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PRAISE FOR SEALAB


“A thrilling, true-life adventure that transports the reader to a place as foreboding, exciting, and dangerous as outer space. Ben Hellwarth’s Sealab is more than a great history of unsung American explorers. It is a tale of man’s deepest desires and grandest ambitions, and his willingness to risk it all for dreams as vast as the ocean floor itself.”


—ROBERT KURSON, author of Shadow Divers


“Sealab is a must read for anyone who wants to know the true story behind America’s Man-in-the-Sea Program, complete with all of its triumphs and tragedies.”


—DR. ROBERT D. BALLARD, Deep Sea Explorer and author of The Discovery of the Titanic


“I grew up with Sealab and Conshelf. Our decision makers need to focus on the importance of one of our vital life-support systems—the ocean, 70% of our planet. This incredibly detailed, precise book should be read by those who care about our future so they can start planning by basing their passion and decisions on solid foundations.”


—JEAN-MICHEL COUSTEAU, founder and president, Ocean Futures Society


“A remarkably stirring narrative filled with an awe-inducing cast of scientific adventurers who risked life and limb to not only explore the ocean’s depths, but to make them their own. What Tom Wolfe revealed in such riveting detail of the space program in The Right Stuff, Ben Hellwarth matches here for underwater discovery.”


—NEAL BASCOMB, author of The Perfect Mile and Hunting Eichmann







SEALAB is the underwater Right Stuff: the story of how a U.S. Navy program sought to develop the marine equivalent of the space station—and forever changed man’s relationship to the sea.


While NASA was trying to put a man on the moon, the U.S. Navy launched a series of daring experiments to prove that divers could live and work from a sea-floor base. When the first underwater “habitat” called Sealab was tested in the early 1960s, conventional dives had strict depth limits and lasted for only minutes, not the hours and even days that the visionaries behind Sealab wanted to achieve—for purposes of exploration, scientific research, and to recover submarines and aircraft that had sunk along the continental shelf. The unlikely father of Sealab, George Bond, was a colorful former country doctor who joined the Navy later in life and became obsessed with these unanswered questions: How long can a diver stay underwater? How deep can a diver go?


Sealab never received the attention it deserved, yet the program inspired explorers like Jacques Cousteau, broke age-old depth barriers, and revolutionized deep-sea diving by demonstrating that living on the seabed was not science fiction. Today divers on commercial oil rigs and Navy divers engaged in classified missions rely on methods pioneered during Sealab.


Sealab is a true story of heroism and discovery: men unafraid to test the limits of physical endurance to conquer a hostile undersea frontier. It is also a story of frustration and a government unwilling to take the same risks underwater that it did in space.


Ben Hellwarth, a veteran journalist, interviewed many surviving participants from the three Sealab experiments and conducted extensive documentary research to write the first comprehensive account of one of the most important and least known experiments in U.S. history. His compelling narrative covers the story from its scrappy origins in Dr. Bond’s Navy laboratory, through harrowing close calls, historic triumphs, and the mysterious tragedy that brought about the end of Sealab.
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BEN HELLWARTH grew up in Los Angeles and began reporting, writing, and editing for papers in the Bay Area after graduating from the University of California, Berkeley. He won a number of notable journalism awards in the 1990s as a staff writer for the Santa Barbara News-Press, then part of The New York Times Regional Newspaper Group. He currently lives with his family in western Pennsylvania. Sealab is his first book.
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A DEEP ESCAPE


Three hundred feet down, deeper than most divers were equipped to go, the World War II–era submarine Archerfish prepared to release two passengers into a dim sea with little more than the breath they held in their lungs. A spate of foul weather and strong currents had complicated some trial runs, but now, early on the first day of October 1959, the sun came up with just a few wispy clouds on the horizon. In calm water, the sub set out from the U.S. Navy base at Key West, heading southwest into the Gulf of Mexico. The mission’s unusual aim was to prove that a trapped submariner could reach the distant surface on his own—and live to tell about it. No escape quite like this had ever been made, and not everyone was convinced it was a good idea to try. But one of the passengers, Commander George Bond, a Navy doctor, had argued for attempting to make the escape. As was typical of him, he had also argued that he should be the one to do it.


George Bond was forty-three, though his soft features and jowls made him look older. He was a couple of inches over six feet, barrel-chested and thickly built, with close-cropped salt-and-pepper hair and owlish dark eyebrows. Bond had joined the Navy just a few years before but he already had a reputation for being a maverick with a fondness for showboating. He preferred not to be photographed without his pipe. Daring, gregarious, kindhearted, even his detractors found him difficult not to like. He often lapsed into the disarming Appalachian brogue of the clients he had served not so long ago as a country doctor. His resonant baritone, noticeably seasoned somewhere south of the Mason-Dixon line, had the soothing, unhurried intonation of a storyteller sent from heaven. It was a voice that had served him well as a lay preacher back home in the Blue Ridge Mountains.


Dr. Bond had recently become head of the Medical Research Laboratory at the U.S. Naval Submarine Base at New London, Connecticut. Most American submariners got their specialized schooling at the base, which was named for New London but was actually in neighboring Groton, on the eastern bank of the Thames River. Scientists employed at the base’s medical lab concerned themselves with a variety of physiological puzzles such as those related to submarine escape. In the early years of the U.S. submarine service, at the beginning of the twentieth century, there was no procedure, and virtually no hope, for submariners trapped in downed subs, even in relatively shallow water. Safety features in the early boats were primitive at best, and gradual asphyxiation or drowning were often the survivors’ macabre options. But after three submarines sank in the 1920s, newer American subs were fitted with the equivalent of emergency exits, known as escape trunks. By the late 1930s a drum-shaped pod called the McCann Rescue Chamber was devised that could be lowered like an elevator from a surface ship and, with the aid of divers, locked on to the sub’s escape hatch. But if the chamber couldn’t reach a sunken submarine, the sailors inside needed something like an underwater version of a parachute to escape on their own.


Several methods evolved to enable a sailor to bail out of his doomed vessel and get himself to the surface. From the Archerfish Bond wanted to test one that had been borrowed a few years earlier from the British called “buoyant-assisted free ascent,” or just “buoyant ascent.” It was also known less formally as “blow and go.” Holding your breath underwater might feel like holding on to life, but not if you’re swimming to the surface after inhaling a lungful of highly compressed air. The final breath taken in the escape trunk just before leaving the Archerfish would expand from something like five quarts to nearly thirteen gallons en route to the surface, a phenomenon explained by Boyle’s law, named for the seventeenth-century Irish physicist Robert Boyle. Assuming temperature remains the same, as pressure increases, volume decreases; as pressure decreases, volume increases. So it is that a lungful of compressed air inhaled at any depth will expand tremendously as a person approaches the surface and the surrounding water pressure gradually drops. A submarine escapee, therefore, had to learn to exhale forcefully and consistently, like an exuberant tuba player, all the way to the surface—a strange sensation that took some getting used to.


The gravest danger during an escape to the surface is from an arterial gas embolism, or “getting embolized.” If not adequately exhaled, the expanding air will backfire into a pulmonary vein, sending emboli in the form of tiny bubbles to the brain. The consequences could include seizures, slurred speech, loss of vision, loss of muscle coordination, unconsciousness, even instant death. The human lungs aren’t wired to the autonomic nervous system, so even if perilously overinflated they won’t set off any synaptic sirens and zap the brain with pain signals the way other body parts do, like a finger on a hot stove. From three hundred feet down if you didn’t blow and go just right, you could kill yourself as surely as if you stayed on a stranded submarine.


Prior to Bond’s attempted escape from the Archerfish, about the deepest experience that he or anyone else had with the blow and go technique came from inside the escape training tank. At New London the tank towered above everything else on the wharf and was the main attraction on base tours. Esther Williams, “Hollywood’s Mermaid,” once came to have a look. For anyone going through submarine school, the tank held the promise and fear of a rite of passage. Eleven stories high, it resembled a silo that might have been transplanted from a farm in the surrounding Connecticut countryside. But it was taller than a silo and instead of a simple dome, it was topped with an octagonal cupola, which gave it the look of a misplaced airport control tower.


Built into the sides of the tank were several airlocks similar to actual submarine escape trunks. A sailor could pass from the airlock into the tank water as if making a real escape, and practice reaching the surface unharmed. The deepest entry point was near the bottom of the tank, at almost 120 feet. Most trainees made their required mock escapes from a lock at fifty feet, but the confluence of physics and physiology is such that a blow and go escape begun at that depth could be every bit as life-threatening as one from the bottom of the tank. During training sessions half a dozen instructors hovered in the tank water, trailing each trainee like pilot fish. A doctor was on duty, too, in case of an accident, and Dr. Bond became a proficient escape artist himself.


Sailors often asked whether it would be possible to blow and go from, say, 240 feet, the depth at which the USS Squalus sank during a test dive off the coast of New Hampshire in 1939. The best answer that Dr. Bond or anyone could give was that, yes, in theory, you should be able to safely blow and go in the open sea from a depth of at least three hundred feet or so—but no one had ever done it. Bond decided it was time to put theory to the test.


After receiving the approval of the rear admiral in command of the submarine force, U.S. Atlantic Fleet, Bond planned to stage a series of progressively deeper open-sea escapes, culminating with one from more than three hundred feet. Bond needed a buddy to make the escape with him and chose Cyril Tuckfield, a chief engineman recently reassigned to a submarine out of Key West after working for several years as a training tank instructor at New London. “Tuck,” as the good-humored sailor was known, was thirty-eight and a World War II submarine veteran who was also trained as a diver. He had an infectious, face-crinkling grin and was unique among the enlisted men for his aversion to using foul language. Tuck’s father once heard him cuss during a sandlot baseball game, gave his boy hell for it, and young Tuck never swore again.


