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PROLOGUE

Flight Control Room Two

Johnson Space Center, Houston

January 28, 1986, 8:30 a.m.

    The coffee, as usual, was terrible: bitter and thin, the color of tea; almost certainly undrinkable. He filled a cup anyway, returned to his console, and plugged in his headset. It promised to be a long morning.

Steve Nesbitt had arrived at his office early, checking for the latest weather updates from the Cape before taking the short walk out past the duck ponds to Building 30, and up in the elevator to the third floor of Mission Control. But from what he’d already seen on TV, there was no way they would launch today: it was freezing down in Florida, and there were two-foot icicles hanging from the gantry. Space Shuttle mission 51-L seemed sure to face yet another delay.

Nesbitt had been with NASA public affairs for just over five years, and was there for the triumph of the first Space Shuttle launch in 1981—helping to respond to a clamor of press and media inquiries from all over the world. Since then, he had become chief commentator for Mission Control, and delivered the live commentary from Houston on almost every one of the twenty-four shuttle flights. But he was still nervous.

Responsibility for translating the bewildering patois of engineering jargon and acronyms spoken by NASA engineers and astronauts into language the public could understand began with the launch countdown commentary that boomed from the loudspeakers at Cape Canaveral. After that—once the count reached zero and the spacecraft left the ground—everything that happened was on Nesbitt’s watch. There was no script, and he knew his words went out live to anyone watching a launch on television—either on the three national networks, on the recently launched cable channel CNN, or over NASA’s own dedicated satellite feed; he relied instead on his Ascent Events List, which mapped a series of milestones the shuttle would pass on its way to orbit, from the slow roll it would execute as it roared away from the launchpad to the moment its main engines cut out, at the edge of space.

The hushed environment of the Flight Control Room had been devised to concentrate the minds of each of the flight controllers on their own tasks, and only recently had a TV set been installed near the Flight Director’s console, to display images of the shuttle in flight. Nesbitt rarely had time to look at that, as he focused attention on the console in front of him. Here, he had access to real-time information about the spacecraft: on his headset, he could listen in to dozens of audio “loops” connecting groups of NASA engineers and flight controllers on the internal communications network; and on a pair of black-and-white monitors, he could see telemetry data transmitted back to Earth from the shuttle, columns of numbers updated every second describing any one of thousands of technical parameters of its performance in flight.

With more than seventy feeds to choose from, Nesbitt had his regular preferences: “Flight Ops Procedures,” which included data on the shuttle’s engine performance, and the “Trajectory” display, which showed its speed, altitude, and downrange distance. Even with all this at his fingertips, Nesbitt found the live commentary nerve-racking, and practiced often. He took his duty of public service seriously, and hated it when other commentators took flight with flowery language, like Hollywood PR guys. He wanted to play it straight.

And yet, suffering from the effects of a cold he’d picked up the day before, even as the final countdown began, Nesbitt would have welcomed another launch delay: his throat was sore, and he wasn’t certain he could talk through the whole ascent without his voice straining or cracking. He waited in silence for his cue: for the shuttle engines and the giant solid rockets to light; for his counterpart at the Cape to announce that Challenger had cleared the tower.

It was almost exactly 11:38 in the morning when Nesbitt saw the numbers on his screen start to move, and a few seconds later keyed his mic to speak:

“Good roll program confirmed. Challenger now heading downrange.”

At the console position next to him, the flight surgeon—a Navy doctor in full uniform—had her eyes on the big TV set across the room. It was a perfect launch. Challenger was less than half a minute into flight when Nesbitt gave his next update.

“Engines beginning throttling down, now at 94 percent,” he said. “Normal throttle for most of the flight is 104 percent. We’ll throttle down to 65 percent shortly.”

The flight surgeon watched the shuttle climb higher into the cloudless sky over the Atlantic; Nesbitt kept his gaze on the monitors. “Velocity 2,257 feet per second,” he said. “Altitude 4.3 nautical miles, downrange distance three nautical miles.” The numbers all looked good; at sixty-eight seconds, he reported the next key moment on the list in front of him. “Engines are throttling up. Three engines now at 104 percent.”

Ten feet away, down on the next row of consoles, astronaut Richard Covey confirmed the change with the shuttle commander: “Challenger, go at throttle up.”

“Roger, go at throttle up.”

The spacecraft was one minute and ten seconds into flight.

Four seconds later, Nesbitt heard a loud crackle in his headphones.

Beside him, the surgeon saw Challenger abruptly obscured by a ball of orange and white flame.

“What was that?” she said.

But Nesbitt was staring at his monitors.

“One minute fifteen seconds. Velocity 2,900 feet per second,” he said. “Altitude nine nautical miles. Downrange distance seven nautical miles.”

Then Nesbitt looked up, and followed the surgeon’s gaze toward the TV set. Something terrible had happened. There was no sign of Challenger, just the expanding fireball where it had once been—and the exhaust trails of the shuttle’s two booster rockets, twisting in opposite directions across the sky. His console was no help: the data streams had frozen. Around him, the other flight controllers sat stunned, faces slack with shock. No one said a word.

Nesbitt knew he had to speak, but he had no information to explain what he was witnessing. His mind raced. He thought of his responsibility to the public, and to the astronauts’ families. He thought, suddenly, of the attempt on Ronald Reagan’s life nearly five years before: in the confusion that followed, CBS news anchor Dan Rather had announced that White House press secretary James Brady had been killed—only to discover that Brady, despite the bullet in his head, remained very much alive. Nesbitt didn’t want to make a mistake like that.

A few moments of quiet extended into half a minute. An agonizing silence enveloped the NASA commentary loop; an eternity of dead air. On the TV screen, the cloud drifted in the wind; fragments of debris fluttered toward the ocean. The Flight Director polled his team in vain for answers.

It was forty-one seconds before Steve Nesbitt spoke again.

“Flight controllers here looking very carefully at the situation,” he said, his voice flat and impassive. “Obviously a major malfunction.”






PART ONE The Last Man on the Moon







CHAPTER ONE FIRE ON PAD 34


    Martha Chaffee was in her kitchen, making hot dogs for the kids’ dinner, when she saw Michael Collins at the front door; in that moment she realized she was a widow. The astronauts and their families formed a small, tight group in the neighborhood—“Togethersville,” they called it—and that evening a few of the wives were already gathering in the living room of the Chaffees’ yellow-brick house on Barbuda Lane. Someone had mentioned an accident, but at first there seemed no reason for Martha to worry: the cars pulling up on the street outside could be part of the routine Friday-evening exodus from work. Besides, although Martha’s husband, Roger, was away, training down at Cape Canaveral, he wasn’t even scheduled to fly. Yet now Collins was standing on her doorstep, solemn and alone. There could be only one explanation.

“I know, Mike,” she said. “But you’ve got to tell me.”

She turned, and Collins followed her silently down the narrow hallway. In the den where her two children were watching the TV, someone reached over to turn it off before the news bulletins began. It was January 27, 1967.



At thirty-one, Roger Chaffee was the youngest and most inexperienced of the three astronauts assigned to the crew of Apollo 1—NASA’s first manned test flight in the new rocket program intended to eventually land men on the moon. Dark-haired and good-looking, Chaffee had been an astronaut for a little more than three years, and had yet to fly in space. His rookie status was exaggerated by his baby face, his slight stature, and his archetypal straight-arrow background: a Boy Scout whose obsession with flight started early, building model planes with his barnstorming pilot father; a punctilious Navy aviator with a degree in aeronautical engineering from Purdue, where he had met Martha, the college homecoming queen; a devoted husband who drew up the blueprints for their home in Houston, and liked to relax by building his own rifles and making ammunition, which he carried on weekend hunting trips. The mission commander, veteran astronaut Gus Grissom—the second American in space, a short, plainspoken forty-year-old test pilot with a reputation for drinking and skirt-chasing—told reporters that Chaffee was “a great boy”; over the months they spent training together, the younger man showed his admiration for his commander by adopting parts of Grissom’s distinctive body language and salty vocabulary, an affectation so incongruous that Chaffee’s friends often teased him about it. The final member of the crew was the senior pilot, Ed White, another veteran astronaut and a lithe athlete whose image had been stamped on the consciousness of the nation when he became the first American to make a space walk, leaving the capsule of Gemini IV to drift high over the Pacific Ocean, tethered only by a gilded umbilical cord feeding him oxygen.

By the time Chaffee, White, and Grissom learned of their assignment to fly Apollo 1—in which they planned to spend up to fourteen days in Earth orbit, giving them time to check out the many complex new systems developed to take later missions to the moon and back—the space race with the Soviet Union was entering a white-knuckle phase. At the moment in May 1961 when President Kennedy had committed the country to land an American on the moon before the end of the decade, the recently established National Aeronautics and Space Administration had not yet managed to put a human being into Earth orbit, but instead suffered one humiliation after another at the hands of the Soviets. Cosmonaut Yuri Gagarin had become the first man in space just the month before.

But over the next five years, a growing team of scientists, engineers, and technicians, engaged in a project of experimental engineering on a scale nearly unprecedented in history, achieved a series of developmental leaps that enabled NASA to close the gap with the Soviet program: in February 1962 John Glenn became the first American in orbit, helping to make him and the other six astronauts of the Mercury program into national heroes; in June 1965, Ed White embarked on his spectacular space walk, and later that year the crews of Gemini VI and Gemini VII made the first successful orbital rendezvous. In June 1966, Surveyor 1, a three-legged robot spacecraft, made the first American controlled landing on the lunar surface and transmitted more than eleven thousand photographs back to Mission Control in Houston. The prospect of eventually following Surveyor with a manned mission no longer seemed entirely out of reach. Even so, the obstacles to sending men to walk on the moon and then returning them safely to Earth remained daunting. Although Kennedy’s final deadline to do so lay just three years away, the technology necessary to accomplish the task—the massive Saturn V rockets, the Apollo capsules that would carry the three-man crew across 250,000 miles of deep space to their destination, and the delicate, insect-like lander intended to deliver two of them to the lunar surface—was still being designed and built. And the process was proving fraught with problems.

As the summer of 1966 drew to a close, Chaffee, Grissom, and White flew to California to attend a conference with senior NASA engineers and North American Aviation, the contractor responsible for building their spacecraft—and one of thousands of private corporations hired by the government to design and manufacture the hardware for the lunar program. The meeting was held in a low fieldstone building amid the sprawling complex of hangars and industrial spaces at the company’s Downey plant, ten miles east of Los Angeles International Airport. Formally known as the Customer Acceptance Readiness Review, the conference was intended to be the final step before North American shipped the crew’s Apollo capsule to Florida for handover to NASA. Work had been slow, and the contractor’s final testing of the capsule wasn’t complete. But Joe Shea, who ran the Apollo spacecraft program, told everyone that he intended to go through with the review anyway. Shea—arrogant, charismatic, and a gifted systems engineer—had been hired years earlier as an enforcer to help integrate the numerous moving parts of the moon program, someone who could both handle the demands of its management and understand the finest details of its experimental technology. With his compulsion for puns, his trademark red socks, and his relentless dedication to the job, Shea had won the admiration of his staff and built a public profile as a spokesman for NASA that would soon approach that of the German rocket scientist Wernher von Braun, father of the US space program.

The list of enduring problems with Chaffee, Grissom, and White’s capsule, known as Spacecraft 012, was long, and the crew had become intimately familiar with its deficiencies during previous visits to the Downey plant. Many of the astronauts were not merely skilled pilots, but technicians with expertise and advanced qualifications in aeronautical engineering and celestial mechanics. From the very beginning, they recognized that they were placing their lives in the hands of government contractors who were often inventing the technology of space travel as they went along. When asked what he was thinking about when preparing for launch aboard his Mercury-Redstone rocket, Alan Shepard, the first American in space, had infamously replied, “The fact that every part of this ship was built by the low bidder.”

Now all of the Apollo astronauts were involved in helping devise design changes and revisions to the equipment that would carry them toward the moon. Gus Grissom rarely let Spacecraft 012 out of his sight: during all of 1966, Grissom’s son Mark reckoned he spent no more than eighteen days at home with his family. And, in private, the Apollo 1 commander was deeply concerned by what he saw at Downey: poor design and shoddy workmanship plagued the capsule. To the astronauts, half the staff at the California plant seemed diligent and careful—but the other half were clueless and incompetent. Roger Chaffee challenged the North American engineers over the faults he found, and sketched out possible solutions on the factory floor. But some of the most serious failings of the spacecraft were persistent and intractable. The environmental control system—which supplied oxygen and maintained the temperature inside the capsule—was prone to leaks of ethylene glycol solution, and had already caught fire in one test. The thick bundles of electrical wiring that snaked through the interior of the spacecraft were badly installed, and their insulation often frayed, increasing the risk of sparks and short circuits in the cabin. The main hatch was a clumsy, three-layer design that opened inward into the cramped cockpit, and—unlike those on the earlier Mercury and Gemini capsules—could not be jettisoned in an emergency by explosive charges. Instead, it required Ed White, lying prone in the middle of the three crew couches, to reach behind his head and use a ratchet handle to operate a mechanism securing the six latches holding it shut. Even under ideal circumstances, it would take three men between forty and seventy seconds to open the hatches and get out of the spacecraft. Almost without exception, the Apollo astronauts detested the hatch design, and had lobbied to have it replaced with one that could be quickly and easily opened from the inside. Joe Shea refused. “Too much money and not enough time,” he told them.

Leading the Acceptance Readiness Review meeting for Spacecraft 012—surrounded at the conference table by the crew, the North American executives, and colleagues from NASA including spacecraft designer Max Faget, Director of Flight Operations Chris Kraft, and more than a dozen officials from Houston—Shea was upbeat and lighthearted. Talk was punctuated by laughter and wisecracks. The major faults with the spacecraft were not on the agenda, and the discussion focused mainly on a succession of minor glitches or issues that had been discussed before. Nevertheless, the meeting wound on for six hours. At one point late in the day, their attention turned to the question of flammable materials in the cockpit. Since the beginning of the space program, astronauts had used nylon netting and strips of Velcro glued to the walls of the spacecraft to corral checklists and pieces of equipment that might otherwise fall beneath their couches during tests, or float around in zero gravity. And the cabin of Spacecraft 012 was no exception: it was festooned with Velcro installed at the request of Grissom, White, and Chaffee. But all of it was flammable. This was a long-standing concern for the NASA engineers not just because of the risks of a fire breaking out in space—they still had no idea how flames might behave in zero gravity, and attempts to develop a workable fire extinguisher for use in orbit had come to nothing—but because the cockpit atmosphere was composed of pure oxygen, pressurized at launch to more than sixteen pounds per square inch.

