down with her, so she was cut free and disappeared below the heaving ocean.


Shunned by the Americans, in the spring of 1863 de Villeroi wrote to Emperor Napoleon III offering a new, 125ft-long submarine armed with giant saws and guns. The emperor asked for blueprints, which were studied by his naval experts. In June 1863 a commission set up by imperial order delivered a crushing verdict, judging de Villeroi’s vessel ‘completely unnavigable, the artillery could not work, and the saws would never have any useful purpose . . . de Villeroi’s project cannot sustain the kindest scrutiny and as a consequence NO follow-up action should be given to this submission’.6




The French preferred to persevere with their own boat, Le Plongeur. Designed by Captain Siméon Bourgeois of the French Navy, she was launched at Rochefort in May 1863. This impressive craft followed the cigar-shaped pattern and was around 126ft long, displacing 450 tons on the surface. Using a compressed air propulsion system, Le Plongeur was capable of 4 knots on the surface but with enough compressed air stored aboard for only two hours’ cruising. The compressed air was also used to expel water from her ballast tanks and to keep her crew alive while submerged.
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A nineteenth-century engraving, depicting the French submersible Le Plongeur. (AJAX Vintage Picture Library)


Le Plongeur’s maximum diving depth was 30ft and a spar torpedo attached to her prow provided her armament. Very hard to handle, according to one account when dived she ‘pitched wildly like a porpoise’.7 The French Navy grew tired of trying to make her work and decided submarines were a dead end.


Meanwhile, having again been rejected by his native France, de Villeroi died in Philadelphia on 24 June 1874, aged 81, his health having been poor for some time. Attempts to find and recover the Alligator have continued to this day. The most recent – by the Office of Naval Research (ONR) – was staged in 2005, but Alligator remains lost in a stretch of the ocean known to mariners as ‘The Graveyard of the Atlantic’.











6 The Murdering Machine


Before the Civil War James McClintock was the youngest riverboat captain on the Mississippi, also displaying a talent for engineering design.


It was as he witnessed the stranglehold of the North’s blockade of the South growing tighter that McClintock became ever more determined to take action, proposing a new kind of submersible.


Pioneer was built at New Orleans in 1862, with 39-year-old McClintock and his partners awarded a Letter of Marque by the Confederate government. This permitted them to operate the vessel as a privateer – basically, a licensed pirate ship protected by international law in the pursuit of capturing or destroying enemy vessels, both on the open ocean and up rivers.


With a three-man crew – two of them to hand-crank a propeller, and the other operating the rudder and hydroplanes – Pioneer was navigated by compass, McClintock admitting she was otherwise blind while submerged.
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James McClintock, who played a leading role in creating Hunley. (Courtesy of US Naval Historical Foundation/NHHC)


Despite this, in the spring of 1862 Pioneer proved her effectiveness by successfully diving and during a practice attack used a torpedo to sink



a barge on Lake Pontchartrain. Before Pioneer could be unleashed on the enemy, New Orleans fell to the Union and she was scuttled. The US Navy salvaged Pioneer but did not press her into service, though studies were made of the design.


Elsewhere the South constructed and deployed ultra-streamlined, steam-powered torpedo boats called Davids to take on the northern Goliath. They possessed such a low freeboard that only their funnels, a conning position and a small part of the hull were visible above water. Substantial bounties were offered to anyone brave, or foolhardy, enough to take one into action. Using a spar torpedo, they were not very successful though a David did damage the USS New Ironsides.


There had to be a more effective way of attacking Union blockaders and so the men behind Pioneer decided to try again, with Horace L. Hunley, a New Orleans lawyer and cotton trader sorely affected by the North’s blockade, coming aboard again as one of the principals. By May 1862, McClintock, Hunley and Baxter Watson – another Pioneer partner and owner of a machinery workshop – were at Mobile, Alabama, developing a new craft named American Diver. Taken out for sea trials under tow, she sank, fortunately with no casualties. Undeterred by this mishap, McClintock, Watson and Hunley pressed on with another submersible, partly funded by E.C. Singer of the sewing machine family. This led to the enterprise being dubbed the Singer Submarine Corporation.


An adapted boiler tube with tapered ends, the new craft displaced eight tons dived and was 40ft long, with a beam of 3ft. She was given ballast tanks (both stern and aft) enabling her to assume the negative buoyancy necessary to enable burly crewmen working a hand-cranked screw to drive her under. Conversely, once water had been expelled from the tanks and air admitted, they were theoretically able to propel her back to the surface. There was a large rudder and she also possessed hydroplanes forward to help her dive or surface, depending on their settings.


The CSS H. L. Hunley, as she was christened, was not blessed with longitudinal stability. Any major shifting around inside by her crew or a sudden ingress of water into the forward ballast tank would cause her to make a dramatic dive. This tendency would eventually prove fatal. An iron drop weight secured to her bottom kept Hunley floating right-ways up, while for navigation there were two stubby conning towers



with glass scuttles, one forward and one aft. Not much more than hatch coamings, these were the only means of entry and exit. A crude snorkel was provided to draw in fresh air.
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Cutaway drawings of the Confederate diving boat Hunley, as published in France, and based on sketches by William A. Alexander. (NHHC)


Man-powered propulsion was not necessarily the first choice. McClintock had pushed for an electromagnetic engine when designing American Diver. While it did not work out then, he hoped it would in Hunley. Sending an undercover agent to New York to buy the electromagnetic engine was proposed, but rejected on security grounds. Should that person be caught, details about the project would probably be given away under interrogation.


The steam engine alternative posed huge challenges – air needed to be taken in for the fuel to burn in the boiler, smoke had to be evacuated, fumes expelled and heat dissipated. Steam pressure might offer a solution. The craft was only intended to dip below a target vessel for a short period, towing a torpedo that would explode on contact after the submersible was safely on the other side. Prior to diving, the boiler fire would be extinguished and the funnel collapsed, tucked away and sealed off. The craft would be propelled while under the water using latent steam pressure.


This seemed much too complex and McClintock and his partners picked the safest, simplest option: a man-powered screw. It would prove capable of driving Hunley at 5 knots through the water ‘without exertion to the men working her’.1 The idea of a towed torpedo was abandoned when, after a trial run in Charleston Harbour, the cable got



wrapped around Hunley’s screw. Ultimately a spar torpedo was to be used.


A key player in the endeavour, both on American Diver and Hunley, was English-born Lieutenant William Alexander, who had only emigrated to the USA from Britain two years earlier.


A mechanical engineer by trade, he had become an officer in the 21st Alabama Volunteers, which was blessed with a high proportion of mechanically minded troops. Alexander’s men were ordered to assist in the fabrication of the new submarine, which like Pioneer would operate under a Letter of Marque to provide a return on the investment.


Launched in July 1863, Hunley was sent to Charleston by rail the following month as the best hope to break the blockade of the port.


Preparations were made for a night attack on an enemy warship – including providing Hunley’s crew of civilian volunteers with Confederate Army uniforms so they would not be hanged as pirates if captured.


