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Preface

On 1 February 2003, high above Texas, the unthinkable happened. With horrifying
suddenness, Space Shuttle Columbia disintegrated during her descent from a highly-
productive 16-day science mission. Her entire crew of seven, including Israel’s first
astronaut, perished in the disaster. On that terrible Saturday, a spectre that had
haunted NASA for 17 years, since the 1986 loss of Challenger, returned with a
vengeance. I was only nine years old when Challenger exploded and remember little
of what happened; the destruction of Columbia, by stark contrast, seemed far closer
and more personal.

Almost two years earlier, in the spring of 2001, I was fortunate to speak to Rick
Husband, who was in command of Columbia on her final mission. I found him to be
courteous and warm, with an enthusiasm and openness so typical of many spacefarers.
An avid collector of astronaut autographs, I have personalised signed portraits of five
of the ill-fated STS-107 crew — Husband, Willie McCool, Dave Brown, Kalpana
Chawla and Mike Anderson — and countless others of Columbia veterans. I treasure
them all, but those of the STS-107 fliers I now prize particularly highly.

This book is not meant as a study of what happened to Columbia on her last
flight, but rather as a celebration of her entire incredible career. Over the past two
years, I have spoken to many people who, upon hearing the name of America’s first
Space Shuttle, have remembered her only as ““the one that broke up during re-entry”’.
I feel that this is, to say the very least, an unfair epitaph. Columbia has a long and
chequered history and in her 28 missions since April 1981 has scored some
remarkable triumphs.

She was the first ‘used’ manned spacecraft to be blasted into orbit more than once.
She supported the debut of the European-built Spacelab research facility and
Canada’s Remote Manipulator System (RMS), the latter of which is routinely used
today to build the International Space Station. She was first to prove the Shuttle’s
worth as a mini-space station in its own right and as an Earth-circling launch pad
from which to boost satellites into geosynchronous and higher orbits to provide
communications and reconnaissance, support research in geodetics and electro-
dynamics, process semiconductors and peer into the Universe with state-of-the-art
X-ray and ultraviolet eyes.



xviil Preface

Columbia has also plucked spacecraft from orbit in delicate, 28,000 km/h orbital
ballets, staged ambitious spacewalks to upgrade the Hubble Space Telescope and
holds the current record for having flown the longest Shuttle mission, at almost 18
days. Yet this is scarcely half of her story. Her history is far more than ‘just’ 28
standalone mission reports: she has countless other tales from the 126 men and
women, representing eight different nations, who have spent more than 300 days
gazing Earthwards or outwards into the Universe through her windows.

My goal in writing this book was to gather technical esoterica about Columbia
and attempt to balance it with ‘human’ stories from the remarkable pilots, physicists,
engineers, doctors and professors who flew on her. I have attempted to weave
‘mundane’ technical facts, payload details and processing issues with stories of
“incredible” rides into orbit, “oh, wow” glimpses of the grandeur of Earth, the
unique and highly coveted ability to pull one’s trousers onto both legs at the same
time and a congressman’s light-hearted disappointment at being greeted with
Californian, rather than Floridian, oranges and grapefruits upon landing at Edwards
Air Force Base.

At the time of writing, Space Shuttle Discovery is only weeks away from
undertaking the crucial Return To Flight mission and NASA’s three surviving
orbiters will have their work cut out over the next five years if they are to complete
the International Space Station before being retired in 2010. It is with intense
sadness, as astronaut Jay Buckey once said, that Columbia will never take pride of
place in the Smithsonian; but her mission and legacy are far from over. In fact, her
shattered remains are now used by engineers and materials scientists to help to
design future hypersonic vehicles.

A fitting tribute, if ever one were needed, for a quite remarkable spacecraft.
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1

“It will take a hundred flights ...”

THE ASTRONAUTS’ ASTRONAUT

John Young was out of this world when he learned that NASA’s plans for a reusable
manned spacecraft called the Shuttle had finally won Congressional approval.

It was Sunday 23 April 1972 and the 41-year-old Young stood in the sun-drenched
desolation of the Cayley plains, participating in the penultimate Apollo lunar-landing
mission. A short, dark-haired man with a quiet, country-boy drawl, he had been an
astronaut for 10 years and even now, on his fourth spaceflight, showed little desire to
do anything else. In fact, when he first set foot on the Moon two days earlier —
becoming only the ninth person to do so — his words included the enigmatic phrase,
“I’'m glad they got ol’ Brer Rabbit, here, back in the briar patch where he belongs.”

Some Apollo historians have explained the quote by identifying Young himself
with Brer Rabbit and the briar patch with his love of space exploration. If this was
the case, it could hardly have been more fitting, for until 2002 Young held the record
for having been launched into space more times than any other human being, with
an impressive six missions under his belt. Even the respected Shuttle astronaut Jerry
Ross, who finally broke the record, has pointed to Young as his personal hero.
Truly, John Young has become ‘The Astronauts’ Astronaut’.

He came to NASA in 1962, a little over a year after President John F. Kennedy
had promised to land a man on the Moon before the end of the decade. Even at the
age of just 32, Young’s credentials as a test pilot were already impressive: earlier that
same year, he had set world time-to-climb records in the F-4 Phantom fighter. His
first four spaceflights were devoted to accomplishing, step-by-step, the complex
chain of objectives — engineering tests, rendezvous and docking exercises and risky
spacewalks — needed to achieve Kennedy’s goal.

His first flight, in March 1965, was a short, five-hour ‘hop’ on board the first two-
man Gemini spacecraft, which did little more than whet his appetite. During the
mission, he and Commander Gus Grissom had the task of showing that the Gemini,
which would be used to rehearse procedures needed for lunar missions in the relative
safety of Earth orbit, was spaceworthy. The flight succeeded and Young returned
with a reputation as something of a practical joker, having craftily smuggled a
corned beef sandwich — Grissom’s favourite fare — on board the Gemini before
launch and offered it to his partner while in orbit.
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A year later, he was back in space on board another Gemini; this time as
Commander, teamed with rookie Mike Collins. Their three-day mission featured
rendezvous with two unmanned Agena target rockets, one of which boosted them
into a higher orbit, en route to the other. Collins also made a spacewalk to recover
micrometeoroid material affixed to one of the Agenas. On Young’s third mission,
Apollo 10 in May 1969, he and his crewmates conducted a rehearsal of the first lunar
landing in orbit around the Moon. This set the stage for Armstrong and Aldrin’s
“one small step” two months later.

Three years after his return from Apollo 10, and as one of NASA’s senior
astronauts, Young finally stood in the unrelenting glare of the lunar Sun, in a place
where the temperature difference between daytime and nighttime could top 400
Celsius, and joined an elite club of moonwalkers that even today numbers no more
than a dozen. In the wake of such a stupendous achievement, one could be forgiven
for expecting Young’s astronaut career to end after his return to Earth. Surely he
could do few other things in his professional life to match or possibly upstage a
Moon landing?

Young could not have felt more differently and unlike so many of his fellow
astronauts, who left NASA for pastures new, he was eager to tackle America’s next
challenge in space. His devotion was perfectly epitomised that Sunday in April 1972
when, as he stood amidst the grandeur of the ancient lunar mountains, his breathing
harsh and laboured after a long day’s work in a bulky spacesuit, he received a call
from Mission Control. It was from a rookie astronaut named Tony England, who
was acting as the control centre’s liaison (nicknamed the ‘Capcom’) with the men on
the Moon.

“This looks like a good time for some good news,” England began. “The House
passed the space budget yesterday, 277 to 60, which includes the vote for the
Shuttle.”

Immediately, and in unison, Young and fellow moonwalker Charliec Duke
exulted, “Beautifull Wonderful! Beautiful!” Then Young quietly added, “The
country needs that Shuttle mighty bad. You’ll see.”

Four days later, Young, Duke and the third member of their crew, Ken
Mattingly, splashed down in the Pacific Ocean, their 11-day mission over. For Duke,
it would be the end of his astronaut career; following a foray into the world of
business, he became a born-again Christian and later described his experiences as
being so much more fulfilling that walking on the Moon was “‘the dust of my life”” in
comparison. Both Young and Mattingly, on the other hand, remained with NASA
and each would command two Shuttle missions during the course of the 1980s.

By the mid-1970s, Young had retired from the US Navy with the rank of Captain
and was able to concentrate fully on his new duties as chief of NASA’s Astronaut
Office and immerse himself in the development of the Shuttle. It seemed inevitable,
with his breadth of expertise, that he would be a leading contender to command its
maiden flight into orbit; by the middle of 1978 it was official and he began training
with rookie astronaut Bob Crippen for what would be his fifth mission overall and,
in many ways, the most challenging of his entire career.
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BIRTH PAINS

With less than eight weeks to go before her first orbital flight, Space Shuttle
Columbia finally got the chance to flex her muscles on 20 February 1981. By now,
the Shuttle was running three years behind its advertised schedule; its first launch
was originally targeted for 1978 and its highest-profile mission — a delicate orbital
ballet to reboost America’s Skylab space station and prepare it for reoccupation —
had been missed. Unexpectedly fierce solar activity in the closing months of the
decade caused Earth’s atmosphere to inflate, increasing air drag at orbital altitude
and Skylab burned up during re-entry in July 1979.

Billions of dollars had been invested in the Shuttle, which was to be the most
advanced spacecraft yet to depart Earth. The achievement had not, however, come
without problems. Since the original contracts to build the Shuttle had been signed
almost a decade earlier, its designers had faced setback after setback: frustrating
problems with the development of a patchwork of heat-resistant tiles to shield it
during its searing, high-speed re-entry and maddening failures of its throttleable,
liquid-fuelled main engines. There was political fallout, too, with the Shuttle’s
powerful Congressional opponents questioning the need for a multi-billion-dollar
reusable manned spaceplane.

For this was another of its advertised qualities: the Shuttle, said NASA, would be
the world’s first reusable manned spacecraft, capable of flying once every fortnight
and carrying commercial satellites, scientific laboratories, space probes, astronom-
ical instruments and — for the first time — ordinary civilians into orbit. Plans were
already afoot to send teachers, journalists and foreign nationals into space, with up
to seven seats available on each flight. The Shuttle, it seemed, was aptly named: it
would whisk people into orbit frequently, reliably, relatively cheaply and in
conditions a world away from the cramped, one-use-only capsules of the 1960s.

Before such an advanced machine could be declared ‘operational’, it had to be
exhaustively tested. Many of these tests had taken place during and after its
construction and a series of high-altitude approach and landing runs were conducted
in mid-1977 using a dummy vehicle called Enterprise, taken aloft by an adapted 747
airliner. Fred Haise, one of her pilots, later called it “‘a magic carpet ride”. Although
she was never actually capable of flying into space and now sits gathering dust in the
Smithsonian, Enterprise demonstrated the Shuttle’s aerodynamic performance and
ability to make precision landings on predetermined runways.

Ground tests, however, were no substitute for actually flying it in space. Original
plans called for six Orbital Flight Tests (OFTs), each carrying two astronauts — a
Commander and Pilot — to demonstrate the Shuttle’s capabilities, test its
manoeuvrability and evaluate its Canadian-built robot arm with different-sized
payloads. The number of OFTs was later reduced to four, all of which would be
flown by Columbia, the first space-rated Shuttle. Assuming that all four went to
plan, the system would be declared ‘operational’ and become eligible to fly
commercial missions on its fifth flight.

Columbia was physically identical to Enterprise, at least at first glance. Both
vehicles were not dissimilar in shape and dimensions to the DC-9 airliner, roughly 36
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m long with wings spanning 24 m from tip-to-tip, and comprising a two-tier cockpit,
cavernous, 18-m-long payload bay with clamshell doors and an aft compartment to
house a cluster of three main engines, bulbous Orbital Manoeuvring System (OMS)
pods and vertical stabiliser fin.

Unlike Enterprise, however, Columbia would fly further than just the last few
minutes from the low atmosphere to the runway. She would, for the first time,
undertake the violent climb into space under the combined thrust of her main
engines and two behemoth Solid Rocket Boosters (SRBs), withstand the swinging
extremes of heat and cold in Earth orbit and bear the full brunt of a fiery descent
back through the atmosphere. Moreover, in spite of carrying thousands of items
whose failure could doom the Shuttle and kill the crew, Columbia’s audacious first
launch would be done with astronauts on board!

A CALCULATED RISK?

Never in the history of the American space programme had a crew been on board for
the first launch of a new spacecraft. The Mercury capsules, which carried Al Shepard
and John Glenn on their historic ventures into space, had been extensively tested
unmanned, as had Gemini and Apollo. The Soviets, too, had never flown a crew
without first testing their spacecraft in an unmanned capacity. The risks were just
too high. There can be little doubt, therefore, of the heroism and bravery of the first
Shuttle crew: Commander John Young and Pilot Bob Crippen.

One astronaut closely involved in the Shuttle’s development was Fred Haise, a
veteran of the ill-fated Apollo 13 mission. He had been instrumental not only in its
aerodynamic testing in the low atmosphere, but also would probably have
commanded one of its early missions had he not resigned from NASA in 1979.
He saw an unmanned first flight as potentially much trickier than a manned one. “It
would have been very difficult to have devised a scheme, in my view, to have flown
[the Shuttle] unmanned,” Haise recalled in a 1999 interview.

“I guess you could’ve used a [communications] link and really had a pilot on a
stick on the ground like they have flown some other programmes. But to totally
mechanically programme it to do that, and inherent within the vehicle, would have
been very difficult. There was initially a planned unmanned flight, [but] it was of
great complexity and handling the myriad of potential systems problems [made it
hard to automate]. With a crew on board [to] be able to handle the multitude of
things that you could work around, inherently made the success potential of a flight
a lot greater.”

Others, including NASA’s former director of engineering and development,
Henry Pohl, were more sceptical about sending the first Shuttle aloft with a crew on
board. “I didn’t see any need in risking humans and I didn’t think humans would be
as proficient as automated equipment,” he said. “By that time [the late 1970s], we
had the know-how and we could build robots or the automated equipment that can
detect things long before a human can detect it, and I thought the vehicle was going
to be so difficult to land that we really ought to land it with automated equipment.”
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THE BUTTERFLY AND THE BULLET

Paradoxically, compared to flights that would follow, the first mission of the Space
Transportation System — dubbed ‘STS-1° — was relatively straightforward. Its
objective was to fly Columbia into space, test her systems and bring her home two
days later to a desert landing in California. Yet with so many unknowns and a
history of technical problems, it was also the most complicated mission ever
attempted. Not only would Columbia herself be tested, but so would the untried
boosters and the giant External Tank (ET) that would feed the Shuttle’s engines with
over 1.9 million litres of liquid propellants.

“Like bolting a butterfly onto a bullet” was how veteran astronaut Story
Musgrave, who flew Columbia in late 1996, described the unusual appearance of the
combined Shuttle, tank and boosters. It is an appropriate description. The 46.6-m-
long ET, reminiscent of an enormous aluminium zeppelin standing on end, is indeed
bullet-like, but is actually far more than ‘just’ a container. Its upper quarter houses
liquid oxygen and its lower three-quarters carry liquid hydrogen.

Separating the two sections of the ET is an unpressurised ‘intertank’, which
contains instrumentation and umbilical interfaces to the launch pad’s purging and
hazardous-gas-detection systems. Above the intertank, the liquid oxygen tank holds
up to 542,640 litres of oxidiser and, beneath it, the liquid hydrogen tank holds
around 1.4 million litres of fuel. Both are then fed through two 43-cm-wide fuel lines
into disconnect valves in the Shuttle’s aft compartment, and from thence into the
main engines’ combustion chambers.

“[The main engine is] very high-performance,” said Henry Pohl, “[with a] very
high chamber pressure for that day and time [and] very lightweight for the thrust that
they were producing. I would say that we came out with that program in the only
time in [US history] when it would have been successful. If we had waited another
two years before starting development on [the] Shuttle, we probably would not have
been able to do it, [because] the people that designed the main engine were the same
that designed [previous rocket] engines. That group of people had designed and built
seven different engines before they started the Shuttle development. A lot of [them]
retired [and so] if we’d waited another two or three years, those people would all
been gone and we would have had to learn all over again on the engine
development.”

Built by Rocketdyne — formerly part of the Shuttle’s prime contractor, Rockwell
International, but now owned by Boeing — the engines burn for about eight minutes
of ascent and are shut down a few seconds before the ET is jettisoned, right on the
edge of space. Each engine measures 4.2 m long, weighs 3,400 kg and is ‘throttleable’
at 1% incremental steps from 65% to 104% rated thrust. This ability, which is
controlled by the Shuttle’s onboard General Purpose Computers (GPCs), helps to
reduce stresses on the vehicle during periods of maximum aerodynamic turbulence.

Despite the immense thrust generated by each engine and the colossal amount of
propellant needed to run them for such a short length of time, they in fact provide
only 20% of the power needed to get the Shuttle into space. The remainder comes
from the two 45.4-m-long SRBs, which are the only solid-fuelled rockets ever used in
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conjunction with a manned spacecraft. Loaded with a powdery aluminium fuel and
an oxidiser of ammonium perchlorate, the boosters, built by Morton-Thiokol in
Utah, are mounted like a pair of Roman candles on either side of the ET.

This unusual combination, referred to as ‘the stack’, is not, in fact, totally
reusable and came about following a series of financial and technical compromises
dating to the early 1970s. The Shuttle in its present form is designed to fly a hundred
times before major modifications become necessary and the SRBs about a quarter of
that figure. The ET, on the other hand, is discarded about eight-and-a-half minutes
after launch to burn up in the atmosphere over the Indian Ocean. It was considered
more costly to modify the tank for reusability than to simply build a new one for
each mission.

“The Shuttle is an asymmetric vehicle,” said former NASA flight director Neil
Hutchinson. “It doesn’t look like it ought to launch right, because it’s not a pencil!
Some of us, in the early days, wondered how that was going to work. In fact, it’s
[still] a very tricky vehicle to launch. It has to be pointed carefully in the right
direction at certain times or you’ll tear the wings off or tear it off the External
[Tank]. It’s not a casual launch process.”

THE ROCKY ROAD TO STS-1

Preparing for each Shuttle flight takes several years, but the actual bringing together
of the components begins with setting up the boosters on a Mobile Launch Platform
(MLP) in the gigantic Vehicle Assembly Building (VAB). This 160-m-tall structure —
the world’s largest scientific building, so vast that clouds once formed in its upper
reaches before an air-conditioning system was fitted — has dominated the swampy
landscape of the Kennedy Space Center (KSC) on Merritt Island in Florida for the
best part of four decades. It was used to assemble the massive Saturn V Moon
rockets and, since 1980, the Shuttle.

Each SRB comprises six blocks, called ‘segments’, each of which is hauled with
pinpoint precision into place, one on top of the other. To prevent a leakage of
searing gases during ascent, a series of rubbery O-rings seal the joints between the
segments. After propelling the Shuttle and ET to an altitude of about 45.7 km,
explosive rockets at the nose and tail of each booster push them away and
parachutes lower them to a gentle splashdown just off Cape Canaveral in the
Atlantic Ocean. They are then recovered, refurbished and reused.

When the assembly of the SRBs is complete, the ET is moved into position
between them and connected by a series of spindly attachment struts. Following
checks of their mechanical and electrical compatibility, the Shuttle itself is moved
from the nearby Orbiter Processing Facility (OPF), tilted on its tail and mated to the
ET. In the early days of the programme, the Commander and Pilot of the mission
boarded the vehicle while it was in a vertical position inside the VAB to rehearse pre-
launch procedures. Nowadays, this is done by the entire crew after the Shuttle has
been rolled to the pad.

The transfer of the 1.8-million-kg Shuttle stack from the VAB to one of two pads
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Attached to her External Tank and Solid Rocket Boosters, and mounted on top of the
crawler, Columbia is readied for her first launch.
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of Launch Complex 39 — a distance of 5.6 km — takes six hours, with the aptly named
‘crawler’ inching the MLP and its precious, $2-billion national asset along a track
made of specially imported Mississippi river gravels. Once the stack is ‘hard-down’
on the pad surface, further checks are conducted, payloads installed and the crew
participates in a Terminal Countdown Demonstration Test (TCDT), essentially a
full dress-rehearsal of the last part of the countdown, followed by a simulated main
engine failure and emergency escape procedures.

By 20 February 1981, these preparations in readiness for STS-1 had long been
completed; in fact, attached to her tank and boosters, Columbia had sat majestically
on Pad 39A since 29 December the previous year. She had been at KSC for even
longer. Her construction took almost five years from the start of work to build her
cockpit in June 1974 to rollout of the finished article in March 1979. A week later, to
the amazement of motorists in the sweltering California heat, Columbia was towed
overland from prime contractor Rockwell International’s Palmdale plant to
Edwards Air Force Base.

By late March, she had been flown ‘piggyback’ on top of the modified 747 aircraft
to KSC and ensconced in one of two bays in the OPF. The latter is positively
dwarfed by the immense VAB and is still used to prepare the Shuttle fleet for their
missions, to repair and refurbish them and to install and remove their payloads. It is,
however, far more than just a spacecraft hangar; due to the extreme volatility of the
propellants carried on board the Shuttle, the OPF is fitted with detectors that are so
sensitive to explosions that visitors are forbidden from using camera flashes when
taking photographs.

After her arrival at KSC, Columbia underwent a protracted period of pre-launch
preparations that lasted almost two years. Although she was structurally ‘complete’,
she was far from ready to fly. She had no main engines, her thermal protection
system needed attention and her ET and SRB segments were not destined to arrive
until the summer of 1979. By the end of the following year, however, significant
progress had been made and in November Columbia rolled into the VAB for
stacking. Following checks, she moved to the launch pad a few days after Christmas
in readiness for launch the following spring.

The thermal protection system — particularly its thousands of tiles, each of which
was individually designed and not interchangeable — had been the biggest headache
during this time because of the sheer novelty of its design. “When it took off on the
back of the 747 from Palmdale, a whole bunch of the tiles came off as they went
down the runway,” former Shuttle manager Arnie Aldrich wryly recalled. “That
led to the requirement to have a better understanding of how the tiles were attached
and how to know they were well attached and that problem took two years to
solve.”

Much work still had to be done before Young and Crippen could even board the
orbiter, however. One of the most critical exercises was a Wet Countdown
Demonstration Test (WCDT), which lasted six days and culminated on 20 February
1981 in a 20-second firing of Columbia’s engines. This Flight Readiness Firing
(FRF) was necessary to demonstrate their ability to throttle between 94 and 100%
thrust, and gimbal just as they would be expected to do in flight. Similar ‘wet’ — or
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fully fuelled — tests had been performed before the Saturn V launches, although on
those occasions the engines had not been test-fired.

Preparations for the FRF proceeded in a manner not dissimilar to a real
countdown: launch controllers started the clock at T— 53 hours when they powered-
up the SRBs, ground-support equipment and Columbia herself. Four seconds before
the simulated ‘liftoff’, the Shuttle’s engines roared to life at 120-millisecond intervals,
reaching 90% rated thrust within three seconds and hitting the 100% mark precisely
at T —zero. Three seconds later, engineers simulated retracting the ET umbilical and
the SRBs’ hold-down posts; a further 15 seconds elapsed before shutdown
commands were issued to all three engines. The test was a success and a significant
milestone had been cleared.

According to the STS-1 press kit, released around this time, the launch was
provisionally booked for “no earlier than” 17 March, but a number of technical
issues and a human tragedy conspired to delay Columbia’s first flight by several
weeks. Following the FRF, engineers had to repair a section of super-light ablator
insulation, which had become debonded from the ET during a test of its cryogenic
propellants back in January. This pushed the target date for launch back to 5 April,
followed by another delay until the 10th, caused by a strike against Boeing by
machinists and aerospace workers.

Throughout March, the attention of the world’s media focused on Young and
Crippen as they maintained their proficiency training, participating in a TCDT and
practising how to escape from Columbia in the event of a main engine failure
seconds before launch. The biggest fear in such a scenario was the presence of
invisible hydrogen flames, through which the pressure-suited astronauts would have
to run to reach a slidewire escape basket that would whisk them from the 58-m level
of the launch pad down to the ground and a waiting M-113 armoured personnel
carrier.

Although Young and Crippen had not been directly involved in the Enterprise
approach and landing runs — which had been conducted by two other teams of
astronauts, Joe Engle and Dick Truly and Fred Haise and Gordon Fullerton — they
nevertheless achieved proficiency in flying the Shuttle Training Aircraft (STA). This
Grumman Gulfstream had been modified to fly almost exactly like the Shuttle,
approaching the runway at several times the angle of a commercial aircraft and
nearly twice the speed. The men also honed their skills in flight software
laboratories, visual motion simulators, full-scale Shuttle mockups and on board
Columbia herself.

It was just a few days after Young and Crippen had returned to Houston,
following their TCDT, when the Shuttle claimed its first two lives. Several
technicians working inside Columbia’s aft compartment were rendered unconscious
by a dangerous build-up of nitrogen gas; and although they were pulled out, one died
that same day and another two weeks later. The cause was traced to a breakdown of
communications: a warning sign had been mistakenly removed and a supervisor
called away. Crippen would later pay a personal tribute to the two dead men, John
Bjomstad and Forrest Cole, while in space.
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SOFTWARE: THE BIGGEST STUMBLING BLOCK

Meanwhile, despite the setbacks, Columbia was now firmly on schedule to lift off on
10 April 1981, which, as it happened, was two days shy of the 20th anniversary of
Yuri Gagarin’s pioneering spaceflight. The six-and-a-half-hour launch ‘window’ —
necessitated by a need to have adequate lighting conditions to satisfactorily
photograph Columbia’s ascent for engineering analysis — opened that day at 11:50
am GMT.* The window also provided for daylight landing opportunities at White
Sands Missile Range in New Mexico, should a launch abort require Young and
Crippen to perform an emergency return to Earth after one orbit.

Shortly before 9:00 that morning, after a traditional astronauts’ breakfast of steak
and eggs in the crew quarters, Young and Crippen boarded Columbia for what
turned out to be an uneventful countdown — at least, that is, until its final stages.
Then, with just nine minutes to go, during a pre-planned hold, a problem cropped up
in one of Columbia’s five GPCs. It was described as a ‘timing skew’; in effect, the
backup flight software was unable to synchronise with the primary set.

Unlike previous manned spacecraft, the Shuttle is totally dependent upon its
computers to run the main engines, move the elevons, control its heading and
operate the thrusters, to name just a few of many thousand different functions. These
units are so critical that five GPCs are carried: four primaries, which run the same
software and ‘vote’ before issuing commands, and a backup. If one of the primaries
disagrees with the others, it is ‘outvoted’ and considered faulty. The backup contains
its own, different set of flight software, so that if a// four primaries became corrupted,
it can take over control.

The problem that Columbia experienced on 10 April was essentially that the four
primary GPCs were not communicating with each other correctly. Taking advantage
of the lengthy launch window, the liftoff was rescheduled for 3:20 pm as computer
engineers wrestled with the software, but when a solution could not be found it was
decided to stand down until 12 April. A disappointed Young and Crippen clambered
out of Columbia and would spend the next couple of days maintaining their
proficiency flying the STA.

Meanwhile, the GPC problem was isolated late on the 10th and the countdown
resumed next day. “The software”, remembered Gordon Fullerton, who flew
Columbia in March 1982, “became the biggest stumbling block. The software in
these computers not only control where you fly and the flight path, but almost every
other subsystem! Getting the software wrung out and simulators writing the
checklists ... we didn’t really have it nailed down by STS-1. There were a lot of

* All times throughout this book are given as Greenwich Mean Time (GMT). This has been
done to avoid possible confusion, as different time zones apply in Florida, California, New
Mexico and other locations mentioned in these pages. As a general rule of thumb, Florida is
approximately five hours ‘behind’, New Mexico some seven hours ‘behind’ and California
around eight hours ‘behind’ GMT.
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unknowns [but] you just finally have to set a launch date and say “We’re going to go’.
You cannot be 100% sure of everything.”

Young and Crippen again departed the crew quarters in the early hours of 12
April and took their seats on Columbia’s flight deck. Both were clad in bulky US Air
Force high-altitude pressure suits, which afforded them full-body protection and
were destined to be worn by the first four OFT Shuttle crews. Since these were
considered ‘test flights’ and were also equipped with ejection seats, the full-pressure
garments were mandatory; on later operational missions, when restrictions were
relaxed somewhat, it was intended for astronauts to fly in lighter overall-type flight
suits and helmets.

