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Letter From the 
New IAASS President
 

 

Isabelle Rongier
IAASS President

Isabelle Rongier, the new IAASS President.  –  Credits: CNES

Dear Reader,
It is a great honor for me to have 
been elected president of this 

outstanding association, the Interna-
tional Association for the Advancement 
of Space Safety (IAASS). 

Having worked for more than 20 years 
at CNES (the French space agency) on 
launch and end-of-life safety of space-
craft as well as on related regulatory 
and legal aspects, I greatly appreciate 
that IAASS provides a forum for bring-
ing these subjects into the open for dis-
cussion – subjects that previously had 
been kept confidential. Thanks to the 
unfailing and enthusiastic commitment 
of Tommaso Sgobba, the first president 
of the association, the IAASS is now an 

internationally-recognized organization 
promoting safety aspects of all variet-
ies of space operations, whether involv-
ing risk for people on Earth, manned or 
unmanned orbiting spacecraft, conven-
tional or innovative space systems, or 
the development of suborbital vehicles. 

The Association is today an undis-
puted world authority on the subject of 
Space Safety, holding conferences ev-
ery 18 months, with a regular magazine, 
numerous publications and technical 
working groups, and training courses 
available to the global space commu-
nity. As a result of this recognition, the 
IAASS was given permanent observer 
status at the United Nations Committee 
on the Peaceful Uses of Outer Space 

(COPUOS) in 2010 and then became 
a consultative member of the UN Eco-
nomic and Social Council in 2013. 

The six IAASS conferences held since 
2005 have made it possible to raise 
general awareness of Space Safety and 
to discuss safety-by-design practices, 
risk assessment tools, benchmarking 
techniques, and regulations. The prog-
ress made is evident from the respec-
tive titles of the first of these conferenc-
es held in June 2005: “Space Safety: 
a New Beginning,” and the last one in 
May 2013: “Safety is Not an Option.” 

I intend to follow the same approach 
as my predecessor by providing insti-
tutional and industrial stakeholders 
with the most recent information pos-
sible, by encouraging the spread of new 
ideas, and by capitalizing on the work 
done in all technical forums. The As-
sociation is now mature enough to be 
able to formalize existing initiatives and 
achieve practical results in promoting a 
culture of Space Safety for convention-
al projects, such as technical propos-
als for regulating suborbital flights, and 
more innovative projects such as tools 
for preventing conflicts between space 
activities and aviation operations. The 
international framework within which 
we work must continue to welcome 
new players, users, and promoters of 
space activities by providing clear and 
objective information on the state of the 
art, including rules, methods, and best 
practices. We should ensure that rules 
that are applied today on a voluntary 
basis become mandatory international 
standards for all, thus guaranteeing 
sustainable use of space. 

In order to achieve these objectives in 
the future by drawing on today’s results, 
the Association needs the ideas, expe-
rience, and involvement of every space 
professional, young or seasoned, who 
is willing to join the IAASS and contrib-
ute. On behalf of the IAASS Board and 
Management Team, I hope that you will 
continue to enjoy Space Safety Maga-
zine, and I thank you for your support, 
which is vital for us.
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Shutdowns
 

By Matteo Emanuelli

In the best case, 
the new Space 
Fence will be 
operational 

in 2017

The new Space Fence will be built by either Lockheed Martin or Raytheon. The Air Force 
delayed awarding of the contract until March 2014.  –  Credits: Lockheed Martin



The months of September and 
October 2013 were character-
ized by two almost consecutive 

shutdowns that showed how ongoing 
economic and political crisis is affect-
ing the US space program. The most 
notable impacts on space operations 
were at USAF and NASA.

Space Fence’s 
Shutdown

First came US Air Force Space Com-
mand (AFSPC) General William 

Shelton’s memo on August 1 ordering 
the shutdown of all Air Force Space 
Surveillance programs and sites effec-
tive October 1 as a response to seques-
tration-related budget constraints. The 
order directly affected the Space Fence, 
which is the nickname for the Air Force 
Space Surveillance System (AFSSS), 
able to detect orbital objects up to 
30,000km away. 

The AFSSS, which has been opera-
tional continuously since 1961 and in-
cludes three VHF transmitter sites and 
six receiving stations, is just one part 
of AFSPC’s global Space Surveillance 
Network (SSN), but it was responsible 
for approximately 40 percent of all ob-
servations performed by SSN. Although 
Space Fence’s shutdown has not sig-
nificantly affected the tracking accuracy 

of the objects in the existing satellite 
catalog, the real impact is the loss of 
the ability to perform uncued detection 
of breakups and maneuvers. Therefore, 
its loss reduces the capability to warn of 
approaching conjunctions. 

According to an Air Force press re-
lease, the deactivation of the system 
will save approximately $14 million per 
year, which is actually a drop in the 
ocean considering that the Air Force 
budget request for fiscal year (FY) 2014 
amounts to $144.425 billion. However, 
according to Brian Weeden of Secure 
World Foundation, the drastic action 
was not forced by budget cuts related 
to sequestration, as claimed by the Air 

Force, because the FY2014 defense 
budget drafted by the White House and 
presented to Congress did not include 
any mandatory cuts.

A Temerarious 
Gamble

The most likely explanation is that the 
AFSSS is being cut to bolster AF-

SPC's argument for keeping the new 
S-Band Space Fence program when 
sequestration does get applied later this 
year or in early 2014 and the Pentagon 
is then forced to make difficult choices 
on which procurement programs stay 
alive,” explained Weeden in an article 
on The Space Review.

Under the current projections, the Air 
Force expects the new Space Fence 
system to be operational in 2017 or 
2018, which is anyway the best 

This was the demoralizing view from the official NASA Twitter account during the shut-
down. The same message was broadcast from other accounts and websites connected to 
the agency.
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MAVEN was 
the only mission 

spared delays GPM, pictured here undergoing vibration testing, was not so 
lucky.  –  Credits: NASA/Warren Shultzaberger

case scenario. The new system is go-
ing to be built by Lockheed Martin or 
Raytheon on the Marshall Islands at an 
estimated cost of $1.9 billion over seven 
years. The contract for the new Space 
Fence, initially scheduled to be awarded 
in June 2013, was delayed until March 
2014 due to a sequestration-driven re-
view by the Department of Defense. A 
new plan for Space Fence was then 
prepared and approved by the Penta-
gon at the end of November 2013. In the 
meantime, the Air Force is going to fund 
a bridge contract to demonstrate the 
system’s operational flexibility. Accord-
ing to William LaPlante, principal deputy 
assistant secretary of the Air Force for 
acquisition, the delay will increase the 
cost by over $70 million and the start of 
operations will slip about one year.

Although the deactivation of the old 
system before the new one goes into 
service has been severely criticized by 
experts, the Air Force’s move helped 
to secure funding for the new Space 
Fence. Perhaps the raising of public in-
terest thanks to the $100 million space 
debris thriller Gravity released this year 
gave a hand in convincing decision 
makers of the necessity for the new 
Space Fence. 

NASA’s 
Shutdown

As if the Space Fence’s shutdown 
was not enough, another shut-

down took place when the US Congress 
failed to reach an agreement on the fis-
cal budget. From October 1 to October 
17, the US federal government entered 
a shutdown leaving 800,000 federal em-
ployees furloughed, among them 97% 
of NASA’s 18,000 employees. Only 549 
employees, including the two astro-
nauts on the International Space Station 
(ISS), Karen Nyberg and Michael Hop-
kins, stayed at work during the NASA 
shutdown. NASA was forced to stop all 
non-essential activities for more than 
two weeks. Initially, the shutdown even 
threatened the launch of the Goddard 
Space Flight Center’s Mars Atmosphere 
and Volatile Evolution (MAVEN) probe, 
scheduled in a narrow time window be-

tween November 18 and December 7. 
However, the MAVEN mission was de-
termined to fall under the Anti-Deficien-
cy Act, originally put in place to provide 
a continuous communications relay with 
the Curiosity and Opportunity rovers, 
thereby allowing an emergency excep-
tion a few days into the shutdown. Oth-
erwise, MAVEN would have had to wait 
until the next window of opportunity, in 
2016, seriously weakening its scientific 
goal because it would have required ad-
ditional fuel to get into Martian orbit. This 
would also have precluded MAVEN from 
carrying out its mission to operate as 
a relay for any significant time. MAVEN 
had a flawless launch on November 18 
and is now on its way to the red planet.

Traffic Jam 
at Goddard

Chris Scolese, director of NASA’s 
Goddard Space Flight Center, told 

SpaceNews that the shutdown forced 
the center to reschedule testing for a se-
ries of projects in order to avoid conges-
tion. However, the test-
ing reschedule could 
not prevent the launch 
of the Global Precipi-
tation Measurement 
(GPM) spacecraft from 
being postponed by 
two weeks. Before the 
shutdown struck, GPM, 
which is a joint mission 
between NASA and the 
Japan Aerospace Ex-
ploration Agency, was 
set to launch atop a Jap-
anese H-2A on February 
14. Scolese said that 
of all the missions cur-
rently in development 
under Goddard leader-
ship, only MAVEN was 
spared delays caused 
by the shutdown.

The shutdown came 
after a year in which 
sequestration imposed 
severe cuts to NASA’s 
budget and conse-
quently to its activities in 
outreach and public ap-
pearances, greatly dam-
aging the public image 
of the agency. 

On the bright side, 
NASA’s Commercial 
Orbital Transportation 

Services (COTS) scored a huge vic-
tory, coming to completion after Orbital 
Sciences Corporation’s Cygnus supply 
vessel completed its first operational 
resupply mission to ISS, bringing to a 
close the COTS program. However, 
even the commercial sector was not 
left untouched by the shutdown. The 
drop test of the Dream Chaser, the new 
private manned space plane by Sierra 
Nevada Corporation, scheduled to take 
place at NASA’s Dryden Flight Research 
Center on October 5, was postponed 
because of the NASA closure to Octo-
ber 26. When the test finally took place, 
it did not end well for the engineering 
model of the space plane, which suf-
fered significant damage on the landing, 
caused by a malfunction with the de-
ployment of the left landing gear. 

Despite this small setback, commer-
cial space companies are continuing 
to achieve great results in a very short 
time, even as the national agency is 
struggling, between budget cuts and 
unacknowledged competition with Chi-
na’s impressive advances in space, to 
maintain its leading role in the explora-
tion of the solar system.
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ISS: A Nobel Prize-Worthy 
Partnership
 

By Ken Human

The ISS Partnership should be 
a template for future 

international exploration

A few years ago, when I was 
working for the International 
Space Station (ISS) Program, 

I was amazed at the constant and in-
tense degree of international coordina-
tion that the Space Station workforce 
was engaged in at every level. In all fif-
teen of the Partner countries on a daily 
basis, translation issues, as well as pro-
tocol and cultural sensitivity consider-
ations, were factored into highly techni-
cal operational issues with political and 
economic ramifications. When I added 
into the mix all the various personali-
ties in each country that were involved 
and stepped back to consider the ISS, 
it seemed to me that any reasonable, 
objective observer would conclude that 
an international project of this scope 
and complexity was basically impos-
sible. Instead, I could only marvel that 
a project that survived by one vote an 
attempt to kill it in the US Congress 
twenty years ago continues to just hum 
along. Basically the ISS had to survive 
similar doubts and political vicissitudes 
in every one of the partner countries. 
Not to mention that quite a few of these 
Partner countries were mortal enemies 
just a few generations ago.

This fall the Partners celebrated the 
15th anniversary of the launch of the 
first ISS module. In another two years 
we will celebrate the 15th anniversary of 
continuous human occupation. My con-
clusion is that the Partnership must be 
doing something right (to put it mildly). 
The ISS Partnership between the Ca-
nadian Space Agency (CSA), European 
Space Agency (ESA), Japan Aerospace 
Exploration Agency (JAXA), the Rus-
sian Federal Space Agency (Roscos-
mos), and the United States National 
Aeronautics and Space Administration 
(NASA) is based on a treaty-level Inter-
governmental Agreement that should 
be a model and template for future in-
ternational exploration. 

The Partners have done something 
that is so difficult, so successful, and so 
rewarding and promising that the Part-
nership itself deserves consideration for 
one of the highest forms of international 

recognition – the Nobel Peace Prize. 
According to the rules of the Norwegian 
Nobel Committee, only certain people 
in designated positions such as “mem-
bers of national assemblies” are quali-
fied to nominate organizations for the 
Nobel Peace Prize. There has been a 
growing energy within the science com-
munity and in communities surround-
ing qualified nominators in the US and 
abroad to consider the ISS Partnership 
for the Nobel Peace Prize.

I am one of many that expect im-
portant spinoffs and exciting research 
results will continue to come from the 
ISS, leading to a brighter future here 
on Earth in the years to come. But in 
addition to being an amazing engineer-
ing achievement, and setting aside the 
promise of scientific discoveries, the 
Partnership should be recognized for its 
awe-inspiring contribution of sustained 
peaceful international cooperation on a 
grand scale for the benefit of everyone 
on the planet. The Space Age is still 
young and many countries are just be-
ginning to develop their space explora-
tion capabilities and ambitions. In many 
of these space faring or aspiring coun-
tries there is some military involvement 
in the use of space. In contrast, the 
ISS Partnership is dedicated to peace 
and provides daily proof that coun-
tries working together in space and 
in harmony can deliver great benefits 
to Earth while paving the way out into  
the galaxy. 

Ken Human holds degrees from George 
Washington University and the Universi-
ty of New Hampshire School of Law. He 
currently serves as Associate Director of 
NASA’s Stennis Space Center. 
The opinions expressed are those of the 
author and do not reflect the opinions or 
policies of the United States or any De-
partment or Agency of the United States 
Government.

The ISS, pictured here with ATV Johannes Kepler and Shuttle Endeavour docked, is re-
markable for both its technological and its diplomatic achievements, bringing together 15 
nations including former archenemies US and Russia.  –  Credits: Paolo Nespoli/NASA
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Safe and Trustworthy 
Autonomous Robotic Assistants
 

By Matt Webster, 
Clare Dixon 

and Michael Fisher

For years we have routinely used 
robots, and with great success: 
welding robots, paint spraying 

robots, washing machines, and auto-
matic car washes, to name a few. The 
number of applications of robotic assis-
tants is set to increase over the coming 
years with technology evolving from ro-
bots which are relatively stationary and 
limited in their activities to robots which 
move with (and among) us and assist us 
in our own wide-ranging activities.

The reasons why we may choose to 
use robotic assistants are many and 
varied. One example often given is the 
growth of aging populations in many 
developed countries. As standards of 
healthcare improve, people will live lon-
ger, but may also have longer periods 
of diminished ability or convalescence. 
Clearly there is a large economic impact 
of so many of us requiring regular or 
constant care. Therefore, robotic assis-
tants (such as Fraunhofer IPA’s Care-O-
bot®) could be used to reduce the labor 
required in this care, while at the same 
time offering independence and dignity 
to our elderly, as it has been suggest-
ed that many people would rather ask 
for the assistance of a machine rather 
than a person for operations like getting 
dressed or getting out of bed.

Robotic assistants have also been 
suggested for use by the military. For 
example, the Boston Dynamics LS3 
project is aimed at creating a “robotic 
mule” which could carry equipment for 
ground-based personnel. Unlike a real 
mule, robots like LS3 could work around 
the clock, be remotely controlled or au-
tonomous in their operations, be adapt-
ed to a wide range of environments 
from deserts to tundra, and be easily 
repaired. Crucially, an LS3 could be eas-
ily discarded or destroyed if necessary 
without concern for its welfare.

Another potential application for ro-
botic assistants is space exploration. 
One example is NASA’s Robonaut 2, 
currently onboard the International 
Space Station (ISS), which is designed 
to operate autonomously or by remote 
control. Robonaut 2 is an extensible 
platform that can be equipped with 
climbing legs for maneuvering in a mi-

crogravity environment, and could as-
sist in routine maintenance tasks such 
as cleaning filters or vacuuming, thus 
giving human astronauts more time 
to dedicate to mission specific tasks. 
Another example is Japan’s Kirobo ro-
bot, also onboard the ISS. Kirobo is a 
34 centimeter-tall “robot astronaut” 
that can communicate autonomously 
through speech recognition and synthe-
sis. Kirobo will provide companionship 
and emotional support for astronaut 
Koichi Wakata during ISS Expedition 
39. Robotic assistants could also be 
used for planetary and lunar surface 
missions. NASA has investigated the 
use of human-robot teams in a mock-
up Martian surface environment, in 
which autonomous rovers would follow  
astronauts and assist in geological sur-
vey missions.

Autonomous 
Safety

Clearly there are many potential ap-
plications of robotic assistants. 

However, it is vital to determine the 
safety and trustworthiness of these 

robotic assistants before they can be 
used effectively. 

To-date, robotic systems have been 
limited greatly in their range and capac-
ity for motion in order to increase their 
safety. Industrial welding robots, for ex-
ample, will only work within a restricted 
area where people are not allowed dur-
ing operations. Assuring the safety of 
robotic assistants will not be so easy, 
as robotic assistants will need to share 
our environments in a much more inti-
mate way.