In the meantime, with the siege of Charleston growing ever tighter and frequent bombardments of the city by enemy warships, the local military commander grew tired of waiting for Hunley to strike a blow.


The vessel was seized and handed over to the Confederate Navy. Lieutenant John A. Payne, an experienced officer who had served in the ironclad CSS Chicora, was put in command, with a volunteer crew drawn from gunboats. Misfortune struck on 29 August, after Payne had carried out a series of successful dives and ascents to determine how to handle Hunley safely and was heading back to a pier at Fort Johnson. In the approaches to it, or while being secured alongside, Hunley came to grief.


Her horizontal rudder was accidentally set to dive while her hatches were open. Lieutenant Payne immediately escaped though Charles Hasker, another Englishman and recent immigrant, was trapped when the forward hatch shut on the calf of one of his legs. Taken down 42ft to the bottom, Hasker showed extraordinary cool. He waited calmly until Hunley was full of water, so the pressure inside and outside the boat equalised, then lifted the hatch off his leg and swam to the surface. Two other men managed to escape through Hunley’s aft hatch, but five were drowned. She was raised on 14 September, after which the grim business of removing decomposing corpses began, with half a box



of soap and scrubbing brushes procured for the purpose of making Hunley clean.


McClintock had taken Hunley out on several occasions and believed the fault was not with the vessel but rather her crew suffering from ‘want of sufficient knowledge’.2 Hunley himself decided to restore confidence by going out on 15 October with a new crew, to make a practice attack against a Confederate vessel. Hunley dived and didn’t come up, having buried herself nose first in the thick sticky mud of the Cooper River. At Confederate military headquarters, the Journal of Operations noted sombrely: ‘As soon as she sunk air bubbles were seen to rise to the surface of the water, and from this fact it is supposed the hole in the top of the boat by which the men entered was not properly shut. It was impossible at the time to make any effort to rescue the unfortunate men, as the water was some 9 fathoms deep.’3


Everybody aboard was killed and when Hunley was recovered the sights within were ‘indescribably ghastly’ according to one senior Confederate officer. The crew lay contorted ‘into all kinds of horrible attitudes’ and clutched candles, presumably to try and see where the hatches were (an error as it only consumed oxygen more swiftly). Their faces were blackened and ‘presented the expression of their despair and agony’.4


Hunley was found slumped under the forward hatch, as if he had been trying to open it, a hopeless task due to exterior water pressure. Once the corpses were removed, a group of slaves was brought in with brushes, buckets of hot water, soap and also lime to once again give Hunley’s insides a good scrubbing.


A fresh Commanding Officer was appointed, Lieutenant George Dixon, a former steamboat captain now of the 21st Alabama Infantry. He could not have been reassured by the nicknames given to his new command, including ‘The Murdering Machine’ and ‘The Peripatetic Coffin’.


Alexander was made second in command of Hunley, her two officers resolving to raise a new crew and take the craft into action as soon as possible. Visiting the floating barracks Indian Chief, Dixon and Alexander were obliged not to hide the grim facts of Hunley’s record but volunteers still stepped forward.











7 First Kill


The North’s commanders were well aware of the Hunley threat thanks to information provided by Confederate deserters. From aboard his steam flagship USS Philadelphia, Rear Admiral John Dahlgren, commander of the South Atlantic Blockading Squadron, issued orders for ‘defensive measures against Confederate torpedo boats’.1 He decreed that netting should be weighted down with shot and dropped over the sides of vessels. Lookouts must be vigilant at all times, with ships’ guns loaded with canister shot and ready to fire. Calcium lights were to be made available for illuminating surrounding waters. Dahlgren instructed: ‘It is also advisable not to anchor in the deepest part of the channel, for by not leaving much space between the bottom of the vessel and the bottom of the channel it will be impossible for the diving torpedo [sic] to operate except on the sides . . .’ Dahlgren added that keeping to shallower water would mean ‘less difficulty in raising a vessel if sunk’.2


Meanwhile, on the other side Dixon and Alexander had been working hard, each afternoon setting out for a seven-mile hike along the shore heading for Hunley’s base at Battery Marshall. This, according to Alexander, ‘exposed us to fire, but it was the best walking’.3 After a few hours of practice with Hunley in safe waters, the two officers would head off to lie on the beach, using a compass to take bearings on Federal warships as they went to their night anchorages.


Taking Hunley out as often as possible after dark – an average of four times a week between November 1863 and late January 1864 – they tried to make attacks, but each time were defeated by the prevailing wind and sea conditions. On one occasion, when testing Hunley’s submerged endurance by putting her on the bottom – watched by dozens of curious Confederate soldiers lounging on the shore – the remarkable time of two hours 35 minutes was clocked up. Candles were burned as an indicator of oxygen – or lack of it – inside Hunley’s hull and they had gone out just 25 minutes after diving. Despite this, not one of Hunley’s men wanted to admit he was struggling. The rule was that the craft would not surface until all nine men aboard agreed, each in turn gasping: ‘Up!’4


Finally, unanimity about the need to surface was achieved. After



clearing seaweed clogging the ballast tank pump the boat ascended and the hatches were opened. ‘Fresh air! What an experience!’ exclaimed Lt Alexander, who was first onto Hunley’s hull. ‘It was now quite dark, with one solitary soldier gazing on the spot where he had [last] seen the boat until he saw me standing on the hatch coming [sic], calling to him to stand by to take the line.’ The soldier shouted back that Hunley and her crew ‘had been given up for lost’.5


While Lt Dixon commanded Hunley when she finally went into action against the enemy on the night of 17 February 1864 – the wind was favourable and sea conditions much improved – Alexander was not his second in command. He had been ordered away to Mobile to build ‘a breech loading repeating gun’ and felt it ‘a terrible blow’.


It fell to Captain Joseph Green, Commanding Officer of the steam sloop USS Canandaigua, off Charleston, to convey the momentous news to Navy Secretary Gideon Welles.


‘SIR: I have respectfully to report that a boat belonging to the Housatonic reached this ship last night at about 9:20, giving me information that that [sic] vessel had been sunk at 8:45 p.m., by a rebel torpedo craft.’6


Canandaigua slipped her cable and headed for the Housatonic’s anchorage, arriving a quarter of an hour later. Green discovered Housatonic sunk on an even keel with her hammock nettings – the place just above the upper deck where sailors placed their hammocks to air – actually below water. Two of Housatonic’s boats had been launched and were packed with survivors. Canandaigua lowered her own boats, rescuing 21 officers and 129 men but four of Housatonic’s crew were missing and feared drowned (a junior officer and three sailors). Green found Housatonic’s Commanding Officer, Capt. Charles Pickering, ‘very much, but not dangerously, bruised, and one [other] man is slightly bruised’.7


Pickering was so shocked by the manner in which his ship had been lost that he was quite unable to make a report.


