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Praise for Bringing Columbia Home
Voted the Best Space Book of 2018 by the Space Hipsters

“In Bringing Columbia Home, Mike Leinbach and Jonathan Ward have vividly captured the intensity of those very difficult days. They tell the story with compassion but without pulling any punches. The book also reminded me of the spirit of the American people who selflessly worked together to help NASA in its hour of greatest need. It’s a message we all need to remember these days.”

—Scott Kelly

“Bringing Columbia Home explains a disaster in the Texas skies—and how thousands on the ground helped. . . . [It] shines brightest in telling the story of the search-and-recovery effort.”

—Dallas News

“Riveting.”

—Air & Space magazine (Smithsonian)

“A grimly captivating new history of the loss of the space shuttle Columbia. . . . Leinbach and Ward set their account apart from other ‘Columbia’ books by following the story from its central tragedy to its almost unthinkably sad immediate aftermath. . . . Despite the dramatic tragedy at the beginning of the book, it’s the quiet stories of perseverance and camaraderie [in the recovery effort] that will linger longest with the reader.”

—Christian Science Monitor

“How glowing is our praise of this book? It simply cannot be higher. This book needs to be required reading in high schools and colleges across the United States.”

—Spaceflight Insider

“Bringing Columbia Home is a compelling, personal story about the Columbia accident and the efforts to recover—both the debris from the shuttle, and from the accident itself. It’s a reminder that, as we look at the big-picture policy perspective of human spaceflight, it’s also a very personal matter for those who put their lives on the line to fly, and those who support them.”

—Space Review

“A gripping account of a fatal tragedy and the impressive and deeply emotional human response that ensued.”

—Kirkus Reviews, *starred review*

“Gripping and dramatic . . . It’s an important and fascinating chapter in space history, and it finally gets the full treatment it deserves. As told by someone who was involved in the effort from the beginning, it’s also a deeply personal and moving story.”

—Booklist

“Fast-paced and affecting . . . It is a moving and sometimes uncomfortably close account. . . . The unadorned, multisensory narration richly depicts the emotions and everyday acts of heroism of all involved.”

—Publishers Weekly

“The book Bringing Columbia Home presents vivid details of the preparation and the aftermath of that fateful day when Columbia exploded. I am so grateful that the heartwarming story of the people of East Texas rallying to help the grim search has been brought forth by Michael Leinbach and Jonathan Ward. It is a remarkable account of what a team of professionals with an untrained but willing army of volunteers could achieve.”

—The Honorable Kay Bailey Hutchison, Senator for Texas, 1993-2013

“Mike and Jonathan have done a brilliant job capturing the depth of emotion and human engagement of what has been covered by others only as a technical investigative treatment. In doing so, they have made the story very personal for the thousands of people who invested themselves in this critical chapter of space exploration history. This is a valuable contribution about a defining moment that demonstrates NASA’s resolve and the selfless generosity of the American spirit.”

—Sean O’Keefe, former administrator of NASA

“Mike and Jonathan have written an important book about the greatness of the United States and the American people in responding to a national tragedy. This book brought back many memories—and some tears—as I recalled the selfless cooperation of countless agencies and the outpouring of support and prayers from the nation’s citizens, all aimed at getting NASA and the Space Shuttle flying again.”

—Jerry L. Ross, former astronaut, retired USAF Colonel, and author of Spacewalker: My Journey in Space and Faith as NASA’s Record-Setting Frequent Flyer

“Spaceflight is an inherently risky business. I had more than my share of close calls in my career. But the Apollo 1 fire and the Challenger and Columbia accidents were grim reminders that we sometimes have to pay a very dear price in the cause for human advancement. In Bringing Columbia Home, Mike Leinbach and Jonathan Ward tell the remarkable story of what NASA and the American people did supremely well after a crisis: supported each other through difficult times, tirelessly looked for solutions, and then moved forward to accomplish bold goals. This engaging and inspiring book reminds us of what Americans look like at their best—cooperative, compassionate, and committed.”

—James Lovell, former astronaut and coauthor of Apollo 13

“I was privileged to call Columbia my home in space for eighteen days. Thanks to this moving and heartfelt story, now I know how many thousands gave their all to bring this storied ship and her crew to an honored rest.”

—Tom Jones, former astronaut and author of Ask the Astronaut and Sky Walking: An Astronaut’s Memoir

“Bringing Columbia Home is about tragedy and how tragedy is overcome. Leinbach and Ward have written an intensely compelling book with life lessons for everyone in the space community and ordinary life. It is an intensely human and technological drama.”

—Hugh Harris, former director of public affairs, NASA Kennedy Space Center

“Bringing Columbia Home is a wonderful contribution to spaceflight history, a previously untold story of heroism related responsibly, compassionately, and accurately. The depiction of the entire NASA family’s participation in the recovery and investigation is touching and respectful. People are going to love this book.”

—Susan Roy, author of Bomboozled: How the US Government Misled Itself and Its People into Believing They Could Survive a Nuclear Attack
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To Columbia’s final crew
Rick, Willie, Laurel, Mike, KC, Dave, and Ilan

To Buzz Mier and Charles Krenek
who gave their lives in the search for Columbia

And to the 25,000 heroes
who brought Columbia and her crew home one last time


FOREWORD

The story of the recovery of the space shuttle Columbia deserves to be better known and celebrated.

On February 1, 2003, I was at home enjoying my retirement, when I received a phone call from my daughter Susan, who worked on the Space Shuttle Program at Johnson Space Center. She said, “Dad, they’ve lost contact with Columbia.”

Her words felt like a heavy punch in my gut. Columbia was on reentry coming home from her STS-107 mission. Susan and I both knew that if they had lost contact during reentry, then the vehicle was lost. Only three days earlier, we had marked the seventeenth anniversary of the loss of Challenger.

The Space Shuttle Program consumed a major portion of my life. I worked on the shuttle during its development, and I was fortunate enough to be selected to fly with John Young on Columbia during its maiden flight. That first flight was more successful than any of us involved with the program could have hoped for. This was the first time astronauts launched on a vehicle that had not first been tested in an unmanned flight. It was the first crewed vehicle to use solid rocket boosters, and it was the first spacecraft to return to a landing on a runway. John and I were very proud of Columbia’s performance on that initial test flight.

I flew three more times after my first mission, and I had been preparing to command the initial shuttle flight out of Vandenberg Air Force Base when the Challenger was lost. I became deeply involved with the accident investigation and eventually moved into Shuttle Program management. That move was prompted by my desire to get shuttles flying again, safely. We implemented many changes to the program, including to the hardware, software, and management. I believed those changes and careful oversight would ensure that we wouldn’t lose another vehicle.

Then we lost Columbia. Not only was it a vehicle that I was very fond of, but I also knew that the program would probably not survive losing a second shuttle and crew. The subsequent investigation found the physical cause of the accident, and also showed that NASA had forgotten some of the lessons learned from the Challenger loss. Safety and management practices had eroded over time. My concern over the cancellation of the program proved valid. NASA decided to return the shuttles to flight only to complete the International Space Station, but then the orbiters would be retired. An era in human spaceflight had come to an end.

