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Shuttle and the Russian Soyuz programs
have demonstrated that human access to
space is possible with some regularity, and
now true mass access to space appears to
be on the horizon.

EXECUTIVE SUMMARY
Introduction

Indeed the most significant
development in space activities in the last
few years seems to be the emergence of
private enterprise as an important
stimulant to the growth of a new “space
tourism” business. Remarkably we now
begin to see the realistic emergence of
space commercialization as a serious
business enterprise. A number of high
profile billionaire entrepreneurs are now
bankrolling many of these new
commercial space businesses. Notable
individuals include Paul Allen, the
Microsoft co-founder, Sir Richard
Branson, founder of Virgin Atlantic and
now head of Virgin Galactic, Elon Musk,
the founder of PayPal and now head of
Space X, Jeff Bezos, founder of
Amazon.com and now head of Blue
Origin, and Robert Bigelow, heir to
Budget Suites and now the dynamic head
of Bigelow Aerospace. These billionaire
backers of new space commercialization
initiatives, and others of their ilk, have
become trailblazers in this remarkable new
industry where the sky is no longer the
limit.

The space age is now a halfcentury old. Over the past fifty years,
since the launch of Sputnik, in October
1957 there have been remarkable
achievements. Astronauts have gone to the
Moon and returned. The Hubble and
Chandra Telescopes have discovered new
secrets of the Universe at its most remote
reaches. The International Space Station
has now been largely deployed and new
rockets are being built to allow longerterm exploration of space. For decades, the
advancement in space technology and
space exploration has been spearheaded by
the official national space agencies. The
National
Space
and
Astronautics
Administration (NASA) in the United
States has made numerous strides, but has
stumbled with deployment of the
International Space Station and the
Challenger and Columbia Space Shuttle
disasters. NASA Commercial Orbital
Transportation Service (COTS), by
seeking active commercial leadership in
this development, may well have helped to
provide an important commercial boost to
the rapid development of the space
tourism business.

Arguably of equal importance is
the stimuli created by several new and
innovative space technology competitions.
These competitive space prizes—most
notably the Ansari X-Prize—have altered
the landscape of contemporary space
systems development. Literally dozens of
new efforts to create viable space plane
industries trace their origins to the X-Prize
competition. The $10-million dollar XPrize, that Burt Rutan and Paul Allen have
now claimed, has done perhaps more to
create a new space commercialization
industry than any other single factor. Peter
Diamandis, who sees himself as the
ultimate entrepreneur, joined with fellow
graduate students Todd Hawley and Bob
Richards to found the International Space
University in 1983-1984. Along with Greg
Maryniak and others, Diamandis has long
contended that private enterprise, stripped

The
world’s
other
space
organizations have also made their
contributions to space development and, in
some cases are helping with the
development of space plane vehicles and
even the space tourism industry. The
European Space Agency (ESA), the
French Space Agency (CNES), the
German Space Agency (DLR), the
Russian Space Agency (Roscosmos), the
Japanese Space Exploration Agency
(JAXA), the Chinese Space Agency, the
Indian Space Research Organization
(ISRO), the Brazil Space Agency (INPE)
and other governmental space agencies
have all made contributions and, as
discussed later, some agencies such as
ESA and Roscomos have active programs
in the space tourism arena. The US Space
George Washington University
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And exciting it all is. Today, well
over forty enterprises are engaged in
trying to design and build space planes or
other vehicles to fly on sub-orbital or even
low earth orbit missions. They have
already invested hundreds of millions of
dollars in these new commercial ventures.
In addition, hundreds of millions more
dollars have been invested in the
development and equipping of spaceport
facilities around the world to support these
new businesses once they become
operational.

of
governmental
interference
and
involvement,
can
advance
the
development of a dynamic space industry
if only the right stimulus is present.
In the early part of the Twentieth
Century, a $25,000 prize was created for
the first aviator to fly solo from New York
City to Paris. Charles Lindbergh, of
course, was able to claim this prize shortly
after World War 1. This remarkably well
publicized and globally lauded event
created the tradition of aviation-based
prizes being used to stimulate innovation
in the field of aerospace. Certainly it is of
note that hundreds of millions of dollars
from the commercial and entrepreneurial
world were invested to try to claim the
$10-million Ansari X-Prize. Paul Allen
alone reportedly invested well over $20million in Scaled Composites, Burt
Rutan’s company, in order to be able to
claim this prize.