It was Housatonic’s second in command, Lt F.J. Higginson, who drafted an account of how the sloop was sunk. ‘. . . the officer of the deck, Acting Master J.K. Crosby, discovered something in the water about 100 yards from and moving toward the ship,’ revealed Higginson. ‘It had the appearance of a plank moving in the water. It came directly toward the ship, the time from when it was first seen till it was close alongside being about two minutes.’8 Crosby thought it looked ‘like a



porpoise, coming to the surface to blow . . .’9 The upper deck sentries discharged their weapons at the object, which appeared to be emitting a faint light.


Both Higginson and Capt. Pickering rushed on deck and fired their small arms – in the captain’s case a double-barrelled shotgun loaded with buckshot. Ensign Charles Craven leaned over the side to fire his revolver at the attacker, another futile gesture.


Pickering ordered the ship to get underway, as steam pressure was always maintained to ensure Housatonic was ready to move at any moment. ‘During this time the [anchor] chain was slipped, [steam] engine backed [taking the ship astern] and all hands called to quarters,’ Lt Higginson reported. ‘The torpedo struck the ship forward of the mizzenmast, on the starboard side, in a line with the magazine. Having the after pivot gun pivoted to port we were unable to bring a gun to bear upon her. About one minute after she was close alongside the explosion took place, the ship [which had managed at most four turns of the screw] sinking stern first and heeling to port as she sank. Most of the crew saved themselves by going into the rigging, while a boat was dispatched to the Canandaigua.’10


Prior to the explosion the attacker had stopped, presumably placing the spar torpedo against the Housatonic’s hull, then backed off. The spar had a hinge so that it could be tilted and poked under the target vessel, leaving the charge below the waterline. Its barbs stuck into the wood enabling it to remain in place while the boat withdrew. Once the charge detached itself from the spar and was hooked into Housatonic, a detonator cable most likely unspooled between it and Hunley.


The plan was for Dixon to set the charge off when Hunley was out of the blast zone. While there was 150ft of cable, it is suspected there was a problem and Hunley failed to get far enough away before the explosion.


Recent research has suggested the charge – containing 135lb of explosive – may not actually have detached and Hunley was only 20ft away from Housatonic when detonation occurred.11


Bearing in mind the casualty rate she had previously racked up when venturing to submerge, there are those who suggest Hunley’s attack was made on the surface, using cover of darkness as best defence.


In the view of one historian this ‘in no way robs Hunley of title to the first wartime sinking by a submarine’,12 for in years to come surface attack would be the favoured method of attack for submersible craft.




It has been speculated that Dixon commanded the entire mission with his head and shoulders poking out of the fore hatch, with a candle lit so he could see the compass. This may have been the light the men of Housatonic saw. Alternatively, Hunley dipped under for part of the attack. One of Housatonic’s men, looking over the side of his ship, had noticed only ‘a tide ripple on the water’.13 Or maybe only Dixon’s viewing ports were above the water with the hatch tight shut. Capt. Pickering saw something ‘shaped like a large whale boat, about two feet, more or less under the water’.14 A definitive answer is not available as none of Hunley’s men survived. The loss of yet another crew brought the total number of lives claimed by ‘the murdering machine’ to twenty-one.


Rear Admiral Dahlgren was sorely embarrassed by the Confederate success but mightily relieved it was not worse, reporting to Gideon Welles by letter on 19 February: ‘Happily the loss of life was small.’15 In terms of casualties Hunley’s attack may have achieved minor impact, but as the herald of a new form of warfare it was epoch-making.


The psychological and tactical effects of Hunley’s successful foray against Housatonic, and the exploits of other Confederate submersibles, were significant if not strategically decisive. A state of fear was experienced in the South Atlantic Blockading Squadron, which found the constant vigilance wearing. Its ships were forced to withdraw out to sea at night, so opening up the possibility of Confederate vessels slipping through to, or out of, Charleston. The Hunley attack had achieved its aim.


What exactly happened to Hunley would remain unclear for 131 years.


After the war the famous showman P.T. Barnum offered $100,000 to anyone who could find Hunley but it wasn’t until 1995 that an expedition funded and led by the novelist Clive Cussler – using the latest sonar technology – located her. Hunley was just beyond Charleston Harbour, covered by sand and silt. This showed that the explosion had not immediately sunk her, for the wreck was some distance from where Housatonic went down. It has been suggested that the torpedo explosion compromised Hunley’s watertight integrity and she was ultimately overwhelmed as she headed for home.


In August 2000, a Remotely Operated Vehicle (ROV) skimmed low over the wreck and Hunley was revealed to the world for the first time



since 1864, with both hatches tight shut. She was soon recovered and is now undergoing a careful process of investigation and preservation. The crew’s remains were removed in 2001.


One telling piece of evidence suggests the blast impact from the Housatonic attack was severe enough to have potentially buckled her hull plates and let in water. An 18-carat gold pocket watch made in Liverpool for Lt Dixon was found, which may have stopped due to shock at the same time as the explosion. There is no way of telling if its hands are permanently frozen at 8.23 in the morning or at night (in other words, whether or not it stopped prior to the attack or during it).


However death came, the remains of the crewmen were found at their action stations, rather than tumbled together underneath the hatches. This suggests they calmly met their ends rather than fighting to escape.









8 Captain Nemo’s Monster


In the wake of the Housatonic sinking the US Navy was flooded with proposals for submarines and newspapers around the world regaled their readers with stories of strange undersea machines.


Firing the public’s imagination in 1869 was the latest work by French novelist Jules Verne. The sensational Twenty Thousand Leagues Under the Sea told the story of messianic genius Captain Nemo and his revolutionary submarine Nautilus, which sought to liberate the oceans from the tyranny of surface navies.


Nemo’s cigar-shaped Nautilus was 232ft long, with a beam of 26ft, a displacement of 1,500 tons dived, an interior pressure hull and an exterior casing, a craft very similar to nuclear-powered submarines of the twentieth century’s Cold War. Possessing electric engines of massive power, Nemo’s boat had pump jet propulsion and destroyed surface vessels by ramming them.


In the novel Nautilus completes a circumnavigation of the world under the sea, very similar to the enterprises of the 1950s and 1960s. As



a result, latterly Verne has been lauded for predicting the pure submarine of the atomic age. One character tells Nemo during a discussion aboard Nautilus: ‘It is true . . . your boat is at least a century before its time, perhaps an era.’1 Yet, while he was startlingly futuristic, Verne was drawing on the dreams and inventions of everyone from William Bourne right down to the pioneers of the nineteenth century. ‘. . . moderns are not more advanced than the ancients,’ Nemo admits at one point.2


Verne’s submarine not only bears more than a passing resemblance to Fulton’s craft – sharing the same name – but it also sounds similar to the creations of de Villeroi (the novelist’s alleged former maths teacher and fellow citizen of Nantes).


The newspapers of the 1850s, 1860s and 1870s were full of stories about submarines and their potential for inflicting massive devastation and Verne must have kept track of developments during the American Civil War. Hunley’s achievement was the closest in reality to his fictional submarine’s form of attack. The steam frigate sent to hunt Nemo’s ‘monster’ is even named Abraham Lincoln while Verne may have based Nemo’s philosophy on the more revolutionary propositions of Fulton (who made no secret of his ideas for violent action to liberate global trade).


