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Space Travel:  
Entering A New Dimension 

Over a century ago we witnessed the world’s first flight—12 
seconds that defied belief at that time. Today, our skies have 

grown almost as busy as our roads. Each day there are 28,537 
commercial flights, 27,178 private planes, 24,548 air taxi flights. 
5,260 military flights and 2,148 cargo flights either taking off or 
landing at the 19,990 airports in the U.S. Thus there are about 
87,000 flights in the United States a day and 64 million in a year.1 
In 2007, the U.S. alone saw more than 769 million passengers 
enplaned on scheduled airlines traveling across the country and 
across the world.2

By contrast, there are only a handful of people in space at any 
one time—astronauts who might have been launched from one 
of only a dozen spaceports around the world. The number of 
unmanned spacecraft is also few. To date, only about 500 people 
have flown into space. While the volume of travel is currently low, 
the potential of growth is unprecedented.

Far from being science fiction, space travel is a booming industry. 
In 2004, SpaceShipOne, the first private, manned aerospace craft, 
reached space. And while many dream of an adventure in space, 

1 National Air Traffic Controllers Association, accessed January 2009
 http://www.natca.org/mediacenter/bythenumbers.msp 

2 US Bureau of Transportation Statistics, National Transportation Statistics accessed 
January 2009 

 http://www.census.gov/compendia/statab/

for some it is a reality. In 2001, Dennis Tito, a businessman from 
California, became the world’s first space tourist when he paid 
$20 million to be launched into space aboard a Russian rocket. 
Five others have since followed, with more hopeful space tourists 
awaiting their opportunity. Virgin Galactic and other members 
of the Commercial Space Flight Federation have been taking 
reservations from paying passengers eager to venture into space 
since 2005 and have unveiled the aircraft that will take them 
there. Infrastructure is being developed to launch space tourism 
excursions with the construction of private spaceports across 
the world—Spaceport America, the first new-build commercial 
spaceport, with a capital investment of a quarter billion dollars, 
is on the way to completion. The terminal area was inaugurated 
in October 2011. 

With advancements by world governments and private 
enterprises, plans in motion for commercial spaceflight and space 
tourism will mark a dramatic change in the number of spacecraft 
being launched and with it a substantial increase in the volume 
of space traffic.

Airplanes, just like spacecraft, were once the exclusive domain 
of governments. At the start of commercial air travel, flight was 
risky, costly and accessible only to the rich. Now that air travel has 
been brought to scale, our skies are busier and managing flight 
has become much more organized and subject to international 
standards. The result is airline travel that is impressively safe. 
If the right leadership and steps are taken today, the same will 
happen for the space industry tomorrow. 
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After losing radio contact with ground control, 
space shuttle Columbia re-entered the Earth’s 
atmosphere disastrously in 2003. The shuttle 
burned up on re-entry and disintegrated over 
Texas, killing all seven crew members. Small 
bits of shuttle debris were spread over a wide 
area of Texas, including shuttle engines full of 
highly toxic chemicals. Fortunately, no others 
were harmed, but the risk of a fatal crash with 
air traffic was estimated by Federal Aviation 
Administration to be as high as 1/100 for civil 
aviation and 1/1000 for commercial aviation. The Space Shuttle Columbia break up over Texas in 2003
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Public acceptance of aviation as a safe and fast method of 
transportation is rarely questioned today, thanks to the strict 
safety standards that ensure the well being of the crew and 
passengers and people on the ground. Such standards are the 
results of accumulated experience as well as of technical progress 
in which private research played a fundamental role since the very 
beginning. In the rare event that an accident occurs, protocols 
and procedures for responding to an emergency are in place: 
when an airliner went down in the Hudson River early in 2009, 
all 155 people survived without injury thanks in part to the safety 
standards that guide the airline industry. 

Despite various regulatory oversight responsibilities shared by 
government agencies in the United States and “space treaties” 
among international organizations, there is not yet in place an 
extensive, coordinated international program that tracks and 
manages space travel and commerce to ensure the safety of 
those in the industry and of the general public. The dangers and 
potential for accident in space is unprecedented:

Danger of Orbital Accidents 

Today, more than 21,000 pieces of space debris ranging in size 
from large, derelict satellites to a few inches (10cm) are circling 

the Earth. There are tens of millions more uncatalogued space 
debris objects greater than 1 mm in size.