The question that arises is can this
new space tourism truly succeed?
Courtney Stadd, the well-seasoned former
official at both the US Department of
Transportation and NASA who has some
three decades of experience in commercial
space efforts has had this to say about the
prospects for space tourism:
“Space entrepreneurs still tend to
be seduced by the tendency to
mistake technical possibility for
market opportunity. Nonetheless, I
feel that, by and large, today’s
entrepreneurs
represent
a
particularly sophisticated and
seasoned group of business
managers who stand a better
chance of navigating the many
daunting technical and market
challenges associated with the
new commercial space industry
sector. Although it is still a work
in progress, the good news is that
the US government is doing a
better job of fostering a more
stable and predictable regulatory
and policy climate for space
entrepreneurs.”

The excitement that these new
ventures promise for the future is caught
in the recent words of Sir Arthur Clarke
who predicted many of these now
unfolding events many decades ago. In his
recent 2007 “Egogram” Arthur said the
following:
“Notwithstanding the remarkable
accomplishments during the past
50 years, I believe that the Golden
Age of space travel is still ahead
of us. Before the current decade is
out, fee-paying passengers will be
experiencing sub-orbital flights
aboard privately funded passenger
vehicles, built by a new generation
of engineer-entrepreneurs with an
unstoppable passion for space
(I’m hoping I could still make
such a journey myself). And over
the next 50 years, thousands of
people will gain access to the
orbital realm – and then, to the
Moon and beyond. During 2006, I
have followed with particular
interest the emergence of this new
breed of ‘Citizen Astronauts’ and
private space enterprise.”

Figure15 in the full report
provides a brief profile of the forty-plus
companies that are trying to either develop
new space plane, balloon, capsule, or other
technology to support a new space tourism
business. This is clearly only the first stage
of a new and emerging industry with an
unproven market. Thus, while many of
these enterprises may succeed and begin
commercial operation within the next two
to three years, a number of these will also
probably fail. Figure 15A, in fact, records,
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conducting sub-orbital--or even orbital
flights--to meet the emerging space
tourism market. This diversity of approach
and extended trial period may prove
invaluable to the development of new and
proven craft to support the space tourism
business.
Courtney
Stadd
has
characterized the current situation thusly:

as completely as possible, the many startup ventures that at one time had sought to
enter this new industry and/or claim the XPrize, but which have already folded or
have been morphed or merged into other
companies. Sections Eight and Nine of
this report record the many spaceports—
both governmental and commercial—that
have been started, and in many cases are
even fully licensed, either within the
United States or around the world. The
growing number of these projects, as well
as the hundreds of millions being invested
in developing new spaceports or
upgrading established facilities, is yet
another indicator of the dynamic nature of
space commercialization.

“Frankly, thirty years ago,
many of us were naïve to think
that we could move overnight
into commercial spaceflight
without taking interim steps,
such as suborbital flight, in
order to better understand the
technical
and
business
challenges.
Just like the
‘barnstorming’ era of aviation
helped
condition
the
marketplace to the new era of
flying it can be argued that the
emerging era of suborbital
flights will likewise assist in
introducing the marketplace to
the issues and challenges of
commercial
spaceflight
–
including ultimately spaceflight
into earth orbit and beyond.”

These new entrepreneurial-driven
space industries and the great diversity of
technical and operational approach is, in
the view of the research team, one of the
strengths of today’s emerging space
tourism and space plane businesses. A
number of the entrepreneurs now
providing primary thrust to the new space
tourism industry have already transformed
the industries from which their wealth is
derived. Sir Richard Branson of Virgin
Atlantic helped to transform international
air travel, Elon Musk, the founder of
PayPal, has made huge impact on Internet
finance, just as Paul Allen has made a
tremendous contribution to personal
computing. Bigelow by offering extended
stay facility transformed the lodging
industry just as Jeff Bezos transformed the
book industry by offering direct sales on
the Internet. In short, this new breed of
billionaire entrepreneur is bringing more
than capital into this new enterprise.
Indeed their knowledge, flair, marketing
savvy, and innovative expertise may be
more important than their money.