If an emergency had necessitated their use, the rocket-propelled ejection seats
would have fired Young and Crippen through two overhead hatches, but they could
only be used to an altitude of 30.5 km, meaning they would not realistically work
during the ascent phase and only at selected intervals during re-entry. Astronaut
Jack Lousma, who commanded Columbia’s third test flight in March 1982, would
later remark that his Shuttle launch was far riskier than his Apollo ascent a decade
earlier and his opportunities to escape in the event of an emergency were much
reduced.

Whereas most previous manned spacecraft had taken the form of ballistic
capsules attached to the top of expendable boosters — so that, in the event of
problems, an escape rocket could lift them several thousand metres into the air and
parachute them a couple of kilometres out to sea — the Shuttle did not offer that
option. An on-the-pad emergency would have precluded the use of the ejection seats,
because the astronauts would have hit the ground before their parachutes had
opened; also, ejections during the first couple of minutes of ascent would have sent
them straight into the SRBs’ roiling exhaust plumes.

Consequently, the seats could only realistically have been used at selected points
of re-entry, after the period of maximum atmospheric heating, and even then the
astronauts’ chances of survival were slim.

Young and Crippen again boarded Columbia on 12 April, lowered their visors
and encountered their first problem: neither man could breathe properly. It turned
out that a quick-disconnect fitting for the oxygen system, situated beneath the
control panel, had been mispositioned. After this was resolved, the countdown
proceeded smoothly.

RIDE OF A LIFETIME

The history of jokes and pranks between astronauts and the ground crews
responsible for strapping them into the spacecraft before launch has become the
stuff of legend, since the days of pioneering Mercury missions in the early 1960s.
“John Young made a big deal about the size of the American flag on his suit,” said
KSC spacesuit technician Jean Alexander. “It came in with kind of a small version
and they got several sizes before he was satisfied and it was kind of a joke. So on
launch morning, there was a motel that we stayed at Cocoa Beach and they had this
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STS-1 liftoff.
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huge flag on a pole [outside] a real-estate office next door. One of the suit
tech[nician]s that was down there for launch talked the real-estate people into letting
him take that flag down and he took it to the suit room for suit-up morning and had
it actually cover[ing] one whole wall! When John walked in, he said ‘John, is that big
enough?”.”” The mood was sufficiently lightened for what was to follow.

After almost four years training together for the most complex engineering and
test flying challenge of their careers, the smoothness of the countdown on only their
second attempt surprised both Crippen and his veteran colleague. As the clock ticked
inside the final minute, their excitement began to build: despite Young’s vast
experience and four previous missions to his credit, both men were rookies as far as
flying the Shuttle was concerned. Neither man fully knew what to expect.

Six seconds before midday, with a low-pitched rumble that soon turned into a
thundering crescendo, Columbia’s three main engines ignited. Young and Crippen
would later recall that the Shuttle rocked perceptibly backwards and forwards,
accompanied by a sharp noise increase in the cabin. Then, precisely on the hour, in
front of an estimated three-and-a-half thousand media spectators at KSC, and
doubtless hundreds of thousands more glued to television sets around the world,
came the ear-splitting crackle of the two SRBs.

“We have liftoff of America’s first Space Shuttle, and the Shuttle has cleared the
tower,” exulted the launch commentator over the public-address system as Columbia
broke the shackles of Earth and lumbered off the pad. Crippen would later comment
that, although the low-pitched roar of the main engines certainly grabbed their
attention, it was the punch-in-the-back ignition of the SRBs that convinced them
that they were really heading somewhere.

For the first few seconds, as the Shuttle cleared the tower and roared into the clear
Florida sky on top of the two dazzling orange columns of flame from its boosters,
the cockpit instruments were blurred by the vibrations, but according to the crew
were still just about readable. By the time Columbia rolled onto her back under GPC
control about 10 seconds after liftoff, setting herself on the correct heading for a
40.3-degree-inclination orbit, the two men reported that the vibrations had lessened
to a point that allowed them to read their instruments without problems for the
remainder of the ascent.

“When you get the vehicle going uphill and you’re still in the ‘sensible’
atmosphere,” said Neil Hutchinson, “there are tremendous aerodynamic pressures
on it and you have to get the angle at which it is going through the airstream exactly
correct. [The vehicle] has a very narrow performance corridor. In order to get the
proper inclination, when the Shuttle takes off, it ‘rolls’. What it’s doing is getting
itself oriented so [it] goes into orbit on its back. It goes upside down, with the crew
upside down. You’ve got to get that roll out of the way and get that whole thing set
up long before you get the max[imum] dynamic pressure, [which is] when the amount
of atmosphere combined with the direction the vehicle’s going and the velocity is the
worst.”

“As the Shuttle’s main engines come up, you really feel the vibrations starting in
the orbiter,” said Jerry Ross, who has flown the reusable spacecraft a record-tying
seven times since 1985, including one mission on board Columbia, ““but when the
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[SRBs] ignite, I describe it as somebody taking a baseball bat and swinging it pretty
smartly and hitting the back of your seat, because it’s a real ‘bam’. The vibration and
noise is pretty impressive! The acceleration level is not that high at that point, but
there is that tremendous jolt and you’re off!”

At the post-flight briefings, Young would tell engineers that Columbia’s ascent
was considerably more rapid that he had experienced during his two Saturn V
launches to the Moon. Analysis also later showed that STS-1 had caused significant
damage to Pad 39A which could have been catastrophic: the shockwaves produced
by the Shuttle’s engines and the SRBs had buckled a strut linking Columbia to the
ET’s liquid oxygen tank. Had the strut failed, it was determined, the result could
have been the loss of the vehicle and crew and steps were taken to strengthen the
struts in readiness for later missions.

“As [it accelerated] in the first 30 seconds or so, the wind noise on the outside of
the vehicle became very intense,” recalled Ross, “like it was screaming! It was
screeching on the outside!”

A minute into the flight, as Columbia approached an altitude of 15 km, she passed
through a period of maximum aerodynamic turbulence which required the GPCs to
throttle the main engines back to just under two-thirds of their rated thrust. The
passage through this period was described by the astronauts as marked by an
increase in the noise and vibration of the engines, although their performance was
within expectations. The sound from the SRBs remained sporadic and decreased to
virtually nothing as the time approached, 2 minutes and 12 seconds into the flight,
for their separation.

Shortly before the boosters burned out, the Capcom, rookie astronaut Dan
Brandenstein, told the crew they were now ‘“‘negative seats’’, meaning that Columbia
was too high to use the ejection seats; questionable though their usefulness would
have been. Fortunately, the vehicle was performing admirably. The SRBs actually
turned out to generate more ‘lift’ than predicted and they separated at an altitude 2.9
km higher than anticipated. When the separation rockets fired and the SRBs fell
away, Young and Crippen reported a bright, orange-yellow ‘flash’ which appeared
to stream up in front of the Shuttle’s nose and back above the front windows.

“As the [SRBs] tail off, like at 1 minute-45 or so [after launch],” said Ross, “it
almost felt like you had stopped accelerating, like you'd stopped going up. At that
point, [you are] already Mach 3-plus and well above most of the ‘sensible’
atmosphere, some 20 miles high or so. And at [SRB] jettison, then you’re at four
times the speed of sound and 25 miles high!”

The SRB separation was also accompanied by a harsh grating sound which
Young likened to the noise made by the Saturn V’s final stage. Both SRBs
parachuted into the Atlantic Ocean, splashing down five minutes later about 250 km
downrange of KSC. With the cumbersome boosters gone, the crew found it much
easier to flip switches in the cockpit. At this stage, the so-called ‘T-fail-pitchover’
manoeuvre was executed, placing the horizon in their view for the first time, and the
two men spotted penny- to fist-sized white particles flooding past the windows.

“What a view! What a view!” radioed a jubilant Crippen four-and-a-half minutes
into the ascent.
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“Glad you’re enjoying it,” replied Brandenstein. It was equally as exciting an
experience for him, sitting at his console in Mission Control, as it was for his two
colleagues rocketing into orbit. In fact, although Brandenstein would later fly four
Shuttle missions of his own — including one on board Columbia in January 1990 — he
has described STS-1 as the most exciting episode of his astronaut career. His main
concern was the clearance between the vehicle and Pad 39A and he had listened
carefully for the first few seconds, breathing a sigh of relief when the Shuttle cleared
the tower safely.

Columbia flew on for six more minutes after SRB separation, reaching Mach 19 —
close to 23,340 km/h — at which point her engines were throttled back to maintain a
3g environment in the cockpit. Throughout the ascent, not surprisingly as it was his
fifth launch, Young’s heart rate rose no higher than 90 beats per minute. That of
first-timer Crippen, on the other hand, peaked at nearly 130. After the mission,
Young would quip that “I was so old my heart wouldn’t go any faster,” but
according to Ascent Flight Director Neil Hutchinson, “John was kinda asleep at
liftoff!”

“As [you get] to about the seven-and-a-half-minute point, [that] is when you get to
the 3gs of acceleration, that’s a significant acceleration,” said Jerry Ross. ““It feels like
there’s somebody heavy sitting on your chest and makes it pretty hard to breathe. You
have to grunt to talk, and you’re just waiting for this 3gs to go away. [This period] is
when the orbiter’s three main engines start reducing their power output so that you
don’t exceed the structural limit of 3gs. And so for that last minute, the Shuttle’s main
engines are coming back. You’re getting lighter and lighter. You’re accelerating at 100
feet per second [per second], which is basically like going from zero to 70 miles per hour
every second. So it’s pretty good. And then at the time that the [orbiter’s] computers
sense the proper conditions, the main engines basically go from around 70% power,
on a 3g acceleration, [then] shut off and you’re in zero-g. And for me, I had the
sensation of tumbling head over heels: a weird sensation.”

At 12:08 pm, some 8 minutes and 32 seconds after leaving Pad 39A to the cheers
of thousands of spectators, the main engines of America’s first Space Shuttle were
shut down and more than 2,000 kg of residual propellant was dumped into space
through their nozzles. During the procedure to stow the engines for orbital
operations, Columbia’s nose unexpectedly pitched ‘upwards’ about five degrees.
Nineteen seconds after the engines went out, the ET was jettisoned to follow a
ballistic, suborbital re-entry and burned up over a sparsely inhabited stretch of the
Indian Ocean.

The astronauts pulsed Columbia’s Reaction Control System (RCS) thrusters to
push themselves away from the now-useless ET; they later called it a very obvious
“seat of the pants” manoeuvre. They also reported no noise associated with the
separation of the tank and that, in fact, the only indication they had was that the red
main engine lights on the control panel suddenly went out. Young and Crippen were
in space; although still tightly strapped into their seats, the first trace of orbital flight
came when bits of debris — washers, filings, screws and wire — began floating around
the cabin.
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CHECKING OUT COLUMBIA

Their next task was the first of two firings of the big OMS engines to establish
Columbia in her correct orbit. This began 10.5 minutes after launch and lasted 90
seconds; it was described by Flight Director Jay Greene as “‘normal”. The crew
agreed: “We're looking good.” A second OMS burn at apogee, about 35 minutes
later, circularised the orbit. Although the burns were satisfactory, the instruments
providing quantity readings for the OMS pods turned out to be erroneous. They
showed sporadic propellant quantities throughout the flight, often staying constant
for some seconds, then changing at faster-than-expected rates.

None of this had been seen in ground tests. Nevertheless, all evaluations of the
system during STS-1 — using both thrusters in unison and singly — were performed
without incident. To test an emergency procedure, Young and Crippen even
successfully fired the right-hand OMS engine using propellant from the left-hand
tank.

After establishing themselves in a stable, circular orbit around Earth, Young and
Crippen turned their attention to opening Columbia’s 18.2-m-long clamshell doors
and expose the cavernous payload bay to space for the first time. The bay was empty
for this first mission, but on subsequent flights it was expected that it would be
crammed with commercial satellites, scientific instruments, laboratories — the most
important of which was the European-built Spacelab — and major astronomical
observatories. For STS-1, it carried sensors to record Columbia’s performance and
the stresses and strains endured at key points in the mission.

It was essential that the doors were opened within the first hours after reaching
orbit, so that radiators attached to their inside panels could dump excess heat into
space. If, for whatever reason, the crew had been unable to open the doors, flight
rules dictated that they return to Earth at the end of their fifth orbit. Although extra
systems were carried to dissipate heat, they could be used for a day at most. If, at the
other extreme, difficulties were encountered closing the doors at the end of the
mission, Crippen was spacewalk-trained to secure them manually.

Early plans called for STS-1 to fly with the doors closed throughout the mission —
relying on Columbia’s flash evaporators rather than the radiators — but it was soon
realised that opening them was essential to dissipate her heat load.

Had a spacewalk been necessary, the entire cabin pressure would have been
reduced from the normal 14.7 psi to 9.0 psi and after nine hours of ‘pre-breathing’,
Crippen would have suited up and entered the payload bay. By lowering the pressure
in this way, the crew’s ‘day’ would have been shortened by two hours, and Young
pre-breathed in case he needed to go outside to assist Crippen.

Fortunately, Crippen opened the doors perfectly at the end of Columbia’s second
orbit. He gingerly unlatched the starboard door first — “Here comes the right door
and, boy, that is really beautiful out there” — then closed it again to verify the
satisfactory performance of its seal. ““All the latches work just fine,” he told Mission
Control, “and the door looks like she’s doing her thing.” Both doors would be
opened and closed on several occasions during the next two days to evaluate not only
the seals, but also their latches and actuators.
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View of Columbia’s payload bay, revealing missing tiles from her OMS pods. Note the
two boxes, which form part of the DFI package.

Throughout this procedure, the astronauts worked at the rear of the cockpit, facing
a pair of small square windows overlooking the payload bay; they reported that they
could work there quite comfortably without needing any kind of foot restraints.
Looking into the pristine white, insulation-enshrouded payload bay, there was not a
great deal to see. There were no payloads to deploy and not much in the way of
experiments to perform. In fact, the only real ‘payloads’ were the small, unassuming —
yet vitally important — boxes of measuring devices, detectors and sensors.

It was known as the Development Flight Instrumentation (DFT), and although it
was mainly destined to be used during the first four test flights, several of its
components remained on board Columbia during later missions. Weighing 9,290 kg,
it provided the first ‘real’ measurements of the Shuttle’s performance and the stresses
she endured during launch, ascent, in space and during re-entry and landing.
Previous data had only been available through computer simulations and the DFI
data was expected to provide the first hard details. It stored this information on three
magnetic tape recorders, which were analysed after landing.

Other devices mounted on the DFI pallet were microphones to acquire acoustic
data and an array of six different materials — including Teflon and gold — to assess
their level of degradation in the harsh low-Earth-orbit environment.
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Two more experiments were also carried on STS-1; one of which included actual
hardware, and the other which took advantage of Columbia’s re-entry flight path.
The Aerodynamic Coefficient Identification Package (ACIP) complemented the DFI
by collecting data during all flight phases, but particularly during the hypersonic,
supersonic and transonic periods of re-entry, in order to help to validate wind-tunnel
predictions. As well as helping to advance engineers’ understanding of the thermal
and structural dynamics of the Shuttle during its glide back to Earth, ACIP
measured the positions of each flight surface and gathered about four hours of data.

The second experiment was a wholly passive one, known as the Infrared Imagery
of Shuttle (IRIS). It featured nothing in the way of onboard equipment and involved
NASA’s Kuiper Airborne Observatory taking high-resolution infrared pictures of
Columbia’s belly and sides as she re-entered the atmosphere.

Young and Crippen had little direct involvement in any of these experiments,
which operated autonomously throughout the mission. In any case, they had their
hands full with the many engineering tests planned. It was during the first day of the
flight, while Crippen was busy evaluating the performance of the payload bay doors,
that they noticed several missing thermal protection tiles from one of the OMS pods.

“Okay,” Young told Mission Control, “‘what camera are y’all looking at now, do
you know?”’

“We’re looking out the forward camera,” replied the Capcom.

“Okay. We want to tell y’all here we do have a few tiles missing off the starboard
pod. Basically, it’s got what appears to be three tiles and some smaller pieces; and off
the port pod — looks like — I can see one full square and looks like a few little
triangular shapes that are missing and we are trying to put that on the TV right
now.” Young’s observations highlighted, for the first time, a problem that would
become almost commonplace on Shuttle missions: tiles coming off certain areas of
the vehicle during the violent climb into orbit.

He also commented, after a visual inspection, that no tiles seemed to be missing
from Columbia’s wings, vertical stabiliser or nose. However, it was impossible to
determine if tiles had been lost from her belly. Back on Earth, managers watched the
transmissions, but decided that none of the missing tiles was in a ‘critical’ area that
might pose a hazard to the Shuttle’s re-entry. The most that could happen, they said,
was that after landing a patch of aluminium skin underneath some tiles may need
replacing. Yet, even at this early stage, a potentially lethal problem with their
integrity had reared its head.

A SPACIOUS, SPARTAN HOME-FROM-HOME

Three-and-a-half hours after launch, the astronauts doffed their bulky pressure suits
and stowed them in the middeck. With the exception of a donning-and-doffing
exercise on 13 April, they would not need them again until just a few hours before re-
entry. For the remainder of the mission, Columbia circled the Earth with her topside
and open payload bay facing ‘down’. In general, the men found that the pristine new
spacecraft was performing with very few problems — “The vehicle is performing like



Return to California! 19

a champ, real beautiful,” Young told Mission Control — and that life on board was
comfortable and positively roomy.

Of course, compared to the cramped capsules Young had flown previously,
Columbia was indeed voluminous, but conditions were basic and comparatively
spartan compared to later Shuttle missions. The men slept in their seats on the flight
deck, although plans were already well advanced to carry sleeping bags, bunks and
phonebox-sized ‘sleep stations’ in the future. These would be particularly useful on
Spacelab research missions, when crews would be split into two 12-hour shifts.

The ‘middeck’ was situated directly beneath the flight deck and, in space,
astronauts accessed it by floating through a small 66 x 71 cm opening; there were
actually rwo openings, but normally only one was used. Essentially, the middeck
provided a living area for the crew, including storage lockers for experiments or
equipment, sleep stations, a galley, toilet and the huge airlock module providing
entry to Columbia’s payload bay. Before launch and after landing, the astronauts
entered and departed the Shuttle through a circular hatch in the middeck’s port-side
wall.

Above the middeck, the ten-windowed flight deck — once described by STS-107
astronaut Kalpana Chawla as “our favourite place” — was the location for
controlling the Shuttle during ascent, re-entry and conducting the bulk of orbital
operations. Its forward portion contained fixed seats for the Commander and Pilot,
although on later missions two collapsible seats for Mission Specialists could be
mounted directly behind them, and a bewildering array of displays, dials and
switches. Six windows wrapped, airliner-like, around the front of the flight deck,
with two more in the ‘roof” and another two looking back over the payload bay.

Young and Crippen experienced a colder-than-normal first night in space, thanks
to a temperature controller problem. Conditions improved on the second night.
They prepared their meals using an onboard food warmer, although a larger and
more elaborate galley was planned for later missions. Minor problems were
experienced with a suction hose on the toilet, which stubbornly refused to work
properly. When the time came to return to Earth, Young and Crippen — rather
ignominiously for seasoned space explorers — were obliged to stuff paper towels into
the hose to prevent it from overflowing and use the urine-collection devices in their
pressure suits.

RETURN TO CALIFORNIA!

After a whirlwind two days, the time came to put the Shuttle to its ultimate test:
knifing through the atmosphere, subjecting some of the tiles to thermal extremes up
to 3,000 Celsius and performing an unpowered, ‘deadstick’ landing at Edwards Air
Force Base in California. Although the last few minutes, from passing subsonic in
the low atmosphere to the runway, had been rehearsed using Enterprise, the 45
minutes from the de-orbit burn of the OMS engines, through the searing heat of re-
entry and the complex aerodynamic turns needed to ‘bleed-off” Columbia’s speed
and align her for touchdown, were largely unknown.
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To play things safe, NASA opted to use the wide expanse of dry lakebed at
Edwards, deep in the Mojave Desert, for the first four test flights. This would
provide Young and Crippen with a more forgiving runway and greater margins for
error, although it was hoped that when the Shuttle became fully operational and its
aerodynamic performance was better understood, precision landings on a narrower
concrete runway at KSC would become the norm. Four hours before landing, at
around 2:00 pm on 14 April, the crew closed and latched the payload bay doors for
the last time.

Twenty minutes before the onset of the de-orbit burn that would drop Columbia
out of space and into the upper reaches of the atmosphere, the astronauts oriented
their spacecraft tail-first, and switched on two of the three Auxiliary Power Units
(APUs). These essentially controlled the Shuttle’s flight surfaces and hydraulics
during re-entry. Fifty-three hours and 28 minutes into the mission, at 5:28 pm, as
Columbia flew over the Indian Ocean, the OMS engines ignited in the vacuum,
slowing her and beginning her perilous, high-speed glide home.

The burn, which lasted two-and-a-half minutes, was reported in typical matter-of-
fact fashion by Young, who told Capcom Joe Allen, “Burn went nominal.”

“Nice and easy does it, John. We are all riding with you.” Allen’s words echoed
not only the prayers of the men and women in Mission Control, but also countless
observers across the world.

Minutes later, Columbia was turned so that its nose was pitched ‘up’ at a 39-
degree angle, and Young and Crippen removed the safing pins from their ejection
seats and overhead hatches and switched on the third APU. As the spacecraft
entered the denser portion of the atmosphere, the tracking station in Guam noted
increasing amounts of static and the crew reported seecing the yellowish-orange
bursts of Columbia’s pulsing thrusters reflected in their cockpit windows. Travelling
at close to 25,750 km/h, the spacecraft hurtled onwards, the colour of ionised
atmospheric gases outside turning from light pink to pinkish-red, then reddish-
orange, reminiscent of the inside of a blast furnace.

During this time, the public-affairs commentator at Mission Control reeled off a
steady stream of updates: “We will be out of communication with Columbia for
approximately 21 minutes. No tracking stations before the west coast and there is a
period of about 16 minutes of aerodynamic re-entry heating that communications
are impossible [due to the build-up of a plasma ‘sheath’ around the vehicle].” It was
also during this time that the Kuiper Airborne Observatory snapped its infrared
picture of the meteoric Columbia hurtling back through the atmosphere.

The aircraft had taken off from Hickam Air Force Base in Hawaii and established
itself at an altitude of about 13.7 km, directly underneath Columbia’s flight path,
about an hour before the start of entry interface. It then recorded a single infrared
image of the belly and side of the speeding spacecraft.

As they descended towards Edwards, the astronauts picked up UHF radio calls
between Mission Control and one of the T-38 chase planes that would accompany
the Shuttle down to the runway. “Hello, Houston,” called Young, ““Columbia’s here.
We're doing Mach 10.3 at 188 [thousand feet].”” For the majority of this time, except
for the ‘roll reversals’ — a series of S-shaped turns used to reduce speed — the
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computers flew the spacecraft. Shortly after Columbia had crossed the coastline near
Big Sur — to which Crippen radioed excitedly, “What a way to come to California!” —
Young took manual control of his ship.

Still travelling at well over four times the speed of sound, the Shuttle passed, as
planned, over Bakersfield, Lake Isabella and Mojave Airport, enabling the
astronauts to verify by glancing out of the cockpit windows that their ground track
was “‘right on the money.” Young then performed a sweeping, 225-degree turn to
align Columbia with the lakebed Runway 23 at Edwards. Shortly thereafter, as their
altitude dropped to around 12.2 km, he took the stick and later commented that the
ship’s controllability was crisp and precise.

Watching the arrival of America’s first Space Shuttle from orbit were tens of
thousands of people, including Larry Eichel of the Philadelphia Inquirer. His
testimony perfectly illustrated the anxiety and nervous excitement of everybody
awaiting the historic event: ““The Shuttle appeared far above the north-east horizon,
a white dot against a cloudless blue sky. That dot was dropping so fast that to an eye
accustomed to watching the more gradual descent of commercial jets, it seemed
inevitable that the Shuttle would crash to the desert floor.”

As Columbia approached Edwards, the speedbrake — which flared out from the
rear edge of the vertical stabiliser — was gradually retracted and was fully closed by
the time the Shuttle was 600 m above the runway. Dropping at a precipitous rate,
seven times steeper than a commercial airliner, it was understandable that Eichel
should think it inevitable that the Shuttle was going to crash. It was at this stage,
however, that Young pulled back on the stick, lifting the nose and transforming his
ship at once from an apparently out-of-control falling brick into a graceful flying
machine.

“The Shuttle has a very, very steep glide slope,” said Neil Hutchinson. “It’s about
eight or nine degrees. That doesn’t sound very steep, but if you were in an airliner
doing that, you’d think you were headed for sure death!”

Weather conditions at the landing site were almost perfect, with Capcom Joe
Allen telling the astronauts that “winds on the surface are calm”.

“That’s my kind of wind,” replied Young.

At 6:20:35 pm, Crippen deployed the landing gear and all six wheels were down
and locked within the required 10-second time limit. Columbia touched down 22
seconds later at 342 km/h, rolling for almost 2.7 km before coming to a smooth halt.
The speedbrake was opened and full-down elevons were applied, giving the
astronauts an impression of considerable deceleration. “As it touched down”,
reported Eichel, “at a speed 80 to 90 miles an hour faster than a commercial airliner
does, the rear wheels nestled into the hard-packed sand, kicking a rooster-tail high
into the air ...”

The countdown to landing was echoed by both the public-affairs spokesman at
Edwards and by the crew of one of the T-38 chase planes, who were the first to
welcome Young and Crippen home with a resounding, “Beautiful! Beautiful!”

Rookie astronaut John Creighton was on board a US Army helicopter at
Edwards that day and he would later describe the remarkable efforts of some
spectators to get a close-up view of Columbia’s landing. “All kinds of people had
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camped out there for several days. There was a fence there and there’d been a patrol
to keep people back there. As soon as the Shuttle rolled to a stop, these people
charged forward, [this] fence went down and they got motorcycles and cars that went
out racing. This was about five miles away from where the Shuttle actually landed
and the only way you could see [it] was with binoculars, but boy, they wanted to get
an up-front view! The security folks didn’t know what to do, so they told the
helicopters to try to get this crowd under control. So these helicopters would swoop
down in front of these on-charging group of cars. The helicopter pilots loved it. They
were having a great time trying to head off all of these people!”

Post-landing analysis showed that Columbia’s right-hand inboard brakes suffered
higher-than-anticipated pressure, which caused a slight pull to the right just before
the wheels stopped. Young compensated for this by balancing the total braking to
either side of the Shuttle, maintaining a near-perfect course straight down the
runway centreline, stopping at the intersection of Runways 23 and 15. One notable
surprise was the sheer amount of lakebed debris — pebbles and grains of sand —
kicked up by the wheels.

“Do I have to take it to the hangar, Joe?” Young joked.

“We’re going to dust it off first,” deadpanned Allen.

Immediately after wheelstop, the astronauts unstrapped their harnesses and began
safing the RCS and OMS switches before the arrival of the ground crew. When the
latter arrived minutes later, they first hooked up sensitive ‘sniffer’ devices to verify
the absence of toxic or explosive gases and attached coolant and purging lines to
Columbia’s aft compartment to air-condition her systems and payload bay and
dissipate residual, potentially toxic fumes. Until this procedure had been completed,
the ground crew operated in Self-Contained Atmospheric Protection Ensemble
(SCAPE) suits. They then proceeded to roll an airport-type stairway over to
Columbia’s hatch.

John Young, who had remained totally cool throughout the re-entry, approach
and landing, finally let his excitement get the better of him by asking the ground crew
to hurry up so that he could leave Columbia. When finally allowed outside about an
hour after touchdown, he bounded down the steps, checked out the tiles and landing
gear and jabbed the air triumphantly with both fists. He also kicked the tyres, which
gave Henry Pohl a scare.