Robotic assistants will need to use 
autonomous systems to be able to cope 
with the unpredictability and complexity 
of our environments. Autonomous sys-
tems are those that decide for them-
selves what to do in a given situation. A 
robotic assistant used to assist some-
one during convalescence, for example, 
would need to identify when the person 
has fallen asleep and adjust its behavior 
so that it does not disturb them. These 
autonomous systems, however, pres-
ent an additional challenge for safety 
and trustworthiness: how do we know 
that the decisions the autonomous ro-
botic assistants will make are safe? In 
the case of the healthcare robotic as-
sistant, how can we ensure that the 

The Care-O-bot robotic assistant in the Robot House at the University of Hertfordshire, in 
use as part of the RoboSafe project.  –  Credits: The University of Hertfordshire
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robot will discern whether the person 
has fallen asleep or has fallen uncon-
scious? Will the robot respond appro-
priately in each case?

It is possible to devise sensor sys-
tems that could determine when some-
one is asleep or unconscious by ex-
amining the position and movements 
of the body. It is also possible to de-
vise actuators that would respond in 
the right way in each case: going into 
a quiet-mode for the former, alerting 
the emergency services for the latter. 
However, there is an autonomous de-
cision-making process which must also 
be taken into account. An autonomous 
robotic assistant is likely to have to an-
alyze and interpret a lot of information 
and make rational decisions based on 
it. The robot will monitor a wide range 
of sensor systems in order to determine 
the current state of its environment, and 
it will have numerous competing objec-
tives within that environment. For this 
reason, determining whether the robot 
will always raise the alarm if the person 
is unconscious is an inherently complex 
problem. For example, the robot may 
decide to raise the alarm, but before it 
can do so it decides to conduct a pre-

planned maintenance activity instead. 
Clearly, this is an undesirable situation. 
Ideally we would identify this poten-
tial bug before the robot is deployed, 

thus enabling the bug to be corrected 
and assuring the safety of the person 
in advance. In other words, we would 
like to be able to verify the autonomous 
system in control of the robot before  
deployment. 

Verification of 
Autonomous 
Systems

Autonomous systems must be veri-
fied just like sensors, actuators, and 

other hardware. Since they are based on 
computer programs, we can use formal 
verification to increase our confidence 
that they are safe and reliable. 

Formal verification uses mathematical 
proofs to determine that a system has a 
given property. Properties are typically 
based on system requirements, like: 
“The autonomous system will always 
request permission from the user be-
fore taking some action.” One form of 
formal verification is model checking, 
which works by exhaustively analyzing 
every possible execution of a program 
or protocol. Formal verification is useful 
for assessing the safety of autonomous 
robotic assistants, but other methods 
can be used for the lower-level control 
systems that control the robot’s actua-
tors. Simulation-based testing can be 
used to build accurate physical simu-
lations of the robot’s mechanics, 

In 2011, Robonaut 2 began its mission assisting with tedious tasks aboard the International 
Space Station. In 2012 it was party to the first human-robot handshake in space, shared 
with Commander Dan Burbank.  –  Credits: NASA

Kirobo, launched to the International Space Station in August 2013, is the first caretaker 
robot in space. The anime-like creation is intended to assist Japanese astronaut and Ex-
pedition 39 Commander Koichi Wakata to maintain psychological wellbeing through com-
munication.  –  Credits: Toyota
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along with its sensors and actuators. 
The simulated robot is then placed in 
a virtual environment where elements 
are randomly varied to analyze the re-
sponse of the system and determine 
its reliability. For example, a simulation 
can be used to reproduce a scenario in 
which a robotic gripper lifts a delicate 
rock sample on Mars. This scenario 
could then be simulated many thou-
sands of times in order to determine 
how often the gripper’s control system 
succeeds in grasping the rock properly.

The Human 
Factor

It is also useful to determine whether 
end-users of autonomous robotic as-

sistants will trust autonomous robotic 
assistants within their target environ-
ments. Astronauts will of course be 
reluctant to use a robotic assistant on-
board a spacecraft if they do not trust 
it. This reluctance could result in under-
utilization of an important resource – 
the robotic assistant itself – and have 
possible impacts on mission success. 
End-user validation testing involves 
testing the robots within realistic en-
vironments and situations in order to 
determine that the robot is fit-for-pur-
pose. This technique can be used to 
determine whether characteristics like a  

robot’s appearance, gestures, and mo-
tion are sufficient to let end-users trust 
their robotic assistants.

Investigations are currently under-
way in the UK to use formal verification, 
simulation-based testing, and end-user 
validation to provide a holistic approach 
to determining the safety and trustwor-
thiness of autonomous robotic assis-
tants. The £1.2 million EPSRC-funded 

“Trustworthy Robotic Assistants” proj-
ect will use state of the art facilities and 
techniques at the Universities of Bristol, 
Hertfordshire, Liverpool and the West 
of England to develop tools and tech-
niques for the verification and validation 
of autonomous robotic assistants. The 
testing will include robots in the home, 
healthcare environments and manufac-
turing scenarios at first, but the lessons 
learned on the project will be useful to 
researchers and engineers wishing to 
develop robotic assistants for all kinds 
of environments, including space.

Autonomous robotic assistants are 
set to transform many aspects of life on 
Earth and beyond, as long as we can be 
assured that our robotic assistants are 
safe for use, reliable in their activities, 
and worthy of our trust. Tools and tech-
niques are already being developed to 
provide these assurances so that soci-
ety may receive the full benefit of these 
new autonomous robotic technologies.

This is the introduction to a series of  ar-
ticles on safety of autonomous robots, 
to be published at: 
www.spacesafetymagazine.com. 
Matt Webster, Clare Dixon, and Michael 
Fisher are researchers at the Centre for 
Autonomous Systems Technology, Uni-
versity of Liverpool. They are supported 
by the EPSRC-funded project “Trust-
worthy Robotic Assistants.” For more 
information visit: http://www.liv.ac.uk/
CAST and http://www.robosafe.org/

Space Justin hasn’t made it to space yet, but it’ll get there some day. Designed by German 
space agency DLR, Justin is built for teleoperation using a virtual reality-type interface. Its 
multi-directional joints help the robot more closely mimic human movements.  –  Credits: DLR

Synchronized Position Hold, Engage, Reorient, Experimental Satellites, or SPHERES, may 
not be humanoid but that doesn’t mean they can’t be helpful. These bowling ball sized 
robots are being used to perform environmental monitoring and maintenance aboard the 
International Space Station.  –  Credits: NASA
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The Nixon Administration 
and Shuttle Safety
Part 2
 

By Joseph N. Pelton

The President 
Decides to Green 
Light the Shuttle

On January 5, 1972, President 
Richard M. Nixon announced 
in a joint press appearance with 

NASA Administrator James C. Fletcher 
the decision to design and build “an 
entirely new type of space transporta-
tion system” that would “transform the 
space frontier of the 1970s.” The sys-
tem Nixon announced was rich in its ex-
pectations. President Nixon proclaimed 
that “It will take the astronomical costs 
out of astronautics. In short, it will go 
a long way toward delivering the rich 
benefits of practical space utilization 
and the valuable spinoffs from space 
efforts into the daily lives of Americans 
and all people.” Nixon indicated that 
the Shuttle would bring a real working 
presence in space and perhaps reduce 
the cost of launch operation down to 
“one-tenth of those launch vehicles.” In 
his announcement, he indicated to that 
there would be two more Apollo flights, 

Apollo 16 and 17, but that these flights 
“bring us to an important decision point 
– a point of assessing what our space 
horizons are as Apollo ends, and of de-
termining where we go from here.”

James Fletcher went on to explain 
that this vehicle would be able to lift 
some 29,000kg to low Earth orbit and 
could accommodate payloads that 
were 4.6m in diameter and 9.1m long. 
He indicated that the shuttle would be 
fueled by liquid oxygen/liquid hydrogen 
as well as by a solid fuel external tank 
that would be jettisoned before going 
into orbit. He promised that the Shuttle 
would be accomplished on a “mod-
est budget” and that it would make 
space operations “less complex and  
less costly.”

The Shuttle 
Program in 
Historical 
Perspective

The Shuttle program that emerged 
after months of discussion and 

compromise in 1971, the one that was 
actually in use for over 30 years, still 
provokes highly conflicting emotions. 
On the one hand, the Shuttle can cer-
tainly be seen as a triumph of American 
technology that flew over 130 success-
ful flights to space.

Yet it can also be seen as an example 
of extraordinary hubris in assuming that 
new state-of-the-art systems can be ac-
curately projected by costing experts 
and its exact technical performance pre-
scribed before totally new technology is 
developed. The thought that the Shuttle 
could fly many dozens of times a year 
and bring costs down by a factor of ten 
turned out to be very wide of the mark. 
Also, the combination of a solid fuel rock-
et with the liquid fueled orbiter effectively 
limited any truly viable crew escape ca-
pability during launch operations.

The 2003 Columbia Accident Inves-
tigation Board (CAIB) stated that the 
Space Shuttle was “an inherently vul-
nerable vehicle, the safe operation of 
which exceeded NASA’s organizational 
abilities.” The CAIB report went on to 
state: “The increased complexity of the 
Shuttle, designed to be all things to all 
people created inherently greater risks 
than if more realistic technical goals had 
been set at the start. Designing a reus-
able spacecraft that is cost-effective is 
a daunting engineering challenge; do-
ing so on a tightly constrained budget 
is even more difficult.”

It is easy after the fact to consider 
what might have been done differently. 
At this point in history, the Space Shut-
tle program is most productively seen in 
the context of possible lessons learned. 
Here are some of these possible con-
clusions we can draw looking back over 
the last forty years. 

NASA Administrator James C. Fletcher shows the projected Space Shuttle to President 
Gerald R. Ford in 1976.  –  Credits: US National Archives
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The Nixon Administration 
and Shuttle Safety
Part 2
 

Early Shuttle design concept.  –  Credits: NASA

The Shuttle was “an inherently 
vulnerable vehicle, the safe 

operation of which exceeded 
NASA’s organizational abilities” 

(CAIB)

• All of the planning documents envi-
sioned the Shuttle as a 20-year pro-
gram, whose operational life would 
have extended from 1979 to 1998. 
After the Challenger accident the 
Rogers and Payne Commissions 
in 1986 indicated that the Shuttle 
needed to be replaced by a new 
vehicle in, at most, 15 years or, as 
simple math would indicate, it should 
have been replaced by 2001. Yet the 
Shuttle fleet flew through 2012. Thus 
risk assessment problems that came 
during the start of the program con-
tinued in the years that followed. In 
this regard the safety failures can be 
seen as that of “national space lead-
ership” of the White House, OMB, 
Congress, and NASA.

• Perhaps it would have been wiser to 
have developed a small liquid-fueled 
crew-rated vehicle with an escape 
system for astronauts, then develop 
a much larger robotically controlled 
heavy-lift capability powered by solid 

fuels to allow major cost saving. This 
larger and more cost-efficient system 
could have been designed to get car-
go up and down at a fraction of the 
cost. Space Guru Robert Zubrin has 
voiced this type of critique quite viv-
idly by saying that “using the Shuttle 
for lifting astronauts to 
low Earth orbit makes 
as much sense as us-
ing an aircraft carrier 
to tow water skiers.” 
This splitting of crew 
and cargo, of course, 
is where current plan-
ning is going. Yet for 
some reason we still 
have solid rockets and 
human crew together, 
which from a safety 
perspective is not a 
good plan. 

• The thousands of ce-
ramic tiles that consti-
tute the thermal pro-

tection system for the Space Shuttle 
is contra-indicated in terms of opera-
tional schedule, safety, performance, 
and resiliency. Today’s metallic ther-
mal systems are better in terms of 
performance, operational efficiency, 
and costs. In short, conventional 
rockets with capsules might have 
served immediate needs, allowing 
an additional 10 years to develop a 
shuttle with a much improved and 
cost efficient thermal control sys-
tem, making it cheaper, better, and 
safer. Designing a human rated ve-
hicle without developing crucial en-
abling technology first almost always 
turns out badly. The Space Shuttle 
was only one more case where this  
was true.

The Space Shuttle prototype Enterprise flies free after being released from NASA's 747 Shuttle Carrier Aircraft (SCA) in the second of five 
free flights of the Shuttle program's Approach and Landing Tests (ALT).  –  Credits: NASA
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• The Shuttle was grounded after the 
Challenger and Columbia accidents 
for a combined total of nearly six 
years. A sum on the order of $3 bil-
lion was spent in making the Shuttle 
safe – unfortunately never with com-
plete success. Problems with metal 
fatigue, the inability to access kilo-
meters of wiring, the fragile and dif-
ficult to refurbish ceramic thermal 
protection system, the lack of a crew 
escape system – and more – suggest 
that the Shuttle may well have been 
premature and insufficiently resilient, 
as the CAIB report bluntly states. 
The Space Shuttle would never 
have been able to manage 39 to 59 
missions a year as first envisioned. 
Clearly, the initial economic perfor-
mance projections were dramatically 
off base. Realistic mission goals that 
avoid promising much too much to 
legislative bodies and a general aver-
sion to “hype” should help our future 
planning for new space systems. If it 
seems overly ambitious in terms of 
technology and mission goals, then 
we should consider creating a dif-
ferent and better plan. This is where 
commercial systems that do not have 
to get budgets approved by legisla-
tive bodies clearly have an edge.

Final 
Observations

Today we are facing a new transition, 
once again with a similar drive to 

reduce budgets. This seems to suggest 
that the way forward in space transpor-
tation – at least in terms of accessing 
low Earth orbit – may not be by means 
of NASA, ESA, Roscosmos, ISRO, the 
Chinese National Space Agency, or 
JAXA, but rather through entrepreneur-
ial innovation. In the commercial space 
context, risk assessment is much more 

likely to be central to design consider-
ations and less likely to be part of politi-
cal dynamics.

The Shuttle has played a seminal role 
in American space enterprise and cer-
tainly has aided the cause of interna-
tional cooperation in the construction of 
the International Space Station. It has 
also provided valuable experience both 
positive and negative. The design of 
future space systems will likely involve 
greater use of robotics, more innova-
tion from the private sector, and more 
international cooperation. One can only 
hope that a focus on upfront safety de-
sign will be the fourth element. 

Despite its limitations, it is certain that 
the Space Shuttle is one of the iconic 
space vehicles of all time and its place 
in history is secure. The four decades 
of Space Shuttle history – from start to 
finish – are worthy of careful analysis 
to help provide clues about how to de-
velop better and safer space vehicles to 
meet the demands of the future. 

Dr. Joseph N. Pelton is on the Executive 
Board of the IAASS and is former dean 
of the International Space University

The lift off of Columbia (STS-1, 1981, on the left) and the landing of Atlantis (STS-135, 2011, on the right) mark the beginning and the end 
of a 31 year era of triumphs and tragedies.  –  Credits: NASA
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And Don’t 
Forget 
to Eat! By Tereza Pultarova

Is Nutrition Key to Success 
(Not Only) in Space?

Medieval seafarers were losing their teeth, suffering 
painful wounds, and dying in large numbers due to a 
condition caused by improper nutrition. And still, with 

the availability of fresh fish and the rather large size of the 
ships allowing storage of a decent amount of food compared 
with confined space capsules, one would say the medieval 
crews on vessels cruising the world’s oceans in the Age of 
Discovery were in a much better situation than 20th and 21st 
century astronauts. 

It took until 1932 to identify severe vitamin C deficiency to 
be the main cause of scurvy and to understand that it was 
actually the lack of fresh fruit and vegetables limiting the suc-
cess of early maritime travel. 

Though modern science has managed to advance the un-
derstanding of human nutritional needs up to the level of mil-
ligrams of micronutrients a day, getting the right balance in 
a diet of someone without access to any fresh supplies still 
remains a challenge. Especially when this ‘someone’ has one 
of the most demanding jobs one can imagine. 

Charles Bourland, a retired space food scientist who served 

at NASA since the 1960s, admits that up until American space 
station Skylab in the 1970s, astronauts, including those land-
ing on the Moon, consumed only about half the amount of 
food they should have consumed, given the demands of  
the situation. 

“In fact, on Skylab, they had the best intake they’ve had.  
I guess the space station crews are getting closer to proper 
intake now but not even on a Space Shuttle did they have 
such a good intake as on Skylab,” says Bourland, explain-
ing that motion sickness and a packed work schedule have 
always had a bad effect on astronauts’ food discipline. 

While such a problem might go basically unnoticed on a 
short mission, once we consider a months-long journey to 
Mars and beyond, the astronauts might find themselves in 
life-threatening situations.

Can Poor Diet Trigger Dementia?

It’s not only scurvy. Malnutrition is the root of many condi-
tions and there is no doubt a malnourished crew would hard-

ly perform according to expectations.
In the mid-2000s, NASA helped to discover that malnutri-

tion might not be the result, but the cause of cognitive decay 
of some elderly people.

Focusing on micronutri-
ents that are also among 
key nutritional concerns in 
human spaceflight, the re-
searchers compared two 
groups of elderly people 
from Texas – healthy, ac-
tive seniors and those 
obviously self-neglectful, 
displaying symptoms of 
depression and dementia. 