Pure oxygen—rather than a mixture of oxygen and nitrogen similar to air—had been used in space capsules by NASA since the Mercury days, for both engineering and medical reasons. The designers regarded the equipment necessary to create a mixed-gas environment as too heavy and complex to carry into space, and flight surgeons feared that an astronaut breathing nitrogen and oxygen might suffer decompression sickness—the “bends”—if the capsule lost cabin pressure in orbit. And although in pure oxygen, fire spreads more quickly and burns more fiercely than in air, at first the risks seemed manageable. Back-of-the-envelope calculations suggested that the one-man Mercury capsules were so small that any fire starting inside would burn up the available oxygen supply in a few seconds and then extinguish itself. But the three-man Apollo cabin was almost six times larger than the Mercury capsule, with a corresponding increase in the danger of fire. So, at first, the contractors at North American planned to use a mixed-gas atmosphere. However, NASA’s then head of the spacecraft program disagreed, insisting once again on pure oxygen, leading to a heated meeting in which he confronted his opposite number at North American. The two managers began shouting at each other until, at last, the NASA official ended the argument. “You are the contractor,” he said. “You do as you’re told. Period.”

The agency understood the potential consequences of this decision. In July 1963, an internal NASA document reported that, in tests of the pure-oxygen atmosphere, “[i]t has been observed that a number of otherwise nonflammable materials, even human skin, will burst into flame.” But in the complex web of engineering compromises necessary to build a capsule light and practical enough to carry three men to the moon, on an almost impossible deadline, but without unduly endangering the lives of the crew, this was deemed an “acceptable risk.” The contingency plan outlined in the 1963 document was simple: “Fires in the spacecraft must be precluded at all costs.”

The regulations governing flammable materials in the cockpit of Apollo 1 were strict: none were permitted within four inches of any potential source of ignition, including the approximately fifteen miles of problematic wiring, 640 switches, indicators, computer controls, and circuit breakers that filled the capsule. So when the Readiness Review meeting in Downey considered the question, Joe Shea engaged in a few minutes of back-and-forth with the North American engineers before repeating the rules and issuing an instruction: “Walk through the goddamned spacecraft,” he said—and clean up all the Velcro and anything else that might feed a potential fire. A minor issue, easily addressed.

Finally, as the review wound down, Gus Grissom asked for the floor, and from a large envelope pulled two prints of a photograph. It showed him, Chaffee, and White sitting at a small table on which rested a scale model of the Apollo capsule. Facing it, the three astronauts had bowed their heads and pressed their hands together, as if in prayer, offering supplication to a higher power. Grissom handed one print as a souvenir to the executive in charge of North American’s Space Division. “We have one for Joe Shea also,” Grissom said. “Joe advised us to practice our backup procedures religiously, so here we are practicing.”

Laughter filled the room. Grissom handed the picture down the table to Shea, who saw that the three astronauts had each signed the print, and added a personal inscription: “It isn’t that we don’t trust you, Joe, but this time we’ve decided to go over your head.”



At the outset of 1967, Joe Shea was on the verge of becoming a celebrity. He was already in demand as a public speaker, and hobnobbing with CBS Evening News anchor Walter Cronkite. Now the editors of Time magazine were preparing a cover story on him timed to coincide with the launch of the first manned Apollo mission. But the spacecraft was still far from ready. It had arrived in Cape Canaveral from the North American plant in Downey on schedule, but half finished: accompanied by spare parts and uninstalled hardware, and a roster of tests that should have been conducted in California, but remained incomplete. The environmental control system continued to cause problems, threatening a major launch delay. The service module, which contained the spacecraft’s main engine, was damaged during testing. And the Velcro and nylon netting added to the cabin by the astronauts had not been removed as Shea had instructed; instead, there was more of it than ever in the cockpit.

In early October, Shea had received a letter from Hilliard Paige, a senior executive at the Missile and Space Division of General Electric, advising NASA on spacecraft safety issues. Paige had recently witnessed a combustion test conducted by one of his staff on samples of Velcro in a pure-oxygen environment. He had watched, aghast, as the material ignited in a flash and was abruptly consumed by flames. The technician told Paige that he had tried bringing the issue to NASA, but had found it hard to get their attention. Paige made his fears explicit: “I do not think it technically prudent to be unduly influenced by the ground and flight success history of Mercury and Gemini under a 100 percent oxygen environment,” he wrote. “The first fire in a spacecraft may well be fatal.”

In response, Shea delegated the issue to a deputy, who, held up by the thicket of other problems with the program, took seven weeks to respond, but finally assured his boss that newly completed risk assessments indicated they had little to worry about. Shea sent Paige a letter reassuring the GE executive that NASA engineers were working on the issue, and enclosed a copy of the new assessment. But in a handwritten postscript Shea revealed his own concerns. “The problem is sticky,” he wrote. “We think we have enough margin to keep fire from starting—if one ever does, we do have problems.”

At the same time, Gus Grissom had become increasingly angry about the condition of Spacecraft 012—and the flight simulator on which he and the crew were supposed to be training—as the launch date neared. He worried that both his crew and the technicians were distracted, in too much of a hurry to get off the ground, and that fundamental safety issues were being neglected. And it was growing obvious to almost everyone involved that the Apollo 1 vehicle was simply not in a state to fly: if Spacecraft 012 were a horse, one former NASA official observed, it would have been shot. Yet Grissom felt his warnings were going unheard. The NASA managers and astronauts alike were in the grip of what they would later recognize as “ ‘Go’ Fever”—the desperate drive to push on toward a launch and keep to the schedule, regardless of the problems, in the belief that if they just kept going they could fix all the faults along the way. This seat-of-the-pants approach had worked so far, with the triumphs of the Mercury and Gemini programs, which—despite some close calls—had progressed without a single serious accident. And now, with the deadline for a successful moon landing so close, “ ‘Go’ Fever” was more virulent than ever. When Grissom’s friend and fellow astronaut John Young asked the mission commander why he didn’t complain more stridently about the poor wiring inside the Apollo capsule, Grissom was blunt: “If I say anything about it, they’ll fire me.”

At the end of November 1966, the persistent problems with the spacecraft pushed back the expected launch date of Apollo 1 into the new year, and NASA announced that the schedule of subsequent flights was sliding back; one mission was canceled altogether. But in public, Grissom stifled his worries about Apollo’s first manned flight. In a round of end-of-year TV interviews intended by NASA to help build public support for the space program, he projected confidence that the mission was on track; only when answering a question about what would constitute a successful flight did he hint at his true feelings: “As far as we’re concerned, it’s success if all three of us get back,” he said. Most of those listening assumed he was joking.

With Christmas approaching, the three men returned to their families in Houston. Roger Chaffee learned that the ingenious illuminated display he had created in his front yard—topped with Santa and his reindeer galloping over the roof of the house—had won first prize in the Nassau Bay Garden Club competition for holiday decorations. On Christmas Day, he gave Martha a special Apollo pin he and his crewmates had designed to commemorate their flight. The astronauts had intended to take the pins on their mission and hand one over to each of their wives as a surprise on their return from space. But the three men had grown impatient, and made them Christmas gifts instead. By the new year, they had devised new mementos to carry into orbit for their wives: three gold charms, tiny replicas of the Apollo 1 spacecraft, each made unique by the setting of a single diamond representing the position the astronauts would occupy in the capsule: Grissom on the left; White in the center; and Chaffee on the right.



It was shortly before one o’clock in the afternoon on January 27 when the three astronauts stepped out of the elevator onto the scarlet-painted gantry of Pad 34 for a practice countdown, the full dress rehearsal of the launch of Apollo 1 known as the “plugs-out test.” Almost two hundred feet below them, the newly completed access roads of the sprawling Cape Canaveral Launch Complex stretched back toward the domed concrete Launch Control Blockhouse and, beyond that, to the ocean. The Atlantic glittered turquoise in the hard Florida light.

NASA officials had chosen the site as their gateway to the moon less than six years earlier, and since then the Kennedy Space Center had risen from the wilderness with prodigious speed. While the launch gantries were isolated on the Cape that gave the area its nickname—a narrow finger of sandy beaches and windblown scrub extending south into the ocean for thirty-four miles—most of the Kennedy facilities lay to the west, between the Banana and Indian Rivers, on the salt marshes of Merritt Island. The buildings from which the Apollo astronauts and their spacecraft would prepare to leave on the lunar voyage—the Operations and Checkout Building, with its crew dormitory and suiting-up room; the Vehicle Assembly Building in which the Saturn rockets would be stacked together; and the angular, modernist Launch Control Center in its shadow—had been constructed amid eighty-eight thousand acres of mosquito-infested wetland and alligator-filled lagoons. Remote and inhospitable, the location had been selected with care by agency engineers: from the coastal launchpads, their spacecraft would fly east out over the Atlantic, away from populated areas; and its proximity to the equator meant that the rotation of the Earth would give the massive rockets a boost to escape gravity. But nature had surrendered only reluctantly to the advance of the Space Age: it took the Army Corps of Engineers three years and stupendous quantities of insecticide to render the area “biologically unfit” for the mosquito; the foundations of the monumental Vehicle Assembly Building, which was large enough to contain the Great Pyramid of Cheops, were anchored by thousands of steel tubes driven into bedrock 160 feet beneath the surface of the island, to stabilize the boxlike structure in high winds. And the subtropical weather could be unpredictable, bringing violent thunderstorms in the summer, occasional hurricanes, and banks of fog that shut down launchpads and runways with little warning in the winter. But today, the weather was perfect for the test: clear, warm, and bright, with unlimited visibility.

Sealed in white nylon pressure suits, Grissom, White, and Chaffee breathed pure oxygen from the environmental control packs they carried in their hands like luggage, connected to their helmets by flexible hoses. As they had suited up that morning, the astronauts had seemed tense and reserved. Grissom was preoccupied with failures in the spacecraft communications system, and had suggested that Joe Shea join them inside the capsule for the duration of the test so he could experience for himself how bad things had become. But the North American Aviation technicians had proved unable to add an extra audio headset inside Spacecraft 012, and there was no way Shea was prepared to spend the entire afternoon crouched in the cramped space at Grissom’s feet without being able to hear what was going on. So he planned to fly back to Houston that afternoon instead, promising to go over the issue with Grissom later, in the simulator. Having completed one more interview with a reporter working on the Time story, Shea headed to the Melbourne airport.

The plugs-out test was a demanding and complex rehearsal, conducted on a huge scale. It would involve not just the astronauts and the pad support staff at Cape Canaveral, but the coordinated work of thousands of engineers and contractors behind the consoles there and almost nine hundred miles away, back at Mission Control in Houston. A full simulation of the launch of Apollo 1—from the initial powering up of its computers and guidance systems to the moment it reached orbit—the test was designed to check that each one of the systems of the spacecraft and its booster worked as intended. It would be as close to the experience of the real mission as possible without actually igniting the engines. In the weeks preceding the simulation, the booster—the giant Saturn 1B rocket—had been rolled slowly out to the launchpad, and the spacecraft lifted on top of it by crane. Once the astronauts were inside the capsule, the countdown would proceed through the moment their vehicle began running under its own power and, a few minutes later, as the clock reached zero, the pad crew would pull out the final umbilical lines connecting Apollo 1 to the gantry, just as the automatic systems would do at the instant of launch. Then, at the moment the rocket would clear the tower, Mission Control would take over to continue the simulated flight to orbit. To conclude the simulation, Gus Grissom planned to practice an emergency escape from the capsule: there was so much still needed to do if they were to meet the February launch date that the commander had to squeeze in as much preparation as possible. Despite its complexity, few at NASA regarded the test as dangerous. The Saturn booster would not be fueled with any of its volatile propellant, and the same routine had been a landmark in the progress of all previous manned launches—and had always passed off without incident. The fire rescue team that would be stationed near the pad for the real launch would not be part of the simulation.

It took more than an hour for the pad crew to seal the awkward hatches of Spacecraft 012, and, eventually, the technicians had to pound one of them closed. Inside, the cabin formed a truncated cube within the conical command module. The astronauts’ adjustable couches were crammed into an eight-foot square, hemmed in on three sides by instrument panels and bulkhead equipment bays. The canvas couches allowed the men to lie on their backs for launch, gazing upward at the banks of switches and dials within easy reach above them, but which created a low, angled ceiling that made it impossible to stand; the hatch lay behind their heads. At around 2:45 p.m., the pad team reported that Grissom, White, and Chaffee were locked inside the capsule. The atmosphere was purged with pure oxygen and increased to a pressure of 16.7 pounds per square inch, forcing the inner hatch against its sills like the cork in a champagne bottle.

Almost immediately, things began to go wrong. There were more problems with the environmental control system, triggering the master alarm, and, just as Grissom had feared, radio communication between the capsule and the ground controllers continued to break down. As the astronauts ran though their checklists and threw switches, they struggled to hear the controllers’ instructions. Hours went by, and the three men began to troubleshoot the radio interference, but the countdown continued even as the problems grew worse. At one point, local air traffic control chatter began to bleed into the exchanges the three men were having with the ground. At 6:20 p.m., with just ten minutes to go before the simulated launch time, the controllers put the countdown on hold, and Grissom began swapping out pieces of equipment to isolate the fault. By 6:30 p.m., the astronauts had spent more than five hours in the malfunctioning capsule, and launch control was preparing to resume the countdown. But Grissom was seething. “How are we going to get to the moon,” he asked over the static, “if we can’t talk between three buildings?”

From the seat beside him, Ed White cut in to tell him the controllers couldn’t hear a thing he was saying.

“Jee-sus Christ!” Grissom said in exasperation.

For the next thirty seconds, there was silence. From inside the spacecraft, the instruments detected signs of motion, and scratching noises came from Grissom’s open microphone as he apparently moved around on his couch. Then the telemetry registered a sudden voltage surge within the capsule, and the sensors attached to Ed White’s chest recorded a rise in his pulse and respiration rates. At a few seconds after 6:31 p.m., ground controllers in Cape Canaveral and Houston were startled by a single, clipped exclamation coming over the VHF channel named Black-3. Grissom, or perhaps Chaffee, shouted, “Hey!”

Two seconds later, Chaffee—whose responsibility it was to maintain contact with the ground in an emergency—said, in a calm, disciplined voice, “We’ve got a fire in the cockpit.”

A few miles away, inside a control room on Merritt Island, one of the North American engineers monitoring the test looked up from his notes. He turned to the man at the next console.

“Did he say, ‘Fire’?” he asked. “What the hell are they talking about?”

