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      For Diana
      

   
      
      INTRODUCTION

      
      It was the best of times, it was the worst of times.
      

      
      I remember looking at a sparkling sea as I walked along the beach at Aldeburgh in Suffolk before joining HMS Torbay, and being completely unable to imagine actually living under the water.
      

      
      Nevertheless, it was going to happen: in a week’s time I’d be flying up to Faslane in Scotland to join HMS Torbay, a hunter-killer Trafalgar-class nuclear submarine.
      

      
      Since childhood, I had always dreamed about going on a submarine. As a writer, I wanted to write about the crew who live and
         work under the oceans and have such a unique and challenging working life, and now my request to write about life on a submarine
         had been granted by the Royal Navy and the Ministry of Defence. But, to tell the truth, I was nervous. Three weeks on a nuclear
         submarine may seem a small challenge compared with the consecutive months these submariners spend under the oceans, but I
         sensed it would be a testing time for me.
      

      
      The first challenge I encountered was at the quayside. It had never occurred to me how you get into a submarine. What, and
         where would you imagine the entrance to be? A door at the side? A submarine has no doors. A window or porthole of some sort?
         A submarine has no windows or viewing platform on to the outside world, so once submerged, don’t imagine you will have a scuba-like
         view of beautiful corals and interesting sea life. Give up? Take the gangplank to the casing, turn right to the back end of
         the fin and climb up to the main access hatch. Ease yourself on to a ladder, which takes you straight down until you reach
         a small platform. Keep circling until you find another ladder, which changes direction forty-five degrees, and plunges down
         again. At the bottom of that, you can either turn left into the reactor compartment or right forward to the control room,
         depending on your destination. Oh, and don’t bring a suitcase, it would never make it down the hatch.
      

      
      HMS Torbay has five decks and is around 85 by 10 by 10 metres; as a comparison, a London double-decker bus is 10 by 5 by 3 metres, and
         a football pitch is 100 metres long. The Navy’s Vanguard-class submarines (which carry Trident missiles) are a comparatively
         spacious 150 metres long. The Astute class, which will ultimately replace Trafalgar-class submarines, is also significantly
         larger, but requires fewer crew to operate due to the advanced technology and automated systems on board (it’s also quieter
         than its predecessors, operates the most advanced sonar system in the world, and is the first Royal Navy submarine not to
         have a traditional periscope, instead using electro-optics to capture a 360-degree image of the surface). So all in all, I
         was about to experience life at the grittier end of the service.
      

      
      Inside the submarine, the passageways are narrow, the ceilings low, and numerous valves and pipes and ancillary pieces of machinery swoop low enough to give a sharp reminder of their presence
         if you are not prescient enough to duck. There is a constant hissing sound from the various pipes and the corridors are illuminated
         by an unwaveringly pitiless high-wattage fluorescent light.
      

      
      There are 125 submariners on board, all dressed in naval number fours, dark-blue heavy canvas trousers with a myriad of outer
         pockets, and a blue cotton shirt. In my civilian gear, I looked as conspicuous as a visitor from outer space as everyone bustled
         past me, open-mouthed to see a civilian wandering around on board – but no one had time to stop and chat; setting sail is
         one of the busiest times for a submarine.
      

      
      Someone advised me to go to the wardroom, which is where the officers are based, and, happy to have a place to hang out, I
         made my way to Two Deck. The only furniture was three wooden tables, each with benches, the walls decorated with photographs
         of ancient underwater vessels, plus photographic portraits of the Queen and Prince Philip taken, I would guess, two or three
         decades ago.
      

      
      Cups of tea were offered, introductions made, and I was invited back up the ladders to watch the departure from the bridge
         with the Captain and the Executive Officer (XO).
      

      
      It had been a warm spring weekend – warm for south-west Scotland anyway – and Gareloch was calm and still as two tugs pulled
         us away from the quay, necessary because a submarine is difficult to manoeuvre on the surface in tight waters. A submarine
         has no keel, so if there’s any roughness on the surface, the boat (and a submarine is always a boat, not a ship) rolls in
         a unique and sick-making manner.
      