As a former training tank instructor, Tuck understood the peculiar dangers of this deep escape as well as anyone but was delighted to be asked to accompany his friend Dr. Bond. The fact that a medical officer like Bond would put himself on the line was one of the things that endeared him to enlisted men like Tuckfield. Indeed any number of sailors would have gladly volunteered to join Bond for the escape from the Archerfish.


Once the two men locked themselves into the escape trunk, with the sub at a depth of just over three hundred feet, they would have at least as much to worry about as someone parachuting from an airplane. Their procedures and timing would be critical. Pressure inside the trunk would approach 150 pounds per square inch, about ten times as great as inside the submarine, where the air is kept close to 14.7 pounds per square inch, the same atmospheric pressure as at sea level. The elevated pressure would enable them to make the transition from the submarine’s escape trunk into the sea. That pressure would also expose them to physiological dangers including one commonly known by deep sea divers as “the bends.” Ugsome aches and pains, paralysis, even death await the diver who ascends too quickly to the surface—but only after having spent enough time at depth for gases to seep into the blood and tissues. To avoid getting “bent,” as divers say, Bond and Tuck knew they would have strict time limits at each step of their escape. They would need about five minutes to prepare the trunk and flood it shoulder-high with seawater. Then they’d open an air line inside the trunk and within another minute, as air noisily whooshed in, the pressure inside the remaining air space would match the pressure outside. At that point, according to prior calculations, they would have a maximum of three minutes and fifteen seconds to reach the surface. Any longer than that and they would risk getting bent.


Throughout this process Bond and Tuck would also have to be alert to the symptoms of breathing nitrogen under pressure. Four-fifths of air is nitrogen, but when inhaled at high pressures the omnipresent gas could instantly put a diver into a giddy haze similar to drunkenness, and that could cause him to make fatal mistakes. Largely because their time at the full depth of 300 feet would be brief, Bond and Tuck were less likely to be dogged by the mental haze of nitrogen or the bends. Getting embolized posed the greatest danger in making this deep escape. Once they began their ascent, sufficient blowing, all the way to the surface, was the only thing that would keep them from getting embolized by tiny, backfiring bubbles from their lungs. In the training tank, to avoid potentially deadly cases of embolisms, instructors would routinely jab a trainee in the gut to make sure he was blowing forcefully enough, and if anyone’s ascent ever looked problematic, they would pull the ascending man into one of several air pockets built into the wall of the tank. In the open sea, of course, safety pockets did not exist.


On board the Archerfish that morning, neither man ate breakfast. Bond thought it would be wise to keep their stomachs empty, in case of an accident. They drank only black coffee. Bond puffed his ubiquitous pipe and Tuck smoked a cigarette as they mulled over the plan for their impending escape. It would have been like Bond, a consummate raconteur, to recall his memorable introduction to the hazards of making an escape. It had come five years earlier, at the Pearl Harbor submarine base, where Dr. Bond was first assigned soon after completing his Navy schooling for submarine duty and deep-sea diving. At Pearl Harbor Bond spent much of his time around the escape training tank, a replica of the tank at New London that was built a couple of years later and survived the infamous Japanese attack.


There were no guarantees with escape training, as Bond learned one Friday in the fall of 1954 when he met a fellow Navy doctor named Charles Aquadro. Charlie Aquadro, whose very name suggested a love of the life aquatic, was the medical officer with an Underwater Demolition Team, the progenitor of the Navy SEALs. Aquadro was an experienced diver, fourteen years younger than Bond, lean and athletic, raised and educated in Kentucky and Tennessee. He was polite but playful, with a disarmingly gentle demeanor and a ready smile—a boyish Southern gentleman. The two doctors hit it off immediately, at least in part because of their common Southern roots.


Aquadro’s UDT group was soon scheduled to make practice escapes from the bottom of the training tank at 120 feet. Bond watched the UDT drill as Charlie Aquadro took his turn, blowing a steady stream of bubbles, looking good all the way up. Aquadro reached the surface, climbed out of the water, stood up on the deck around the top of the tank, said a few words, seemed to be fine, and then collapsed, unconscious. Aquadro had somehow embolized himself. As Dr. Bond knew from his recent training, the surest remedy for quashing menacing bubbles, the cause of the embolism, is to put the ailing person back under pressure.


The group lugged Aquadro’s limp body into the pressure chamber that had been installed for just such emergencies. Bond stayed inside with Aquadro. Those outside sealed the hatch and flooded the chamber with a whoosh of compressed air to raise the pressure to that at 165 feet, a standard treatment protocol. Aquadro regained consciousness, but couldn’t see a thing. You could never be sure where a bubble blockage would occur or what effect it would have.


Aquadro’s sight gradually returned. As the hours passed, the pressure inside the chamber was eased back to surface level. They were closing in on the surface when Aquadro went into severe convulsions, then stopped breathing. Those working outside the chamber cranked up the pressure again, hoping to quash the bubbles that were clearly short-circuiting Aquadro’s brain. Temperature rises when a gas is compressed, so the air inside the little chamber was as hot as a desert summer. Bond sweated it out with Aquadro on the hyperbaric roller coaster for almost forty hours. By Sunday morning, the two men finally staggered out of the chamber, their camaraderie bolstered by the wild ride.


Their paths would cross many times. In October 1959 Lieutenant Commander Aquadro was the submarine squadron medical officer at Key West and among the safety divers assigned to watch as Bond and Tuck attempted their deep escape. Aquadro and the rest of the support crew sailed to the designated escape site, about fifteen miles southwest of Key West, on the USS Penguin, a submarine rescue ship equipped with a pressure chamber.


At nine o’clock in the morning, after a three-hour ride, the Archerfish settled near the bottom at 322 feet. That put the outboard door of the escape trunk at 302 feet, deep enough to prove the point—if it could be proved. A messenger buoy was released to let the Penguin crew know where Bond and Tuck would appear, barring any significant currents or catastrophes. The two men approached the forward torpedo room and the ladder leading up into the escape trunk. Tuck gestured for Bond to go first, part of a tongue-in-cheek ritual the two friends developed at the New London training tank.


“After you, Courageous Leader,” Tuck said.


“Thank you, Brave Follower,” Bond replied.


Each wore only shorts, a diving mask, and a Mae West—an inflatable life vest nicknamed by astute airmen who noticed that it gave them a silhouette similar to that of the buxom screen legend. Bond stashed his pipe, tobacco pouch, and a letter from his wife in a pocket of his Mae West. He and Tuck passed through the open hatch in the floor of the escape trunk, as if crawling up into an attic the size of a broom closet. They sealed the hatch behind them. Tuck then opened the valve that allowed seawater to pour in.


At sixty-eight degrees Fahrenheit, the water felt chilly as it rose around them, a palpable reminder that this escape would be for real. In the controlled environment of the training tank, the water was kept at a balmy ninety-two degrees. For several minutes the water noisily spilled in until it reached their chins. Then Bond shut the vent leading to the torpedo room. Tuck opened a valve and high-pressure air whooshed in, warming the remaining air pocket around their heads. The pressure rose fast, as planned. Bond was not surprised to feel pain in his eardrums and instinctively cleared his ears, as divers do, to spare his eardrums from sharp pain and possibly rupture as the pressure around his body rose. To clear your ears, you clamp your nose shut, close your mouth, keep the back of your throat open, and try to exhale with something like the force of a suppressed sneeze. The objective is to create internal pressure on the eardrum to match the mounting external pressure. Once the pressure is equalized, there’s no net effect on the eardrum, no painful push from either side. After half a minute, Tuck turned off the air and the trunk fell silent. Now they were breathing under pressure equal to the water pressure outside, about 150 pounds per square inch. From that moment, the clock was ticking. To test for signs of a nitrogen-induced mental haze, Bond quizzed himself on his telephone number, his middle name, and the names of his kids—Gail, George Junior, Judy, David. Tuck seemed to be doing fine, too.


With the pressure equalized between the flooded compartment and the seawater outside, there was no longer any great resistance on the trunk’s escape hatch. They inflated their Mae Wests and Bond pushed open the escape hatch, which was about waist high in the side of the trunk. The Courageous Leader took a last breath from the remaining air pocket. His Brave Follower did the same. Each man’s lungful of air was now a time bomb, a massive gas embolism waiting to happen. As soon as they passed through the hatch into the darkened sea outside, they began to exhale vigorously.


Tuck grabbed hold of Bond’s life vest belt so that they would stay together. In their inflated Mae Wests, they ascended briskly, like helium balloons set free on a breezy day. A valve on the Mae West allowed the expanding air to whistle out so the life jacket wouldn’t explode on the way up. Like their lungs, their life jackets started out with ten times as much air as they would be able to hold on the surface. Bond raised his left arm, like Superman in flight, to help steer them in a straight line to the surface. They were rising at about six feet per second, in a great hail of bubbles.


Bond could feel his Mae West ballooning as the water pressure decreased. He worked his legs and arms slightly, checking for signs of the bends as he and Tuck made their swift ascent. They blew forcefully and steadily. The trick was to exhale enough to avoid embolizing themselves as Charlie Aquadro had done, but not so much that they ran out of breath before surfacing. They were used to the strange sensation of continuous blowing and from three hundred feet down, more than twice the depth of the training tank, that sensation was stranger still. Bond felt as though their ascent was taking an awfully long time, but he figured that was just because he had never risen through three hundred feet of water. Fortunately the current was light. At 180 feet the water turned noticeably warmer as they passed through a thermocline. Visibility improved and Bond could make out the underside of the waiting Penguin.


With about a hundred feet of water still between them and the surface, Tuck sensed that he had nothing left to blow. He had been exhaling like mad for more than half a minute. Experience had taught Tuck not to panic, and within another few feet the air in his lungs swelled anew and he kept on blowing. The final thirty feet or so, which should take less than ten seconds to cover, could be the most dangerous of the entire run. In those last thirty feet the volume of air remaining in the lungs would double.


