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This book is dedicated to all submariners serving in the Indian Navy. May all their dives be followed by surfacing’s, and may they always have twenty feet beneath their keel when dived.  
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“The Submarine has created its own type of officer and man with language and traditions apart from the rest of the service, and yet at heart unchangingly of the service.”

Rudyard Kipling

“The Fringes of the Fleet, 1915”.

They first fought on land. With the discovery that they could float on water, borne by catamarans, rafts, crafts and the likes, they next fought on water. The Wright brothers ushered in the era of flight and soon they fought in the air also. Fighting underwater was more complicated. However by 1864, with the introduction of the submarine as a successful fighting platform (during the war of the States, the spar-torpedo-armed submarine “H.L.Hunley” sank the Federal navy’s sloop, the “Housatonic” on the night of 17 Feb.1864), they began to wage war from underwater too. Man is now itching to carry war into space, and the day is not far when that too becomes a reality. Wars were, are, and will continue to be, a necessary dark side of humankind.

Undersea warfare or ‘Inner Space’ warfare as some like to call it, developed and progressed through the two Great Wars and the Cold War that followed. From operating on the surface and diving only to attack, submarines have developed into platforms that can now stay ‘indefinitely’ under water and hunt not only ships and other submarines, but land targets too. Only human endurance limits the underwater sojourn. Living and working in a steel capsule underwater does take its toll on man. 

Navies have stringent specifications for operating submarines and those who man them. The psychological demands made of individuals in submarine service dictate that they be volunteers. Submarines all over the world have been, and mostly still are, run by volunteers from the general cadre of their respective navies. Only when navies find it difficult to get sufficient volunteers do they resort to other means of inducting personnel into submarines. Candidates have to undergo a stiff medical examination, and a series of psychological and other tests, the successful completion of which enable them to commence submarine training. The criteria for selection concentrates on their fitness to work in confined spaces in close contact with others for long durations. To successfully work in confined spaces, teamwork, a calm disposition, pleasing social behavior, a pleasant nature, good habits, emotional stability, and an absence of psychopathic behavior is of prime importance. Individuals with suicidal tendencies and those with personality disorders are rejected. Other attributes not desirable in individuals are sub normal intelligence, overt and covert anxiety disorders (claustrophobia, social anxiety, and obsessive compulsive disorders), lack of motivation, history of personal ineffectiveness, bad inter-personal relationships, and a lack of adaptability.  

To live and work efficiently for days on end, in claustrophobic surroundings inside a steel capsule crammed with men, nuclear reactors, nuclear and conventional ordnance, other machinery and equipment; in an unnatural and polluted limited air environment resulting from the presence of humans, batteries, other chemicals emitting gases, cooking, machinery operating, and the all-pervasive smells of oils and greases; in artificial lighting day in and day out and night in and night out; and in a world with upsetting and unnatural body cycles and biorhythms, requires a special breed of men. Yet, these are not superhuman men. They look, behave, walk, and talk like any of the men in the rest of the navy. What then propels them to volunteer for this demanding Arm, Service, or Cadre?

Is it the extra remunerations that are normally offered for such service? Some navies do and others don’t. Admittedly, some volunteer for this very reason, and accept the consequential hardships. Some: not all. Is it the glamour attached to this branch of Service? Pilots in the aviation cadre, marine commandos, and divers also have this certain aura about their profession, and submariners are not far behind. Badges worn on uniforms by pilots, SEALS, clearance divers, commandos and submariners all catch the eye and respect of those without them. Again, this may be a reason why some volunteer. Is it the challenge of the risk factor that draws these men to volunteer? Humans love challenge and are constantly stretching and testing themselves in various fields, beyond their individual abilities and talents: perhaps. Is it the spirit of adventure that this career offers? Ask a cross section of submariners and one will get different answers. However, all of them will have more than one reason, and partially agree to the reasons just enumerated. Whatever the reasons, service in submarines draws the best out of men who sail out for difficult missions, performing the most arduous of duties demanding the highest standards of discipline and drill, and develops a bond of camaraderie and esprit-de-corps that is hard to find elsewhere. Give them a choice to leave this cadre and you will find reluctance with a capital ‘R’. Most of those who have served, and are now too old to serve, will give any number of years to be young again and serve once more in submarines. This is inexplicably true. 

What sets these men apart from the rest of the navy? For one, most of these platforms operate as single units out at sea for most of the time. Onboard, the men have opted for a life of living at close quarters demanding rigorous discipline and isolation from the outside world. Each man has specific tasks and responsibilities that he must carry out. At a very early age he learns to do things correctly and work without supervision. The safety and performance of the boat depends on the actions of every man jack onboard. At a very young age, he has to take decisions – and very quick ones at that – all by himself. A breakdown of machinery or systems in his vicinity demands instant corrective action. The decision to opt for one of multiple options has to be the correct and best one. One wrong move or decision can cost heavily. That is a very great responsibility thrust on very young shoulders. 