      
      When the submarine is free from any hazards and pointing in the right direction, the Captain tells the XO, his number two, to let go of the tugs and then the submarine starts propelling
         on the surface under her own steam, down Faslane Bay, through the Rhu Narrows and into the Firth of Clyde, sheltered from
         the Atlantic Ocean by the Kintyre Peninsula, with the tugs just standing by to assist if need be.
      

      
      Eventually we make it to the open sea and the Captain gives the order, ‘Dive the submarine,’ and a few moments later someone
         says over the intercom, ‘Diving now, diving now.’
      

      
      As I clamber down the vertiginous ladders of the main access hatch again, I take a last deep gulp of fresh air as the hatch
         is closed, and a few minutes later we slip under the waters.
      

      
      Actually, there is very little movement once we’re under the water: no rolling, no pitching and, unless you looked at the
         depth dial to verify your depth, you could be 10 metres, 100 metres or 20,000 leagues under the sea.
      

      
      Dinner is a friendly affair. The twenty-two officers are mostly in their twenties and thirties, and it’s clear they are close.
         The banter, which I remember from researching my book on the Army, is still there, but it is more affectionate. The captain
         is served his dinner by the leading steward and, as he likes to dine at 8 p.m., a frosted glass appears at 7.59, and on the
         hour a Coca-Cola is ceremoniously poured into the glass. There is absolutely no alcohol on board, a rule that exists on every
         Royal Navy vessel. I would describe the standard of cuisine as superior school food; in fact, many of the dishes seem eerily
         similar to the culinary repertoire of my own.
      

      
      A submarine never sleeps. The entire boat is divided into two watches; everyone works six hours on and six hours off, so unless
         you get to sleep immediately after your watch, which is unlikely, you’re going to be averaging a lot less sleep than six hours,
         which makes it a very exhausting gig.
      

      
      I was anxious to see my accommodation. It turned out that I had been allocated the weapons stowage compartment, or Bomb Shop,
         as the place where I would be sleeping. Compared to the alternative of ‘the racks’, this was considered spacious – I was being
         given upgraded accommodation. A metal pallet with one thin blanket folded on top was to be my bed – no sheets, no chocolate
         mint resting on the pillow, indeed no pillow. And, on either side of the bed, which was literally wedged between them, were
         stacks of Spearfish torpedoes, and even bigger Tomahawk land-attack missiles, each so close I could reach out and cuddle one
         during the night. I thought a practical joke was being played on me. This was a particular kind of hell, and I could only
         react in one way – no way.
      

      
      And so I found my eventual resting place on board. The racks. These are small – very small – and narrow bunks, piled three
         high in a pitch-dark compartment and, believe me, there is no dark darker than the part of a submarine that has no lights.
         The smell of the racks, with around eighty men arranged around them, was unique, but in the awful, hideous range I mean, not
         scented and fragrant. (Although after a few days I ceased to notice it.)
      

      
      There were metal hooks on which to hang your clothes. As people came back off shifts, they would hang their uniforms over
         the last lot. So when you got up, you could only feel for your clothes and hope you had the right set: for me it was the feel
         of a tape recorder in the trouser pocket and a notepad in the shirt pocket that enabled me to distinguish my clothes at all.
      

      
      I had the plum middle bunk, which was enough to necessitate a sort of swallow dive to secure entrance, and then a silent prayer
         that one remained lodged there throughout the night. The fellow above me fell out of his rack on my second night, and sometimes
         I imagine I can still hear that awful thud and his puzzled, sleep-sozzled cry of pain as he landed.
      