“I was really worried about that, because those tyres have got 375 psi pressure in
them,” said Pohl, “and I knew the brakes [and tyres] got hot, and I was afraid the
tyres were going to explode. It would have been a shame to do all that flying and a
terrific landing and then have a tyre blow up because you went over and kicked it!”
But Young, obviously, was over-excited. “I’ve often claimed John calmed down by
[the time he got outside the orbiter],” Crippen would say later. “You should have
seen him when he was inside the cockpit!”
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A RACE AGAINST TIME

“Okay, the arm is out and it works beautifully,”” STS-2 Pilot Dick Truly told Mission
Control excitedly on the afternoon of 13 November 1981. On only his first flight into
space, the 44-year-old US Navy Captain had been given the enviable task of putting
the Shuttle’s Canadian-built robot arm — called the Remote Manipulator System
(RMS) — through its paces. His enthusiasm, however, was tempered with
disappointment, for yesterday evening, only hours after reaching orbit, Truly and
Commander Joe Engle had lost more than half of their mission.

Their task now was now to cram five days’ worth of scientific research and complex
engineering tests into just over 54 hours. It had all seemed so much brighter yesterday
and a perfect birthday present for Truly when he and Engle roared into orbit from Pad
39A, becoming the first team of astronauts to fly a ‘second-hand’ spacecraft. Despite
the fantastic achievement of sending Columbia into space the previous April, bringing
her home like an airliner and turning her around to fly again, NASA’s promise of a
Shuttle launch every two weeks was still a long way off.

Although, admittedly, the first four missions were considered to be test flights and
not under tremendous schedule pressure, the space agency had hoped to have
Columbia ready for STS-2 in considerably less than seven months. The delays had
come partly from problems experienced during her first flight and partly from the
fact that NASA had underestimated the sheer amount of attention that the Shuttle
would require between missions. It was not an airliner and it was doubtful that it
could ever be operated like one.

Still, the preparation time for STS-2 was much lower than for STS-1. When
Columbia arrived in Florida in March 1979, she spent almost two years undergoing
flight preparations; the work to ready her for her second mission, on the other hand,
took a quarter of that time. She returned to KSC by 747 on 29 April 1981, two weeks
after landing at Edwards Air Force Base, in need of a great deal of attention. The
most pressing issue was repairing the damaged tiles: 350 were replaced, 818 removed
and repaired and a further 2,000 serviced while still attached to Columbia.

Launch was originally targeted for 9 October 1981. A six-month turnaround was
less than ideal, even at this early stage, but a significant amount of work was needed
to prepare Columbia for her second flight. STS-2 would be the first Shuttle mission
to carry a fully fledged scientific research payload — developed by NASA’s Office of
Space and Terrestrial Applications (OSTA) — and to make room for it in the payload
bay, technicians needed to move the DFI pallet further aft. OSTA-1, as it was called,
housed seven ‘pathfinding’ scientific instruments.

The history of OSTA-1 can be traced back to 1976 — the same year the author of
this book was born — when a five-day Earth-observation mission was first sketched
out. Shortly afterwards, NASA selected six experiments from a total of 32 proposals
to fly on the Shuttle’s second orbital mission; the seventh, a test of an investigation
slated for the Spacelab-1 mission, was added later. Initial analyses showed that
Columbia’s payload bay could be pointed Earthward for up to 88 hours of the five-
day mission, which would demonstrate its ability to hold major scientific instruments
steady and acquire data.
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OSTA-1 is installed into Columbia’s payload bay.

The OSTA-1 experiments were mounted on an engineering version of the U-
shaped Spacelab pallet, located at the midpoint of the payload bay. The DFI sat
further back, near the aft bulkhead. The Spacelab pallet measured 3 m long by 3.9 m
wide and was physically identical to those scheduled to be used on later Spacelab
missions, but for STS-2 it was not fully equipped. Operational missions would also
feature a cylindrical, temperature-controlled ‘igloo’ to provide cooling, power and
data-management facilities. Pallets, it was intended, would be used to carry
instruments requiring large, unobstructed fields-of-view, such as telescopes or
radars.

Five of the OSTA-1 experiments were attached to the pallet, of which the largest
and most visible was the Shuttle Imaging Radar (SIR), designed to assess the
Shuttle’s performance as a scientific research platform and further geologists’
understanding of the radar signatures of various terrestrial features for mineral and
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petroleum exploration. Measuring 9.4 m long by 2.2 m wide and weighing 180 kg,
SIR was a side-looking ‘synthetic-aperture’ radar that looked for all the world like
an enormous rectangular dinner table filling almost half of Columbia’s payload bay.

Assembled from spares left over from NASA’s 1978 Seasat mission, it was
mounted on its own truss structure which, in turn, was affixed to the Spacelab pallet,
providing a viewing angle 47 degrees from nadir, so the Shuttle oriented itself to aim
SIR at the ground. It covered the radio frequency of 2.175 GHz (L-band) and a
wavelength of 23.5 cm and could construct two-dimensional radar images of the
surface. It worked by transmitting microwave signals and receiving reflected
‘echoes’, recording data onto computer tapes for post-mission analysis. During STS-
2, it would prove hugely successful and acquire some intriguing results.

Somewhat less visible on the Spacelab pallet, yet still capable of generating a
tremendous amount of valuable scientific data, were the Shuttle Multispectral
Infrared Radiometer (SMIRR), the Feature Identification and Location Experiment
(FILE), the Ocean Colour Experiment (OCE) and the Measurement of Air Pollution
by Satellite (MAPS).

Integration of these five experiments onto the Spacelab pallet was completed in
the Operations and Checkout Building at KSC in the early part of 1981 and on 1
July the full OSTA-1 payload was loaded on board Columbia. A series of tests
verified its compatibility with the Shuttle, and the ability of the crew to switch it on
and off, and command the instruments, from the flight deck. On 10 August, she was
rolled over to the VAB for attachment to her ET and SRBs and from thence to Pad
39A for final pre-launch preparations.

BIRTHDAY THRILLS, SPILLS AND DIRTY WINDOWS

Columbia’s scheduled 9 October launch date was postponed by nearly a month
following a spillage of nitrogen tetroxide as technicians were loading the highly toxic
oxidiser into the forward RCS unit. Five-and-a-half litres splashed onto the Shuttle’s
nose, requiring 379 fragile tiles to be painstakingly removed, cleaned and reapplied.
A revised date was set for 4 November and seemed to be going well until two days
before, when, during the loading of the oxygen tanks of the fuel cells that were to
power most of the orbiter’s electrical systems, technicians noticed that one tank was
losing pressure. A change in the oxygen-loading procedure seemed to rectify the
situation.

Apart from some minor concerns about poor weather, the 4 November attempt
seemed to be proceeding normally until nine minutes before launch. At that point,
the countdown was halted following an indication of lower-than-allowable pressures
in the oxygen tanks of the fuel cells. The problem was resolved within a couple of
minutes and the countdown resumed, but quickly encountered further problems.
Five minutes before launch, the three APUs were switched on and quickly started
showing higher-than-normal oil pressures.

The clock continued ticking to T—31 seconds — just before the point at which,
normally, the Shuttle’s onboard computers would take over command of the
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remainder of the countdown from the Ground Launch Sequencer (GLS). At this
stage, the oxygen tank pressures registered as ‘low’ and the clock was stopped.
Unable to override this command, the APUs were shut down and the clock was
recycled to the T—9 minute point, then T—20 minutes, to enable NASA and
Rockwell technicians to assess the situation. During their deliberations, however, the
weather closed in, further jeopardising Columbia’s chances of launching that day.

Eitherway, it was decided that the APU oil pressures were too high — 100 psi
instead of the maximum allowable 60 psi — and the Mission Management Team
made the decision to scrub the launch attempt. Subsequent analysis revealed that
the APUs’ oil filters had become clogged by pentaerythritol, a crystal formed
when hydrazine penetrated their gearboxes, which had caused the rise in
temperature. Both gearboxes were flushed, their filters replaced and the launch
was rescheduled for 12 November. As the astronauts had also reported that their
visibility was marginal, Columbia’s cockpit windows were cleaned in time for the
next attempt.

Eight days later, the men returned to the pad for a second try. There had already
been minor problems during the loading of the oxygen tanks, which meant that Tank
3 had to be loaded and pressurised separately from the other two tanks. This
resolved the issue. Another glitch cropped up late on 11 November when one of four
Multiplexer-Demultiplexers (MDMs) — which provide instrumentation measure-
ments, commands and data to the Shuttle’s cockpit displays — failed. A spare MDM
was fitted, but also turned out to be faulty, requiring another one to be flown from
California in the early hours of the 12th.

The new MDM, interestingly, came from the second space-rated orbiter,
Challenger, which at the time was undergoing a final checkout at Rockwell’s
Palmdale plant in readiness for transportation to KSC. It was the first of many
occasions in which parts were ‘cannibalised’ from one spacecraft to enable another
to fly. Challenger’s first orbital voyage was tentatively booked for some time early in
1983; unlike Columbia she would not need to perform a series of flight tests and
would fly an operational mission to deploy an important NASA communications
satellite.

A HALVED MISSION

“I would still call it a successful flight,” said Truly early on 12 November, “even if
we had to come home early.” Presumably he was referring to the achievement of
getting the Shuttle safely into space — becoming the first manned spacecraft to fly
twice — but he did not know how prophetic his words would be. STS-2 was supposed
to last more than twice as long as the first Shuttle mission, and to complete it
Columbia needed additional modifications, the most significant of which was an
extra set of cryogenic hydrogen and oxygen tanks for the fuel cells under her payload
bay floor.

The mission got off to a good start with a picture-perfect liftoff at 3:09:59 pm,
reaching space eight-and-a-half minutes later. This launch was much less damaging
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to Pad 39A; repairs to the ET struts proved effective and the shattering effect of the
SRBs, which had caused excessive pressures during the STS-1 liftoff, were alleviated
by improvements to the water-suppression system. Indeed, sensors attached to
Columbia’s base during STS-2 revealed that the pressures were less than one-tenth —
0.2 psi — of those experienced during her previous launch.

Moreover, thanks to these modifications, the DFI recorders operated without
interruption during the ascent and no tiles were lost. Post-mission analysis of STS-1
had revealed that the missing tiles identified by Young and Crippen while in orbit
were most probably shaken loose by the SRB over-pressure problem. The STS-2
ascent, on the other hand, suffered only from the need to shut down one of
Columbia’s APUs slightly earlier than planned due to higher-than-expected oil
temperatures that exceeded the maximum allowable 143 Celsius.

After dumping residual propellant through the main engine nozzles — a process
terminated 16 seconds earlier than expected due to the APU shutdown — Engle and
Truly conducted two OMS burns to circularise Columbia’s orbit at just 193 x 201
km, inclined 38 degrees to the equator. The low orbit was necessary to allow the
OSTA-1 experiments to gather their required resolution of data. The astronauts also
performed the now-customary opening-and-closing tests of the payload bay doors,
exposing the Shuttle’s first scientific cargo to space for the first time.

Although only the first two OMS burns were necessary to establish Columbia in
her correct orbit, two extra firings were performed to raise the altitude to 220 km.
The third burn was split into two halves in order to satisfy one of STS-2’s flight test
objectives: the ability to turn off an OMS engine and restart it a few minutes later in
the vacuum of space with no ill effects. The fourth firing then demonstrated the
ability of the OMS system to feed the right-hand engine with the left-hand pod and
vice versa. All of these tests proved successful.

What did not turn out to operate satisfactorily, only two-and-a-half hours into
the mission, was one of Columbia’s electricity-generating fuel cells. This had
damaging implications for the accomplishment of her planned mission, during which
Engle and Truly were to conduct extensive tests of the new RMS arm in both manual
and automatic modes and try out the new Shuttle Extravehicular Activity (EVA)
spacesuit in the middeck. All that began to change dramatically at 5:37 pm when
ground controllers noticed a high pH indication on the Number 1 fuel cell. Its overall
performance, at least at this stage, remained normal.

The situation deteriorated significantly, however, and at 7:55 pm a sharp voltage
drop was recorded on the troublesome cell, indicative of the possible failure of one or
more stacks within it. If that was the case, it meant that the cell’s capability to
generate electricity and, as a byproduct, drinking water for the crew, might be
compromised. With the likelihood of contamination to Engle and Truly’s water
supply, the Number 1 cell was switched off at 8:15 pm and in response to concerns
that the water was being electrolysed — thus forming a potentially explosive mixture
within the cell — it was depressurised.

Under proscriptive mission rules, laid down well before STS-1, all three fuel cells
were required to be operational for a flight to continue. It was with disappointment
that, early on 13 November, Capcom Sally Ride — later to become America’s first
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woman in space — told the astronauts that they were going to come home the
following day. “That’s not so good,” was all a quiet Truly could reply.

The shortened mission required them to front-load as many of their critical flight
objectives as possible. Fortunately, this had already been timetabled into each of the
four test flights in anticipation of just such an eventuality. The OSTA-1 payload had
already been activated by Truly within hours of achieving orbit, and was collecting
spectacular data. In fact, by the time they returned to Earth late on 14 November the
astronauts had completed almost 90% of their pre-flight objectives. The fuel cell
problem did have other impacts, not least of which was the slow dispensation rate of
their drinking water.

FLEXING CANADARM’S MUSCLES

Just before 2:00 pm on 13 November, less than 23 hours into the mission, a major
objective of STS-2 got spectacularly underway when Truly unlatched the $100-
million RMS from its cradle along the port-side sill of the payload bay, rolled it out
of its storage position and moved it to its outboard work station. It was Canada’s
contribution to the Shuttle — a contribution that dated to 1974 when Spar Space

]

Dick Truly (left) and Joe Engle in the Shuttle simulator’s aft flight deck practise
operating the RMS.



Flexing Canadarm’s muscles 29

Robotics Corporation was contracted by the country’s National Research Council
to build a mechanical arm for deploying and retrieving satellites from orbit and
ultimately assembling a space station.

The challenges involved in building an arm capable of such complexity and
dexterity were enormous: it needed to operate automatically and under manual
control and meet strict weight and safety requirements. Moreover, nothing quite like
it had been built or used in space before, which made Spar’s task yet more difficult.
Although a horizontal floor rig was built to test the joints in 1977, the first real
demonstration would not come until it was actually uncradled in orbit. The first
space-rated RMS was delivered to KSC in April 1981 and, after a series of checks,
installed on board Columbia on 20 June.

The arm was 15.2 m long, to enable it to reach the far end of the payload bay, and
consisted — like a human arm — of shoulder, elbow and wrist joints, linked by two
graphite-epoxy booms. Other components were made from titanium and stainless
steel. To protect it from thermal extremes in space, the arm was covered in white
insulation and fitted with heaters to maintain its temperature within required limits.
Without a payload attached, the RMS could move at up to 60 cm/min, but this was
reduced to a tenth of that time when fully loaded.

Ingeniously, the means by which the arm could ‘pick up’ and ‘put down’ objects
was achieved by the so-called ‘end-effector’ — essentially a ‘hand’ that employed a
kind of wire snare to capture a prong-like grapple fixture attached to deployable or
retrievable payloads. Already, one of NASA’s most important observatories — the
Hubble Space Telescope, scheduled for launch in the mid-1980s — had an in-built
grapple fixture that would enable it not only to be deployed, but also retrieved and
repaired in space by future Shuttle crews.

During operational flights, astronauts would use two television cameras on the
arm’s wrist and elbow to guide the end-effector over a target’s grapple fixture, before
commanding three wire snares to close around it at just the right instant. When this
was done, it would impart a force of 500 kg on the grapple fixture to allow the RMS
to move the target into or out of the payload bay. No targets would be moved on
STS-2, but on the next flight a desk-sized Induced Environmental Contamination
Monitor (IECM) would be used to flex its robotic muscles.

“Its movements are much more flexible than they appeared during the training
simulations,” Truly told Sally Ride as the arm arched out of the payload bay.
Although the RMS was controlled by the Shuttle’s GPCs, its movements were
commanded by Truly using a joystick in the aft flight deck. Under his control, he
moved the shoulder and elbow joints up and down and left to right and pitched,
yawed and rolled the wrist. As Truly issued each command, the GPCs examined
them and determined the joints that needed to be moved, their direction and their
speed and angle.

Meanwhile, the computers looked at each joint at 80-millisecond intervals and, in
the event of a failure, could automatically apply a series of brakes and notify the
astronauts. As Truly worked, a continuous flow of data on joint rates and speeds
appeared on monitors in the flight deck. An hour after the RMS had been unfurled,
Ride asked the men to establish the television feed, to which Engle replied,
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“Transmitting. You people seeing anything down there yet?”” After a moment, Ride
confirmed that, indeed, the first pictures of the arm in an inverted V-position had
appeared on Mission Control’s screens.

The images drew spontaneous applause from the Canadian delegation. For the
next four hours, Truly and Engle took turns operating the RMS and testing it in all
five control modes, using both the primary and backup software. Four days of tests
were, through necessity, now crammed into a brief 24 hours. As Truly ‘flew’ the arm,
Engle fired a series of bursts from the RCS thrusters to assess its performance under
stress. The arm’s television cameras were also evaluated and, on one occasion,
showed a grinning Truly peering through Columbia’s aft flight deck windows with a
sign that read, ‘Hi Mom’.

Only a couple of minor problems were encountered. The first was a failure in the
arm’s primary control mode, which the astronauts managed to bypass using the
backup electronics (the cause would later be traced to a broken wire). Also, the
elbow camera — one of six cameras affixed to the RMS — suffered a short circuit and
failed towards the end of the mission. Otherwise, the first demonstration of the arm
in orbit was a spectacular success and it performed within expectations under a wide
range of temperature variations.

A SCIENTIFIC BOUNTY

Although not intended to be manoeuvred by the RMS on STS-2, the IECM was
carried in the payload bay attached to the DFI pallet. Its task was to help scientists
to better understand the effect of the Shuttle on its local environment, as part of
continuing efforts to assess its atomic ‘cleanliness’ before committing sensitive
telescopes and detectors to future missions. IECM was carried on the last three test
flights and the first two Spacelab missions, and was either fixed in the payload bay or
moved around using the RMS. Its STS-2 data revealed contamination levels to be
“within expected limits”.

Promisingly for future flights, it confirmed that exhaust byproducts from the
main engines had not leaked into the payload bay — demonstrating the integrity of
the door seals — and revealed that the vast majority (more than 90%) of particulate
contaminants tended to ‘boil off” into space within the first day-and-a-half of the
mission. In general, the payload bay environment was characterised as remarkably
clean and debris-free. It did, however, show that after RCS thruster firings, small,
short-lived ‘clouds’ of particles formed and hung over the bay.

In the meantime, the experiments in the payload bay were performing extremely
well. SIR was in the process of gathering eight hours’ worth of radar data, acquiring
images with resolutions of just 40 metres of North America, southern Asia and
Europe, Australia and the Pacific islands, North Africa and the northern part of
South America. It enabled geologists to determine surface ‘roughness’ and picked
out faults, drainage patterns and evidence of stratification, as well as making a truly
unexpected discovery: ancient watercourses beneath the arid sands of Egypt, just as
they might have appeared thousands of years ago.
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Such data offered a promising preview of what might be achieved on operational
research missions. The other instruments were also proving their worth. As Engle
and Truly took photographs through Columbia’s flight deck windows, SMIRR
determined the best spectral resolution needed to identify and map rock or mineral
deposits, while FILE evaluated new techniques to automatically classify surface
features such as water, vegetation, bare land and snow, clouds or ice to better
prioritise the timing of future Earth-resources missions. It complemented SIR and
SMIRR by providing a means for them to be activated only when conditions were
‘right’ for data-acquisition.

Another experiment, MAPS, provided the first accurate indication of how severe
the levels of atmospheric carbon monoxide really are. It surveyed the lower
atmosphere — from the surface to an altitude of about 18 km — and began a series of
missions that identified this uncomfortable trend. MAPS was flown again in 1984
and on two Space Radar Laboratory missions in 1994, revealing high pollution
levels, particularly in the tropics, caused by seasonal biomass burning. Lastly, OCE
evaluated a technique to map the colour patterns of plankton and chlorophyll as
part of efforts to better identify schools of fish.

The last two OSTA-1 experiments were housed not on the pallet, but in
Columbia’s cabin. They were the Heflex Bioengineering Test (HBT) and the Night/
Day Optical Survey of Lightning (NOSL). The first investigated the effect of
microgravity and soil composition on the growth of the dwarf sunflower (Helianthus
annuus) to study the relationship between its height and moisture content. It was a
precursor of an experiment slated for the first fully fledged Spacelab mission,
planned for late 1983, which would analyse the sunflowers in greater detail. The
STS-2 test, however, achieved only partial success because of the shortened mission.

NOSL was also affected by the halving of the flight. It required Engle and Truly
to take daytime and nighttime photographs of lightning flashes over land and water,
in the hope that it might lead to the development of new systems to give early
warnings of particularly severe storms. The astronauts removed the hardware from a
middeck locker soon after reaching orbit, assembled it and successfully acquired
nighttime images and motion-picture sequences of six large daytime thunderstorm
systems. In recognition of the ‘lost” data from STS-2, more tests of both HBT and
NOSL were planned for STS-3.

After a jam-packed two days in space, on 14 November Engle and Truly began
preparing their ship for the return to Earth. Columbia’s re-entry profile as she hurtled
through the atmosphere differed significantly to pre-flight plans, due to the shortened
mission. The RCS thrusters at the rear of the spacecraft were commanded to fire over
1,000 times, consuming 815 kg of propellant — far more than planned — because the
Shuttle’s fuel-consumption rate at the end of two days in space differed from pre-flight
estimates, which were based on the demands expected of a five-day mission.

Shortly before hitting the uppermost traces of the atmosphere, a large quantity of
propellant was dumped out of the forward RCS unit to provide precise control of
Columbia’s centre-of-gravity during the descent. A series of flight tests were
conducted during re-entry, the most important of which was a so-called ‘push-over/
pull-up’ (POPU) exercise performed by Truly. As the Shuttle plummeted Earthwards
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at 22,500 km/h, he pushed her nose down from a 40-degree angle-of-attack to 35
degrees, lifted it to 45 degrees then returned it to 40 degrees. This provided extra data
on the vehicle’s aerodynamic performance during re-entry.

Engle took manual control of Columbia at an altitude of 94 m, pointing the
Shuttle into a 37 km/h crosswind and Truly deployed the landing gear 18 seconds
before touchdown. The first used spacecraft landed safely on Edwards’ Runway 23
at 9:23:12 pm, wrapping up a journey that lasted just seven minutes short of STS-1.
Although nosewheel steering was not yet available, differential braking was applied
to maintain a straight course down the runway. Engle would later say that a
fluctuating indicator in the cockpit made it difficult for him to maintain a constant
deceleration rate.

AN AMBITIOUS MISSION

A Space Shuttle with a difference headed into overcast Florida skies at precisely 4:00
pm on 22 March 1982. For the first time, Columbia flew into orbit attached to a
rust-coloured ET, the result of deleting a coat of white Fire Retardant Latex (FRL)
primer that saved 270 kg in weight and $15,000. Although this was only the third
Shuttle flight, and STS-1 and STS-2 had already demonstrated the reusability of the
system and its viability as a scientific research platform, there was still much to prove
and its powerful Congressional enemies continued their calls for its cancellation.

Fortunately, with the exception of a few minor technical obstacles — cagerly
jumped upon by the press but, in reality, insignificant in terms of their effect on the
mission — Columbia’s third trip into space was a spectacular success. Not only did it
almost quadruple the two-day endurance limit of the previous missions, it also
conducted the first tests of the RMS arm’s mettle by hauling ‘real’ payloads and
carried another engineering prototype of the Spacelab pallet; this time outfitted for a
series of experiments sponsored by NASA’s Office of Space Science.

In fact, by the time the payload, dubbed ‘OSS-1°, was launched, the office itself
had assumed a new name: the Office of Space Science and Applications. Originally,
OSS-1 was meant to be the first in a series of missions that would ferry sophisticated
astronomical telescopes and space plasma detectors into orbit. Before these could be
flown, however, scientists needed to better understand the impact of outgassing,
waste-water dumps and thruster firings on surfaces within the payload bay. Such
waste products were known to deposit thin ‘films’ of debris that could cause the
optics of very sensitive instruments to degrade.

One of the most important missions under consideration at the time would carry
three ultraviolet telescopes for detailed surveys of the Universe. The knowledge
gained as a result of the STS-3 experiments helped to get this mission off the drawing
boards and — after a long wait — into orbit just before Christmas 1990. Known as
ASTRO-1, it turned out to be one of the most complex, yet brilliant, astronomical
missions ever attempted. Results from other OSS-1 experiments enabled NASA to
build sophisticated solar and atmospheric-physics instruments which rode Shuttle
missions late into the 1990s.
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Eight of the nine OSS-1 experiments were mounted on the Spacelab pallet in
Columbia’s payload bay and were devoted to examining the near-Earth environment
and measuring levels of contamination produced by the Shuttle herself. One of the
most intriguing instruments was the University of lowa’s 158-kg Plasma Diagnostics
Package (PDP), a small cylindrical canister of electromagnetic and particle sensors to
‘sniff out’ the environment surrounding Columbia. Its data on the ‘cleanliness’ of the
payload bay would prove invaluable in allowing NASA to commit highly sensitive
scientific instruments to future missions.

To support this important experiment, Commander Jack Lousma and Pilot
Gordon Fullerton were extensively trained to use the RMS to lift the PDP from the
OSS-1 pallet and manoeuvre it to various positions in the payload bay. According to
their pre-mission press kit, they were to use the arm to hoist not only the PDP, but
also the desk-sized IECM package, previously flown on STS-2. It was in eager
anticipation for one of the most demanding missions ever attempted that the third
pair of Shuttlenauts headed into orbit on that murky March day in 1982.

Although only on his first flight, Fullerton was in charge of the RMS for these
tests. His training took place in several venues, including the robotic arm’s home in
Canada and in Houston. “I went a couple of times up to Toronto to see how [the
RMS] worked,” he said. “Then we had a full-size mockup at Houston with a 1g-
capable arm driven by hydraulics. We had an electronic version of the arm, looking
at screens in the windows and the simulator. There were a lot of tools to get the hang
of working the arm. That was pretty cool.”

Lousma, a 46-year-old US Marine Corps Colonel, had previously spent two
months in orbit on board the Skylab space station in the summer of 1973. Ironically,
had the proposed Shuttle repair mission to the ageing station gone ahead some time
before 1979, it is possible that he would have flown it with Fred Haise. Fullerton,
too, had amassed a wealth of experience both on the ground and above it, having
piloted two of the five approach and landing tests on board Enterprise with Haise in
1977.

“A real barn-burner,” was how Lousma described Columbia’s launch; Fullerton
was inclined to agree, although it did not go quite as intended. Firstly, it set off an
hour late, following the failure of a heater on a ground-based nitrogen gas line. Then
an APU overheated four-and-a-half minutes into the ascent, triggering a caution-
and-warning alarm in the cockpit and forcing the astronauts to shut it down early.
This left one of Columbia’s main engines running at only 82% thrust for the last few
seconds of the climb into space; its overall performance, however, was unaffected.

SPACE SICKNESS

The minor scare proved more than worth it; both Fullerton and his veteran colleague
suffered bouts of space sickness during their first few days in orbit. Lousma’s
previous flight experience, it seemed, by no means guaranteed him immunity from
the nauseous motion sickness which had been reported by countless astronauts and
cosmonauts over the years. Both men took Dexedrine and Scopolamine medication



34 “It will take a hundred flights ...”

and consumed the required amount of calories each day. The sickness did not affect
their ability to work, however, and post-landing checkups would reveal both men to
be in excellent health.

“Of course, everybody has their acclimation problems,” Fullerton would later
recall. “That’s pretty consistent through the population. It takes about 24 hours to
get to feel normal, at varying levels of discomfort. Most can hang in there and do
their stuff, even though they don’t feel good.” Clearly, all astronauts, after
entering a new and utterly alien environment, need time to gain their ‘space legs’
and this had posed particular problems with Fullerton and Lousma’s predeces-
sors, the STS-2 crew of Joe Engle and Dick Truly, neither of whom had flown into
orbit before.

“They had not had time, in a two-and-a-half-day flight [to acclimatise, when] they
were cut short,” Fullerton continued. “By the time they got on-orbit and traced
down the problem and the decision was made to come back early, they were getting
ready to come back. So they had no time other than to kind of respond, do things
that the ground was coming up [with] and they had some dizziness and orientation
problems on entry that Jack and I worried about a lot.