The Captain is also invariably very young. On him rests a huge responsibility at an early age. For him, handling the submarine is predominantly a mental activity – a difficult task of continuously discerning the undersea surroundings. Onboard equipment helps him. He is, however, alone in ‘decision- making’. For most of the time, there are no Fleet Commanders or ‘higher ups’ to consult every now and then. That is the privilege of the surface navy. Here, underwater, he must make his own assessments and take decisions. Wrong moves in peacetime can create international disquiet. When operating singly in a hostile environment, the decision to attack or evade is again a choice that has to be made by him, and him alone. The sequence and selection of targets in a multi-ship environment is again a lone decision. Fleet ships share targets after much consultation between themselves. The submarine Captain does it alone. Should he attack a screen ship first? Or, go for the ‘big one’ straightaway? Which screen ship should he go for? From which direction should he go for the big one? Despite all possible homework done ashore before setting out, a change in scenario or circumstances demands new appreciations, assessments, and decisions to be taken inside the steel hull, underwater.

Yes, at a very young age a high quality of decision-making is demanded of the submariner, and he trains to make the correct ones. For another, he trains to assess and understand dangerous situations quickly and exercise that certain boldness in ‘follow up’ actions. It is this boldness that encourages and ensures an offensive spirit, without compromise of safety and lives of the men in the hull. These qualities are not demanded of personnel of similar age on surface ships. That is what sets the submariner apart from the rest of his counterparts in the navy. 

Their work and how they should operate at sea is what this book is all about. For the uninitiated, the simplicity of the language, and the explanations that follow, will make it interesting reading. Technical aspects and submarine jargon are predominant by their absence as different navies adopt different terminologies for the same thing. For those who have just joined this cadre, there is enough to understand the overall scenario under which submarines deploy, operate, and perform. ‘Bloggers’ will also find something in this book to ruminate on.

Finally, there have been many books written on submarine warfare in many parts of the world and at various stages in history. To err on the side of repetition is an easy route to follow. Particular care has been taken to avoid such an option and to make this book different.  

.
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THE UNDERSEA ENVIRONMENT
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“Seawater Chemistry, Acoustics, Physics, Geography, Topography, and Oceanography are all essential for submariners to master, in order to conduct their many  under water missions safely and successfully.”

Anon

Calm and serene, sometimes ominous and threatening, the seemingly endless expanses of waters that form the oceans and seas of this planet never cease to thrill mariners. All those attracted to the sea look at nature’s awesome creation that covers seventy percent of the globe, with wonderment and mixed feelings. Everyone is aware of the many globe-trotting voyages of discovery in the days of sail; of the navies that ventured beyond known frontiers and fought great battles in pursuit of annexing and colonizing territories; of the large exchange of culture and trade that plied between widely spaced shores; of the two Great Wars that were fought, sending down millions of tonnage of shipping down to Davy Jones’ Locker; of the many ships that have been traversing the waters carrying cargo and passengers from country to country for centuries, and still do. The surface of the sea has been both a friend and an adversary to mankind. Very few are aware of what lies under this watery surface, and there are many cogent reasons for this. Mankind has not been able to move about as freely underwater as in the air, in the ionosphere, and in space. What lurks and exists beneath the waves largely remained a mystery that is only slowly and increasingly being unraveled now, in the present era.

Recapitulate for a moment how different landmasses appear in different parts of the world. Think of the high mountain ranges in each of the continents, the rift valleys formed by subsidence and the erosive effects of fast moving rivulets of melting snow that seek each other to conjoin and form rivers that slow down as they reach the plains, drop their sediments, and wind their way into the sea. Think of the dense foliage in other parts, with fauna and flora aplenty, some negotiable and others absolutely impregnable. Think of the vast expanse of flat lands that cover some terrains. Think of active landmasses in the form of hot springs and volcanoes. Think of the myriads of types of living creatures that exist and make themselves known by their visual presence as much as by their noises. The undersea is no different. All these and more exist under the surface of the sea. It is as complex as the landmass that forms only thirty percent of the globe’s surface. The same landmass, if immersed in water, will give one some idea of what lurks beneath the waves, with marine life in equal if not more numbers and variety replacing the fauna on dry land.