      
      The heads – naval term for loos – were one deck above and, again it required a steep vertical climb up a metal ladder, at
         the same time balancing toothbrush, razor, towel, etc. Shower? I was told not to have ‘a Hollywood’ – submarine slang for
         an over-long, self-indulgent, waste of precious water. The shower etiquette on a submarine is as follows: brief burst of water
         to moisten body, turn off water. Soap or shampoo, if desired, turn on water to wash off suds, turn off water as soon as possible.
         A submarine makes its own water but not copious amounts, so everyone is rightfully parsimonious with water consumption. After
         a while in this all-male boat, I came to the conclusion there was little point in showering at all, which was enormously liberating.
         Furthermore, wearing a naval uniform and looking the same as everyone else further highlighted the pointless vanity of daily
         ablutions.
      

      
      It took me a day to find somewhere I could do my interviews. In the end someone suggested a storage room in the most forward
         part of the boat, and although it took an elaborate and slightly embarrassing dance to wedge my interviewee and myself into
         that small hole, it became a wonderful office space.
      

      
      And so I spent the days – or were they nights? (Because soon time had no relevance) – interviewing officers and sailors, getting
         to know these men who spend up to three hundred days of the year away from wives and girlfriends and parents and children, fresh air and sunshine, their homes and their country.
      

      
      In the end, the original allotted time of three weeks at sea became nearer two weeks, as Torbay was re-tasked to go on a secret mission. As a civilian, my presence was now not required, so I had to be let off at the nearest
         port.
      

      
      I was sad to say goodbye. Everyone on the boat had shown me great kindness, plus the unique environment made it an experience
         I’ll remember for ever. It was testing to live without communications with nearest and dearest, and, with no exercise, and
         three hearty meals a day, plus constant access to the nutty basket (see glossary), I put on nearly a stone, a legacy that
         still remains . . .
      

      
      The Submarine Service has traditionally been known as the Silent Service, but I hope these interviews will serve to introduce
         and personalise a group of men who heroically do a difficult, dangerous and demanding job in physically uncomfortable and
         challenging conditions, and don’t always get the recognition and acclaim they deserve.
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      INSIDE A TRAFALGAR-CLASS
NUCLEAR SUB

      
      The Trafalgar class is a hunter-attack submarine designed to dive deeper than three hundred metres and move faster than twenty
         knots. It is stealthy, versatile and lethal.
      

      
      The layout of the submarine is easiest to understand if it’s described as being split into five compartments. The first compartment
         is forward of 29 Bulkhead and houses one of the two submarine escape compartments and most of the sleeping area. The next
         compartment is the hotel services section, which has the control room, where you drive, navigate and fight the submarine,
         the sound room, from which the sonar is operated, the galley, separate mess areas for the officers, senior rates and junior
         rates, and, at the bottom, the weapon-stowage compartment (WSC), also known as the Bomb Shop. Aft of that is the ship’s office.
      

      
      Behind this is the reactor compartment, the heart of the submarine and home to the nuclear reactor. The reactor itself sits
         in a heavily shielded compartment, no bigger than an average wheelie bin, surrounded by pipework and viewable through a thick
         glass window. Aft of the reactor compartment is the manoeuvring room where the propulsion watch monitor the reactor and all
         associated systems; below this are the switchboard room and the diesel generators. In the final compartment is the engine
         room, where the bulky items of machinery – main engines, turbo-generators that produce electricity, gearbox – are housed,
         among other things.
      

      
      Physically, the submarine can almost be divided in half at the control room. Everything forward of this is either a living,
         operating or fighting space (and sometimes a combination of more than one of these), whereas everything aft is related to
         propulsion spaces, with the reactor in the middle of it. From a personnel perspective, the ship’s company of 120 persons is
         divided into four departments under the commanding officer: a warfare department (or branch), a marine engineering branch,
         a weapons engineering branch and a logistics branch, and there are four heads of departments, or HODs, that run those.
      

      
      The warfare department operates and fights the submarine under the command of the executive officer. Experts at manning the
         sonar, they know what they’re listening for, but also have control of the weapons and the systems that fire them. The sonar
         team builds a tactical picture, while the warfare officers navigate using numerous aids including the periscopes.
      