After blood samples were 
taken and analyzed using a 
methodology developed for 
astronauts’ nutritional as-
sessment before long du-
ration missions, the scien-
tists have found that while 
healthy seniors had normal 
levels of vitamins B12 and 
D, folate and antioxidants, 
cognitively-impaired 

Securing a balanced diet for astronauts on long duration missions is one of the biggest challenges. 
Credits: Bill Ebbesen 

Space Safety
        Magazine      
Space Safety

Magazine      

I I

Winter 
 2014

S P E C I A L  R E P O R T

S  P  A  C  E   F  O  O  D



self-neglectors displayed 
severe deficiencies. 

"This study is an exam-
ple of how NASA research 
and capabilities not only 
benefit astronauts, but can 
contribute to basic science 
and to public health," said 
Scott M. Smith, NASA nu-
tritionist at the Johnson 
Space Center. 

“I think that malnutrition 
may not just be an outcome 
but may actually be an initi-
ating factor,” he says. 

Now, let’s imagine a 
mentally (and physically) 
unfit crew landing on a des-
olate planet millions of kilo-
meters away from Earth… 
That’s a disaster waiting to 
happen. 

Iron Overdose and Salt Cravings

According to Dr. Bourland, astronauts, similarly to Earth-
lings, need to consume some 2000 calories a day, with 

the exact amount depending on their body mass, gender, and 
activities.

Though many of their nutritional needs are identical to 
those of Earth-bound people, after more than 50 years of 
human spaceflight scientists have managed to tune the as-
tronauts’ diet to, at least partially, make up for the space-
induced changes in a human body.

“They don’t need as much iron for example,” Bourland 
says. “In fact the requirements for males and females are 
the same for iron, while they are different here on the ground 
where females require more.”

The reduced need for iron is a result of the decreased pro-
duction of blood cells known to take place in space as less 
blood is needed to power the body. 

In fact, consuming too much iron in space could build up 
toxicity. An iron-overdosed astronaut would become dizzy 
and tired and could suffer from headaches 
and weight loss, feel nauseous and short 
of breath. 

With too much iron in the system, the 
body also cannot absorb zinc properly. In 
the long term, without reducing his or her 
iron intake, the astronaut could develop 
serious problems including liver damage, 
arthritis, or heart conditions.

Similarly, the balance between potas-
sium and sodium becomes rather delicate 
in space. Those two compounds main-
tain the fluid balance of the human body, 
regulate blood pressure, power cells, and 
enable neural signal transmission. Some 
studies even suggest these two elements 
contribute to healthy bones. 

However, as the water economy of the 
organism changes in space, so does the 
sodium-potassium equilibrium. Research-

ers have concluded that, on average, astronauts tend to 
consume too much sodium and too little potassium. The 
high content of sodium makes many types of terrestrial 
food, which would otherwise qualify for spaceflight, in fact,  
unsuitable.

“Space nutritionists are actually trying to reduce the sodium 
content because there was some evidence that high sodium 
might contribute to vision problems they’ve had on some of 
the missions,” says Bourland, explaining that, as the sense 
of taste worsens in space, astronauts tend to crave more salt 
and always find a way to get it. 

“On some of the early Shuttle missions, they took some of 
the salt away from them,” Bourland recalls. “Unfortunately, 
[the astronauts] had salt tablets that they have to take before 
reentry to retain more fluid and they got some of them and 
they ground them up and made their own salt.”

Leafy Vegetables and 
the Lack of Sunlight

While early seafarers were suffering from the lack-of-vita-
min-C-induced scurvy, in the case of astronauts, vita-

min D deficiency becomes a major issue. 
Throughout the evolution of men, nature was able to take 

care of this matter, equipping humans with the ability to syn-
thesize vitamin D in their skin when exposed to sunlight. 

However, spacecraft have to be shielded from the Sun, as 
without the presence of protective atmosphere, the solar rays 
become too powerful. 

Low levels of vitamin D hinder absorption of calcium in the 
bones and increase bone loss - already a major problem dur-
ing space flight. 

Last year, NASA scientists discovered that the deficiency of 
folate, the substance identified to be responsible for the cog-
nitive impairments in the elderly, might be one of the causes 
of vision changes experienced by about 20% of astronauts 
after an ISS mission. The role of vitamin B12 in this process 
is yet to be identified. 

Like it or not, we are what we eat and space science has 
helped to advance our understanding of nutrition, not only to 
secure success of space missions, but also to improve the 
quality of life for those bound to Earth.

Scurvy is one of the well-known 
conditions related to vitamin defi-
ciencies. – Credits: The UK National 
Archives

A can of space food floating aboard the ISS. – Credits: ESA
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HACCP: NASA’s Greatest 
Contribution to the 
Global Food Supply By Merryl Azriel

It is nearly impossible to overestimate 
the impact that the Hazard Analysis 
and Critical Control Point (HACCP) sys-

tem has had on the global food supply.  
HACCP was invented in 1959 by a collab-
oration of scientists from NASA, the US 
Army Research Laboratories, and NASA’s 
space food contractor, Pillsbury. By the 
turn of the century, it was in use in every 
corner of the globe.

In 1959, the only accepted method for 
ascertaining food safety was testing of the 
finished product. A single batch of food 
could contain a good bit of variability, so 
testing 1% of the finished product was no 
guarantee that the remaining 99% was 
acceptable. To ensure 100% of a batch 
of food was safe, it was necessary to test 
100% of the batch. Of course, with food 
testing generally being destructive, that 
left nothing to actually be eaten.

NASA needed a better way to ensure the 
foods it sent to space would not make its 
astronauts sick. The agency started from 
the systems it knew best and derived a 
quality methodology inspired by the Fail-
ure Modes and Effects Analysis (FMEA) 
approach to risk management. The philos-
ophy of this approach was to analyze the 
raw materials that go into a process along 
with “critical points” at which contamina-
tion can take place. By monitoring materi-
als and critical points, the scientists could 
have confidence in the final product even 
with limited testing. Critical points could 
be anything from transportation transfer 
points where handling could expose raw materials to humid-
ity and high temperatures, to the telephones in manufacturing 
facilities that collect bacteria which can be introduced to the 
food system. Some of the earliest critical points identified in-
dustrially related to cooking temperatures for canned goods, 
which must be high enough to ensure no bacteria are sealed 
inside cans and left to grow.

Once a critical point is identified, analysts devise monitor-
ing approaches and acceptable limits to guard against con-
tamination at that point. For the example of cooking canned 
goods, monitoring might involve taking temperature readings 

from multiple positions in a batch to ensure the temperature 
limit is met. If a sample failed the monitoring testing, cor-
rective actions would be put in place such as increasing the 
cooking time, improving mixing to ensure uniform heating, or 
increasing the minimum temperature requirement. 

HACCP started out as a set of three principles summarized 
as: 1) Identify hazards, 2) Determine critical control points, 
and 3) Establish monitoring procedures. Over time, an ad-
ditional four principles were added to ensure adequate doc-
umentation and provide a pathway to recover from failures. 
Today’s seven principles are illustrated above.

HACCP is now deployed worldwide, as demonstrated by this HACCP guidance, taken from the 
Hong Kong Food and Environmental Hygiene Department’s website. It is reproduced under a 
license from the Government of Hong Kong Special Administrative Region. All rights reserved.

Analyse the whole food production process and identify 
hazards posed to the safety of food

Determine critical controlpoints at 
which hazards can be controlled or 

eliminated. Common CCPs in 
food production are in the 
fol lowing process s teps: 
purchase of raw materials, 
cold storage of raw materials, 

cooking, cold- and hot-holding 
of prepared food.

Establish a set of clear limits for CCPs 
for the food to comply with. These
can be limits of cooking temperature, 
cooking time and physical properties,

 e.g. food colour, appearance, texture, etc.

The puposeof monitoring procedures is to assure that the 
food meets the limits set for CCPs, e.g. the temperature 
limit, or cooking or cooling time limit. Major monitoring 
procedures include visual inspections and physical 
measurements such as temperature readings. Besides, the 
frequency and time of the monitoring procedures should be
specified. 

Establish corrective actions in
advance for CCPs so as to correct
deviations of the limits quickly and
prevent unsafe products from
entering into the market.

Establish verification 
procedures to ensure 
that the HACCP 
system is functioning 
properly.

A HACCP system should be
supported by comprehensive,
effective and accurate
records for reference and 
review. They include
records on food product
safety, process steps,
food storage; monitoring 
and corrective action etc.

7. Establish a record system

1. Analyse hazards

2. Determine critical
control points (CCPs)

3. Establish limits for 
CCPs

4. Establish monitoring procedures 
for CCPs

       5. Establish 
corrective actions

6. 
Establish 
verification 
procedures

The HACCP system involves
seven steps:

Purchase

Preparation

Delivery &
Receiving

Storage

Consumption

Cooking
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A Slow Start

It’s kind of ironic that NASA actually didn’t follow the HACCP 
process for a long time,” says retired NASA food scientist 

Charles Bourland. Bourland played a key role in the develop-
ment of modern space food in his 30 year career with NASA, 
from 1969 to 1999. He explains that, in typical NASA fashion, 
the organization was reluctant to transition from a system that 
appeared to be working to the new-fangled HACCP. “They 
were doing the old NASA system where they were inspect-
ing everything,” recounts Bourland. “For years we had a total 
plate count of 10,000, anything over 10,000 was not accept-
able for food for space.” Total plate count is a measure of 
the number of microbial colonies living in a particular sam-
ple. According to Bourland, a count of 10,000 is “practically 
sterile,” as most food is perfectly safe at counts of 20,000 
or even 30,000. As a trained microbiologist, this misapplica-
tion of resources in testing to an inappropriate standard frus-
trated Bourland and he went to work trying to change the 
system. The limit was driven by the fear that even low levels 
of microorganisms could lead to in-flight illness for immune-
compromised astronauts. This fear was eventually laid to rest 
and Bourland’s argument carried the day. “I fought that for 
years and I finally convinced them,” he says. “Now they do a 
true HACCP.” 

Before NASA saw the light, however, Pillsbury took the sys-
tem for a test drive. 

Contamination Drives Adoption

In March 1971, a customer discovered bits of glass in a farina 
product produced by Pillsbury – and widely used as infant 

food. Glass shards in baby food was predictably bad for sales 
and Pillsbury’s CEO at the time was determined to not only 
reassure the public, but also to safeguard against any future 
recalls under his watch. He called in company microbiologist 
– and co-creator of HACCP – Howard Bauman and gave the 
go-ahead to implement HACCP at the company.

Just a few days later, Bauman was introducing HACCP 
publicly for the first time at the National Conference on Food 

Protection, sponsored by the American Public Health Asso-
ciation. The audience was not impressed, but by the end of 
1971 they were forced to reconsider. In June, a man died af-
ter tasting canned vichyssoise made by Bon Vivant. The can 
was contaminated with botulism and eventually the brand’s 
entire product line was recalled. Shortly thereafter, Campbell 
recalled its chicken soup after identifying botulism in a batch. 
Fortunately no one was sickened from that incident, but the 
botulism streak was not yet complete. The next to fall was 
Stokley-Van Camp’s canned green beans. By that point, the 
public was on edge and the research director of the National 
Canners Association called for help: “We just don’t think the 
canning industry can tolerate any more bad publicity,” he 
said. The US Food and Drug Administration (FDA) was un-
der the gun for not providing better consumer protection. In 
short, HACCP’s time had come.

In 1972, Pillsbury representatives delivered the first HACCP 
training course to FDA inspectors. Use of the system around 
the world predictably followed on the heels of any major food 
poisoning or contamination incident, spreading from canning 
to meat processing plants to fast food restaurants, from the 
United States to Australia, Europe, and Asia. Two decades 
later, any remaining holdouts adopted the system when a 
joint task force of five US government food safety and health 
agencies recommended it, followed shortly thereafter by the 
United Nations’ World Health Organization. The system is 
now required by food and drug agencies and associations 
around the globe. NASA, of course, is still a loyal adherent to 
the remarkable system it instigated over 50 years ago.

References
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Vegetables being prepared for freeze 
drying at NASA’s Johnson Space Cen-
ter Space Food Systems Laboratory. 
HACCP principles still keep astronauts’ 
food supply safe throughout its com-
plex processing. – Credits: NASA
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SciFi Space Food: 
From Fiction 
to Future? By Merryl Azriel

Science fiction has always exerted 
a strong influence on scientific 
and engineering creativity and 

development. What has once been 
imagined becomes an object of pur-
suit, and before you know it we have 
cell phones, touch screens, and robot-
ic vacuum cleaners. So if we want an 
idea of what space food will look like 
in the future, what better place to turn 
than the seething mass of ideation that 
is science fiction?

The most iconic of all fictional space 
foods derives from Star Trek’s repli-
cator. With a swirl of light and sound,  
this magical-seeming contraption pro-
duces food and drink in any form and 
flavor – dishes included – built up 
from the atomic level. Leftovers and 
dirty dishes are simply placed back in 
the replicator, where they are decon-
structed and turned into the next dish. 
The replicator idea has received fresh 
attention with the success of 3D print-
ing technology (see Print Your Food: 
A Revolution in the Space Kitchen, 
p.XIV). While not yet able to turn a plate 
into your next soufflé, 3D printed foods 
have the potential to ward off food fa-
tigue on long missions without the inconvenience and volume 
of individual packaging, shelf life, and form factor constraints. 

Recycling is a common theme in space food both fiction-
al and real. The International Space Station effectively re-
cycles urine – as astronaut Don Pettit describes it “turning 
yesterday’s coffee into today’s coffee.” But fiction has gone 
even further, such as in the Dr. Who episode Gridlock (2007) 
in which the population of New New York spends decades 
commuting through exit-less traffic tubes in hovering, self-
sufficient cars. With no access to supplies en route, each car 
is equipped with a contraption to turn the occupants’ waste 
into cracker-like wafers for sustenance.

Dystopian fiction plumbs even darker depths in the hunt 
for food. The concept of unwitting cannibalism introduced in 
films such as Soylent Green and Cloud Atlas suggests the 
logical but repugnant step of recycling dead humans (or hu-
man-like “fabricant” clones) to maintain the living. It is not 
difficult to imagine the solution being a logical temptation on 

harsh planetary colonies in which the nutrients that go to feed 
any individual are precious and colonists cannot afford waste 
of any variety.

Frank Herbert’s Dune novels explore another aspect of re-
cycling the dead with “deathstills.” On the desert planet Ar-
rakis, water is so rare that every drop must be preserved, so 
all water from the dead of the Fremen desert dwellers is re-
moved using the deathstill and returned to communal reser-
voirs. Might such a measure be necessary on Mars one day? 
It is difficult to rule it out.

Despite these flights of fancy, the majority of science fiction 
envisions food in future space looking a lot like the food we 
eat today. Produced through hydroponics or in petri dishes, 
these versions of the future may not represent a lack of imagi-
nation so much as an acknowledgement of the reality that 
food, along with its preparation and form, is an important cul-
tural element in every human society that has ever existed. 
Odds are, it will remain so for some time to come.

Space dining. – Credits: Gilles Labruyere. 
Gilles is Principal Mechanical Engineer of the Aeolus satellite at ESA, and previously of Envisat.  
He has been drawing space related cartoons since 1994.
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Space Food 
through 
the Years By Merryl Azriel

Introduction
When humans first ventured into space, no one was quite sure 
whether bodily functions – such as swallowing and digestion – 
would even work properly. Yuri Gagarin effectively dispelled 
that feared limitation by successfully consuming tubes of meat 
paste and chocolate sauce. But that was just the beginning of 
the space food challenge, as experience and technology helped 
hone dense nutritional packages into something that more 
closely resembling recognizable, even appetizing, food. The 
journey is far from over, with production of fresh food in space 
the ultimate hurdle to deep space exploration and independence 
from the continuous stream of resupply vessels that maintains 
the International Space Station crew today. Nevertheless, space 
food has come a long way since 1961. 