Columbia, being the first shuttle built, weighed more than her sister ships. After building Columbia, NASA determined that an orbiter’s aft structure did not have to be as beefy. Consequently, Columbia didn’t get some of the more sexy assignments due to her lower performance capability compared to the other orbiters. Still, she flew all her missions exceptionally well. She was a proud old bird. I know she did her best to bring her last crew home safely, just as she had done twenty-seven times before. However, her mortal wound was just too great.

I was not the only one who felt close to Columbia. All the women and men on the ground who prepared and flew her missions felt that same connection. She wasn’t just an inanimate machine to them. Their shock at her loss was as deep as mine, or deeper. I knew how the people felt from my years at Johnson Space Center as an astronaut and then my time as director of Kennedy Space Center. Columbia’s loss was intensely personal to everyone involved.

Those dedicated workers now had a compelling desire to determine the cause of the accident and to return the other vehicles to flight status. That involved finding the remains of the crew and as much of the vehicle debris as possible. Debris retrieval is essential in any accident investigation. We needed the wreckage to determine what had happened to Columbia.

My experience with Challenger told me this was going to be a long and tough task. Challenger’s debris was in a relatively tight cluster but was submerged because the accident occurred on ascent, just off the Florida coast. Since Columbia’s accident occurred on reentry, her debris was spread over a large area in East Texas and Louisiana.

The NASA team, mostly from Kennedy and Johnson, set about the task of finding Columbia with the same diligence that they had for Challenger. Their job was a tough one, physically and emotionally. This book, Bringing Columbia Home, demonstrates the dedication of the women and men who undertook this extremely trying job at a time when their hearts were full of sorrow. With the help of many people and agencies, they recovered the crew remains and a remarkable portion of the debris. NASA took that debris home to Kennedy, where it provided the physical evidence we were hoping to find. That hardware debris, along with the telemetry data from the vehicle during reentry, conclusively proved the cause of the accident. That enabled the NASA team to correct the problem and return the shuttle to flight.

Even with the loss of two vehicles and fourteen wonderful people, I am still proud of the Shuttle Program’s legacy. It was a space vehicle like no other, with the capability to lift very large payloads into space along with crews. The ability to put crews and payloads together proved extremely valuable. People have questioned the combining of the two, but I think that helped make the machine the magnificent vehicle it was. Early on, it carried out some very important Department of Defense missions that played a significant role in the Cold War. The shuttle allowed us to revolutionize our knowledge of our solar system with missions like Magellan, Galileo, and Ulysses. It also drove us to rewrite the books on our knowledge of the universe with the great observatory missions such as Hubble, Compton, and Chandra. Especially with the repair missions to the Hubble Space Telescope, the shuttle demonstrated the benefits of combining crew and payload on the same vehicle. Lofting humans and payloads together on missions also allowed us to construct the greatest engineering marvel of all time, the International Space Station.

It will be a long time from now, if ever, that we see another vehicle with such an astounding capability.

And there will never be another bird like Columbia.

Capt. Robert L. Crippen, USN, Retired
Pilot, STS-1
Commander, STS-7, STS-41C, STS-41G


PREFACE TO THE PAPERBACK EDITION

America was put to the test on the morning of February 1, 2003.

At Kennedy Space Center, we waited in silence for a space shuttle that would never make it home. At the same time, residents of an area stretching from Dallas to Fort Polk, Louisiana heard thousands of sonic booms followed by tens of thousands of pieces of the broken Columbia falling from the sky all around them.

What ensued was one of the most remarkable examples of civic response to tragedy that this country has ever seen. Americans put aside their political differences. For a brief period, we stopped arguing over the impending Iraq war. Instead, we pulled together to find Columbia’s crew and to solve the mystery of what doomed the ship.

This isn’t a space book. It’s a story of everyday people who found themselves at the center of an accident of unprecedented proportions and then rose to the challenge to help their country. Volunteers fought their way through briar-choked bayous of the Texas piney woods. Housewives cooked food for thousands of people who descended on a tiny town to help with the recovery. Schoolchildren made sandwiches and wrote notes of encouragement to the searchers. Astronauts combatted grief to look for their lost colleagues. Native American firefighters flew in from the West to comb every square foot of an area the size of Delaware. Technicians reassembled the broken pieces of their beloved shuttle to try to find the cause of the accident. Everyone played a part in what collectively became the largest ground search and recovery operation in US history.

Any one of them could easily have elected not to answer the call, for reasons that everyone would have understood. They chose instead to follow a path of hardship and uncertainty that ultimately led to a bittersweet victory for Columbia, her crew, and our country.

The humble residents of East Texas, and all the others who came to help, demonstrated what it means to serve without hesitation and without even being asked. As one resident told us, “I don’t even want a ‘thank you.’ I did what I could. I did what I felt was right.”

They were all heroes.

We had the good fortune to share our newly-released book with the people of Hemphill, Texas—“ground zero”—on the fifteenth anniversary of the accident. It was a profoundly moving experience to be at that hallowed ground and to thank so many of the people whose lives were forever changed when Columbia fell to Earth. Perhaps most gratifying of all was speaking with the spouses of several of Columbia’s crewmembers, who thanked us for telling the story of their terrible loss with dignity and respect. We’ve given talks to thousands of people about the book, but that day in East Texas will forever shine bright in our memories.

It has been an honor and privilege to tell the world the final story of America’s first space shuttle. The story reminds us all how great we can be—and how remarkable we truly are—when tested in ways no one could possibly prepare for.

Be of good courage . . .

MIKE LEINB ACH AND JONATHAN WARD


  PART I  

PARALLEL CONFUSION

We have seen this same phenomenon on several other flights and there is absolutely no concern for entry.

—Email from Mission Control to Columbia’s crew, January 23, 2003


Chapter 1

SILENCE AND SHOCK

Kennedy Space Center
February 1, 2003
Mike Leinbach, Launch Director

Twin sonic booms in rapid succession—one from the space shuttle’s nose and one from its vertical tail—were always the fanfare announcing the arrival of the majestic winged spacecraft. Three minutes and fifteen seconds before landing, as the shuttle glided toward Kennedy Space Center (KSC), the loud and unmistakable double concussion would be heard up and down Florida’s Space Coast. These booms would be our cue to start scanning the skies for our returning spacecraft, descending toward us at high speed in the distance.

Columbia and her crew of seven astronauts were coming home from sixteen days in orbit. After six million miles circling the Earth, they had reentered the atmosphere over the Pacific Ocean, crossed the California coast, and then flown over the Desert Southwest and Texas en route to Florida. These last few miles would be her victory lap in front of her astronaut crew members’ families and the KSC personnel who tended her on the ground.

As KSC’s launch director, I was one of the officials who would welcome Columbia home when she landed at 9:16 this cool morning. At 9:12, we listened and waited for the thunderous sonic booms, which would sound like the percussion of an artillery volley. But today the heavens were strangely silent.