At speeds reaching 27,400 km per hour, even the smallest 
bits of space debris can cause serious harm to spacecraft; larger 

We have come a long way in flight safety since the time of the first flight at Kitty Hawk

NASA’s 2006 post-flight inspection 
of the space shuttle Discovery 
STS-114 found 41 impacts on the 
vehicle caused by orbital debris, 
the largest of which left a crater in 
one of the shuttle’s windows. NASA 
estimated that it was caused by a 
particle with a diameter of just 0.22 
mm. This impact was among the 
largest ever recorded. Space debris impact on 

Space Shuttle window
Credits: NASA

Space debris impact on Space Shuttle blanket
Credits: NASA
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ones threaten the lives of astronauts and can cause catastrophe.  
A fragment of about two thirds of a pound (300 grams) can 
destroy an airplane at cruise altitude and speed. As recent history 
shows, an object as seemingly insignificant as a paint chip can 
cause significant damage.

The United Nations Committee on the Peaceful Uses of Outer 
Space has, after over a decade of debate, adopted guidelines 
to limit space debris, but there remains far more to be done to 
ensure human safety. As space travel advances, there will be an 
exponential increase in space traffic and more discarded debris. 
More objects in orbit will mean greater chance of collisions in 
space. The first dramatic collision took place in 2009 between the 
US Iridum 33 satellite and Cosmos 2251, a Russian communication 
satellite that ceased active operations in 1995.

Risk of Accidents on Ground

Approximately one cataloged piece of space debris has fallen 
to Earth every day for the last 40 years.3 Right now, there are 

several hundred spacecraft in Low Earth Orbit that will reach end 
of life, no longer be able to maintain orbit, and destructively re-
enter the atmosphere in the coming decades—exact numbers are 
not tracked. Sometimes a satellite can be lost at the very beginning 
or during operations and become a public safety hazard.

3  NASA

Each year, nonfunctioning satellites 
come crashing back to Earth 
uncontrollably. The only way to 
control these falling satellites is to 
shoot them down. When China shot 
down one of its satellites in 2007, 
the explosion left large amounts of 
debris orbiting the planet, posing 
risk to spacecraft. In 2006, 270 
passengers on board an airliner 
above the Pacific had a lucky escape 
when the wreckage of a blazing 
Russian satellite narrowly missed 
their aircraft. In early 2008 the United 
States shot down a missile containing 
toxic fuel. Small pieces of the broken-
up satellite, caused by the explosion, 
fell into the Earth’s atmosphere, 
posing risk to the environment and 
to human life. In 2009, an Iridium 
commercial satellite and a defunct 
and out of control Russian Kosmos 
satellite crashed, destroying both 
spacecraft and creating a deadly 
shower of debris in low Earth orbit.

Between 10 percent and 40 percent of the mass of these spacecraft 
are projected to survive re-entry in the form of fragments. As the 
number of objects hitting land increases, the risk of human injury 
and damage to aircraft and property becomes greater.

It is not just spent satellites or fragmentary remains of craft 
that fall to Earth. Hazardous materials and poisonous substances, 
including noxious gases and radioactive materials, carried inside 
spacecrafts that fail to burn up on reentry fall on Earth and have the 
potential to cause serious damage to public health and safety and 
endanger the environment. USA-193, also known as NRO launch 
21, was an American military spy satellite launched on December 
14, 2006. The satellite malfunctioned shortly after deployment, 
and was intentionally destroyed 14 months later on February 21, 
2008, by a modified SM-3 missile fired from the warship USS Lake 
Erie, stationed west of Hawaii. According to Federal Emergency 
Management Agency (FEMA) reports the satellite contained 

“We have rules of sea and we have rules 
of flying over territories and countries, but 
once you get into space those rules are not 
established.” 
Richard Stuart, founder, CEO, and President of ARES 
Corporation/Board President, International Space Safety 
Foundation

Space debris reentry 
Credits: Kristhian Mason

ATV reentering the atmosphere
Credits: D.Ducros / ESA
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hazardous materials that could have survived re-entry: half ton of 
frozen hydrazine, and beryllium.

Since the beginning of space travel, ten space failures have 
dispersed radioactive material to the Earth’s surface and oceans—
but pollution from rocket fuel and contamination from fallen space 
debris are increasing concerns

Accidents also occur at launch sites, where nearly 200 people 
(35 since 2000) have been killed by rocket explosions during 
processing, test, launch preparations and launches.