      
      The weapons engineering department maintains all the equipment and weapons under the command of the weapons engineering officer.
         The Spearfish torpedoes and Tomahawk land-attack missiles (TLAM for short) carried by HMS Torbay are continuously monitored and, when necessary, are prepared for battle by engineering technicians in the Bomb Shop. The maintainers
         are mainly focused on the servicing and repair of the sonar, radar, navigational aids, communication equipment and the provision
         of electrical supply that feeds all the equipment. The department also includes a small number of radio operators or communications
         information system ratings.
      

      
      Marine engineering is split between the nuclear watch-keepers and the personnel who look after the propulsion systems, fire-fighting
         equipment and hotel services. So some of the marine engineers are under the propulsion tab and also operate the laundry. In
         fact, virtually every one of the 130 people on board has a secondary and often a tertiary role, which is why it is not easy
         to define specifically what one person actually does, because the skills are mapped according to personalities as well as
         capabilities. For example, the leading steward, who serves the officers their meals on board, will also spend time on the
         planes actually steering the boat and, if someone gets injured, he has a tertiary role as a qualified first-aider. So he could
         have spent an hour on the planes, climbed off that to serve spaghetti bolognese on a Tuesday – it’s always spag bol on a Tuesday
         – and, just as he’s put the plate down, the alarm goes because someone’s fallen down a hatch, and he races off to attend to
         them with first aid.
      

      
      In logistics you have chefs, stewards, stores, and a branch called writers, who do administration. Logistics is responsible
         for food and food preparation, and ordering and supplying all the spares on board. Getting the logistics right first time
         is very important: you can’t afford to run out of anything on a submarine, particularly if that submarine can’t surface because
         it’s in sensitive waters.
      

      
      A nuclear submarine is, as you would expect, powered by the nuclear reactor, housed in the reactor compartment – the sealed,
         lead-lined compartment that sits roughly in the centre of the submarine. The entire purpose of the reactor is to produce heat,
         which converts water into steam that feeds the main engines for propulsion and the turbo-generators that produce the submarine’s
         electricity, as well as being used in the distillation of sea water for drinking – all without the need for fresh air. Alongside
         the reactor itself are two large steam generators (effectively ‘kettles’) and a large maze of supporting pipework and pumps.
         The compartment is unmanned, and is only ever entered when the reactor is shut down during routine maintenance in harbour
         or in an emergency when at sea, which is extremely rare.
      

      
      In the reactor is a collection of uranium-238 fuel elements that provide huge amounts of energy to power the vessel – equivalent
         to the amount of energy required to power a town. In uranium, as with a number of other chemical elements, the nucleus of
         an atom is just about stable. If a neutron is fired at the atom, the uranium becomes heavier and unstable and the atom splits,
         releasing energy that is used to produce steam by heating up water in the steam generators. As this reaction happens, another
         neutron is released, which goes on to pound another atom, until you get a chain reaction or ‘fission’, which is self-sustaining
         and exponential – and could cause an explosion in a microsecond if it wasn’t kept in check. So there has to be a level of
         control on the reaction to prevent overheating and, to this end, control rods made of hafnium, which absorbs radiation, are
         inserted into the reactor core to absorb the excess neutrons.
      

      
      The heat produced in the reactor heats pressurised water (the primary coolant) to a temperature far higher than its normal boiling point, which is run via pipes and pumps into the steam
         generator and then back to the reactor in a closed circuit, more commonly known as the ‘primary circuit’. This heat from the
         primary-coolant pipework is used to heat up a body of water outside the tubes in the steam generator. That steam is passed
         through a number of turbines, some of which drive the sub around on its propulsor (propeller), and some of which supply electricity,
         which then runs everything else on the submarine. So the fission process is using a nuclear reaction to create heat, to create
         steam, to turn turbines and to make propulsion and electricity.
      