The messianic inclinations of the real submarine inventors – outsiders whose ideas deeply alarmed the naval establishment – more often than not aroused alarm and fearful contempt. They were, after all, daring to propose a radically new vessel that threatened to undermine the whole basis of sea warfare.


The admirals might stoop to using the submarine out of desperate necessity, as both sides had tried to do during the Civil War, but it would not be their first choice of weapon.


They loathed it, for should the submarine prove reliable and lethally effective – against people other than its own operators – the magnificent surface fleets of the world might be instantly rendered dinosaurs.


Verne’s Captain Nemo is a genius, but also criminally insane, a label certain naval officers possibly applied to the real-life submarine inventors. They were, above all, decidedly not officers and gentlemen. Like the brave pioneers of submarining, Jules Verne was big on ambition – painting fantastical propositions in print. Unlike the submarine inventors he never risked his life or fortune actually trying to build and voyage in



a submarine. Nor was he left penniless, like Drebbel or Bauer. Verne earned a substantial fortune from his tale of Nemo and his submarine. He does, though, owe a great debt to real-life submarine pioneers.


The submarine torpedo, with the exception of Hunley’s attack on Housatonic, had stubbornly refused to claim victims in combat. During the American Civil War, Rear Admiral David Farragut declared the use of torpedoes ‘unworthy of a chivalrous nation’.


At the Battle of Mobile Bay in August 1864, legend has it that Farragut showed his contempt by bellowing the order: ‘Damn the torpedoes, full speed ahead!’3 Whether he said that precisely is open to question, but it is a phrase that has passed into the English language.


The torpedoes Farragut was defying were still of the non-self-propelled variety. Whether floating free, screwed into an enemy vessel’s hull or on the end of a spar, such explosive charges remained difficult weapons for a submarine to use effectively (or at least without risking its own destruction).


It fell to an Englishman named Robert Whitehead to create the most successful and popular solution, though he was not the only one going down the self-propelled torpedo route. His competitors included a German who served the Confederate cause during the Civil War. Victor von Scheliha’s weapon attracted Russian attention but in the end he failed to find backers for his offering and was financially ruined. There was also the Irish-born Australian Louis Brennan, who sold self-propelled, wire-guided torpedoes to the Corps of Royal Engineers of the British Army. This organisation would create a chain of complex coastal installations for launching Brennan’s torpedoes against anyone attempting to assault key British ports. An American naval officer, Lt Cdr J.A. Howell, also came up with a similar weapon that could be launched from warships.


In terms of engineering simplicity and reliability – combined with business acumen – nobody could beat Robert Whitehead, not even the aptly named Louis Schwartzkopff of Berlin, who acquired the English-man’s design while working as a machinist for him. Schwartzkopff’s product turned out to be too expensive and not so efficient. It was Whitehead’s self-propelled torpedo that became the standard that all rivals had to beat if they wanted to sell them in the same quantities to the world’s navies.




Whitehead was born at Bolton in the industrialised north-west of England in January 1823. A grammar school boy, by the age of 14 he was an apprentice engineer and attended the Mechanics Institute in Manchester. After working in France during the mid-1840s, Whitehead moved to Milan in northern Italy, at the time under Austrian rule.


In the 1860s Whitehead established a works on the shores of the Adriatic, at Fiume, and carried out engineering projects for the Austro-Hungarian Navy. The basis for his success was a ‘locomotive torpedo’ designed by Austrian naval officer Giovanni de Luppis. To his flawed proposal Whitehead applied solid engineering and scientific skills, making it function properly. He used compressed air propulsion and (at the suggestion of an Austrian colleague) brought in an invention called the gyroscope. This, along with other tweaks, gave the new weapon the ability to keep an intended course and depth. Whitehead dubbed his new weapon an ‘automobile device’.4


Whitehead’s first torpedo possessed a warhead containing 18lb of explosives. The compressed air propulsion took it swiftly to target and the gyroscope/depth-keeping arrangement ensured it struck below the waterline. The Whitehead torpedo was aimed by pointing the launch vessel at the target. Within two years the English engineer had developed both 14-inch and 16-inch diameter weapons that could reach 7 knots and had a range of 700 yards. The British Admiralty was offered exclusive rights to this revolutionary weapon, Whitehead hoping the navy with potentially the most to lose would pay the highest price to acquire it.


The British admirals were, however, too frightened to see beyond their prejudices – the sheer impudence of the self-propelled torpedo outraged them. While their battle fleet had been developed over centuries, Whitehead’s weapon meant an enemy with no comparable tradition could build a flotilla of small torpedo-carrying craft. These could, potentially, destroy a much more powerful navy (or at least inflict decisive damage).


By turning down Whitehead’s offer of exclusivity, the British guaranteed he would go elsewhere and that his weapons’ usage would spread. Limited rights to use the Whitehead torpedo were sold to the Austrians and they embarked on a programme of development. It was not energetic, as they didn’t have much money to spare after a coffer-draining war with Prussia.




Following a further demonstration, in 1870, the Admiralty relented and decided to also invest in limited rights. A year later 16-inch torpedoes were being produced at the Royal Ordnance Factory in Woolwich, with a works established by Whitehead at Portland in Dorset.


Meanwhile, Fiume turned out self-propelled torpedoes for numerous clients and for a time they were simply known as ‘Whiteheads’. There was, though, no point in having a Whitehead without the means of launching it. Cradles, which could be lowered over the side of surface craft, were devised. Once the torpedo was in the water its propulsion was started and the weapon released. Small, fast surface ships armed with self-propelled torpedoes were built and, in some cases, even carried by battleships. The torpedo cradles were awkward to use and so a launch tube was devised. The first vessel to be fitted with one was HMS Lightning, which was built by John Thornycroft at his Chiswick yard on the Thames and launched in 1876. Lightning was 84ft long, could reach 19 knots and by 1879 was capable of firing a torpedo from a bow-mounted tube. She could also drop one from a stern cradle. As a purely experimental vessel, Lightning never saw action and would be sent to the breakers before the end of the century.


When it came to using Whiteheads successfully in combat that distinction fell to the Russians, though the Royal Navy came close to pulling it off a little earlier. In May 1877, the ironclad frigate HMS Shah launched a torpedo, probably using a cradle, at a Peruvian rebel gunboat called Huascar. She had been taking coal from British merchant ships to feed her own boilers and this warranted a response from the RN. The Shah’s shot missed, but just over two years later Huascar herself launched a torpedo – of a type designed by the American inventor John Louis Lay, which was less reliable than Whitehead’s – against a Chilean warship. This weapon swiftly reversed course and seemed likely to hit Huascar. It was allegedly diverted away by a brave Peruvian officer plunging into the water and shoving it.5


The Russians fired several Whitehead torpedoes against Turkish vessels in the late 1870s. They scored the first ever sinking using one in January 1878, claiming a Turkish steamer in Batoum harbour, drowning 23 of those aboard. Another Whitehead torpedo, captured by the Turks in a battered but functioning state, was sent to the Fiume factory with a cheeky note asking for repairs so it could be used against its



original owners. The Fiume works was happy to assist whoever needed its weaponry.