The thrust of most ventures today
is directed toward providing Earthbound
humans with the unique experience of
seeing the planet from space and
experiencing weightlessness. But there are
many who see these ventures as a prelude
to something that is much more
profound—something that will impact the
future of homo sapiens as a species.
Rachel Armstrong, who has foreseen the
possibility that humans will actually start
going into space in a serious way within
the next three decades or less, has
speculated on the ultimate impact of such
extraterrestrial activity.

Dozens of approaches now being
tested against one another in a global
marketplace is seen as better than taking a
single and unified design approach which
is often the case that is seen in national
governmentally-funded space agency
enterprises. As shown in Figure A below
there is an enormous range of technical
approaches now being taken to seek the
most efficient and safest approach to

“…..space travel and space
habitation pose more than an
architectural
challenge:
they
constitute a political and social
issue embodying the cultural
aspirations of the human race.
With
effective
international
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The future of space tourism and
where it will lead, of course, is
unknowable at this point. Many will
dismiss such speculation as idle science
fiction fantasy. But even in the early 1950s
serious scientists were discounting space
travel as discussed by my colleague Eric
Burgess as not something that serious
people should address in books of science.
Only a short few years later the launch of
Sputnik proved these critics and
“naysayers” as wrong.

cooperation, it is possible that in
the near future people will travel
into orbit to go on holiday and,
perhaps later, settle there. The way
in which these social spaces are
constructed will shape the future
of the human race physically and
mentally. In the absence of the
‘natural’ world, space architecture
will become the source of
selective pressures acting on the
human body. According to
Darwinian theory, these forces
will
gradually
cause
extraterrestrial humans to evolve
in a way different from that of
their relatives back on Earth.”1

The late Princeton Professor
Gerard K. O’Neill in his book The High
Frontier (1977) has speculated as to why a
large number of people might actually go

Figure A
Various Technical Design Approaches
for US and International Private Commercial Space Systems
Various Approaches for Accessing
Space

Companies Using this Particular Approach

Lighter than Air Ascender Vehicles and Ion
Engines with high altitude lift systems
providing access to LEO.

JP Aerospace (Commercial venture with volunteer
support)

Balloon Launched Rockets with capsule
return to ocean by parachute

Da Vinci Project, Planetspace, HARC, IL Aerospace

Vertical Takeoff and Vertical Landing

Armadillo Aerospace, Blue Origin, DTI Associates,
JAXA, Lockheed Martin/EADS, Masten Space

Vertical Takeoff and Horizontal Landing
(spaceport)

Aera Space Tours, Bristol Space Planes, C&Space, Air
Boss, Aerospace Inc., Energia, Lorrey Aerospace,
Phoenix and Pre-X by EADS Space Transportation,
Planetspace, SpaceDev, Space Transportation Corp.,
Space Exploration Technologies (SpaceX), Sub-Orbital
Corp, Myasishchev Design Bureau, t/Space, TGV Rocket,
Vela Technologies, Wickman Spacecraft & Propulsion,
Advent Launch Site, Rocketplane/Kistler,

Vertical Takeoff and Horizontal Landing
(from ocean site)
Horizontal Takeoff and Horizontal Landing

Andrews, Scaled Composites, the Spaceship Corporation,
Virgin Galactic, XCOR, and Project Enterprise by the
TALIS Institute, DLR and the Swiss Propulsion
Laboratory

Tow Launch and Horizontal Landing

Kelly Space & Technology Inc.