Over the loudspeaker feed from Mission Control, we heard repeated calls to the crew: “Columbia, Houston. Comm check.” Long moments of silence punctuated each call. “Columbia, Houston. UHF comm check.”

I was confused and alarmed. I looked up at the clouds and turned to Wayne Hale, NASA’s former ascent and entry flight director, and asked him, “What do you think?”

He thought for a moment and responded with a single word: “Beacons.”

That one word hit me hard. The astronauts’ orange launch and entry suits were equipped with radio beacons in case the crew needed to bail out during a landing approach. Hale clearly knew the crew was in trouble. He was already thinking about how to find them.

My God.

The landing countdown clock positioned between the runway and us ticked down to zero. Then it began counting up. It always did this after shuttle landings, but we had never really paid attention to it because there had always been a vehicle on the runway and that clock had become irrelevant.

The shuttle is never late. It simply cannot be.

Columbia wasn’t here. She could not have landed elsewhere along the route. She was somewhere between orbit and KSC, but we didn’t know where.

I tried to sort out my thoughts. Something was horribly wrong. An indescribably empty feeling swept over me. My position as launch director was one of knowledge and control. Now I had neither.

Kennedy Space Center and Cape Canaveral have seen more than their share of disasters. A launch catastrophe is unmistakable—tremendous noise, a horrendous fireball, and smoking debris falling into the ocean. My mind flashed back to the frigid morning of January 28, 1986. I had been standing outside and seen Challenger lift off from pad 39B, only to disappear into a violent conflagration shortly afterward. I remember expecting—hoping—that Challenger would emerge from the fireball, fly around, and land behind me at the Shuttle Landing Facility. But we never saw Challenger again. I recalled leaving the site with a few friends as debris and smoke trails continued to rain down into the Atlantic, just off the coast. It was a terrible thing to witness.

This situation was completely different. Our emergency plans assumed that a landing problem would happen within sight of the runway, where a failed landing attempt would be immediately obvious to everyone. Today, there was nothing to see, nothing to hear. We had no idea what to do.

Columbia simply wasn’t here.

We all knew something awful must have happened to Columbia, but our senses could tell us nothing. The audio feed from Mission Control had gone eerily silent.

The breeze picked up. Low rippling clouds masked the sun. The quiet was broken only by a few cell phones that began ringing in the bleachers where spectators and the crew’s families were waiting. The astronauts in the ground support crew huddled briefly by the convoy command vehicle. Then they moved with quick determination toward the family viewing stand.

I glanced over at Sean O’Keefe, NASA’s administrator. He appeared to be in shock. O’Keefe’s associate administrator, former astronaut Bill Readdy, stood at his side. Readdy looked me in the eye and asked, “Contingency?” Unable to speak, I simply nodded.

Readdy carried a notebook containing NASA’s agency-wide contingency plan for spaceflight emergencies. Ever the pragmatist, O’Keefe had ordered this plan updated within hours of becoming administrator in late 2001. Now, barely one year later, the plan had to be activated. The procedures designated Readdy to make the official call. He told O’Keefe that he was declaring a spaceflight contingency.

Gathering my thoughts and trying to keep my emotions in check, I told the officials to meet me in my office back at the Launch Control Center (LCC), about two and a half miles to the south. We could confer there in private and get more information about the situation.

KSC security personnel and astronaut escorts quickly led the crew’s families away from viewing stands to a bus that would take them to the privacy of the crew quarters. The other spectators—many of whom were friends of the crew or members of the crew’s extended families—were also ushered to waiting buses.

There was no announcement of what had happened, but everyone knew that it must be something dreadful. Few words were spoken. People wept and hugged one another as their initial emptiness slowly filled with grief.

In the utterly inadequate jargon of astronauts and space workers, this was going to be a bad day.

As I hustled back to my vehicle, I had no idea how this horrible day would unfold—or how inspiring its aftermath would ultimately be.


Chapter 2

GOOD THINGS COME TO PEOPLE WHO WAIT

I began my twenty-seven years with NASA in 1984 as a structural engineer. With an undergraduate degree in architectural design and a master’s in structural engineering—both from the University of Virginia—I was living my childhood dream! I couldn’t believe I was working at Florida’s Kennedy Space Center, designing portions of the launchpad platforms, emergency escape systems, and the like. I moved into an operations role shortly after the Challenger accident, becoming a NASA test director and a member of the shuttle launch team. I moved up fairly quickly and eventually was leading the launch countdown.

After a two-year stint as deputy director of the International Space Station Program Office at KSC, I became the eighth launch director of the Space Shuttle Program in August 2000. I was now responsible for all shuttle launch operations, including giving the final “Go”—or often “No-go”—for launch.

Through it all, I never lost touch with friends made along the way, nor did they stop reaching out to me. I like to think I was just a regular KSC guy who got a big job.

Some of my predecessors had a sort of old-school management style that entailed demanding action and acting aloof toward junior personnel. However, my openness, combined with coming up through the ranks as I did, earned me the moniker “the people’s launch director.” I was no overbearing type—but I was also no pushover. People always knew where they stood with me and what I expected of them. I publicly recognized superior performance, and also did some course correcting when necessary. It was a combination that worked well for the team and me. Together, we accomplished amazing things.

And what a thrill it was to work with the space shuttle! It was a masterpiece of American technological prowess—the pinnacle of NASA’s manned spacecraft evolution. Each of the winged vehicles of the “Space Transportation System,” which we called the “orbiter” or just simply “the shuttle,” took off like a rocket from KSC and landed like a glider. Crews of up to seven astronauts1 could work in a spacious shirtsleeves environment for missions lasting as long as sixteen days, while the temperature in the vacuum of space just outside their windows ranged from 250°F in direct sunlight to minus 250°F in the shade. They could also venture outside through an air lock to perform space walks. The shuttle’s cargo bay carried payloads as large as a school bus.

Each orbiter—the size of a small commercial airliner—was lofted into Earth orbit bolted to an enormous external fuel tank and a pair of the most powerful solid propellant rocket boosters ever developed. The two solid rocket boosters turned 2.2 million pounds of fuel into energy—and speed—in the course of 127 seconds. The foam-covered fuel tank held about 1.6 million pounds of liquid oxygen and liquid hydrogen, which the shuttle’s three main engines gulped dry in the space of eight and one half minutes, by which time the shuttle was in orbit and traveling 17,500 mph. Everything in the system except for the external tank could be reused.

NASA’s shuttle fleet—Columbia, Challenger, Discovery, Atlantis, and Endeavour—flew 135 space missions between 1981 and 2011, carrying a total of 833 crew members.2 Space shuttles took 3.5 million pounds of cargo into orbit during the Program. This included scores of different payloads—satellites, laboratories, planetary probes, NASA’s Great Observatories (such as the Hubble Space Telescope), experiments, and space station modules.