More success followed in the Chilean Civil War of the 1890s when the British-built ironclad warship Blanco Encalada was the first ever warship sunk by a self-propelled torpedo.


By 1892 a torpedo boat race was underway between the leading powers, in parallel with a battleship construction competition. Britain had 186 torpedo boats, while Germany possessed 143. France commissioned 220 and Russia 152. While proliferating and used in anger by surface craft around the world, the self-propelled torpedo had yet to be launched by a submarine. An Englishman who possessed a genius for mechanical invention addressed that problem and others.









9 I Shall Rise Again


This was an era in which men of religion saw nothing wrong in attempting to achieve fame and fortune through the creation of war vessels.


One such was the Reverend George Garrett of Liverpool, who launched two submarines that were the product of solo endeavour.


Born in July 1852, at Lambeth in London, within sight (and smell) of the Thames, one of five sons of an Irish clergyman, he spent some of his boyhood in Cornwall and Lancashire, attending Manchester Grammar School. A very bright lad, his prodigious scientific talent began to stand out from an early age. He studied at the Kensington Museum, a renowned centre for scientific research and experimentation, and was a graduate of Trinity College, Dublin. Garrett was imbued with a particularly robust form of muscular Christianity, for he was a pugilist, giving boxing lessons in the back yards of public houses. In the 1870s, while still only in his early twenties, he was appointed headmaster of a school in trouble-torn Ireland. The threat to his students from Fenian groups was so serious the children had to be escorted to and from school under armed guard. For further protection, Garrett devised a



close-quarters fighting weapon by inserting a steel plate into the mortarboards worn by his teachers. This was clearly a man with a talent for lethal invention.


Later, after settling down into the humdrum existence of a curate in his father’s parish at Moss Side in Manchester, it was the exploits of a Russian naval officer that fired up young Garrett. In the summer of 1877 Lieutenant Zinovi Rozhdestvensky commanded a pair of small attack craft in action against Turkish warships on the Danube. Anti-torpedo nets, through which his craft thrust their spar torpedoes to no avail, frustrated Rozhdestvensky’s bid for glory. They could not make contact with the hulls of the enemy, coming away merely with their own bows crumpled. Garrett read of this engagement in the newspapers and wondered if it might be better for maritime assailants to dodge under the nets.


Following on from earlier experimentation with diving apparatus to enable a man to carry out such a task, Garrett decided on a submarine craft carrying a torpedo. His first vessel was nicknamed The Curate’s Egg, in reference to the shape and her creator’s then occupation. It was a simple design, just 14ft long, with a displacement of four tons, and was merely a test model for Garrett’s second submarine, the optimistically named Resurgam.1 This was built at Birkenhead in the J.T. Cochran yard at the cost of £1,538, some of which Garrett is said to have obtained via Masonic connections.


To overcome the problem of fire in an enclosed space – especially risky in a dived craft – Garrett used a Lamm engine, which dispensed with fire in favour of superheated steam. The Lamm had been created to push streetcars up and down the hilly streets of San Francisco. It was also used successfully to propel trains of the newly established London Underground, for the Lamm utilised superheated water, which, when transferred into a boiler, created steam. Under pressure in Garrett’s Resurgam it turned the submarine’s screw. Innovative though it might have been, Garrett’s creation was handicapped by a lack of war-fighting practicality. There were two major problems for any navy seeking to use such a submarine to respond in a timely fashion to hostile surface ship forays. Firstly, it took days to build up enough latent heat. Secondly, the propulsion system would run out of steam (literally) after a mere 20 miles. There again, submarines at this time were regarded – if they were entertained at all – as offering potential only for coastal



defence. They wouldn’t need to go very far, only requiring the range and submerged endurance to reach blockading enemy warships and scare them off. There was only so far that a vessel could get on man-powered propulsion and limited ability to replenish air while dived. Garrett was reaching beyond those limitations.


Ballasting for Resurgam was achieved by the familiar hand-operated plunger mechanism – pulled out to allow water into the tanks and pushed in to expel it. In The Curate’s Egg attacking an enemy vessel would involve use of a Fulton-style torpedo, requiring it to get alongside a target. Somebody was then supposed to put their hands into leather gauntlets on the outside to affix the explosive charge to the enemy’s hull. Resurgam was to be capable of unleashing a pair of Whitehead torpedoes carried in cradles on the exterior.


When it came to ensuring Resurgam’s crew did not suffocate, Garrett was able to draw on his time studying in Kensington, where he’d researched how to enable human beings to breathe in a confined environment, and also his more recent experiments with diving suits.


His Kensington work looked at making the dangerous occupation of mining safer, revealing obvious applications for preserving life inside a submarine. It would not be the last time parallels were drawn between miners and submariners – both extremely risky occupations in enclosed spaces.


Garrett had invented a primitive carbon dioxide scrubber to purify air, which he called the Pneumatophore.2 While he solved the idea of how to provide plentiful motive power and also enable his crew to breathe – at least for a limited period – his vessels found it difficult to stay down. Resurgam did not adjust buoyancy via tanks to dive or surface – from positive to negative and vice versa – but ran on the surface almost awash and drove herself under. Once she stopped moving she fulfilled the promise of her name due to innate buoyancy. Her hydroplanes were also inefficient and made it difficult to remain submerged even when under power.


While he was a ball of energetic innovation, Garrett sometimes lacked patience and did not always apply meticulous attention to detail, or pursue the most practical solutions. This would ultimately ruin his career as a submarine inventor, but in the short term he would become successful on an international scale with the assistance of at least one very dubious character.
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Elevations and plans of the Reverend George Garrett’s Resurgam submarine boat c. 1879. (Topham)




Asked to stage a demonstration for the Royal Navy at Portsmouth, in a typical display of bravado Garrett decided Resurgam should get there under her own power, rather than by canal or on a seagoing barge.


This was not going to be easy for the boat’s interior was so filled with machinery there was barely enough room for the crew.


Another major difficulty was the heat produced, reaching a temperature of up to 37 degrees Celsius (98.6 degrees Fahrenheit). It was soon unbearable for mere human beings, so Resurgam usually cruised on the surface, with part of the hull and the squat conning tower showing, the hatch left open for ventilation.


Departing the Mersey on a misty night in December 1879, Garrett was Resurgam’s pilot, with assistance from a Master Mariner named Jackson and an engineer called George Price. Resurgam had to be buttoned up to prevent the craft from being swamped by water pouring down the hatch. In the dark, with visibility poor, Jackson failed to keep his bearings to get out of Liverpool Bay.