Fifty-three seconds after Bond let go of the Archerfish, he and Tuck broke the surface. They gratefully gulped the fresh sea level atmosphere at 14.7 pounds per square inch. Of course as Charlie Aquadro’s accident at Pearl Harbor demonstrated, Bond and Tuck were not necessarily all right. They might still be struck by an embolism or possibly a case of the bends, which could take hours to manifest itself. Doctors watched carefully as the two escape artists were plucked from still blue water and raised on a diving platform to the Penguin deck. Still dripping wet, Bond produced his pipe, smiled, and lit up as photographers snapped his picture.


George Bond and Cyril Tuckfield received widespread praise for their daring escape. They were awarded the Legion of Merit, and their feat was noted in Time magazine, The New York Times, and their hometown newspapers. Bond had a lengthy first-person account published in True, a reasonably respectable men’s magazine. He was also a guest on NBC’s Today show and on Conquest, a new Sunday evening science program on CBS.


This was not the first time that the press had taken notice of Bond. A year before the submarine escape, in November 1958, Bond had made himself the lead subject in a series of tests to analyze possible causes of Navy pilot deaths from carrier-based jets that crashed in the sea. Using the blow and go method to escape from a sinking aircraft gave these jet escape trials something in common with submarine escapes. Dressed in full pilot gear, Bond strapped himself into a jet cockpit that had been affixed to the afterdeck of a submarine. With the sub headed down at sink rates of up to ten feet per second, Bond extricated himself, took a last breath, and swam for the surface, blowing all the way. A lengthy story in the New London newspaper, the kind of publicity that irked some of Bond’s Navy colleagues, was headlined: “Cmdr. Bond Escapes from ‘Aircraft’ Underwater to Come Up with Answers.” Bond was already in his early forties and until now he had not looked like the obvious man to come up with answers like these.


Prior to joining the Navy, Bond had developed no special interest in either ships or the world underwater. He never acted like someone eager to sign up for any kind of military service, even when so many young men of his generation were marching off to fight in the Second World War. Dr. Bond was more poet than soldier, and for a time it appeared he might be more poet than doctor. The son of a well-to-do lumberman, George Foote Bond was born on November 14, 1915, in Willoughby, Ohio. He spent much of his privileged childhood in DeLand, Florida, in his family’s magnificent home filled with Stickley furniture near the offices of the Bond Lumber Company. George was not quite ten years old when his father died late in the summer of 1925, but the family could still afford a nanny, summer camps, and private schools. As a teenager at Mercersburg Academy in Pennsylvania, Bond worked on the school’s monthly literary magazine and became known as the class poet. He took up pipe smoking as a teen and developed what would become a lifelong fondness for bourbon. His nickname would not have shocked his Navy bosses. His schoolmates called him “Rebel.”


After graduating from Mercersburg in 1933, a few years into the Great Depression, Bond enrolled at the University of Florida. His course list revealed his divided interest between letters and sciences, though he generally did better in classes like Old English and Imaginative Writing than in General Chemistry and Histology. His literary side won out, at least initially. Bond earned his bachelor of arts degree in early 1939 and went straight into a University of Florida graduate program for a master’s degree. He studied English and for his thesis wrote about the Appalachian dialect spoken around Bat Cave, a hamlet in the Blue Ridge Mountains about ten miles from the family’s summer home at Chestnut Gap, near Hendersonville in western North Carolina. Bond had gotten to know the speck of a town—named for a nearby cavern that was a seasonal home to migrating bats—when he went to summer camps in the area after his father died.


In those formative years George, his older sister, and brother had continued to live with their mother, Louise Foote Bond, a stern, college-educated woman, as the family moved between DeLand and the more modest home at Chestnut Gap. Bond loved the rocky and wooded backroads around Bat Cave and neighboring hamlets like Chimney Rock and Bear Wallow. He spent many lazy days hiking, horseback riding, and fishing with his two best friends, Lonnie Hill and Homer Lafayette “Fate” Heydock. Both were products of far less privilege and formal education, but that made no difference to Bond. Fate himself served as one of Bond’s fifteen master’s thesis subjects and helped Bond gather documentary material. Bond made notes on distinctive words, pronunciations, and such Appalachian pearls as “I’ll take no back-sass offen you” and “My popskull mash went blinky on me.”


Bond was inspired by the simple rustic ways of the mountain people and their independence. As a kid he once lived with Ben and Dooge Conner for the better part of a month at their ramshackle place on Bear Branch, a little tributary near the head of the Broad River. Ben Conner was quiet and removed, but Dooge, his wife, was wiry, snaggle-toothed, jubilant, and gregarious. It was Dooge—pronounced DOO-jee—who early on had said something like: “George, why don’t you go to school, make a medical doctor, and come back here? We’ve never had nary one, and we need one bad.”


After Bond finished the English thesis and got his master’s he went to work as a laborer during the construction of the scenic Blue Ridge Parkway, no doubt pondering his future plans. By then he had married Marjorie Barrino, whom he had met in the summer of 1935 while she was on a church camping trip up around Bat Cave. She was a brunette with a cheerful face, two years older than Bond, and in his six-foot-plus company appeared more petite than she was. “Margit,” as Bond took to calling her, was from nearby Marshville and a family of more ordinary means than the Bonds. In an act of social unorthodoxy, George and Marjorie eloped during the summer of 1938 while in New York City.


Bond decided he should go down the professional trail that Dooge had urged him to follow. He knew firsthand that there was a real need for a doctor in the mountains. As a boy he had seen two people die for lack of prompt medical attention. With his sights set on medical school, Bond enrolled at the University of North Carolina at Chapel Hill in early 1940 and spent the next fifteen months shoring up his science background—and got a good ribbing from fellow students for riding a horse to campus.


In the fall of 1942, nine months after the Japanese attack on Pearl Harbor, Bond started medical school at McGill University in Montreal. Marjorie and their firstborn child soon followed. Bond applied for a reserve commission in the Army’s Medical Administration Corps and was assigned to Ready Reserve, subject to active-duty call on fifteen days’ notice. That was as close to the wartime action as he got. At McGill he initially made average grades but by his fourth year had moved to the upper fifth of his class, ranked eighteenth out of ninety-eight. Bond found that he liked practicing medicine more than pondering it in class, and always seemed to have a penchant for grand plans. At one point during surgical training he complained about a lack of practical experience and brashly prepared an outline for overhauling the entire system of medical education “from grammar school up.”


In 1945, Bond graduated from McGill and embarked on a year-long internship back in North Carolina, at Charlotte Memorial Hospital. Well-paid city jobs beckoned but money was never a great motivator for Bond. He cared little for fine furnishings or the kind of lavishly appointed houseboat his father once owned. He and Marjorie, along with their three young children, moved into a log cabin in Bat Cave and Dr. Bond, then thirty-one years old, went to work. Making house calls came with the territory, although Bond, ever the philologist, preferred to call his service “family practice in the home.” He drove a surplus Willys jeep, bouncing and weaving over rocky roads that led to the homes of some five thousand souls squirreled away over five hundred square miles of Hickory Nut Gorge. During twenty-hour workdays Bond might easily cover two hundred miles.


As Bond would say, he often found himself trying to bring modern medicine into eighteenth-century settings. Not everyone welcomed his remedies. On one memorable occasion up at Reedy Patch, Granny Hill (no relation to Bond’s pal Lonnie Hill) saw this young doctor fixing to stick her kin with a needle to inject penicillin and tetanus antitoxin and she aimed the barrel of a 12-gauge shotgun at him. Bond carried a .38 in his medical bag and brandished it while seeking to ease the old woman’s fears. She put down the gun and Bond gave the injections.


Bond learned to perform delicate procedures in remote shanties, swatting houseflies by the light of kerosene lanterns. Hardly a baby was born in Hickory Nut Gorge that Bond did not deliver. Unorthodox methods were an essential part of his practice, in part because the nearest hospital was some twenty miles away. Sometimes, when fatigue and despair came knocking, Bond believed it didn’t hurt to invoke the power of prayer. His patients invariably urged him to do so. Although religion had not been central to Bond’s upbringing, he became an active Episcopalian and a great student of the Bible, much as he relished studying Chaucer and Shakespeare in school. In Bat Cave Bond served as a lay preacher at the Church of the Transfiguration, a little stone-walled sanctuary a stone’s throw from the rocky Broad River. On many Sundays he would fill the little chapel with his sonorous baritone.


In the early months of 1947, an outbreak of influenza swept the gorge along with heavy winter snows. Those exhausting days and nights prompted Dr. Bond to expedite his plan to get a hospital built in Bat Cave. With a certain amount of cajoling and even tacit collusion, Bond raised money and rallied the community. Volunteers like his old friends Fate and Lonnie—who were much handier with hammers and nails than he—donated their time to transform the abandoned Bat Cave schoolhouse into the twelve-bed Valley Clinic and Hospital. They built the new hospital at a fraction of the normal cost and Bond believed the year-long effort could serve as a model for improving medical care throughout rural America. Young Dr. Bond and the Valley Clinic were even celebrated in an American Medical Association film and written up in Reader’s Digest, among other publications. Bond’s status as beloved country doctor was secured. Everyone knew him as “Doctor George.”


When the Korean War started Bond got a telegram informing him that he was eligible for recall to the Army. But it wasn’t until after the armistice in 1953 that Bond finally had to pull up his mountain roots to relieve a paratroop doctor. Soon after arriving at Fort Sam Houston in San Antonio, Bond found that he and several hundred others would be redirected either to the Air Force or the Navy, where more doctors were needed. Bond chose the submarine service for no particular reason other than his understanding that the hazard pay would be the same as it would have been with the paratroopers. Bond’s next stop, as part of his undersea medical training, was the Navy Yard on the Anacostia River in Washington, D.C., the home of the Navy’s school for deep-sea divers. This unplanned immersion into diving began his professional conversion.