There had never been such an amazing flying machine. It was also far from perfect.
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In 1997, NASA announced plans for a sixteen-day research mission, STS-107.3 The new Spacehab double module, about the size of a school bus, would fly in the payload bay of Columbia, the flagship of the shuttle fleet. Spacehab was an orbital laboratory boasting a wide array of science and medical experiments, studying subjects as diverse from how various systems in the human body respond to weightlessness to how to grow protein crystals for cancer therapies. Spacehab was pressurized and connected to the shuttle’s cockpit by a tunnel, allowing the astronauts to operate the research equipment in a shirtsleeves environment. NASA announced the mission’s crew in July 2000.

United States Air Force Colonel Rick Husband was the mission commander and the man at the shuttle’s controls. He had served previously as pilot—the second-in-command, who does not actually fly the shuttle—on STS-96. He was one of very few astronauts to be given command of a mission after only one previous spaceflight. A deeply religious man, Husband was renowned for his sense of humor, ability to build cohesive teams, and beautiful singing voice.

Commander William “Willie” McCool, the mission’s pilot, was a US Navy test pilot and was on his first shuttle mission. His colleague Laurel Clark described him as a “ten-year-old trapped in the body of an eight-year-old” because of his boyish looks and youthful exuberance.4

Lieutenant Colonel Michael Anderson, USAF, served as payload commander for STS-107. He was a veteran of one previous shuttle mission and was the ninth African American to fly in space.

Kalpana “KC” Chawla, PhD, an aerospace engineer, was the first Indian-born woman in space. Flying on her second space mission, she was STS-107’s flight engineer.

Captain Dave Brown, MD, a naval aviator and naval flight surgeon, was a mission specialist on his first spaceflight. Brown was the only unmarried member of the crew.

Commander Laurel Clark, MD was, like Brown, a naval flight surgeon and a mission specialist on her first spaceflight.

Colonel Ilan Ramon, a fighter pilot in the Israeli Air Force, was the specialist operating an experiment to observe dust storms in the Mediterranean and Israel. He was Israel’s first astronaut, and this was his first space mission.

Between their selection and their flight, the crew spent more than 4,800 hours training for the mission and an additional 3,500 hours training to run the medical and scientific experiments in the Spacehab module. The many mission delays—thirteen in all, due to priority changes and hardware issues—enabled the crew to bond closely with one another. They spent nine nights camping in Wyoming as part of an outdoor leadership course in 2001. Brown carried a video camera everywhere to record the crew’s preparations and commemorate their friendship.

A mission’s commander sets the tone for how the crew interacts with the support teams on the ground. Some commanders were type A personalities—all business. Husband, on the other hand, was one of the warmest and most caring commanders imaginable. He, and by extension his crew, made everyone he worked with on the ground support teams feel like part of a family.

Robert Hanley, from Houston’s Johnson Space Center (JSC), served as the interface between the astronaut crew and the teams at Kennedy who were preparing Columbia for her mission. Hanley got to know the STS-107 crew and their families intimately during the two years leading up to the mission. He said, “Hands down, 107 was the best crew I ever had. They were just awesome individuals. Rick set the stage that ‘Hey, we’re gonna be a warm, happy, fun crew,’ and they were.”

Ann Micklos, the lead airframe engineer for Columbia at KSC, was responsible for structural issues and the thermal protection system on the orbiter. Apart from her official role working with the shuttle, she had a unique relationship with the crew—she and Dave Brown had been dating since before his assignment to STS-107. Their connection further strengthened the personal relationship between the ground crews and Columbia. Ann said, “It wasn’t just personal for me. It was personal for everyone who was working on that vehicle—they all knew me and knew I was dating Dave.”

In June 2002—just prior to Columbia’s originally scheduled July launch date—Ann received a birthday package from Dave while visiting family in Connecticut. Inside was an empty watch box. Fearing that the watch had been stolen, she looked more carefully and found a note taped to the lid, which read, HELP! I’m being held hostage aboard the space shuttle! Ann was ecstatic to hear that Dave would be flying with her watch on the mission.

A few months later, Ann and Dave ended their romantic relationship, but they remained very close friends. She participated as Dave’s “stand-in spouse” at all of the traditional prelaunch activities attended by the crew’s spouses and families.

—

Columbia, like her sister shuttles, lived at Kennedy Space Center when she was not in orbit. An orbiter might fly three times in a year, for an annual total of five to six weeks in orbit. The rest of the time, our ground teams at Kennedy took care of it.

Our people knew the actual flight hardware better than anyone—the whine of every cabin fan, the condition of every tile on the orbiter’s belly, the twists and turns of the fuel piping in the engine compartment—and hundreds of people at KSC lived with the orbiter every day for much of their careers. The orbiter only left our care during the ten to fourteen days it was in flight.

As a reusable vehicle, the shuttle had to be inspected, repaired, and maintained after each flight. Its complex systems meant that this was no easy task. No matter how well a shuttle performed on its mission and how good it looked after a flight, preparing it for its next mission was never as simple as giving it a quick once-over. Our workers spent tens of thousands of man-hours checking and maintaining every system, replacing damaged thermal insulation tiles, reconfiguring the crew compartment and payload bay for the requirements of the next mission, changing the tires, and performing myriad other tasks to ensure the shuttle continued to meet its incredibly stringent reliability and safety requirements.

All this meant that the hands-on workers at Kennedy—primarily the engineers and technicians of our main contractors United Space Alliance (USA) and Boeing—were intimately familiar with each nut and bolt, wiring harness, coolant pipe, and every single one of the hundreds of thousands of parts on board the orbiter.

Columbia was a little different from her sister orbiters. As the first shuttle constructed for spaceflight, her structure and internal plumbing were unique. She had a different tile pattern and air lock, and she carried instrumentation that the other orbiters lacked. She was eight thousand pounds heavier than her sister ships. The differences were subtle, but they were significant enough that technicians who serviced the other three orbiters sometimes became frustrated if they were called over to work on Columbia. She developed a reputation at Kennedy for being the beloved black sheep of the fleet.

Rather than apologizing for her, the dedicated Columbia processing teams rallied around “their” ship and became even more close-knit as a consequence. They loved Columbia and her quirks. Many people specifically requested to work on Columbia because of her status as the flagship of the fleet.

Quality inspector Pat Adkins said: “You can’t actually put into words exactly how you feel about a spacecraft. You use it, you learn it—you know where all its little idiosyncrasies and scars are. You know its weak spots, its strong points. They were all different. If you talk about a mission and don’t talk about the spacecraft like an eighth member of the crew, it’s like trying to tell the story of Star Trek without the Enterprise.”

We all knew how he felt. Columbia was just as “alive” to us as the people who flew her.
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Astronauts typically spent most of their time in Houston training for their upcoming mission. Unlike the Apollo and earlier missions, where each space capsule only flew once, shuttle crews did not have a spacecraft that was uniquely “theirs.” They could not work with their assigned vehicle until it returned from its latest mission. There were also no training simulators at KSC. The commander and pilot occasionally came to town to practice landing approaches in the Shuttle Training Aircraft at the KSC runway, but most of the crew usually did not visit Kennedy until their mission drew near.