Vertical Launch to LEO from Spaceport

Alliant ATK, Inter Orbital Technologies,
Rocketplane/Kistler, SpaceHab, UP Aerospace

Launch to Leo from Cargo Jet Drop

Triton Systems
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encouraged performance-based regulations
(e.g., the regulators would define the
public safety envelope but gives the
licensee wide latitude in meeting those
requirements vs. the historical detailed
certification processes normally employed
by the FAA for commercial aviation.).

into space to live on a permanent basis. He
suggested a variety of reasons as to why
they would do so. These reasons varied
from a sense of adventure to the more
practical need to generate new sources of
energy from the sun. Others reasons
ranged from a desire to perpetuate the
species in the case of catastrophic
destruction of life on Earth, perhaps due to
a direct hit by an asteroid or comet, to
coping with the problem of an
overpopulated or a war-torn world.
Whatever the ultimate outcome, the first
steps toward serious space tourism are
now afoot. These efforts not only include
developing the new technology and
creating the business systems to make this
a viable enterprise, but also the need to
provide a regulatory structure to provide
for the safety of crew and passengers.2

During the time of the Clinton
Administration, when it was announced
that the Office of Commercial Space
Transportation was being relocated from
the Office of the Secretary of
Transportation to the FAA, there was
concern in industry that the office would
quickly revert to the detailed certificationstandards processes with which the FAA
was most familiar. A number of
entrepreneurs, however, have argued that
this approach has served to stultify
innovation in the aviation sector
historically and would particularly slow
the development of the space tourism
industry. The FAA/AST leadership to
date, as reflected in the recently released
rules for human space flight (as found in
the Appendix 3 to the main report), have
for the most part remained true to the spirit
of the original law setting up the licensing
authority for commercial launch vehicles.
This regulatory approach—of trying to
balance public and crew safety against
common sense rules--is at this stage is
quite American and stands in contrast to
the approach that seems likely to evolve in
Europe for instance.

The licensing of these various
vehicles by national or regional safety
organizations, such as the FAA in the US,
the European Aviation Safety Agency, and
so on around the world, is clearly a
challenge. No one can be sure that any one
or any two of the various technical
approaches indicated above are the best in
terms of safety and reliability. This
strongly confirms the wisdom of the FAA
Final Rulemaking “Human Space Flight
Requirements for Crew and Space Flight
Participants—Final Rule, December 2006”
14 CFR Parts 401, 415, 431, 435, 440 and
460 [Docket No. FAA–2005–23449] (RIN
2120–AI57) (See Appendix 3 of the
Report) This FAA Rulemaking sets
minimum standards and many specific
requirements for safety of operation for
space plane vehicles, spaceport operations
and adjacent facilities, but nevertheless
indicates that both vehicles and
spaceports, through at least 2010, will be
inspected and licensed on a case-by-case
basis.

Globalization of the Space Tourism and
Space Plane Industries
As little as over a decade ago the
whole idea of space tourism and reliable
space plane operations on a regular
schedule for booked passengers seemed in
the realm of science fiction. As can be
seen in the chronology provided in
Appendix 2 of the full report, people have
been talking about space tourism for
nearly fifty years, but serious technical
study and prototype development is a
fairly recent event. The X-Prize
competition and the success of the
SpaceShipOne flight in 2004 certainly
changed the landscape. Serious market
studies by the European Space Agency,

The reliance by the FAA-AST in
its rule-making on “minimal” or at least
quite “practical standards” is quite
consistent with the original intent and
spirit of the 1984 Space Launch Act (as
amended in subsequent years). This is to
say that “industry advocates” in 1984
successfully fought for a law that
George Washington University
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Switzerland, the emphasis on development
in the space tourism and space plane has
been largely within the sphere of
governmental
space
agencies
and
nationally-oriented programs as opposed
to fully commercial enterprises and start
up operations. In the case of Russia,
Roscosmos (the Russian Federated Space
Agency) has particularly indicated a
willingness to work in parallel with
commercial aerospace concerns.