Inside the launchpad blockhouse, an RCA technician watching the bank of monitors carrying TV images of the test heard Chaffee’s voice, and turned to the feed from Camera 24. Trained on the White Room—the clean space on Level A8 of the launch gantry enclosing the side of the spacecraft—Camera 24 could be zoomed in to show a partial view through the cockpit window of the capsule. At first he saw only a bright glow inside, but then made out flames flickering across the porthole, and saw Ed White’s hands reaching above his head, toward the hatch dog bolts.

Only a few seconds had passed since Chaffee’s first report, but now every one of the men listening to channel Black-3—in the blockhouse, on Merritt Island, all the way over in Houston—heard the rookie astronaut again, the words garbled, but unmistakably agitated.

“We’ve got a bad fire—let’s get out…” Chaffee said. “We’re burning up!”

On his TV monitor, the RCA technician saw a flurry of movement inside Spacecraft 012. Ed White’s arms reached out, then drew back, and reached up again. Then a second pair of arms joined White’s as the blaze spread from inside the far left of the cockpit toward the porthole, before the technician’s view was obscured by flames.

Channel Black-3 carried a brief, terrible sound that sounded to some like a scream of agony. Then silence. Eighteen seconds had passed since the first message of alarm.

Up on Level A8 of the launch gantry, the pad leader was standing at his desk on the swing arm, just twelve feet away from the spacecraft, when he heard the crew’s first shout over his communications box. He made out only the word “fire,” but that was enough: “Get them out of there!” he shouted at his chief technician. Then, as he turned back to the box to notify the blockhouse below of the emergency, he heard a loud whoosh, and a sheet of flame leapt over his head, singeing the papers on his desk. The chief technician, already heading toward the capsule, was thrown back against the gantry door by the explosion, and showered with fire and debris. Smoke and flames billowed through the swing arm walkway, driving the men back toward the tower elevator, where they found gas masks, and returned with three colleagues to fight the blaze, using the only fire extinguisher they could find.

It took the five men some five minutes, crawling in relay through the heat and choking smoke so thick they could barely see, to prize the heavy hatches off Spacecraft 012. The inside of the cabin was smoldering and blackened, lit from within by amber warning lamps still glowing on the instrument panels. Gus Grissom and Ed White lay at the foot of the hatch, their pressure suits fused together by the fire. Roger Chaffee remained strapped to his couch, where he had kept communications open until the end. Melted into the Teflon surface of the cockpit window was a single handprint, outlined in soot.

The pad leader retreated from the stricken spacecraft and picked up the headset connecting him to the blockhouse below. He thought hard about what to report, unwilling to reveal the truth over an open channel.

“I can’t describe what I see,” he said.






CHAPTER TWO WHITEY ON THE MOON


    The call came in over the red phone on Deke Slayton’s desk at the Manned Spacecraft Center soon after 5:30 p.m. Houston time. Michael Collins, the senior astronaut present, watched Slayton’s assistant snatch the receiver from its cradle and listen impassively for what seemed a long time. Then he hung up.

“Fire in the spacecraft,” he said softly.

A dazed silence fell over the room. Everyone knew which spacecraft he meant, and the inevitable consequences of a fire within it. Then the red phone rang once more, bringing further details—and Collins recognized at once that someone had to get word to the families before the press reached them. He called the nearby Astronaut Office, almost deserted at that hour, and arranged to have two astronauts head out to the homes of Ed White and Gus Grissom. But no one could be found to take the news to Martha Chaffee. It had to be a close friend—and an astronaut—and Collins realized with a sinking feeling that the duty fell to him: the Chaffees lived just three doors down from him on Barbuda Lane.

It was only a mile and a half from the Space Center to the yellow-brick house, but Collins drove it slowly, dreading what came next.

Later that night, all three national TV networks interrupted their regular schedules with bulletins about the deaths of the crew of Apollo 1, and President Johnson issued a statement: “Three valiant young men have given their lives in the nation’s service,” it read. “We mourn this great loss and our hearts go out to their families.” World leaders—including the Secretary-General of the United Nations, Queen Elizabeth II, and Pope Paul—sent condolences. Along the two-lane highway leading from Cape Canaveral to the nearest town, Cocoa Beach, flags flew at half-staff. The mayor of Houston announced that the city would enter an official state of mourning.

The Apollo launchpad fire was the most lethal accident in the short history of the US space program, and the nation reeled in shock: the disaster pulled back the curtain on the technicolor adventure that to the public had begun to seem routine. Four days after the fire, on the morning of January 31, TV viewers across the country watched live as a caisson drawn by six black horses bore Gus Grissom’s flag-draped coffin to a burial plot at the crest of a hill in Arlington National Cemetery. That afternoon, the body of Roger Chaffee was lowered into the same frost-covered ground in the plot beside his mission commander. A detail of Navy enlisted men folded the flag that had covered Chaffee’s casket into a tight triangle for presentation to his widow, who waited at the graveside in a black pillbox hat and sunglasses. President Johnson murmured words of consolation to Martha, and then bent to shake hands with Sheryl Chaffee, eight, and her five-year-old brother, Stephen; a trio of Navy Phantom jets roared overhead in the “missing man” formation. Escorting the shattered family was astronaut Gene Cernan, Martha’s next-door neighbor, her husband’s closest friend, and fellow Apollo lunar pilot. As a three-shot volley of rifle fire echoed over the silent hillside, Cernan wondered if the accident that had killed his colleagues meant the end of the moon program, too.

Back at Cape Canaveral, an investigation of the fire had begun almost at once, as stunned managers from NASA and its contractors converged on the scene aboard planes from Houston and Washington, DC. Joseph Shea flew down from Ellington Field on the night of the accident, and moved into a room inside the astronauts’ quarters in the Operations and Checkout Building on Merritt Island. There, he listened for the first time to the tape recording of the astronauts’ final moments, while nearby, teams of technicians began a forensic examination of the spacecraft in which they had died. NASA chief James Webb, determined to protect his agency from outside scrutiny, made a handshake deal with President Johnson to allow them to investigate themselves. Shea insisted on taking the lead in the inquiry. He knew he wouldn’t be able to sleep until he discovered what went wrong. He began working back-to-back shifts, sixteen hours a day, in search of the answers and, like many of his colleagues, sought refuge from the grief and the strain in Seconal and scotch.

At the end of a ten-week probe, NASA’s board of inquiry delivered a report that stretched to six parts and more than three thousand pages. Their findings revealed shocking incompetence, describing “many deficiencies in design and engineering, manufacture and quality control” of the Apollo spacecraft. They found that NASA personnel “failed to give adequate attention to certain mundane but equally vital questions of crew safety.” In retrospect, the problems were glaring: most obviously, the cabin atmosphere of pure pressurized oxygen—and the hatch that made escape in an emergency impossible. But the capsule had also been filled with so much combustible material—seventy pounds in all—that by the time of the accident it resembled a bomb waiting to go off: there were five thousand square inches of Velcro alone, in a spacecraft supposed to contain no more than five hundred. North American engineers had scheduled the walk-through to remove flammable material from the capsule—the same one ordered by Shea in August the previous year—for January 29, two days after the fatal test. And the slipshod installation of the pipework and wiring at the North American factory in Downey, which had created hundreds of potential points of ignition for a blaze, plagued each spacecraft it built. When engineers at the Cape conducted an inspection of the latest Apollo capsule, recently delivered from the contractors, they uncovered more than 1,400 wiring faults. Shea came to conduct his own examination of the new vehicle, and left the building with tears in his eyes.

The intensity of the fire, which had reached temperatures high enough to melt aluminum, had incinerated so much of the cabin of Spacecraft 012 that it was impossible to prove conclusively how it had begun. But the evidence suggested that it started with a short circuit caused by worn insulation on a wire in the cable bundles tangled near Gus Grissom’s feet, close to a leak in the pipework carrying ethylene glycol around the troubled environmental control system. The spark set light to a piece of nylon netting, which melted and glowed for a few moments before abruptly flashing into a sheet of flame that swept the cabin with explosive speed. Grissom, White, and Chaffee had died not from burns sustained in the fire but from asphyxiation—within seventeen seconds of the blaze starting, the intense heat melted their oxygen hoses, and ventilation fans sucked smoke and toxic gas into their pressure suits. The three men were overcome so quickly that they had no chance of escape.

The fire brought much of the work on the Apollo program to a halt overnight, and the potential need to overhaul the spacecraft design made the chances of landing men on the moon before 1970 seem slimmer than ever. Yet from the outset, NASA chiefs made clear that they had no intention of allowing the deaths to divert the agency from its goal—indeed, that only in reaching the moon would the country honor the three astronauts’ sacrifice. Even so, once the agency published the final report of the inquiry, Congress launched its own investigation of the accident. Administrator Webb and other NASA chiefs were hauled to the Capitol to testify in a series of hearings in which the culture, competence, and budget of the Apollo program and the agency itself came under attack. Senator Walter Mondale of Minnesota, already a vocal NASA critic, suggested the Apollo engineers were guilty of “criminal negligence.” Future secretary of defense Donald Rumsfeld, then a thirty-four-year-old congressman from Illinois, decried the idea that NASA had been allowed to investigate itself; the head of the House subcommittee overseeing the agency described the report as “a broad indictment of NASA and North American and the whole program.” Administrator Webb was the first witness. He acknowledged the program’s failings, but insisted that his astronauts and engineers alike assured him that if the problems were addressed, they would be confident to fly Apollo rockets into lunar orbit. In often passionate testimony, he declared that space exploration represented a zenith of human aspiration: the moon should remain a shared goal for all Americans.

“If any man in this room asks for whom the Apollo bell tolls,” Webb said, “it tolls for him and me, as well as for Grissom, White, and Chaffee. It tolls for every astronaut test pilot who will lose his life in the space-simulated vacuum of a test chamber or the real vacuum of space.”



It took more than a year for the Apollo program to regain momentum after the disaster, and it was not until August 1968 that engineers delivered another spacecraft to Pad 34, ready to take men into orbit. By then the capsule had been rebuilt and stripped of flammable material, with a one-piece hatch that could be opened in three seconds, new wiring, armored plumbing, and modifications to accommodate a mixedgas atmosphere; the astronauts would now wear fireproof pressure suits woven from glass fiber and coated in Teflon. The management of both NASA and North American was overhauled, and the agency created a separate bureaucracy to impose more stringent safety standards on the spacecraft. But some of the most profound changes were in the spirit and attitude of the engineers who would go on to take Apollo to the moon. Shaken out of the complacency and arrogance that had set in during the successes of the Mercury and Gemini missions, the technicians embraced a new earnestness, and a shared focus on the hard work necessary to take men to the lunar surface before the end of the decade. But for the young engineers at NASA, the idea of the program as a stirring adventure, and the early exhilaration of constantly improvising solutions to previously unimagined technical challenges, was gone. The theoretical recognition that things could possibly go wrong was supplanted by the cold realization that they would. Those with backgrounds in the missile industry and in systems engineering were hit especially hard by the disaster—they were the ones who had believed that all risks could be removed from spaceflight; accidents should never happen. Those who came from the world of flight testing, like the majority of the astronauts themselves, found it easier to move on after the accident. These men recognized the realities of the work they were doing, and were prepared to live with the consequences.

“You lose crew,” one said later. “Pilots die flying experimental aircraft.”

Joseph Shea, whose bosses came to believe was so driven and traumatized by the deaths on Pad 34 that he was at risk of a nervous breakdown, remained in charge of the Apollo spacecraft program only until the eve of the first congressional hearings. By the time James Webb began his testimony, Shea had been unwittingly lined up to take the fall for the accident: prevented from appearing at the hearings himself, sidelined into a sinecure in the administration’s DC headquarters, and replaced as head of the program. In the weeks that followed, Shea found himself with little to do and spent his days alone in his new office reading the newspapers, or killing time walking the galleries of the District museums. He resigned from NASA just four months later, embittered by the way he had been treated, but tortured by his role in the deaths of Grissom, Chaffee, and White. For years afterward, Shea kept the signed photo the three men had given him—It isn’t that we don’t trust you, Joe—displayed prominently by the front door of his house, where he had to pass it every day. Often, he stayed up late into the night thinking about the accident and what he could have done differently. Sometimes, he admitted to wishing that he had joined the three astronauts inside Spacecraft 012 that January afternoon, taking his place at Gus Grissom’s feet before the hatch was hammered shut for the last time.



Not quite six years after the fire, on December 14, 1972, Gene Cernan stood beside the Apollo 17 lunar rover and gazed across the silver-gray desolation of the Taurus-Littrow valley, the craters and the low mountains around him silhouetted against the black horizon of deep space. He positioned the rover’s camera to perform its final duty—capturing TV images of the departure of his spacecraft, the lunar lander Challenger—and then, seized by an urge he would later find hard to explain, traced the initials of his daughter Teresa Dawn’s name in the fine dust at his feet.

Even in his cumbersome pressure suit, in one-sixth gravity the walk back to the lander took only a few minutes. At the foot of the ladder, he delivered the short speech he had memorized for the occasion. “I’d like to just say what I believe history will record: That America’s challenge of today has forged man’s destiny of tomorrow. And, as we leave the moon at Taurus-Littrow, we leave as we came and, God willing, as we shall return: with peace and hope for all mankind.”

As he climbed the ladder, he paused to look over his shoulder at the busy pattern of boot prints on the surface. He knew he would never be coming back. And the remaining missions of the lunar exploration program—until recently planned to include three further landings—had been canceled. Cernan, thirty-eight years old, a Navy pilot who had grown up milking the cows on the Wisconsin farm where his grandparents lived without electricity, would be the last of only a dozen men to walk on the moon.

Inside the cabin, Cernan and mission geologist Harrison “Jack” Schmitt completed the final checks to rendezvous Challenger with the command module orbiting above them. Cernan’s finger moved to the switch that would fire the ascent engine.

“OK, Jack,” he said. “Let’s get this mother out of here.”

Just as they had when Neil Armstrong and Buzz Aldrin became the first human beings to set foot on the lunar surface some three years earlier, US TV networks carried live pictures of the Apollo 17 mission. This time, however, viewers called the CBS switchboard in frustration: the coverage had made them miss the latest developments in the hot hospital drama, Medical Center.



For all the steep sacrifice, magnificent spectacle, and superhuman achievement of the Apollo program, it had not taken long for the American people to grow tired of watching men walk on the moon. In the years NASA technicians were working to recover from the deaths on Pad 34, the technological optimism and Cold War certainties that once seemed to define the decade had faded, and the moon project was often eclipsed by strife at home and abroad. The nation had been drawn more inextricably into the horrors of Vietnam, and the struggle over civil rights had intensified on the streets of cities throughout the United States; the costly endeavors of the space program increasingly seemed wasteful and quixotic. The headlines of 1968 were dominated by the catastrophes of the Tet Offensive, the assassinations of Robert Kennedy and Martin Luther King Jr., and the nationwide riots that followed; at their headquarters in Washington, DC, single-minded NASA engineers continued to plot their way to the moon, while five blocks away an angry mob looted a department store.