Toothpaste Tubes
The first space food consisted of viscous flu-
ids packaged in aluminum tubes: Gherman 
Titov had soup puree, John Glenn had apple-
sauce and beef-vegetable puree. The tube 
form was effective for use in microgravity: 
by simply squeezing the tube, an astronaut 
could dispense a controlled quantity of food 
without leaving bits floating in the space-
craft. They were deeply unpopular, how-
ever: “I could not rid myself of the sensation 
that I was about to squeeze a whole tube of 
toothpaste into my mouth,” related Titov in 
his book I Am Eagle. Below, a tube of Russian 
borscht soup. 
Image Credits: Photographed by Wikipedia 
user Aliazimi at the Smithsonian Air and 
Space Museum

Gelatin Coated Cubes
Bite size cubes were another feature of 
early space food. It quickly became ap-
parent that even food designed to be 
eaten in one bite could generate crumbs 
– particularly during the high vibrational 
loads experienced under launch condi-
tions – that posed an inhalation hazard in 
microgravity. They also had a tendency 
to form a sticky/greasy surface coat-
ing as a result of the vacuum packaging 
process. So in the days of Gemini, cubes 
were coated with a layer of gelatin de-
signed to circumvent these problems. 
Cubes were made in all kinds of flavors 
including strawberry cereal, bacon and 
egg, and pea. 
Image Credits: NASA

Rehydratable Freeze 
Dried Foods
Rehydratables made their appearance early 
in the US space program, but throughout 
Gemini they remained fairly cumbersome 
and unappetizing. Room temperature water 
was added to a plastic pouch, kneaded to 
form a reconstituted paste, then squeezed 
into the mouth through a tube. Apollo saw 
two changes that radically improved the ac-
ceptability of rehydrated foods: hot water 
and the spoon-bowl (pictured, below left), 
which allowed astronauts to spoon foods out 
of their pouch packaging rather than mushing 
them into baby food. With the new system, 
shrimp cocktail became a perennial favorite. 
Image Credits: NASA

ISS Expedition 20 shares a meal. – Credits: NASA
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Bread
One of the most famous space food stories is that of John Young sneak-
ing a corned beef sandwich aboard Gemini 3. The escapade ended up 
not being worth the trouble since the bread turned dry and crumbly 
due to the high oxygen environment. Both the USSR and the US sent up 

sanctioned bite-size rolls, but 
astronauts on longer missions 
always talk about missing real 
bread. During Apollo, NASA 
gave bread a second chance: 
the crew was provided with 
fresh bread (pictured here), 
flushed with nitrogen before 
packaging to prevent its rapid 
oxidation. It really didn’t work 
very well: once again due to 
high oxygen levels, the bread 
tended to mold quickly. Today, 
ISS crews prefer to use torti-
llas as a bread alternative due 
to their long shelf life and low 
crumb production. 
Image Credits: NASA

Coke
Astronauts have access to a variety of flavored drinks while in space, but soda and other 
carbonated beverages are not among them. As pressure vessels, packaged soda poses a 
hazard inside a spacecraft and carbon dioxide bubbles can quickly come out of solution mak-
ing a foam out of the entire fluid – a potential (and sticky) disaster. If the bubbles stay in, 
astronauts are faced with another problem: wet burbs. In space, gaseous bubbles don’t sep-
arate out from other fluids in the stomach, so when they come up, so does everything else.
Starting in 1985, Coca-Cola, and to some extent Pepsi, tried to solve these problems. They 
designed special space cans with controlled dispensing; Coca-Cola tried baffles, Pepsi based 
theirs on a shaving cream can construction. Coca-Cola later tried dispensing from a chilled 
fountain while on orbit into a bag-within-a-bottle to maintain constant pressure. They even 
tried mixing in the carbon dioxide in space, although that machine ended up not working.  
Ultimately, they were able to make a drinkable coke, but never able to do anything about wet 
burping, and carbonated beverages are not available on ISS today. 
Image Credits: Nat Hansen

Kimchi
It’s a general rule when an astronaut goes on a mission, he 
or she takes with them at least a sampling of national dishes. 
Japanese astronauts bring inari, ramen, and rice (an array of 
typical Japanese foods can be seen on the right). Taikonauts 
are big on dumplings and lotus seeds. Cosmonauts tend to-
wards beets and fish. Generally, these foods are made space-
ready using the typical cans and pouches with no more than 
the usual fuss. When South Korea’s first astronaut took to 
orbit, though, she faced a major challenge. Kimchi, the quint-
essential South Korean dish, is loaded with the bacteria from its fermentation process – and bacteria’s access to 
space is strictly limited (see HACCP: NASA’s Greatest Contribution to the Global Food Supply p.IV). Millions of dollars 
went into overcoming the challenge. The resultant space kimchi was irradiated to kill the bacteria and reduce the 
odor, which could be unpleasant in an enclosed spacecraft, by 30-50%. Roscosmos approved the dish for the 2008 
flight of Yi So-yeon (seen on the left). 
Image Credits: Korea Aerospace Research Institute, NASA

Alcohol
Cosmonauts have a long history of drinking in space, on the recommen-
dation of their doctors. While vodka is the top Russian drink on Earth, 
cognac took precedence in space. A quick drink was seen as a way to 
recover from the strenuous work and psychological tension of long term 
spaceflight. Eleutherococcus tincture was also prescribed for medicinal 
purposes. Despite hosting experiments on beer fermentation, NASA has 
never permitted alcohol consumption during missions; on the occasions 
when offered a drink, NASA’s astronauts (reportedly) dutifully declined: 
in the picture below, for instance, astronauts Thomas Stafford and Deke 
Slayton toast their crewmates with vodka-labelled tubes of borscht 
during the Apollo-Soyuz Test Project. 
Whether consumption of alco-
holic beverages takes place on 
ISS – against NASA regulations – 
is kept tightly under wraps, with 
the notable exception of a 2008 
video by Ukranian cosmonaut 
Yuri Malenchenko demonstrat-
ing the properties of fluids in mi-
crogravity with a shot of vodka 
on the occasion of his birthday. 
Image Credits: NASA
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The Future 
of Food 
on Mars By Michelle La Vone

A manned mission to Mars poses a 
long list of concerns related to phys-
iological and psychological well-be-

ing. Scientists know that food is, in a large 
sense, the ultimate determinant of sur-
vivability in a foreign and hostile environ-
ment. But how will the space crew ensure 
they receive adequate nutrition with taste  
to boot? 

“The variety and acceptability of the food 
system is critical to maintain adequate 
consumption,” says Dr. Grace Douglas, a 
project lead at the Johnson Space Cen-
ter in Houston for NASA’s Advanced Food 
Technology Project. “Ensuring the variety 
and acceptability of the food over the long 
duration of these missions is just as impor-
tant to nutritional maintenance as provid-
ing stable nutrition in the food itself.” That 
means finding ways to provide the astro-
nauts not only with food that has a little 
pizazz, but also with efficient methods of 
food production that minimize crew time 
and reduce stress. 

Space food researchers have delved 
into the concepts of home-cooking, biore-
generation, and astrogardening to develop 
a system that’s sustainable, affordable, ef-
ficient, and transportable. 

Space Cubes Again? 
How to Avoid Menu Fatigue 
with In-Space Cooking

In 2013, six researchers gathered together in a Mars-sim-
ulated environment known as the HI-SEAS (Hawaii Space 

Exploration Analog and Simulation) dome on an abandoned 
lava field in Hawaii. They conducted a variety of experiments 
related to sleep, hygiene, and robotic companionship, but 
their main purpose was to see how home cooking would im-
pact astronaut morale and nutrition.

“The study provided an opportunity to bring together a 
number of key questions in food system design for space life 
support,” says Cornell University associate professor Dr. Jean 

Hunter, one of the study’s key investigators. “Are crewmem-
bers happier with the convenience of prepackaged foods or 
the creative opportunities of cooking for themselves? How 
exactly is food quality related to mood? What are the costs 
and inefficiencies of a crew-cooked food system?” 

Hunter and co-investigator Dr. Kim Binsted of the Univer-
sity of Hawai’i at Manoa designed the study based on the 
premise that Mars gravity is one-third of Earth’s and can hold 
things in place for food prep, like mixing and cutting. 

The crew was provided with hundreds of boxes of shelf-
stable ingredients and pre-packaged meals, meaning that 
on the no-cooking days, they ate like any regular astronaut 
would.

The six researchers derived cooking inspiration from their 
ethnic backgrounds and submissions from a publicly an-
nounced HI-SEAS recipe contest. Winning entries included a 
“spam’n’egg baowich” (with “baos” referring to Chinese 

Welcome home, Mars crew. Let’s grab something to eat! (Photo taken by the Curiosity Rover in 
July 2013.) – Credits: NASA/JPL/Caltech
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buns), “campfire hash” (ingredients included a whole lot of 
rehydrated vegetables and some Mexican spices), and “dark 
matter cake” (using coffee, cocoa powder, and mayo). 

“Cooking is a great way to express caring for your fellow 
members by making their favorite dishes, or simply by putting 
effort into making a meal as tasty as possible,” says Binsted. 
“Cooking and eating together is like social glue.” 

The researchers returned home from faux Mars in August. 
“We're still working hard on the data analysis. This isn't the 
kind of study that yields definitive, exciting findings immedi-
ately. We've got a lot of slogging to do,” says Hunter. “[That 
said], the crew strongly believes that their home-cooked food 
was a key contributor to crew morale.” 

Although hands-on tasks are known to engage and uplift 
the human spirit, cooking on Mars may produce a negative 
or neutral effect over time. After all, passion and excitement 
for an activity fades fast when its sense of novelty is replaced 
with necessity. Additionally, cooking on Mars presents anoth-
er issue: no easy resupply. 

“Even if they [the crew] eat prepackaged foods from in-
dividual storage lockers, the more desirable items will be 
consumed earlier and the less desirable items will tend to 
accumulate, unless traded among crewmembers. Going to 
a crew-cooked food system kicks the problem up a notch, 
because it’s harder to predict which ingredients will be used 
intensively,” Hunter explains. “We packed couscous for the 
crew according to its usage at the Mars Desert Research 
Station over a couple of years of two-week crews. But this 
[HI-SEAS] crew took a real liking to it, ran through what we 
thought would be a whole mission’s worth in a month, and 
clamored for more.” 

That said, according to NASA food scientist Dr. Charles 
Bourland, astronauts on the ISS use a menu to skirt the prob-
lem of food shortage. “They have a pantry up on the space 
station so they can get whatever they want. We didn’t ever 
believe that would work,” he said. But, it has. “They plan the 
food based on a menu and they apparently follow that menu 
somewhat, but they don’t ever run out of anything.” Some-
thing similar could easily be done on Mars. 

The best bet, Hunter suggests, is to rely on a hybrid food 
system based on a combination of prepackaged foods, shelf-

stable ingredients, and greenhouse-grown foods, although 
the ultimate solution likely will boil down to costs. 

“For a mission lasting a year or more, I think that home 
cooking with dehydrated foods and a few fresh herbs and 
salads will be feasible, with prepackaged ‘ready’ foods as a 
backup on busy days or when equipment needs repair. The 
larger the crew, the greater the economic advantage of cook-
ing and gardening on Mars,” she says. “However, only very 
large, long-term colonies are likely to grow staple crops and 
approach food self-sufficiency.”

Eating Fresh: 
Hydroponic Bioregeneration

Scientist Dr. Raymond Wheeler believes that in time, biore-
generation can sustain large crops for long duration mis-

sions. He’s even not too hesitant to suggest the possibility of 
“growing” other edible life forms, too, like fish. 

“The gravity on Mars greatly simplifies things. Water runs 
downhill, heat rises, animals can stand up, fish can swim 

normally,” he says, adding that bringing 
animals into space could help reduce in-
edible food waste. That said, engineering 
a perfectly-fitting protective goat suit may 
still be a century off.

As it stands now, silkworms have been 
considered, mainly by Chinese and Japa-
nese scientists, as a promising means to 
fertilize plants while providing astronauts 
with substantial animal protein. The chal-
lenge here is self-evident, at least for 
American astronauts. It all comes back to 
those cultural preferences. Home-cooked 
silkworm stew with ginger, anyone?

Before the Mars crew ingests anything 
like goat milk or silkworms, scientists first 
must tackle the challenges associated with 
growing edible plants. This means recog-
nizing and understanding plant physiology 
— like changes in root growth and nutrient 
uptake — in microgravity. It also means 
addressing issues like lighting and tem-
perature. 

Using a variety of shelf stable ingredients and dehydrated foods, the HI-SEAS crew 
experimented with ways to create concoctions that not only satisfied the stomach but excited 
the pallet. Pictured above is lemon dill pasta salad. – Credits: Sian Proctor

Russian cosmonaut Valery Korzun monitors plant growth inside the Lada 
chamber on board the ISS. – Credits: NASA
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In 2009, University of Florida’s Dr. Anna-Lisa Paul and col-
league Dr. Robert Ferl studied mouse-ear cress in detail and 
came across an encouraging find: that even without gravity 
to guide them, the plant’s roots in space grow in the direction 
that maximizes nutrient availability and uptake.

 For decades, scientists have thought that a certain fea-
ture of root growth known as “skewing” — a growth behavior 
plants use to navigate obstacles on Earth — was dependent 
on gravity, as suggested by countless experiments of grow-
ing plants on slanted surfaces whose roots skewed left or 
right, not directly along the surface.

“What our data showed was that gravity is in fact not re-
quired for skewing,” Paul says, “and further, that inherent fea-
tures of cell growth and root development form the basis for 
the behavior.”

The skewing data help illustrate the fact that plants can 
grow normally with almost zero gravity, and this supports the 
notion that plants will do “just fine” on Mars, where gravity is 
one-third of Earth’s.

Currently, NASA is funding a Vegetable Production System 
project, or VEGGIE. VEGGIE is a 7 kg chamber about the size 
of a microwave oven used for lettuce, cabbage, peas, and 
other vegetables. NASA plans to send the system to the ISS 
later this year. The system relies on light provided from multi-
colored LEDs and draws in ambient air to cool the chamber 
and supply the plants with carbon dioxide.

The intent of the project was to create a very simple low-
cost system capable of growing edible plants in space. 

“VEGGIE is a great first step to demonstrate small amounts 
of food production on the ISS from plants. Something that 
might be similar to VEGGIE could then be used in a tran-
sit mission to and from Mars,” says Wheeler, who served as 
a NASA liaison for the chamber’s development, adding that 
evolution will breed the ultimate food production system. 
“You expand infrastructure over time.” 

Wheeler also served as the NASA liaison for another low-
cost growth chamber, Lada, developed by the Space Dy-
namics Laboratory (SDL) at Utah State University Research 
Foundation in cooperation with the Russian Institute of Bio-

medical Problems. First used in 2002, the 
Lada chamber has grown crops of peas, 
mizuna, tomato, radish, and wheat.

 “Our latest Lada-grown crop, Mizuna, 
still shows some extra oxygen stress gene 
activity, but physically the plants look and 
taste like Earth-grown comparison plants,” 
says Dr. Gail Bingham, a senior research 
scientist at SDL and manager of Lada’s 
VPU-P3R project. “In addition, since 
space is limited in the crew cabin, small 
high-yielding varieties are critical. Exten-
sive work is being done to develop small-
er, high-yielding plants that could support 
space flight.”

 The plants are frozen and carried back 
to Earth to test for any signs of harmful 
bacteria and physiological and genetic 
stress. “The Russians have certified Lada-
grown veggies for consumption; the US 
has not,” says Bingham, explaining that 
the US is hesitant to label the plants as 
safe because some microorganisms in 
space have been known to become more 
virulent. 

These space-grown plants may not only serve a physiologi-
cal function for the crew members but a psychological one 
as well. In 2012, ISS NASA astronaut Don Pettit dedicated 
a blog to “little zuc,” a sprouting zucchini grown aeroponi-
cally (with a root ball and sprinkle of water), who was quoted 
saying “I have new leaves! I am no longer naked to the cos-
mos.” And in 2010 and 2011, four of the six researchers in the 
ESA Mars 500 experiment indicated their mental health was 
helped by the presence of plants, at least by a little, accord-
ing to Bingham. He said that in the end, it comes down to 
individual and cultural preferences. “The Russian crew mem-
bers that run the Lada experiments have the ‘dacha’ tradition 
of growing gardens and would be more dependent on having 
living plants along,” he offers. “However, anyone that has 

A selection of current space food. – Credits: NASA

A plate of Arabidopsis plants grown on the space station demonstrate 
skewing behavior. – Credits: Anna-Lisa Paul and Robert J. Ferl, University 
of Florida
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been on the station or on a long camping trip with preserved 
food will tell you the psychological value is tremendous to get 
something in your mouth that has some turgor and crunch.”

The idea of bioregeneration extends not just to in-orbit 
growth chambers but also to surface-based greenhouses. 

“There are no fundamental restrictions to growing plants 
on orbit, or in a Martian greenhouse, other than paying at-
tention to basic needs of the plants and the cost of creat-
ing and transporting the engineering to meet those needs,” 
says Paul. “This is one reason we as a community are think-
ing that an excellent option of a greenhouse on the moon 
or Mars is one that runs at a lower atmospheric pressure. 
Plants do fine at low pressures — although they do respond 
by engaging a number of metabolic pathways in response to 
it — and it would take far fewer resources to support such a 
greenhouse.”

Mars greenhouses could capitalize on natural light instead 
of LEDs, but that would result in direct exposure to radia-
tion from the sun or solar storms, requiring astronauts to suit 
up every time they tended to the plants. Because of these 
logistical issues, scientists have also entertained the idea 
of using “farmer robots.” As one example, ESA is engaged 
in the design and development of a humanlike mechanical 
arm that could one day provide crop surveillance, cutting of 
leaves and weeds, progressive harvesting, transport of crops 
to storage sites, and more. 

Being Resourceful: 
Using Martian Soil 

The Phoenix Mars Lander mission has already deter-
mined that Martian soil has a pH and salt content simi-

lar to that of Earth’s, even though the nitrogen content 

is remarkably lower. It has also detected perchlorates — 
chemicals toxic to humans — widespread in the soil. Some 
scientists are optimistic there is a work around. The base 
question, perchlorates aside, is whether or not Mars soil 
could actually produce plants. Netherlands scientist Dr. 
Wager Wamelink has been one of the first to study NASA-
supplied artificial Mars soil (composed of sand taken from 
a Hawaiian volcano) in a controlled environment. He found 
that plant species germinated on the Mars soil, but growth 
thereafter was stunted. 

“I think that I will be able to cultivate plants on the Mar-
tian-like soil NASA now provides within five years,” says 
Wamelink. “Actually, the soil looks very promising and to 
be one of the more productive soils, even compared to 
some Earth soils. Doing it on Mars is something else.”