STS-107 was an exception in that the facility where the Spacehab module was being prepared for the mission was located outside the southernmost security gate on the air force side of the property occupied by NASA and the air force. Marty McLellan, Spacehab’s vice president of operations, set aside a desk for Rick Husband decorated with a Home Sweet Home plaque, because the crew was in town so frequently to train with the equipment.

While the astronauts were training, the shuttle was being prepared in an Orbiter Processing Facility (OPF)—one of three hangars adjacent to KSC’s Vehicle Assembly Building (VAB).5 The shuttles spent more time in the OPF than anywhere else. In those special hangars, some teams worked in the aft end of the vehicle to replace the engines and service the propulsion systems. Other teams worked to reconfigure the cargo bay and the crew compartment for the requirements of the mission.

Part of preparing for a mission included a “crew equipment interface test”—more of a weekend-long activity than an actual “test.” The usual processing activities in the OPF were shut down and distractions were minimized, so the astronauts could spend time with the payload and the orbiter to get a feel for the configuration of their vehicle. Practicing in the simulators and the mock-ups at Houston was no substitute for the crew putting their hands on the actual flight hardware and seeing where everything was going to be stowed in the ship.

Pat Adkins remembered Columbia’s crew arriving with happy confidence on June 8, 2002. He said, “They were all smiles, especially Willie McCool. His was the biggest! As they passed by me, I looked them in the eyes and promised, ‘We’ll give you a good ride!’”6

The crew inspected the orbiter and checked out everything with which they would be working in orbit. The astronauts noted which cables were routed to which equipment items and looked behind panels and under the mid-deck floor. The crew requested that Velcro strips or stickers be put where they wanted them in the cabin. These strips would anchor cue cards, timers, and other items once the shuttle and her crew were weightless. It was the first time that many of the KSC ground support team worked directly with the astronauts for the mission. At the end of the activity, the astronauts and the ground workers posed for a picture together. It was an especially exciting moment for our processing team. Afterward, the astronauts and several of the KSC workers gathered at a local restaurant for food, drinks, and fellowship.

STS-107 was scheduled to fly in July 2002, but cracks discovered in the flowliners of Atlantis’s fuel system caused the whole fleet to stand down for inspections during the summer. Once the shuttles were cleared to fly, Atlantis took off with STS-112 in October 2002, and Endeavour rolled out to the launchpad later that month for STS-113. Then—finally!—it was time to roll Columbia over to the cavernous Vehicle Assembly Building and into the 525-foot-tall High Bay 1 for “stacking.” Columbia was hoisted to a vertical orientation and mated to its external tank and solid rocket boosters on Wednesday, November 20, 2002.

Columbia rolled out to launchpad 39A on Monday, December 9. She had not even left on her mission, but engineers were already discussing plans for how to refit her with a new air lock once she returned. They needed her to fly one support mission to the International Space Station (ISS) if NASA was going to meet the Congressionally committed assembly schedule.7

—

Once Columbia was at the launchpad, the flight crew returned for a training session the week of December 16, which culminated in the terminal count demonstration test (TCDT). I greeted the crew with my traditional, “Welcome to TCDT Week!” at the Shuttle Landing Facility runway after they flew in from Houston in their T-38 jets. This was often the first time I had the opportunity to meet the rookie astronauts on a crew. I wanted the astronauts to feel comfortable with me—the man responsible for their safety on launch day.

TCDT week was full of activities to help the astronauts practice for a launch and to familiarize them with the systems that would save their lives if anything went wrong. The crew donned the orange pressure suits they would wear for launch and landing. They practiced emergency evacuation from the shuttle, running across the swing arm on the launch tower to the slidewire baskets that would take them to the perimeter of the launchpad. There, they would enter an underground concrete bunker and await instructions from the control room. Positioned adjacent to the bunker was an M-113 armored personnel carrier for their use to escape the launchpad area. While they did not ride the slidewire baskets, each astronaut practiced driving the M-113.

The actual TCDT was a dry run of the final phases of countdown—without propellants in the tanks—with the crew aboard the shuttle and my launch team and me in the Firing Room at the Launch Control Center. The TCDT stopped at T minus five seconds in the countdown.

The crew then emerged from the vehicle, confident and ready to fly the mission. They posed on the launch tower’s highest access arm for a traditional photo with their shuttle in the background. Robert Hanley was at the pad, monitoring activities during the TCDT. He asked the KSC photographer to take a picture of him with the crew. That photo became one of Hanley’s most cherished keepsakes.

Traditions are an important morale builder in a program as long-lived as the shuttle. One TCDT-week tradition was for the Astronaut Office to host a dinner for the flight crew and some invited guests at the astronaut beach house, located on the shore a few miles south of the launchpad. It was an opportunity for the crew and about a dozen NASA and contractor managers from KSC to get to know one another and unwind a bit. Through the managers, the astronauts could pass along their thanks to all of the team members involved in checking out, preparing, and launching the shuttle.

NASA provided the food, which was always the same—barbecued smoked sausage and beef brisket, fried chicken, coleslaw, baked beans, potato salad with hard-boiled eggs, and bread and butter. A bowl of sliced jalapeño peppers was available for people who wanted to spice up their food. Dessert consisted of brownies. The crew personally provided the adult beverages; NASA couldn’t purchase those with government funds.

I found myself eating with Ilan Ramon. Seeing that he was mostly just picking at his food, I asked, “Are you all right? It doesn’t seem like you’re enjoying your meal.”

Ramon replied, “No, no, it’s very good. It’s not kosher . . . but it’s very good!”

—

Weather in the Houston area was stormy on Sunday, January 12, 2003, as Columbia’s crew prepared to fly from Houston to KSC. Rick Husband decided it would be safer and more comfortable for the crew to ride together in NASA’s Gulfstream G2 trainer airplane rather than flying out in four of their two-seat T-38 jets. Astronaut Jerry Ross flew out to KSC with Columbia’s crew. I met them at the Shuttle Landing Facility runway with my traditional greeting, “Welcome to Launch Week!”

One of my responsibilities was to give the crew a complete security briefing and review security procedures with them. The crew needed to feel absolutely confident about how we would keep them safe on launch day.

The space shuttle was a high-value and highly symbolic national asset, carefully protected by NASA and the US military. Sixteen months after the terror attacks of September 11, 2001, the United States was at war in Afghanistan, and we had an Israeli astronaut on the mission. STS-107 garnered the most stringent security ever implemented for a space shuttle launch.

Security at Kennedy was primarily aimed at protecting the public from NASA’s rockets, rather than the other way around. We established a three-mile “box” in the waters off KSC—an exclusion zone to keep aircraft and boats out of the launch path in case of an explosion early in a rocket’s flight. But now we also had to consider the very real possibility that the shuttle could be attacked.