Futron and others are now projecting that
space tourism and space commerce will
become a multi-billion dollar enterprise.
Although most of the various
space plane developmental projects are
US- based, one of the most significant
changes in recent years is the shift to the
international arena. There are efforts to
develop space planes, ascent vehicles,
spaceports, testing and training facilities or
other elements of the industry in a
growing number of countries around the
world. There are various efforts of note
underway in Australia, Canada, China,
France, Germany, India, Israel, Japan,
Russia, Singapore, Switzerland, the United
Arab Emirates, the United Kingdom, as
well as the US. There have even been
some activities in Argentina, Brazil and
the Caribbean. At this stage, there have
not only been attempts to create spaceports
or to develop space plane technologies and
systems around the world, but several
efforts have started to address the safety
and regulatory aspects of space tourism
outside the US as well.

The first space tourism businesses
will most likely be either US-owned and
operated or, as in the case of Virgin
Galactic, be UK-owned but operate from
New Mexico or in the case of Space
Adventures operate from the United Arab
Emirates and Singapore, but still be
largely US-owned. Even so, the rest of the
world, in terms of trade considerations,
national
security
concerns,
and
international aviation regulation, will
necessarily be involved. The process by
which international safety regulation,
licensing and control will be administered
and enforced is still to be determined.
In the early days of space that
began with the Sputnik launch in 1957,
there was a space race that was driven not
only by the Cold War’s arms race, but also
by a strong element of national prestige.
Many countries believed that a successful
launch of a satellite into orbit was
essential to their international standing as
a “global player”. Today the latest national
enthusiasm is to have a space plane or
spaceport project. Thus we see space plane
projects in places like Israel and
Argentina. We also see emerging
spaceport projects in what may seem to
some as the unlikely locales of Singapore
and the United Arab Emirates. (See Figure
B)

At the international level the
International
Association
for
the
Advancement of Space Studies (IAASS),
the
International
Civil
Aviation
Organization (ICAO), the McGill Air and
Space Institute, the European Space
Agency, and the European Aviation Safety
Agency, as well as the United Nations
Committee on the Peaceful Uses of Outer
Space (COPUOS) have all conducted
technical and/or regulatory studies related
to space tourism.
Certainly US efforts currently lead
the world and the FAA regulatory
processes to govern the safety of space
tourism enterprises are the most
elaborately expressed and codified. Thus,
although three quarters of the space
tourism and space plane businesses are
US-based, quite serious efforts are
certainly underway in Russia, the United
Kingdom, France and Germany among
others.

France,

In some countries, such as China,
Germany, India, Japan and

George Washington University
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(Courtesy of Space Adventures)
Figure B: The Proposed Space Port to be Located in the United Arab Emirates
Regulatory Control of Private Space
Commerce
The efforts to create a sub-orbital
flight space tourism business is generally
seen as being the first phase of a wide
range of new space businesses. These
enterprises may include flights to low
earth orbit, space walks, stays in private
space habitats and dark sky stations
maintained at altitude by lighter than air
craft. Beyond these ventures, there could
also be commercial flights to and from the
International Space Station under contract
to NASA as well as private missions to
support space sciences, materials research,
manufacturing for the pharmaceutical
industry and even support to a solar power
satellite industry. In the longer term,
commercial space plane technology might
be replaced by other ways to access space
such as through the use of nuclear
propulsion, tether cables that act as a
“slingshot” to lift payloads to higher orbit
and even very advanced concepts such as
by the construction of a space elevator
system.

This new and now surging
development of a space commercialization
industry clearly implies the need for a
regulatory process to provide for the safety
of crew and passengers as well as to
protect people who work at spaceports or
those residents and business people who
live in proximity to the launch and landing
facilities.
In the US, the most elaborate
regulatory action has been taken to create
a regulatory oversight for commercial
space business. Legislation began with the
Commercial Space Launch Act of 1984
that moved commercial space oversight in
the United States to the Department of
Transportation.
This
regulatory
mechanism was most recently updated, in
terms of US legislation, by the passage of
the
Commercial
Space
Launch
Amendments Act of 2004 (CSLAA). The
complete legislative authority governing
US regulatory oversight of space tourism
is spelled out under Title 49 of the US
Code, Subtitle IX, Chapter 701. US
Presidential Executive Order 12465

George Washington University
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This recent event only increases concerns
of this nature.) Although these issues go
beyond the scope of the current study, it is
recommended that further, and indeed
urgent, attention needs to be given these
subjects. This is because these “potential
show stoppers” represent “macro-level”
safety issues at an important global policy
making level.