It was not until December of that year, when the crew of Apollo 8 became the first men to reach lunar orbit, that the project had seized the public imagination once again. On Christmas Eve, the astronauts beamed back images of a distant, fragile Earth hanging in the dark void of space, and recited from Genesis. The verses crackled across the downlink to Mission Control, where rocket engineers wept at their consoles, and around the world a billion people—the largest broadcast audience in history—listened in. And when Neil Armstrong stepped from the footpad of the lunar lander into the Sea of Tranquility on July 20, 1969, an estimated 600 million people were watching live on television, and all three US networks dedicated their airtime to the events for thirty-six continuous hours. Two months later, Vice President Spiro Agnew laid out his timetable to land an American on Mars in 1986.

But even as President Richard Nixon spoke by telephone to congratulate the astronauts on the lunar surface, NASA was undergoing what would prove the first of many cutbacks. By decade’s end, the extraordinary success of the project had been matched only by its exorbitant cost: at its peak, NASA had some four hundred thousand men and women at work on Apollo, and the price of the program’s support facilities alone was $2.2 billion; the technology and materials of the lunar lander were so exotic that each one cost fifteen times its weight in gold. In total the project would cost the country an astonishing $28 billion—the equivalent to a third of all US military spending for 1969, at the height of the Vietnam War.

And as one ultimately successful mission to the moon’s surface followed another, a series of equipment failures and narrow escapes made the engineers in charge of the program increasingly nervous. However routine it began to seem for the American public, the architects of Apollo knew that spaceflight had always been experimental, and sending men so far, into such a hostile environment, with so many opportunities for failure, was fraught with lethal hazards.

Although there had been no more fatal accidents since the launchpad fire that had almost ended the program before it started, there had been enough close calls to make it clear that death was never far away. After the aborted lunar voyage of Apollo 13 in 1970, in which three astronauts survived a catastrophic explosion in outer space only through a combination of good fortune and last-minute improvisation, the engineers began to fear that their luck would soon run out. If they pushed on to the planned end of the program, the chances were good that at least one Apollo mission would never return from the moon.

And with each subsequent lunar landing, public interest in the enterprise began to wane. Television viewers discovered that one area of the moon’s dusty volcanic surface looked much like another. Audiences for the landings declined, and the networks scaled back their coverage. A growing public disillusionment with technology of all kinds, no matter what its provenance or intent, became intertwined with the conviction that the exploits of a group of homogeneously square-jawed and uniformly white pilots and scientists on a rock a quarter of a million miles away in space were doing nothing for ordinary Americans facing rising deprivation and economic hardship back on Earth. Even on the eve of Armstrong and Aldrin’s departure for the moon, NASA Administrator Thomas Paine had been confronted by a march led by the civil rights leader Reverend Ralph Abernathy, who stood in the drizzle at Cape Canaveral at the head of a column of four wagons led by tethered mules, to protest at the inhuman squandering of federal funds. Abernathy told Paine that the money spent launching the gleaming rocket looming in the distance could have been better spent addressing the abject poverty of Black Americans. “If it were possible for us not to push that button and solve the problems you are talking about, we would not push that button,” the Administrator replied. Instead, Paine suggested that the moon shot could inspire people to come together to solve the nation’s wider problems: “I want you to hitch your wagon to our rocket and tell the people the NASA program is an example of what this country can do,” he said. The following day, Paine invited ten of the protesters to watch the launch from the VIP area, beside senators, generals, and President Johnson. But the glaring inequalities of the program remained. The following year, Gil Scott-Heron expressed the way many Black Americans felt, with scornful irony, in his poem “Whitey on the Moon”:


Was all that money I made las’ year (for Whitey on the moon?)

How come there ain’t no money here? (Hmm! Whitey’s on the moon)

Y’know, I jus’ ’bout had my fill (of Whitey on the moon.)



Nor were the astronauts themselves any longer perceived as the wholesome supermen who had once reliably lit up the covers of Life. In July 1972, news emerged that the crew of Apollo 15 had been reprimanded by NASA for smuggling hundreds of specially stamped envelopes to the moon and back as part of a scheme to sell them privately on their return and use the money to set up trust funds for their children. Separately, fifteen of the twenty-four Apollo astronauts were reported to have been charging for autographs, at $5 a time. Nixon’s Justice Department opened an investigation into what it called the “commercialization of space.” Humiliated NASA chiefs ensured that none of the three Apollo 15 crew would ever go into orbit again, but the myth of the perfect astronaut was shattered forever.

By the time Gene Cernan lifted off from Cape Kennedy at the beginning of December that year, public engagement with the space program had fallen so far that ABC, NBC, and CBS had no plans to screen any coverage of the mission at all; later, there would be persistent rumors that NASA had paid the TV networks to carry even the footage of Cernan taking what would prove to be twentieth-century man’s last steps on the lunar surface.

Back in Houston, the visionary architects of Apollo had made swashbuckling plans for the next stage of man’s exploration of the universe—including a permanent base on the moon, an orbiting space station accommodating a crew of one hundred, a reusable spacecraft to shuttle astronauts up to it from Earth, and a pair of massive nuclear-powered rockets to take a dozen men on a yearslong expedition to Mars. But the bottomless funding and the political will that had flowed from John Kennedy’s decade-old challenge, and the lunar milestone sanctified by his death, had been consigned to the past. The agency faced drastic budget cuts.

A moon base was out of the question, the Soviets already had a rudimentary space station, and landing on Mars carried too many echoes of Apollo. Nixon, facing rising inflation and unemployment—and determined to nullify or destroy as many of the projects of Kennedy, his former nemesis, as he could—even considered ending manned spaceflight altogether. Yet to do so was regarded by his advisers as political suicide; the public may have perceived the Apollo program as extravagant and costly, but they still expected to see American astronauts in space, which remained a key battleground of Cold War technology. In August 1971, Caspar Weinberger, then head of the White House’s Office of Management and Budget, wrote a letter to Nixon explaining that it was also essential to maintain the United States’ dwindling prestige in the eyes of the world. An end to manned spaceflight, Weinberger wrote, would “be confirming… a belief that I fear is gaining credence at home and abroad: that our best years are behind us.”



In January 1972, the new Administrator of the National Aeronautics and Space Administration, James Fletcher, arrived in Southern California for a midmorning appointment at Nixon’s oceanfront mansion in San Clemente. An unseasonably frigid wind rose over the cliffs as he and his deputy hurried along the walkways of the Western White House toward the President’s office. They carried briefing documents and a white plastic model of the new vehicle that they hoped would ensure the future of manned spaceflight, and of NASA itself. The meeting lasted a little more than half an hour. Nixon toyed with the model, and mused on the possibilities of using the vehicle to dump nuclear waste in space; he asked Fletcher and his deputy if the vehicle would be worth the investment. “Even if it were not,” the President told them, “we would have to do it anyway, because space flight is here to stay. Men are flying in space now and will continue to fly in space, and we’d best be a part of it.”

Nixon’s formal statement blessing the project had already been printed and stacked, ready for distribution to reporters waiting in a nearby hotel. “I have decided today,” it read, “that the United States should proceed at once with the development of an entirely new type of space transportation system, designed to help transform the space frontier of the seventies into familiar territory, easily accessible for human endeavor in the eighties and nineties. It will revolutionize transportation into near space by routinizing it. It will take the astronomical costs out of astronautics.”

Early drafts of the statement had referred to this new craft as the Space Clipper. NASA had put forward a number of other suggestions, including Astroplane, Skylark, Starlighter, and others—Hermes and Pegasus—which drew on the same myths of antiquity as the Mercury, Gemini, and Apollo programs. Presidential adviser William Safire’s ideas would summon the spirit of maritime adventure and manifest destiny; his proposals included naming the first of the fleet Yankee Clipper. But Nixon rejected them all. Instead, this new project, an ungainly compromise shaped by the demands of congressional funding, Pentagon specifications, and political expedience, would carry the name it had been given since the earliest days of its development: the Space Shuttle.






CHAPTER THREE THE SPACEPLANE


    At around 10:00 a.m. on April 1, 1969, twenty of the leading engineers at NASA’s Manned Spacecraft Center in Houston received phone calls summoning them to a meeting—just as many of them were making the final preparations to launch Apollo 10 on the last rehearsal mission before landing on the moon. Instructed not to tell anyone where they were going, they convened on the third floor of Building 36, in a filthy room cluttered with cardboard boxes and surplus furniture. None of them knew why they were there; some suspected it was all part of an elaborate April Fool’s prank. After a short wait, Maxime Faget—the center’s diminuitive Director of Engineering and Development—arrived, clutching an airline garment bag in his hand. Leaping onto a desk, Faget pulled a balsa-wood-and-paper model from the bag, and raised it above his head.



At forty-seven, Max Faget was regarded by many of the engineers he worked with as something approaching a genius. Inspired and intuitive, his imaginative leaps in spacecraft design, sketched out not at a drafting table but on ordinary drugstore graph paper, upset colleagues accustomed to the laborious precision of the engineering process—one liked to say that his name was an acronym for Flat-Ass Guess Every Time. But he confounded them by almost always turning out to be correct.

Five feet six, blunt, and opinionated, Faget could flush with anger in defense of his ideas, but recovered quickly and—despite his ego and his hatred of higher authority—was widely liked. He said that when he was absorbed in a problem he would pass into an almost trancelike state, oblivious to his surroundings, for hours, days, or even weeks at a time; he was always thinking of something new. One colleague, who had known Faget since the beginning of his career, later observed, “The United States could run for the next hundred years on the ideas Max had while he was shaving this morning.”

Born in British Honduras, where his father, a ship’s doctor, had briefly found a job with the colonial government, Faget came from an old Louisiana family with roots in France. The Fagets led a peripatetic life, moving from Central America to Seattle, San Francisco, New Orleans, and Norfolk, Virginia. Max and his older brother were enthusiastic sailors and builders of model airplanes; he graduated from Louisiana State University with a degree in mechanical and aeronautical engineering. After serving on submarines in the Pacific at the end of World War II, Faget was still in his mid-twenties when he was hired by a small government agency, the National Advisory Committee for Aeronautics—or NACA—in 1946. At the NACA laboratory in Langley Field, Virginia, he worked on a research program exploring rocket-powered hypersonic flight—more than five times the speed of sound—and became known for his improvised aerodynamic experiments; an engineer arrived at the workshop one day to find him tossing models made from paper plates off the balcony above the shop floor, in an attempt to make them fly.

It was at Langley that Faget and his colleague Caldwell Johnson developed the concept for the capsule that would take the first astronauts into space during the Mercury program; at the time the problem the engineers faced was to devise a rudimentary spacecraft that could carry a single human being, be light enough to be launched on the top of one of the US Army missiles available for the purpose, yet able to protect the astronaut from the intense aerodynamic heating the vehicle would experience on the way back into Earth’s atmosphere. Previous aerodynamic research into developing intercontinental ballistic missiles to deliver nuclear weapons to distant targets—cities inside the USSR or China, for example—had shown that the kind of traditional rocket design depicted in science fiction or comic books, a streamlined cylinder tapering to a needlelike nose, would be of little use in reality.

Traveling the suborbital route necessary to reach halfway around the Earth, these ballistic missiles were intended to fly along a parabolic trajectory, like that of an artillery shell on a battlefield—yet tracing an arc thousands of miles long. Hurled by powerful rocket motors up and out of Earth’s atmosphere, the missile would not reach its apogee until it was hundreds of miles out in the airless vacuum of space, before once again being seized by gravity and, at last, turning nose-down to plunge back toward the ground. But as it reentered the upper reaches of the atmosphere, the needlelike warhead of the missile would strike the air molecules it encountered with increasing speed, creating friction, and causing its skin to heat up; as the atmosphere grew more dense, the accelerating warhead encountered more air molecules, and the friction and heating intensified, reaching temperatures of up to 12,000 degrees Fahrenheit: heat so intense that the warhead would catch fire, melt, and disintegrate, breaking apart high in the stratosphere. The warhead, and the nuclear weapon it contained, would fall harmlessly to Earth in fragments, a million-dollar meteorite of fused and flaming metal.

Using wind tunnel experiments and mathematical modeling, Faget’s fellow engineers at the Ames Research Center in California established that—counterintuitively—the most effective design for ballistic missile warheads was a blunt, curved shape. This would fall more slowly as it reentered the atmosphere, and generate a shock wave that would insulate the warhead itself from the destructive energy of friction, enabling it to remain intact until it reached its target.

It was this work that inspired Faget to conceive his simple but brilliant design for what would become the Mercury capsule: a squat cone that would be launched into space pointing upward on top of a rocket, but, when ready to return, would maintain its attitude to present its blunt end to the Earth as it reentered the atmosphere, both slowing its descent and presenting the broadest possible surface to the thickening air below. A heavy heat shield covered the base of the capsule, sheathed in a thick layer of resin that charred and boiled away in the fierce temperatures of reentry, helping to safely dissipate the heat and protect the astronaut within. When NACA and its staff were absorbed into the newly created National Aeronautics and Space Administration in October 1958, Faget already had his design for the United States’ first spacecraft ready to go.



As the end of the next decade approached, Max Faget had become the principal creative force behind the development of the spacecraft that would take men to the moon and back. But by the time the first Apollo capsule reached Earth orbit, much of his work was complete, and the engineers who worked for him in Houston would soon need a new task to keep them occupied.

Early in 1969, Faget was having lunch with his boss, Manned Spacecraft Center Director Robert Gilruth, who mentioned that he had recently attended a US Air Force presentation about the potential for a reusable winged spacecraft—one that could be launched into orbit, but then return to Earth to repeat the voyage again. “Max,” Gilruth said, “these guys are talking about a crazy thing. Why don’t you look at it and see what it’s about?” Faget agreed to consider the problem, and soon came up with an initial concept. In the garage beside his home in Dickinson, a few miles southeast of the center, he drew on his boyhood experience to build a model of the design, with which to demonstrate the aerodynamic characteristics of this revolutionary new vehicle.

The prototype Space Shuttle that Faget pulled from the garment bag in Building 36 was three feet long and made from balsa wood, glue, and translucent brown paper. It looked ordinary enough: shaped like an aircraft, with a snub-nosed fuselage, short straight wings, and a horizontal tailplane with two vertical fins. As the assembled engineers looked on, Faget threw it twice across the room: first, it flew arrow-straight, just like a conventional aircraft; before he launched it a second time, he tilted the nose of the model up toward the ceiling at an angle of sixty degrees. Yet now his creation maintained this attitude throughout its flight path, presenting its entire underside to the path of onrushing air, as if falling, horizontally, through space.