If a plane or boat strayed into the restricted zone around KSC and the vehicle flight path during a countdown, we faced tough decisions. Was it a tourist who just wanted to take some photos up close? Was it a charter fishing boat that strayed off course and forgot to turn on its radio? Or was it someone trying to look innocent, only to then make a sudden hostile move? As the launch director, I had to decide in the moment whether to tell the crew to sit tight in the shuttle or direct them to make an emergency escape. Calling for the escape assured the safety of the crew but could damage the shuttle in the process, forcing a long turnaround before the next launch attempt.

To thwart potential terror attacks, we kept Columbia’s scheduled launch time a secret in the weeks leading up to the mission. We had even briefly considered a scheme dubbed Operation Yankee, which would have entailed a surprise liftoff one day in advance of a publicly announced launch date.

Finally, on Wednesday, January 15, we announced that “T-zero” for Columbia’s launch would be at 10:39 Eastern Time the next morning.

The highly publicized mission drew large crowds to the KSC area. NASA’s public affairs office requested that more spectators than usual be allowed on site. KSC security went into round-the-clock operations. VIPs and other spectators parked at the KSC Visitor Complex and boarded buses to the viewing stands. Crowd control and protecting the public were the order of the day. In case of a launch emergency, security would have to get all spectators onto buses as quickly as possible for their own safety.

As launch director, I usually pulled a twelve-hour shift on launch day. Officially, I had to be on duty as the shuttle’s external tank was loaded with propellants. That operation began at T minus six hours in the countdown, which was actually about nine hours before launch because of the built-in hold periods in the countdown. But there was always a weather briefing an hour before propellant loading could begin. The launch team needed to consider not only the weather forecast at KSC at the scheduled time of liftoff, but also the weather at potential trans-Atlantic abort landing sites in Europe and Africa. There was no use spending the time and resources to load the shuttle’s tanks if it appeared that weather restrictions would be violated at launch time. These weather forecasts were part of a larger meeting meant to ensure that everything was ready for fueling to begin and for the mission to fly. It made for a very long day.

Firing Room 4 of the Launch Control Center was already a hive of activity when I arrived the night before the launch. Roughly 180 engineers and managers controlled the countdown activities from that room. They were supported by about as many people in the backup Firing Room—the systems experts who knew the vehicle and ground support systems better than anyone. They were on hand to help resolve the usual technical glitches that cropped up during the countdown. VIPs and the prelaunch Mission Management Team observed the proceedings from the two glass-walled “bubbles” flanking the top row of consoles and my station.

A multiagency command center was created for this mission and operated from the second floor of the Launch Control Center. FBI, CIA, and state and local security forces staffed the command center and monitored the operations. Mark Borsi, director of KSC security, reported directly to me on the status of security measures and issues. I also had direct access to coast guard and air force brass via my console.

After two years of rescheduling and delays, launch day for STS-107 finally dawned on January 16, 2003.

In the early morning hours, ground systems pumped 146,000 gallons of liquid oxygen and 396,000 gallons of liquid hydrogen into the shuttle’s external tank. At T minus three hours in the countdown, we deployed the Ice Team to the launchpad for a two-hour inspection of Columbia and the pad systems. The Ice Team used binoculars, telephoto lenses, and infrared devices to check for any unusual ice buildup or other debris on the surface of the vehicle, because the super-cooled liquid propellants in the tank might cause ice to form from the always-humid Florida Coast air. A chunk of ice falling off the tank or a booster and striking the orbiter during the ride into orbit could doom the shuttle. The team saw nothing unusual, and they reported their findings back to us in the Firing Room. The countdown proceeded relatively smoothly.

In the Operations and Checkout Building eight miles from the launchpad, astronauts Jerry Ross, Kent “Rommel” Rominger (chief of the astronaut corps), and Bob Cabana (director of flight crew operations) were on hand as Columbia’s crew suited up before the flight. Robert Hanley, who reported to Ross, filmed the proceedings with Dave Brown’s video camera. Brown requested that Hanley videotape the suit-up and walkout as part of the commemorative video that Brown was compiling about the crew’s training. As the crew and their entourage walked out of the building toward the waiting Astrovan, Rick Husband and Willie McCool reached overhead and touched their hands to the STS-107 mission decal on the head of the door frame. It was yet another of the good-luck traditions for space travelers.

The Astrovan drove north to the corner of Kennedy Parkway and Saturn Causeway, near the Vehicle Assembly Building. There, the van stopped to let out Rominger, who went to the Shuttle Landing Facility. He would then fly the Shuttle Training Aircraft around the KSC area to monitor weather conditions throughout the remainder of the launch countdown. NASA needed firsthand accounts of visibility and winds aloft, in case Columbia needed to make an emergency return to the runway. Cabana, Ross, and Hanley said their good-byes to the crew and left the van at the checkpoint by the Launch Control Center. Ross and Hanley joined the crew families in the Launch Control Center. Cabana went to the “bubble” adjacent to the Firing Room to join the Mission Management Team. The flight surgeon came in to man the Firing Room’s biomedical console.

The STS-107 crew rode the remaining three and a half miles to the pad. After pausing for a quick look up at Columbia, they took the short elevator ride to the 195-foot level on the Fixed Service Structure, and walked across the crew access arm to the White Room. Over the next fifty minutes, the pad closeout crew strapped the astronauts into their seats, and then sealed the hatch. The astronauts went through their checklists for the final stages of the launch countdown.

—

The children of Columbia’s crew busied themselves drawing with markers on a whiteboard near my office on the fourth floor of the LCC as the final hours of the countdown ticked by. It was another of the KSC launch traditions—a way to keep the kids occupied during what would otherwise be a tedious time for them and to afford their parents some time to be alone with their thoughts. In the days following the launch, our staff would frame the children’s whiteboard art and mount it in the hallway to join the scores of “kid pics” from previous missions.

When the countdown came out of the final scheduled hold at T minus nine minutes, escorts took the children and the rest of the immediate members of the crew’s families out onto the LCC roof and up a stairway to a private viewing area. There they could watch the launch, shielded from the eyes of the press and public—a precaution we implemented after the Challenger disaster.

In the Firing Room two floors below, my launch team prepared to come out of the hold. It was a final chance for managers and engineers to catch their breath and work any last-minute issues. Things would move very rapidly once the count started up again, almost entirely under control of the ground launch sequencing computers.

We were not nervous, but the atmosphere was charged and intense. The room was dead quiet. Launching a space shuttle is never routine.

That intensity went to a whole new level for me when I received a call on the secure line from the air force. Their tracking radar showed an unidentified object due south of the launch complex, heading due north.

Estimated time of arrival at the launchpad area: T-0.

Holy shit. This is it. We’re under attack.

I received several reports of the object’s position, and the command center team plotted its course. Then it disappeared from the radar screen. It reappeared and disappeared several more times over the next couple of minutes.

What the hell is going on?