The sea is noisy, and we are not talking only about the noise of waves lapping the shoreline. The sea is a fascinating subject for acoustic study, the finished product of which will run into some many volumes. Undersea, there are noises covering a whole range of frequencies, far beyond what humans can hear. At one end of the spectrum – the low frequency end – there are whales bellowing across the oceans for hundreds of miles, calling out to others of their community. They can communicate with their kin from the South Atlantic to the North Atlantic Ocean. At the other end of the spectrum are the myriads of tiny little creatures that communicate with each other in very high frequencies across very short ranges. The noisy scenes in shallow waters and continental shelves are different to those in deep waters. Where mighty rivers flow into the seas, the noises are different to that in surrounding areas. Where subterranean volcanic activities and warm water springs abound, a different lot of inhabitants of the region produce their own peculiar noises. There are creatures that live and survive only at great depths just as there are others who can survive only in shallow areas. The undersea is well populated and far from quiet.

Warships, anti-submarine aircraft, anti-submarine helicopters, and hunter killer attack submarines primarily exploit the science of ‘Acoustics’ to locate submarines at sea. It is the same science that is used by submarines themselves, using the same acoustic spectrum to their advantage to track unsuspecting adversaries, and to feel their way around underwater like a visually challenged person feels his way about in busy streets and confined areas. It is used just as bats use acoustics in the air in lieu of eyes, or like electronic waves used for the same purpose in the atmosphere. Sound is the preferred option because it travels, and can be heard at much greater distances underwater than radio waves. It is not the intention here, to go into any depth on the subject of underwater acoustics. For those interested in the subject, Robert. J. Urick’s book titled “Principles of Underwater Sound” may form the ideal launch platform. It is a very vast subject and there is enough literature by other authors also available on the topic. Information can also be gleaned through the internet. However, a brief mention is being made here to draw the attention to the complexities presented by the medium in which undersea warfare is carried out.  

Passive acoustic sensors – those that only listen and do not emit any sound – are used to listen for the typical noises of propulsion and machinery emitted by submarines and other craft over the self-noise of the reverberating sea. All anti-submarine forces have passive sensors and use them when conditions for their use are favorable. Submarines use passive sensors underwater all the time. The alternate means of detection are Active acoustic sensors – sensors that transmit sound and look for ‘echoes’ bounced off the hull of a submarine, bearing in mind that they bounce off large fish, underwater pinnacles, subterranean rocks, and the likes, too. Active sensors broadcast their own presence whereas passive ones do not. While submarines use passive sensors to locate their adversaries, they have active sensors, but use them for specific and limited purposes, and when safe or ordered to do so. 

In the complex environment that the sea offers, sound does not travel in straight lines or along the intended path, and herein lies much of the problems in locating and tracking submarines, whether by passive or active means. Seawater is not a homogenous medium. The salinity and temperature vary with time, season, and place. The shallower part of the sea that is just below the surface is subjected to diurnal variations. This layer is affected by day-night variations in temperature, and meteorological variations during different times of the year. These variations affect the ray path of a sound source traveling from and to a shallow sensor. What is known as the afternoon effect reduces echo ranges on calm and sunny days around mid-day. The warm water near the surface prematurely bends sound rays downwards, and submarines lurking at shallow depths are not likely to be detected at normal ranges by sensors fitted on the hulls of ships during this part of the day. Detection may occur only when the range is already too near for comfort. At night this phenomenon disappears. A Surface Duct occurs just below the sea surface whenever the processes of stirring by wind and convection, caused by cooling and evaporation of water, takes place. Here sound is trapped near the surface giving extended acoustic ranges at shallow depths, with occasional losses at the fringes. This mixed layer, or surface duct, is predominant in windy ‘Temperate Regions’ of the world’s oceans. The thickness varies with the seasons. For example, in the temperate regions of the North Atlantic Ocean (between Lat 40º –50ºN) the median of the surface duct is at about 200ft depth in winter (Jan-Mar), 90ft depth in spring (Apr-Jun), 70ft depth in summer (Jul-Sep), and 150ft depth in autumn (Oct-Dec). Sometimes, the presence of a slight negative gradient in this mixed layer prevents a surface duct from forming altogether!
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The sea surface affects shallow water acoustics through a reflection loss of sound incident upon it, produces back-scattering which results in sea surface reverberations; produces forward scattering resulting in reduced ranges of detection; casts a shadow in a negative gradient which can extend right up to the surface in which a lurking submarine may not be detected; creates a layer of bubbles of air just below the surface when the sea is rough which results in the sea surface being acoustically hidden; creates ambient noises of a disturbing nature in frequencies between 0.5 to 50 kilohertz, and complicates any attempts to predict the sound ray path with some accuracy in a selected region. The picture gets more complex when moving away from deep oceans to shallow waters. In shallow waters, like for example above continental shelves or near the coast, transmission losses near the sea surface tend to be higher in summers than in winters, and reverberation effects are high. 