further augmented this legislation. Most
recently there was a Final Rulemaking by
the Federal Aviation Administration. This
FAA Rulemaking, adopted on December
15, 2006 and entered into force in
February 2007, is entitled “Human Space
Flight Requirements for Crew and Space
Flight Participants”. (See Appendix 3 of
the full report.) This FAA Rulemaking and
regulatory framework establishes health
requirements for space plane crews, sets
safety standards for the operation of said
space planes as well as for the safe
operation of spaceports that protect not
only the passengers but also of those that
might live or work in proximity to
spaceports. In the US regulatory
framework, all passengers are required to
sign waivers with regard to any US
Government liability and the onus is
largely placed on the passengers to
recognize that they are embarked on an
activity that entails a good deal of risk.

A. Environmental Concerns:
Needs to Protect the Earth’s
Ozone Layer
The scope of this study was to
examine the emergence of the new space
tourism industry and the space planes and
spaceports that support this new and
innovative business and assess the public
safety of these emerging space tourism
businesses. We particularly focused on the
safety regulations and official oversight of
these various enterprises, not only in the
United States but also around the world.
As set forth in the full report, serious steps
to increase reliability and reduce risk are
indeed being taken and further measures
could and should be undertaken to ensure
that the best safety practices are developed
and implemented. Although the FAA and
the new Private Spaceflight Federation
(PSF) have a clear and careful focus on
public safety, there are also serious
concerns as to how successful they will be
in the longer term. In short public safety in
the domain of space tourism will
ultimately require some structural and
organizational changes and additional
efforts that go beyond current oversight
and regulatory process—both domestically
and internationally.

Potential “Show Stoppers”
There are at least three elements
identified in this report that could develop
into major problems for the evolving space
tourism and space plane industry—
perhaps ultimately even “showstoppers”.
At this stage, our studies suggest only that
these are serious issues requiring urgent
attention and perhaps creative problem
solving so as to avoid these concerns
becoming barriers to the development of
the space tourism industry. These issues
are: (i) The environmental concerns about
the potentially dangerous impact on the
Earth’s ozone layer due to sustained and
high volume flights to the stratosphere and
beyond; (ii) The increasing trends toward
the weaponization of space. (This trend
raises concerns in terms of possibly
restricting in the future private enterprise’s
current ability to fly, with only limited
constraints into space. It also quite
naturally serves to increase apprehensions
among
prospective
space
tourism
passengers); and (iii) Orbital space debris
particularly in Low Earth Orbit (LEO).
(The Chinese test of its anti satellite
missile capability has led to hundreds, if
not thousands, of potentially lethal
amounts of space junk in low earth orbit.

The specific steps that could and
should be taken are indicated below. The
additional area of concern that arose in our
studies that was beyond our research goals
is the impact that a full-fledged space
tourism enterprise might make over time
on the Earth’s atmosphere. Our specific
concern is with regard to the depletion of
the Ozone layer. It is well established that
the regular flights of the Concorde SST
into the upper atmosphere was a
contributing factor to the depletion of
Ozone in the Earth’s stratosphere. Current
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Satellite (ASAT) missile firing by the
People’s Republic of China that destroyed
an aging Chinese meteorological satellite
created thousands of new debris elements
and accented the problem. These many
thousands of debris elements more than 10
cms in diameter in low earth orbit threaten
communications
and
surveillance
satellites, the International Space Station
and certainly could endanger space plane
flights and private space station
enterprises. International treaty, regulatory
procedures and technical solutions for
removable of such debris currently remain
elusive.

plans to develop private executive jets to
fly at these high altitudes, plus plans for
frequent flights of space planes to
negotiate parabolic flights that will remain
rocket-powered to very high elevations,
would appear to be “a serious and
immanent safety concern”, but of a much
different character.
We are thus concerned that such
flights could, in time, lead to ozone
depletion and thus to radiation damage to
the genes of all of humanity and to many
different species of fauna and flora. It
would therefore seem to be a subject of
some urgency for a regulatory agency to
immediately investigate the implications
of the environmental impact of such space
plane flights to very high altitudes on a
recurring basis—and just as soon as
possible. This investigation will also likely
involve some sort of international agency
research and possible oversight as well.
Some form of Environmental Impact
Statement may well be required for future
space tourism flights.