In Conclusion

Fresh foods definitely offer an improvement to the current 
space meals and will likely be a requirement, not a perk, 

to future Mars habitation. Combining the fresh foods with 
prepackaged ingredients over a stove top could bring a 
rare sense of satisfaction in the desolate Mars landscape. 
Scientists still have decades’ worth of research to conduct 
and not just for the purpose of settling Mars.

“I see the whole effort of understanding bio regenerative 
life support for space as having a lot of parallels for under-
standing sustainable living on Earth,” says Wheeler. “I think 
as we learn about one, we learn about the other.” 

Anna-Lisa Paul says, “The more we understand how 
plants respond to novel environments like spaceflight, the 
more we understand about the fundamentals of how we, 
and the biology that surrounds us, can adapt to a chang-
ing world.”

Artist’s conception of a future Martian greenhouse. – Credits: NASA
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Earth 
in a Box By Tereza Pultarova

Spacecraft travelling to Mars and beyond should be as 
self-sustainable as possible, enabling the crew to sur-
vive solely with the resources brought from Earth – recy-

cling food, waste, water, and oxygen. 
To achieve something like that, researchers have to recre-

ate processes that function on Earth by default, an Earth-like 
ecosystem in a box. 

One project to do just that, named MELISSA (Micro-Ecolog-
ical Life Support System Alternative), is currently underway 
under the auspices of the European Space Agency. So far, 
supporting a 40-strong rat crew, MELISSA can supply 100% 
of the oxygen the animals need and about 20% of their food. 

Whereas the technology for recycling water and exhaled 
carbon dioxide has already been proven in flight, including 
fecal waste into the loop and eventually retrieving edible food 
is yet to be perfected.

How Does It Work?

An aquatic ecosystem in principle, MELISSA consists of 
five compartments colonized by thermophilic, anaerobic, 

photoheterotrophic, nitrifying, and photosynthetic bacteria; 
higher plants; and the rat crew.

Waste produced by the crew together with non-edible parts 
of higher plants and the microbial biomass is collected in the 
liquefying compartment. Anaerobic bacterial strains trans-
form this waste into a liquid mixture of ammonium, hydro-
gen, carbon dioxide, volatile fatty acids, and minerals which 
is then transported further down the system.

In the photoheterotrophic compartment, hydrogen and 
carbon dioxide are separated from the rest of the products. 
While carbon dioxide can be sent directly to the plants and al-
gae compartment, handling of hydrogen requires special care 
due to its high explosiveness. 

Inside the nitrifying compartment, ammonium is trans-
formed into nitrates, providing the most favorable source of 
nitrogen to fertilize the higher plants and algae and boost bio-
mass production. 

The photoautotrophic compartment consists of two parts: 
the algae sub-compartment colonized by cyanobacteria and 
the higher plant compartment where crops such as wheat, 
tomato, potato, soybean, rice, spinach, onion, and lettuce are 
grown. Both sub-compartments, with the help of light, further 
purify the liquid waste turning it into drinking water and pro-
duce oxygen on the way. 

The fifth compartment is the crew’s living quarters.
“We have already connected all compartments on the liq-

uid phase for a preliminary demonstration,” says Christophe 
Lasseur, who is managing the MELISSA project on behalf of 
ESA. “We have connected the spirulina and the mice-crew 
compartment for 6 weeks to demonstrate carbon dioxide and 
oxygen recovery and we plan to fly spirulina at the end of 
2014 onboard the ISS.”

What Would a MELISSA-Supported Crew Eat?

The food produced by MELISSA would be purely vegetarian. Some of the proposed plants belong to staple 
crops, such as wheat, potatoes, durum wheat, lettuce, beet, kale, or soybean. However, some rather un-

usual foods would also be harvested. Due to its high content of essential micronutrients and its incredible pu-
rifying capabilities compared with higher plants, micro-algae, such as spirulina, would become an important 
part of the system and thus of the crew’s diet. Spirulina, rich in protein and basically all essential nutrients 
and vitamins, is a popular food supplement consumed by many Earthlings to boost health and immunity.

A self-sustainable ecosystem such as ESA’s MELISSA, will be crucial for 
any future manned deep space mission. – Credits: ESA
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lighted to know that SMRC has planned to test its 3D printer 
by printing a space pizza. David Irvin, the director of research 
at SMRC, pointed out that pizza is the ideal candidate be-
cause it consists of a variety of nutrients and flavors and has 
several layers, which can be easily created by the 3D printing 
technology. With a pizza, the technology’s ability to produce 
solid food, flexible mass, and melted substances can be test-
ed all together.

How Would It Actually Work?

The system will include a micro and macronutrient storage 
system providing maximum shelf life for the nutrients, a 

mixing system to create a solution from the nutrients, and a 
3D dispenser to add flavor and texture. All the starches, pro-
teins, and fats would be stored in powdered form in contain-
ers. When a crewmember chooses a dish from a menu, the 
ingredients will be mixed and blended with water and oil. This 
final mixture will then be heated and sprayed layer by layer, 
following a predefined recipe, until completion. Astronauts 
will be able to communicate with Earth and receive new and 
personalized recipes.

Print Your Food: 
A Revolution in the 
Space Kitchen By Carmen Victoria Felix

Over the course of 2013, NASA has set its sights on 3D 
printing, a technology that has the potential to cut space 
mission costs by enabling printing of various parts of 

the International Space Station (ISS) hardware while in or-
bit. According to recent developments, 3D printing may also 
shape the future of space food for long duration missions.

Long term storage, preservation, and transportation of 
food has always been a challenge, especially while maintain-
ing all the nutrients required for a balanced diet, whether on 
Earth or in space. So far, there has been limited food storage 
capacity on ISS, and continuous resupply has been needed. 
However, regular resupply won’t be possible over the course 
of a long mission to Mars that would require further reduc-
tion of cargo mass and volume. Now, with an unexpected 
development in the space industry, 3D printing might offer 
a solution by allowing astronauts to print their own food  
while in space.

NASA Paves the Way

Earlier this year, NASA announced its decision to fund a proj-
ect to develop a device that can produce on-demand food 

production similar to Star Trek’s fictional 
replicator – a science fiction device ca-
pable of replicating food, water, uniforms, 
spare parts, and common objects. Sys-
tems and Materials Research Corporation 
(SMRC), based in Texas, received a six-
month contract and a grant of $125,000 
from the Agency through the Small Busi-
ness Innovation Research (SBIR) program. 
The company will look into the feasibility 
of a space 3D food printer that would in-
clude all the nutrients astronauts need 
while reducing waste, storage demands, 
and preparation time.

Would You Like 
a Space Pizza?

SMRC’s technology has already proven 
its ability to print chocolate bars, and 

now it will be used for something more 
elaborate. Lovers of Italian food will be de-

Using a modified RepRap, 3Dprintler 3D printed icing on cookies at TechLinks Ottawa in 
November. – Credits: 3Dprintler
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SQ & MA Lead Matthew Napoli works with a printer in the Made in Space clean room. – Credits: Signe Brewster

In addition to the advantage of saving storage space and 
creating ready to eat meals, SMRC’s 3D printing would re-
duce waste to zero by entirely eliminating packaging – a bo-
nus for long distance missions.

The Advantages of 
3D Printing in Space

The printer would provide a complete set of nutritious food 
with a pre-printed shelf life of up to three decades, per-

fectly suitable for long duration missions beyond low Earth 
orbit (LEO). The device will be designed to deliver starch, 
protein, and fat, creating food with more natural structure, 
texture, and even flavor and aroma, than the current space 
food, which undergoes heavy processing like thermo stabi-
lization, sterilization by ionizing radiation, and freeze-drying. 
This new technology could make it possible to produce food 
that would meet the nutritional requirements of each individu-
al crewmember, improving health and providing a wider range 
of food options to avoid monotony. 

However, the scientific community is not unanimous in its 
enthusiasm for the food 3D printing vision. Dr. Gail Bingham, 
a senior research scientist at the Space Dynamics Laboratory 
(SDL) at Utah State University Research Foundation, thinks 
the printed food would not feel and taste like naturally grown 
and cooked food, lacking robustness and freshness. “I find 
it hard to believe that food produced that way will be much 
different than some of the pasty, gooey things that kids find 
in their lunch boxes and quickly tire of,” he says. “I am not 
an expert, and may have a lot to learn. I think forming the 
cell structure that provides a lot of the enjoyment of our fresh 
food will be hard to replicate.”

NASA has been interested in 3D printing not only for use on 
long duration missions, but also due to the huge implications 
the capability to print objects and tools in orbit would have. 
Similarly to the Star Trek replicator, which could create any 

object as long as its specific molecular sequence was known, 
3D printers in space would enable replacing lost tools or bro-
ken parts without the need to wait for resupply. That would, 
of course, save a lot of money.

In the summer of 2014, NASA plans to launch a 3D printer 
to the ISS. Developed by Made in Space, the device will test 
space manufacturing of spare parts and tools. The printer 
will have a set of pre-defined blueprints, but will also have 
the ability to receive code from Earth for customized tools. 
In the future, it might become possible to 3D print an entire 
spacecraft in space, something NASA is certainly looking 
forward to.

Not Only for Space

Since 1984, when the first 3D printer was created, the tech-
nology has been used to prototype and manufacture items 

for a wide range of industries, creating spare parts for auto-
mobiles, human tissue replacements, clothes, footwear, jew-
elry, eyewear, and now food.

If this technology truly takes off, it may bring about a sig-
nificant change in the global economy by reducing the cost 
of common objects. Instead of having to buy things, consum-
ers would simply download blueprints and 3D print whatever 
they might need.

Taking into account current predictions of the population 
growth, some analysts foresee the number of people on Earth 
nearly doubling over the next 100 years, reaching 12 billion. 
Food printing may eventually offer the solution to tackle fam-
ine. It could be used to conveniently support operations in 
inaccessible locations and disaster zones, while reducing the 
demands of transportation and waste management. 

In the meantime, SMRC continues with the first six month 
SBIR phase, which, if successful, would ensure the company 
a phase two contract and the possibility to continue the de-
velopment. It will most likely be some years before 3D food 
printing will be tested in space.
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The International Association for the Advancement of 
Space Safety (IAASS), legally established April 16th 

2004 in the Netherlands, is a non-profit organization 
dedicated to furthering international cooperation and sci-
entific advancement in the field of space systems safety. In 
2004 IAASS became a member of the International Astro-
nautical Federation (IAF). In 2006 former US Senator John 
Glenn, first American to orbit, became Honorary Member of 
the IAASS. In 2010 IAASS was granted Observer status at 
the United Nations COPUOS (Committee on the Peaceful 
Uses of Space).

In accordance with the Association Charter, IAASS mem-
bership is open to anyone having a professional interest in 
space safety. Members can be physical persons, corpora-
tions, agencies, universities, institutions, and of other pro-
fessional associations.

The Association exists to help shape and advance an 
international culture of space safety (technical, organiza-
tional and socio-political), which would contribute to make 
space missions, vehicles, stations, extraterrestrial habi-
tats, equipment, and payloads safer for the general public, 
ground personnel, crews, and flight participants. The As-
sociation also pursues the safeguarding and sustainability 
of the on-orbit environment to allow unimpeded access to 
space by future generations.

The Association work will contribute to propagate the 
idea that the time is ripe for the establishment of an in-
ternational civil space safety organization according to the 
model of ICAO (International Civil Aviation Organization), 
which so effectively advanced air travel safety.

The IAASS with its members and sponsors aims there-
fore to:

• Advance the science and application of space safety.
• Improve the communication, dissemination of knowl-

edge, and cooperation between interested groups and 
individuals in this field and related fields.

Introducing 
   IAASS

Advancing space safe-
ty forms the founda-

tion of our endeavour. 
Compared with the vast-
ness of political, financial, 
and intellectual resources 
that space programs re-
quire our forces are min-
ute, truly a drop in the 
ocean. Nevertheless, we 
want to be that drop and 
indeed a catalytic drop. We 
are committed, through 
the dedication and know-
ledge of our members,  
to internationally advance 
space safety, to help final-
ly ensure that:

• No accident shall ever 
happen because the 
risk was badly mea-
sured or unwittingly un-
derestimated.

• No accident shall ever 
happen because the 
necessary knowledge 
was not made available 
to others.

• No accident shall ever 
happen because of lack 
of management com-
mitment and attention.

• No accident shall ever 
happen because lack of 
personal accountability 
makes people negligent.
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• Improve understanding and awareness of the space 
safety discipline.

• Promote and improve the development of space safety 
professionals and standards.

• Advocate the establishment of safety laws, rules, and 
regulatory bodies at national and international levels for 
the civil use of space.

IAASS Primary 
Services

The IAASS primary services are: 

• Facilitate information exchange between members 
through networking, news, and website

• Organization of safety conferences and seminars
• Establishment and maintenance of a world-class search-

able database of published and electronic knowledge
• Performance of independent studies on behalf of corpo-

rate and institutional members
• Offer world-class space safety educational and training 

program and tools
• Offer/advertise selected consultancies from (retired) 

members
• Establish (or participate in) working group to develop in-

ternational space safety standards.

Values and Beliefs

The association’s fundamental values and beliefs are:

Excellence – The Association will work to maintain its po-
sition as the primary and most knowledgeable forum world-
wide for discussion, study, and exchange of information on 
space safety.

This also means that the work of the Association’s Techni-
cal Committees will be further developed, and will continue 
to be based on robust processes for analysis, judgement, 
and formulation of policies and recommendations, without 

cognitive bias. The only basis for confidence will be prop-
erly understood data and scientifically grounded assess-
ments. Assumptions will be explicitly acknowledged and 
constantly challenged.

Independence – The Association will maintain an abso-
lutely independent stance by never subscribing to those 
policies (of sponsors and non-sponsors) contrary to the As-
sociation beliefs, while continuing to press resolutely but 
discretely for their modification.

Integrity – Integrity will be the primary asset of the As-
sociation, on which to build a reputation as the world lead-
ing professional association for space safety. Nothing, nor 
sponsors’ wishes, not financial support, nor opportunity for 
growth, will be more important than preserving the Associa-
tion’s integrity.

Communication – Free and unobstructed flow of infor-
mation inside the Association. This means also having the 
courage to question current assumptions, and the willing-
ness to ask even seemingly obvious questions, to listen 
actively, and be ready to teach and to learn. It also means 
being able to disagree vigorously and profitably and engage 
in productive dialogue.

Education and Training – The Association believes that 
space safety will be enhanced through expanded educa-
tional curricula, continuous professional development, and 
general professional upgrading through promotion and rec-
ognition of achievements of outstanding individuals. This 
also means that the Association considers safety education 
and training at every level of space programs and organiza-
tions a formidable tool for accident prevention.

Proactive – The Association believes that space safety is 
no accident. The Association will constantly seek to influ-
ence all segments of space programs management, engi-
neering, and operation, to improve space safety standards, 
methods, organization, and to push the use of adequate 
technologies and inherently safe design solutions. This also 
means that the Association will spare no effort to make good 
policies and recommendations known to decision-makers.

Accountable – The Association is fully accountable to its 
stakeholders, members, and sponsors for accurate and ap-
propriate use of resources to achieve the goals of the As-
sociation.

Field test of the Hamilton-Sundstrand advanced space exploration concept suit at Haughton Crater, Devon Island.  -  Credits: NASA
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Organization
Artist’s conception of the Space Launch System (SLS), NASA’s next generation heavy-lift vehicle.  -  Credits: NASA

The governing body of the Association is the IAASS 
Board, which comprises up to 30 physical persons, 
who select the President. The IAASS Board members 

are elected by the General Assembly. The Board ensures by 
means of criteria approved by the General Assembly, that 
the nationality of its members adequately reflects the na-
tionality of the members of the Association.

The IAASS is further organized in technical and stand-
ing committees. The chairmen of such committees are also 
members of the IAASS Board.

Technical Committees

The Technical Committees develop the IAASS vision for 
space safety, and create a strong link between profes-

sionals from agencies, industry, and academia. Only senior 
members and honorary higher-level members (associated 
fellow, fellow) of the Association, who satisfy specific cri-
teria of expertise and excellence, can become members of 
the technical committees. The chairmen may also appoint 
non-members of the Association, responding to the same 
criteria above, as members of the technical committees.  

The following committees are established under the lead 
and coordination of the IAASS Technical Director:

• Space Exploration & Systems Safety 
• Launch Range Safety 
• Space Hazards 
• Space Safety Laws & Regulations 
• Human Factors & Performance for Safety
• Suborbital Space Safety

Standing Committees

Any member of the Association can volunteer to fill va-
cancies in the following Standing Committees:

• Conference Program Committee
• Information and Communication Committee
• Membership Committee
• Safety Awards Committee
• Professional Training Programs Committee
• Academic Committee
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Excalibur Almaz space capsule, based on Soviet-era technology. 
Credits: Excalibur Almaz

Membership Policy

The Association is based on the intellectual interaction of 
individual members who together shape the technical 

vision of the Association and make the Association services 
available to stakeholders. Individual members of the Asso-
ciation have voting rights. 

Corporate and institutional members of the Association 
have a sponsor role and are the primary target of the As-
sociation services. Sponsors can participate in the General 
Assembly but they cannot vote.

Why Become 
a Member?