The engineers didn’t need Faget to explain the meaning of his demonstration: this was an elegant aerodynamic design for a spaceplane, one that would present its broad underside to diffuse the extreme heat of reentry, just like his teardrop-shaped capsule, and then tilt nose-down to glide through Earth’s atmosphere like a conventional plane.

“We are going to build the next-generation spacecraft,” Faget announced.



The monumental feats of the Apollo program may have required a workforce of hundreds of thousands scattered across the United States, and an investment of money and ingenuity unmatched since the effort to develop the atomic bomb; even so, the technological challenges of devising the spacecraft that took men to the moon would be dwarfed by those of building the Space Shuttle.

The scope of exploration, and distances, involved in the vehicles’ respective journeys were scarcely comparable: Armstrong and Aldrin’s trip to the lunar surface required them to break entirely free of Earth’s gravity and embark on an eight-day round trip through more than 900,000 miles of outer space; the Space Shuttle would be required merely to travel into low Earth orbit—between 190 and 330 miles above sea level—where it would circle the planet for up to a week before returning home. In some ways, it was as if the sixteenth-century explorer Ferdinand Magellan had proposed to follow up the first circumnavigation of the world by rowing across Lisbon harbor and back.

But by the time Armstrong and Aldrin set down in the Sea of Tranquility in the summer of 1969, the principles of the rocket engines that took them there had been in use for more than forty years, much of their equipment was tailor-made for their mission, and all of it was designed to be used just once. The engines themselves were essentially destroyed by the processes of combustion, twisted and immolated by the high-pressure gases they briefly channeled into thrust, and designed only to survive their few minutes of use before tumbling into the ocean or disintegrating high in Earth’s atmosphere.

At each successive step of their journey, the astronauts discarded another part of their vehicle, from the first stage of their Saturn V rocket crashing into the Atlantic to the segments of the lunar lander discarded on the moon. Even the ablative heat shield that protected their conical twelve-foot capsule from the fire of reentry was gradually destroyed as it approached its destination, the dense layer of resin sloughing off and vaporizing as it heated in the thickening air. At liftoff, their fully loaded rocket weighed more than three thousand tons; the remainder that splashed down in the ocean at the end of the ride weighed just seven.

However, no one had ever built a vehicle that could travel into orbit, then not only return to Earth entirely intact, but prove so robust it could be refitted and refueled to repeat the journey again and again. This would require a true spacefaring vessel, and in 1969 such a vehicle remained the stuff of science fiction, like orbiting space stations and bases on the moon. Intended to blast off like a rocket, go into orbit like a spacecraft, and land like an airplane, almost every element of the proposed new ship would have to survive the full range of the extraordinary forces exerted on man and machine by spaceflight. These would begin with liftoff, where the acoustic shock of its rocket engines screaming in unison could reach 167 decibels—powerful enough to kill a human being. As it ascended and accelerated, the shuttle would be buffeted by wind resistance and drag equivalent to several times its weight on the ground, until it reached the point known by the engineers as “Max Q”—the point at which the airframe risks being torn to pieces by the forces of maximum aerodynamic stress. On reaching the vacuum of space, it would be plunged into temperatures of minus 250 degrees Fahrenheit—the “cold soak,” low enough to embrittle metal to the point that it can shatter like hard candy. On reentry, the skin of the craft, enveloped by ionizing air and blazing plasma, would heat from cold soak to 2,700 degrees Fahrenheit—high enough to melt steel—and reach a velocity of up to twenty-five times the speed of sound before slowing to a few hundred miles an hour to land on its own undercarriage under the control of its pilots.

Not only would the delicate mechanisms of the Space Shuttle have to be engineered to endure forces of such extremity and violence, but its design and construction would also be governed by a further new parameter, one of which NASA had no existing experience: a limited budget.



Regardless of the obstacles, the idea of a rocket-powered spaceplane was not new. In the 1930s, Austrian Nazi engineer Eugen Sänger detailed proposals for the Silbervogel, or Silverbird, a piloted “intercontinental long-range glider” theoretically capable of circling the globe in a matter of hours. Although Sänger conceived the Silbervogel as a civilian space glider, once the Second World War began, he offered it up as a candidate to fulfill Hitler’s Amerikabomber plan. Launched from the ground on a rocket-driven sled, the flat-bottomed spacecraft would use its own rocket motor to reach an altitude of one hundred miles, crossing the Atlantic at 6,600 miles per hour, to bring the war to the United States by dropping bombs on New York City. Skipping over the upper atmosphere like a flat stone skimming across a pond—allowing it to radiate excess heat from its fuselage during each skip, in what Sänger termed “dynamic soaring”—the rocket plane would fly on, traversing the continent from east to west, and land in the Pacific territory of Imperial Japan. There it would refuel and rearm, making it possible to bomb Los Angeles on the way home to Germany. But despite years of theoretical studies, Sänger had difficulty persuading the Reich Ministry of Aviation that the idea was practical, and, mercifully, the Silbervogel was never built.

As the Third Reich staggered toward annihilation in the closing months of the war, those German engineers whose ingenuity had come to deadly fruition with the V-2 rocket bomb—which killed thousands of civilians in England and Belgium—began looking to barter their knowledge for lenient treatment at the hands of the Allies. Among them were Wernher von Braun, who would become the architect of the Saturn V moon rocket program—and his boss, Major General Walter Dornberger. After the war, both von Braun and Dornberger were among the 120 German rocket engineers brought to the United States as part of Operation Paperclip, a secret US government scheme to exploit the Nazis’ scientific expertise in the emerging confrontation with the Soviet Union.

Dornberger once complained that Germany had been defeated because his subordinates on the V-2 program were “more interested in the possibilities of space travel than with victory in war,” but now the vanquished major general found a new life among his former foes, in Buffalo, New York. In 1950, he started work as an engineer with the Bell Aircraft Corporation, where he became a vocal advocate of spacecraft development. The Cold War was shifting into high gear, and the US Air Force was looking for ways to quickly and reliably drop nuclear weapons on cities behind the Iron Curtain. Dornberger suggested reviving Sänger’s work on the Silbervogel, and even visited the inventor and his wife—by now living in Paris—to encourage them to come to the United States. But Sänger, who had already been the subject of a botched Soviet kidnap attempt led by Joseph Stalin’s son Vasily, turned him down. So, with US Air Force funding, Dornberger set to work on his own plans for a new rocket plane, using the same principles as the Nazi transoceanic bomber from decades before.

In October 1957, the USSR startled the West with the announcement of the successful launch of Sputnik, the world’s first artificial satellite; less than a week later, the Air Force merged Walter Dornberger’s research into a classified program to build a sophisticated reusable spaceplane, known as Dyna-Soar, and later the X-20. Dyna-Soar was a flat-bottomed, blunt-nosed craft that would blast off vertically from Cape Canaveral atop a Titan missile that carried it into space, and then skip and glide over the Earth’s atmosphere, or use its wings to soar even higher, into orbit. Engineers predicted that, by the early 1970s, a fleet of X-20s—traveling at the speed of an intercontinental ballistic missile, but guided by a human pilot—would be ready to intercept and destroy Soviet satellites and conduct rescue missions in space, spy on hostile territory, or deliver atomic bombs to targets deep inside the Soviet Union with little warning and terrifying accuracy. The Air Force spent years and hundreds of millions of dollars—more than $4 billion at twenty-first-century prices—on research and development work intended to overcome the many obstacles to flying such a complex machine.

At the time the Dyna-Soar program began, NASA did not yet exist; the United States had not even launched an unmanned satellite into orbit, and scientists and engineers understood little about the environment in the vacuum of space, or the technology that would be required to survive there. They feared the potential effects of weightlessness on spacecraft components and on the bodies of pilots; in the absence of aerodynamic data about reentry, they were concerned about how they might maintain control of a vehicle traveling at more than five times the speed of sound—the still largely unexplored realm of hypersonic flight—and the integrity of its structure as it encountered temperatures that they believed could reach as high as 4,500 degrees Fahrenheit.

The theoretical solutions the Dyna-Soar engineers devised for these challenges lay at the limits of existing technology. Instead of the heavy ablative heat shield later used on Max Faget’s space capsules to resist the temperatures generated during reentry, they proposed that this new vehicle would have a nose cone of hexagonal graphite tiles, and a skin of overlapping shingles forged from esoteric metal alloys—molybdenum, niobium, and René 41; the pilot and equipment inside would be protected from the heat by a water-cooled aluminum cocoon. They hoped that these precautions would endure for six journeys to and from space before having to be replaced.

Intended to glide back to Earth to land like an ordinary plane under the control of a pilot, Dyna-Soar was designed with a tricycle undercarriage of metal skids and wire brushes—because rubber tires were expected to melt and catch fire before the spaceplane reached the runway. In March 1962, the Air Force announced a team of six test pilots to fly their first missions into space, and began construction of a prototype. Six months later, they unveiled a full-scale plywood mock-up of the Dyna-Soar—a faintly bat-like black V-shaped aircraft with a rounded nose and broad delta wings swept sharply up at each end. Presented at the annual Air Force Association conference in Las Vegas, the X-20 caused a sensation: Reader’s Digest described this futuristic “space glider” as one of the most significant steps in aviation since the Wright brothers’ first flight.

But in the years since Walter Dornberger had first turned his attention to bombing the Soviets from orbit, both the official aims and the public expectations of US spaceflight had changed profoundly. Yuri Gagarin had already become the first man in space, with the launch of Vostok 1 in April 1961, and the focus of US space exploration had shifted to keep pace with the USSR. The small capsules Faget had designed were carrying American astronauts into orbit on giant military rockets, and swinging safely back to Earth beneath braking parachutes; these might not be reusable, but they were cheaper and simpler than the experimental spaceplane, and did not require the use of exotic materials, or so dramatically test the boundaries of existing aerodynamic expertise.

More importantly, both Presidents Eisenhower and Kennedy had publicly committed the United States to the goals of exploring space for the betterment of humanity. In 1958, NASA had been established by the National Aeronautics and Space Act, which stated that “it is the policy of the United States that activities in space should be devoted to peaceful purposes for the benefit of all mankind.”

Such high-minded sentiments were clearly at odds with designs for a hypersonic bomber intended to swoop down from orbit and unleash thermonuclear destruction from Moscow to Vladivostok—even before the United Nations ratified an international treaty banning states from placing atomic weapons in orbit, on the moon, or anywhere in outer space. Scientists and Air Force generals had sought to reorient the goals of Dyna-Soar to emphasize its potentially crucial role as a pure research project—designed to develop the technology of a reusable spaceplane—but to no avail. In December 1963, Defense Secretary Robert McNamara canceled the Dyna-Soar before it had ever made it out of the workshop, despite all the money and time sunk into its development.

Nevertheless, the Air Force remained determined to lay claim to its own dedicated space program, which would allow it to send military astronauts to conduct secret “black” operations in orbit. At the same time he made public the cancellation of Dyna-Soar, McNamara announced a new project, the Manned Orbiting Laboratory—or MOL—which the Pentagon would develop alongside NASA’s Gemini and Apollo programs. Newspaper readers were allowed to infer that the MOL would be an altruistic enterprise, dedicated to scientific experiments in orbit. “The MOL is conceived as a literal laboratory in space, which would enable us to study man’s adaptability and limitations over prolonged periods,” the director of the program said at the time.

In reality, the laboratory was intended as a top secret manned spy satellite, crewed by Air Force and Navy astronauts with access to the most sensitive intelligence products of the CIA, and trained to shoot high-definition photographs of the USSR from orbit using a massive and sophisticated camera code-named DORIAN. On November 12, 1965, the Pentagon announced the names of eight men who would train at the Air Force Aerospace Research Pilot School to fly aboard the new spacecraft. That day, the military astronauts posed agreeably for press photographs—but within twenty-four hours, they had been fully briefed on the true nature of their mission, and vanished from public view, swallowed within the netherworld of classified Department of Defense operations.

The MOL program marked the beginning of a sometimes bitter struggle that would endure for decades, between the well-defined civilian and scientific openness of NASA and the Pentagon’s clandestine hunger to extend the Cold War beyond Earth’s atmosphere. But in the meantime, the defense agencies and NASA had begun collaborating on yet another project, one that would pioneer much of the technology for the spacecraft of the future.



In October 1954, in a bid to expand their practical knowledge of hypersonic flight, two separate panels of US government experts resolved to build a new kind of experimental plane: a piloted research aircraft “capable of achieving speeds of the order of Mach number 7 and altitudes of several hundred thousand feet.” Such speed was difficult to imagine: the bullet from a high-velocity rifle travels at around 3,000 feet per second; the aircraft the engineers were proposing would carry its pilot at velocities more than twice as fast, or 5,300 miles per hour. The proposed altitudes were higher than any aircraft had ever flown—above 100,000 feet, beyond what test pilots call the “sensible atmosphere”—where few air molecules persist, on the fringes of space. Existing knowledge of such extremes was limited to theoretical calculation and scale-model tests in wind tunnels, yet the expert panelists determined that the new aircraft be built as quickly as possible using only available technology.

The new aircraft, the X-15, made its first flight less than five years later, part of a crash development program backed by the US Navy and Air Force and operated by NASA. Three of the vehicles were built by the engineers of North American Aviation, each one a single-seat rocket plane with stub wings and a dart-shaped tail, resembling nothing so much as a missile with a cockpit at one end. Carried aloft beneath the wing of a B-52 bomber, the X-15 was dropped at a launch altitude of thirty-five thousand feet. The pilots fired their rocket engines for just ninety seconds, climbing steeply and accelerating to hypersonic speed, rising in a parabolic arc to the edge of space. They watched the curvature of the Earth expand beneath them, the sky darken from blue to black, and the pages of their cockpit flight plans float apart in zero gravity.

As the aircraft left behind the sensible atmosphere, its aerodynamic control surfaces—the rudder and ailerons—became useless, and the pilots had to employ a newly devised system of hydrogen peroxide thrusters, firing jets of gas from the nose and wings, to adjust its attitude. From the apogee of its ballistic trajectory, the X-15 then began a long fall back to Earth as a hypersonic glider, before coming in to land on dry lake beds in the high desert of California and Nevada. The skin of the vehicle was fabricated from a dense nickel alloy—Inconel X—necessary to cope with the extreme temperatures created by friction as it returned to the atmosphere.

Each pilot was outfitted in a custom-made, oxygen-fed pressure suit designed to protect him from exposure to the deadly high-altitude environment in the case of cabin depressurization or the need to eject. The X-15 ejection seat, a massive device equipped with automatic clamps designed to pin its occupant’s arms and legs safely in place as he was shot free of the crippled aircraft by a powerful rocket motor, was supposed to work at speeds of up to Mach 4 and altitudes of 120,000 feet. But few of the pilots believed that.