      
      The reactor and its associated systems are monitored by the manoeuvring-room team. There are five people on each watch in
         manoeuvring who systematically monitor a large number of gauges, dials and switches that control numerous pumps, hull valves
         and, of course, the systems associated with the reactor. The reactor-panel operator, or RPO, monitors the reactor core and
         controls the hafnium rods to increase or decrease the reactivity. Seated next to him is the junior member of the team, the
         throttle control-panel operator, who controls the throttles on the main engines, responding to engine orders from the control
         room. Next to him is the electrical-panel operator, who controls the downstream electrical systems to ensure the generation
         of electricity is happening as it should. These three are in turn monitored by the nuclear warrant officer and the engineering
         officer of the watch and, with further support from engineering, the watch is always eight strong, and can call on others
         if they need to.
      

      
      The submarine is run from the control room. This is where you drive the submarine, navigate it, fight it, and command the
         propulsion systems. The room has a host of sophisticated electrical equipment, pipework, communications systems and control
         panels. The periscopes are perhaps what submarines are most associated with. The position in the boat of the control room
         is determined by where the periscopes are, because of the importance of the captain being able to see out during an attack,
         particularly in the close-up battles of the past. In the Trafalgar-class submarine, there are two periscopes: search and attack.
         Each compliments the other with numerous different functions that include provision of a television feed, high magnification
         for looking at long-range shipping and a thermal-imaging function for low lighting conditions. Although they do have an intelligence-gathering
         function, the reality is that the periscopes aren’t used very much now, apart from ensuring ship safety – the old days of
         fighting a submarine from the periscope are long gone.
      

      
      When he is ready to take the periscope up, the captain will order the systems panel operator to raise whichever periscope
         he wants, with the words ‘Raise search’ – the term ‘up periscope’ is very much a creation of the movies. The periscope will
         start coming up, and then the periscope watch-keeper will grab the handles as it’s coming up, and when he’s happy with the
         height of it, he will start rotating it. And when he’s finished, he’ll put the handles up and say, ‘Lower search’, and it’ll
         go all the way down.
      

      
      When at periscope depth, which means the submarine is lying just below the surface of the water, it’s in quite a dangerous
         position, because it can’t be seen by anybody else, and if it got hit full on by a merchant vessel – that could cut a submarine
         in two. So at periscope depth the periscope watch-keeper must ensure there are no merchant vessels, or any other vessel for that matter,
         that are likely to hit the submarine.
      

      
      The watch keeper will rotate 360 degrees at roughly two rotations a minute. He’ll start off in low power, conducting a 360-degree
         sweep of the outside world. He will then switch to high power and look through a 200-degree arc before switching back to low
         power to conduct another 360-degree sweep. This means he can look in the water immediately around the boat as well as scanning
         further afield. While looking out, he will focus his lens with only one third of the circle looking at the sea and the remaining
         two thirds concentrating on the sky to look for potential air threats. Despite HMS Torbay’s advanced sonar, there are a few occasions when quiet warships or ‘bow blanking’ merchant ships are not detected by the
         sound room, so the periscope might be the only sensor that detects their presence. The officer manning the periscope will
         then pass on any information into the overall tactical picture.
      

      
      To use a periscope effectively, you need to have the lighting within the boat at a level that’s consistent with what’s happening
         above the water. In daytime, you can have fairly bright lighting in the control room, but if you want to see out of the periscope
         at night, then your eyes need to be adjusted for night vision, which means that there will be reduced lighting.
      