C. Weapons in Outer Space
Another major concern with
regard to the safety of space tourists and
the further development of the space
tourism industry is the deployment of
weapons—either offensive or defensive—
in outer space or on the Moon. Strict
international treaties and conventions that
prohibit the deployment of weapons or
anti-satellite devices is a key element of a
longer-term strategy for not only the
development of space tourism but
successful human travel to the Moon and
colonization of space assets. The new US
space policy indicates the US will not be
bound by existing space-related treaties if
it feels its national security is threatened
by attacks on critical space assets. The
policy issue could well have an adverse
impact on the development of space
tourism as well as on the safety concerns
of future passengers.

Further,
such
environmental
impact investigations might provide new
and greater impetus to develop alternative
technologies and systems to access space.
The space elevator and tether technology
as well as ion engines would seem to offer
much more environmentally friendly ways
of accessing space. If indeed it is revealed
that current approaches to develop space
plane systems could, over time, represent a
hazard to Earth’s biosphere, then increased
research funding and additional NASA,
ESA, JAXA, etc. support for competitions
to develop alternative access to space
technologies and systems should be
undertaken with perhaps greatest emphasis
being given to tether, enhanced
performance ion engine, and space
elevator related concepts.

Further Precautions and Safety Related
Steps that Might Be Taken
The current Rulemaking as
devised by the FAA would appear to be an
acceptable basis for proceeding with the
development of space plane systems and
for the initial operation of spaceports and
space tourism business. Clearly, as
experience is gained in the US and abroad,
these regulatory processes and licensing
operations will need to be adjusted and
perfected. It is our belief that a process
should be started now that directly
parallels the work of the White House

B. Orbital Debris
The increase in orbital debris,
despite
constraints
imposed
by
international due diligence procedures
now in force through International
Telecommunication Union procedures, has
continued to escalate. The recent Anti
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Commission on Aviation Safety. Thus we
recommend that the FAA, in cooperation
with NASA, should be directed to work
with a White House Commission on
Personal Spaceflight Travel Safety and
Security that would be a direct parallel to
the White House Commission on Aviation
Safety and Security.
This Commission would be
directed to complete its work by 2010 and
be given a specific charge to carry out the
following program:
 Devise ways to reduce personal
space flight accidents and enhance
flight safety by developing
targeted and realistic objectives;
 Develop a charge for the FAA
(and NASA as appropriate) in
terms of creating standards for
continuous safety improvement,
and these goals should create
targets for its regulatory resources
based on performance against
those standards;
 Develop improved and
more
rigorous standards for certification
and licensing of space planes and
their operations, spaceports and
training and simulation facilities;
 The Federal Aviation Rules for
Private Space flight should by
2010 be rewritten with statements
in the form of performance-based
regulations wherever possible;
 The FAA should develop better
quantitative models and analytic
techniques to assess space plane
performance and to monitor safety
enhancement processes. These
should be based on best industry
practices as new operational
vehicles and safety and emergency
escape systems come on line;
 The FAA Office of Commercial
Space and the Department of
Justice should work together to
ensure that full protections are in
place, including new legislation if
required, so that employees of the
space tourism business, including
but not limited to manufacturers
and/or operators of space planes,
maintenance and other ground
based crew, owners and operators



of spaceports and owners and
operators of personal space flight
training and simulator facilities,
can report safety infractions or
risk factors of concern regarding
safety violations or security
infractions to government officials
without fear of retaliation or loss
of employment—i.e. full “whistleblower” protections for such
employees.
This effort should use the White
House Commission on Aviation
Safety and Security as a model for
this activity.3