Frontier Environment

In the extremes of space, there are no mutual aid provisions and 
travel patterns are not coordinated. Each country has its own 

unique technologies and systems—from space suits and vehicles to 
terminology. Were there to be an accident on a space flight, there is 
no universal method to transmit distress and no international code 
of conduct for responding to a call for help in space. Preliminary 
(and uncoordinated) efforts to create international standards for 
exploration on the Moon are underway and initial efforts have 
demonstrated how application of these standards could save lives.

Safety of Future  
Space Exploration

The space industry needs a “quantum leap” in the area of safety. 
People around the world are at risk from spacecraft launch and 

re-entry operations as well as falling space debris. We need to act 
now to protect the safety of citizens of all nations, to reduce the 
impact on our environment, foster safe human space travel and 
increase international cooperation for the benefit of all space 
exploration. 

We need protocols in place to reduce the risks to public safety. 
We need effective rules and commitments for tracking and 
reducing existing space debris and limiting future debris. We need 
to substantially advance system safety through dedicated studies. 
We need to set industry standards for space equipment design, 
and we need standard operating procedures for in the air and on 
the ground. In essence, we need the same innovations in safety for 
the space industry that we have for commercial aviation—black 
boxes, traffic management rules and quality monitoring programs 
such as Flight Operational Quality Assurance and the Aviation 
Safety Action Program. 

THE GUGGENHEIMS  
AND AIR SAFETY 
On any given day, more than 87,000 flights are in the skies in the 
United States. Public acceptance of aviation as a safe and fast 
method of transportation is rarely questioned today; however, 
regular, safe passenger service on airlines was not a reality 
until aeronautical engineering programs were established 
and reliable aircraft engines and instruments were developed. 
Between 1925 and 1930, philanthropists Daniel and Florence 
Guggenheim invested more than $2.6 million (the equivalent 
of $31 million in 2008) in research and educational activities 
to develop airplane safety that ultimately led to safer air travel 
and paved the way for a nascent commercial air flight industry. 

Flight was extremely risky, plagued by accidents and fatalities. 
In the early days of scheduled transportation from 1922 to 
1925, one pilot was killed for every 10,000 hours of flying. 
According to the Flight Safety Foundation, if the world had 
the same accident rate now, there would be several hundred 
serious air transport accidents a year. Certainly, one or two 
would occur every day somewhere around the world. Safety 
has been improved dramatically, and today the air transport 
industry has a very low accident rate. Today, taking a plane is a 
journey safer than catching the bus or crossing the street, due 
in part to the vision of people like the Guggenheims and those 
committed to aviation safety that have continued their work.

Jumbo Jete Airliner
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Priority Actions  
to Advance Space Safety

The diversified efforts of government agencies, the military, 
commercial firms and private entrepreneurs have enabled 

limited access to space. However, present codes of conduct and 
current methods of coordination on safety are insufficient. Now is 
the time to establish an enhanced process for space safety and to 
develop an international, cooperative culture for advancing this 
cause.

It is critical to undertake three priority actions:
1. Help to establish a minimum set of global voluntary safety 

standards for improving space flight safety, reducing 
space debris and implementing international space traffic 
management;

2. Research and develop innovative safety practices and effective 
tools; and

3. Develop a space industry workforce more knowledgeable of 
space safety engineering and management.

International Space  
Safety Foundation 

Recognizing the urgent need to advance safety practices in the 
rapidly increasing use of space, the International Association 

for the Advancement of Space Safety (IAASS) was formed in 
2004. This organization spurred action in terms of new research, 

published unique books, articles and opinion pieces and began to 
work with the space agencies, space industries and private space 
entrepreneurs to advance the field. 

In the United States, a group of dedicated safety experts from 
the private, commercial, government and academic sectors of the 
space industry saw the need for American leadership in this critical 
new field. Inspired in part by the impact on aviation flight safety 
achieved by the Guggenheims and by Jerome Lederer, the group 
formed the International Space Safety Foundation in 2008. The 
Foundation’s mission is quite simply to enhance access to space for 
future generations. Its vision is a safe space for people on Earth, for 
the environment, and for explorers and astronauts in space. 

The International Space Safety Foundation is the only 
organization in the United States that is dedicated entirely to 
furthering policies of international cooperation and scientific 
progress in the field of space safety. The Foundation is a non-
governmental organization operated by an independent Board 
of Directors with knowledgeable and experienced representatives 
from each sector of the space industry, and supported by a think-
tank of experts, the Advisory Council.

The International Space Safety Foundation cooperates closely 
with IAASS in undertaking and promoting conferences, workshops, 
research, education and training, and development of space safety 
standards.