Over the course of nine years, the X-15 was flown almost two hundred times by a dozen different men—including the thirty-year-old future astronaut Neil Armstrong. Their missions pioneered what one scientist called efforts to separate “the real from the imagined problems” of flying on the frontier of space. Before the first Mercury capsules were launched, the brief journeys of the X-15 gave NASA confidence that manned spacecraft could leave Earth’s atmosphere and return to it without losing control or burning up on reentry. And the initial goals of the rocket plane’s experimental program, to fly to hypersonic speeds and record altitudes, were quickly exceeded. In a pair of flights in the summer of 1963, veteran test pilot Joe Walker took the X-15 beyond 330,000 feet, over the internationally recognized boundary of space—the Karman Line, sixty-two miles up—unofficially becoming the first man in history to travel into space twice. But almost from the beginning, the X-15 pilots’ exploits were eclipsed by the glamour and pyrotechnics of the Mercury and Gemini spacecraft. While John Glenn and Alan Shepard were celebrated with ticker-tape parades and appeared on the covers of Life, few people outside the aerospace industry knew or cared about the X-15 or those who flew it. Yet the lack of attention had its benefits: ignored by the media, NASA’s high desert rocket plane experiments proceeded with little oversight or interference from politicians or bureaucrats in Washington, DC. “We produced research data,” one of the X-15 pilots wrote later, “instead of headlines.”

Keen to extend the length of the program and keep its expensive aircraft flying beyond its initial aims, NASA soon began using the three X-15s as platforms for scientific experiments, mounting equipment in wingtip pods that the pilots opened in the upper reaches of the atmosphere, to gather data on esoteric high-altitude phenomena. Their exploration expanded knowledge of both aerospace engineering and medicine: flight surgeons discovered that the pilots’ heart rates during X-15 flights were more than double those recorded on tests of other aircraft, due to the seemingly inexorably rising strain they felt while confined in their cockpits, anticipating each launch. The pressure suits they wore provided the basis for those used to outfit the Mercury astronauts. But testing the limits of existing technology in such an unforgiving environment was fraught with risk, and the pilots’ experimental role often required them to push their aircraft far into the unknown. In an aircraft traveling at more than a mile a second, the smallest mechanical fault—or the tiniest miscalculation—could escalate at bewildering speed.






CHAPTER FOUR THE MOST COMPLICATED MACHINE IN HISTORY


    By the time Air Force major Mike Adams strapped into his X-15 on the morning of November 15, 1967, the experimental aircraft had been flying for eight years with only a single serious accident and a handful of major emergencies. The engineers and pilots at Edwards Air Force Base considered the rocket plane “mature,” its flights so frequent that they saw them as routine.

Earlier generations of experimental high desert aviation had been conducted in secrecy, and witnessed only by a small handful of technicians and military personnel. Ten years before, the rate of attrition among test pilots had been so high that almost every week a new replacement seemed to arrive at Edwards following a crash. In the event of an accident, wives and relatives had been notified only after the fact. But now death no longer seemed to linger so close at hand, and Adams’s wife, Freida, had made sure to be present for each one of his flights aboard the X-15. It was a little frightening, but exciting—like Flash Gordon—and now she found herself getting caught up in the moment as she watched him walk across the arid runway to climb into the cockpit of the sleek, black rocket plane for the one hundred ninety-first flight of the program.

Stoic and reserved, Adams, thirty-seven, had wanted to become an astronaut since graduating from test pilot school, and had narrowly missed being selected as part of the group by then preparing to go to the moon. Although later chosen as one of the eight military pilots training to fly in the Pentagon’s Manned Orbiting Laboratory, he grew impatient with lengthening delays in the program, and dropped out to volunteer for the X-15 research project; it seemed like the next best thing to going into orbit. In October 1966, Adams had become the twelfth and final pilot selected to fly the experimental plane, and less than a year later had completed half a dozen missions in the cockpit. By November 1967, he still had his mind set on space.



As her husband reached launch altitude, fell away from beneath the wing of the B-52, and ignited the engine of his spaceplane, Freida Adams was standing in the control room at Edwards with Mike’s mother, listening in as his reports came over the radio. With an abrupt punch of acceleration that pinned Major Adams back in his seat, within half a minute the X-15 was traveling at 2,000 feet per second and ascending rapidly through the stratosphere. In the control room, Adams’s fellow test pilot Pete Knight called out his altitude: 83,000 feet, then 110,000 feet; at 150,000 feet, Adams shut down the engine, but the X-15 kept ascending, as the designers intended, toward the blackness of space. Just over a minute later, Knight called a new reading: 261,000 feet, or 49 miles above sea level.

Part of the purpose of Adams’s flight was to conduct a series of atmospheric experiments, including one to collect micrometeorites, and use an electromechanical probe to gather data on solar radiation. Yet when activated—and unbeknownst to either Adams or the team monitoring the flight from the ground—the probe began creating electrical interference, which disabled the computer and automatic control systems of the X-15. By the time Adams reached the planned apogee of his trajectory, the plane’s computer was repeatedly shutting down and restarting, and the nose of the aircraft was drifting from its intended flight path. Under normal circumstances this might have been a minor problem, easily corrected. But Adams—distracted by the malfunctioning computer, almost certainly disoriented by his severe and undiagnosed vertigo—misread his instruments and compensated in the wrong direction. As it began its descent into the atmosphere, the nose of the X-15 continued to wander from its flight path, rotating until the aircraft was falling back to Earth first sideways, then backward—and kept turning, whirling through one complete revolution after another; Adams had lost control. At an altitude of around forty-three miles, and traveling at five times the speed of sound, he radioed to the ground.

“I’m in a spin, Pete.”

This was a previously unheard-of phenomenon. Uncontrolled aerodynamic spins were a well-known and potentially deadly part of conventional airplane flight, and one for which pilots had developed practiced recovery techniques. But no one had ever conducted wind tunnel studies or experiments on their potential in research aircraft like the X-15. There were no known ways to recover from one. Indeed, to Pete Knight and the experienced engineers manning the ground control station, the idea that a hypersonic plane could enter a spin in flight seemed impossible. Perhaps unable—or unwilling—to comprehend the situation, Knight didn’t immediately acknowledge Adams’s message. Instead, he told him to terminate his experiment and turn on the cockpit camera.

“I’m in a spin,” Adams repeated.

“Say again.”

“I’m in a spin.”

“Say again.”

For a few seconds, no one in the control room spoke. But the intercom remained silent, and Freida Adams felt the atmosphere in the room curdle; then she knew. A technician took her by the arm and led her away.

From his console, Pete Knight could see that the X-15 was falling fast. He began calling the altitude once more.

“OK, Mike, you’re coming through about 135 now.… Let’s get it straightened out.… Coming up to 80,000, Mike.”

There was no reply.

Plunging earthward at more than three thousand feet per second, the X-15 at last stopped spinning—through some combination of Adams’s struggles with the aircraft, its own inherent stability, and the actions of its automatic attitude control system. But as the X-15 continued hurtling toward the ground, this same automated system took hold of the aircraft, rolling it from side to side, oscillating with increasing violence. Within seconds, each motion reached the equivalent of 13 g’s—an invisible fist wrenching the plane with thirteen times the normal force of gravity. The X-15’s steel fuselage buckled, and the aircraft began to come apart in the air. When it reached 62,000 feet, and was still traveling at Mach 4, ground control lost all telemetry from the rocket plane. For almost another minute, Pete Knight continued trying to raise Adams over the radio. He was still trying as the first fragments of the plane hit the ground. Then a report came in from a chase plane pilot.

“Pete, I got dust on the lake down there.”

“What lake?”



The wreckage of Mike Adams’s X-15 was scattered over an area of the Mojave Desert twelve miles long and two miles wide. The central part of the fuselage came down among low hills a few miles south of China Lake Naval Weapons Center, near the town of Johannesburg, California. An emergency team arrived by helicopter within minutes. They found Major Adams’s body, still in the cockpit.

Afterward, NASA conducted its own investigation into the crash and published a three-hundred-page report, finding evidence of equipment malfunction and oversights rooted in complacency. The experimental probe that had failed during Adams’s ascent employed an electric drive that had never been tested for use at high altitude—but had been flown before, so technicians assumed it would be okay to fly again. Although, years earlier, Adams had participated in a centrifuge test that had revealed he suffered from vertigo so acute that it might incapacitate him in flight for minutes at a time, the information was never shared with the medical staff at Edwards.

The lack of public interest in the X-15 extended even to the death of one of the program’s pilots. In contrast to the way the tragic fire on the launchpad at Cape Canaveral had transfixed the world just ten months earlier, Mike Adams’s crash received scant attention: the New York Times printed the news on page 14; the Sacramento Bee carried a front-page report—below the fold, reported as the death of a local man.

But among the anomalies of Major Adams’s last flight was the duration of his rocket engine burn, which had continued for four seconds longer than planned. Instead of the projected height of 250,000 feet—around 47 miles above sea level—Adams had ascended an extra 16,000 feet, or just over 3 miles, and across what the US Air Force then regarded as the official boundary of space. In January 1968, Freida Adams drove from her new home in Louisiana to Barksdale Air Force Base, where she accepted the award of her husband’s silver astronaut wings, distinguishing Adams as the first American to die in spaceflight. The remains of the X-15 that killed him were buried at an unmarked site in the desert.



The rocket plane program—already winding down before Adams died—continued for just one more year. Of the three rocket planes in the fleet, by then only one remained airworthy, and support for the program in the Air Force, NASA, and Congress had dwindled. Fear of another fatal accident only hastened its end, and on December 20, 1968, the aircraft’s final mission was canceled.

Yet the X-15 had far surpassed its initial goals. And, despite the shadow cast over its record by Adams’s death, it came to be regarded as the most successful flight research project in history. The aircraft proved so far ahead of its time that some of the speed and altitude records set by its pilots would remain unbroken for more than fifty years; its journeys beyond the reach of Earth’s atmosphere made it the world’s first operational spaceplane. Although some of the experiments flown on the X-15 went on to be used as prototypes for the Apollo moon missions, much of the experimental technology it proved in flight would lie dormant for decades. But the most important discoveries made by the pilots flying the rocket plane were among the most obvious: with the X-15, NASA had established practical design principles for a winged spacecraft that could return to Earth from orbit.



At the moment the last of the X-15s was finally grounded, the crew of Apollo 8 were preparing for their audacious Christmas trip into lunar orbit. Senior figures at NASA were becoming confident they could land men on the moon before the end of the following year and—belatedly—their thoughts had turned to what might come afterward. Yet, even as they anticipated their greatest triumph, there was little agreement about what their next steps should be.

NASA Administrator Jim Webb, a wily Washington, DC, insider who had led the agency since the inception of the Apollo program, had maintained an unswerving focus on fulfilling President Kennedy’s end-of-the-decade promise for every moment of his more than seven years on the job. But, in part because he feared distracting public attention—and congressional funding—from the race to beat the Soviet Union to the moon, for most of that time Webb had refused to commit the agency to serious planning for any project beyond that goal. When asked to answer questions about NASA’s long-term intentions in a letter from President Johnson written soon after his election in 1964, Webb had taken a year to deliver a full reply, and then did so with a report of elaborately contrived bureaucratic circumlocution.

But by 1968, with much of the costly hardware necessary to take the Apollo astronauts to the moon designed, built, delivered, and paid for, Webb’s dedicated evasiveness had also left NASA without a dynamic purpose for the future. In the absence of a new goal—and just as the financial cost of the war in Vietnam was escalating ruinously—Johnson and Congress began cutting the agency’s budget. They slashed NASA’s overall funding for 1969 by a quarter, and the army of staff at the agency’s contractors—North American, Grumman, Rocketdyne, and the rest of the aerospace companies who had worked on the moon shot—was cut almost in half, from 377,000 people to 186,000.

In part due to the pork barrel politics that had seen congressmen jostling to bring a part of the lunar bonanza into their districts, NASA facilities had ended up being constructed at sites scattered across the country in a network of semiautonomous “centers”: it was no coincidence that the Manned Spacecraft Center in Houston, soon to be renamed in Johnson’s honor, had found a home not only in the President’s home state, but close to the districts of the handful of local politicians with seats on key congressional committees. Other NASA centers—including the launch and assembly facilities at Cape Canaveral, the Langley aeronautical research center in Virginia, and the rocket engine test site in southern Mississippi—each brought national attention, and jobs, to the regions around them in the boom years of the space race. But when Congress shut off the spigot of Apollo funding, those same communities felt the consequences.

In Huntsville, Alabama, Wernher von Braun had built his own fiefdom of rocketry at the Marshall Space Flight Center, among 1,800 acres of lush forest and rich ocher dirt carved from the middle of the US Army’s sprawling Redstone Arsenal. From his hilltop office in Building 4200 he presided over a complex of workshops, laboratories, and test stands where a team of more than seven thousand men and women developed the family of powerful rockets that had taken every astronaut since Alan Shepard into space. And while the glamour and the news cameras went to Mission Control in Houston and the launchpads at the Cape, it was from Marshall that the technology emerged to bring the moon within America’s grasp—and von Braun who received the lion’s share of NASA’s funding. Under his direction, the center had expanded to include its own post office, day care, and internal taxi service; armies of contractors flooded the area, bringing new roads, schools, and a jet airport. In less than twenty years the population of the small southern town nearby—until recently known as the Watercress Capital of the World—grew nearly tenfold, and became so identified with its influx of German scientists that local wits referred to it as “Hunsville.”

But once the last of the Apollo hardware had shipped and the layoffs began, the bubble burst: in Huntsville, unemployment rose, restaurants fell quiet, and apartments emptied out in a city that had only recently seen waiting lists for motel rooms. The city was a bellwether of what was to come elsewhere: within a few years, the post-lunar blight would arrive in Houston, and strike the beachfront towns around Cape Canaveral. And if NASA was to save itself from wasting away to nothing, its leaders had to come up with a new idea, one as simple and bold as Apollo, with which to seize hold of the nation’s imagination again.

Fortunately, Thomas Paine, who replaced an exhausted and disappointed Jim Webb as NASA Administrator in October 1968, had just such an idea. Paine, forty-six, was quite unlike his predecessor: a Washington, DC, neophyte who had little enthusiasm for space travel before arriving at NASA to serve as Webb’s deputy; his name had been chosen from a list of company executives interested in taking any senior position in the federal government. The son of a US Navy commodore, and a veteran who had served on a submarine in the Pacific during World War II, Paine had spent much of his career working at General Electric. He was an exuberant and visionary technocrat who continued to see the world through a maritime lens. If a meeting ran too long, he might fill the time doodling a sketch of his boat, the USS Pompon, steaming across the surface of the ocean.