Fortunately a merchant ship was spotted, so Garrett took his craft alongside to ask for directions. The captain of this vessel was astonished to be hailed by a voice coming from somewhere very close by in the darkness. Perched on the sill of the open hatch, Garrett shouted that he was the commander of ‘a submarine torpedo boat, and had been under his ship for two or three hours’.3 Alarmed at the hazard posed by such a craft blundering about on a misty night, the captain tetchily provided a positional fix. He told Garrett that he and his crew were ‘the three biggest fools he had ever met’.4 Forced to seek refuge at Rhyl in North Wales after Resurgam’s propeller lost a blade, Garrett procured a steam yacht, intending to tow his craft the remainder of the way to Portsmouth.


After fitting a new propeller and making modifications to reduce the heat given off by the Lamm, Garrett and his companions departed Rhyl aboard Resurgam in February 1880. A storm blew up and, with the yacht already suffering her own engine trouble, things took a turn for the worse when Resurgam’s closed hatch began to let in water. Next, the hawser snapped and Resurgam disappeared below the surface of the



Irish Sea, but fortunately only after her occupants had been plucked to safety.


Garrett’s boat did not rise again but she would be discovered in the mid-1990s after a trawler’s nets repeatedly snagged on something not marked on any chart. A diver discovered the wreck of a strange spindle-shaped craft, lying only 54ft down. There are currently no schemes underway to raise and conserve Resurgam, due to the likely cost, but there is a facsimile of her at Birkenhead, close to where she was built.


Garrett’s ill-fated adventures were notable enough to convince a Swedish engineer and arms trader that the former curate was onto something offering reasonable prospects for a profit. In return for putting money into, and placing his reputation behind, Garrett’s submarine designs, Thorsten Nordenfelt insisted the next craft carried his name. The first Garrett-designed Nordenfelt boat emerged in 1881, under a contract to construct a submarine for the Greeks. The vessel didn’t work very well, but it did provoke intense interest in their bitter foe Turkey, which decided it must match the development. Garrett became deeply involved in a project to construct Turkey’s fledgling submarine force at Barrow-in-Furness and also in a shipyard at Chertsey on the Thames. These submarines were as useless as the one built for Greece.


That such vessels could be sold at all was down to the amazing ability of a master salesman – or confidence trickster, depending on your point of view – named Basil Zaharoff, who would win global notoriety as the so-called ‘Merchant of Death’.


A man of arcane practices and devious double-dealing, Zaharoff was later blamed for playing a key part in the arms race that led to the First World War and also prolonging the conflict. Often depicted as a demon, a heartless, money-grubbing capitalist – even a real-life Count of Monte Cristo – Zaharoff’s origins and identity shifted to suit his mercenary needs. Born around 1849, Zaharoff either entered the world at Odessa, in the deep south of Tsarist Russia, or Constantinople. As a young man in Constantinople, he allegedly worked as a tourist guide with dubious specialities, including leading clients to brothels. Fiercely intelligent, cunning and ruthless, Zaharoff entered the story of the submarine’s evolution in the 1880s as a high-profile salesman



for Maxim-Nordenfelt, the company that would soon be absorbed by Vickers.


A multilingual chameleon, he insinuated himself at the highest circles of commerce and society in Russia, Britain and France. He was knighted in Britain and secured a key role in the country’s biggest manufacturer of arms, Vickers, Sons and Maxim (a direct result of his days selling submarines and machine guns).


Zaharoff had long been aware of the possibilities offered by hiding under the water. He had observed Constantinople pickpockets escape arrest by diving into the Bosphorus and swimming away while breathing through short pipes. Zaharoff assessed that a submarine boat could offer a stealthy means of approaching a target and striking with lethal effect before escaping.


To show off the revolutionary product he purveyed, Zaharoff had a large model submarine built, demonstrating its potential wherever he could find a conveniently located lake or pond, or even hotel swimming baths. It was Zaharoff who pioneered the system of selling the same weaponry to each side – playing one off against the other – persuading them to invest vast sums in an arms race of his own devising.


It was he who convinced the Greeks that with ownership of a Nordenfelt submarine they would gain enormous prestige and standing in the world. This was rather appealing to a nation only recently born out of a war of liberation with the Turks. Claiming to be a Greek patriot, Zaharoff suggested a submarine would allow Greece to get one up on its old foe. He even provided intelligence on the most vulnerable Ottoman ports to attack while offering the submarine at a reduced price. It was a Greek sprat to catch a Turkish mackerel, with the alarmed Ottomans placing their even bigger order. Even though it was a duffer, the Garrett-designed Abdul Hamid was the first ever submarine to launch a torpedo from a tube while submerged. Such was the warm glow created by this achievement that Garrett – who had travelled to Turkey to oversee the project – was made an officer in the service of the Sultan. He became Commander the Reverend George Garrett Bey, or Garrett Pasha for short, reaching the peak of his fame and fortune.


In 1887 Zaharoff pulled off another sales coup by selling a submarine to the Russians, despite their having no shortage of home-grown



undersea warfare innovators. Nordenfelt IV was massive, at more than 120ft long, and was capable of up to 14 knots on the surface. There were claims of almost 20 knots, which meant she was theoretically able to outrun contemporary battleships. When dived this impressive-looking craft could, at best, reach 3 knots. Her propulsion again relied on superheated water in the boiler generating steam pressure, something that, as with earlier Garrett boats, could only be managed for a short time. It took an entire day of sailing on the surface to store up enough latent energy for a submerged foray. Nordenfelt IV was an unlucky vessel, running aground on her delivery voyage to Kronstadt. She was so badly damaged the Russians refused to accept her.


This delivered a death blow to Garrett’s submarine building career, terminating his partnership with Nordenfelt. He gave up on submarines altogether for a while, emigrating to the USA where he tried his hand at farming and failed. Attempting to revive his prospects as a submarine designer-engineer, Garrett found no takers.


After a short time as a sailor in the Customs Service, with the outbreak of the Spanish–American War in 1898 Garrett joined the US Army. Joining up as an engineer with the First New York Volunteers, he gained American citizenship but in both the Customs Service and the army was disciplined for drinking and other insubordination.


Service in tropical climes utterly debilitated him, making the tuberculosis he had contracted – and hid from army recruiters – much worse. Garrett’s bronchial problems were undoubtedly exacerbated by all the fumes and heat he had suffered while voyaging in submarines. Sometimes when he fell into a restless fever Garrett would mumble about sultans and submarines. Worn out, he succumbed in February 1902 and was buried in a pauper’s grave while Nordenfelt and Zaharoff became immensely rich and received honours from nations grateful for their, sometimes, flawed weaponry. Garrett would not be the last innovator to be used and abused, left to die in obscurity, struggling to make ends meet – a pawn of captains of industry and rascally arms dealers hungry for big profits.


Robert Whitehead and his son had also passed away by the early 1900s, with Vickers by then holding ownership of the Whitehead Torpedo Company. The long-derided submarine was, as the century turned, on the cusp of becoming a proper weapon system – a platform capable of launching self-propelled torpedoes into the guts of battleships. The



arms trade sharks circled, sensing they could capitalise on the fear of not having a submarine then growing in navies and governments.