The velocity of sound in water is also dependent on depth or pressure (and pressure is a function of density and temperature). Seasonal variations of heating and cooling penetrate a little deeper and affects the cross section of water below the shallow diurnal layer, down to a depth of about 200 meters. This water mass lies in what is referred to as the Seasonal Thermocline bracket. 

From 210 meters down to about 1000 meters or so, the mass of water is referred to as that mass which is bracketed by the Main Thermocline. Here the main changes in sound velocity or temperature occur. The maximum diving depth of a submarine is a closely guarded secret and submariners never disclose this piece of information. However, it wouldn’t be too wrong to say that most naval submarines in the world have a maximum diving depth of 500 meters or less, and therefore do not go deeper. The water pressure column increases with depth, and the crushing force also increases as one goes deeper. The cost of building a submarine to go deeper and resist the increasing crushing force also becomes exorbitant and prohibitive. Most of the anti-submarine weapons are also designed to operate reliably in depths of less than 500 meters. A few underwater research vessels that go deeper have been built over the years, but have remained ‘few’. There is the Russian ‘Alpha’ class nuclear powered submarine built with a titanium hull that is known to have dived deeper and moved at speeds in excess of 40 knots. Not many were built, as they proved to be too expensive to build. However, ships and submarines do use the deeper seawater medium for their ‘sonars’ to locate their adversaries through bouncing sound waves off the bottom of the sea using bottom bounce techniques, and also for long range communications through deep sound channels (some leakages occur if frequencies less than 20 hertz are used). Deep Sound Channels are caused when the deep sea is warm on top and cold below. A reversal of the velocity gradient occurs, and this happens at a depth of around 1200 meters and results in a reduction in sound velocity, which has an effect on long range sound propagation (Deep Sound Channel). During World War II, a SOFAR (sound fixing and ranging) net was established in the Pacific Ocean by the Americans, which for many years after the war remained the best non-radio channel for long distance communications (satellite communications and internet apart). Beyond this depth the temperature of the water is about 4º C (isothermal), the density is highest, and the sound velocity increases with depth.

The classifications just described are very general and not applicable across the board. For example, as we move from higher latitudes towards the Poles where low temperatures are predominant for the major part of the year, the Main and Seasonal Thermocline become less prominent and the zone of reversal of sound velocity, or the Sound Channel, comes shallower till it virtually lies just under the ice in the Arctic. In the Arctic, because of the absence of the main thermocline (present in ‘Temperate’ latitudes) due to lack of solar heating, acoustic rays present a positive gradient up to shallow depths in summers and go all the way up to the surface ice in winters. In summers, in open waters, acoustic rays often form a slight negative gradient down to 100 feet or more. However, salinity gradients occur where the ice is melting or where rivers are flowing, and this presents a positive gradient, which might neutralize the negative gradients, if existing. The Arctic therefore has some of the characteristics of both the mixed layer channels and the Deep Sound Channels. In the Mediterranean Sea a shallower sound channel exists in the summer months at a depth of around 100 meters with an axial temperature of around 13º Centigrade.

Apart from variations in temperature, pressure, and salinity affecting the velocity of sound in seawater, when energy is radiated by a sound source, there is a loss of energy experienced through spreading and attenuation. There is no regular way of describing this phenomenon because of differences in different oceans. For example, the Pacific Ocean is more acidic than the Atlantic Ocean and therefore attenuation in the Pacific has been observed to be around half that in the Atlantic, for a given frequency.

One may well ask why all this is necessary to know in the conduct of submarine operations and undersea warfare? To locate the exact position of a moving submarine underwater, an accurate bearing, accurate range, and, if possible, accurate depth, of that platform is required by the locator. Periodic readings need to be recorded to work out its Course and Speed in order to track it or predict its future position as required. Similarly, for a submarine to locate the exact position of a ship, accuracy of bearings is equally vital. Velocity being a function of distance and time, accurate sound velocities is required whenever a travel time in the sea has to be converted into distance. Because of the effects of the sea on sound rays, the curving pattern of sound rays in a given area of interest is also required, and predictions are called for, for a better understanding of how they will behave. This then gives the Sound Ray Predictions (SRP) and the Expected Sonar Range (ESR) of a given sensor in a given area during a particular time-period. Fire Control Systems onboard submarines require this information where, apart from the target’s Course and Speed, an accurate target Range is needed from sonar data, to launch a weapon and expect a high probability of hit or kill. Submarines have a distinct advantage over ships and anti-submarine aircraft in getting up-to-date predictions of behavior of sound in a given region, as they are able to maneuver in the vertical plane, physically move through the vertical zones of interest, and get their SRP and ESR at any given moment quite accurately. Ships and aircraft have to lower sensors vertically down into the water to the required depth to get this information, for which they have
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