The general motivation for becoming an (individual) 
member of the Association is to know, to be known, and 

to share experiences with other space safety professionals. 
In addition, a selected number of members (senior mem-
bers, associated fellow, and fellow members) may volunteer 
to take part in the work of the Technical Committees (and 
specialized subcommittees) that shape the IAASS vision. 
The Technical Committees’ (and subcommittees) goal is to 
become recognized world-class think-tanks in their field.

For the sake of establishing the excellence of the Asso-
ciation and to attract highly knowledgeable individuals, it is 
important that belonging to a higher membership level truly 
reflects the implied professional standing. In this respect 
the access to high membership levels (associated fellow, 
fellow) are defined in terms of objective admission criteria, 
and will be subjected to strict scrutiny to be adhered to with 
utmost zeal.

Prospective members are required to fill in a detailed 
questionnaire from which their professional profile will 
emerge as well their potential for involvement as lecturers 
or instructors in the educational and training programs of 
the Association. One of the primary cares of the Association 
is to facilitate effective networking of its members, for pro-
fessional and social purposes. Members are encouraged to 
socially interact also on a local basis by forming Chapters, 
and by holding convivial meetings. The membership data-
base will be accessible to all members under a code of pri-
vacy and confidentiality. 

Why Become 
a Sponsor?

Because of its very specialized field of interest, IAASS 
will remain a relatively small group of professionals yet 

a unique think-tank with a great potential for shaping at-
titude and culture of the wider space program community. 
As a consequence, the IAASS is unable to self-finance all its 
initiatives, and it needs sponsors support, in particular the 
space safety research and educational programs. 

Why should a corporation, agency, or government organi-
zation be interested in sponsoring IAASS? There are various 
reasons. Safety is a strategic business interest in the space 
industry, as in many other high-tech industries like com-
mercial aviation, high speed trains, pharmaceuticals, etc. 
A single faulty product can kill people as well as the manu-
facturer’s business. One or two accidents may cause the 
termination of a unique operational concept like happened 
with the. Shuttle and with the supersonic Concorde. A sin-
gle major disaster can even endanger an entire industrial 
sector like it is happening in the nuclear power generation 
business after the Fukushima disaster. 

For the above reasons supporting space safety education 
and independent research can contribute to the future well 
being, progress, and expansion of the entire space indus-
try. Furthermore, space industry, government organizations, 
and agencies are also interested to develop and maintain a 
“safety culture” within their own organizations. The IAASS 
training activities and gatherings represent a unique oppor-
tunity in this respect. In particular they allow cultural inter-
actions among experts from all three communities operat-
ing in space, namely civil, military, and commercial. 

What Role 
for Academia?

The Association is the ideal ground for the academic 
world to meet and interact with industrial and institu-

tional organizations. By attracting academic interest and 
involvement in space safety research activities the Asso-
ciation aims to effectively advance space safety to new 
levels, and possibly establish space system safety as an 
autonomous technical discipline. University members of the 
Associations will commit to promote specific academic pro-
grams, such as a Masters in space safety, undergraduate 
space safety courses, and PhD opportunities. The Associa-
tion will also promote the establishment of scholarships for 
undergraduate and postgraduate students.  

Human-robotic cooperation in a complex EVA.  -  Credits: NASA
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Goals
Artist’s conception of the new Malaysian spaceport for commercial suborbital spaceflight.  -  Credits: Space Tourism Society

Every space accident has a tremendous synergetic im-
pact on the overall progress of space missions due to 
calendar delays, draw on resources, and diminished 

political motivation for new endeavours. The Association 
estimates that the collective impact of the two Shuttle ac-
cidents may account for an effective loss of progress in the 
US human spaceflight program of 15-20 years.

Advancing safety is not only a moral duty but the key for 
expanding space programs and making them more eco-
nomically viable. 

IAASS assumes in pursuing its mission and providing ser-
vices that: 

• International cooperation in civil space programs is the 
way ahead and it will become more and more important 
in future. Such cooperation will require innovative orga-
nizational solutions.

• The international dimension of public safety risk related 
to launch/reentry operations will become progressively 
more and more evident.

• Space-based safety critical services (e.g., air traffic con-
trol) and commercial human spaceflight will precipitate 
the establishment of international spaceflight regulations.

• No economic or political consideration justifies con-
straining the circulation of safety crucial and possibly 
life-saving information.

• Uniform safety standards are an important element to 
prevent unfair competition and expand commercial 
space activities.

General Public 
Acceptability of 
Space Safety Risk

The risk level currently achieved in human spaceflights 
differs from what is perceived as acceptable by the gen-

eral public and by political representatives. Such discrep-
ancy is a major threat to the continuation of human space 
programs, including commercial human spaceflight.

General public tolerance of accidents varies from system 
to system (and changes with time). In the US, one million 
people were killed in car accidents in the period 1975-2000. 
On average, every year 10 millions vehicles are involved in 
crashes, resulting in more than 40,000 people killed and  
3 million injured. The risk of car accident is about 1 in 5000 
departures. The safety risk in civil aviation is 1 in 2-3 millions 
departures. Although the aviation safety record is quite im-
pressive compared to other transportation means, the avia-
tion regulatory bodies have launched an initiative to reduce 
the accident rate to 1 in 10 million or better. The reason is 
that the projected traffic increase in the next decades would 
lead to an (absolute) number of accidents per year which 
could negatively influence the general public perception of 
air safety and in turn impact further industrial growth.

The level of risk of very complex space systems is em-
bedded in the architecture and operational concept select-
ed, as well as driven by the available technologies. One ac-
cident in less than 100 spaceflights was somehow “built-in” 
in the Shuttle program and could have been improved only 
marginally. Had the Shuttle have flown at a rate com- 
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parable to the initial plans, the entire fleet would have been 
wiped-out within a few years.

Pioneers of commercial human spaceflight often state that 
their suborbital craft would be “100 times safer” than gov-
ernment space systems. While they concede that suborbital 
flights are an order of magnitude less complex than orbital 
flights they seem eventually to count mainly on public risk ac-
ceptance comparable to early times of aviation and on a pro-
tective legislation. Unfortunately (for them) public acceptance 
of safety risk is much different nowadays. There is in particular 
very little or no public tolerance for failures which are within the 
reach of current knowledge and technologies, but are caused 
by economic pressure or by lack of suitable management / 
regulatory attention. Regardless of the extent to which liabil-
ity laws may try to protect the commercial human spaceflight 
interests, industry may not be able to survive the public’s re-
sponse to the first few accidents.

highly respected as the expression of experts’ consensus and 
as repositories of collective knowledge. Compliance with pro-
cedures and standards is therefore regarded as a “natural” at-
titude of mature organizations. In other cultures, the “master” 
attitude, which is the jealous ownership of personal technical 
knowledge, may be common and the individual expert judge-
ment could easily prevail over anonymous standards unless 
enforced by law. Of course, each cultural attitude has its pros 
and cons. Geniality and inventiveness are not captured and 
passed by means of procedures and standards. Blind ad-
herence to standards can sometimes generate a burocratic 
mind detached from reality, which may generate unexpected 
hazards. Nevertheless, standards related to safety have been 
the first to be generated in many industries for the obvious 
purpose of communicating lessons learned from accidents. 

With reference to specific safety culture differences, we 
can mention as example the fact that in the western world, 
manufacturers have the duty and responsibility to prevent ac-
cidents due to foreseeable misuse of their products. This is 
not the case in certain other cultures where the manufacturer 
has only the responsibility to provide correct “instructions for 
safe use.”

Bridging technical cultural differences when an internation-
al space program is already under way is quite demanding 
and not very efficient, due to non-technical factors such as 
schedule constraints, political will, organizational set-up, etc. 
Instead, carrying out technical exchange and coordination in 
advance and in a “neutral” atmosphere away from the imme-
diate program’s pressure could greatly facilitate active listen-
ing and unbiased attitudes.

The Association will promote a program man-
agement culture that puts safety targets ahead 

of mission objectives from the early stages of con-
ceptual design to achieve risk levels representing a 
substantial improvement over previous generations 
of vehicles, and continuously improves on previous 
achievement.

The Association will advocate for an internation-
al regulatory framework for commercial human 

spaceflight, as well as the legal definition of personal 
responsibility and accountability for space prevent-
able accidents.

The Association will promote an international 
culture of space safety in the form of consen-

sus standards and recommended practices. Ideas, 
concepts, and experiences would be compared and 
judged uniquely on the basis of their technical value.

International 
Human Spaceflight 
Cooperation

International human spaceflight programs (in lieu of national 
ones) may be the norm in future. There are important cultural 
differences that can increase the safety risk. This applies to 
crew operations as well to design teams and goes beyond the 
language barrier.

Some differences are related to national culture in general 
while other are specific to safety culture maturity The differ-
ences originate from traditions, past experiences, environ-
ment, government policies, and various degrees of public 
“tolerance” of accidents.

An example of general cultural attitude that may increase 
the safety risk is the one towards procedures and standards. 
In some cultures, technical procedures and standards are 

International Public 
Safety Risk

In space programs, there are several public risk manage-
ment issues which are at the same time national and interna-
tional in scope. Launches and reentries often represent a safe-
ty risk for both local and foreign populations due to nominal 
conditions and failures (high stored energy, debris trajectories, 
use of radioactive power generation sources, and so on).

There are a number of trends to be watched in the launch 
industry:

a) privatization of launch services and spaceports,
b) commercial pressure to make current (western) safety 

standards less stringent with reference to launcher design 
and frequency of use of flight corridors,

c) relocation of launchers away from their original launch 
sites, to more densely populated areas and on different 
flight paths. 
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The Association will watch and evaluate space 
programs to see how well a positive public safety 

record is reached and maintained world-wide. The 
Association will promote international regulations to 
ensure uniform safety certification processes, and 
the use of validated risk assessment tools.

d) increased automation of safety officer tasks for flight termi-
nation. 

Safety of reentry is also attracting new attention:
a) following recent uncontrolled reentries of big decommis-

sioned satellites,
b) increased concern for aviation safety following the Shuttle 

Columbia accident,
c) new entrants in the controlled reentry arena.

Furthermore, deep space exploration missions will continue 
to require use of nuclear power source (NPS). This is a safety 
field in which international regulations are long overdue. The 
safety certification process varies from country to country, al-
though the risk is absolutely global in nature. 

The Association will watch and evaluate space 
programs to see how well a positive public safe-

ty record is reached and maintained worldwide. The 
Association will promote international regulations to 
ensure uniform safety certification processes, and 
the use of validated risk assessment tools.

By applying to become a member of the IAASS an explicit commitment is made to observe the above code of Ethic and 
Professional Conduct. Violation of the code is inconsistent with membership in the IAASS.

An IAASS member shall at all times order his conduct as to uphold the dignity and reputation of the Association.  
He will act with fairness and integrity towards all persons with whom his work is connected and towards other members.

1. A member shall at all times take care to ensure that his work 
and the products of his work constitute no avoidable danger 
of death or injury.

2. A member shall take all steps to maintain and develop his 
professional competence by attention to new developments 
in space safety science and engineering. He shall also en-
courage persons working under his supervision to do so.

3. A member shall not undertake responsibility as a safety sci-
entist, engineer, or manager, which he does not believe him-
self competent to discharge.

4. A member shall accept personal responsibility for all work 
done by him or under his supervision or direction. He shall 
take all reasonable steps to ensure that persons working 
under his authority are competent to carry out the tasks as-
signed to them and that they accept personal responsibility 
for work done under the authority delegated to them.

5. A member whose professional advice is not accepted shall 
take all reasonable steps to ensure that the person over- 
ruling or neglecting his advice is aware of any danger which 
the member believes may result from such overruling or ne-
glect.

6. A member shall not make any public statement in his capac-
ity as a safety scientist, engineer, or manager without ensur-
ing that his qualification to make such a statement and any 
association he may have with any party which may benefit 
from the statement are made known to the person or per-
sons to whom it is directed.

7. A member shall not recklessly or maliciously damage or at-
tempt to damage, whether directly or indirectly, the profes-
sional reputation, prospects, or business of another safety 
professional. A member shall never publicly criticize other 
members (individual or corporate) or take any initiative that 
can somehow tarnish their public image.

8. A member shall not in self-laudatory language or in any man-
ner derogatory to the professional dignity, advertise or write 
articles for publication, nor shall he authorize any such ad-
vertisement or article to be written or published by any other 
person.

9. A member shall not use his access to personal data of other 
members for purposes different from professional network-
ing. In particular he will not use such access to recruit per-
sonnel, for direct offering of professional services, or for di-
rect selling and advertising products of any kind.

10. Membership in IAASS may at times place individuals in situa- 
tions where their statements or actions could be interpreted 
as carrying the “weight” of the Association. An IAASS mem-
ber will exercise care not to misrepresent IAASS, or positions 
and policies of IAASS.

11. IAASS is an international association devoted to the values 
of equality, tolerance, and respect for others. Discriminatory 
attitudes between members on the basis of race, sex, reli-
gion, age, disability, nationality, or other such factors is an 
explicit violation of IAASS policy.
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The “Vladimir Syromiatnikov Safe-
ty-by-Design Award” is a means 
for the IAASS to honor individu-

als whose careers include full time 
work on the design of space systems. 
Such an individual would have shown 
outstanding support and dedication 
to space safety, and achieved national 
and/or international recognition. The 
award is assigned to an individual or to 
a group of individuals who have been 
closely co-operating. 

This award is named in honor of Vladi-
mir Syromiatnikov (1934-2006), the Rus-
sian designer of one of the most suc-
cessful piece of space hardware, the 
docking system APAS. The APAS was 
used in the Apollo-Soyuz Test Project 
in 1975, successful in more than 200 
dockings of Soviet/Russian spacecraft, 
the Shuttle, and the International Space 
Station. 

Jerome Lederer
Space Safety Pioneer Award

Vladimir Syromiatnikov
Safety-by-Design Award

The “Jerome Le-
derer - Space 
Safety Pioneer 

Award” is a means for  
the IAASS to honour  
professionals who made  
outstanding contribu-
tion or improvements 
to Space Safety.

The Award is named 
in honor of Jerome  
Lederer (1902 – 2004), 
who in the course of 
his 46 year public ser-
vice career, performed 
groundbreaking safety 
studies for the Air Mail 
Service, the Civil Aero-
nautics Board’s Safety Bureau, and the 
National Advisory Committee for Aero-
nautics. He is credited with introducing 

Jerome Lederer
Pioneer in Pursuit of Flight Safety
(1902 - 2004)

blinking anti-collision 
lights and flight data 
recorders to aircraft. 
In 1967, following the 
tragic Apollo 1 fire, 
NASA Administrator 
James Webb asked 
Mr. Lederer to become 
director of the NASA 
Off ice of  Manned 
Space Flight Safety. He 
worked to upgrade NA-
SA-wide safety policies 
and to implement safe-
ty awareness programs 
throughout the Agency. 
He contributed greatly 
to the success of NA-

SA’s lunar landing missions. In 1969, Mr. 
Lederer received NASA’s Exceptional 
Service Medal. He retired in 1972.

Vladimir Syromiatnikov
Russian designer of the docking system APAS
(1934-2006)
Credits: Nasa

The “Jerome Lederer - Space Safety 
Pioneer Award” takes the form of a solid 
silver statuette reproducing an ancient 
master piece the “Winged Victory”, or 
Nike (Greek for “victory”) of Samothrace, 
standing on a hemisphere representing 
the surface of Mars. Vic-
tory was very early in an-
cient times depicted as a 
winged female figure, and 
the one from Samothra-
ce is generally consider-
ed the most beautiful,  
powerful, and majestic;  
the original, made of 
marble and set on a large 
stone pedestal in the 
shape of a ship’s 
prow, stood on a  
cliff overlooking  
the sea.

The “Vladimir Syromiatnikov Safety-
by-Design Award” takes the form of 
a solid bronze statuette representing 
Athena wielding a silver shield. In the 
Greek mythology Athena is the goddess 
of wisdom, science, courage, inspira-
tion, civilization, strength, strat-
egy, justice, skills, and ship-
building. Athena was the 
embodiment of prudent 
and intelligent tactics. 
Athena is the goddess 
of heroic endeavour. The 
shield of Athena, called 
Aegis, represents in this 
award the knowledge of 
safety. The term “aegis” 
has entered modern Eng-
lish to mean protec-
tion by a powerful 
and knowledge-
able source.

IAASS  VIII
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The Road to an ICAO for Space
 

By Tommaso Sgobba

On October 21st 2013, I spoke 
to the Council of the Interna-
tional Civil Aviation Organiza-

tion (ICAO) in Montreal on the issue 
of “Commercial Human Spaceflight 
Safety.” The presentation underlined 
the increasing use of airspace by 
space systems and the common risks 
represented by traffic, space debris, 
and space weather along with the 
growing role of space-based avia-
tion infrastructure. This presentation, 
which followed a multiple-years long 
study performed by the Internation-
al Association for Advancement of 
Space Safety (IAASS) in cooperation 
with McGill University, may be a turn-
ing point in calling the attention of the 
ICAO Members States to the need to 
work toward the integration of avia-
tion and space operations. 