      
      During conflicts in the past – similar to those in the John Mills war films – torpedoes were straight-running, and not equivalent
         to today’s wire-guided counterparts. That meant the captain had to approach the target in close confines to be sure of success,
         and the entire engagement was controlled by the captain’s accurate calculations from the periscope. These skills are still regularly practised and, while they are not used for a close-range
         attack, they are equally important when trying to manoeuvre the submarine into the optimum intelligence-gathering position.
         However, Astute-class submarines, the first of which was launched in 2007, have non-hull penetrating electro-optical masts.
         These have much improved optics and provide a 360-degree picture recorded by a TV camera; this is immediately reviewed on
         a screen after the mast is lowered, reducing the time the mast is exposed. Every bit of information that the commanding officer
         needs comes into the control room, so there are many screens. There are screens showing where the submarine is, relative to
         the seabed and to other ships, which receive their information from the sound room, where all the sonar is coming from. Information
         can be fed in from the periscopes, and from intelligence, via radio, all contributing to a picture of where the submarine
         is in relation to everything else. When the search periscope is raised, the navigational aids are updated by GPS, similar
         to a car satnav; however, when deep, the submarine’s estimated position is calculated using tidal-stream predictions with
         accurate recordings of the submarine’s speed and log. The navigation section feeds information on the submarine’s position
         to different equipment that would be used during an attack. And the captain uses the same information to drive the submarine
         around the oceans, bearing in mind that, apart from when he’s got a periscope raised, he can’t see where he is going.
      

      
      The control room is also a massive communications hub that can talk to every area of the submarine. At its port aft end is
         the communications office or WT office (which refers to the wireless telegraphy used in the Second World War). Here the communications ratings monitor the submarine broadcast – a passive method
         of receiving intelligence, orders, updates or administrative traffic. They also prepare messages or ‘signals’ for transmission
         when at periscope depth, or set up equipment to talk to other shipping using a variety of differing means. The days of flag-waving
         or bunting have gone; communications for a modern submarine are pretty complex, ranging from all forms of satellite communications,
         which can be UHF (ultra-high frequency), EHF (extra-high frequency), SHF (super-high frequency) or VHF (very high frequency),
         down to very low-frequency waves, which you can only receive just below the surface.
      

      
      On a ‘sneaky’ patrol – i.e. one doing intelligence collection – a submarine won’t communicate at all for six weeks, but it
         will receive information once or twice a day from headquarters, updating it on the latest intelligence, providing it with
         news on what’s going on in the rest of the world and providing administrative support. That’s normally received by satellite
         in quite short bursts when at periscope depth. Nothing comes across in plain voice: it’s all double encrypted, so it can’t
         be intercepted and understood by others. And perhaps just as important to the crew is the communicator’s ability to manage
         and repair the submarine’s computer network, which affects whether or not emails and messages from home are received.
      

      
      At the port forward end of the control room is the ship’s control console, where a team of three drives the submarine and
         operates its systems. The planesman sits in front of depth, speed and attitude gauges while operating a control column – very
         similar to an aircraft. The one-man control column is used to operate the small fore-planes in the bows of the submarine and the larger after-planes located near the rudder. When ordered, the
         planes-man changes the depth of the submarine by pulling or pushing the column, while by moving the wheel left or right he
         alters the ship’s heading to port or starboard.
      

      
      Next to the planesman is the panel operator, or simply ‘Panel’. Supervised by a technical senior rate, Panel controls the
         movements of all masts and the operation of the hull valves that either bring in water or dispel it to alter the weight or
         ‘ballast’ of the submarine. He also controls the movement of water between internal tanks to ensure the submarine remains
         level or ‘in trim’. Essentially, a submarine is like a cigar tube with ballast tanks forward and aft. When the submarine is
         on the surface, the ballast tanks are full of air to keep it buoyant. To dive, Panel opens the main vents, which are large
         brass plugs sitting on top of the ballast tanks, air is expelled and water enters the tanks, making the submarine heavy. She
         dives with the help of the water in the tanks and her propulsion driving her further down. To surface, Panel makes sure the
         main vents are shut and, when ordered, he operates the blow valves, which puts high-pressure air into the ballast tanks to
         expel the water and make the submarine quasi buoyant for surface operations. These high-pressure air systems are critical,
         so Panel monitors them all.
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