I called the general who was my liaison at the Department of Defense. He had a direct line to the president in case authorization was needed to shoot down a civilian airplane. The general relayed to me what the pilot of the air force jet circling overhead was saying. Secondhand information always has the possibility of being misinterpreted. I said, “Sir, I trust you completely, but I need to speak to the pilot directly.” The general objected at first, as this was a breach of protocol between the military and a civilian agency. I insisted, and a few seconds later, they patched me through to the pilot.

My hands were shaking. I held onto my console to steady myself. I asked the pilot, “Sir, if there was anything out there, would you see it?”

The pilot responded, “Yes, sir, I would.”

“And do you see anything?”

“No, sir, I don’t.”

I was listening carefully to the pilot’s choice of words and the tone of his voice. If he had said, “I don’t think I see anything,” or if there had been any hint of uncertainty in his voice, I probably would have told the crew to punch out, ordering them to make an emergency egress. However, the pilot sounded completely confident.

All the months of planning, the security exercises, the resources deployed, the years of the crew waiting for the mission to fly, the relentless training, the scheduling pressure to fly this mission—it all came down to this decision.

Was there an emergency or not?

At the end of the final countdown hold, my tradition was always to give the crew an upbeat send-off message on behalf of the launch team. I got on the comm loop with Rick Husband and said, “If there ever was a time to use the phrase, ‘Good things come to people who wait,’ this is the one time. From the many, many people who put this mission together: Good luck and Godspeed.”

Rick replied, “We appreciate it, Mike. The Lord has blessed us with a beautiful day here, and we’re going to have a great mission. We’re ready to go.”

I gave the “Go” for the count to pick up on schedule.

The fighter pilot had assured me there was no visible threat, but the internal voice of doubt nagged me.

God—what if I’m wrong?

The final minutes of the countdown quickly ticked away, and all went smoothly. I nervously looked out the window toward the launchpad every few seconds, half expecting to see something heading toward Columbia.

At the launchpad, everything was proceeding exactly as planned. A few seconds before 10:39 a.m., Columbia’s three main engines ignited and quickly built up to steady thrust. Columbia’s nose rocked forward several feet in reaction to the off-center impulse from the engines and buildup of thrust two hundred feet below. The instant the shuttle rocked back to vertical again—6.6 seconds after main engine ignition—the twin solid rocket engines fired. Explosives shattered the hold-down bolts at the same moment, and Columbia leaped into the clear blue sky. Launch and Entry Flight Director LeRoy Cain at Mission Control in Houston assumed control of the mission as soon as the solid rocket boosters fired.

I breathed a deep sigh of relief.

—

The families filed back into the LCC after Columbia disappeared from sight about two minutes after liftoff. Eight and a half minutes after launch, Columbia was in orbit. It seemed to be a picture-perfect launch.

After the postlaunch checklists were complete, the launch team and I went to the lobby of the Launch Control Center for the celebratory meal of beans and corn bread, which was served after every successful launch. Still too on-edge to eat, I took a quick bite and shook hands with a few folks on my way to another tradition—the postlaunch press conference. Fortunately, no one else present there knew about the security incident. And they didn’t need to know.

It was later determined that the unidentified object on radar was a cluster of Mylar party balloons with a small, empty metal box—about the size of a clock radio—dangling underneath. Riding on the winds, the balloons dipped into and out of radar coverage. They were found two days later on the shore of the Banana River approximately five miles south of the launchpad.


Chapter 3

THE FOAM STRIKE

Once Columbia’s main engines shut down, the flight computer commanded pyrotechnic charges to fire to jettison the external fuel tank. Astronaut Mike Anderson triggered cameras on the shuttle’s belly to take photos of the tank as the shuttle pulsed its maneuvering thrusters to move away. Those photos were part of the launch documentation, to note any issues that might require attention on the next missions. The crew did not notice anything unusual about the tank as it slowly drifted away from them. As usual, the tank would break up and fall into the Pacific Ocean south of Hawaii.

Standard procedure called for the tank photos to be transmitted to the ground at the end of the first day’s operations. However, the Columbia crew had a busy day ahead of them configuring the experiments aboard Spacehab.

The photos of the tank were never downlinked.

If engineers on the ground had seen the photos, they would have immediately noticed that a large piece of foam—about the size of a carry-on suitcase—was missing from the area at the base of the left side of the strut connecting the orbiter’s nose to the tank.

Back on the ground, an array of cameras along Florida’s Space Coast had filmed Columbia on her ride uphill. The imagery analysis team at KSC began reviewing the films the afternoon after the launch. The team was frustrated to discover that one of the tracking cameras had not worked at all, and another was out of focus.

What particularly caught their eye, however, was footage from one camera showing what appeared to be a large piece of foam falling off the tank 81.7 seconds into the flight. It fell toward the Columbia’s left wing and then disintegrated into a shower of particles. The foam had clearly struck the orbiter, but it was impossible to tell from the images exactly where it had impacted or how bad any damage might be.

Ann Micklos, who represented her thermal protection system team during the video review recalled that “people’s jaws dropped. You could have heard a pin drop in that room when we saw the foam strike. We watched it on the big screen again and again and again, trying to understand where the foam impacted the orbiter.”

It was indeed an impressive-looking impact, but debates about its severity began almost immediately. Was this a serious situation? Or was it like all the other impacts—posing a maintenance inconvenience but not a threat to the crew? The imagery lab in Tower K of the Vehicle Assembly Building went to work to enhance the video as much as possible.

Why is foam shedding even a concern? To understand that, we need to review the vulnerability of the shuttle’s design. The shuttle’s flexibility was ironically its biggest downfall. Unlike previous spacecraft designs for Mercury, Gemini, and Apollo—in which the capsule with the astronauts was at the front end of the rocket—the space shuttle and its crew rode into orbit beside the propellant tank and the rocket boosters. This meant that ice or other debris could fall off the tank and boosters and strike the shuttle during ascent. Damage from launch debris was one of NASA’s major headaches, as there was no way to repair an orbiter’s exterior surfaces once the vehicle reached orbit.

We did not want to put a wounded space shuttle into orbit if we could avoid doing so.

Chief among the concerns was the intricate heatshield system completely covering the orbiter. The shuttles had aluminum skin, and when “naked,” they looked remarkably similar to conventional aircraft. However, aluminum has a relatively low melting point and cannot withstand the blazing temperatures of reentry. NASA’s ingenious heatshield for the shuttle consisted mostly of a system of silica tiles, which not only insulated the vehicle’s structure, but actually radiated heat away from the shuttle. The tiles were lightweight, porous, and crumbled easily. They covered the belly, the tail, and the maneuvering engine pods protruding from the aft end of the vehicle. The tiles could not be applied as a single unit or even a few large pieces, because the orbiter’s airframe had to flex during launch and reentry as it encountered air resistance. So, the tile system ended up being a mosaic of thousands of tiles, each approximately six inches square and each with a unique shape. Each relatively fragile tile was glued to a felt pad, which was itself glued directly onto the aluminum skin of the orbiter. This allowed for slight movement in the orbiter’s structure without damaging the tiles. Every tile was numbered so that it could be readily identified and placed in the appropriate spot on the orbiter.