“One thing that we had was a ‘g-suit’, like they wear in the F-18, except that for
entry you could pump up the suit and just keep it that way, and so that helped you
keep your blood flow up near your head. The other thing about the motion sickness
is we’re not sure there’s a direct correlation to flying airplanes. I know if you go up
and do a lot of aerobatics day after day, you get to be much more tolerant of it. So
Jack and I flew literally hundreds of aileron rolls [in our T-38 jet trainers].

“If I did roll after roll, I could make myself sick, and I got to the point where it
took hundreds of them to make me sick. For the first day or so [in space], I didn’t
ever throw up or anything; I never got disoriented, but I felt kinda fifty-fifty. You’re
pretty happy to just float around and relax rather than keeping on charging. And
into the second day, this is really fun and great and you feel 100%. Whether the
aileron rolls helped or not, I'm not sure, but it was relatively easy.”

SUBSTITUTION: IECM ‘OFF’, PDP ‘ON’

Luckily, it was on the second day of the mission, when Fullerton again felt “great”,
that he uncradled the RMS for the first of what would turn out to be a marathon 48
hours of tests. Soon after 3:00 pm on 23 March, he flexed the arm’s robotic muscles,
before returning it to its berth on the left-hand sill of the payload bay four hours
later. One problem that cropped up during these tests was the failure of the wrist-
mounted television camera which, crucially, would enable Fullerton to view the
grapple fixture on the IECM and pick it up satisfactorily.

The IECM tests were a vitally important part of the mission because of the unit’s
relatively large size and weight of 385 kg, which would help to demonstrate for the
first time the handling and manoeuvring capabilities of the RMS, before the Shuttle
could be dedicated to carrying out more ambitious satellite deployments and
retrievals. Already, a risky recovery and repair of NASA’s Solar Max spacecraft,
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which would involve a pair of lengthy spacewalks and intensive RMS usage, had
been provisionally pencilled into the Shuttle’s calendar for 1984.

With the wrist camera effectively out of action, it was feared that faults in other
cameras on the arm or in the payload bay itself would not provide the astronauts
with acceptable views of the IECM on their monitors on the aft flight deck. This, in
turn, might then have prevented them from safely reberthing it onto the DFI pallet
after the tests, perhaps forcing them to discard the valuable payload. Nervous NASA
managers decided, therefore, to defer the IECM deployment until the fourth and
final Shuttle test flight, STS-4, in July 1982.

Instead, the IECM was substituted on this occasion for the smaller PDP, although
the latter was less than half the mass. This obviously meant that the handling
characteristics of the RMS with the PDP in its grasp would differ quite significantly
from carrying the bigger IECM, but, in the event, the tests proved satisfactory.
Original plans called for Fullerton to unberth the PDP for a series of eight-hour tests
on both 24 and 26 March, allowing it to examine the electromagnetic and particle
environment within a range of about 14 metres from Columbia.

In the event, the astronauts completed three PDP deployments and a good day-
and-a-half of additional information was gathered while the canister remained
attached to the OSS-1 pallet. Its data provided, for the first time, detailed insights
into the strange ionospheric plasma ‘wake’ generated as the Shuttle passed, boat-
like, through the electromagnetic environment of low-Earth orbit. This wake might,
it was theorised, complicate the measurements of very sensitive scientific instruments
and the STS-3 results proved beneficial for the planning and development of state-
of-the-art space plasma detectors due to be carried on the Spacelab-2 mission.

The PDP was also used in conjunction with several other experiments affixed to
the OSS-1 pallet. One of these was the Vehicle Charging and Potential (VCAP),
provided by Utah State University to examine Columbia’s electrical characteristics
and her effect on surrounding ionospheric plasma. The experiment comprised a fast-
pulse ‘gun’, which fired 100-volt bursts of electrons for durations ranging from 500
nanoseconds to several minutes. It investigated the extent to which electrical charges
accumulated on the Shuttle’s insulated surfaces and how ‘return currents’ could be
established through a limited area of surface-conducting materials to neutralise
active electron emissions.

PATHFINDER FOR SPACELAB

It was hoped that data from VCAP would provide practical experience of using
electron accelerators on later missions, particularly Spacelab-1. Plans were also afoot
in conjunction with the Italian Space Agency to build a revolutionary ‘tethered
satellite’, which would be trawled through the upper-atmospheric plasma on the end
of a 20-km-long conducting cable. The first tethered satellite mission took place in
1992, several years later than planned, and it flew again on board Columbia in
February 1996. Such tethers, researchers argued, could provide a steady supply of
electrical power for future spacecraft.
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Several other OSS-1 experiments were also intended as forerunners of more
advanced versions planned for later Spacelab missions. Two instruments — the US
Naval Laboratory’s Solar Ultraviolet and Spectral Irradiance Monitor (SUSIM) and
Columbia University’s Solar Flare X-ray Photometer (SFXP) — were devoted to
observations of radiation emitted from the Sun, to better understand the processes
responsible for them and their impact on Earth. To support them, the flight plan
called for Lousma and Fullerton to orient Columbia to aim her payload bay directly
at the Sun for several protracted periods of time.

In fact, positioning the Shuttle in a series of different attitudes also satisfied
another in a long list of tasks that needed to be completed before the vehicle could be

Gordon Fullerton manoeuvres the PDP around Columbia’s tail fin during STS-3.
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declared operational. During their eight days in space, the astronauts oriented her in
four ‘inertial’ attitudes to place different parts under maximum solar heating.
Columbia spent 30 hours with her tail facing the Sun, 80 hours with her nose aimed
at the Sun and 36 hours with her open payload bay facing the Sun. The men also
performed several ‘barbecue rolls’ to passively thermal-condition the whole
spacecraft.

During the course of these tests, Lousma and Fullerton exposed the payload bay
to its coldest-yet environment as Columbia’s tail was pointed at the Sun. The
temperatures in the bay were so low that ‘outgassed’ condensation formed on the aft
flight deck windowpanes! When this had been done, the radiators were stowed and
latched and the port-side door was closed. In general, the doors performed as
advertised under intensely cold conditions, with the exception of a problem when a
‘latched’ indication was not received for one of the aft bulkhead latches. A spell of
passive thermal conditionings quickly resolved this.

The week aloft enabled the two men to indulge in taking photographs of Earth.
This mission had, according to oceanographer Bob Stevenson, given them an
opportunity to photograph a virtually cloud-free China and one of their shots
almost got them into diplomatic hot water after landing. “Jack and Gordon were
invited to China to speak to a huge audience [in] some auditorium,” Stevenson
said later, “and they showed this picture of [a] lake. It was such a beautiful picture
that they had it enlarged and matted and framed and they signed it off to the
Premier of China [as a gift]. When they got to this picture, [there was] silence.
When [the talk] was over, there was [subdued] clapping and they didn’t know what
to think about this. So they turned to the [US] ambassador and said “We want to
give the picture to the Premier’, and he grabs the picture, looks at it [and says] ‘I
think let’s hold this for a while’. When they were leaving the stage, they said
‘What’s the problem?’ [The ambassador replied] ‘Well, see that built-up area [on
the photo]? That’s a secret nuclear facility in China that they didn’t know anybody
even knew about!””’

Lousma and Fullerton, it seemed, had inadvertently photographed the top-secret
site while taking their Earth-observation photographs and, as Stevenson said later,
“Jack wasn’t sure [he] was going to come home [alive]!”” After the flight, Stevenson
and colleague Paul Scully-Power would arrange with a Chinese friend to put some
important-looking comments and signatures in Mandarin on a blown-up copy of the
photograph and presented it to Lousma and Fullerton. The faked inscription read:
“If you damn Yankees ever come over China again ...”

Meanwhile, as the astronauts continued to put Columbia through her paces, each
of the OSS-1 experiments gathered its own treasure trove of scientific and
engineering data. In addition to the instruments already mentioned, the pallet
carried the Space Shuttle Induced Atmosphere (SSIA), Thermal Canister Experi-
ment (TCE), Contamination Monitor Package (CMP) and — a boon for Britain’s
space ambitions — the University of Kent’s Microabrasion Foil Experiment (MFE).
The latter marked the first experiment built by researchers outside the United States
to fly on board the Shuttle.

In effect, it was a square section of about 50 layers of tin foil. During the mission,
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it ‘operated” in an entirely passive mode, measuring the numbers, chemical
composition and density of tiny micrometeoroids in low-Earth orbit. Following
Columbia’s landing, the foil was removed from its place on top of the cube-shaped
TCE and laboratory analysis enabled scientists to determine not only the depths to
which the micrometeoroids had penetrated it, but, consequently, also their impact
velocities. Heavier particles punched right through the foil and often left debris,
while lighter icy ones left craters.

The TCE, to which the foil experiment was attached, was built by NASA’s
Goddard Space Flight Center in Greenbelt, Maryland, and evaluated a novel
method of protecting scientific instruments from extremes of heat and cold — from
200 Celsius to minus 100 Celsius — in Earth orbit. It used a series of heat pipes which
maintained several ‘dummy’ instruments at specific temperatures under various
thermal loads and radiated waste heat into space. The canister actually performed
better in orbit than it had done in ground tests and would later be used in the
electronics module on the ASTRO-1 payload.

It also provided useful data for an ambitious experiment slated for Spacelab-2,
which sought to better comprehend the physical properties of a peculiar substance
known as ‘superfluid helium’ — the coldest-known liquid — and demonstrate its
viability as a cryogenic coolant for future high-energy astronomical instruments. The
Spacelab-2 experiment would build on data gathered during STS-3 by evaluating the
behaviour of this strange liquid and testing a prototype containment vessel for it.

Within NASA, OSS-1 was known as the agency’s Pathfinder mission. In many
ways, several of its experiments would later find applications on ‘operational’ Shuttle
missions and would fly late into the 1990s and beyond. Its last two pallet-mounted
experiments (SSIA and CMP) assessed the impact of clouds and plumes of waste
particles ejected from the spacecraft on scientific instruments. The first measured the
brightness of particles emitted from the Shuttle, while CMP consisted of two mirrors
— coated with magnesium fluoride over aluminium, commonly used in ultraviolet
detectors — whose sensitivity was very carefully determined before and after the
mission.

Scientific activity was also pursued inside Columbia’s cabin, with several
important experiments housed in middeck lockers. These were tended by Lousma
and Fullerton throughout the mission. One of these experiments utilised a new,
filing-cabinet-sized facility known as the Plant Growth Unit (PGU), which was so
large that a middeck locker had to be removed in order to make room for it. The unit
contained all the equipment necessary — growth lamps to provide 14 hours of
artificial ‘sunlight’ each day, timers, temperature sensors, batteries, fans and a data-
storage system — to grow almost a hundred plants in the weightlessness of space.

One of the key objectives of the PGU experiments on STS-3 was to test whether
‘lignification’ was a response to gravity or a genetically determined process with little
environmental influence. Lignin is a structured polymer, which allows plants to
maintain a vertical posture, despite the effects of gravity, and is thus highly
important for the plant’s ability to grow properly. The experiments tended by
Lousma and Fullerton tried to find out if lignin was reduced in the microgravity
environment and if this caused plants to lose strength and ‘droop’.
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Earlier experiments on board Skylab and the Russian Salyut space stations
throughout the 1970s had revealed that the strange conditions in Earth orbit did
indeed cause root and shoot growth to become disorientated, as well as increasing
their mortality rates. However, little was known about the physical changes within
them. Understanding how plants behave and grow in the absence of gravity was —
and, with President George W. Bush’s new vision for trips to the Moon and Mars,
still is — essential for long-duration missions, in which astronauts will need to grow
their own foodstuffs.

Chinese mung bean, oat and slash pine seedlings were chosen for STS-3 because
all three could grow in closed chambers and under relatively low lighting conditions.
Additionally, pine is a ‘gymnosperm’, which means that it is capable of synthesising
large amounts of lignin, and it was believed that its growth was directly affected by
gravity. Unlike the mung bean and oat seedlings, which were germinated only hours
before Columbia’s launch, the pine samples were germinated several days earlier.

The seedlings were used in three experiments. One looked at whether lignification
was influenced by gravity or determined genetically within the plant. Several of the
mung beans did indeed experience orientation problems, although the oats appeared
to suffer no ill effects either on Earth or in space. The flight seedlings were all much
shorter in stature than the ground control samples, but overall their levels of lignin
reduction were only a few percent more than those grown on Earth. As such,
although the results did point towards a reduction of lignin in space-grown plants,
the difference was deemed statistically insignificant.

The second experiment used the mung beans and oats for chromosomal studies,
revealing much fragmentation and breakage and confirming that their root cells had
been affected by exposure to microgravity. A third experiment investigated how the
organisation of the plants’ gravity-sensing tissues, including the root cap, was
affected by spaceflight. Within hours of Columbia’s landing, the seedlings were
removed from the PGU, immersed in fixative, thin-sectioned and stained for light
and electron microscopy.

A MONSTER STORM

Unfortunately, the landing, like the launch, did not go entirely according to plan.
STS-3 was originally supposed to come home, as the previous two missions had
done, to Runway 23 at Edwards, on 29 March. However, unseasonal mid-March
rain showers had left Edwards under several centimetres of water and four days
before Columbia’s launch the backup landing strip at White Sands in New Mexico
was chosen instead. Ironically, despite having 90% near-perfect weather throughout
the year, on the very day Lousma and Fullerton were to come home, it suffered its
worst wind and sand storm for 25 years.

Although Edwards and KSC were the official end-of-mission landing sites, White
Sands had been named as a ‘contingency’ strip in 1979. As well as offering an
enormous runway, which provided the margins of safety needed by the Shuttle, it is
virtually unobstructed and can be seen from space. It lies in a mountain-ringed, salt-
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and-gypsum area called Alkali Flats and was first used by the Northrop Aviation
Corporation in the 1940s to test their target-drone projects. The site quickly acquired
the nickname ‘Northrop Strip’, which later became ‘Northrup’ due to a typo in a
press release. The new name stuck.

By 1952, the site had become part of White Sands Missile Range and soon
acquired a pair of 10.6-km-long runways, crossing each other in an ‘X’ shape.
During the first two Shuttle missions, it would have been used if an emergency had
forced them to return to Earth during their first orbit. Even today, although STS-3 is
the only one to have ever come home to White Sands, it remains on NASA’s list of
contingency sites and astronauts continue to hone their flying skills there.

One person supporting STS-3’s landing at White Sands was rookie astronaut
Charlie Bolden, who would later fly Columbia in January 1986. “This dust storm
was unlike anything I’d ever seen,” he said later. “It’s gypsum and it’s very fine, like
talcum powder. Everything was covered with plastic; the windows were sealed [but it]
didn’t make any difference. That was a hint that this was not a good place to land the
Shuttle.”

Blissfully unaware of the poor weather in New Mexico, on 29 March the
astronauts proceeded smartly through their preparations to fire Columbia’s OMS
engines for the descent through the atmosphere. Then, with less than half an hour to
go before the burn, Mission Control advised them that conditions were
unsatisfactory and they would try again on the 30th. The reason given was based
on higher-than-allowable surface gusts, but in fact high-altitude winds were also
unacceptable. After seven hectic, work-packed days in space, Lousma and Fullerton
were overjoyed at the chance to spend more time aloft.

“There was this realisation: ‘hey, this is free time’, and it was terrific,” Fullerton
said after the mission. “We got out of our suits, and then we got something to eat
and watched the world and I wouldn’t have had it any other way, if it had been my
choice. In fact, we flew right over White Sands with [Columbia’s] nose pointing
straight down, and I could see this monster storm going on there. It looked like it
was headed for Texas, the dust in the valley there. It was clearly a good decision. It
looked really bad down there.”

Already, astronaut John Young, flying weather reconnaissance runs over White
Sands, had recommended that conditions were nowhere near acceptable for
Columbia to land. “We had drifts blow sand into the [public-affairs] areca and some
areas up against buildings; it was about 18 inches deep!”” said White Sands facility
manager Grady McCright. “The runway got eroded [by the] wind. So we had people
driving a road grader that night [to] grade it, compact it and get it ready for landing
the next morning. The wind didn’t quit blowing until dark that night.”

Fortunately, by 30 March the sandstorm had subsided and the STS-3 crew
repeated their preparations for re-entry without problems. One of the APUs was
switched on just before the burn and the other two came online shortly after
Columbia made contact with the uppermost limit of the atmosphere. Sixteen minutes
into the fiery plunge back to Earth, the Kuiper Airborne Observatory successfully
acquired its third set of IRIS data, photographing the Shuttle’s glowing belly and
sides as she hurtled home at 15 times the speed of sound.
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Columbia descends towards landing at the end of STS-3.

Fullerton was clearly overwhelmed by his first flying experience where outside
temperatures closely matched a blast furnace. “The entry was pretty cool,” he said
later, “because it was an early morning landing, meaning that the main part of the
entry is at night, so we could see this glow from the ionisation really bright out
there.”

As Columbia continued to fall, passing over Edwards and heading for the
mountains of New Mexico, Lousma prepared for the ultimate flying challenge of his
career: landing a $2-billion spacecraft first time, with no opportunity to recover from
a missed approach. When the Shuttle reached 3,000 metres, he tested the ‘autoland’
system — which NASA expected to use operationally on future missions — but took
manual control 42 metres above the runway. After so many years preparing for this
moment, there was no way the seasoned test pilot would allow a computer to land
his ship.

That, however, was not the only concern. “The crews [are] very concerned that
they have everything that they can at their control to make sure it goes well,” said
Arnie Aldrich, “and what they were worried about is not that the autoland system
wouldn’t fly the vehicle right, what they’re worried about is if there was some glitch
in the autoland system right at a critical [point] of approach, and they had to take
control back over: the transient of getting off the autoland and back into manual
control might be something they couldn’t deal with.”

Charlie Bolden, who had followed the development of the Shuttle’s software
during his first two years as an astronaut, was unhappy about using autoland so
close to touchdown, especially on a test flight. “We developed the procedures that we
would use for autoland, how they would manually take over at the very last second,
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to go ahead and land the vehicle,” he remembered later. “We recommended [that]
this was not a good thing to do. You’re asking a person who’s been in space to take
over in this dynamic mode of flight and land the vehicle safely.

“Their physical gains, their mental gains, their balance; everything’s not there.
Not a smart thing to do. Everything we had seen at [NASA’s] Ames [Research
Center at Moffett Field in California] in the simulator, when we were in complete
control of our faculties, told us you didn’t want to do that. But the decision was
made that ‘we really need to demonstrate this, so we’re going to do it and we’re only
going to go to 500 feet anyway.”

It was decided before the flight to use airspeed, rather than altitude, as a cue to
deploy the landing gear. The wheels began to lower 30 metres above the runway, but
took longer than expected to deploy; they only locked into place a mere two seconds
before Columbia touched down. To observers, it was nail-biting to see a Shuttle
streaking in to land at over 320 km/h with her gear still in the process of coming
down. Fortunately, the landing was successful, although NASA would revert to
using altitude, rather than airspeed, as a cue on future flights.

The decision to use airspeed, rather than altitude, as the landing cue resulted in
Columbia touching down 1.2 km past the runway threshold and required Lousma to
apply differential braking to keep the Shuttle within 24 metres of the centreline.
Although the vertical impact velocity of both the main and nose gears was within the
limits set by mission rules, it was still harsher than expected and caused a 46-cm
scrape in one of her tyres, a cracked beryllium rotor in one of her brakes and
extensive contamination by the white gypsum dust.

So fine was the dust that it quite literally saturated the entire spacecraft and
caused extensive damage that was not entirely resolved in time for her next flight —
nor for the remainder of Columbia’s career, according to Bolden. “That was
Columbia! I flew it several flights later, on my first flight, and when we got on orbit
there was still gypsum coming out of everything! They thought they had cleaned it,
but I think probably some of the debris from Columbia that we gathered probably
had gypsum in it. It was just unreal what it had done.”

ROOM FOR IMPROVEMENT

Columbia’s exact landing time was 4:04:46 pm on Runway 17, setting a new Shuttle
duration record of just over eight days. As the gypsum-coated Shuttle sped down the
runway, with her forward landing gear in the process of coming down, the nose
unexpectedly pitched back up into the air, again providing a moment of shocked
surprise among the assembled spectators at White Sands. The effect, as Fullerton
would later remark, was ““a kind of wheelie”’. The astronauts, it seemed, were trying
to prevent what they thought was a premature nosewheel touchdown.

“It pointed out another flaw, or room for improvement, in the flight software,”
Fullerton would say later. “The gains between the stick and the elevons, that were
good for flying up in the air, were not good when the wheels were on the ground. He
[Lousma] kind of planted it down but then came back on the stick, and the nose
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came up. A lot of people thought this is a terrible thing [but] we improved the
software and so people don’t do that anymore; but we discovered a susceptibility.”

Despite the concerns expressed by NASA management at the time, STS-3 was still
a test flight — and such problems are commonplace on test flights — as well as only the
third mission of the world’s most advanced and complex spacecraft. The
achievement was that the astronauts identified the problem before the Shuttle went
operational and additional simulator runs by the STS-4 crew would use the 60-m
altitude mark, rather than 500-km/h airspeed, as their cue to deploy the landing gear.
The key points of STS-3’s landing were that it was safe and it was successful.

Charlie Bolden watched the landing attentively. “Everything seemed to be going
well until just seconds before touchdown, when all of a sudden we saw the vehicle
kinda pitch up and then kinda hard nose touchdown. We found out that just as Jack
Lousma had trained to do, you need to move [the control stick] an appreciable
amount [to disengage the autopilot]. We didn’t realise that. The way he had trained
was just to do a manual download with a stick. When he did that, he disengaged the
roll axis on the Shuttle, but he didn’t disengage the pitch axis. So the computer was
still flying the pitch, although he was flying the roll. Gordon Fullerton just happened
to look at the eyebrow lights and he noticed that he was still in auto in pitch. He told
Jack and so Jack just kinda really pulled back on the stick, and it caused the vehicle
to pitch up. Then he kinda caught it and put it back down and he saved the vehicle.”

As servicing vehicles encircled Columbia, the spacecraft sat on the runway, in
Fullerton’s words, “surrounded by white gypsum”. So severe was the damage that
the flow rate from the purge units attached to the Shuttle’s forward fuselage was
increased and the aft compartment’s vent doors were closed to prevent further
contamination. On hand at White Sands to greet the astronauts, in addition to their
families, were New Mexico Governor Bruce King and former Apollo astronaut
Senator Harrison ‘Jack” Schmitt, as well as the missile range’s commanding officer,
Major-General Alan Nord.

Within hours of landing, Columbia’s time-critical experiments, including the
plants from the PGU and samples from the Electrophoresis Equipment Verification
Test (EEVT), were removed from the middeck and returned to their research teams.
The EEVT unit was a forerunner of later Shuttle experiments, which would employ
‘electrophoresis’ — whereby electric currents separate biological materials in fluids
without damaging the cells themselves — to allow scientists to conduct studies of cell
biology, immunology or for medical research. Electrophoresis on Earth is difficult
because heat produced by the electric current introduces buoyancy and remixing of
the cells and fluids, thus defeating the objective.

During STS-3, the unit held red blood cells and live kidney cells which the
astronauts inserted into a series of glass columns for the separation process to take
place. After an hour, the samples were removed and stored in a cryogenic freezer for
the journey home. Unfortunately, at some point over the weekend of 3—4 April, as
they underwent preparations to be flown back to NASA’s Johnson Space Center in
Texas for analysis, the freezer suffered a failure and thawed the samples, thus ruining
them. It was an intense disappointment for the EEVT scientists.

Columbia, meanwhile, was towed to a huge crane known as the Stiffleg Derrick,
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which — with the assistance of a conventional crane — hoisted her on top of the 747
carrier aircraft for the return flight to Florida. At 2:00 pm on 6 April, the Shuttle left
White Sands and, following a refuelling stop at Barksdale Air Force Base in
Louisiana, touched down at KSC just six hours later. Had she returned to Edwards
as originally intended on 29 March, her return to Florida was not anticipated before
9 April.

“IT WILL TAKE A HUNDRED FLIGHTS”

Columbia’s early return to KSC after her eventful STS-3 landing was something of a
double-edged sword for Shuttle technicians. On the one hand, it allowed NASA
management — who were, by now, becoming increasingly confident of the reusable
spacecraft’s capabilities — to bring the target launch date of her next mission forward
from some time early in July to the last week of June 1982. However, on the other
hand, the Shuttle was not in particularly good shape following her White Sands
touchdown and needed extensive repairs before she could fly again.

As Charlie Bolden commented, the vehicle was literally saturated with gypsum
dust and, despite efforts to remove it, the powdery stuff would remain in small
quantities, hidden in nooks and crannies, for the rest of Columbia’s career. It was
remarkable, therefore, that the OPF processing flow needed to meet a late June
target for STS-4 was accomplished in just 42 days! That represented a significant
reduction from the 610 days needed to prepare STS-1, the 104 days to ready STS-2
and the 68 days to process STS-3. It seemed that NASA was making headway with
getting Shuttles ready to fly.

Launches every two weeks, however, were still a long way off and, privately, many
doubted that they would ever be achievable. The sheer technical challenges facing
NASA in preparing each payload for flight and tending to the refurbishment of the
spacecraft — and, particularly, the thermal tiles — were almost overwhelming. Even at
its peak flight rate in 1985, the year before NASA lost its first Shuttle, only nine
missions were accomplished in a single calendar year. By 2002, the year before
Columbia herself was lost in the STS-107 tragedy, that figure had fallen to just five
flights.

With the benefit of hindsight, it was — and still is — naive to suppose that a vehicle
as complex as the Shuttle could ever come close to becoming the spacegoing
equivalent of a commercial airliner. Yet that was the intention and it was a dream
that persisted until the beginning of 1986: in fact, NASA’s final Shuttle manifest,
published just before the loss of Challenger, quoted plans for 14 flights in 1986 and
almost twice that number in 1987. Even without the loss of Challenger, insiders
doubt that such mammoth flight rates were realistically possible.

The plan to remove the ejection seats from Columbia was also controversial
among many astronauts. Bryan O’Connor, who would later fly Columbia in June
1991, remembers a conversation he once had with fellow astronaut Ken Mattingly.
“I told him I just didn’t feel comfortable with how we could possibly get to a



“It will take a hundred flights” 45

The STS-3 crew: Gordon Fullerton (left) and Jack Lousma.

confidence level after such a short test programme, to be able to do that. He said,
‘Well, don’t worry about all the rhetoric [from NASA Headquarters]. In reality, you
and I both know that it will take a hundred flights before this thing will be
operational.””

In the spring of 1982, however, it was a different story. On the outside, the
Shuttle seemed to be prospering and it was with great anticipation that NASA set
to work preparing Columbia for her fourth and final test flight. Thirty-six tiles and
fragments of 14 others were found to have fallen from her nose and the aft body-
flap underneath her main engines; fortunately, none of these areas was subjected to
exceptionally high temperatures during re-entry. The tiles had been closely
inspected after each flight and a process of ‘densification’ had been ongoing since
before STS-1. This process involved the application of a silica solution to the tiles
and was intended to improve their adhesion to a Nomex felt pad bonded to
Columbia’s aluminium skin. Since the airframe expanded when heated, the tiles —
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which could not be allowed to open any gaps — were affixed to a ‘dynamic’ base.
Most of the tiles in areas subjected to particularly high-temperature heating during
re-entry — such as the belly — had been densified long before STS-1 and the
remainder were gradually completed between each flight and finished during a
scheduled year-long maintenance period after Columbia returned from her STS-5
mission.

Meanwhile, the payloads assigned to the STS-4 flight were being brought up to
speed and by May 1982 most of them had been installed on board the Shuttle. The
IECM unit, which Jack Lousma and Gordon Fullerton had been unable to deploy
on STS-3, was returned to its manufacturer, inspected and replaced in the payload
bay. An important new commercial facility called the Continuous Flow Electro-
phoresis System (CFES) — an ‘operational’ variant of the EEVT and destined to fly
several Shuttle missions — was loaded into the middeck and the first ‘real’ Getaway
Special (GAS) canister was mounted on Columbia’s payload bay wall.