10 Fenian Ram


The Irishman who would become the father of the modern submarine – if anyone could lay claim to the title – would also fall victim to ruthless capitalism. In the process he would deliver the first truly effective, practical underwater vessel of war. After a long period of trial and error – and stiff competition from others – he produced a boat that became the template for a balanced, effective submarine design.


John Philip Holland was born in 1841 at Liscannor, on the unforgiving, storm-battered west coast of Ireland. It was a small settlement and Holland’s father was employed as a coastguard, but following his death in 1853 the family left for a new life in nearby Limerick.


A staunch Roman Catholic, schooled by the Christian Brothers, on completing his education John Holland joined the order. With a keen interest in science and fascinated by the possibility of man taking flight, Brother Holland taught mechanics and applied mathematics, among other things. In his spare time he investigated the possibilities of voyaging below the waves.


By 1859 he had produced a submarine design, assisted by Brother James Burke, who had experimented with electrically detonated torpedoes and submarine propulsion. Their joint objective was perhaps, like so many other experimenters, to launch nefarious schemes against the British.


Chronically unable to control unruly scholars, Holland quit the Catholic Brothers and in 1873 followed his mother and brothers to the USA, settling in Boston.


Holland’s first, canoe-shaped submersible was only 16ft long and pedal-powered. The sole crewman wore a diving helmet connected by hoses to onboard air tanks. Sending plans to the Navy Department in early 1875, Holland did not receive a positive reaction, a senior naval



official dismissing his proposal as ‘a fantastic scheme of a civilian landsman’.1


The local Fenians were more interested and Holland was persuaded to assist in their anti-British activities by building a diving boat to attack the Royal Navy.


Fenian development money enabled Holland to perfect his design drawings when not teaching at St John’s Parochial School in Paterson, New Jersey. Constructed in a small engineering workshop, the 14ft-long, cigar-shaped vessel displaced just over two tons and was propelled by a petrol engine, something only recently invented. Even its modest output of 4hp was better than pedal power, or so Holland hoped.


Launched in May 1878, with a large crowd looking on, the craft splashed into the Passaic River and the story nearly ended there. In all the excitement someone forgot to seal the holes through which the screw shaft went. Water gushed in and all looked sure to be lost. One onlooker sneered that Holland had ‘built a coffin for himself’.2
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John Philip Holland in the conning tower of the submarine Holland (later USS Holland) c. 1898-9. (Courtesy of the US Naval Institute, Annapolis, NHHC)


The Fenians still decided it was a scheme worth devoting further funds to and asked Holland to prepare a more advanced vessel. They



planned to acquire a small merchant vessel that would be converted to carry the submersible. Once the mother ship was at anchor close to British warships the craft would emerge by an exit point under the waterline. The Fenians hoped one day to launch swarms of such craft against the Royal Navy. With a touch of wistful Irish subterfuge they called their project The Salt Water Enterprise.


Holland’s next craft, launched in 1881, had a 17hp petrol engine that could push the 19-ton vessel at 9 mph (7.8 knots) on the surface and achieve 7 mph (6 knots) dived. Demonstrating that Holland had a care for the well-being of the proposed three-strong crew, it was even fitted with a water closet system. The submariners were to be sustained by the same compressed air supply that operated the ballast tanks and supplied the engine, with toxic fumes produced while submerged evacuated overboard through a flap valve. Air was consumed at a prodigious rate by the engine, limiting dived endurance severely and swiftly posing a threat to the crew.


For surface navigation Holland relied on scuttles in an elongated conning tower, but clear vision was only ever possible in calm conditions. Submerged, the craft proceeded blind, its pilot using intuition and guesswork. Much good fortune was needed not to wander disastrously and collide with another vessel, run onto rocks or hit mud.


To destroy the enemy Holland’s boat relied on a so-called underwater cannon that used compressed air to launch a projectile. The centre-line launching tube had a breech inside the hull, via which the projectile would be loaded, and a bow cap outside the hull. Holland intended turning his ever-fertile mind to designing his own projectile but an offer of something suitable in 1883 was an appealing shortcut.


It was supplied by the Swedish-born John Ericsson, designer of the ironclad Monitor for the US Navy during the Civil War. At first relocating to England in the 1820s, Ericsson worked on many projects including steam locomotives and new designs of screw propellers. Emigrating to the USA in the 1830s, he played a key role in designing the US Navy’s first screw ship and became an American citizen. During the Crimean War he scrutinised reports of sea battles between wooden warships and decided ironclads with most of their structure below the water could prove a winner.


He proposed a ‘sub aquatic system of warfare’3 and a decade later his proposal found favour with the USN, to counter the CSS Virginia.



Ericsson later explored submarine warfare, constructed several more warships and even for a time conducted experiments with self-propelled torpedoes and solar power.
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Longitudinal section of the bows of John Ericsson’s Destroyer, showing the underwater gun and its projectile torpedo, c. 1881, and looking very much like the torpedo compartment of a submarine. (NHHC)


Keeping active until the very end of his life, the 80-year-old gladly loaned John Holland practice projectiles intended for his own new vessel, the Destroyer, a very fast semi-submersible craft. Ericsson’s attempts at interesting the USN in Destroyer – which from certain angles resembled submarines developed during the First World War – had come to nothing. The futuristic Ericsson projectile – in appearance much like a present day supersonic missile – proved wayward. Successfully launched from the tube it had the unfortunate habit of breaking the surface and flying through the air. One of the projectiles achieved the remarkable altitude of 60ft before plunging back into the water and burrowing into the muddy bottom.


Holland resorted to a different type of projectile, which this time remained under the water and successfully carved a straight path at ranges up to 130ft. This was both good and bad, for while accurate, it was highly unlikely lookouts would not spot the approaching submarine boat prior to launch.


Holland recognised that details of his project would filter back to the British, who possessed a highly efficient global espionage network. This was made all the more likely by newspaper reporters constantly bothering him for details. He was, not surprisingly, reluctant to provide any, but the gentlemen of the press filled the information vacuum anyway.




A reporter for the New York Sun, aware of the vessel’s connections to the cause of Irish Liberation, unhelpfully dubbed it The Fenian Ram.


Meanwhile, the Fenians, who had poured $6,000 into the first vessel and a further $15,000 into the second, were becoming impatient to unleash it. They grew tried of Holland’s experimentation with their submarine and angry at his insistence on further exhaustive trials and tests. He urged them to be patient but some of the fiery Fenians hijacked the craft and sailed it away downriver. Although frustrated in their attempts to dive, they still caused widespread alarm among other water users.


The Fenians soon grounded the Ram, causing the authorities to officially declare it (and them) a menace to other maritime traffic. The Ram was beached permanently, with Holland deciding he’d sooner let his boat rot than give the Fenians any further assistance. Stranded with it was the likelihood of a Holland boat ever being commissioned as a proper war vessel. Or so it must have seemed at the time, even to the indefatigable John Holland.


Rather than the go-ahead United States, it was a European nation that was in submarine development pole position. Driven on by a fierce passion to beat Les Rosbif (the English), French inventors were also willing, like Fulton before them, to create new submarine boats on a speculative, privately funded basis in the hope of fame and fortune.