The Foundation seeks to engage all segments of space 
programs management, policy makers, and elements of 
engineering and operations to advance space safety research, 

Pilot Neil Armstrong with X-15 
Credits: NASA

International Space Spation
Credits: NASA
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to push the use of improved technologies and inherently safe 
systems solutions, and to promote independent certification 
processes, design and verification methods. The Foundation 
is independent of the space agencies, government regulatory 
agencies, space enterprise, private space flight industries and 
specific aerospace interests. The Foundation joins all of these 
entities, as well as space-related foundations, in the quest to 
make the future of space safe.

A Plan for Success

The Foundation has set forth an ambitious plan to address 
the challenge of human and environmental safety and to 

improve access to space. The plan encompasses three strategies 
to significantly improve space safety. It will catalyze space safety 
private and academic research to ensure safe access to, use 
of, and transit through space and to safeguard any space object 
operating in space and preserve the Earth’s environment and 
human safety on the ground and in aircraft; advance knowledge 
and application of space safety by building the expertise in 
the field among the broader space industry workforce through 
advanced education and comprehensive training.

The Foundation is seeking an initial funding of $1 million that 
will launch efforts to create an international space safety institute 
to advance knowledge and application in space safety field, and 
to fund a focused research program. The Foundation will seek to 
leverage, where possible, the initial funding through joint projects 
with partner organizations and foundations, including the IAASS.

Catalyze Space Safety Voluntary 
Standards and Certification

The Foundation will establish an international institute for 
space safety whose mission will also include promoting the 

development of voluntary standards and independent safety 
certification processes in support of commercial and private 
space flight companies. The Institute will seek to support 
regulatory bodies at national and international levels for the civil 
use of space. These efforts are not intended to directly support 
military or defense space programs, although the civil space 
voluntary safety standards could benefit non-civil programs. 
The Institute will network a group of internationally renowned 
advisors and system and subsystem analysts to test, evaluate and 
independently certify the safety of private spacecraft.

Advance Knowledge and 
Application of Space Safety 

The Foundation will advance safer design and the development 
of dedicated safety equipment by awarding research grants for 

key space safety projects and building the knowledge and capacity 
of the field by supporting publications, monographs, conferences, 
workshops, training sessions and web-based seminars. Already 
the Foundation has provided support for the publication of Safety 
Design for Space Systems (recently translated in Chinese) and its 
follow-on project, Space Safety Regulation and Standards.

The spectacular ignition sequence of a Delta IV Heavy
Credits: Vandenberg Air Force Base

The Multi Purpose Crew Vehicle 
Credits: Lockheed Martin
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Fund Raising

We are seeking funds to support creation of an international 
space safety institute, carryout key research, publish key 

books, training materials and monographs, provide awards for 
outstanding efforts in the field and other related activities. Support 
will be obtained by means of:

a. Exceptional Donors – individuals, institutions or corporations 
which make substantial grants to build our endowment base

b. Members – corporations or institutions which make annual 
donations:

1. Benefactor: $25,000 or more
2. Patron: $ 15,000 - $24,999
3. Contributor: $10,000 – $14,999

Your leadership in building a safe and science-based approach to 
space safety will help expand horizons, increase the opportunities 
and preserve viability for future generations of explorers.

Award Innovation  
and Leadership 

The Foundation will provide incentive awards and other 
recognition to thought leaders encourage in the field of space 

safety. Awards to be developed will be targeted to innovative 
practitioners to increase their education and professional 
development and carry out key research and development projects.

Join Us

Advancing space safety is critical to environmental health 
and human safety on earth and to increased viability for all 

space programs, manned and unmanned. Space safety can also 
contribute to the growth of a multitude of new space industries, 
from space communications to space tourism, from geomatics to 
clean hypersonic transport. Together, we must place a premium 
on safety.

Significant investment into the programs and research that will 
catalyze space safety innovation, voluntary standards, advance 
knowledge and application of space safety is needed. We invite 
you to join us in the quest.

By investing now in the work of the International Space 
Safety Foundation (ISSF), commercial space companies will help 
develop and expand research and development activities critical 
to improving space safety, support educational and training 
programs as well as conferences and workshops related to space 
safety improvements, and spark innovation and leadership in the 
field. The proposed allocation of funds going forward is reflected 
in Figure 1 below.

Edward H. White II, pilot of the Gemini 4 spacecraft
Credits: NASA
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