Getaway Specials were to become frequent passengers on the Shuttle. These 180-
kg dustbin-sized canisters could be flown in numbers of up to 13 at a time and were
part of a drive to encourage universities, government agencies, foreign nationals and
even private individuals to develop their own scientific experiments for carriage into
orbit. A ‘practice’ canister had been flown on STS-3 to demonstrate its viability as an
operational facility: it was fitted with temperature, acceleration, acoustic-noise and
pressure sensors to monitor the stresses that an experiment would be subjected to
during launch, ascent, orbital flight and re-entry.

The test proved that the canisters could support even very sensitive experiments,
including those housing living creatures such as insects, and on STS-4 a Thiokol
manager named Gilbert Moore ‘bought” one for several thousand dollars and
donated it to Utah State University for student-built investigations. Nine
experiments in total were placed in the canister, ranging from genetic studies of
fruit flies and the growth of algae, duckweed and brine shrimp to a number of fluid
physics and materials science investigations.

A QUIET MISSION

One passenger on board STS-4, which was not publicised as highly, was the first
classified Department of Defense payload. The United States military had long
harboured an active interest in both the development and usage of the Shuttle for
their own purposes; in fact, a separate launch-and-landing facility had been built for
the reusable spacecraft at Vandenberg Air Force Base in California. Already, the US
Air Force was in the process of buying nine dedicated Shuttle missions to launch its
classified spy satellites and conduct other military experiments for the bargain-
basement price of just $268 million.

This remarkable deal — less than $30 million per flight — had been struck with
NASA partly in recognition of the support offered to the Shuttle during its
development by the Department of Defense, but also in anticipation of the latter’s
plans to fly regular Shuttle missions out of Vandenberg from 1986 onwards. One of
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NASA’s Shuttle fleet — most likely Discovery, due for completion in mid-1983 —
would be exclusively detailed to Vandenberg to take either military payloads or
polar-orbiting satellites into space. It would be the first time a manned spacecraft
had launched from the West Coast.

History has shown that, in the wake of Challenger, it never happened. The loss of
a Shuttle and its crew, together with the inevitable public scrutiny and interest in
manned launches, eventually drew the Department of Defense back to using
expendable rockets. By employing these, unlike the Shuttle, it could preserve the
secrecy it needed for its highly sensitive spy satellites. Nevertheless, it did remain
committed to NASA in terms of its nine agreed missions, and even added a tenth,
which finally flew in December 1992. However, no Shuttles ever flew from
Vandenberg or into polar orbit.

In readiness for what was expected to be a flurry of military missions, the first-
ever classified payload was carried on STS-4 and known rather cryptically as ‘DoD
82-1’, meaning it was the first — and only — Department of Defense experiment to be
flown during financial year 1982. Some details of this payload have slipped out over
the years and the centrepiece seems to have been a sensitive detector known as the
Cryogenic Infrared Radiance Instrument for Shuttle (CIRRIS), which was also
destined to fly on another military mission in April 1991.

It would appear that its objective was to test infrared sensors for an advanced
surveillance satellite known as Teal Ruby which, at the time of the Challenger
accident, was scheduled to be on board the first Shuttle mission out of Vandenberg
sometime in July 1986. Interestingly, and perhaps pointing to Teal Ruby’s
significance, that mission would have been under the command of none other than
STS-1 veteran Bob Crippen. In the wake of Challenger, and the near-three-year
period of grounding that followed, Teal Ruby was eventually shifted onto the STS-
39 mission and finally cancelled.

When STS-39 lifted off in April 1991, it carried not Teal Ruby, but an updated
version of CIRRIS. Apparently, by the time it would have been ready to launch, the
Teal Ruby technology — considered ‘advanced’ when it was built in the late 1970s —
would be virtually obsolete. Had it flown, Teal Ruby would have been capable of
detecting and tracking missiles passively from space.

“[Teal Ruby] was a prototype staring mosaic infrared sensor that was trying to be
able to detect low-flying, air-breathing vehicles — things like cruise missiles — and a
way to try to detect those approaching US territories,” said Jerry Ross, who would
have accompanied Crippen had the original Vandenberg mission not been cancelled.

“IT JUST GOES”

It was under an unusual shroud of quiet that Commander Ken Mattingly and Pilot
Hank Hartsfield — the last two-man Shuttle crew — rode the bus to Pad 39A on 27
June 1982 for STS-4. Mattingly had previously flown on Apollo 16 with John
Young, while Hartsfield was making his first space mission. Originally, when NASA
intended to fly six test flights before declaring the Shuttle operational, Mattingly and
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Hartsfield were assigned to the fifth (called the ‘E’) mission, and when the agency
reduced the number to four they expected to be assigned an operational flight.

According to the initial plans, astronauts Vance Brand and Bob Overmyer — the
‘D’ crew — were in line for STS-4, but their roles were switched with those of
Mattingly and Hartsfield and they were ultimately assigned as Commander and Pilot
of Columbia’s first operational mission, with the job of deploying two commercial
satellites and overseeing the first Shuttle spacewalk. “The idea of trying to get on an
early test flight”, said Mattingly, ““‘was what every pilot wants to do. Of course, none
of us thought that it was going to take so many years before that first flight took
place.”

Concerns had been raised over their chances of launching safely, because on the
previous night (26 June), a severe hailstorm damaged several thermal tiles and left
water behind the covers of two RCS thrusters. Despite the chance of this freezing
during ascent, it was decided that it would not present a problem.

Columbia lifted off precisely on time at 3:00 pm, right at the opening of a four-
and-a-half-hour ‘window’, and was quickly arcing into the clear Florida sky, on
course for a week-long mission. For Mattingly, who had endured a bone-jarring
liftoff on board a Saturn V a decade earlier, the Shuttle, in comparison, was the
smoothest ride in the world: “It [the Saturn] feels just like it sounds. You get this
staccato cracking and all that from the engines. Inside, it’s the same thing. It’s
shaking and banging and pushing hard and there’s no doubt that something really
gigantic is going on. ... The Shuttle [was] not noisy; it doesn’t shake. It just goes.”

Columbia’s ascent, overall, was nominal, but several hydraulic sensors registered
dramatic temperature drops in the nose landing gear wheel well — in one case from 25
Celsius to minus 15 Celsius — which took several hours to return to normal. Nothing
like it had been seen on the three previous launches and it was attributed to
rainwater from the storm having penetrated Columbia’s wheel wells. Moreover, DFI
measurements recorded moisture behind some thermal tiles.

This reinforced a decision by NASA managers, made before the launch, to orient
the Shuttle in a belly-to-Sun attitude and so evaporate the water. This attitude was
maintained for 12 hours, after which the astronauts began preparing for the ‘normal’
attitudes planned for their mission. With her belly facing the Sun and her payload
bay and overhead windows aimed Earthwards, this presented some magnificent first
views of orbital flight for both men. “All of a sudden,” Mattingly said later, ‘it was
like you pulled the shades back on a bay window and the Earth appeared!”

The ascent, however, had gone somewhat awry for Columbia’s twin SRBs, whose
parachutes had failed during their fall back to Earth. Both boosters sank after
splashdown in the Atlantic Ocean and, although an underwater remote camera later
photographed the wreckage, it was deemed too expensive to recover them. The cause
of the failure was later traced to a new feature intended to separate the parachutes
from the SRBs at the instant of splashdown; it was supposed to prevent the boosters
being dragged through the water by their deflated canopies, and instead had
prevented their deployment.

The system was active on the first three Shuttle missions, but was partially
disabled for STS-4. During the launch of Mattingly and Hartsfield, frangible nuts



Thermal tests 49

The desk-sized IECM is manoeuvred by the RMS on STS-4.

holding one of two risers for each parachute were replaced by two regular solid nuts
that would not separate the riser. Preparations for Columbia’s next mission, STS-5,
would include the replacement of all frangible nuts with regular solid ones. As a
result, when the Shuttle next lifted off in November 1982, both risers on each
parachute remained attached to the boosters until they could be removed by
recovery personnel. The fix was successful.

Meanwhile, despite the half-day ‘hot soak’ of Columbia’s tiles in orbit, DFI data
indicated that water still remained in several nooks and crannies. It was feared that,
during cold periods, it could freeze and possibly crack the most sensitive tiles on
areas of Columbia that endured maximum atmospheric heating during re-entry. As a
result, another, 23-hour ‘solar inertial’ run was added to the astronauts’ timeline for
29 June and resolved the problem. After the mission, several DFI-measured tiles
were removed and checked for traces of water; none was found, thereby validating
the solar inertial ‘conditioning’ attitude to resolve future incidents.

THERMAL TESTS

Manoeuvring the Shuttle into various attitudes to better understand its thermal
characteristics before declaring it operational was a key objective of STS-4. “We had
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been assigned to do a bunch of thermal tests,” Mattingly said later, “where you put
the orbiter in an attitude and get one side hot, and then one side cold and then spin it
around. They were collecting the data [because] after this flight we wouldn’t have the
instrumentation to do that. It was kinda something that had to be done, but was
really not a glamorous kind of test that you can run.”

Rookie astronaut Mike Coats, who was sitting in Mission Control monitoring
these tests, called the Shuttle’s thermal behaviour “the banana effect’; during orbital
flight, the entire vehicle was bending like a banana, as its ‘hot side’ expanded and its
‘cold side’ contracted. During a practice opening and closure of the payload bay
doors under extremely cold conditions, problems arose after one period in the belly-
to-Sun attitude. A ‘closed’ indication on one of the doors was not achieved,
prompting Coats to advise the astronauts to reverse their attitude and warm up
Columbia’s topside instead of her belly.

This procedure, as well as 10 hours of ‘barbecue roll’ and two hours in a tail-to-
Sun attitude, rectified the problem and door opening and closure was demonstrated
several times thereafter. A thorough understanding of factors affecting the
satisfactory closure of the payload bay doors was essential before the Shuttle could
be declared operational; if a crew was ever unable to close them properly, they could
not return home. For the rest of her mission, Columbia spent 67 hours in a tail-to-
Sun attitude and on 3 July undertook a 10-hour barbecue roll to thermally stabilise
herself prior to re-entry.

In effect, the astronauts could place the Shuttle into the required attitude and
leave her alone until it became necessary for another orientation change; in the
meantime, they had a multitude of other tasks to accomplish. Chief among these
were the final series of RMS tests and, to highlight the importance of the arm on this
and future missions, a new console had been set up in Mission Control: that of the
‘RMS, Mechanical Systems and Upper Stages Systems Officer’, known by the
callsign of ‘RMU".

TYING UP LOOSE ENDS

Although previous Shuttle crews had been assisted by an RMS officer in Mission
Control, it was decided that the new RMU would also supervise the hydraulic
systems, payload bay doors, the troublesome APUs and also the upper stages that
would help to boost two communications satellites into geosynchronous orbits on
STS-5. Mattingly and Hartsfield’s primary work with the robotic arm was the
deployment and manoeuvring of the large IECM unit, which had not been
demonstrated on the previous mission because of a failed television wrist camera.
The IECM itself was somewhat different on STS-4 in that it had been fitted with
an extra instrument to monitor bursts from Columbia’s forward RCS thrusters. In
total, Mattingly and Hartsfield completed two successful deployment and berthing
runs with the device, lasting around nine hours in total, and commented that the
handling characteristics of the RMS were “crisp and precise” with the IECM in its
grasp. They also evaluated a new berthing device in the payload bay, known as a
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Retention Engagement Mechanism (REM), and acquired good images of the
payload in their monitors on the aft flight deck.

Images of the payload bay during the flight were minimised to keep the
Department of Defense’s secret package under wraps. It seems that, in addition to
the CIRRIS infrared detector, there were six other experiments on board Columbia,
all of which were attached to a cross-bay ‘bridge’ known as the Experiment Support
Structure (ESS). These were the Horizon Ultraviolet Programme (HUP), the
Autonomous Navigation and Attitude Reference System (ANARS), the Shuttle
Effects on Plasma in Space (SEPS), the Sheath and Wake Charging (SWC), a set of
passive cosmic-ray-collection panels and a pallet alignment modelling experiment.

Each of these payloads apparently functioned autonomously and without incident
throughout the flight, except for CIRRIS itself, which refused to work when its lens
cap would not open. Mission controllers in Houston discussed the possibility of
knocking the cap off with the RMS or sending Mattingly out into the payload bay
on the first-ever Shuttle spacewalk to open it manually, but it was ultimately decided
not to complicate what was, after all, a test flight. Payloads were considered a bonus,
rather than a necessity, and CIRRIS would have to wait for another chance to
display its ability in space.

Mattingly, on the other hand, was eager to make a spacewalk, having already
performed one during his Apollo 16 mission 10 years previously. Owing to the
curtailed STS-2 mission, for which he and Hartsfield had served as the backup crew,
the new-specification Shuttle spacesuit had not yet been used in orbit. Before a
spacewalk could be tried, the procedures and timeline for donning and doffing the
suit needed to be fine-tuned. That honour was completed admirably by Mattingly on
STS-4, although the only problem, he said, was that “‘I didn’t get to open the door”.

VEIL OF SECRECY

The military experiments had already drawn sufficient criticism to drop a
reconnaissance camera from Columbia’s flight and the dismal failure of the
high-profile CIRRIS only added to the embarrassment. In fact, the overly secret
nature of the mission was often laughable, especially to the crew. ““A funny thing
happened on that flight,”” remembered Hartsfield. ““Because it was highly classified,
on this one experiment they had a classified checklist [and] because we didn’t have
a secure com[munications link], we had the checklist divided up in sections that just
had letter-names like Bravo Charlie, Tab Charlie, Tab Bravo, that they could call
out. When we talked to Sunnyvale [the US Air Force’s Satellite Control Facility in
California], they said ‘Do Tab Charlie’ or something. That way it was unclassified.
We had a locker that we kept all the classified material and it was padlocked. So
once we got on orbit, there was nobody going to steal it [so] we unlocked it and did
what we had to do. When we’d finished the last part of that thing, and I remember I
finally got it all stowed, I told Ken, ‘I got all the classified stuff put away. It’s all
locked up.” He said ‘Great.” It wasn’t 30 minutes and [Mission Control] said the
military folks needed to talk to us. So the military guy came on and he says he
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wanted me to do Tab November. Ken said “What’s Tab November?’ I said, ‘I ain’t
got the foggiest idea. I'm going to have to get the checklist out to see.” So I got the
padlock off and got the drawer and dug down and got the checklist and went to
Tab November and it says: ‘Put everything away and secure it!” Ken and I really
laughed about it!”

More visible in the middeck was the CFES unit, built by McDonnell Douglas,
which would fly several times on the Shuttle in the early 1980s, accompanied on three
occasions by an engineer representing the company. A full-scale version of the EEVT
machine from STS-3, the CFES could process considerable quantities of biological
materials in continuous streams. It was already known from primitive electrophor-
esis experiments dating back to the Apollo days that the absence of gravity could
lead to the production of materials of greater purity than could be achieved on
Earth.

It was hoped, for example, that scientists would be using CFES samples not only
to develop advanced drugs in space, but to produce them at such a rate as to make
them available on the world market. Some scientists speculated that by 1987 these
could include beta cells to provide a single-injection cure for diabetes, high-purity
Interferon, epidermal growth factor products for treating burns, hormonal products
to stimulate bone growth and countless others. With the Shuttle still widely expected
to achieve fortnightly launches, the world markets would soon be overflowing with
drugs that could only be made in space.

At the time of STS-4, plans were afoot to fly CFES at least six times between 1982
and 1984 and, depending on their success rate, to expand operations using a pallet-
mounted ‘bridge’ in the payload bay to support production from 1986 onwards.
McDonnell Douglas engineer Charlic Walker flew three times with CFES — once in
the summer of 1984 and twice in 1985 — and demonstrated its capabilities. The first
pallet-mounted CFES, accompanied by another McDonnell Douglas engineer
named Bob Wood, was scheduled for July 1986. When Challenger exploded in
January of that year, however, all those plans were shelved.

DATE WITH THE PRESIDENT

Columbia’s return to Earth on Independence Day, 4 July 1982, was interesting for
Mattingly and different again from his memories of coming home after his lunar
mission: ““Apollo had aggressive forces on launch and entry, whereas the Shuttle has
just really soft forces and entry is just a piece of cake.” Their arrival at Edwards Air
Force Base was being watched closely by President Ronald Reagan and the
astronauts had already been briefed by NASA Administrator James Beggs and asked
to think up some memorable words to mark the occasion.

“We knew they had hyped-up the STS-4 mission so that they wanted to make
sure that we landed on the Fourth of July,” Mattingly said later. “It was in no
uncertain terms that we were going to land on the Fourth of July, no matter what
day we took off. Even if it was the Fifth, we were going to land on the Fourth! That
meant, if you didn’t do any of your test mission, that’s okay, as long as you land on
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Hank Hartsfield (left) and Ken Mattingly (saluting) are greeted by President Ronald
Reagan at Edwards Air Force Base on 4 July 1982.

the Fourth, because the President is going to be there. We thought that was kinda
interesting.”

Fortunately, Columbia’s landing — the first on concrete Runway 22 — was
precisely on time at 4:09:31 pm on Independence Day, completing a textbook seven-
day mission. Unlike the experience of Lousma and Fullerton on STS-3, the Shuttle’s
landing gear was deployed at an altitude of 123 metres, a full 20 seconds before
touchdown, allowing all six wheels to fully lock into place with plenty of time to
spare. Columbia landed a couple of hundred metres past the runway threshold and
Mattingly applied the brakes for 20 seconds to bring her to a smooth stop.

The astronauts had considered putting up a notice for the President, who they
expected would want to come on board to look around the Shuttle’s middeck, with
words to the effect of “Welcome to Columbia. Thirty minutes ago, this was in space.’
Unfortunately, US Navy Captain Ken Mattingly’s first meeting with his
Commander-in-Chief — who used the occasion to declare the Shuttle fully
operational — was done with a rather painful forehead ...

After the flight, Mattingly said, ““I said [to Hartsfield, while on the flight deck] ‘I
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am not going to have somebody come up here and pull me out of this chair. I'm
going to give every ounce of strength I’ve got and get up on my own.” So I just got
this mental set and I pushed and I hit my head on the overhead [control panel] so
hard that blood was coming out! Oh, did I have a headache!” Nevertheless, both
astronauts composed themselves, disembarked, descended the steps and Hartsfield
and a sore-headed Mattingly smartly saluted the President.
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Columbia delivers

AN UNPROTECTED CREW

When Vance Brand had his official astronaut portrait taken in 1979, wearing the new
Shuttle pressure suit, he confidently expected to wear it on his first flight in a few
years’ time. Although it was questionable how useful Columbia’s ejection seats
would be as a means of emergency escape, the suit at least would keep him alive in
case of a cabin depressurisation during the trip back to Earth. Little did Brand know
that when he and his STS-5 crew lifted off on 11 November 1982, they would be
wearing little more than overalls and a helmet ...

The reason was that, on Columbia’s fifth mission into space, Commander Brand
and rookie Pilot Bob Overmyer would be accompanied by two other astronauts: a
physicist named Joe Allen — who had served as Capcom for the first Shuttle flight —
and an electrical engineer named Bill Lenoir. It would be the first time that four
astronauts had been launched together on the same spacecraft and would pose a
difficult dilemma over how to eject from the Shuttle in the event of a major in-flight
emergency. The problem was quite simple: not all of them would be able to get out
alive.

There was only enough room at the front of the Shuttle’s cramped flight deck to
accommodate two ejection seats and their rails for the pilots. Allen and Lenoir,
members of a new subset of astronauts called ‘Mission Specialists’ — men and women
responsible for accomplishing in-flight tasks, such as satellite deployments and
retrievals or scientific experiments — would have to make do with collapsible seats at
the rear of the flight deck or on the middeck. Installing four ejection seats with rails
would be difficult and, as Shuttle crews increased to a maximum size of seven, would
become impossible.

“No-one wanted to fly with seven rockets in the cabin!”” Arnie Aldrich has said,
although others wanted to retain the ejection seats. *“That would have restricted the
size of the crew,” admitted former assistant Shuttle director Warren North, “because
[you] couldn’t put seven ejection seats in there but we could leave the two pilot seats,
[then add] four [abreast] behind the pilots that were of much lighter variety. The
Yankee system, for instance, [was] a tractor rocket that pulls the pilot out in a prone
position, where the seat [pan] collapses and the pilot is pulled out head first. That
would have involved putting pyrotechnic escape hatches in four places — behind the
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flight crew and in the [overhead] payload deck — which would have involved
redesigning the orbiter to some degree [including its] wiring. It could have been done,
[but] would have involved a time delay, been a little [more] expensive [and added
some] weight. We made mistakes along the way. We’ve got a vehicle today that has a
moderate escape capability, but not nearly what some of the crew would like.”

No ejection seats on STS-5 meant that Allen and Lenoir’s chances of escape
during an emergency would be limited to the ‘long shot’ of bailing out through
Columbia’s side hatch. Eitherway, even if ejection seats for the entire crew were
practicable, they would not have provided greater advantages to the astronauts in
terms of survivability. STS-1 Commander John Young once joked darkly that the
seats’ parachutes would open ““about fifty feet after we hit the ground!”” With this in
mind, perhaps, Brand had elected to do away with the ejection seats and move to the
blue NASA overall-like flight suits.

His launch on STS-5 would thus be totally different from his Apollo 18 mission in
July 1975, when he and his crewmates had participated in a joint rendezvous-and-
docking exercise with the Soviet Soyuz 19 spacecraft. Like Young, Lousma and
Mattingly before him, Brand remembered first-hand the escape rockets that sat on
top of the Apollo command modules, which were capable of whisking crews to safety
in the event of a malfunction. The asymmetrical design of the Shuttle made such
escape rockets impractical, and rendered the entire vehicle potentially far more
hazardous than the Saturn rockets had ever been.

A civilian astronaut since April 1966, Brand was the only veteran among the STS-
5 crew. In addition to his Apollo mission, he had trained for a daring rescue of three
colleagues on board the Skylab space station and, owing to NASA budget cuts, had
narrowly missed out on a flight to the Moon. He would, however, go some way in
making up for this by flying three Shuttle missions and, in December 1990, would
acquire distinction as the then-oldest man in space when he led a crew into orbit at
the age of almost 60.

Seated alongside Brand was crew-cutted US Marine Corps Colonel Overmyer,
who served as Pilot on the mission, before commanding his own Shuttle flight in
April 1985. Occupying a collapsible seat behind the instrument panel, just behind
and between the Commander and Pilot, sat Lenoir, to whom fell the task of serving
as a flight engineer during the ascent portion of the mission. Meanwhile, the final
member of the crew, Allen, sat alone ‘downstairs’ on the middeck for launch, trading
places with Lenoir on the flight deck for re-entry. Both of their seats were folded
away and stowed during the flight.

Although the bulky ejection seats in the forward part of the cockpit remained in
place, and would not actually be removed for another couple of years, they were at
least deactivated in time for STS-5. However, their very presence made Columbia’s
flight deck considerably more ‘cramped’ than the cockpits of later Shuttles. Indeed,
STS-3 Pilot Gordon Fullerton later remarked that the flight deck of the second
space-rated orbiter — Challenger, which he flew in July 1985 — seemed much more
‘roomy’ when he first climbed on board, because it contained more lightweight,
collapsible seats.
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SPACE TRUCK

Preparations for the STS-5 mission took place on three separate fronts. Firstly, there
was the assembly of the boosters and External Tank, which took place in the VAB.
Secondly, there was the processing — and a good deal of modification, too — of
Columbia herself in the OPF. Finally, on this first operational flight of the Shuttle,
the astronauts would be required to deploy two commercial communications
satellites: Satellite Business Systems (SBS)-3 and ANIK-C3. Both arrived by aircraft
at Cape Canaveral Air Force Station in the midsummer of 1982 and were quickly
transferred to the Vertical Processing Facility for pre-mission checks.

Columbia, meanwhile, was having old parts removed and new parts installed. The
IECM and the Canadian-built RMS mechanical arm — which would not be required
on STS-5 — were removed, the pyrotechnics for the ejection seats were dismantled
and two collapsible Mission Specialist seats were fitted. The final removal of the
ejection seats was planned for an extended period of modification and refurbishment
of Columbia, expected to begin after the Shuttle returned home from her STS-9
mission. Furthermore, the middeck floor was strengthened and parts of the DFI
pallet were removed from the payload bay.

On 9 September 1982, Columbia rolled into the VAB and was attached to her
tank and boosters. Following the now-customary verification of mechanical and
electrical interfaces between each component, the butterfly-and-bullet stack was
transferred to Pad 39A on the 21st. The two satellites and their attached solid-rocket
motors — encased in a pair of lightweight sunshades — were moved to the pad on 12
October and loaded on board Columbia a week later. This procedure, which
employed a device known as the Payload Ground Handling Mechanism, was the
first time a piece of cargo had been loaded vertically into its launch vehicle.

It was a sign of things to come. The Shuttle, as advertised, was capable of carrying
up to three communications satellites, together with their motors and sunshades, in
her cavernous payload bay and NASA hoped that this could bring in millions of
dollars of revenue each year. The launch of just two satellites by the STS-5 crew
would net the space agency a first royalty payment of $18 million. Ultimately, it was
hoped to out-compete for commercial contracts with the recently inaugurated
European-built Ariane expendable rocket by offering ‘free’ seats on board the
Shuttle to customers’ representatives.

Looking ‘down’ on Columbia’s payload bay, it seemed that two oversized
versions of Pacman were sitting there, for when the protective sunshades opened to
release the satellites inside, they looked just like a pair of jaws from the children’s
board game. Fortunately, unlike the real Pacman, these jaws were designed to release
something, rather than gobble it up. Each cradle was composed of a series of
aluminium tubes, covered with Mylar insulation, and measured 2.4 m long by 4.6 m
wide across the width of the payload bay.

At the base of the cradle was a turntable to impart the required spin rate, which
could vary between 45 and 100 rpm, depending on the payload, and a spring ejection
system to release the satellite and its attached motor. During the Shuttle’s ascent into
orbit, a pair of restraint arms held the precious satellite steady inside the sunshade.
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The ANIK-C3 communications satellite inside its ‘Pacman’ cradle before STS-5.

Soon after achieving orbit, the delicate shades were closed to protect the unpowered
satellites from the space environment.

It was at this point that Lenoir and Allen would respectively supervise the
deployment of ‘their’ individual satellite. The SBS-3 deployment, which would occur
eight hours after launch, would be conducted by Lenoir and that of ANIK-C3 would
take place under Allen’s auspices almost exactly 24 hours later. As each astronaut
performed ‘his” deployment, the other Mission Specialist would photo-document the
procedure, while Brand and Overmyer handled Columbia’s systems and prepared to
manoeuvre her safely out of the way before the satellites’ motors were ignited to
boost them into geosynchronous transfer orbits 36,000 km above the equator.

The 600-kg SBS-3 satellite was built by the Hughes company at its El Segundo
plant in California and, when operational, provided all-digital voice, data, video and
email facilities, a high-quality messaging service for business customers and a spare
transponder for communications firms, broadcasters and cablecasters. Sitting just
behind SBS-3 in Columbia’s payload bay was ANIK-C3, which was more or less
identical in size, shape and mass, but was owned by the Ottawa-based Telesat
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company. It offered, for the first time, rooftop-to-rooftop voice, data and video
business communications, as well as Canadian television and other broadcast
services.

Although its name implies that it was the third ANIK-C-series satellite to be
placed into orbit, this was actually the first to be launched! Two others, ANIK-C1
and ANIK-C2, had been placed in storage until a suitable date could be established
for their launch. By coincidence, ANIK-C3’s completion occurred at the same time
as Telesat’s first contracted flight opportunity on the Shuttle, so it was decided to
take it straight from the factory to the launch pad. The other two ANIK-Cs were
launched on later Shuttle missions in 1983 and 1985.

Both SBS-3 and ANIK-C3 were cylindrical drums, measuring 2.7 m tall and 2.1 m
wide when stowed on board Columbia, but increasing to more than twice that height
in their final configuration. Both were coated with black ‘skins’ of 14,000 solar cells,
which generated 1,100 watts of DC power to operate them over decade-long
lifespans and also carried their own supplies of hydrazine fuel for station-keeping.
Each had an onboard power system, including rechargeable batteries, to run its
communications equipment. SBS-3 covered the entire contiguous United States and
ANIK-C3 virtually all of Canada, including its remote northern regions.