After dive school Bond spent six months at the New London base studying submarines and related medical issues. By the summer of 1954 he had moved with his young family to Pearl Harbor to serve as a submarine squadron medical officer. The post included shifts at the escape training tank, and Bond’s touch-and-go ride in the pressure chamber to revive Charlie Aquadro was not his only such act.


George Bond was by then a father of four and he relished having a much more manageable schedule than was possible during his eight years as a country doctor. He was about ready to leave his Navy post, as scheduled, in the spring of 1955 when Navy officials ordered him to Hollywood, supposedly to act as an adviser for a training film on submarine escape. Bond was sitting in a little waiting room at the NBC studios when suddenly, as cameras rolled, he became the latest unsuspecting guest of honor on This Is Your Life, the popular TV show. Dr. Bond was lauded for his exploits as a country doctor, and as the program ended host Ralph Edwards handed Bond the keys to a new Mercury station wagon that had been converted into an ambulance for the Valley Clinic. The television program served as a fitting epilogue to Bond’s life as a rural physician.


While Bond was in the Navy, another doctor had taken his place at the Valley Clinic. The two planned to go into a partnership upon Bond’s return, but Bond soon found that he disapproved of how his replacement was running the practice—sending out bills, for example. Such a formal demand surely came as a shock to the mountain people. Bond had always waited until his clients could rustle up the dollars—or he would gladly take payment in the form of a ham shank or a basket of vegetables. But there were more serious concerns weighing on Bond, too. His childhood friend Fate Heydock had recently died of leukemia. Lonnie Hill, who was among the surprise guests flown in to give testimonials about Dr. Bond on This Is Your Life, had been depressed over Fate’s passing, as Bond knew. Bond figured he could lift his old friend’s spirits once back in Bat Cave, but by the time Bond got home Lonnie had hanged himself from a dogwood tree near the house he had built with his own hands.


The passing of his childhood friends and the schism with the other doctor may have provided a catalyst, but Bond’s professional passion had already shifted like the tide. Within six months Bond volunteered to return to duty and soon got orders to report to the Medical Research Laboratory at the U.S. Naval Submarine Base in New London. In March 1957, he took over as the assistant officer-in-charge of the lab and moved into his office in a brick building on the upper base. More than working with submarines, it was diving—the “diving game,” as Bond would sometimes call it, with folksy flair—that had captured his lively imagination. Soon after taking his new lab post he began plotting the sunken jet escapes and the unprecedented three-hundred-foot blow and go from the Archerfish. These acts were testaments to his love of the game, and mere prologue to Bond’s grandest plan yet, a plan buoyed by his vision of a future in which man would live in the sea.
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DIVING


Living in the sea had long been a staple of myth and science fiction. But what Bond learned during his early Navy years got him wondering how to bring Jules Verne–style fantasy into the realm of reality. There were practical reasons for doing so, and Bond could launch into quite a sermon on the subject. An undersea frontier equal in size to the continent of Africa could be opened for “exploration and exploitation,” Bond liked to say, if only divers were able to live and work on the continental shelves of the world, the submerged fringes of the planet’s landmasses. To reach this undersea frontier would mean diving to depths of at least six hundred feet, far beyond the standard diving limits of the day, and then figuring out how to stay there for a while.


Bond had in mind a whole range of undersea activities—scientific, humanitarian, military, industrial. The Navy, given its undersea expertise and wherewithal, not only seemed like the most logical leader of a quest to live in the sea, but stood to benefit militarily through a dramatic expansion of its aquatic acumen. Spin-offs into civilian life and science would undoubtedly follow as endeavors such as mineral mining, marine biology, and marine archaeology were brought within man’s reach. Bond believed that undersea exploration would bring the next generation of antibiotics, and that massive supplies of fresh water that boiled up from the continental shelf could be tapped. He believed, too, that the very survival of the human species depended on our ability to take up residence on the seabed and learn to harvest the ocean’s edible protein.


In a speech to an audience of honor students at Albany Medical College, Bond said, in his lolling pulpit brogue: “Those of you who are close to the agricultural picture know that with the expanding populations which we have, should we avoid all-out war, and God willing we will, we are going to come up against the old enemy hunger, and it’s gonna be serious. There’s no reason to believe that we can take care of the combined hungers of the expanding populations a hundred years hence. The oceans around us can do it, however, the organisms in the oceans and the continental shelves. We had best be about the business of trying to find out how to get our food out of the seas, and I say this in all seriousness.” In many of his speeches and lectures it was clear that Bond’s plans had grown from saving the ailing souls of Bat Cave to saving the world, or at least a good part of it, by leading a pilgrimage into the sea.


The first nuclear-powered submarine had already been launched when Bond took his job at the New London base in early 1957. Yet to Bond underwater vessels weren’t the complete answer. Man would never attain the ultimate goal of exploration and exploitation locked in a submarine or a submersible pod, like the bathysphere the naturalist William Beebe famously used to descend a half-mile down, tethered by a cable to the surface in the 1930s.


To fully explore and exploit the seas, man had to be able to swim freely, like a fish, or, for that matter, like his primeval self. With a specially designed sea dwelling as a base, divers could live and work on the ocean floor for days, weeks, even months at a time. From a pressurized sea floor base, with the proper dive gear, they could pop anytime into the surrounding water, day or night. They could then spend hours in the water, working or exploring, and return to their base as needed for food and shelter, like weary mountaineers retiring to a cozy, well-stocked tent, or astronauts to a moon base.


There were a couple of fuzzy spots in this grand vision. One was that no such sea dwelling had ever been built. The other made the whole concept of living and working in the sea seem even more farfetched than putting a man on the moon: Long-accepted deep-diving limits typically allowed for bottom times of scant minutes. The deeper the dive, the shorter a diver’s stay. No one spent hours or days in the sea, nor did they spend long periods exposed to high pressure, either in the water or in a dry chamber. The depth limit for most Navy divers, even for brief sojourns, was far less than Bond’s initial target of six hundred feet. But as a scientist Bond believed it could all be done. As a man of faith he believed it would, for it is written: “And God said, Let us make man in our image, after our likeness; and let them have dominion over the fish of the sea, and over the fowl of the air, and over the cattle, and over all the earth, and over every creeping thing that creepeth upon the earth.” This divine directive, from the opening of the Book of Genesis, resonated deeply with Bond. He liked to say that mankind would one day “acquire dominion over the seas, and the creatures therein,” a neat paraphrase that also deftly shifted the biblical emphasis from “the fish of the sea” to the sea itself. “Dominion over the seas” became for Bond the ecclesiastical version of his more pragmatic exploration-and-exploitation mantra. Either way, he intended to give the Lord a hand.


Not long after Bond settled in as assistant officer-in-charge at the New London research lab, he wrote up a characteristically grand plan that he called “A Proposal for Underwater Research” and submitted it to his immediate superiors around the time the Soviet Union shocked the world with its launch of the Sputnik satellite. The proposal was relatively brief, but bold in its argument that diving and deep-sea exploration needed a breakthrough like the one in space. Divers who could live and work on the ocean floor would gain access to a vast, invaluable submerged frontier. “In man’s history efforts have been made, with varying degrees of success, to derive the benefit of this offshore treasure,” Bond wrote. “To date, these efforts have resulted only in sporadic and drastically limited forays, which offer little promise of full utilization, of the continental shelves of the world.”


The sound barrier had been broken a decade earlier, in 1947, ushering in the space age. But the depth barrier that dogged divers remained intact, although no one much thought in those terms. “Depth barrier” was not part of the lexicon, and there was nothing as specific as the speed of sound to be broken, nor anything as dramatic as a sonic boom to punctuate an equivalent underwater achievement. As Bond had learned during his Navy dive school training, no one had ready answers to what struck him as the essential questions: How long can a man stay down? How deep can a man go? In many ways, Bond would find, deep-sea diving methods and equipment had changed little more over the previous century than rural life in the backwoods around Bat Cave.


A case in point was the Mark V, the venerable “hardhat” diving gear—so called because of the bulbous copper helmet, which had become the icon of the deep-sea diver. The Mark V had been in use ever since the U.S. Navy became serious about diving during the Woodrow Wilson administration. The basic hardhat design hadn’t changed that much since Augustus Siebe, a German-born instrument maker and gunsmith who settled in England, first bolted a similar helmet to the collar of an airtight diving suit in the 1830s.


The helmet, the bulky rubber-lined canvas suit, the lead-weighted boots, and the hose connecting the helmet to an air compressor at the surface—hand-cranked in the early days—gave human beings a reliable way to spend more than a breath-hold’s worth of time underwater. For centuries, breath-holding divers trained themselves to wring as much time out of a lungful of air as possible, going as deep as they could to grab sponges, oysters, or other quarry off the bottom. Evidence of rudimentary forms of diving gear intended to allow for longer underwater stays is scattered across the ages. Aristotle, writing in his Problemata in about 360 B.C., referred to divers supplied with containers of air, and in the first century the Roman naturalist Pliny made one of the first of a number of early historical mentions of divers using breathing tubes, often in warfare to elude enemies. Leonardo da Vinci sketched a few underwater breathing devices. A variety of apparatuses, some more preposterous than clever, were devised during the two centuries preceding Siebe’s hardhat. But Siebe did for diving what the Wright brothers would do for flight in 1903. An early demonstration of Siebe’s revolutionary design was made in the busy port of Portsmouth, England. For half a century the harbor had been obstructed by the famed wreck of the Royal George, which sank in 1782. The battleship was in no more than ninety feet of water, but nothing much could be done to salvage it until six decades later when divers put on Siebe’s new gear.