ICAO, a specialized United Nations 
agency, was established by the Con-
vention on International Civil Aviation 
signed in Chicago on December 7th 
1944. The impressive progress of civil 
aviation that took place over the next 
70 years can largely be attributed to 
ICAO’s successful efforts in integrat-
ing air traffic regulations worldwide 
and in harmonizing safety and secu-
rity rules on a global scale.

Since its establishment, IAASS has 
promoted the ICAO model for organiz-
ing and coordinating commercial and 
civil space operations internationally. 
The association has even pushed the 
idea that ICAO could one day become 
the single world agency for both avia-
tion and space. 

Even though space safety risks are 
international in nature, launching coun-
tries operate unilaterally and without 
any international harmonization, some-
thing that is not required by the few 
existing international space treaties. 
Space is probably the only realm of 
human activities in which one country 
would manage the risk of its own op-
erations on foreign populations, with-
out any consultation with the affected 
countries, or not in accordance with 
internationally agreed rules. 

In 2006, IAASS formed a working 
group called “An ICAO for Space” 

working on three assumptions. First, 
space bound and returning traffic of-
ten crosses the international airspace 
under ICAO jurisdiction (the airspace 
above international waters); second, 
key components of aviation infra-
structure, like navigation systems and 
communication, are being moved to 
space; and third, new vehicles are 
emerging having the capability to op-
erate in both domains: from ground to 
orbit and back, and point-to-point. 

At the 2007 IAASS conference in 
Chicago, the NASA Associate Admin-
istrator for Safety and Mission Assur-
ance, Bryan O’Connor, suggested that 
advocating for the establishment of 
an organization on the model of ICAO, 
or extending the ICAO mandate, 
would be a long and difficult process 
because of the opposition of some 
countries. He recommended instead 
a bottom-up approach of developing 
first non-binding international space 
safety standards. IAASS decided to 
pursue both directions concurrently, 
drafting a study MoU “Concerning 
Cooperation on Civil and Commer-
cial Space Safety Standards,” which 
was informally discussed with NASA, 

ESA, and JAXA heads of safety in 
the course of a trilateral conference. 
Later, NASA discussed the proposal 
with FAA Office of Commercial Space 
Transportation, and jointly raised the 
issue to the US Department of State. 
In September 2008, an official letter 
arrived from the US Department of 
State that, although supportive of the 
IAASS as a professional forum, it con-
sidered the detailed proposal on inter-
national space safety standards to be 
premature. The IAASS MoU was put 
on hold and later reformulated as a 
possible cooperative initiative across 
industries. 

In 2011, with encouragement and 
support of the European Space Policy 
Institute (ISPI), Springer published the 
IAASS-McGill University book “The 
Need for an Integrated Regulatory Re-
gime for Aviation and Space ICAO for 
Space?”. In May 2013, on the initiative 
of Prof. Ram Jakhu of McGill Univer-
sity, a joint ICAO, McGill, and IAASS 
conference was held in Montreal on 
“Regulation of Emerging Modes of 
Aerospace Transportation (REMAT).”

Finally, in October 2013 IAASS was 
invited to speak at a dedicated ses-
sion of the ICAO Council and to the 
Air Navigation Commission. The Head 
of the ICAO Air Navigation Bureau ad-
vanced the proposal to set-up a Study 
Group led by IAASS to draft a manual 
which may become the forerunner of 
future standards and guidelines on 
commercial human spaceflight safety. 
The proposal was also advanced to 
plan a joint ICAO and OOSA (Office 
of Outer Space Affairs) conference  
in 2015.

After seven years of hard and pas-
sionate work by IAASS and McGill 
University, the first steps have been 
taken on the road to…an ICAO for 
Space!

Tommaso Sgobba
IAASS Executive Director
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Engineering and Craftmanship
Interview with Art Thompson

By Andrea Gini

The only way 
to make Project 
Stratos happen 

was to establish 
it as a flight test 

program



On October 14, 2012, Felix 
Baumgartner broke three sky-
diving records within a single 

mission: highest jump, longest free fall, 
and highest velocity in free fall. It was 
the pinnacle of Project Stratos, an am-
bitious flight test program sponsored by 
energy drink producer Red Bull that re-
sulted in a media event followed live by 
three billion people worldwide. 

The idea of a parachute jump from 
the stratosphere may seem deceptively 
simple, until one realizes that the strato-
sphere is not so different from deep 
space in terms of the hazards it poses 
to human life. When Joe Kittinger estab-
lished the highest jump record in 1960, 
he climbed up to 31.33km in an open 
gondola lifted by a helium balloon, and 
he was protected only by his pressure 
suit. This flight profile, probably justified 
back then by the military nature of the 
program, exposed the pilot to an incred-
ible array of hazards, like extreme tem-
perature, risk of ebullism, decompres-
sion sickness, loss of consciousness 
during free fall, and ultimately, death. 

But when Red Bull approached Art 
Thompson to take the role of Technical 
Director, he make one thing clear: the 
only way to make Project Stratos hap-
pen was to establish it as a flight test 

program that would involve the devel-
opment and incremental test of a pres-
surized capsule, a pressurized suit, a 
totally new parachute rig, as well as 
the development of mission specific 
procedures. The mission would have 
clear scientific and technological objec-
tives, in particular developing the next 
generation pressure suit, documenting 
the effect of the free fall process on the 
human body, and expanding the surviv-
ability envelope of humans bailing out 
from a vehicle in distress. 

The resulting breakthroughs in space 
safety have been recognized by the 
International Association for Advance-
ment of Space Safety (IAASS), which 
awarded Thompson and the Red Bull 

Stratos team the Jerome Lederer Space 
Safety Pioneer Award in May 2013. We 
had a chance to sit down with Thomp-
son during the 6th IAASS conference to 
get some insight about the development 
of the hardware and safety procedures 
of Red Bull Stratos.

A Space Capsule 
without a Rocket

Thompson is an eclectic designer 
with 30 years of experience in aero-

space design marked by accomplish-
ments such as his contribution to the de-
velopment of the B-2 “Stealth” aircraft. 
He is co-founder and vice president of 
Sage Cheshire Aerospace, a company 
he named after a character from Alice 
in Wonderland, where he works with 
his wife and his mother, because “if 
you can’t trust your mum, who can you 
trust?” He treats his company as a fam-
ily operation because “if you can inspire 
people to believe in a program from their 
heart, they always give you 150%.” 

As with any other project at Sage 
Cheshire, Thompson did not limit 

Art Thompson in Hangar 7 in Salzburg, 
Austria on October 13, 2013.  –  Credits: Jörg 
Mitter/Red Bull Content Pool

Red Bull Stratos capsule modular components: from left to right, the crush pad fairing, up-
per capsule and upper load frame, lower capsule section floor and load frame, and pressure 
sphere with bezel and hingeless door.  –  Credits: Sage Cheshire
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himself to sitting at the drawing board: 
he and his team literally hand built the 
Stratos capsule piece by piece around 
Baumgartner with tools like saws, ham-
mers, and welding machines, as docu-
mented by videos available on the Red 
Bull Stratos website. This combination 
of engineering and craftsmanship, driv-
en by a vision, was a key factor behind 
the success of Red Bull Stratos.

According to Thompson, safety and 
redundancy were the number one fac-
tors in the design of all the equipment 
for Red Bull Stratos. As an example, 
the capsule stored ten hours of liquid 
oxygen onboard even though the flight 
was two and a half hours, and it used a 
nitrogen/oxygen atmosphere to reduce 
flammability. “The operating pressure 
was 8psi, but we pressure tested the 
capsules to 24psi, a three times safe-
ty factor. The capsule was designed 
to take up to 50psi, quite a bit more,”  
he adds.

The pressure was set to 4.9km equiv-
alent to reduce the risk of decompres-
sion sickness. Just before the jump, the 
capsule is decompressed in nine sec-
onds. “When [the pilot] opens the door 
up, he’s actually exposed to altitude for 
less than ten minutes, the time it takes 

to step out, disconnect and step off, 
and then free fall,” Thompson explains. 
“When you look at that amount of time, 
his risk [of decompression sickness]  
is very low.”

The pressure differential allowed 
Thompson to implement a great inno-
vation: a rolling door with no hinges. 
“When you’re in a vacuum the internal 
pressure in that door is over 4500kg of 
pressure,” Thompson explains. “Hinges 
are just extra weight; they are not doing 
anything for the spacecraft.”

Every system on the capsule is con-
trolled by circuit breakers that could be 
operated either onboard or from mission 
control. One problem that arose was 
that NASA didn’t have space-qualified 
solid state circuit breakers because the 
Shuttle, thanks to its airlock, never ex-
posed electronics to space. “In our con-
dition, when you open that door, all the 
electronics would have been exposed,” 
Thompson explains. “In order to assure 
that you wouldn’t have a thermal trip 
from heat or because of lack of atmo-
sphere, we went in and designed and 
built the first solid state circuit breakers 
onboard the capsule.”

With 19 high definition cameras run-
ning on 80 amps of electrical power for 

over five hours, power supply needed 
extra care. “We had two separate space 
rated battery systems: one for the cam-
era system and one for the science and 
life support, so that the camera systems 
could never take down the life support 
or science equipment.”

Space qualification was performed 
in-house: “At Sage Cheshire we built 
a high altitude chamber, so everything 
that went on the capsule we would test 
first in our altitude chamber at 670 me-
ters and -79 degrees Celsius,” Thomp-
son says. “That way we knew what the 
qualifications were before we actually 
put [a component] on the capsule itself.”

The result was nothing short of a real 
space capsule: “At 29km you’re less 
than 0.2% atmosphere,” Thompson ex-
plains. “The conditions that it's exposed 
to in space are pretty much the same, 
with the exception of, maybe, radiation 
or micro-particles.” The capsule was ac-
tually designed to NASA standards, so 
“the only difference between our cap-
sule and a space capsule would be that 
it didn’t have a rocket at the bottom.”

Landing Gear

A big engineering challenge was to 
develop structures light enough to 

facilitate the ascent and strong enough 
to absorb the shock of the landing and 
be reused. “The pressure sphere, the 
capsule itself, was about 2mm 

Jon Wells, Sage Cheshire Aerospace mechanical engineer and crew chief for the Stratos 
capsule, works to review the electrical system and instrument panel in the capsule before 
testing.  –  Credits: Sage Cheshire

Art Thompson communicating with Felix 
Baumgartner in the first Red Bull Stratos 
prototype pressure suit at the David Clark 
Company.  –  Credits: Sage Cheshire

“He went home, made a rig, 
jumped out from an airplane, 

then called me: ‘Artie it works!’„
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thick in the thinnest areas and 9mm in 
the thickest,” Thompson explains. “The 
pressure sphere is mounted inside an 
aircraft-certified welded Chromoly steel 
frame with foam supports for absorption 
between the pressure sphere and the 
frame. The frame is mounted to an alu-
minum base floor, where all the equip-
ment is, and that floor is encapsulated 

with high density EPS foam for insula-
tion with fiber glass, and the crash pad 
on the base.” 

The loads are carried through the floor 
up around the pressure sphere, and 
then up into the upper framework, to the 
attachment with the flight train for the 
recovery parachute. The 30m diameter 
recovery parachute brings speed down 
to about 5.5m/s. With such a speed it 
would take up to an hour and a half to 
bring the capsule down from an alti-
tude of 36km, an excessive time in case 
of medical emergency. “In the event 
something happens [at that altitude], if 
you don’t bring [the pilot] down quickly 
enough, then, from decompression they 
would go comatose,” Thompson ex-
plains. “Exposure to vacuum those kind 
of times would cause physical damage 
that you couldn’t survive.”

The solution? “We put a reefing line 
on the parachute, so our 30m diameter 
parachute was reefed down to 17m. 
When it is released from an altitude of 
36km it falls at a very high rate of speed 
– up to 179m/s in free fall – so we were 
able to cut down the descent time  

down to about 20 minutes.” This strat-
egy also allowed the team to reduce the 
landing area from 40km down to 1.5km, 
greatly simplifying the work of the re-
covery crew.

A crash pad area below the capsule 
was designed to get the shock loads on 
landing below 12g to ensure survivabil-
ity of the pilot and reuse of the capsule. 
“Every time we were flying we replaced 
the crash pad area so the actual g-load 
was between 6 and 8g on spike.” They 
never made a crash test with the pilot 
inside, but “we did do crash pad tests 
using a 55 gallon drum of sand with 
accelerometers, measuring what the 
shock loads are.”

Bailing Out 
from Space

While the capsule made the ascent 
safe and relatively comfortable, 

the actual jump exposed Baumgartner 
to an incredible number of hazards.  
Besides the environmental hazards  

“The first time somebody dies 
as a space tourist, is gonna affect 

everybody in the room„

The Red Bull Stratos capsule with the tem-
porary top cover before being loaded into 
the Brooks altitude chamber. Note the two 
10 liter dewars of LOX and one 25 liter dew-
ar of LN2 that are part of the capsule life 
support system.  –  Credits: Sage Cheshire

Felix Baumgartner in the Red Bull Stratos capsule in preparation for testing and training in the Brooks altitude chamber.  –  Credits: Sage Cheshire
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(see “Falling Free from the Edge of 
Space” published in the 5th issue of 
Space Safety Magazine), the biggest 
risk Baumgartner faced during his de-
scent was to enter into an uncontrol-
lable flat spin, becoming unconscious, 
and suffering conditions such as ocular 
hemorrhages. To mitigate these risks, 
Thompson's team moved the heavy 
chest pack containing batteries, ac-
celerometers, and radios, up high on 
Baumgartner’s chest in order to change 
the center of rotation, reducing the 
head pressure in the event of a flat spin.

An emergency drogue chute, trig-
gered by accelerometers, was added to 
the rig in order to deal with the event 
of loss of consciousness. Thompson's 
team studied a new way to position the 
gear. “If you change the position of the 
parachute high on the shoulder, you 
actually create an asymmetrical posi-
tion that would stop the rotation,” says 
Thompson. “Our parachute tester used 
to think ‘that won’t work,’ but he imme-
diately went home, made a rig, jumped 
out from an airplane, and then called 
me and said: ‘Artie it works!’”

The Red Bull Stratos jump happened 
at an altitude very close to that at which 
the Space Shuttle Columbia broke apart 
in 2003, so proving the reliability of 
these safety systems has real life signif-
icance that could save lives in the next-
generation vehicles. “The next step for 
us is proving the safety equipment we 
designed to save his life in the event 
something went wrong,” Thompson 
says, adding that Sage Cheshire is still 
working on demonstrating that the gear 
would work even if the pilot lost con-
sciousness. During the Stratos jump, 
Baumgartner managed to go transonic 
without the need to activate the drogue 
chute. “He actually had some control, 
once he developed enough dynamic 
pressure, he had some ability to posi-
tion himself,” Thompson explains (see 
“To the Stratos and Beyond, Interview 
with Felix Baumgartner” in the 6th issue 
of Space Safety Magazine). “But even 
with that, still he went into a flat spin.”

“What we’re looking to do is more 
additional altitude flights, with balloons 
and probably higher next time, dropping 
dummies with the same safety equip-

ment that we had for Felix and let that 
[go] into a spin, let the g-load kick off, 
let the drogue open up, and show that 
we can stop that rotational spin and 
control the issue at the end.” By em-
bedding safety provisions into the gear,  
Thompson explains, “we assure that 
even though somebody doesn’t have 
three thousand parachutes jumps, when 
the parachute automatically opens up, 
with an automatic opener designed to 
operate at near vacuum conditions, we 
have a weight and balance system, so 
that we reduce down the flat spin.”

Although Stratos has unquestionably 
produced valuable lessons learned, 
how those lessons will be applied in 
future vehicles is up to their operators. 
“With private space tourism it is really 
up to the organizations that are devel-
oping private tourism to take it upon 
themselves to really look at what the 
proper procedures are for space safety, 
because the first time somebody dies 
as a space tourist, is gonna affect ev-
erybody in the room,” Thompson says. 
“We all need to really be looking at 
what it takes to be as safe as we pos-
sibly can, and not be pushed by sched-

ule, not be pushed by marketing, but 
be pushed by safety and protecting 
people’s lives. If we have the proper 
equipment for getting people down, 
we can assure that in the event of haz-
ard, we’ve done everything within our 
power to make sure we can bring these 
people back alive.”

Reaching out to 
New Generations

I n concluding our conversation, 
Thompson speaks of the impact that 

project Stratos has had on the public. 
“It’s a little overwhelming to see exactly 
how big it is and how many people it 
has touched,” he says. “I get letters 
from children all over the world that tell 
me that they want to get into science 
and into space because they have seen 
Red Bull Stratos. That touches me be-
cause one of my big things is we have 
to figure out how to inspire the next 
generation to get into science and math 
and aerospace and carry the torch.”

To the next generations of space de-
signers, Thompson makes a final rec-
ommendation. “Remember that any-
thing is possible and do not be deterred 
by failures. Use those as lessons to do 
better in the future, because it is a learn-
ing process. We are all here learning to-
gether and we need to look at how we 
take it to the next step.”