SBS-3 was equipped with 10 transponder channels; ANIK-C3 had 16. Attached
to the top of each satellite was a 1.7-m-wide shared-aperture grid antenna with two
reflecting surfaces to provide both ‘transmission’ and ‘reception’ beams. In the case
of ANIK-C3, which operated in the high-frequency radio bands at 14 and 12 GHz,
a combination of high transmission power and high-frequency band usage meant
that much smaller antennas just 1.2 m across could now be situated on rooftops or
office blocks. This marked a significant reduction in size from the 3.6-m-wide
reception dishes used previously, which had been viable only for hotels and office
buildings.

Not only were commercial satellites new to the Shuttle, but so were the Payload
Assist Module (PAM)-Ds, built by McDonnell Douglas, which were used by
satellites on board both the Shuttle and the expendable Delta rocket. In essence, they
and the payload bay-mounted cradle provided portable launch platforms, fitted with
spin motors and deployment springs and could deliver satellites of up to 1,250 kg
into geosynchronous transfer orbits.

THE ‘ACE MOVING COMPANY’

It was with these two precious satellite cargoes tucked into her payload bay that
Columbia and four of the most unprotected astronauts in history headed for orbit at
12:19 pm on 11 November 1982. Despite a minor problem during the countdown
when one of the primary GPCs failed to synchronise properly with the other three
computers, the Shuttle nevertheless lifted-off precisely on time at the beginning of a
shorter-than-usual, 40-minute ‘window’. The shortness of the time available was
partly due to the need for daylight at Edwards and other contingency sites in case an
emergency landing became necessary.
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Predominantly, however, the window’s short duration was because the deploy-
ment of the two satellites had to be timed in order to obtain the correct Sun-angle
when they were ready to make the first use of their electricity-generating solar cells.
Columbia’s ascent into orbit was satisfactory, with no major problems, although the
performance of the SRBs was slightly lower than expected. Nonetheless, corrections
to their parachutes made in the wake of the STS-4 failure worked and both were
spotted descending towards the Atlantic Ocean at a radar-clocked speed of 27 m/s.
Both parachutes remained intact and attached to the boosters.

Immediately after Brand and Overmyer completed two OMS burns to establish
Columbia in her correct orbit, the two Mission Specialists unstrapped and began to
fold away and stow their collapsible seats. During the course of their first day in
space, they activated the second ‘real’ GAS canister in the payload bay: an X-ray
study of the solidification of liquid metals, sponsored by the West German Ministry
of Research and Technology, which unfortunately failed completely. It would later
become apparent that the GAS canister’s battery had leaked its electrolyte and was
unable to properly switch on the experiment.

Another problem noted by the crew, just two-and-a-half hours into the mission,
was the failure of one of the Shuttle’s three cathode-ray tube (CRT) monitors located
on the forward flight deck control panel. In the early days, before the installation of
advanced ‘glass cockpits’ in the late 1990s, there were four such monitors on board
Columbia: three on the control panel in front of the Commander and Pilot, needed
to display thousands of different functions and a multitude of data, and one on the
aft flight deck for payload operations.

The aft-mounted CRT would not be needed for re-entry, so on 14 November
Mission Control radioed up a procedure to switch the cables between the failed
monitor and the healthy one at the back of the flight deck. This forced them to
switch off the aft CRT, but ensured that Columbia was able to return home with
three fully functional monitors on her forward control panel. Several other minor
issues cropped up with a troublesome RCS thruster, which showed signs of a
possible leak, and Brand and Overmyer kept a close eye on it for the rest of the
mission.

These problems paled into insignificance, however, by the end of Day One, when
Lenoir successfully accomplished the first commercial launch of a communications
satellite from the Shuttle. Six hours before the historic deployment, updated
computations of Columbia’s orbit — including the spacecraft’s attitude, velocity and
orbital inclination — were radioed to Lenoir from the SBS control centre. Then, 40
minutes before deployment, Brand and Overmyer manoeuvred the Shuttle to the
correct attitude with the open payload bay facing into the direction of travel.

The restraint arms pulled away from the satellite, Lenoir flipped a switch to open
the Pacman jaws and imparted a 50-rpm spin rate on the payload. This steady
rotation would help to stabilise SBS-3 during its deployment. Next, at 8:20:18 pm on
11 November, during Columbia’s sixth orbit of Earth, he issued the command for
explosive bolts to fire and release a Marman clamp that held SBS-3 and its PAM-D
upper stage in place. Seemingly in slow motion, the spinning payload departed the
bay at just 90 cm/s, as Allen enthusiastically fired off pictures.
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Immediately after leaving the Shuttle, command of the satellite passed to the SBS
control centre in Washington, DC. Fifteen minutes later, Brand and Overmyer
backed Columbia away to a distance of 42 km, aiming their spacecraft’s belly at the
satellite to protect its delicate topside from the PAM-D’s exhaust. At 9:05 pm, an
onboard timer fired the upper stage’s perigee motor for about 100 seconds to boost
SBS-3 into the highly elliptical transfer orbit. Overall, the PAM-D’s first Shuttle use
was described as “‘satisfactory’ and it separated from the satellite a few minutes after
the completion of its burn.

Shortly thereafter, SBS-3’s omni-directional antenna was successfully raised and,
over the next two days, it used its own Thiokol-built solid-propellant apogee motor
to insert itself into the required near-geosynchronous orbit and then manoeuvred
onto its ‘slot” at 94 degrees West longitude. During this time, it opened out to nearly
twice its ‘stowed’ height and deployed its communications payload.

A little over a day into the mission, Brand and Overmyer recircularised the
Shuttle’s orbit with a burst of the powerful OMS engines. This set them up for the
second satellite deployment — that of Telesat’s ANIK-C3 — just a few hours later,
under the supervision of Allen.

Launching the Canadian satellite followed much the same routine as that employed
with SBS-3. During the afternoon of 12 November, Brand and Overmyer performed
another two OMS burns in support of the ANIK-C3 deployment and would make yet
another — their sixth in total — after the satellite had been set free to provide a safe
separation distance before the PAM-D ignition. Following Lenoir’s procedure of the
previous day, Allen opened the sunshade, spun-up the satellite and ejected it from the
payload bay at 8:24:11 pm, during Columbia’s 22nd orbit as she flew over Hawaii.

A perfect firing of the PAM-D some 45 minutes later duly inserted ANIK-C3 into
an elliptical transfer orbit that, like SBS-3, was a few hundred kilometres higher than
its planned ‘operational’ orbital slot. The satellite then used its own motor to place
itself into a near-geosynchronous orbit; by 16 November, it was on-station at 114.9
degrees West longitude, directly in line with Edmonton in Alberta. The astronauts
celebrated by turning on music from the movie 2001: A Space Odyssey, and unfurled
a sign that would epitomise the growing maturity of the Shuttle as a ‘space truck’.

The sign, which has been reproduced countless times in books about the reusable
spacecraft and its achievements, is surrounded in a famous photograph by the four
STS-5 astronauts. Held by Brand, it read: ‘Satellite Deployment by The Ace Moving
Company. Fast and Courteous Service. We Deliver.” Floating weightlessly around
their skipper, head-to-head, were Overmyer, Allen and Lenoir. The idea for the sign,
said Brand, actually came from Allen: “Joe coined the term ‘Ace Moving Company’,
because we moved stuff to space. We put up a sign that [Joe had] made out ahead of
time.”

It was a triumphant moment for both the crew and NASA as a whole. After
more than a decade of planning and development, maddening problems with
thermal protection tiles and main engines, boosters and fuel tanks and billions of
dollars poured into the programme, it seemed that the Shuttle was finally
beginning to prove its commercial worth. It still, as many astronauts pointed out,
had nowhere to shuttle fo — certainly, no space station was officially on NASA’s
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SBS-3 departs Columbia’s payload bay on 11 November 1982.

radar yet — but it seemed to be making access to space routine, which was one of its
most important goals.

SPACEWALKING FROM THE SHUTTLE

This moment of triumph was expected to be extended still further by a three-and-a-
half-hour spacewalk — or ‘Extravehicular Activity’ (EVA) — by Lenoir and Allen on
14 November, during which they would become the first American astronauts to
leave their spacecraft since 1974 and give the world its first glimpse of the new
Shuttle-specification spacesuit. Today, it has become increasingly familiar as
missions have serviced the Hubble Space Telescope and begun building the
International Space Station. It is a pity, therefore, that what should have been its
first outing into the vacuum of space was frustrated.
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Yet, originally, in the early development of the Shuttle, an EVA capability was
considered unnecessary and was not provided. “The NASA perspective of a Shuttle
was an airliner,” said spacesuit engineer Jim McBarron, “and the people inside it
wouldn’t need suits. It was through prompting and questioning that Aaron Cohen,
who was then the Shuttle project manager, finally accepted a contingency capability
for closing the payload bay doors — which was an issue they were faced with — to put
an EVA capability on the Shuttle.”

The plan was for Lenoir, designated ‘EV1’ with red stripes on the legs of his suit
for identification, and Allen (‘EV2’) to test the snow-white ensembles and practice
techniques for a tricky repair of NASA’s Solar Max satellite, planned for the spring
of 1984. They had also trained to perform a manual opening and closure of
Columbia’s payload bay doors, in the event that a malfunction should make it
impossible to complete this task automatically. Although the excursion was only
intended to last a few hours, it would have occupied virtually the crew’s entire day on
14 November.

Assisted by Overmyer, the men would have risen early and begun preparing their
suits and the Shuttle’s airlock at 7:00 am, before spending the next four hours ‘pre-
breathing’ pure oxygen to wash nitrogen from their bloodstreams and thus avoid
attacks of the ‘bends’. Their next step would have been to lower the airlock’s
pressure from the normal 14.7 psi to just 5 psi to check the integrity of the suits.
Finally, a little under 73 hours into the mission, the two men would have opened the
outermost hatch of the airlock and entered Columbia’s payload bay.

The airlock was a cylindrical structure about the size of a Volkswagen Beetle,
situated at the rear of the middeck. Its inclusion within the pressurised cabin was
done to preserve the maximum amount of volume in the payload bay, and consisted
of two hatches, one for the astronauts to enter from the middeck and another
through which they would go ‘outside’. The volume inside the airlock was cramped:
astronaut Rich Clifford, who would make a spacewalk in March 1996, has described
hanging there in his bulky spacesuit with his colleague, barely able to even move his
arms.

Depressurisation and repressurisation of the airlock was, and still is, in the
surviving Shuttles, controllable from the flight deck or from within the airlock itself.
Normally, two spacesuits are stored inside the airlock, although there is room for up
to four if needed. In fact, many Shuttle missions thoughout the 1990s and into the
present century have involved four spacewalkers, working in two alternating pairs,
and in May 1992 the airlock successfully demonstrated its ability to support three
fully suited astronauts at the same time.

Later modification to most of the Shuttle fleet, in anticipation of planned
dockings with the Russian Mir space station and the International Space Station in
the mid to late 1990s, would lead to the airlocks being removed from the cabin and
mounted instead in the forward part of the payload bay. It was decided, however,
that one vehicle still needed a ‘full’ payload bay capacity for especially large cargoes,
and Columbia retained her internal airlock. This proved beneficial when she carried
the enormous Chandra X-ray Observatory into orbit in July 1999, which almost
filled the entire bay.
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Ironically, had she returned safely from STS-107 on 1 February 2003, Columbia’s
next mission in November of the same year would have been her first trip to the
International Space Station. One of the most notable modifications planned in her
preparation for that mission would have been the removal, after nearly a quarter of a
century, of the internal airlock and its replacement in the forward part of the
payload bay. Sadly, as everyone now knows, Columbia would never visit a space
station . ..

PRACTICE FOR THE SOLAR MAX REPAIR

The plan was that they should ‘suit-up’ and, assisted by Overmyer, enter the airlock
on 14 November. The suits were somewhat different from the ensembles of previous
Apollo and Gemini astronauts, yet was designed with the same objective in mind:
venturing outside the pressurised confines of a spacecraft. During their spacewalk,
Overmyer would have choreographed every move from the flight deck, while Brand
photo-documented the whole event. Their first task would have been to tether
themselves to slidewires running along the sills of the payload bay walls.

This safety procedure would have prevented them from floating away from the
spacecraft in the event of an emergency. Then, with Lenoir tethered to the starboard
sill and Allen attached to the opposite sill, both men would have moved themselves
down the entire length of the payload bay until they reached the aft bulkhead. It was
during this time that the men would have conducted the first ‘real’ evaluation of the
new suits: their comfort, dexterity, ease of movement and the performance of the
communications and cooling systems and the floodlights mounted in the payload
bay.

They would also have looked for suitable locations from which future
spacewalkers could best work on repairing the Solar Max satellite. Practising
‘repair’ techniques would dominate Lenoir and Allen’s time: after these evaluations,
they would have returned to the forward end of the payload bay to begin work on a
‘dummy’ set of equipment for the Solar Max repair. For more than an hour, it was
intended that they should test and comment on a series of fixed and torsion-
adjustable bolts, using a special wrench.

Lenoir would then have moved to the Solar Max equipment, which was basically
a dummy main electronics box from the satellite’s coronagraph. This was intended to
be as complicated as it would be on the rea/ Solar Max repair mission, as none of the
components in the box had been designed for repair by astronauts. Assisted by Allen
handing him parts, Lenoir would have worked a lengthy procedure to remove
thermal blankets, take off mounting bolts and connectors, cut a grounding strap and
reattach the connectors. All of this would have been done while encased in a bulky
pressure suit.

No mean feat, it seemed. Yet this kind of work was essential, not only for the
successful reactivation of Solar Max, but also for future servicing missions to the
still-to-be-launched Hubble Space Telescope, planned for later in the 1980s.
Although the Solar Max tests would have occupied a large fraction of their time,
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they would also have evaluated the manual system for closing Columbia’s payload
bay doors in the event of an emergency. This involved using a winching system,
attached to the forward bulkhead, both with and without foot restraints.

The astronauts would also have practised moving a large bag of tools halfway
down the length of the payload bay and, sitting on top of Allen’s helmet, was a small
black-and-white television camera with a postage-stamp-sized lens. Lighter, less
complex and requiring less power than earlier suit cameras, its performance would
have been evaluated and should have yielded some impressive pictures of the first
spacewalk outside the Shuttle. Lenoir and Allen would also, if time had permitted,
have practised using Velcro fasteners, tape and thermal gloves.

SPACEWALK CANCELLED

None of it happened; at least, not on STS-5. In fact, no astronaut would leave
Columbia’s airlock for a spacewalk until STS-87 in November 1997! The excursion
was postponed by 24 hours until 15 November — the day before the Shuttle was due
to return home — when both Lenoir and Overmyer suffered a particularly severe
dose of space sickness. More trouble was afoot, however, when they tried again.
When the men finally donned their suits and ran through the pre-spacewalk checks,
a problem was noted with Allen’s ventilation fan: it sounded, said the crew, “‘like a
motorboat”.

In effect, the fan was starting up, running unexpectedly slowly, surging, struggling
and finally shutting itself down. Nor was Allen’s suit the only one causing headaches.
The primary oxygen regulator in Lenoir’s suit — which would have been used during
his ‘pre-breathing’ exercises and throughout the spacewalk itself — failed to produce
enough pressure; regulating to 3.8 psi instead of the required 4.3 psi. Some of the
astronauts’ helmet-mounted floodlights also refused to work properly. After several
fruitless attempts to troubleshoot the problems, the spacewalk was cancelled and
deferred to STS-6.

This proved disappointing to Columbia’s crew, particularly Lenoir. According to
Brand: “I guess I was the bad guy. As much as I hated to, I recommended to the
ground that we [cancel] the EVA, because we had a unit in each spacesuit fail in the
same way. It was a little pump [and] one of its [functions] was to be a cooling pump.
So it looked like we had a generic failure there. It was the first time out of the ship.
We didn’t want to get two guys or even one guy outside and then have [another
failure]. We could have taken a chance and could have done it, but we didn’t. I'm not
sure Bill Lenoir was ever very happy about that, because he and Joe, of course,
wanted to go out and have that first EVA.”

Fortunately for Joe Allen, he would perform not one, but two spacewalks on a
later satellite-rescue mission, but Lenoir would not fly again and would depart the
astronaut corps for a NASA management job in 1984,

Immediately after Columbia’s landing on 16 November, a task force, headed by
Richard Colonna, was set up by NASA to investigate the problems. The fault in
Lenoir’s suit was traced to two missing ‘locking’ devices — each the size of a grain of
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rice — in the primary oxygen regulator. According to paperwork provided by the
suit’s manufacturer, Hamilton Standard of Hartford, Connecticut, the devices were
fitted in August 1982, but actually had not been fitted at all and were not checked.
Their absence allowed the pressure in Lenoir’s suit to drop back half a pound from
4.3 to 3.8 psi.

The problem in Allen’s suit, on the other hand, was a faulty magnetic sensor in the
fan electronics. Colonna’s report, released in December 1982, pointed out that “‘even
with no improvements, if the regulator were fabricated properly, the PLSS [Portable
Life Support System — the suit’s backpack] would function properly”. It also listed
ways to test and inspect regulators and motors and recommended testing inside the
Shuttle’s airlock on the day before launch. Additional plans were set out, though not
in time for STS-6, to provide sensors with better moisture-resistant coatings for
future motors and new tests to pick up defects.

A HELLISH RIDE HOME

By the time the spacewalk was finally cancelled, Columbia’s crew were already
setting in motion their preparations to come home on 16 November. It was hoped,
initially, to land in a crosswind at Edwards and so evaluate the Shuttle’s handling
characteristics under duress, but instead the spacecraft would touchdown in
California under calm weather conditions. The re-entry was particularly dynamic
from the astronauts’ point of view and photographs taken by Allen from the rear
Mission Specialist seat on the flight deck recorded the hellish pinkish-orange glow
outside Columbia’s windows.

The differences between re-entering the atmosphere in a Shuttle, rather than an
Apollo command module, were profound to Brand. “[There were] very large
windows and you weren’t looking backwards at a doughnut of fire [as with
Apollo]. You were able to see the fire all around you [and] you could look out the
front. First the sky was black, because you were on the dark side of the Earth, but
as this ion sheet began to heat up, you saw a rust colour outside, then the rust
turned a little yellowish. [Eventually, around Mach 20], you could see white beams
or shockwaves coming off the nose. If you had a mirror — and I did on one of my
flights — you could look up through the top window and see a pattern and the fire
going over the top of the vehicle. It was really awesome! At Mach 18, I had to take
over [manual control] from the autopilot and do a [flight-test manoeuvre]. First, I
pushed down from 40 degrees to 35 degrees angle-of-attack, then up to 45 and then
back.”

This change in the Shuttle’s angle-of-attack during re-entry was a repeat of the
POPU exercise practised during earlier flights; it was performed satisfactorily, but a
few other flight-test manoeuvres had to be cancelled because there was an
insufficient amount of RCS propellant remaining to support them.

“That’s [the POPU pitch change] just a few degrees,” continued Brand, “‘but when
I did that Joe Allen was watching what was coming off the nose and he said a
shockwave came from the nose and it came up and attached to the window right in
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The ‘Ace Moving Company’ of STS-5. Clockwise from top-right: Bob Overmyer, Joe
Allen, Vance Brand and Bill Lenoir.

front of us. That was a little worrisome, because he knew it was hot. But then about
as soon as it got there, why, I was on my way to a higher angle-of-attack, so it
‘walked back’ to the nose. There were a lot of interesting things like that happened.

“Eventually, we were coming over the coast of the United States. You [are]
pitch[ing] down to more of a [normal] airplane angle-of-attack. [Then] you can see
out the front and see the countryside. I guess when we first landed at Edwards, it was
dawn, but you could see the sun lighting the [desert] way up ahead. When you get
down to about Mach 3 or 2 you’re getting into thick atmosphere and it’s rumbling
outside: you can hear it rumble and you’re decelerating such that it’s pushing you
into your [seat] straps. At Mach 1, you feel [a lurch, an] increase [and decrease] in
deceleration, and a decrease as you go through. Eventually you're over the field. We
went through a very thin cloud deck. I was on instruments flying and circled down
and landed at Edwards.”

The touchdown, which occurred at 2:33:26 pm, was immediately followed by a
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test of Columbia’s maximum braking capabilities, achieving a peak deceleration of
3.9 m/s%. However, the left-hand main inboard wheel ‘locked-up’ during the final 15
m of the rollout due to a brake failure.

“We completely ruined the brakes,” remembered Brand. “‘I had to stomp on them
as hard as I could during the rollout, which points out that we had a lot of flight
test[ing] on the mission. Even though it was [billed as] the first commercial flight, 1
think we had 50 flight-test objectives. That braking test was just one of them. We
ruined the brakes — completely ruined them — but it was a test to see how well they
would hold together if you did that.” The brake failure was evidenced by skidmarks
on the runway, cracked stators and badly damaged brake rotors.

Despite this dramatic conclusion to her first operational mission, Columbia was
in good shape, although pictures of her on the runway — reflected in a pool of
rainwater from a recent shower — revealed her to be extremely dirty. She had
completed five missions in 19 months, spent three-and-a-half weeks aloft and truly
showed the world what she could do. Columbia deserved, and would be granted, a
rest. Not until November 1983 would she again journey into space: and that mission
would exceed all of her previous achievements with a record-sized crew, record-
length flight and first-ever use of a European-built space laboratory.

SPACELAB: A MULTIPURPOSE RESEARCH FACILITY

Towards the end of 1969, not long after Neil Armstrong and Buzz Aldrin became
the first humans to set foot on the Moon, NASA outlined a number of key
directions for the United States space programme after Apollo. President
Kennedy’s challenge to land a man on the lunar surface before the end of the
decade had been met, but it was not until this time that serious consideration — and
dollars — were given to what would be done next. Of course, Earth-orbital space
stations, Moon bases and trips to Mars before the end of the century were
envisioned but considered unlikely.

Establishing some kind of permanent, or at least frequent, human presence in
space was of major importance to NASA. During the first eight years of sending
people aloft, from Al Shepard’s pioneering suborbital ‘hop’ to Apollo 11’s
triumphant landing at the Sea of Tranquillity, fewer than two dozen astronauts
had gazed down on the Earth. Some of them, admittedly, had flown as many as three
times, but two dozen of a United States population of a quarter of a billion was
insignificant. If NASA was to maintain public interest, it had to make access to space
routine.

A space station called Skylab was already being built, but the most important
long-term aim was the development of the Shuttle, for which the United States
sought foreign cooperation. Already, Canada had agreed to develop the Shuttle’s
RMS mechanical arm and, in December 1972, just as the final Apollo crew prepared
to leave the Moon, the European Space Research Organisation (ESRO) agreed at a
ministerial conference in Brussels to develop a modular space laboratory for the
Shuttle, known as ‘Spacelab’.
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ESRO, which in 1974 merged with the European Launcher Development
Organisation (ELDO) to become today’s European Space Agency (ESA), would
design, develop and manufacture the Spacelab system for carriage in the Shuttle’s
payload bay, in return for flying its own astronauts into space on specific missions.
In September 1973, the contracts with NASA were finally signed and the largest
international cooperative venture in space so far was set in motion. Spacelab would
be a multipurpose scientific research platform, capable of supporting some
experiments in a pressurised, ‘shirt-sleeve’ environment and exposing others to the
vacuum of space.

As has already been seen, the segment of Spacelab designed to expose experiments
directly to the space environment was flight-tested during the STS-2 and STS-3
missions. Known as ‘pallets’, they were essentially U-shaped rigid metal frames
measuring about 3 m long by 3.9 m wide and covered with aluminium panels onto
which large telescopes, antennas or sensors requiring unobstructed large-fields-of-
view could be attached. On STS-2, for example, a single engineering version of the
pallet was used to carry a synthetic-aperture radar, as well as a number of other
experiments.

Up to five pallets, bolted together to form a rigid ‘train’, can be flown on board a
single Shuttle mission. The most pallets actually flown on one mission has been three
— on board Spacelab-2 in July 1985 — and these versatile platforms continue to be
used into the International Space Station era. On missions that employ only pallets,
a 2.1-m-tall cylinder called an ‘igloo’ stands vertically at the forward end of the
‘front’ pallet. Igloos are temperature-controlled, pressurised containers which house
subsystems and equipment needed to support the pallet-mounted instruments.

The second major component of Spacelab, originally called the ‘sortie can’ but
later renamed the ‘module’, was a bus-sized aluminium cylinder in which
experiments that needed hands-on attention from astronauts could be accommo-
dated. It came in two sections: a ‘core’ module, which carried data-processing
equipment, a workbench and a set of air-conditioned experiment racks lining its
walls; and an ‘experiment’ module, which provided additional space for scientific
activities in orbit. Although the core could be flown on its own, this configuration
was never used, and all module flights employed both sections joined together.

With a pressurised volume of 75 m?, this so-called ‘long module’ — of which two
flight units were built — flew 16 times between November 1983 and May 1998 and
was used to carry experiments ranging from life sciences, to technology and fluid
physics, to materials processing. Of those flights, 11 were on board Columbia. The
version using only the core section, known as the ‘short module’, was due to have
flown an Earth-observation mission in 1986, but the Challenger disaster ended that.
Although the mission was flown under the new name of ‘“ATLAS-1" in March 1992,
it was as a pallet-only configuration.

When one considers the dimensions of the short module, it is clear why NASA
opted to use the longer version: the latter was 7.1 m long, almost double that of the
former and thus virtually doubled the amount of ‘rack space’ in which to store
experiments. These ‘racks’ were essentially refrigerator-sized facilities that could be
loaded with experiments and ‘rolled’ into the module’s cylindrical shell. The long
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module also offered a long central aisle of floor space, onto which additional
experiments could be affixed, and provided two ceiling openings for a viewing
window or scientific airlock.

“The racks were pretty much standard,” remembered NASA’s former director of
space life sciences, Gene Rice. ““You either had a drawer in a rack or you had a whole
rack, or you might have a double rack, depending on the magnitude or size of the
experiment. We would help [experiment customers] through the process of designing
their experiment, integrating it into a Spacelab rack, doing the testing that they
needed to do [and] getting it to a [NASA] centre. They would have to show that they
met the safety requirements to put it into the Spacelab and to fly it.”

The racks contained air ducts to cool experiments and power-switching panels.
On the first ‘dedicated’ Spacelab mission, flown on Columbia on STS-9 in November
1983, the module contained 12 racks, of which the two nearest the entrance were
devoted to control subsystems. The ceiling of the core section provided a 0.3-m-wide
opening for a high-optical-quality Scientific Window Adaptor Assembly (SWAA),
through which Earth-observation cameras could be aimed, and that of the
experiment section provided a Scientific Airlock (SAL), into which samples
requiring exposure to space could be easily inserted and later retrieved.

As with other payload bay-
mounted hardware, the exterior of
the modules and pallets were covered
with a layer of passive thermal
insulation material to protect them
from extremes of sunlight or frigid
orbital darkness. The module was
situated in the midpoint of the bay,
to avoid jeopardising the Shuttle’s
centre-of-gravity constraints during
landing, and was linked to the crew
cabin’s airlock hatch by a 5.8-m-long
tunnel. Also, because the Spacelab’s
hatch was 1.5 m ‘higher’ than the
airlock hatch, a ‘joggle’ section was

included in the tunnel to compensate
for this vertical offset. Artist’s concept of the Spacelab-1 module and

pallet in the Shuttle’s payload bay.

Of course, astronauts might still
need to perform emergency space-

walks, perhaps to close the payload bay doors if it became impossible to do this
from the flight deck. With this in mind, a ‘mini-airlock’ was built into the tunnel
and a pair of spacewalkers could essentially close off the tunnel without having to
depressurise the crew cabin or the Spacelab. Although a spacewalk was never
actually performed during a module flight, on one mission in June 1991 such action
was briefly considered when a problem with some thermal insulation threatened to
interfere with the closure of Columbia’s payload bay doors.
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SPACELAB-1: A ‘FREE-FOR-ALL’ MISSION

For Spacelab-1 — the first ‘dedicated’ flight — a long module and single pallet would
be flown together in the payload bay. However, this mission did not require an igloo
because all of the subsystems needed to run the pallet-mounted experiments were
housed inside the pressurised module. Also, the payload was not dedicated to one
scientific discipline, but was a ‘free-for-all’ covering virtually all possible areas of
research for which the system had been designed. The module and pallet would play
host to more than 70 life sciences, technology, astronomy, solar physics, Earth-
observation, plasma physics and materials science investigations.