As Bond would find out for himself, there was much more to hardhat diving than tramping along the ocean floor like an undersea gladiator, as might be inferred from the movies. The Mark V helmet alone weighed some fifty pounds, the lead-soled boots twenty pounds each. Together with the rubber-lined canvas suit and a belt of lead weights held up by leather suspenders, the hardhat diver wore nearly two hundred pounds of gear. On dry land he could hardly walk. Tenders had to help him dress and then monitored the compressed air supply delivered to the helmet through a hose—a lifeline fittingly called the umbilical. Improvements had been made since Siebe’s day—notably the addition of voice communication—but the Mark V, and similar versions made in other countries, was like a Model T frozen in time.


Once a hardhat diver was lowered into the water, the gear’s substantial weight diminished. Give or take a few leaks in the suit, the diver remained dry. He wore undergarments for warmth and often a wool cap. Besides keeping the diver relatively warm and protected, the hardhat gear functioned as a pressure suit. The pressure of the air a diver breathes has to be about equal to the surrounding water pressure. If the pressure differential becomes too great—it doesn’t take much—his respiratory mechanics quickly break down, as they had for Charlie Aquadro. If a hardhat diver’s breathing gas is insufficiently pressurized, or if a nervous diver were to hold his breath while descending, the increasing water pressure could crush a rib cage and cause the under-pressurized lungs to collapse, a condition known as “lung squeeze.”


Such diving hazards underscore the physical risks from the rapidly rising pressure at depth. In the everyday atmospheric pressure at sea level, the human body, and every object, is subjected to 14.7 pounds of air per square inch, the pressure that comes from the weight of the air at sea level. For every thirty-three feet of descent underwater, the pressure increases by another 14.7 pounds per square inch, the basis of a unit of measure called an atmosphere. The term atmosphere itself is a poignant reminder of just how very distant anything quickly becomes underwater. Thirty-three feet is about the height of a three-story building—just a few flights of stairs away. But once underwater, any distance is much farther from home. Pressure increases by nearly a half-pound per square inch with every foot of depth. At thirty-three feet a diver is at a depth of two atmospheres (sometimes counted as just one when excluding the pressure of the one atmosphere above sea level). The total water pressure on a body immersed in thirty-three feet of seawater is then about 29.4 pounds per square inch. At sixty-six feet, you’re at three atmospheres, or 44.1 pounds per square inch, and so on down to the deepest canyons of the abyss, more than a thousand atmospheres away. In contrast, outer space is just one atmosphere away.


Even on the surface, the body is routinely under thousands of pounds of air pressure, but the pressure doesn’t bear down in a single direction, like a boulder crushing a bug. Liquids and gases envelop an object and exert pressure in all directions simultaneously, and human bodies have the advantage of being mostly water. Liquids like water are essentially incompressible, as are solids like rock or bone, and the enveloping pressures cancel each other out, creating a state of equilibrium. But the air in the ears, sinuses, and mainly the lungs is compressible, so a diver has to have adequately pressurized air to maintain the equilibrium needed to breathe, and to prevent lethal embolisms or lung squeeze.


These were the kind of lessons in physics and physiology taught at the dive school at the Navy Yard in Washington, D.C. While much of the science might be familiar to medical officers like Bond, the experience of hardhat diving was usually not, until they got to practice in the turbid waters of the nearby Anacostia River. The brisk current and dismal visibility acquainted trainees with the kind of challenging conditions they could expect to find at sea. They couldn’t see much beyond their faceplates. They had to learn to work by sense of touch and avoid tangling or kinking their umbilical—getting “fouled”—which could cut off their air supply, snag them on the bottom, or both.


A hardhat diver had to carefully manipulate the valves that regulated the flow of air in and out of the helmet. The main valves could be opened and closed like faucets—the one controlling air intake was positioned around the chest; an exhaust valve was on the right side of the helmet. If the diver’s hands were occupied or he couldn’t reach the exhaust valve, he could work a “chin button” from inside the helmet, pushing it open with his chin or yanking it shut with his mouth.


Besides regulating the flow of fresh air for breathing, the valves adjusted the buoyancy of the airtight suit. As per Boyle’s law, the volume of air inside the suit increases and decreases with changes in depth and pressure. Even small changes in pressure affect the diver’s buoyancy and the pressure equilibrium between the inside and outside of the suit. A skilled hardhat diver could reduce his buoyancy and plant his feet firmly on the bottom—or as firmly as a muddy sea floor would permit. If need be, he could also make himself neutrally buoyant and float like a weightless spaceman. He might shut off the air flow entirely for a few minutes to cut the whooshing cacophony so he could talk and listen over the telephone set in his helmet. All of this could make hardhat diving as artful and risky as flying a plane.


If the suit becomes overly buoyant, the diver starts to float upward. Boyle’s law kicks in, the gas inside the suit expands still more, and the diver would find himself in a “blowup,” rocketing toward the surface, limbs outstretched, looking like the Michelin man swept up in a tornado. Besides causing embarrassment, a blowup could give a diver a case of the bends from the fast ascent. A “squeeze,” while less commonplace than a blowup, could be even worse. Pressure inside the suit suddenly drops below the pressure outside because of a ruptured umbilical or perhaps an unintentionally fast descent. The higher surrounding water pressure then closes in unrelentingly. Because the diving suit is flexible and the helmet solid, the body can get squeezed like a tube of toothpaste into the helmet with potentially torturous force and ghastly results. Even if the diver isn’t killed, he could bleed from the lungs, mouth, nose, ears, a bloody mess.


In addition to experiencing hardhat diving for themselves, Bond and the other doctors were schooled in diving physiology and medicine, a specialized field filled with unsolved mysteries about breathing gases and the effects of high pressures on the human organism. One major topic was the bends, more formally known as decompression sickness. For years the condition was called “caisson disease” because it was best known for striking nineteenth-century workers who spent their days in pressurized workspaces, or caissons. Workers would climb down into a hollow shaft and pass through an airlock leading into the caisson, which had all the comforts of a muddy tomb. As long as the air pressure inside was at least equal to the pressure of the water or the oozing muck outside, the workspace would remain dry enough so that crews could do their jobs, jobs like excavating New York’s East River to build the submerged foundations of the Brooklyn Bridge.


The puzzling thing about the caissons was that workers would generally be fine until they left their pressurized job site and returned to the surface. There were a lot of deaths, paralysis, and excruciating pain. Afflicted workers doubled over as if mimicking the “Grecian bend,” a passing fancy among Victorian women who took their promenades bent forward from the hips, pigeonlike. Thus decompression sickness was nicknamed “the bends.”


An explanation for the bends, and how best to prevent it, came in 1878 from the great French physiologist Paul Bert. Bert’s experiments showed how, under pressure, the problem originated with the absorption of nitrogen gas into the blood and tissues. Nitrogen makes up nearly four-fifths of atmospheric air but is inert, meaning molecules play no part in metabolism. They merely tag along as oxygen molecules are carried through the bloodstream. Carbon dioxide, the body’s exhaust, flows out—from tissues and organs into the blood, then into the network of tiny capillaries covering the translucent membranes of millions of air sacs in the lungs, the alveoli, and finally into the lungs to be exhaled through the nose and mouth. As oxygen is taken in, and carbon dioxide released, omnipresent nitrogen makes the trip, too, in and out, shadowing the life-giving gases.


Under increased pressure underwater or in a caisson, nitrogen begins to accumulate in the tissues, harmless and unnoticed. If the pressure rapidly drops, as when one returns to the surface, the nitrogen emerges as bubbles, a phenomenon often likened to opening a bottle of carbonated soda pop. Bert found that these nitrogen bubbles were the cause of the bends. They could fizz like soda pop almost anywhere, in varied size and number, and block the vital flow of oxygenated blood to tissues and organs, wreaking corporeal havoc—excruciating aches and pains, paralysis, unconsciousness, and death. To avoid the telltale signs of decompression sickness, the caisson worker or the diver had to be slowly returned to the lower pressure. His body could then gradually release nitrogen by the normal process of respiration. The time required to safely decompress became known as a decompression penalty—the price a diver had to pay for each dive.


If a diver did get bent, the best treatment was “recompression,” which meant putting the victim into a sealed chamber where pressure could be raised so that errant gas bubbles would dissolve. Severe aches, pains, or other symptoms would then usually subside, and an orderly process of decompression could be resumed in the chamber’s controlled atmosphere. The dive school at the Navy Yard had chambers for training and testing and as a student Bond likely got a first chance to be locked into the kind of chamber he would return to many times, often to treat bent or embolized divers like Aquadro.


Paul Bert’s discoveries—enumerated in his thousand-page tour de force on barometric pressure—were a huge advance in unraveling the mystery of the bends. Still, his slow and steady approach to decompression did not always prevent decompression sickness. He might have refined his methods but died suddenly at age fifty-three. The unsolved mysteries of decompression sickness would linger for three decades, until 1905, when the British physiologist John Scott Haldane led a committee that codified Bert’s discovery of the bends into the first diving tables, also known as decompression schedules.


The dive tables look a lot like bus schedules—a grid made up of rows of different diving depths and durations (“bottom times”), with corresponding columns showing the depths at which a diver has to make decompression stops on the way back to the surface. A certain amount of time is specified for each stop to allow the accumulated nitrogen to ease out of the system without bubbling. Haldane’s tables took the guesswork out of decompression and gave divers a guide to making a safe return to the surface. The tables were tested up to 210 feet and became the foundation for decompression schedules worldwide, including those adopted by the U.S. Navy. But even by the 1920s, Navy hardhat divers were not typically qualified to dive much deeper than ninety feet.


The Haldane tables, while a major advance, were not foolproof and were continuously tested and refined over the years. There are many variables on a dive, including a diver’s unique physiology and the degree of physical exertion a dive requires. There are also many different ways to adjust a decompression schedule, and significant depth barriers remained. Divers were strictly limited in both how deep they could go and how long they could stay down. One major problem was that at depths of more than about 130 feet, divers began to experience something as puzzling as the bends. They started acting as though they’d just stumbled out of an all-night martini party.