“We need to not be pushed by 
marketing, but by safety and 

protecting people’s lives„

Felix Baumgartner and Art Thompson celebrate after successfully completing the final 
manned flight for Red Bull Stratos in Roswell, New Mexico, USA on October 14, 2012. 
 Credits: Jörg Mitter/Red Bull Content Pool
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Fear of Fear Itself
 

By Morris Jones

Opening scene of a NASA video published on 22 December 2012.  –  Credits: NASA

I have lost track of how many times 
the media have taken a rational and 
harmless space story and blown it 

all out of proportion. True, media exag-
gerations have been with us for a long 
time, and have been documented since 
the first newspapers were stamped out 
of crude printing presses. It’s also true 
that the public have generally devel-
oped their own well-practiced scepti-
cism about reportage in the media, 
space-related or otherwise. False media 
reports are also regularly hosed down 
by scientists and responsible reporters 
when they gain too much coverage. So 
why should we take another look at this 
problem, when it’s so familiar?

It’s time to take media sensationalism 
more seriously for a number of reasons. 
Firstly, we need to look at changes that 
are sweeping through the media on 
a global scale. These are very tough 
times for news outlets, as revenues 
shrink and cutbacks are implemented. 
Thousands of journalists have been 
sacked. News media sources are often 
run by threadbare teams with little time 
or resources to do their jobs effectively. 
Most journalists have no training, for-
mal or otherwise, in scientific issues. 
Mistakes that creep into the news food 
chain pass through unchallenged due 
to a lack of sub-editors and fact check-
ers. Errors now regularly appear in news 
stories from major news “wholesalers” 
who prepare international and science 
news for news outlets around the world. 

We need 
to consider 
the rise of 

sensationalism 
in our culture

These stories are simply copied without 
question by the news sources that sub-
scribe to them, meaning that an error in 
one “wholesale” story appears in hun-
dreds of news outlets across the globe!

Secondly, we need to consider the 
rising influence of social media. There 
are well over one billion users of social 
media on the planet. If the fall of qual-
ity control in the conventional media is 
worrying, the almost complete absence 
of controls in social media should be 
even more so. Crazy stories and hoax-
es regularly go “viral” on social media 
as they are passed between users, of-
ten reaching thousands of people in a 
matter of hours, or millions of people 
in a matter of days. This is not a prob-
lem when we’re watching Korean pop 
stars doing silly dances, but it can be 
serious when the content is malicious 
or harmful.

We also need to consider the rise of 
sensationalism in our culture. Facing 
tough times, and desperate to attract 

readers, once-proud media sources are 
sometimes downgrading themselves 
as a deliberate policy. Instead of focus-
ing on highbrow news, the main head-
lines are filled with scandals, celebri-
ties, sex, and shock. This sometimes 
attracts more readers, but it can also 
drive others away. This also affects 
the “spin” that’s placed on scientific 
and space reporting. An obscure and 
erroneous interpretation of a Mayan 
calendar spawned an entire dooms-
day movement in 2012. This would not 
have travelled beyond a small group 
of New Age fans without the publicity 
from the mainstream media. Instead, 
reportage on this crazy idea prompt-
ed fear amongst many people. NASA 
alone was besieged with hundreds of 
inquiries from worried citizens, and had 
to issue a statement that the world was 
not about to end!

Media and 
Sensationalism

Sensationalism is a two-way process. 
While the media are certainly pump-

ing more of it out, the general public 
also seem to have an appetite for their 
products. The interactivity of online me-
dia makes it possible to see what peo-
ple are reading, and which stories are 
more popular. The rise of sensational-
ism is partially a response to its demon-
strated popularity with mass audiences. 
And the cycle of supply and demand 
thus continues.

We are also living in very uncertain 
times. It’s hard to find a place on Earth 
that isn’t afflicted by economic prob-
lems, and people who were previously 
used to a comfortable lifestyle are often 
struggling. Our world is also haunted 
by fears of terrorism and the echoes 
of numerous wars and flashpoints. Our 
collective mindset and psychology are 
attuned to fears and threats. Given this 
shaky state of affairs, the impact of a 
perceived threat or danger is amplified, 
at least in our perceptions. 

Similar worries were influencing the 
world in the 1930s, when an eco-
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nomic depression and the precursors 
to World War 2 were on everyone’s 
mind. It was against this backdrop that 
a young Orson Welles staged his infa-
mous radio adaptation of the novel “The 
War of the Worlds” in 1938. Broadcast 
as a “mockumentary” with simulated 
news reports of an alien invasion of the 
USA, Welles’ radio show caused panic 
amongst some listeners. Psychologists 
who dissected this event cited existing 
fears amongst the public as contrib-
uting to their vulnerability to the hoax 
broadcast.

Could a similar scenario appear to-
day? One antidote to the mass hysteria 
of the past is our current overabundance 
of media sources. A wild story circu-
lating through some channels can be 
rebutted by corrections in other chan-
nels. But panic can sometimes override 
rational checks by editors, journalists, 
and the general public. It has been cited 
that people could have tuned their ra-
dios to other stations during the Welles 
broadcast, but many simply didn’t at-
tempt to verify what they were hearing. 

We could also suggest that people to-
day are less trusting of the media, gov-
ernments, and other institutions than 
they were in the 1930s. But a lack of 
trust is a double-edged sword. It can 
cause people to mistrust legitimate 
sources and stories as well as dubious 
ones. This could limit the effectiveness 
of rumor control campaigns and crisis 
management.

When a Threat 
is Real

Then there are the real threats that 
go under-reported, further eroding 

trust in communications. The February 
2013 explosion of a meteorite in Rus-
sia injured more than a thousand peo-
ple. It came without warning. Ironically, 
the world was focused on an asteroid 
that was due to make a close approach 
to Earth just hours later, but posed  
no threat. 

The Russian incident has a silver lin-
ing. It will probably generate more sup-
port for asteroid and meteor research, 
apart from helping people to understand 
that meteor dangers are more than just 
science-fiction fantasies. However, it 
will have a lasting impact on media re-
porting and public moods. The bizarre 
coincidence of having a real impact at 
the same time as a widely-reported as-
teroid flyby will join the two concepts 

in the minds of journalists and audi-
ences. Never mind that the two events 
had no direct connection. There is now 
a heuristic mental link between the two 
events. The next time we have a close 
approach from an asteroid, memories 
of the Russian event will be resurrected. 
There will be reportage on this. And irra-
tional fear will follow in some quarters.

Apart from meteors, the way that an-
other sensationalist space story could 
propagate through the mainstream me-
dia, social media, and the general pub-
lic cannot be as precisely calculated 
as the orbit of a satellite. There are too 
many factors at play. Furthermore, most 
of the factors in question are related to 
human behavior, which cannot be ex-
plained with mechanical precision.

Whatever happens in the near future, 
we all need to understand that media 
reactions and public responses are be-
coming an increasingly serious issue for 
the space community. Bad reportage 
and panic is a danger in its own right. 
Never mind the real truth. Fear of fear it-
self can be more serious than an actual 
space danger!

Dr. Morris Jones is an Australian space 
analyst and author. He is a regular con-
tributor to SpaceDaily.com.
Views and opinions expressed in this ar-
ticle are those of the author, and do not 
necessarily reflect those of the IAASS 
and the ISSF.

Real threats go 
under-reported, 
further eroding 

trust in 
communications

Artist’s conception of asteroid impact during an open space mission.  –  Credits: Igor Zh/Shutterstock
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Gravity: Space Debris 
Hits the Big Screen
 

By Merryl Azriel

Astronaut Ryan Stone (Sandra Bullock) is knocked loose from the Space Shuttle when it 
is struck by high speed debris during her EVA in the movie Gravity.  –  Credits: Warner Bros

This fall, the science fiction film 
Gravity took the box office by 
storm. Its sweeping – and often 

spinning – vistas of Earth as seen from 
space form the backdrop to a dramatic 
story of triumphing against the most 
hostile of environments. But Gravity 
was more than a critical success and a 
crowd pleaser: it was also an astronaut 
magnet.

The grab for many was the opening 
premise: a Shuttle flight out on a mis-
sion to repair the Hubble Space Tele-
scope. In real life, NASA sent five astro-
naut crews to the world’s favorite space 
telescope from 1993 to 2009. And, ev-
eryone agrees, Gravity director Alfonso 
Cuarón did a stupendous job of show-
ing precisely the scene they remember 
so well.  Final Shuttle Commander Mark 
Kelly wrote in a Washington Post article 
that “Cuarón really was able to capture 
what it looks like inside and outside 
of a spacecraft.” Veteran spacewalker 
Scott Parazynski told Vulture’s Gwynne 
Watkins that it made him homesick for 
space. Astronaut Garret Resiman wrote 
in Forbes that “The movie does an out-
standing job of capturing what it is like 
to do a spacewalk – much better than 

any previous sci-fi film.” We sat down 
with Hubble repairman Mike Massimi-
no, who spent 16 hours in 2009 per-
forming the final repairs to the Hubble 
Space Telescope, to get his take.

“The Hubble looked like the actual 
Hubble. The payload bay was exactly 
the way we had it configured,” Mas-
simino told us. “I saw the tools we use. 
Nothing was out of place, nothing was 
missing. They were exact – I mean there 
was no way they could have made that 
up and it come out the same, exactly 
the configuration we had.”

The Real Danger 
of Going 
into Space

But it wasn’t just the hardware that 
Gravity got right: “I think it also 

shows the real dangers of going into 
space,” Massimino said.

Massimino had a pretty challenging 
time on that last Hubble spacewalk. He 
recently described the experience in an 
essay entitled A View of the Earth from 
the Hubble Space Telescope. Which I 
nearly broke. In it, he described a mo-
ment when it seemed he had failed in 

his mission: “I felt that I was by myself, 
and everything that I knew and loved 
and that made me feel comfortable was 
far away. And then it started getting 
dark and cold.” If you think that sounds 
an awful lot like fictional astronaut Ryan 
Stone’s predicament, you wouldn’t 
be the only one. “Sometimes it goes 
through your mind ‘how’s this going 
to turn out today? Am I still gonna be 
around?’” Massimino says. But most of 
the time, “there’s no real reason to think 
about that.” On that particular mission, 
Massimino says he wasn’t too worried 
about getting killed. “In truth I might not 
have wanted to come home…but none-
theless I would have come home. In 
her case I think there was a real doubt 
whether [Stone] was going to make it.”

That doubt is at the center of Gravity, 
in which just about every major space 
hazard is trotted into the spotlight. 

Poster for the movie Gravity.
Credits: Warner Bros

“It shows the 
real dangers  

of going 
into space„

M. Massimino
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Gravity astronauts Ryan Stone (Sandra Bullock) and Matt Kowalski (George Clooney) repair the Hubble Space Telescope.
Credits: Warner Bros

Almost all 
of the issues 

encountered in 
the movie can be 
traced to real-life 

antecedents

There is rampaging space debris, oxy-
gen deprivation and carbon dioxide 
poisoning, onboard fires, and colliding 
spacecraft. As Massimino says, “it’s 
a movie, it’s not a documentary,” but 
even so, almost all of the issues en-
countered in the movie can be traced to 
real-life antecedents.  The International 
Space Station (ISS) actually has had 
to dodge debris from a 2007 projec-
tile anti-satellite (ASAT) test numerous 
times. The Mir space station witnessed 
several dramatic incidents including 
an onboard fire and a botched dock-
ing that resulted in a Progress supply 
vessel bashing into the Spektr module, 
partially depressurizing the station. A 
2004 spacewalk on ISS had to be ter-
minated after just 14 minutes when the 
astronaut’s oxygen tank lost pressure. 
If you’re wondering why Gravity is get-
ting so much attention from those in the 
space world, consider that this is the 
first time any of these issues has been 
addressed in a realistic way in a widely 
accessible public forum. It’s even pos-
sible that the attention will bring some 
needed focus to not only the wonder of 
spaceflight, but also its dangers.

Appeal of the 
Space Disaster

The disaster element is a strong 
contributor to making a compel-

ling space movie. Massimino suggest-
ed that a movie about a real-life EVA 
would be pretty boring. He participated 
in filming for the Hubble 3D movie re-
leased in 2010 that documented the re-
pair mission of STS-125, but the aim of 
that mission was, if anything, to avoid 
excitement. “We wanted to come up 
with a good movie, but we also had our 
jobs to do,” Massimino recalls. But, he 
says, the danger of spaceflight is often 
what grabs people’s attention. “I get 
a lot of questions when I’m talking to 
different groups. They ask ‘what if you 
get hit with something in space? What 
if there’s a fire?’ They’re excited by the 
danger,” he says. 

In the pantheon of disasters, space 
holds a special place. Even when noth-
ing goes wrong – which thankfully de-
scribes the majority of spaceflights – 
the journey itself is an adventure and a 
risk. It doesn’t take much to turn that 
adventure into a gripping spectacle.

“When they had a space disaster like 
they had in Apollo 13, the whole country 
was paying attention to what was hap-
pening. These guys became the focus 
of everyone’s attention for those couple 
days we were trying to get them back.”

He was just a kid during Apollo 13, 
but when the Columbia disaster stuck 
in 2003, Massimino was an astronaut, 
and he remembers every minute. “You 
know the next day the President of the 

United States was right there with us at 
the Johnson Space Center and every 
media outlet was covering it,” he re-
calls of the incident that took the lives 
of seven of his colleagues. “If it was just 
an airplane accident there would have 
been some coverage, but I don’t think it 
would have been to that extent. It was 
huge because it was a spaceship that 
was lost and a bunch of astronauts. So 
I think it leads to big news when there’s 
something that bad going on in space.”

Space Debris

Many people did pay more attention 
to space endeavors and space 

safety in the aftermath of Columbia and 
prior real-life space disasters. If movies 
like Gravity can help bring attention to 
space mission vulnerabilities without 
the tragedy of the real thing, that would 
be a public service indeed. And number 
one on the list of issues requiring atten-
tion is space debris.

“I remember when they gave us our 
briefing about our debris hazard talk-
ing about how bad it had gotten be-
cause of [the 2007 ASAT test],” Mas-
simino recalls of the time before his 
2009 mission. Now, with Gravity in the 
public consciousness, perhaps there 
is enough awareness of the dangers 
of such tests to discourage their rep-
etition. As Massimino says, “Hopefully 
that’s something people would pay at-
tention to.”

Read more from our interview with  
Astronaut Mike Massimino at: 
http://bit.ly/SSM_Massimino
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EVAs Planned for 
Coolant Loop

On December 11, the International 
Space Station experienced an exterior 
ammonia coolant loop failure resulting in 
excessive cooling. A faulty control valve 
may be to blame, and a series of three 
EVAs is scheduled to replace the unit. 

Astronauts Rick Mastracchio and 
Mike Hopkins, with Koichi Wakata op-
erating the robotic Canadarm2, will 
conduct the spacewalks, with Hopkins 
wearing the spacesuit that leaked dur-
ing Luca Parmitano’s July EVA, nearly 
drowning him. The investigation into 
that incident has not been completed 
but NASA put in place provisions to 
protect the astronauts in case of its 
repetition, including absorbent pads in 
the helmet to soak up any fluids, and 
home-made snorkel-like contraptions 
put together by the crew that provide 
a tube as a breathing port from the hel-
met to the body of the suit. The EVAs 
are scheduled to take place on Decem-
ber 21, 23, and 25. This will be the first 
EVA conducted on Christmas day since 
Skylab 4 in 1974. 

Read more: 
http://bit.ly/SSM_EVAs

China Lands 
on Moon

The Chinese Chang’e 3 lunar lander 
carrying the Yutu rover onboard suc-
cessfully soft-landed on the Moon on 
December 14. This feat makes China 
the third nation after the US and former 
Soviet Union to successfully soft-land 
a spacecraft on the Moon, and the first 
since 1976.

Following launch atop a Long March 
3B rocket and a 14-minute ascent to 
orbit on December 1, Chang’e 3 spent 
five days coasting through cislunar 
space. It arrived in lunar orbit on De-
cember 5 and completed systems 
check out culminating in an orbital 
adjustment on December 10. Three 
days later, a 7-phase, 12-minute de-
celeration burn brought the space-
craft to a 100m hover where the main 
engine initiated a constant throttling 
down, until it shut off at an altitude 
of 4 meters above the lunar regolith.  
The lander made a quiet free fall, gen-
tly resting on the lava-filled plains of 
Sinus Iridum, at 13:40 UTC. 

Read more: 
http://bit.ly/SSM_Change Scott Carpenter 

Dies
One of America’s first NASA astro-

nauts, Scott Carpenter, died at age 88 
from complications related to a stroke. 
The former Naval aviator and aqua-
naut, one of NASA’s original Mercury 
seven astronauts, passed away on  
October 10.

Carpenter, who was the fourth Ameri-
can in space and the second to orbit the 
Earth, only flew in space once, in 1962. 
His spacecraft suffered from a fair share 
of technical problems during his three 
orbits aboard Aurora 7 – a faulty pitch 
horizon scanner, low fuel, overheated 
fuses, and autopilot and automatic 
systems malfunctions. The numerous 
problems forced Carpenter to manually 
fly his spacecraft through reentry, prov-
ing a human pilot could overcome auto-
matic systems malfunctions.

With Carpenter’s passing, John Glenn 
– the first American to orbit the Earth – 
is the sole surviving member of NASA’s 
Mercury Seven, America’s first astro-
naut class.

Read more: 
http://bit.ly/SSM_CarpenterThe Yutu rover, photographed on the Moon by the Chang’e 3 lander.  –  Credits: CNTV

Scott Carpenter in an official NASA por-
trait.  –  Credits: NASA
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