It was in anticipation of this ambitious make-or-break mission to demonstrate the
new space laboratory’s capabilities that Columbia returned to KSC a few weeks
before Christmas 1982. Spacelab-1 would be the most ambitious flight in her career
so far. Scheduled to run for nine days — easily surpassing the previous record set by
STS-3 astronauts Jack Lousma and Gordon Fullerton — the mission, designated
STS-9, would also carry a crew of six; the largest yet flown into orbit on a single
spacecraft. Of this close-knit team of astronauts, two in particular stood out.

One was a 42-year-old West German solid-state physicist named Ulf Merbold. He
had been chosen as one of the first two ‘Payload Specialists’ to fly on the Shuttle and
was the first European representative to accompany Spacelab into orbit under the
contract signed a decade earlier. Payload Specialists, unlike Mission Specialists, were
‘career’ scientists who were chosen by their respective government, agency or — in
some cases — from within private industry or elsewhere to operate a specific
experiment. ‘“They know more about the science and what’s going than we do,” said
Merbold’s colleague on STS-9, Mission Specialist and astrophysicist Bob Parker.
“We’re generalists. I'm an interstellar matter supernova remnant man. We don’t do
too much of that stuff on the Shuttle.”

Merbold would be joined on the flight by a second Payload Specialist from the
United States, a bioengineer named Byron Lichtenberg. Together with Parker and
Mission Specialist Owen Garriott — an electrical engineer who had previously flown
on board Skylab in 1973 — this quartet of astronauts would work in two 12-hour
shifts to run the myriad of experiments on Spacelab-1. Meanwhile, Commander
John Young and Pilot Brewster Shaw would monitor and run Columbia’s systems
from the flight deck.

The assignment of Young, the first person to fly into space for a sixth time, to
command the mission epitomised perfectly its importance to both NASA and ESA.
During STS-9, he would be a member of the Red Team with Parker and Merbold,
while rookie astronaut Shaw joined the Blue Team with Garriott and Lichtenberg. It
was intended that this practice of running Spacelab missions around-the-clock, with
a pilot managing the Shuttle, and Mission and Payload Specialists operating the
experiments, would prove useful as NASA strove towards its ultimate goal for the
1990s: developing and operating a long-term space station.
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‘SPACELAB ONLY’ MODIFICATIONS TO COLUMBIA

The longer-than-usual time needed to prepare Columbia reflects the mission’s
complexity. Originally scheduled for launch on the last day of September 1983, it
eventually set off eight weeks later and would prove to be a magnificent success. In
addition to the normal processing flow in the OPF, a series of so-called ‘Spacelab
Only’ modifications were effected. These included adding extra seats for the large
crew, fitting an onboard fax machine, improving the Shuttle’s brakes and tyres,
installing structural and electrical provisions for Spacelab-1, strengthening the
payload bay floor and placing phonebox-sized sleep stations for the astronauts into
the middeck.

Admittedly, not all of the improvements were in support of Spacelab-1, but the
focus of the work was upon this particular mission. Columbia spent the first three
months after STS-5 in OPF Bay 1, where her propellants were drained and her OMS
and RCS units removed for repairs. Some of the early Spacelab Only modifications
also got underway during this time, and on 27 February 1983 the vehicle was
transferred to OPF Bay 2 to complete the improvements. To support the planned
nine-day mission, three ‘substack’ fuel cells, using five (rather than three) cryogenic
tank sets were installed.

Preparations for STS-9 took place in a range of locations, not just Florida. A new
set of upgraded main engines were assigned to the mission and they completed their
certification testing at the National Space Technology Laboratory’s facility at Bay St
Louis in Missouri in the early summer of 1983. They were capable of achieving a
thrust of 104%, significantly higher than had been possible using the original
specification models. After test firings and leak checks, the new engines arrived at
KSC and had all been installed on Columbia by 20 July.

ASSEMBLY OF SPACELAB-1

Elsewhere at KSC, in the Operations and Checkout Building, the Spacelab-1
hardware had been arriving in dribs and drabs since October 1981. The two
showpieces of the mission — the long module and pallet — arrived shortly before
Christmas of that year and an official unveiling ceremony took place in February
1982, attended by Vice-President George Bush. By the end of summer, all the
experiments had arrived and were fully installed; in November 1982 a Mission
Sequence Test verified their compatibility with one another and with ‘dummy’
Spacelab systems.

“The experiments were brought in by their various scientific teams,”
remembered Spacelab-1 Mission Manager Harry Craft of NASA’s Marshall Space
Flight Center at Huntsville in Alabama. “We would let them check the experiment
out initially in an off-line capability and then we’d bring them into a room and just
make sure the instrument had met the transportation environment and still
worked. [Then] they’d turn it over to us.”” Six months later, in May 1983, Spacelab-
1 was hooked-up to the Cargo Integration Test Equipment (CITE) stand, which
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duplicated the Shuttle’s systems and verified that the hardware would be
compatible with Columbia.

On 16 August, the 15,265-kg integrated Spacelab-1 system was moved to the OPF
and loaded into the Shuttle’s payload bay. Two weeks later, the tunnel was
connected between the middeck airlock and Spacelab hatches and fit and leak checks
were completed. Early the following month, more tests were conducted to verify the
compatibility of the ‘real’ payload with the ‘real’ Columbia and the Spacelab-1
experiments were briefly operated via remote control from the Payload Operations
Control Center (POCC) at Johnson Space Center.

By this time, problems with an important communications satellite needed to
support Spacelab-1 meant that the launch of STS-9 had slipped until late October
and Columbia did not move to the VAB for stacking until 24 September. Then on 14
October, two weeks after her smooth rollout to Pad 39A, NASA and ESA jointly
decided to postpone the mission again because of potentially hazardous problems
uncovered with an SRB exhaust nozzle. The STS-9 stack was returned to the VAB,
dismantled and the nozzle replaced; because it was the lowermost portion of the
booster, the entire SRB had to be disassembled.

While this work was going on, Columbia returned to the OPF on 20 October. She
was back in the VAB two weeks later for restacking and the Shuttle returned to the
pad on 8 November. Nearly a year after STS-5, she had now been joined by two new
vehicles, the first named Challenger — which had already flown three times in the
spring and summer of 1983 — and the newly completed Discovery, due to make her
maiden voyage some time in 1984. A fourth Shuttle (Atlantis) would be delivered to
KSC in about a year’s time to begin making the promise of routine spaceflights a
reality.

A COMPLEX MISSION

By the time Columbia finally lifted off at precisely 4:00 pm on 28 November, kicking
off the ninth Shuttle mission and her own sixth trip into space, her Mission and
Payload Specialists had been training for the best part of five years and the entire
crew had become a close-knit team. “When we were training the science crew,” said
Parker, ““we had prime and backups for the American Payload Specialist and for the
European Payload Specialist, and then Owen and myself. The six of us almost
always travelled together and did the training together. At the very end, in the last
year or so, when it became obvious this is going to be on ‘your’ shift and this is going
to be on their shift, we separated a bit in that sense, but still you could do an
experiment on both shifts. The Payload Specialists might have felt separated from
the orbiter crew [Young and Shaw], because they weren’t participating in these trips.
I served as the flight engineer, so at the same time as we were training on the
experiments, I was training with Brewster and John on ascents and entries. For a
good last six months or so, I’d be training on Mondays with them, fly to Huntsville
for experiment training, fly back and do ascents and entries on Wednesday, and back
and forth. So I got to keep in touch with them a lot better than the others.”
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Flight engineers had become an increasingly familiar member of Shuttle crews
since STS-5: they were chosen from among the Mission Specialists and called ‘MS2’.
They sat behind the centre console in between the Commander and Pilot and
provided assistance during both ascent and re-entry, helping to monitor the Shuttle’s
instruments. In fact, one up-and-coming astronaut was looking to the new flight
engineer’s seat as the next challenge in his career. Carl Walz, who joined the
astronaut corps in 1990 and served as Columbia’s flight engineer in July 1994,
described the role as “one of the most important jobs that a Mission Specialist can
have on a Shuttle flight. During launch and landing, the MS2 [makes] sure that all
the checklist steps for normal and emergency procedures are performed flawlessly by
the Commander and Pilot [and] keeps a log, recording all the systems that have had
problems during launch and landing. Afterwards, he or she then figures out how
those problems affect future Shuttle procedures. The training for MS2 is very similar
to the training for the Commander and Pilot. In orbit [he or she] is the ‘traffic cop’
who makes up the plans [to get the vehicle ready for operations] and makes sure
[these are] executed properly.” No mean feat, it seemed, especially on a particularly
complex mission like Spacelab-1, which would involve not only a vast number of
scientific experiments but also a large
number of engineering demonstra-
tions and tests.

Spacelab-1 was one of two so-
called ‘Verification Flight Tests’ of
the new system: it would evaluate the
performance of the long-module-and-
single-pallet configuration, while the
Spacelab-2 mission would put the
pallet-train-and-igloo version through
its paces. Only when these two
pathfinding missions had been suc-
cessfully accomplished would the
Spacelab system be declared fully
operational. For STS-9, more than
200 sensors were installed throughout
the Shuttle and Spacelab, providing
data on their combined performance
during launch, ascent, orbital flight,
re-entry and landing.

This equipment verified that
Spacelab-1’s passive thermal control
system kept temperatures within the
module and on the pallet within
required limits and prevented con-
densation or heat leaks. The thermal,
acoustic and structural responses of The Life Sciences Minilab for Spacelab-1
the entire payload during the most arrives in Florida for processing.
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critical and dynamic portions of the mission were closely monitored, and the
astronauts checked the satisfactory operation of the SAL and the tunnel, evaluated
their ability to communicate and transmit data through NASA’s first Tracking and
Data Relay Satellite (TDRS) and confirmed that the Spacelab module was indeed
habitable and comfortable to work in.

In general, the system performed admirably and the crew even demonstrated the
optical-quality of a small window in the rear end-cone of the module by shooting
television pictures through it of the experiments on the pallet. The two-team, ‘Red
and Blue’ system also worked extremely well: the astronauts’ sleep cycles had been
deliberately adjusted a fortnight before launch to better support their separate 12-
hour shifts. Although shifts would not be necessary on al/l/ Spacelab missions, they
were an important demonstration of how to maximise the crew’s valuable time in
orbit.

After reaching orbit, the crew unstrapped and set about activating their payload.
It was during this time that Shaw, who was making his first spaceflight, remembers a
minor scare: “We couldn’t get the [Spacelab] hatch open, so we couldn’t get into the
[module] at all! Looking at Owen and Bob’s faces, I remember thinking, ‘Boy, these
guys are seeing their lives pass in front of their face, if we can’t get in there and do the
stuff they’ve been training to do’.”” Fortunately, the problem proved temporary and
by the evening of 28 November Spacelab-1 was up and running.

Typically, during shift operations one of the pilots — Young or Shaw — would
spend their time on Columbia’s flight deck monitoring her systems and commu-
nicating with the science crew in Spacelab-1 by means of an intercom. Although
undoubtedly awestruck by his first space experience, Shaw recalled the monotony of
this job: “We had a few manoecuvres to do once in a while with the vehicle, and then
the rest of the time you were monitoring systems. After a few days of that, boy, it got
pretty boring. You spent a lot of time looking out the window and taking pictures
and all that. But there was nobody to talk to, because the other guys were back in the
Spacelab working away and you just [thought] ‘Gosh, I wish I had something to do.’
But the flight went fine and we did a great bunch of science.” The manoeuvres that
Shaw was referring to were a number of so-called ‘thermal attitudes’ to expose the
Spacelab hardware to 24 hours of extreme cold and 12 hours of fierce solar heating
to test its performance.

The only real problem of note that emerged from Spacelab-1 was a temperature
glitch in the Remote Acquisition Unit (RAU)-21, which served all of NASA’s
instruments on the pallet. Subsequent analysis by ground-based engineers found that
the temperature of the Shuttle’s freon coolant was partially to blame and subsequent
use of the unit at 22 Celsius apparently solved the problem. However, as part of these
efforts to work around the RAU-21 problem, a ‘patch’ inserted into Spacelab-1’s
software caused the module’s experiment computer to crash and temporarily affect
data-gathering from the pallet-mounted instruments.

Otherwise, as Shaw commented, the mission gathered a great deal of scientific
data. Its experiments were divided into five disciplines: (1) astronomy and solar
physics, (2) space plasma physics, (3) atmospheric physics and Earth observations,
(4) life sciences and (5) materials sciences and technology. These were jointly
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sponsored by NASA and ESA, although they featured cooperation from Canadian
and Japanese scientists. NASA’s part was run by its Marshall Space Flight Center,
while ESA’s portion was controlled by a team called SPICE: the Spacelab Payload
Integration and Coordination in Europe, based at Cologne in West Germany.

In recognition of ESA’s immense contribution, Garriott and Parker spent a great
deal of their training with the two Payload Specialists working in continental
Europe. “[It was the] first European mission,” recalled Parker, ““‘so we had to go to
every European country that had a piece of it in ESA. We went to Denmark to look
at this experiment, [then] two or three places in France, but they were centralised in
Germany, so we spent most of our time [there].”” The genesis of these experiments
went back to 1976, when 400 proposals were jointly solicited by NASA and ESA.

After each of the 70-plus experiments had been carefully selected, its Principal
Investigator formed a working group and, together with a NASA Mission Scientist,
guided it through tricky waters from initial design and manufacture to ensuring that
it met each of the stringent demands needed for integration into the Spacelab-1
payload. During the course of the mission, science operations were coordinated in
real time from the POCC at JSC and it was possible — for the first time — for ground-
based scientists to communicate directly with the crew, rather than indirectly via the
Capcom in Houston.

Six experiments were dedicated to Astronomy and Solar Physics. These included a
NASA-provided far-ultraviolet telescope on the pallet, which acquired spectra of
high-temperature celestial sources as part of efforts to gain clearer insights into the
life-cycles of stars and galaxies. Unfortunately, a fogged film ruined many of its
images and a post-mission investigation recommended that on its next flight it
should record photons electronically, rather than on film as time exposures, to better
pinpoint the cause of the fogging. It did, however, achieve 95% of its objectives and
took the first far-ultraviolet picture of the Cygnus Loop, a relatively nearby
supernova remnant.

The module’s roof-mounted SAL was used to support ESA’s Wide Field Camera,
which took a series of photographs of 10 astronomical objects on 3 December.
Among its notable results were impressive ultraviolet images of a ‘bridge’ of hot gas
linking the Large and Small Magellanic Clouds, suggestive of an interaction between
them. Sadly, the month-long delay to Columbia’s launch from late October until late
November resulted in shorter-than-expected orbital ‘nights’, which reduced the
camera’s viewing opportunities by about 60%. The third astronomical instrument
was a highly successful ESA-built X-ray spectrometer on the pallet.

The other three experiments — the Active Cavity Radiometer (ACR), Measure-
ment of Solar Constant (SOLCON) and Measurement of Solar Spectrum
(SOLSPEC) — tracked with extreme precision the total amount of solar energy
received by Earth’s atmosphere and its impact upon our planet’s environment to
further the study of the solar—terrestrial relationship. Modified versions of each of
these instruments would fly throughout the 1990s on a series of Shuttle research
missions in order to calibrate similar instruments on a variety of spacecraft and
NASA'’s Upper Atmosphere Research Satellite (UARS) which were to investigate
environmental changes over time on a global scale.
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Five experiments came under the Space Plasma Physics banner, all of them
mounted on the Spacelab pallet at the rear of Columbia’s payload bay. Of these, the
most noticeable was the Space Experiments with Particle Accelerators (SEPAC),
designed by Japan’s Tokyo-based Institute of Space and Astronautical Science
(ISAS). SEPAC consisted of an ‘electron gun’ to investigate the dynamics of Earth’s
ionosphere. During the mission, it fired streams of gas and high-intensity electrons
into the ionosphere to better understand the production of aurorae, the nature of
Earth’s magnetic and electric fields, and the effects of plasma on the Shuttle’s
structure. Despite the failure of its electron-beam assembly to run in a high-power
mode, the device was highly successful and achieved almost all of its planned
objectives. A similar electron-gun experiment, provided by France, was the
Phenomena Induced by Charged Particle Beams (PICPAB), which contained an
‘active’ unit attached to the pallet and a ‘passive’ recorder inserted into the SAL.
Like SEPAC, its electron gun was capable of producing and examining artificial
aurorae. Some data was lost when one of its gas bottles failed, but it nevertheless
achieved a 60% success rate.

Two other experiments worked in conjunction with SEPAC and PICPAB by
measuring atmospheric constituents using emissions from their particle-beam firings,
as well as examining real aurorae under ultraviolet and visible light. They also
measured particulate contamination in the vicinity of Columbia herself and observed
the effects of the Shuttle’s emissions — from water dumps, outgassing and thruster
firings — on the artificial aurorae generated by the electron guns. Several of these
investigations required Young and Shaw to orient Columbia to acquire the necessary
data. A cosmic-ray detector was also carried to measure their abundances in low-
Earth orbit.

Six experiments were covered by the Atmospheric Physics and Earth Observation
category: five provided by ESA and one — the Imaging Spectrometric Observatory
(ISO) — from NASA. This latter device, consisting of five spectrometers housed in a
single unit, examined the presence and relative abundances of oxygen, nitrogen and
sodium in the ‘middle atmosphere’ (or ‘mesosphere’) between 80 and 100 km above
the Earth’s surface. It was part of a project to build the first comprehensive database
of the vertical structure of the atmosphere. During the mission, ISO also aided
studies of the emissions produced by Columbia, which were of concern to potential
future customers.

The European experiments included a Metric Camera, attached to the roof-
mounted SWAA optical-quality window in the forward section of the Spacelab-1
module. Loaded with black-and-white, colour and infrared films, it achieved an 80%
success rate and took a wide range of high-resolution Earth-mapping photographs.
Three experiments mounted on the pallet examined oxygen and hydrogen emissions
from the atmosphere and tested equipment which, it was hoped, might lead to the
development of advanced, all-weather remote-sensing systems.

The only Atmospheric Physics experiment that did not perform as advertised was
the Grille Spectrometer, so-called because it employed a specially designed ‘grille” as
a window for one part of its optical system and as a mirror for the other. This was
supposed to measure atmospheric constituents in the stratosphere, mesosphere and
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thermosphere, as part of efforts to understand their dynamic behaviour. Although it
achieved some promising results, the month-long delay to STS-9 meant that
observing conditions were unfavourable and it only completed 16% of its objectives.
Nevertheless, it was reflown with greater success on a dedicated Earth-observation
mission in March 1992 and later installed on the Mir space station to make long-
term observations.

PILOTS: AVOID THE SPACELAB!

The bulk of the Spacelab-1 experiments, however, were housed inside the bus-sized,
cylindrical module and comprised 16 life sciences investigations and three dozen
studies of the behaviour and processing of materials and fluids in the microgravity
environment. The predominance of the latter clearly reflected the fact that this
mission was the first time extensive materials research could be conducted, in-depth,
on board a manned spacecraft. Although some experiments had been performed on
Skylab, they were comparatively primitive and offered little more than a taster of
what could be achieved in space.

It had long been anticipated that, in the absence of gravity and the complications
caused by buoyancy and other factors, it should be possible to produce lighter and
stronger building materials, more reliable and less costly electronic components, new
alloys, plastics, ceramics, composites and glasses for industrial machinery and
household products and, perhaps, ‘grow’ crystals of important proteins, analysis of
which could lead to the development of new drugs to combat cancer and other
diseases. The first efforts to set this ‘microgravity revolution’ in motion had already
begun on STS-3 and STS-4, with the preliminary tests of advanced electrophoresis
equipment.

Thirty of the materials sciences experiments were accommodated in ESA’s floor-
to-ceiling Materials Science Double Rack, a refrigerator-sized facility that was
activated on 29 November, less than a day after Columbia reached orbit. It housed
four furnaces and materials-processing chambers: a Fluid Physics Module to
examine the behaviour of liquids in space; a Gradient Heating Furnace and Mirror
Heating Facility, which conducted crystal growth experiments in support of
pharmaceutical and industrial research; and an Isothermal Heating Facility for
studies of the solidification and casting of new metals, alloys, ceramics, glasses and
composites.

All four members of Spacelab-1’s science crew had undergone extensive training
with this rack, but in some cases they were little more than lab technicians. “We put
materials sealed in cartridges into furnaces, heated, melted, solidified the materials,
pushed buttons and started computer programs,” remembered Merbold. All of the
experiments using the fluid physics and gradient heating units were successful, but
the other two furnaces suffered partial power failures on 30 November and achieved
limited results. The mirror furnace was, however, later restored through a
maintenance procedure carried out by the crew.
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The STS-9 crew inside Spacelab-1. Clockwise from top: Brewster Shaw, Byron
Lichtenberg, Bob Parker, John Young, Ulf Merbold and Owen Garriott.

The life sciences experiments were conducted by the entire crew, including, much
to Young’s chagrin, the two pilots, who would be pounced-upon by the science team
for blood draws whenever they dared enter the Spacelab module. Nine of the
experiments were provided by ESA and seven by NASA and primarily focused on
the effects of the microgravity environment and high-energy cosmic radiation on the
human body. One particular experiment was remembered well by Shaw: “Helen’s
balls! Helen [Ross, from the University of Stirling in Scotland] had a bunch of little
yellow balls that were different mass [and] different weight. What you were supposed
to do — since there’s no weight, only mass in zero-g — we had to differentiate between
the mass of these balls. You would take a ball in your hand and shake it and feel the
mass of it by the inertia and the momentum of the ball as you would start and stop
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the motion. Then you’d take another one and try to differentiate between them, and
eventually try to rank-order the balls. They were numbered as to which was the most
massive to the least massive. We did that several times.”

A number of vestibular experiments, some provided by Canadian scientists, were
also conducted to examine the behaviour of the vestibular system in the inner ear —
which controls our balance and orientation — and identified a relationship between
astronauts’ sense of balance and eye movements. These experiments also provided
invaluable new insights into the effect of head motions on the onset of space sickness.
Other investigations studied the role of microgravity in the reduction in red blood
cell mass and its effect on the astronauts’ immune systems.

Overall, with a few minor problems, the mission proceeded smoothly; so
smoothly, in fact, that on 3 December NASA and ESA agreed to extend the crew’s
time in orbit by 24 hours when it became clear that Columbia’s cryogenic
consumables could comfortably support 10 days aloft. Overall, Spacelab-1 power
consumption rates averaged about 1.2 kilowatts less than had been conservatively
predicted before launch. Even at the halfway mark, Mission Scientist Rick Chappell
was describing the flight as “a very successful merger of manned spaceflight and
space science’’.

The crew members, too, were performing well, although, at least in Shaw’s eyes, it
was clear who had been here before and who were novices. ““John and Owen were the
experienced guys and they were mentors of the rest of us. It was fun to watch Owen
back in the module, because you could tell right from the beginning he’d been in
space before. He knew exactly how to handle himself, how to keep himself still, how
to move without banging all around the place. The rest of us were bouncing off the
walls until we learned how to operate. [For] Owen, it was just like he was here
yesterday and it really had been years and years [since his 1973 Skylab mission. But]
your body remembers that stuff. The human body is remarkable in its ability to
remember adapting to a previous thing.”

Although the crew adapted well to microgravity, three of them suffered space
sickness during the first two days of the mission; interestingly, data from one of the
experiments revealed that they were most susceptible after several hours of sustained
physical exertion. They likened their symptoms to prolonged motion sickness and
fluids shifting in their bodies.

PROBLEMS BEFORE RE-ENTRY

After a spectacular week-and-a-half in space, late on 7 December the science crew
began the process of shutting down the experiments, storing and securing the
samples and closing down the Spacelab module and pallet. Meanwhile, Young and
Shaw, assisted by Parker, worked their way through the now-routine procedures to
prepare Columbia for her descent to Edwards Air Force Base next day. It was at
11:10 am on the 8th — only five hours before their scheduled landing, as they were
configuring the Shuttle’s computers for re-entry — that gremlins hit the mission: a
GPC failed.
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When any of the five computers encounters a problem, the prognosis is bad,
because they are responsible for monitoring literally thousands of separate functions
during the dynamic phases of the mission. Worse was to come, however: six minutes
later, a second GPC stopped working! Young and Shaw successfully restarted the
second computer, but all their efforts to bring the first one back on-line proved
fruitless.

The mood inside Columbia’s cockpit was undoubtedly tense. “About the time
that we were reconfiguring the computers,” remembered Shaw, ““we had a couple of
thruster firings, and the big jets in the front fired, and these big cannons — boom!
boom! — shook the vehicle. You can really feel it if you’re touching the structure. We
had one of these firings and we got the big “X-pole’ fail on the CRT [display],
meaning the computer had failed. So I got out the emergency procedure checklist
and said ‘Okay, first GPC fail. Here’s what we do.” And in just [a few] minutes we
had another one fail the same way: a firing of the jets and the computer failed.”

Post-mission analysis revealed that one of the failures was due to a sliver of solder
that had become dislodged during the RCS thruster firings. Young later told
reporters at the post-landing press conference: “My knees started shaking. When the
next computer failed, I turned to jelly. Our eyes opened a lot wider than they were
before!” Re-entry was postponed until the computer problem was resolved.
Eventually the ‘restored” GPC and two others were used to support re-entry.

Then, at 11:42 am, one of Columbia’s Inertial Measurement Units (IMUs) — used
for navigational purposes — failed. Shaw remembered waking Young up with the bad
news: “It was the end of John’s shift and [he] went down to take a nap. As I recall,
Bob came up and was up there with me part of the time. During that timeframe, all
of a sudden there starts this kind of [banging] noise. The next thing, one of our IMUs
fails and we didn’t know why. So John comes back upstairs and says, ‘I really
appreciate you guys making all that banging noise when I’'m trying to sleep.’ I said,
‘Jeez, John, I've got some bad news. We lost an [IMU]. And John’s eyes got this big
again, because we’ve had two GPC failures and now an IMU failure.” Eventually,
after nearly eight hours of troubleshooting — during which the crew was kept
prepared for re-entry — at 10:52 pm the de-orbit burn was performed and Columbia
began her descent back to Earth. Overall, the Shuttle’s performance was nominal,
until about four-and-a-half minutes before touchdown, when the temperature of one
of the APUs rose sharply.

“Then we had another lesson: ‘Never let them change the software in the flight-
control system without having adequate opportunity to train with it’,” said Shaw.
“There were ‘gains’ in the flight-control system, and [these] changed depending upon
what phase of flight you're in. When you’re flying a final [approach], there are
certain gains that make the vehicle respond a certain way to the inputs the pilot
makes on the stick.

“Then, when the main gear touch down, the gains change and the gains are set up
so you can de-rotate the vehicle and get the nose on the ground in an appropriate
way. We had done all our training in a simulator with a certain set of gains, and then
they changed the flight software and these gains so that when it came time for John
to land the vehicle in real flight, the gains were different than he’d done all his
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training on. Certainly, when John started to de-rotate the vehicle, it responded
differently than he had trained on.

“So John’s flying the vehicle [and] I'm giving him all the altitude and airspeed
calls and everything and you feel this nice main gear gently settling onto the
lakebed. From downstairs, the rest of the guys [clapped] when the main gear
touched the ground very gently. Then John gets this thing de-rotated and we’re
down to about 150 knots or so when the nose hits the ground and it goes ‘smash’.
So [the cheers from the rest of the crew] change from ‘Yay’ to ‘Jesus Christ. What
was that?””

Immediately after touching down at 11:47:24 pm, the GPC previously restored by
Young and Shaw failed again. Six-and-a-half minutes later, one of the APUs shut
itself down, as did a second unit shortly afterwards. The astronauts did not know it
at the time, but one APUs was on fire as Columbia sped down the runway.