Inspired by Siméon Bourgeois with his Le Plongeur of the 1850s, the innovators of late nineteenth century France belonged to La Jeune Ecole, which did not signify their youth but rather an inclination to think in new ways. They depended on the patronage of sympathetic navy ministers and persevered despite fierce opposition from traditionalist admirals who remained loyal to battleships.


Goubet I was created by Claude Goubet and trialled by the French Navy in the late 1880s and early 1890s, proving that electrical drive could work. A battery that could hold a charge for a significant amount of time drove a propeller that swivelled to provide propulsive direction. A French physician named Gaston Planté had created the first battery that could be recharged in the late 1850s. Its utility in powering submarines was obvious – it could provide light and power without recourse to air, provided it could hold its charge long enough (and there was a means of recharging at hand).




Sold to the Brazilian Navy, Goubet I had paddles for the crew to use when working within hearing range of the enemy (for it was feared an electrical hum might betray its position). To enable penetration of anti-torpedo nets, Goubet I had a pair of net-cutting clippers on the end of a long pole.


Goubet II had a fixed propeller that pushed against a rudder whose position was altered to turn the vessel. Capable of not more than 5 knots on the surface, there was only enough battery power to sail for a mile. It was more of a toy than anything else and was sold to a Swiss entrepreneur. He used Goubet II to take tourists on pleasure trips both on and under Lake Geneva.


Distinguished naval architect Henri Dupuy de Lôme – who had earlier put steam propulsion in the wooden capital ship Napoleon and constructed the world’s first ironclad battleship, La Gloire – by the 1880s was offering a submarine called Gymnote. He was also working on plans for submersible troop ships that would spew invading armies onto English shores.


Dupuy de Lôme promised an end to the supremacy of the battleship and the torpedo boat, in 1883 vowing that submarines would be capable of ‘suppressing both of them’.4 He also dabbled in airships and played a role in the creation of the Panama Canal, but died before construction of Gymnote got underway.


She was completed and improved under the direction of his good friend, and fellow naval architect, Gustave Zédé. Launched in 1888, the 58ft-long Gymnote had a dived displacement of more than 30 tonnes, and could manage over 7 knots on the surface and just over 4 knots dived.


At speeds of more than 6 knots she was very unstable, while firing projectiles from her two torpedo tubes with accuracy was somewhat problematic. Gymnote derived her electrical propulsion from 204 battery cells but was limited by being unable to recharge at sea and was obliged to return to port in order to do so. Despite this, French submarine designers felt there was no other small, feasible – and safe – power plant for use in the confined environs of such a craft at that time. They had rejected steam, while petrol engines posed a fire risk, produced poisonous fumes and consumed scarce air.


Initially lacking hydroplanes and relying on a rudder, Gymnote had a tendency to porpoise, hitting the bottom several times during the



course of her career. The addition of hydroplanes amidships helped, enabling her to voyage below the surface at 6 knots in a level position, rather than with her bows angled down.


Gymnote was a stepping stone towards the larger Gustave Zédé, another electric boat, with a length of 159ft and a beam of 12ft. She was ordered in 1890 and originally was to be named Silure, but in 1891 Zédé was killed when a torpedo he was testing exploded. It seemed appropriate to rename the new craft in his honour.


Meanwhile, the Narval – the brainchild of Maxime Laubeuf – in 1896 won a submarine design and construction competition. Narval boasted ballast tanks sandwiched between a pressure hull and an outer hull. Achieving a good performance both dived and surfaced, she was commissioned into the French Navy in 1899.


With a maximum standard surface range of 100 nautical miles and ten nautical miles if dived, Narval was devised to sally forth from one of the French Navy’s naval bases in Brittany. Going as fast as possible on the surface she would submerge when in sight of Plymouth, Portsmouth or the Thames estuary. Narval would then start sinking enemy merchant and naval shipping. It was claimed her dived range could be extended to 70 miles if travelling at 5 knots or 25 miles at 8 knots. Despite French misgivings she had steam propulsion for surface cruising, which was also used to top up the battery charge. Narval even had a periscope – a development of Fulton’s model and by now an optical instrument enabling submarine captains to see where their boat was going and to both spot and attack the enemy. The earlier Gymnote had one too, while the Spanish had fitted periscopes to their experimental submarines in the 1880s.


By contrast, in addition to possessing no means of charging her battery at sea, Gustave Zédé lacked a periscope, so was forced to show her stubby conning tower to get a view of the target. Narval on the other hand could stay hidden at all times if need be.


Tactically, it was better to go fast on the surface at night using the cloak of darkness and then during the day stay dived and conserve battery power while searching out targets. The major problem with the combination of steam propulsion and battery was that, prior to diving, the oil-fired boiler had to be cooled down and steam dissipated. This could take as long as 21 minutes, during which time an enemy vessel might make an attack. To offset this fallibility, there were claims of 225



miles surfaced range at 12 knots without Narval needing to stop for coal. This was as good as any battleship of the time.


French Minister of Marine Edouard Lockroy desired up to a dozen Narvals, but in the end only one was built. Similarly only a single Gustav Zédé was constructed. While France would by 1914 have one of the world’s largest submarine forces – 46 commissioned and 28 more being built – too many of them were experimental prototypes. Construction took so long that by the time they were commissioned other nations’ submarines often outclassed them. There was too much focus on technical innovation and not enough on how such vessels could be used in waging war against France’s enemies. There were squabbles between various factions and jealousies afflicted rival submarine inventors. As part of this multi-track, chaotic approach the French favoured externally mounted apparatuses for launching torpedoes, such as drop collars invented by Stefan Drzewiecki (a Pole who had worked for the Russians) or torpedo-launch frames.


They could not be reloaded while the vessel was deployed at sea and that, in the end, summed up the problem with French submarine development. Great strides were made in innovation but in terms of submarine warfare it was all rather too impractical.


In the 1880s and 1890s, submarine ideas had proliferated across Europe even if they did not always materialise into actual vessels.


For all the various efforts, the prospect of submarine flotillas ever being assembled in the world’s navies to wage war still seemed as remote as ever. Submarines now used electric propulsion, but it didn’t seem to get them very far. They had compressed air systems for ballasting – and even for moving them through the water. Some used a weight to alter the angle up or down while others had propellers on top of the hull to pull themselves up, or push themselves down, rather than hydroplanes. Others employed directional propellers rather than rudders. For armament they had the self-propelled torpedo, or some other projectile. This was sometimes fired from an internal centre line tube or mounted externally.


So far, so good, but it was all a case of close, but no cigar . . .5


It would be John Holland who came back from his Fenian troubles to ultimately achieve the remarkable feat of creating a vessel with the right balance. The ground-breaking submarines of John Holland were



not technically the most innovative. They just achieved a better combination of the technology – with a higher level of operational practicality, for example – than the motley collection the French were creating.


Holland would experience more than a little trouble along the way and some stiff competition from a fellow American-based inventor inspired by Twenty Thousand Leagues Under the Sea.
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