In 1969, with President Nixon newly elected to the White House, Paine pressed the administration to support a new phase of exploration for NASA: even more extravagant than Apollo, embracing the United States’ destiny in the stars. The moon landing, Paine declared, “started a movement that will never end, a new outward movement in which man will go to the planets, first to explore, and then to occupy and utilize them.”

At the center of these plans was a space station built in Earth orbit, the staging post from which to establish permanent bases on the moon and to launch teams of astronauts on a two-year mission to visit Venus and land on Mars. The Martian explorers would embark from Earth in 1981, propelled by nuclear rocket engines, which were already at an advanced state of development, at a test site specially constructed by scientists from the Los Alamos National Laboratory at Jackass Flats, Nevada. As the space station and the moon bases took shape, the astronauts would operate a three-part “Space Transportation System”: including a “space tug” to ferry them down to the lunar surface, a nuclear-powered transport craft; and the keystone of the arrangement, a reusable vehicle that could launch from the ground like a rocket and land like an airplane, to move astronauts and equipment between the ground and Earth orbit.

But Paine, for all his vision and ebullience, had badly misread the political climate. Nixon had little interest in the space program, and was alert to the danger that NASA might ride a wave of global euphoria over the moon landing into an ever-more spendthrift future. And, even amid the patriotic enthusiasm surrounding the lunar triumph, the American public had scant appetite for sending men to Mars, an exploit that one congressman told the press could cost as much as $200 billion. In a Gallup poll taken immediately after the Apollo 11 mission, 53 percent of respondents said they opposed a Mars landing; a Newsweek survey revealed that more than half of the public wanted the President to spend less on space exploration. When Armstrong, Aldrin, and Collins were feted at a celebrity-packed gala dinner in Los Angeles less than a month after returning from their flight, and hosted by Nixon himself, protesters hung a banner from the office building opposite the venue that simply read: FUCK MARS.

As the President made it clear that he wouldn’t pay for any further interplanetary adventures, Paine abandoned plans for bases on the moon, the nuclear-powered transport, and the space tug. He focused instead on winning support for funding a space station—and the reusable vehicle necessary to build it and resupply it once complete. This craft would be a “space shuttle” with which to realize a long-held dream of cheap, routine access to Earth orbit, an orbital delivery vehicle operated along the same budgetary principles as a commercial airline: a vehicle that erstwhile Nazi general Walter Dornberger described as “an economical space plane capable of putting a fresh egg, every morning, on the table of every crew member of a space station circling the globe.”



Dottie Lee got the call one Friday morning in early 1969. When she arrived in his office, her boss in the Structures and Mechanics Division at the Manned Spacecraft Center in Houston was brief. “Monday, you’re to report to Building 32. You don’t tell anybody where you’re going, or what you’re going to do,” he said. He handed her a document: “Read this.”

Lee, forty-two years old, a formidable technician with coiffed flame-red hair and a taste for vodka martinis, was one of the few female engineers working in Houston, and perhaps the only one supervising a team of men. A math graduate who had once imagined becoming a high school geometry teacher, she had instead been hired straight from college by NACA to work as a “human computer,” making the complex aerodynamic calculations necessary for the early days of hypersonic flight. Lee was eight years into her career there, and had been promoted to Senior Mathematician, when she was asked to fill in as a temporary replacement for Max Faget’s secretary, who was leaving on her honeymoon. Lee didn’t know how to type, and spent most of her time at her desk in Faget’s office calculating a triple integral. At the end of two weeks, Faget asked her to work for him full-time, as a project engineer. She learned on the job, first on the design of experimental rocket flights at NACA and, after the creation of NASA, in the Apollo program, specializing in the esoteric discipline of aerothermodynamics. By 1969, she was supervising a group of contractors at work on the heat shield protecting the Apollo command module on its return to Earth from the moon.

After the meeting with her division chief, Lee had to explain to the contractors that she had been reassigned, but gave them no details. “I’m going to be out of pocket for a little while,” she said. “I cannot say anything of where I am.” The document Lee had read outlined the principles of a reusable spacecraft that could fly into orbit and then land on a runway; the project was secret. On Monday morning she arrived at Building 32, a windowless hangar-like space in the northeast corner of the Houston campus, to discover a guard at the door with a clipboard in his hand. Only those whose names were on his list were allowed to enter.

Inside, a clandestine team of draftsmen and engineers representing each of the major disciplines of spacecraft construction—including aerodynamics, propulsion, structures, and thermal protection—set to work on the design of the Space Shuttle, under the supervision of Max Faget. The balsa-wood model that Faget had built in his garage was at the heart of these initial plans—for a fully reusable spaceplane system made up of two separate winged vehicles, each flown by its own crew, but piggybacked together for launch. The first was a booster craft, as large as a Boeing 747, which would carry the second—a lighter vehicle the size of smaller airliner—on its back to an altitude of fifty miles. There, the booster would release the smaller craft—the orbiter, the straight-winged spaceplane of Faget’s design—which would carry on under its own power into space. The booster would then fly back to land on an airstrip at the launch site, ready to start again. The orbiter would carry out its mission in space before reentering the atmosphere and landing on an airstrip like a conventional airplane.

At first, the new spacecraft was planned on an even more ambitious scale than Apollo, with technology fit to carry American astronauts into the twenty-first century. Tom Paine called for a $14 billion project that would be ready to fly by 1975, powered by fourteen massive cryogenic engines and large enough to lift the components of a space station into orbit.

But long before President Nixon agreed to sign off on the creation of NASA’s next-generation spacecraft, the agency’s seamlessly futuristic aspirations were dashed once again on the unyielding economic realities of the 1970s. When funding for the combination of a space station and shuttle received congressional approval only with the narrowest of margins, Paine recognized that, by asking for both, he risked getting neither. So he shunted plans for the space station off into the distant future, on the understanding that the shuttle was the only remaining element of the once-complex Space Transportation System that could exist without any of the others. And if—in the absence of a space station, or moon bases, or the staging of interplanetary rocket missions—the proposed shuttle no longer had any specific destination to reach, then surely plenty of reasons could be found for it to visit low Earth orbit.

Even then, Congress and the White House balked at the extravagant price tag for the shuttle. Instead of $14 billion, Congress and the hard-headed bureaucrats of Nixon’s new Office of Management and Budget agreed to allocate just $5.5 billion for development of the new vehicle. Based on NASA’s existing calculations, this amount was far too little money to create an experimental machine that would require the research and development of so much untried technology. But the NASA chiefs—who had come to believe that the future of US manned spaceflight, and the agency itself, depended on committing to an ambitious new spacecraft—agreed, regardless. It was the first of many fatal compromises.

Despite the budget cut, NASA continued to pitch the shuttle as a panacea for all of the nation’s future orbital transport, a space truck that could be robust enough for routine operation, with quick turnaround times making it available to launch every two weeks. Most important, the shuttle would be so cheap to operate that it would soon pay for itself: in contrast to the Saturn V rockets that were taking astronauts to the moon at the staggering price of $185 million per launch, the reusable shuttle might cost a mere $350,000 each time. But these numbers only made sense if the new vehicle could fly almost as frequently as a commercial airliner, spreading the huge cost of its development and construction over a great number of launches.

To make this argument, NASA commissioned a cost benefit analysis from Mathematica Inc., a consultancy cofounded by one of the original developers of game theory. The Mathematica study, which would soon become infamous for its fantastical accounting, predicted that the shuttle would indeed provide the United States with a cheap alternative to expendable rockets—so long as it made at least 736 flights between 1978 and 1990, or fifty-seven missions a year; more than one a week.

At the launch rate imagined by Mathematica, the new workhorse spacecraft could not only provide for every one of NASA’s own orbital needs, but also help the government turn a profit by taking on commercial satellite customers, and fly military missions, replacing all of the expendable rockets that the Pentagon used for launching its spy satellites. Nixon’s accountants examined the projections and spluttered in disbelief. “They start at a number that strains credibility,” wrote one, “and go up from there.”

To support its case and make the numbers more plausible, NASA sought support from the Air Force—and Pentagon backing proved decisive in finally winning presidential endorsement for the shuttle. But in exchange, NASA had allowed the Air Force to set two specifications for the orbiter that would profoundly complicate its design.



The White House had recently canceled the “black” Manned Orbiting Laboratory program, partly due to the fruits of work by the National Reconnaissance Office—a three-letter government agency so secret that it did not yet officially exist. Staffed by officers from the Air Force and the CIA, the NRO had no headquarters building, but operated from behind an unmarked door on the fourth floor of the Pentagon. The new agency had overseen a series of classified reconnaissance satellites of steeply increasing sophistication that rendered obsolete the idea of placing human spies with cameras in orbit.

Code-named Hexagon, the NRO satellites could capture images of objects on Earth as small as two feet across; with such fine definition, analysts could count the number of people sitting on a picnic blanket in Gorky Park—or of ground-to-air missiles on a military base in Kazakhstan. But the satellites, which the Pentagon had been sending into space on modified Titan missiles, carried cameras loaded with sixty miles of film, were each the size of a Greyhound bus, and weighed fifteen tons. To carry this enormous payload into space, the new shuttle was designed with a cargo bay sixty feet long and fifteen feet wide; to accommodate Hexagon and similar, even more powerful, spy satellites already in development, NASA’s new space truck would be required to lift up to twenty-two tons into polar orbit.

The Air Force also insisted that the shuttle be able to glide a thousand miles east or west after it reentered the atmosphere. This extensive “cross-range” ability would serve several purposes of interest to the Pentagon: it could avoid being forced down in communist territory in the event of an emergency in space; it would enable it to take off and land from its launch site after a single orbit, making it possible to undertake swift once-around-the-earth reconnaissance missions that would be back on the ground less than two hours after launch; and it would also make it possible to conduct offensive operations in space, including missions to snatch Soviet spacecraft from orbit and return to Earth before the owners of the kidnapped satellites had time to respond.

Yet such long-distance glides were beyond the capacity of Max Faget’s ingeniously lightweight and straight-winged design. As the secret drawings coming off the drafting tables in Building 32 multiplied—first into dozens, then scores, of variations—Dottie Lee and the other engineers began work on a design that would meet Air Force expectations. What finally emerged was a big triangular-winged vehicle the size of a DC-3 airliner; something that began to look a lot like an enlarged version of the old Dyna-Soar spaceplane. This delta-wing shuttle had the range that the Air Force wanted, but was so much heavier than Faget’s original concept that it necessitated saving weight elsewhere: it meant discarding the air-breathing jet engines the designers once considered for the orbiter, which would have allowed it to fly under its own power once it returned to Earth’s atmosphere. Now the orbiter would have to glide down to its landing strip, plummeting to Earth at the speed and angles of a fighter jet, but approaching the runway with total precision to execute a perfect landing at the first attempt.

Other key parts of the original concept would soon be abandoned, too—including the rocket-powered escape system necessary to save the crew if the spacecraft faced imminent destruction, especially during launch. Another of Faget’s innovations, some version of this system had been built into every previous NASA manned spacecraft since the beginning of the program; but now weight—and cost—meant that it had to go.

Faget—who had designed the Apollo capsule in which Grissom, White, and Chaffee had been incinerated in January 1967, and served on the subsequent board of inquiry into the fire—was well aware of the cost of faulty design. He opposed the new configuration of the nascent spacecraft and persisted in producing variants of his own original concept long after drawings of the Pentagon’s choice had been sent out to contractors for production studies. The pugnacious engineer was a powerful figure within NASA, and answered directly to the head of the Manned Spacecraft Center. But when in November 1970 he wrote an internal memo attempting to assert control over the specifications for the shuttle, he was cut off by a relatively junior Air Force officer; it was clear where the power lay. “We’ve made a pact with the devil,” Faget later told a friend in the astronaut corps.

Another serious compromise in the design of the new spacecraft was yet to come. By 1972, congressional budget restrictions meant that Faget and the other engineers were forced to abandon their plan for an orbiter carried by a fully reusable piloted booster craft, complete with its own internal fuel tanks. Instead they drew up proposals for an only partially reusable and unmanned booster stage: constructed around a separate external tank to carry all the fuel for the vehicle’s main engines, and two powerful strap-on rockets that would provide the majority of the thrust to reach orbit. The expendable fuel tank, once emptied, would be jettisoned at the edge of space, falling back into the atmosphere and disintegrating before raining into the Indian Ocean in pieces. The exhausted strap-on boosters could descend on parachutes for recovery at sea, refurbishment, and reuse on future missions.

At first, the designers proposed that these boosters use liquid-fueled rocket engines like all previous manned spacecraft: these were not only powerful but could be throttled up and down, shut off and started up again, as required. But such engines were also expensive, and their delicate fuel tanks and plumbing might be too easily damaged to survive the impact of an ocean splashdown and immersion in seawater. So the technicians turned instead to solid rocket technology. Giant segmented metal cylinders packed with a rubbery compound of volatile fuel, solid rockets were not unlike massive fireworks: once lit, they could not be throttled or shut down, but continued firing until they burned out. As a result, they could not be flight-tested before launch—and had never before been used for manned missions; veteran engineers at NASA, including Wernher von Braun, believed they were too dangerous ever to be used to carry humans. And although Max Faget and the other designers favored the liquid option, they were overruled from above: years of experience using the solid rockets to launch missiles and carry unmanned missions into space had shown they were simple, cheap, and apparently reliable.

So it was that the designs at last left the drawing board and, with Nixon’s approval, by the end of summer 1972 NASA had awarded four main contracts for each element of the Space Transportation System. The orbiter would be built in California by the major contractor on the Apollo program—and builders of the ill-fated Apollo 1 capsule—the recently renamed conglomerate North American Rockwell; under the project direction of NASA’s propulsion experts at the Marshall Space Flight Center, Rockwell’s subsidiary Rocketdyne would handle the development of the vehicle’s liquid-fueled main rocket engines. Marshall would also take overall responsibility for the giant external fuel tank, fabricated by defense contractor Martin Marietta at the Michoud Assembly Facility in New Orleans; and the manufacture of the motors for the solid rocket boosters, by the Thiokol Chemical Corporation, at its sprawling Wasatch facility in the deserts of northern Utah.

Structural assembly of the first in a fleet of four orbiters—to be named Constitution in honor of the country’s impending bicentennial celebrations—began at Rockwell’s Air Force Plant 42 in June 1974. In the meantime, NASA set out to assemble the new class of astronauts who would fly the revolutionary spacecraft: an intake of pilots and engineers unlike any other in the agency’s history.