“We got called the next day,” recalled Shaw, ““because we had an APU fire. The
reason the first one shutdown was it was on fire and the fuel wasn’t getting to the
catalyst bed, and so it ‘undersped’ and automatically shut itself down. Then, in
response to that, I configured some of the systems and APUs. So the next one didn’t
shut down until we actually shut it down. But two of them were burning and we had
a generic failure of a little tube of metal where the fuel went through and was injected
into the catalyst bed and it cracked. When we shut [the APUs] down and shut the
ammonia off to them, the fires went out. We had some damage back there, but the
fires stopped. But we didn’t know anything about that till the next day!”

NEW MISSION, NEW NUMBER

By the beginning of January 1986, Steve Hawley had developed something of a
reputation for himself within NASA'’s astronaut corps. The boyish-looking, 34-year-
old astronomer had already made one previous flight in August 1984 — the maiden
voyage of Space Shuttle Discovery — and that had sprinkled the first seeds of his
reputation. His forthcoming second mission, this time on board Columbia for a
commercial satellite-deployment flight saddled with the peculiar designation of ‘STS-
61C’, would cement it still further and finally set it in stone.

“My approach”, Hawley would say years later, “has always been [that] I'd go out
to the launch pad every time expecting not to launch. If you think about all the
things that have to work, including the weather at several different locations around
the world, in order to make a launch happen, you would probably conclude, based
on the numbers, that it’s not even worth trying. So I always figured that we’re going
to turn around and come back. I'm always surprised when we launch. My mindset
was always that we’ll go out there and try and see what happens.”

Hawley’s first flight should have taken place in June 1984, but was halted a few
seconds before liftoff when Discovery’s three main engines roared to life and then
abruptly and dramatically shut themselves down. Two months later, after extensive
repairs, he and his five crewmates for the mission returned to Pad 39A to try again
and were thwarted by bad weather, but they finally got off at their third attempt on
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Columbia returns to KSC on top of the 747 carrier aircraft.

30 August. The mission itself was successful and shortly before the end of that year
Hawley was named as a Mission Specialist for another flight called ‘STS-51T".

His colleagues on STS-511 would be Commander Robert ‘Hoot Gibson, Pilot
Charlie Bolden and Mission Specialists George ‘Pinky’ Nelson and the first Hispanic
astronaut, Franklin Chang-Diaz. They began training for a week-long mission
scheduled for August 1985 to deploy two communications satellites (Leasat-4 for the
US Navy and the American Satellite Company’s ASC-1) and run a series of
automatic experiments on the Materials Science Laboratory (MSL)-2 in the Shuttle’s
payload bay. By the time the five astronauts and the two extra crewmates they had
picked up along the way finally lifted off in January 1986, their mission had changed
quite significantly.

The first point to make was the new numbering system for Shuttle missions. After
STS-9, for reasons best known within the higher echelons of NASA management,
the agency redesignated its flights with a cryptic and somewhat clumsy combination
of numbers and letters: in the case of ‘51T, for example, the ‘5’ denoted the financial
year under whose budget the mission would take place (1985), the ‘1’ pointed to the
launch site of KSC in Florida (‘2 was reserved for flights staged from Vandenberg
Air Force Base in California) and the ‘I" meant the ninth scheduled Shuttle mission
for that year.

Of course, as 1984 wore into 1985 and each mission took to the skies, all they
really demonstrated was how best to confuse the public! Some were delayed or
cancelled, higher-priority ones were pushed forward in the launch pecking-order and
frustrating problems with upper stages caused some payloads to be dropped. The
result was a roster that read as follows: STS-41B, 41C, 41D, 41G, 51A, 51C, 51D,
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51B, 51G, S1F, 511, 511, 61A, 61B and 61C! Nor would STS-511 — although it did fly
— carry Hawley and his crew. They, like the payloads, would be bumped to a later
flight: STS-61C.

“Back in those days,” remembered Hawley, ‘it wasn’t very unusual to change
flights several times. We were assigned to two or three different flights before it
stabilised out. Today, you get assigned to a flight and that’s the flight you’ll fly. If
the payload’s delayed, then you delay with the payload, and a lot of that’s driven by
the specific training requirements. Back in those days, a lot of the flights were
similar: they were launching satellites or running some experiments that could be
quickly learned and it wasn’t as important to stick with your payload.”

)

A ‘NEW’ COLUMBIA

If Space Shuttle Columbia had been a sentient, thinking person, she would
undoubtedly have been just as confused by the new numbering system as everyone
else. However, following her record-breaking, 10-day STS-9 mission at the end of
1983, she was removed from active flight status for more than a year-and-a-half for
major repairs and refurbishment. Unlike the Spacelab Only modifications, which
were undertaken at KSC, these repairs would be done at the Shuttle’s prime
contractor, Rockwell International, at Palmdale in California, and would involve a
complete overhaul and detailed structural inspection of the entire spacecraft.

The Shuttle flights planned for 1984 and most of 1985 would be performed by two
other spacecraft — Challenger and Discovery — which, although outwardly identical to
Columbia, were much lighter and lacked ejection seats. A fourth Shuttle, named
Atlantis, would then join the fleet in the autumn of 1985, followed by the return of
Columbia to active flight status to begin a full roster of ambitious missions in 1986. On
26 January 1984, meanwhile, Columbia was mounted on the Boeing 747 carrier aircraft
for the cross-continental trip from Florida to California for her modification period.

After a stopover at Kelly Air Force Base in Texas, she arrived at Edwards on 30
January and was then transported overland to Palmdale. Subsequent modification
periods would involve flying the Shuttles directly into Palmdale, but at this time
Rockwell’s plant was not equipped with a Mate/Demate Device to remove the
spacecraft from the top of the Boeing. Removal from the carrier aircraft therefore
had to take place at Edwards, which did have such a device, and Columbia was
towed — again to the amazement of open-mouthed motorists — down the highway to
what would be her home for the next 18 months.

Many have commented that the product of these modification periods, which
have increased in frequency as the Shuttle grows older — and now take place every
three or four years for each vehicle — is not so much an overhauled spacecraft, but a
brand-new spacecraft! Already, by the time she flew to Palmdale, Columbia had
changed a great deal since her maiden mission in April 1981. Parts of her ejection
seats had been dismantled, the DFI pallet was more-or-less gone, sleeping bunks had
been added, a new Ku-band communications antenna fitted in the payload bay,
improved brakes and tyres installed and the payload bay floor strengthened.
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Much of the data from Columbia during the four test flights also led engineers
to the conclusion that they had over-designed the Shuttle. ““It was too strong, too
beefy,”” remembered Arnie Aldrich, “and what we could actually do was take about
1,800 Ib out of the orbiter by redesign. That was very desirable because that would
be directly related to payload. Both Columbia and Challenger were built to this
heavier design, but Discovery, Atlantis and Endeavour weren’t yet created. They
could take advantage of this knowledge of arcas where we could take some of the
weight out.”

Out of each modification period would emerge a spacecraft which outwardly
looked unchanged, but inside was brimming with new, state-of-the-art equipment. In
addition to the structural inspections, Columbia also received a Heads-Up Display
(HUD) for her pilots, lost her ejection seats altogether in exchange for lighter
versions and was fitted with a myriad of sensors to monitor her performance during
ascent, orbital flight and throughout re-entry. One device in particular was the
Shuttle Infrared Leeside Temperature Sensing (SILTS) instrument, which took the
form of a 50-cm cylindrical pod attached to the top of Columbia’s tail fin.

It was intended that SILTS would acquire high-resolution infrared images of the
upper surfaces of the Shuttle’s port-side wing and fuselage during the high-
temperature portion of re-entry. This was expected to highlight those parts of the
spacecraft that experienced maximum amounts of heating during Columbia’s fiery
plunge back to Earth. A hemispherical dome at the forward-facing end of the
cylinder contained two windows — one forward-facing, the other at an oblique angle
— for the infrared camera. Throughout re-entry, a constant supply of room-
temperature nitrogen gas would flow across the windows to protect them from the
onslaught of atmospheric heating.

If the windows were not protected in this way, the infrared camera would only
have been able to see the window itself, rather than what lay beyond. To
accommodate SILTS, the pod and the top three metres of Columbia’s tail fin were
covered with black High Temperature Reusable Surface Insulation (HRSI) tiles,
which would make her easily identifiable from a distance. It was intended that
SILTS would be activated by Columbia’s computers at an altitude of around 122
km — the point of ‘entry interface’ — when two plugs would be jettisoned from the
windows.

For the next 20 minutes, the camera would monitor the port-side wing and
fuselage, alternating between them every 11 seconds until the spacecraft had
descended to 24.3 km and was through the worst of atmospheric heating. It would
then be turned off. With the benefit of hindsight, it is a pity that SILTS did not
remain operational through the remainder of Columbia’s career, for it might have
shed some light on the causes of the disaster on 1 February 2003 ...

Other new devices included a brand-new nosecap for the Shuttle Entry Air Data
System (SEADS), which consisted of pressure sensors to assess the spacecraft’s
aerodynamic performance at various stages in the high atmosphere. The new
nosecap contained 14 tiny holes, through which the pressure of the outside airflow
could be determined; this provided data about Columbia’s attitude in relation to the
airflow, but also allowed predictions of atmospheric density at different altitudes. To
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ensure that the ‘holes’ in the nosecap would not cause leaks and destroy the vehicle,
the inside bulkhead ‘behind’ SEADS was covered with protective HRSI tiles.

The third device was the Shuttle Upper Atmosphere Mass Spectrometer (SUMS),
which took air samples through a small hole on the underside of Columbia’s nose,
just between the nosecap and nosewheel well. These samples were then used to
pinpoint the quantity and nature of gas species at different altitudes and the density
of the atmosphere. With all of these devices fitted — and a thorough inspection that
had involved detailed examinations of corrosion and wear-and-tear after six
spaceflights — Columbia was finally flown back to KSC on 11 July 1985.

Her time at Palmdale was, according to astronaut Dave Leestma, much longer
and more frustrating than anticipated. He had been named as a crew member for
Columbia’s next flight after STS-9 — along with Commander Bob Crippen, Pilot Jon
McBride and Mission Specialists Sally Ride and Kathy Sullivan — but the delays in
getting the spacecraft flight-ready meant that their mission was ultimately shifted
onto Challenger. “It wasn’t going well,” Leestma said of Columbia’s modification
period, “and it was real hard to come back and be real upbeat when you know that
your orbiter’s not going to make your flight date.”

A POLITICAL FLIGHT

After temporary storage in the VAB and OPF, on 26 September 1985 Columbia
finally began processing for her next flight, which by now had been redesignated
STS-61C, and was scheduled for launch shortly before Christmas. Although Hoot
Gibson’s crew had retained the MSL-2 payload, the remainder of their planned five
days in space would be relatively ‘roomy’, with comparatively few experiments to
perform and just one commercial satellite — the Radio Corporation of America’s
Satcom Ku-1 — to deploy into geosynchronous transfer orbit.

Hawley would say later that one of Columbia’s passengers, Congressman Bill
Nelson of Florida, may have had something to do with it. “Frankly, our payload
wasn’t very robust [and] were it not for [Congressman Nelson’s] presence on the
flight, we might have been cancelled. We had one satellite and some other
experiments. It was almost kind of a clearing-house sale. We had a lot of GAS cans
and Hitchhiker payloads and a bunch of stuff that hadn’t been able to fly previously,
and here came a flight that we only had one satellite and nothing else on board. So
they were able to put some of this other stuff — which was important in that they had
commitments — but in the grand scheme of things, after we got into delays you could
conceive of somebody saying, ‘Well, you know, I'll bet we can put that satellite
somewhere else and just not fly this flight.” We wondered about that and always
thought that might have happened if we hadn’t had a congressman, but this was his
flight and so we had some guarantee that it would happen.”

By the end of 1985, all four Shuttles were fully operational and more than 20
missions had been successfully flown by Columbia, Challenger, Discovery and
Atlantis. Thirty satellites had been placed into orbit, including three top-secret ones
for the US Department of Defense, and representatives of Canada, France, Saudi
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The STS-61C crew. Bottom row (left to right) are Steve Hawley, Franklin Chang-Diaz,
Pinky Nelson (background) and Hoot Gibson. Top row (left to right) are Bob Cenker,
Bill Nelson and Charlie Bolden.

Arabia, West Germany, the Netherlands and Mexico had accompanied their
payloads into orbit. Two commercial satellites whose upper stages failed had been
salvaged by the Shuttle and two others — Solar Max and Leasat-3 — had been
successfully repaired in orbit by spacewalking astronauts.

On the scientific side, the reusable spacecraft had amply demonstrated its
capabilities as an Earth-orbiting research platform. Since the pioneering flight of
STS-9, the Spacelab module had flown twice — including a dedicated mission
sponsored by West Germany — and the pallet-train-and-igloo combination had been
satisfactorily tested. The outlook for the Shuttle project seemed bright: nine missions
were accomplished in 1985 — transporting 54 astronauts into space, four of whom
actually flew twice that year — and 14 were on the books for 1986, including the long-
awaited deployment of NASA’s scientific showpiece: the $1.5-billion Hubble Space
Telescope.

NASA’s decade-old promise of achieving routine access to space and sending
Shuttle crews aloft once every two weeks seemed to be drawing closer. All four
operational vehicles would be required to accommodate the intensive schedule for
1986: of those 14 missions, Columbia was slated to fly at least four times. Her return-
to-flight on STS-61C, after more than a year of modification and refurbishment,
finally received a firm launch date: 18 December 1985. It was supposed to be
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NASA'’s tenth mission of that year, capping a triumphant 12 months of Shuttle
achievements and heralding an even-brighter 1986.

‘MISSION IMPOSSIBLE’

It did not happen. Launch on the 18th, scheduled for 12:00 midday at the start of a
49-minute ‘window’ for that day, was routinely postponed by 24 hours when
technicians required additional time to finish closing out Columbia’s aft compart-
ment. The second effort to get the flagship spacecraft off the ground ended
dramatically just 14 seconds before launch, when the flight controllers received an
indication that the hydraulic power unit on the right-hand SRB had exceeded
maximume-allowable turbine-speed limits. After finally deciding that the signal was
erroneous, the window was missed and the seven astronauts disembarked from
Columbia.

“We were happy as clams,” recalled Bolden, “thinking ‘We’re going to go now’.
All of a sudden, everything stopped and the countdown clock went back to T—9
[minutes] and kinda ticked there. We had no idea what had happened. As they
started looking at the data, they had an indication that we had a problem with the
right-hand [SRB]. As it turned out, when we finally got out of the vehicle and they
went in, they determined that there wasn’t really a problem. It was a computer
problem, not a physical problem and it probably would have functioned perfectly
normally.”

Launch was rescheduled for 6 January 1986, but was under some pressure to get
underway because the next flight — STS-51L, further demonstrating the chaos that
NASA’s Shuttle-numbering system could cause — was due to fly from KSC’s newly
refurbished Pad 39B on 22 January. This latter mission would be a public-relations
boon for the agency, as Challenger’s crew included the first private citizen to fly into
space: teacher Christa McAuliffe from Concord, New Hampshire. NASA also
wanted Columbia back from STS-61C as soon as possible, because the flagship was
already booked for an important mission to observe Halley’s Comet on 6 March.

An 18 or 19 December launch would have allowed just enough time to refurbish
Columbia and load three astronomy telescopes — collectively called ‘ASTRO-1" — to
observe the comet’s 75-yearly journey through the inner Solar System. Delaying the
STS-61C mission into January was a headache that NASA could not afford; but
there was worse to come. For the crew, however, the downtime over Christmas and
the New Year was a chance to relax after more than a year of intensive training in
the simulators and uncertainty over when they would finally fly.

“We stayed in quarantine a lot of the time,” remembered Hawley. “When you’re
in launch mode down in Florida, the pace is not very hectic. You’re not in training
typically like you would be if you’re in Houston and going to the simulators every
day. You're reviewing procedures and checklists and having a nice time, because you
have the opportunity to sort of sit back without the pressure of having to be in a
sim[ulator]. I've always enjoyed the time in quarantine, although, because of the
launch time, we were getting up at two in the morning every day!”
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Columbia’s launch attempt on 6 January proved to be one of the most hazardous
yet in the Shuttle’s five-year history: the countdown was halted at T— 31 seconds,
following the accidental draining of more than 1,800 kg of liquid oxygen from the
ET. The tank’s liquid oxygen fill-and-drain valve, it seemed, did not close when
commanded to do so. Launch controllers reset the clock to T— 20 minutes and
efforts were made to re-initiate the liquid oxygen loading, but by now it was realised
that the window for that day would close before the vehicle was ready. Another 24-
hour delay was enforced.

Next day’s attempt was scrubbed due to bad weather at two Transoceanic Abort
Landing (TAL) sites in Spain and Senegal; which had long runways to accommodate
a Shuttle in the event of an emergency during ascent. Yet another try on 9 January
was called off when a liquid oxygen sensor on Pad 39A broke off and lodged itself in
the prevalve of one of the three main engines. “That would have been a bad day!”
Bolden would recall grimly years later. “[It] would have been catastrophic, because
the engine would have exploded had we launched.”

Heavy rain put paid to their next opportunity on 10 January. All seven
astronauts, ironically on this occasion, were relieved not to launch. “We went down
to T—31 seconds,” remembered Bolden, “and they went into a hold for weather, and
it was the worst thunderstorm I'd ever been in. We were really not happy about
being there, because you could hear the lightning! You could hear stuff crackling in
[your] headset. You're sitting out there on the top of two million pounds of liquid
hydrogen and liquid oxygen and two [SRBs]. None of us were enamoured with being
out there.”

THE CURSE OF STEVE HAWLEY

When the crew left their quarters early on 12 January, Steve Hawley had gained the
unenviable record of having ridden the bus to the launch pad on 10 occasions for
only two ‘real’ liftoffs. To this day, he thinks a conversation and agreement he had
with Commander Hoot Gibson may have helped to finally get Columbia into
space: I decided that if [Columbia] didn’t know it was me, then maybe we’d
launch, and so I taped my name-tag with grey tape and had the glasses-nose-
moustache disguise and wore that.” It worked and the STS-61C crew lifted off
safely at 11:55 am.

Even the first few seconds of Columbia’s ascent did not go well, as recounted
dramatically by Bill Nelson in his book about the flight, Mission. Shortly after
leaving the pad, Bolden — whose job it was to monitor the main engines — noticed an
indication of a possible helium leak. “[We] had an alarm go off within seconds after
lifting off,” he said later. “I looked down at what I could see, with everything
shaking and vibrating, and we had an indication [of] a helium leak in the right-hand
engine. Had it been true, it was going to be a bad day.

“We called the ground and said, “We’ve got a helium leak. We're going to work
the procedure.” The ground didn’t see anything. It was [a glitch] in one of the
computers. [We] tried to isolate the first system; no luck. Still looked like we had a
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leak. Tried to isolate the second system; no luck. Then I looked down and it looked
like we were making helium, so I told Hoot, ‘I think we’ve got a sensor problem.” So
we called the ground [and] reconfigured the system back to normal. This [was] all
inside a minute after we lifted off!”

Other than the malfunctioning sensor which provided this momentary scare,
Columbia’s ascent was normal — although, in Bolden’s words, his first launch into
space ““‘went by really fast!” — and was quickly established in a 340-km orbit. Bolden
has downplayed his role in isolating the sensor problem: “To this day [Bill Nelson]
thinks that Charlie Bolden saved the crew and Columbia, and I didn’t. We /had a
problem, but it was an instrumentation problem.” Whatever the problem, the
mission was at last underway and the crew prepared to deploy their commercial
payload.

For Bolden, one of relatively few black members of NASA’s astronaut corps at
that time, there was one particular place on Earth that he really wanted to see
immediately after reaching orbit: Africa. Years later, he would describe it as “awe-
inspiring and, in fact, it brought tears to my eyes.”” However, Bolden’s first glimpse
of his ancestral homeland from space would mirror the reactions of many astronauts
upon seeing the Earth from the Shuttle’s altitude: there were no lines to demarcate
the different countries and he found it difficult to orient himself and realise what he
was looking at.

The payload bay was sparsely occupied for STS-61C. Reminiscent of STS-5 — the
first commercial Shuttle flight — Columbia carried a Pacman-type cradle, in which
sat the Satcom Ku-1 communications satellite, mounted on an uprated PAM-D2
upper stage. Just in front of the cradle was a cross-bay bridge called a Mission-
Peculiar Equipment Support Structure (MPESS), onto which were affixed three
experiments forming the second Materials Science Laboratory (MSL-2). Behind the
Satcom cradle, near the end of the payload bay, was yet another bridge, fitted with
no fewer than rwelve privately sponsored GAS canisters.

Although the Pacman cradle closely resembled those flown on STS-5, its content
on STS-61C was somewhat different. The satellite, for starters, was a different shape.
Unlike SBS-3 and ANIK-C3, which were both cylindrical ‘drums’, Satcom was cube-
shaped and was part of a network of three satellites that would provide commercial
communications services in the Ku-band of the electromagnetic spectrum. Owned by
RCA - which had paid NASA §$14.2 million to launch the satellite — the Satcoms
were equipped with 16 transponders to cover the 48 members of the ‘continental’
United States or the eastern and western ‘halves’ of the nation.

Confusingly, the second Satcom, known as ‘Ku-2’, had already been placed into
orbit by Space Shuttle Atlantis in November 1985. After Columbia’s delivery of Ku-
1, a third member of the series was scheduled to be sent aloft in 1987. Satcom Ku-1
was a three-axis-stabilised satellite, carrying its own electricity-generating solar cells
in a pair of deployable solar panels, attitude-control thrusters, thermal-control
system and command-and-telemetry equipment. Like the other Satcoms, its 45-watt
transponders were considerably more powerful than the 12-30 watts used in C-band
transponders. This was expected to allow users to employ dishes as small as a metre
across.
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The Satcom Ku-1 deployment. Note the MSL-2 payload in the foreground.

Since Ku-band frequencies were not shared with terrestrial microwave systems,
dishes served by the Satcoms could be located within major metropolitan areas
characterised by heavy terrestrial microwave traffic. The deployment of Satcom
Ku-1 was supervised by Franklin Chang-Diaz and Pinky Nelson towards the end
of the first day of the mission. “I had done [a deployment] on a previous flight,”
remembered Hawley, “[so] we kind of divided up the responsibilities so that we
could maximise the resultant training and experience of everybody on the crew.”

After several hours of checkout in the payload bay, Satcom and Columbia finally
parted company at 9:26:29 pm, some nine-and-a-half hours into the STS-61C
mission. It was a textbook deployment, similar to those performed by Bill Lenoir
and Joe Allen on STS-5. The main difference was that Satcom was more than three
times heavier than either SBS-3 of ANIK-C3: weighing some 1,920 kg. For this
reason, it was bolted to a newer version of the PAM upper stage, which was capable
of placing larger satellites into geosynchronous transfer orbit.

The PAM-D2 could accommodate payloads up to 3 metres in diameter, as
opposed to just 2 metres for the PAM-D. Thanks to its upgraded Thiokol-built Star
63D engine, it could send satellites weighing up to 1,920 kg into geosynchronous
transfer orbits, as opposed to the 1,270 kg achievable with the PAM-D. The larger
size of the satellite and the upper stage meant that the Pacman cradle used on STS-
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61C was also bigger. Fifteen minutes after Satcom left Columbia’s payload bay,
Gibson and Bolden fired the OMS engines for 12 seconds to provide a safe
separation distance before the PAM-D?2 fired.

A TRIUMPHANT START TO A TRAGIC YEAR

The satellite was finally inserted into an operational slot at 85 degrees West
longitude, where it remained until April 1997. It was then moved to 86.5 degrees
West and finally ‘retired’ in July of that same year, to be replaced by GE Americom’s
GE-2 communications satellite. By the time Satcom retired, so too had many of
Columbia’s STS-61C crew. Hoot Gibson would leave the astronaut corps in
November 1996, after completing five Shuttle missions, including command of the
first docking with the Russian Mir space station. He also served a few years as chief
of NASA’s Astronaut Office.

Bolden left NASA in August 1994 after four space trips, including the Hubble
Space Telescope deployment flight and command of the first Shuttle mission to carry
a Russian cosmonaut. Hawley would accompany Bolden on the Hubble flight,
before entering NASA management, then returning to active status to fly two Shuttle
missions in 1997 and 1999. Congressman Nelson and the second Payload Specialist,
an RCA engineer named Bob Cenker, returned to their pre-flight jobs and would not
fly again. Chang-Diaz would fly six more missions after STS-61C and now jointly
holds the record for having been launched into space seven times.

The last member of the crew, Pinky Nelson, would fly once more: but it would be
particularly poignant, as it was the first Shuttle mission after the Challenger disaster.
On 28 January 1986, a few days after Columbia returned to Earth, Challenger lifted
off with a crew of seven — including teacher Christa McAuliffe — for a week-long
mission to deploy NASA’s second TDRS communications satellite. A minute after
launch, a leak of hot gas through rubberised O-ring seals in one of the SRBs acted
like a blowtorch, and severed one of the struts that held it to the ET, the SRB broke
free, pivoted around its upper strut, and breached the ET, igniting the volatile liquid
oxygen and liquid hydrogen inside in an enormous fireball.

Fifteen kilometres above Earth, the boosters were sent spiralling away like wild
Roman candles until they were blown up by remote control. The Shuttle was torn
apart in the most public disaster ever witnessed at that time. The cockpit, still
containing the remains of the astronauts, was recovered from the Atlantic Ocean a
few months later and as late as the winter of 1996, bits of the wrecked spacecraft
continued to wash up periodically on Floridian shores. The greatest impact,
however, was to the United States space programme.

In the summer of 1986, a presidential commission presented its final report. It
pointed to serious problems not only pertaining to the safety of the O-ring seals
inside the two boosters, but also highlighted management failures which ignored or
did nothing to prevent flights by a system that was known to be ‘unsafe’.
Commission members heard that, on the night before Challenger’s fatal flight,
engineers from SRB manufacturer Morton—Thiokol had begged managers to
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postpone the launch because they knew the O-rings could not withstand extremely
cold weather conditions. At 36 Celsius, Challenger’s launch was the coldest yet
attempted. Their pleas to keep the Shuttle on the ground were ignored.

Schedule pressure was also blamed. Nine missions were flown in 1985, but at a
cost. One top-secret Department of Defense flight in January resulted in O-ring
damage so severe that it should have grounded the fleet. Another mission in July got
off the ground only after a dangerous on-the-pad shutdown of the three main
engines; even when the Shuttle finally headed into space, an engine failed during
ascent and almost forced the crew to make an emergency landing in Spain.
Moreover, parts were being cannibalised from other Shuttles to maintain the facade
that the vehicles were flying ‘routinely’.

Many analysts have remarked privately since Challenger that, even if the disaster
had not happened, the project would have ground to a halt or the flight rate severely
curtailed before the end of 1986. According to a Shuttle manifest published at the end
of 1985, an incredible two dozen missions were pencilled-in for 1987! It was
inconceivable that launch rates of two missions each month could be achieved, when
even one mission a month was stretching NASA to its limits. Yet the mindset of many
was to deny the problems and go on as if the Shuttle was an operational spaceliner.

The immediate consequences of the Challenger disaster in terms of the Shuttle’s
future direction were that all commercial launches were forbidden by the White
House and transferred instead onto expendable rockets. New laws dictated that
future missions should only be flown if they explicitly required the presence of a
human crew to assure success, required the Shuttle’s unique capabilities or were in
response to “‘compelling circumstances’. Such circumstances could, at the discretion
of NASA’s Administrator, involve the launch of national-security satellites or
payloads that supported the United States’ foreign policy interests.

STS-61C: “THE END OF INNOCENCE”

Essentially, therefore, the Satcom launched by Columbia on STS-61C was her last
fully commercial payload. It was also, as Hoot Gibson remembered years later, the
“end of innocence” for the Shuttle. After deploying Satcom, he and his crewmates
settled down to what should have been five days of experiments and observations of
Halley’s Comet, which was making its closest approach to Earth since 1910. The
Comet Halley Active Monitoring Programme (CHAMP) was a camera which
involved astronomer Pinky Nelson burying himself under a black shroud to
eliminate cabin-light interference, before shooting a number of high-resolution
pictures of the comet.

The camera failed due to a battery problem and did not return even one good
image of the famous comet. Another attempt was scheduled