The phenomenon became known as nitrogen narcosis, or, as divers would say, getting “narked.” The French called it l’ivresse des grandes profondeurs—rapture of the great depths. Under pressure, nitrogen short-circuits the human brain like a round of stiff drinks. The deeper a diver goes, the stronger and more menacing the effect. As with ordinary drunkenness, the effect of nitrogen narcosis varies from diver to diver, but universally judgment is seriously impaired.


In the 1930s, after identifying nitrogen as the culprit in narcosis, a team of U.S. Navy researchers, led by Charles Bowers “Swede” Momsen, a renowned submarine rescue advocate, went looking for a remedy. They found it in helium. The compressed air typically used as a breathing gas is just ordinary air, with its abundant nitrogen, that’s been pressurized and thus compressed. By replacing the nitrogen with helium, divers could go deeper without experiencing the potentially deadly mental haze of nitrogen narcosis. Like nitrogen, helium is inert, and under increased pressures it accumulates in the blood and tissues, but at different rates than nitrogen, so researchers devised new decompression schedules for divers breathing a helium-rich mix. To handle the helium they also had to create a new version of the venerable Mark V dive helmet, known as the “helium hat,” which required even heavier gear. The noticeably larger bulbous helmet weighed more than a hundred pounds, about twice as much as the standard air-fed Mark V. To compensate for the heavier hat the helium diver’s lead-weighted boots were forty pounds each instead of twenty. A fully outfitted diver wore some three hundred pounds of gear.


The helium hat was just out of the experimental box when the USS Squalus sank off the East Coast in May 1939. The sub came to rest about 240 feet down in the freezing Atlantic, and as the historic rescue and salvage operation began, the first hardhat divers got to the bottom the old-fashioned way, breathing ordinary compressed air. One diver passed out. Another called out football signals. A third befuddled diver almost cut his air hose and lifeline. Such was the power of the potent narcotic haze. Swede Momsen, who ran the diving operations, decided they should try the recently developed helium gear, and its successful use became one of the most significant diving milestones in the century since Siebe had devised his hardhat system. The helium diving gear, along with the inaugural use of the McCann Rescue Chamber—an elevator-sized, drum-shaped pod run on a cable between sub and surface ship—made possible the rescue of thirty-three survivors from the Squalus crew of fifty-nine, a triumphant first in submarine rescue. After the celebrated rescue, helium divers went back to the bottom to lay the groundwork for the successful salvage of the sub, which was ultimately raised, repaired, and recommissioned as the Sailfish.


During the 1940s, between the Squalus recovery and Bond’s arrival at the dive school, there was another major development in the long evolution of diving gear. It was self-contained underwater breathing apparatus, which would become known by its familiar acronym, SCUBA. Self-contained gear eliminated the need for an umbilical and was relatively lightweight. The diver could carry a portable supply of compressed air and swim freely, without any tethers to the surface for air. Rough-hewn scuba designs had been tried with varying degrees of success since the nineteenth century. Then, shortly after the Squalus rescue, during World War II, a French naval officer named Jacques-Yves Cousteau, working with the engineer Emile Gagnan, came up with the pièce de résistance for scuba: a regulator that automatically and reliably allowed a swimming diver to breathe the highly compressed air from his tanks at the same pressure as the water around him. Cousteau and Gagnan would patent their invention and call it the Aqualung.


The simplicity of the Cousteau-Gagnan brand of scuba made diving accessible to virtually anyone. If traditional hardhat diving—with its need for an umbilical, compressor, heavy gear, and surface tenders—was like a railroad system, the Aqualung was like a private automobile. The Aqualung’s success, rather like the success of the car or any consumer durable, was at least partly due to good timing. Swim fins and masks had only recently been introduced. There was growing interest in diving as a sport and as a tool for oceanography. Before Cousteau, diving was mainly a means of doing an underwater job, often a difficult or unpleasant one. Salvage operations such as those carried out after the attack on Pearl Harbor, inside the jagged remains of bombed ships, in oily blackness, could be terribly dangerous even if they weren’t deep.


Jacques Cousteau played a starring role in popularizing and promoting both recreational diving and the Aqualung. A few months before Bond entered dive school in 1953, Cousteau published his first book, The Silent World, which was filled with diving adventures and photographs from the wet world that few readers had ever seen. The book sold briskly and Cousteau’s name quickly became synonymous with the underwater world. The National Geographic Society signed on as a major sponsor of Cousteau’s undersea ventures in the early 1950s and its widely read magazine gave Cousteau a preeminent forum for his stories, pictures, and of course the Aqualung. In early 1954, Cousteau made his debut on American network television on Omnibus, the premier cultural program of the day. On the Sunday night show, Cousteau embellished his account in that month’s National Geographic with ample film footage about his team’s excavation of an ancient Greek wine-transport ship off the coast of Marseille. With foot fins and the Aqualung, Cousteau told his TV audience, “You get the impression of being a spaceman, free to fly in any direction.” No man had yet flown in space, but this kind of enticing imagery added to Cousteau’s soaring popularity and that of recreational diving.


Scuba was proving to be a plus for more than just recreation—search and rescue, for example—but the U.S. Navy, or at least many of its hardhat divers, did not immediately embrace it. Part of the reason, as Bond may have detected at the dive school, was that working Navy divers were accustomed to the traditional hardhat system and they liked it. They liked staying dry underwater, sealed in their helmet and heavy suit. The suit and helmet offered good protection on treacherous salvage jobs. Hardhat divers liked to be able to communicate by the phone link inside their helmets. Scuba did not present a welcome change. Having a mouthpiece stuffed in their faces and being unable to speak annoyed hardhat stalwarts. Scuba also meant swimming, often in cold water. Not all hardhat divers were swimmers, and staying warm and protected without a bulky dive suit introduced a new challenge. But despite the misgivings, scuba was gradually more accepted in the U.S. Navy. In mid-1954 the Navy established a new, scuba-oriented diving school at Key West called the U.S. Naval School, Underwater Swimmers.


George Bond liked the way scuba enabled a diver to swim and roam more freely. But the self-contained gear did nothing to change the long-standing depth barriers. Duration was also limited by the amount of air that could be compressed into the tanks carried on a diver’s back. And the deeper a dive, the faster the air in the tanks would be used up. The Navy favored scuba for relatively short, shallow dives but generally considered it unsuitable beyond 130 feet—about half the depth at which helium hat divers worked on the Squalus. Helium and the helium hat had made deeper dives possible, but 350 feet was pushing the standard Navy limit. Duration, too, remained limited to a matter of minutes. Rarely would anyone stay at a substantial depth for more than half an hour.


Against this backdrop, diving looked ripe for a major breakthrough, at least to Bond. In his “Proposal for Underwater Research,” first submitted in 1957, Bond said that he, along with fellow scientists at the New London Medical Research Laboratory, should begin a series of experiments that could show whether longer, deeper dives were physically and physiologically possible. Bond believed they were, as some earlier researchers had suggested. Man could not live in the sea, even with a well-crafted sea dwelling, if it turned out that he could not survive prolonged exposure to pressure or safely breathe under pressure for periods of time longer than the conventional dive tables allowed. No one knew for sure, but Bond wanted to find out. How long can a man stay down? How deep can a man go?


Bond believed that even those who were skeptical about the grander elements of his proposal—building laboratories on the sea floor, turning divers into mineral miners, or finding an undersea solution to world hunger—would see the value in attempting to break depth barriers. Longer, deeper dives had great practical potential for the Navy’s own salvage and submarine rescue operations. It had taken more than six hundred hardhat dives and almost four months to complete the rescue and salvage of the Squalus. A diver’s typical bottom time had been twenty minutes. Nearly twenty years later, at the dawn of the space age, an underwater job similar to the Squalus recovery would have been handled much the same way.


The Bureau of Medicine and Surgery, under which the New London Medical Research Lab operated, was in no mood to approve Bond’s proposed experiments. Bond later summed up the official response this way: “You are wasting time. In the first place, who wants to go to the ocean bottom, there’s nothing down there worth fooling with. In the second place, it can’t be done. And, thirdly, you were pretty good at delivering babies and looking at tonsils. Why don’t you get back to doing that and knock off this wild dreaming?” Bond considered his BuMed boss to be a man of virtually no vision, and a personal enemy as well.


Having just reentered the Navy and started his new job at the Medical Research Lab, Bond might have chosen to back off, but that was not his way. He believed that it was time for the breakthrough that diving deserved and that providence prescribed. Undaunted by the rejection of his proposal, Bond was determined to conduct his undersea crusade clandestinely, but he was going to need some help.
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GENESIS


Bundled inside the hefty Sunday papers of November 9, 1958, with their front-page news about atomic weapons testing and the botched flight of the latest Pioneer moon rocket, The American Weekly thudded onto doorsteps across the country. The widely circulated Sunday supplement had an eye for the sensational and on this fall day it featured a tantalizing glimpse of the plan that George Bond had outlined in his rejected “Proposal for Underwater Research.” The renowned illustrator Alexander Leydenfrost had sketched a futuristic sea floor scene showing scuba divers working around an enclave of boxy two-story structures that matched the hypothetical description for an undersea laboratory in Bond’s proposal. Two divers were depicted cruising along in a kind of undersea Corvette. The title splashed across the illustration and accompanying article read: “YOUR FUTURE HOME UNDER THE SEA,” with the subheading: “Fantastic? Not at all, say Navy scientists—it’s not only possible but we’re a lot nearer to it than you think.”


The lone Navy scientist cited in the “exclusive first look at this amazing project” was Commander George F. Bond of the U.S. Naval Medical Research Laboratory, New London, Connecticut, “one of the Navy’s experts on underwater physiology.” Bond had somehow managed to get his vision of life on the continental shelf featured in the Weekly.


“So far, no human being has explored our inclining coastal shelf for more than minutes at a time due to the need for slow, painstaking decompression on the return trip to the surface. Consequently, our knowledge of nearby underwater terrain is embarrassingly scanty,” the Weekly said, adding an unequivocal statement from then Commander Bond: “But we possess all the necessary hardware to complete a rapid conquest of our oceans.”