CHAPTER FIVE THE FUTURE BLACK SPACEMAN


March 24, 1976

    Standing near the center of one hundred acres of landscaped grounds reclaimed from a humid parcel of cow pasture and swamp ten miles southwest of downtown Houston, the main administration building of the Johnson Space Center was a brutalist concrete box overlooking a small chain of torpid ornamental ponds and a parking lot. Known, with NASA’s utilitarian bluntness, as Building 1, the office block and the campus surrounding it had been formed in prefabricated sections and thrown together over the course of two years with the same sense of speed and expedience as the manned space program itself.

Ever since its completion in 1964, the Space Center had been claimed proudly by the residents of Houston, but was not a part of the city at all: it was a forty-minute drive away from the center of town in Clear Lake, a remote exurb of strip malls and housing subdivisions, bordered by the Gulf Freeway and the brackish estuarine inlet for which it had been named. From the windows on the top floor of Building 1, the derricks and the vent stacks five miles away on the Houston Ship Channel loomed from a petrochemical haze, a ghostly blue forest on the near horizon.

And it was here, on a Wednesday morning in the final week of March 1976, that George Abbey convened a new meeting of NASA’s Astronaut Selection Board: the first since Armstrong and Aldrin had walked on the moon. Together, the twelve members of the board planned to recruit the largest single intake of new astronauts the agency had ever seen.

As he took his seat at the massive oval table in the Center Director’s conference room, Abbey had been Director of Flight Operations in Houston—overseeing Mission Control, astronaut training, crew selection and their flight assignments—for barely three months. A forty-three-year-old graduate of the US Naval Academy in Annapolis, a trained pilot, and himself an unsuccessful applicant to fly in space, Abbey had been attached to NASA since the early days of the Apollo program, and ascended inconspicuously from the lowest rungs of the agency’s Byzantine bureaucracy. Over the course of more than a decade in Houston, he had built a reputation as a workaholic technocrat, a true believer pledged to the cause of manned spaceflight. On call twenty-four hours a day, Abbey had five young children at home, but rarely saw them: after leaving his office, he often lingered into the small hours among those who manned the consoles at Mission Control, or in the taverns and hotel bars scattered along the two-lane highway specially built to serve the center, NASA Road 1.

As part of the team who had successfully brought home the crew of Apollo 13, in 1970 he had been awarded the Presidential Medal of Freedom. But unlike other, highly visible administration characters like Flight Director Gene Kranz—instantly recognizable by his severe blond flattop and fancy vests—Abbey remained unknown to the general public, a doughy middle-aged functionary in a blazer and khakis. Secretive, inscrutable, and Machiavellian, he combined a prodigious memory with a subtle knack for reading human behavior, a calculated reluctance to commit his instructions to paper, and a gift for gathering intelligence from those around him and using it well: the Thomas Cromwell of the Johnson Space Center.

Now Abbey and his boss, Center Director Chris Kraft, were under instructions to transform the elite astronaut corps into a body that at last began to reflect the diversity of the United States. They wanted to ensure that this new class of astronauts, the first who would be trained to fly the Space Shuttle in its routine operations, and the first new group to be admitted to NASA in more than ten years, would include both women and minorities. It would be the first serious effort to do so since the agency chose the Mercury Seven from a group of thirty-two volunteers in 1959. While the initial guidelines for what was then called “Project Astronaut” had been broad enough to include anyone with physical endurance and a demonstrable spirit of adventure, regardless of their gender or race, the leaders of the fledgling agency disregarded this rubric and insisted that successful applicants all be chosen from a field of military test pilots: specifically those with thousands of hours of experience flying high-performance jets. This stipulation had inevitably shrunk the pool of potential candidates to a small, uniform group composed almost entirely of trim, churchgoing white men with ready smiles, pretty wives, and a shared hatred of communism.

But by the time the Astronaut Selection Board gathered around the conference table in 1976, the world was finally changing. In 1972, the Equal Employment Opportunity Act had made it illegal for employers to discriminate on the basis of race or gender, and NASA had hired a Black woman to run its equal opportunity programs. In September that year, Administrator James Fletcher asked his senior management to develop a plan for the next selection of astronauts, “with full consideration being given to minority groups and women.” In 1975, President Gerald Ford signed Public Law 94-106, which stipulated that all US military academies admit female trainees. Now, for the first time in their history, the Selection Board included a Black man and a woman. Their intention was to recruit a total of forty new astronauts to crew the Space Shuttle—twenty pilots, and twenty in the freshly created category of “Mission Specialists,” who were not trained aviators but scientists, engineers, and physicians.

Not everyone on the Board was enthusiastic about the plans. Deke Slayton, one of George Abbey’s predecessors as Director of Flight Operations, had been a member of the original Mercury Seven, and at one point scheduled to be the second American in space. But before he could fly, Slayton had been grounded by an irregular heart rhythm, and moved into management as the first Chief of the Astronaut Office. Placed in charge of all crew selection and flight assignment for the Apollo missions, Slayton came to embody the arrogance and contempt with which many astronauts treated the managers and flight surgeons who policed their access to space; he also occasionally covered for the missteps and recklessness of his military-trained colleagues. After Gene Cernan had crashed a NASA helicopter while buzzing women sunbathing on a beach near Cape Canaveral in 1971, Slayton concealed the true cause of the accident from Center Director Chris Kraft—to ensure that his good friend Geno did not lose his place as commander of the final mission to the moon. When it came time to replace Slayton, Chris Kraft had chosen Abbey for the job in part to wrestle control of the Astronaut Office back into the hands of the agency’s senior managers.

As the board meeting began, Slayton—now a grizzled fifty-two, his dark military high-and-tight growing out into a more fashionable steel-gray mop that would soon fall about his ears—questioned whether it would be possible to find any suitable astronaut candidates that did not meet the old military criteria. Kraft told him that the skills required of Mission Specialists aboard the Space Shuttle meant their ranks would be filled from a broader pool of candidates than test pilots alone could provide. Furthermore, he planned to have NASA actively solicit applications for this new class of astronauts from among women and minority groups.

That was too much for Slayton, who rose to his feet. “I want no part of this,” he said. He walked out, and never returned.



Change had been a long time coming to NASA. Pressure to diversify the astronaut corps had existed almost from the moment the names of the Mercury Seven were announced to the public, and years before any human being had flown in space. In September 1959, Dr. Randy Lovelace, whose New Mexico research foundation had provided medical screening for the Mercury candidates, heard news that a female cosmonaut had begun training in the Soviet Union; on his own initiative, he set out to examine how women’s suitability for spaceflight compared with that of men.

In search of an experimental subject, Lovelace approached twenty-eight-year-old Geraldyn “Jerrie” Cobb—an experienced pilot who had first flown at the age of twelve, gone on to set numerous altitude, speed, and distance flying records, and had recently been named Woman of the Year by the Women’s National Aeronautic Association. In February 1960, Lovelace began subjecting Cobb to the same gruesome physiological and psychological tests endured by the Mercury astronauts—eighty-seven in all, including one that required swallowing three feet of rubber hose to test levels of stomach acids, another in which ice water was shot into her inner ear to induce vertigo, more than nine hours in a sensory deprivation tank, and furious centrifuge experiments designed to assess resilience to high g-forces. Cobb passed every one, and in August that year Lovelace presented his findings at the Space and Naval Medicine Congress in Stockholm, Sweden, where he announced that women’s physical size and biology might also give them advantages for orbital flight that men lacked. His conclusions made headlines: Life magazine carried pictures of Cobb during testing, and Time referred to her as “Astronautrix Cobb”; in interviews she said she was keen to go into space as soon as she could. “I’d want to do it even if I didn’t come back,” she reportedly told a friend. “God has always been my pilot and I’m not at all afraid, just eager.”

As Cobb began making public appearances, Lovelace expanded his cohort of test subjects. With the advice and financial assistance of Jacqueline Cochran—a veteran pilot and businesswoman who had directed the Women’s Airforce Service Pilots during World War II, become the first woman to break the sound barrier, and was well-connected at NASA—a further twelve women fliers were subjected to two phases of astronaut-style testing. All of the women demonstrated that they were just as physically and psychologically qualified for spaceflight as men. In correspondence, Cobb began referring to her group as the FLATs: First Lady Astronaut Trainees.

Yet the truth was that the agency had no intention of training female astronauts—and some at NASA were embarrassed by what they saw as a publicity stunt. The press continued to regard the prospect of women in space as a diverting novelty, with stories about “Astrodolls,” “Astronettes,” and “Space Gals.” But as Cobb’s public renown grew, the papers began to describe her as a trainee astronaut, leading the public to believe that the agency had opened the space program to women. Even as the agency disavowed any involvement in Lovelace’s program, and his tests remained almost entirely privately funded, NASA received an increasing number of inquiries from female volunteers to fly in space.

In June 1961—a month after Alan Shepard had become the first American in space—then NASA Administrator James Webb introduced Jerrie Cobb at a banquet. He praised her interest in the space program and her success in the three phases of medical tests, and announced that he was officially enlisting her as a consultant to the agency. Cobb’s appointment did more to improve NASA’s public image than it did to further the cause of female astronauts; the following month, shortly before a battery of further medical trials was scheduled to take place at the Navy’s base in Pensacola, the tests were canceled. To spend the time and money involved in administering the experiments, the Navy had needed formal notification that NASA required data on the women pilots—and the space agency declined to provide it. Soon afterward, Cobb received a letter from NASA’s Assistant Administrator for Public Affairs confirming that her consultancy was little more than window dressing: “Despite the manifest interest in your proposal from audiences who hear you speak,” he wrote, “I am afraid that at the present we cannot undertake an additional program training women to be astronauts.”

Undeterred, Cobb wrote to Vice President Johnson, in his capacity as Chairman of the National Aeronautics and Space Council, asking him to use his influence to press the case for women in space. Another of the FLATs, pilot and activist Jane B. Hart—whose husband was a Democratic senator—sent letters about the issue to every member of the Senate and House Committee on Space, and in March 1962 the two women sat down with Johnson in his office in Washington, DC. They warned the Vice President that the USSR had already begun training women cosmonauts, and urged him to start a crash program to put a female astronaut in space within the year. “A woman can do anything a man can do up there,” Hart told reporters outside, “and besides, she weighs less and requires less food.” But the meeting came to nothing; Johnson told Cobb and Hart that he was powerless to intervene: the matter was up to NASA. Beforehand, the Vice President’s executive assistant had drafted a letter to the head of the space agency, which she suggested Johnson show to the two women to offer them some encouragement—and also win him some good publicity. The letter, seeking clarification about the criteria for NASA’s astronaut selection, fell short of calling for action, but implicitly questioned the agency’s failure to consider putting women into space: “I’m sure you agree that sex should not be a reason for disqualifying a candidate for orbital flight,” it read. But the mercurial Vice President refused to show the draft document to Cobb and Hart. While he remained gracious with the two women during their visit, after they had left Johnson took a pen and scrawled, “Let’s stop this now!” in inch-high letters across the signature line of the letter. It was never sent, but instead buried in White House files.

Three months later, Cobb and Jackie Cochran appeared before the Congressional Committee on Science and Astronautics, in what one New York lawmaker described as an attempt to permanently settle “this problem about women astronauts.” In her opening statement, Cobb testified to their shared professional experience with male pilots, and explained that they had no intention of joining a battle of the sexes.

“We seek only a place in our nation’s space future without discrimination,” she said. “We ask as citizens of this nation to be allowed to participate with seriousness and sincerity in the making of history now, as women have in the past. There were women on the Mayflower and on the first wagon trains west, working alongside the men to forge new trails to new vistas. We ask that opportunity in the pioneering of space.”

But this effort, too, went nowhere: the members of the committee listened to the women speak and then recommended that NASA continue to select astronauts as it had done to date, “strictly on a technical and professional basis.” In his testimony, astronaut John Glenn, the recently minted national hero who had become the first American to orbit the Earth just a few months earlier, spoke for the status quo: “The men go off and fight the wars and fly the airplanes and come back and help design and build and test them. The fact that women are not in this field is a fact of our social order,” he said.

The committee concluded that NASA’s existing standards of astronaut selection were not only reasonable but expedient. With the deadline already set to land men on the moon by the end of the decade, the agency must meet that goal before concerning itself with lesser priorities. “Maybe we should ask the good ladies to be patient and let us get this thing accomplished first,” said Ohio Democrat Walter H. Moeller, “and then go after training women astronauts.”

Meanwhile, NASA announced that it would be accepting applications for a second class of astronauts in the spring of 1962; for the first time the process was opened to civilians. Among those who applied were six women. Of this half dozen, NASA management later said that some had not reached the necessary educational standards, and one was too old; all lacked the necessary experience as test pilots in high-performance jet aircraft. Every one of them was disqualified. When the new group of astronauts was presented to the press in Houston that September, it proved once again—to no one’s great surprise—to be composed entirely of men.

Nine months later, on June 16, 1963, the Soviet authorities announced their latest propaganda triumph: twenty-six-year-old cosmonaut Valentina Tereshkova, a former textile worker and amateur parachutist with a recent trade school qualification as a “cotton spinning technologist,” had become the first woman in space. In a three-day journey aboard her Vostok 6 capsule, Tereshkova had orbited the earth forty-eight times—her single spaceflight longer than the total of all those made by US astronauts to date.



Even as the drama of Jerrie Cobb’s struggle with NASA was playing out in the newspapers and in Congress, the Kennedy administration had also been quietly attempting to bring racial integration to the astronaut corps. In September 1961, Edward R. Murrow, the pioneer broadcaster and head of the US Information Agency—effectively the propaganda arm of the State Department, with a remit to sell American principles and policy at home and abroad—had written a letter to NASA Administrator James Webb. Murrow, like others in Washington, DC, had watched Yuri Gagarin embark on a global tour as an ambassador for communism, on which he made stops in many of the countries of the world just emerging from colonial rule—including Liberia, Ghana, Cyprus, and India. Murrow recognized that America’s astronauts would be useful tools in spreading the good word of democracy abroad, particularly as the fight for civil rights within the United States reached a critical inflection point. Murrow wrote:


Dear Jim,

Why don’t we put the first non-white man in space?

If your boys were to enroll and train a qualified Negro and then fly him in whatever vehicle is available, we could retell our whole space effort to the whole non-white world, which is most of it.

As ever,

Yours,

Edward R. Murrow



Webb, by that time preparing for John Glenn’s first flight into orbit and already embroiled in the debate about female astronauts, sent Murrow a polite brush-off. Despite the obvious political benefits that NASA might gain from selecting a Black candidate for spaceflight, Webb explained that it had so far chosen astronauts on strictly technical grounds; to adopt any wider criteria “would be inconsistent with our agency’s policies.”
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