The tiles were not the only components of the orbiter’s heatshield. Some parts of the shuttle were exposed to more extreme heat than the tiles alone could withstand. The nose cap of the orbiter and the leading edge of its wings were made of a dark gray reinforced carbon-carbon (RCC) material that could withstand heat of up to 3,000°F. RCC was hard but brittle. Other parts of the shuttle, which were subject to much less heat during reentry, were covered with quilt-like blankets of silica and felt.

If the foam impact we saw had severely damaged the tiles on Columbia’s belly or impacted the wing’s leading edge, searing hot plasma could enter the vehicle during reentry and melt the ship’s internal structure.

There was no backup to the heatshield system. If it was seriously compromised, the crew was not going to make it home.

—

NASA created the Mission Management Team (MMT) process after the Challenger disaster as a way to ensure that potential issues like Challenger’s O-rings1 came to the attention of Shuttle Program managers. NASA wanted a way for information to flow quickly to senior management, without being filtered or suppressed. The “prelaunch” MMT sat on the same row as me in one of the glass-walled “bubbles” in the Firing Room on launch day listening for anything that might make them question launching that day. It was their job to assess issues that were not part of the documented launch countdown process but that could still pose risks to the crew and thus be reasons not to launch.

Many of the members of the prelaunch MMT then moved on to the “on-orbit” MMT. This MMT was supposed to meet regularly during a mission to assess any issues that arose during flight or could affect landing.

Kennedy Space Center’s operational responsibility for a mission essentially ended once the shuttle had blasted off. However, KSC managers—including me, as launch director—participated in the on-orbit MMT. We focused on any issues that might affect preparations for the vehicle’s next mission once the shuttle returned from flight. Had something cropped up that would delay Columbia’s processing flow for her next flight? Were there any special issues that would require unusual servicing on the runway?

The imagery analysis team reported the foam strike to the MMT on January 17, the second day of Columbia’s mission. Their initial conclusions were unprecedented. No one had ever seen such a large piece of foam come off the external tank and impact the orbiter during ascent. The analysts said it was a “big hit,” but no one knew how bad it was. It was just lightweight foam, but it may have hit the orbiter in a potentially dangerous location. The MMT did not appear concerned, but they asked for further analysis.

Engineering teams examined the limited data they had at their disposal. The only computer program available was designed to model the impact of ice particles on the tiles on the orbiter’s underside. The software algorithms were not intended to assess damage from foam insulation strikes or hits on areas other than tiles. With so many unknowns, it was difficult to get consistent results from the analyses. The software’s appropriateness for use in this case was a stretch, but it was all that our analysts had to work with.

The consequences of foam impacts on the RCC material on the leading edge of the wing were even more of an unknown. Reinforced carbon-carbon had a very hard surface, which some specialists considered too tough to be seriously damaged by foam impacts. Some engineers tried unsuccessfully several times to convince their colleagues that RCC was less forgiving than tile, but their objections largely went unappreciated. While someone could almost crush tiles in their hands, RCC felt like an extremely tough and capable material.

Despite the application of the best minds to the problem, there was simply no reliable way to predict what the damage might be. Ann Micklos said, “We never had a clear picture of where the impact was. It was all assumptions. And you can’t solve a problem based on assumptions.”

Robert Hanley and his boss Jerry Ross had returned to Houston after the launch. Hanley mentioned to Ross in a hallway conversation that he had heard reports about people investigating a possible debris strike on Columbia. Hanley said the word going around JSC was that the foam strike was a “nonissue.” Everyone thought foam was too lightweight to cause any serious damage.

Ross replied to Hanley, “I’m not so sure.”

Ross was recalling his experience as a crewman on Atlantis’s STS-27 mission, where hundreds of the orbiter’s tiles were heavily damaged during launch, and missing tile created a hole in the heatshield that nearly burned through on reentry. Atlantis held the distinction of being the most heavily damaged spaceship ever to survive reentry.2 And on STS-112, just four months before Columbia’s launch, a smaller piece of foam fell off the external tank and dented the metal ring attaching the left solid rocket booster (SRB) to the tank.

The MMT discussed the foam strike at the four MMT meetings held during Columbia’s mission. The engineer presenting the issue to the MMT was new to his position. The MMT pressed him on data to back up his conclusions about potential damage to Columbia—in essence, “prove to us there’s a problem.” He responded that the team needed more data to make an accurate assessment.

Engineers who had been with NASA since the early days of the shuttle recalled that national security assets had been called into service to photograph Columbia in orbit on her maiden flight in 1981. On that mission, as soon as the payload bay doors were opened once Columbia reached orbit, the crew and NASA noticed several tiles missing from the area near the shuttle’s tail. It was not public knowledge at the time, but NASA had reached out to the intelligence community to take images of Columbia in orbit and determine if other tiles were missing in critical areas not visible to the crew. How those images were obtained, and what they were able to show, is still classified information.

People who remembered that situation reached out to contacts in the intelligence community and asked if it was possible to take similar images now. Mid-level technical experts in the intelligence community said they would be happy to help. They just needed a formal request from NASA.

In one of the most confounding breakdowns of the management process for STS-107, the MMT refused to issue a formal request for images. In essence, the reasoning was: “You don’t have enough data on the problem to warrant getting the intelligence community involved.” And yet there was no way for the team to gather more data without the intelligence imagery. The imaging capabilities possessed by the intelligence community were highly classified and could not be used as justification for the request, because most of the team was not cleared to hear that information. Trapped in a Catch-22, those who desperately wanted the additional information felt incredibly frustrated at the bureaucratic logjam.

Lower-level engineers at KSC and at Boeing’s shuttle design offices in Huntington Beach, California, adamantly insisted that the foam impact had damaged the RCC. Some refused to certify that the vehicle was safe to come home. The MMT noted and then overruled their objections. The discussions were not even reflected in the MMT’s meeting minutes.

The MMT members convinced themselves there was nothing to be overly concerned about for Columbia’s reentry. Rather than digging into the possibilities of what could go wrong, they reassured one another that everything would be all right.

“Prove to me that it’s not safe to come home” demonstrates a very different management culture than does “prove to me that it is safe to come home.” The former attitude quashes arguments and debates when there is no hard evidence to support a concern. It allows people to talk themselves into a false sense of security. The latter encourages exploration of an issue and development of contingencies.

In hindsight, many of us who participated in the debate and decisions—myself included—blamed ourselves for not pressing the issue about the foam strike. However, it simply did not occur to most of us at the time that the crew might be in danger. Complacency and past experience lulled us into believing that the shuttle would get her crew home safely—just as she had done more than one hundred times previously—despite the knocks and dings. Management assumed that if there really were a problem, the “smart people” who were looking at it would speak up. Managers seemed not to comprehend that objections had in fact been raised and then brushed aside. Pressing on with the mission so that NASA could get back to space station assembly flights just seemed like the right thing to do.
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