Such showy talk readily contributed to Bond’s reputation, and his ability to promote this vision of living in the sea could sometimes be as significant as anything he did as a scientist. Bond understood the basics of the hardware that might be put to use for this undersea conquest, but he was no engineer and had nothing specific on the drawing board. Nonetheless, as the Weekly article showed, Bond eagerly promoted his exploration-and-exploitation ideas. He maintained a peripatetic schedule and could often be found on the lecture circuit, giving his lively brand of scientific sermon, and in Washington, looking for influential converts to his cause.


Despite the formal rejection of the “Proposal for Underwater Research” he was determined to proceed, sub rosa, and prove that the picture sketched for the Weekly was not something lifted from Buck Rogers—a favorite sci-fi icon of Bond’s. The first step was to test animals and Bond enlisted the help of scientists on the Medical Research Lab’s staff, much as Swede Momsen had an expert team around him in the development of the helium hat. One man in particular would become as dedicated as he was indispensable. He was Commander Walter Mazzone, a decorated veteran of some of World War II’s most harrowing submarine patrols.


Bond first met Walt Mazzone late in the fall of 1958. Mazzone had recently arrived to run the School of Submarine Medicine at the New London base, where Navy doctors and hospital corpsmen received specialized training before being assigned to their boats. Mazzone had come to manage the curriculum, run academic review boards, oversee the students’ required projects, and generally juggle the demands of a top administrator. But he could often be found serving as a valued mentor, mingling with the new medical personnel and offering practical pointers about Navy customs and the rigors of submarine life, which he knew well.


Mazzone was at the Medical Research Lab one day that fall when Bond strolled in. Mazzone had barely been introduced to Commander George Bond when Bond jauntily grumbled about his recent trip to Washington, home of the surgeon general and the headquarters of the Bureau of Medicine and Surgery. The bosses there had been none too pleased about the American Weekly article, but now it became the catalyst for a conversation during which Bond impressed Commander Mazzone as a charismatic visionary, and Mazzone was not easily impressed. Bond invited Mazzone to join his nascent animal research project, which he intended to pursue with or without official approval. As Mazzone would quickly learn, Bond believed God said it would be done and it was time to give the Lord a hand.


In Mazzone, Bond had found a true acolyte, but not an obvious one. Mazzone was not a diver. He was not devout. He was not on the research staff of the medical lab. His duties were largely administrative, not scientific. There were also the disparate routes by which these two middle-aged commanders—Bond had just turned forty-three and Mazzone would soon be forty-one—had attained their ranks. Unlike Bond, the son of a well-to-do lumberman, Mazzone came from a working-class family of Italian immigrants. Determined not to follow his father’s footsteps into the Steinbeckian world of California’s canneries, Mazzone went to San Jose State College, not far from his family home, and earned a degree in biological and physical sciences. His sights were already set on medical school when he graduated in 1941, but with the Japanese attack on Pearl Harbor he went to war instead.


Mazzone chose the Navy over the Army, mainly because a couple of relatives were Navy men. He also loved the ocean. As a kid growing up in San Jose, young Walter and his family, and often a few neighbors, would drive their Model A cars over the Santa Cruz Mountains to the beach. Mazzone would return many times during his youth, hitching rides when he had no car. During the Depression, the families could help feed themselves by fishing and, when the tide ebbed, digging up clams and plucking mussels and sea snails.


About the time that Bond began his studies at McGill, living Mazzone’s dream of going to medical school, Mazzone was aboard the submarine Puffer, whose crew endured, among other things, a prolonged nightmare of a stalking around the eastern side of Borneo. For nearly forty hours Japanese destroyers threatened to send Lieutenant Mazzone and his shipmates to the bottom of the Makassar Strait. But the Puffer crew dodged the repeated depth charges and finally slipped away.


Mazzone was thickly built, like Bond, but shorter and more compact. He was a boxer in college and apt to express himself in staccato bursts—a manner well suited to a line officer who had to bark orders. Mazzone spit words like bullets, in sharp contrast to Bond’s lolling pulpit baritone, and his vocabulary drew more heavily on the profane than the sacred.


After the war Mazzone left the Navy and enrolled at the University of Southern California for a degree in pharmaceutical chemistry. But pharmacy work made him restless. By 1950 he had rejoined the Navy, just in time for the Korean War and to become part of the new Medical Service Corps. This time around Mazzone was stationed in Occupied Japan at the newly commissioned U.S. Naval Hospital at Yokosuka. After the war Mazzone worked out of an office in Brooklyn and within five years he became a high-ranking manager in the Armed Services Medical Procurement Agency. It was a good job, with responsibility for big budgets and vast supplies of blood, blood derivatives, drugs, and chemicals, but submarines were in Mazzone’s blood. When he got an order to report to the New London base, he welcomed it.


If he followed George Bond’s lead, Mazzone would have an opportunity to do the kind of research that had made him want to study science and medicine in the first place. Besides piquing Mazzone’s academic interest, Bond was offering an opportunity to learn to dive, which had an added appeal for an adventuresome soul who had lately been confined to an office. Mazzone’s only experience with diving had been brief, cold, and courageous. Toward the end of the war Mazzone was on the USS Crevalle as part of a submarine group sent on a mission to the Sea of Japan. For a month the sub group dodged mines and attacked Japanese shipping. They eventually made their escape to the north, through La Perouse Strait and into the Sea of Okhotsk. On the way out, the Crevalle crew noticed its sub was making an irksome whining sound, enough of a noise to be picked up by Japanese sonar. A propeller may have been damaged, or perhaps the sub caught a mine cable and was dragging deadly cargo. Someone was going to have to dive in and have a look around. Lieutenant Mazzone volunteered.


The submarine surfaced and Mazzone crawled out the hatch of the aft torpedo room and put on a Jack Browne, a basic face mask fed with air through an umbilical for shallow-water dives. In the event that a fast getaway became necessary, a shipmate stood by with the grim task of cutting Mazzone’s umbilical. If Mazzone felt his air supply cut off, he was to swim away from the sub and up to the surface. The sub would return for him, if it could. So, wearing only the Jack Browne and a pair of shorts, twenty-seven-year-old Mazzone jumped off the submarine’s deck into the icy Sea of Okhotsk. He ran his hands along the idled propeller blades, noting some damage and looked for errant cables or other possible sources of the whining. At least the sub was dragging no mines. Once back on board, his reward was whiskey and, rarer still, a hot shower. Mazzone gave no further thought to diving until the day he met George Bond at the New London lab.


Bond arranged to have Mazzone sent to the dive school at the Washington Navy Yard. It was an unorthodox move, since there was no official need for a top administrator like Mazzone to take a month or two off to go through dive school, but Bond had a way of making things happen, something that Mazzone admired. Mazzone made an ideal student—sharp, willing, energetic. He read up on the history and science of diving, embracing a favorite maxim of Cicero along the way: To be ignorant of what happened before you were born is to be ever a child. For what is man’s lifetime unless the memory of past events is woven with those of earlier times? Or, as Mazzone summed it up: Don’t reinvent the goddamned wheel!


Not long after completing his dive school training, Mazzone was with Bond, Cyril Tuckfield, and the rest of the crew for the deep submarine escape trials from the Archerfish. During the first couple of days at sea, in preparation for Bond and Tuck’s record buoyant ascent, Mazzone and a partner made successful blow and go escapes from 150 and also two hundred feet—impressive feats in their own right. Bond and Tuck made ascents from those depths, too, prior to the grand finale, their daring escape from three hundred feet. Mazzone would gladly have attempted the three-hundred-footer with Bond, but instead dutifully served as one of the safety divers, along with Charlie Aquadro. This was one of Mazzone’s early lessons in stepping back to allow Bond to take center stage. Their working relationship might not have lasted if Mazzone shared Bond’s appetite for publicity. Mazzone worked well without fanfare and preferred it that way. He was happy to let Bond be Bond, and considered it a small price to pay for the opportunity to work with a visionary.


Once the animal research experiments got under way in the late 1950s, Mazzone assumed a leading role, albeit on the moonlighting basis made necessary by his official duties. The main physiological issues were, first, to find the right gaseous recipe for an artificial atmosphere that would sustain life under pressure for indefinite lengths of time. Second, there was the matter of devising a decompression schedule. Nitrogen would have to be either reduced or eliminated—its narcotic haze would become deadly long before a diver set foot on the continental shelf, six hundred feet down and nearly twenty atmospheres away. Oxygen, too, would have to be carefully regulated. Oxygen toxicity, or oxygen poisoning, could quickly be brought on by the same laws that govern all gases. When pressure on a gas is increased, the concentration of the gas—a measure known as its “partial pressure”—undergoes a proportionate increase. Under the pressure of two atmospheres, a depth of just thirty-three feet, the concentration of pure oxygen doubles, and that’s enough to cause the twitching, dizziness, and convulsions associated with oxygen poisoning, which in turn could be fatal to a diver. Jacques Cousteau found this out the hard way when he tried to dive with an oxygen-only breathing apparatus but went into convulsions forty-five feet down, lost consciousness, and nearly drowned.


To prevent the concentration of oxygen, or any gas, from rising to dangerous levels under pressure, you had to put less of it into the mix the divers breathed. Two hundred feet down, for example, where the pressure is seven atmospheres, you need one-seventh the amount of oxygen found at sea level. So to equal the healthy surface equivalent of 21 percent oxygen in an artificial gas mixture for diving you would need an oxygen concentration of about 3 percent. While depth and pressure are the major variables in determining the composition of breathing gases, others that come into play include water temperature, the diver’s individual physical and mental characteristics, and the degree of exertion an underwater job requires.


Much of this was familiar science. Ever since the Squalus rescue, it was known that helium was a good substitute for nitrogen because it eliminated the haze of narcosis. Some researchers experimented with other gases, mainly hydrogen and neon. Whatever the gas recipe, most experimentation followed the paradigm that deeper dives would be of very limited duration. The standard decompression schedules did not go beyond dives of about four hours, but even that boundary was untested in practice. The unmistakable message in the standard dive tables was that the deeper you go and the longer you stay, the longer your decompression penalty. In other words, beware the depth barriers. It was not uncommon to spend more time decompressing than working on the bottom. At 240 feet, the depth of the Squalus operation, a half-hour of bottom time would require about two hours of decompression. Even if a rescue diver lasted a full hour on the bottom, the decompression penalty would approach three hours. This double whammy of limited bottom times and long decompression penalties made underwater work inefficient and added to its expense.


But what if diving were approached differently? What would happen to a man breathing an artificial atmosphere, under pressure, for much longer than anything outlined in the standard dive tables? Some researchers had suggested that longer-duration deep dives might be feasible. Among them was Albert Behnke Jr., the renowned Navy scientist who discovered that nitrogen was responsible for narcosis. Working with Swede Momsen in the 1930s, it was Dr. Behnke who pioneered the use of helium in time for the Squalus rescue. Although Behnke retired from the Navy just as Bond entered the scene, he remained active in the field of hyperbaric medicine and became a supportive elder and friend to Bond.


Behnke and a few others had taken some preliminary and relatively shallow steps over the years into longer-duration dives, mainly by testing their subjects in pressure chambers. But those experiments didn’t break depth barriers the way Bond believed they could and should be broken. One leading researcher, Dr. Edgar End at Marquette University medical school, concluded from a one-hundred-foot test he ran in a chamber that twenty-seven hours was about as long as a human being could stay under high pressure without risking his life. Until Bond came to New London in the 1950s, no one was actively exploring the concept of long-duration deep dives, a concept known as “saturation diving.” Saturation diving, a term bandied about in the mid-1940s to describe some of the rare longer-duration dives, was never part of everyday diving lexicon until it became the holy grail for George Bond. The basic concept of saturation itself, however, had been understood for years.


Much as a sponge absorbs liquid, bodies absorb gases. The human body becomes “saturated” as the gases a person breathes disperse into the blood and tissues. At the ordinary pressure of one atmosphere, everyone on earth is saturated, mostly with nitrogen, the major component of air. But saturation levels can rise or fall, depending on the depth or altitude pressure at which a person is breathing. At greater depths, for example, a diver has to breathe higher-pressure gases, so the degree of potential saturation goes up—sort of like a dry sponge absorbs more liquid the longer it’s held underwater. As the diver breathes, he gradually becomes more saturated, up to the point at which the concentration of gases absorbed in his body reaches the same level as in his pressurized breathing gas. At that point of equilibrium—whether at one atmosphere, two, three or more—a body would be considered saturated. Like a soaked sponge, it could absorb no more unless depth and pressure were increased.


But it wasn’t completely clear how long it took for a body to become thoroughly saturated. Furthermore, neither Bond nor anyone could be sure that allowing a diver to become saturated, the key to saturation diving, would open the door to breaking the old depth barriers. Bond’s team would have to experiment with artificial atmospheres, learn to maintain a healthy breathing mix for extended periods, and also devise a decompression schedule to bring a saturated diver safely back to the surface.


Decompression and its underlying theories were not simple matters. Saturation decompression theories, being new and untested, created yet another layer of complexity. Human bodies are, after all, far more complex than a sponge as is the process of gas absorption in the body. Inert gases like nitrogen or helium can be absorbed more quickly into tissues with a rich blood supply, like the brain and spinal cord—two areas where bubbles from the bends are especially dangerous. These more readily absorbent, “fast” tissues, as they became known, get saturated much more quickly than tissues less well supplied with blood, like the joints, which were categorized as “slow” tissues, and where the bends were notorious for causing severe aches and pains, but not necessarily death.


Depth and duration were of course the primary variables of decompression theory, but there were others, like gas solubility. Nitrogen is about five times as soluble in fat as in water, for example. So fatty tissue can absorb significantly more nitrogen and thus take longer to saturate than tissues with a higher water content. That difference also applies in reverse, during decompression. Fast tissues “desaturate” more quickly than slow tissues.


Mathematical models representing the full range of tissue types were the key to predicting saturation, desaturation, and decompression rates. But just as musical notes on a page cannot be heard and fully judged until played by musicians, these models had to be tested on real bodies to find out whether they produced a harmonious result. The optimal schedule was the one that could be completed in the shortest time possible while doing the diver no harm. If someone got bent, paralyzed, or killed in open-sea dives or in controlled chamber tests, a decompression schedule would have to be altered. This trial-and-error science of decompression, along with the technological and mathematical tools to pursue it, had been evolving since the first diving tables at the turn of the twentieth century. George Bond was a beneficiary of that evolution, and to help puzzle out lingering mysteries in the physiological interplay between math and medicine he called on his friend and fellow medical officer Dr. Robert Workman.


Soon after George Bond took over as officer-in-charge of the Medical Research Lab in mid-1959, Dr. Workman succeeded Bond as assistant officer-in-charge. Bob Workman was studious and genial, but a bit reserved, especially compared to his gregarious boss, who was by then planning his daring three-hundred-foot submarine escape. Workman had neatly combed dark hair, earnest eyes, a broad face, and a dimpled chin like the actor Robert Mitchum. At six feet he was a couple of inches shorter than Bond and six years younger. Like Bond, he was a pipe smoker. He grew up in a small town in central Iowa and had always wanted to be a doctor. After college and medical school at the State University of Iowa he put in a couple of required years with the Army, and then started a rural practice in northwestern Iowa, much as Bond had in Bat Cave.


In the early 1950s, for some reason, Workman went scuba diving. Perhaps he got the idea from The Frogmen, a 1951 movie about underwater commandos in which scuba plays a central role. Or he may have been among the myriad readers captivated by Jacques Cousteau’s first magazine articles and The Silent World. Whatever the case, it was Cousteau’s new Aqualung that had made it relatively simple for almost anyone to dive. Workman and his buddy donned the gear and explored the silent world beneath the surface of Iowa’s Lake Okoboji. Dr. Workman underwent some kind of conversion. It helped that he, like Bond, had come to know the unrelenting rigors of a rural medical practice. Not long after his first diving experience Workman changed career course and joined the Navy. A couple of years after Dr. Bond, he, too, went through dive school en route to becoming a submarine medical officer.


Workman soon distinguished himself as an outstanding and well-liked Navy scientist. He was a virtuoso with a slide rule and had a keen feel for the mathematical models underlying the physiology of diving and decompression theory. In 1958, the year before Workman joined Bond’s staff in New London, he won a year-long postgraduate fellowship at the University of Pennsylvania and studied with Dr. Christian Lambertsen, a leader in the field of diving physiology and equipment development. Lambertsen’s many contributions included his amphibious respiratory unit, a breathing device used by combat swimmers during World War II. Lambertsen even shared credit for coining the SCUBA acronym.


Like Bond, Workman was naturally curious about the concept of saturation diving. Bond needed a scientist of Workman’s caliber to help do the physical calculations necessary to determine whether saturation diving was a viable way to break depth barriers. At Bond’s behest, Workman wielded his slide rule and confirmed a critical point: If a diver stayed under pressure long enough to become fully saturated, his decompression requirement would become fixed. The decompression curve flattened out. On paper, it appeared that a saturated diver’s decompression penalty should be the same whether he stayed down a few additional minutes, a day, a month, or possibly even longer. This would mean that a diver could stay underwater indefinitely with only one decompression—a key to living in the sea and a stunning advance over the standard practice of making multiple short dives, each one requiring a time-consuming decompression. The animal experiments would be the first step in finding out whether the hypothesis held up. Bond called these experiments Genesis. They marked a beginning, as the name implied, but mostly the name was Bond’s way of paying tribute to the first book of the Bible, the spiritual origin of Dominion over the Seas.


Down by the Thames River, in a dreary building adjacent to the bottom of the escape training tank, Bond had access to a pressure chamber, much like the one at the top of the tank, where trainees suffering from an embolism could be locked in for emergency recompression. Like other such steel chambers, including the one in which Bond treated Charlie Aquadro, this one was cylindrical and looked like a midget railway tank car. It was roughly twenty feet long, with a circular hatch on one end. That hatch led into a compartment that served as an airlock for entering and exiting an adjacent second compartment separated from the first by another hatch. Both chamber compartments were just large enough around for a man to stand up. The chamber wasn’t designed for experimental use and didn’t have much in the way of instrumentation—Bond’s lab still awaited the installation of a new, state-of-the-art test chamber—but this old chamber’s dual compartments at least allowed the researchers to maintain a desired test pressure in the second compartment while tending the animals inside by using the first compartment as an airlock.


Bond, Mazzone, and Workman, the Genesis trinity, would take turns peering through little portholes to observe the animals they led into this pressurized Ark, which was about a ten-minute walk from the medical lab on the upper base. Two dozen rats would be the first of many critters to get locked in. The initial goal was to keep them for fourteen days under a pressure of seven atmospheres—more than one hundred pounds per square inch—the same as would be experienced at a depth of two hundred feet. Two hundred feet was considered a substantial depth, and fourteen days was far beyond the durations of a few hours outlined in the standard dive tables. This struck Bond as a good starting point for collecting some benchmark data. A good long saturation dive like this would give them ample opportunity to identify any signs of physiological trouble. It also gave them a chance to practice the art of prolonged atmospheric control. They would begin by filling the chamber with ordinary compressed air. They knew that if nitrogen narcosis didn’t kill the animals, oxygen poisoning probably would. Sure enough, by the thirty-fifth hour, all two dozen male rats were dead. Some amount of helium was going to be needed to create a healthy artificial atmosphere.
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