Longer Term Future Objectives
One of the prime issues that one
must consider about the space plane and
space tourism business, is where does it
lead in the longer term? There are clearly
several points of view on this key
question. John Spencer in his book Space
Tourism: Do You Want To Go? (Apogee
Books, 20044, p. 38) states: “…..we are in
the experience business. Not the space
business and not the launch business…”
This is a very practical, dollars
and cents perspective that may be key to
developing the industry on a paying
commercial basis. The problem is that
perspectives change over time. A survey
done in the year 2000 found that 70% of
the population of Japan said they would
pay the equivalent of a year’s pay to go
into space, but after the idea of a parabolic
flight into the dark sky of near space
becomes commonplace, the interest will
wane. Others who are in the space
transportation and true space tourism
business, such as Robert Bigelow or
visionaries such as Gerard O’Neill or
Arthur Clarke, foresee the Space Tourism
business leading to humans being able to
truly ascend to the heavens and live
permanently in space colonies on the
Moon or perhaps terra-forming Mars or
creating artificial living environments in
space.
If one takes the longer-term view,
then today’s space planes may in time
prove to be almost a footnote in the
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longer-term future of space travel.
Systems such as space elevators, solar
sail-powered craft, or vehicles powered by
ion-engines, gravity, antimatter or other
means may well need to be developed to
provide environmentally sound, safe,
reliable and cost effective access to outer
space.
In short, serious attention needs to
be given to space plane and space tourism
by regulatory agencies in the US, as well
as by international entities, to protect the
lives of crew, passengers and surrounding
residents near spaceports, but there must
also be a longer-term view. This era of
space planes and sub-orbital space tourism
flights may last only a decade or so. In the
longer term it will and indeed must morph
into something much more profound,
permanent and significant to the longerterm evolution of the human species. The
planning for the development of new
technology, new safety measures and new
environmental protections for this longerterm future needs to proceed now. Further,
these efforts need to be seen as truly
global as we homo sapiens recognize that
we all are riding on the same Great Big
Blue Marble we call Earth and that our
destinies and aspirations for the future are
all linked together.
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more than an American affair. There are
active commercial space programs in a
growing number of countries where new
commercial ventures are developing space
plane vehicles to support space tourism or
low earth orbit missions with commercial
crews at the helm. The fact that there are
over 40 such commercial ventures around
the world changes the dimensions of space
commercialization and clearly complicates
the process of making these space
initiatives as safe as possible.
These commercial initiatives are
seeking to develop space planes for space
tourism, design and launch new vehicles
to access low earth orbit, or implement
and operate spaceports to support space
vehicle enterprises. Currently there are
activities of note in Australia, Canada,
China, France, Germany, India, Israel,
Japan, Russia, Singapore, the United Arab
Emirates, the United Kingdom, and the
US. Certainly others will follow suit and
at an accelerating pace. Further, other
countries such as China, Japan, and
possibly India, with solely governmentbacked programs, will extend their space
programs to strengthen and extend their
ability to launch “manned” vehicles into
space. It is too early to tell whether these
programs
may
be
significantly
commercialized in coming years.
Meanwhile the US approach to the
world in terms of international cooperation
in civilian space activities has seemingly
taken an abrupt left turn in recent years.
The US has told Europe and Japan that
international cooperation on its new crew
exploration vehicle to go to the Moon was
simply not possible. This frosty US
message from NASA Administrator
Michael Griffin and White House Science
Advisor Marburger has led to alternative
agreements between Europe and Russia to
explore development of their own
competitive launch system. NASA has
also chosen two US firms to develop an
all- American “commercial shuttle”
capability to the ISS in the post-2010
period.
Further,
overseas
companies
seeking to cooperate with US companies
and spaceports (i.e. Virgin Galactic) have
found themselves entangled in ITAR
technology transfer restrictions and US

Space Planes and Space Tourism:
The Industry and the Regulation of
Its Safety
1. Introduction.
The world of space exploration—
after decades of delay and stalled
initiatives —is in the middle of a dramatic
transformation.
Private
enterprise,
powered by some of the world’s wealthiest
entrepreneurs, is largely triggering this
change. Diverse initiatives such as
SpaceShipOne and its direct descendant
SpaceShipTwo,
Space
Dev’s
Dreamchaser, JP Aerospace’s Dark Sky
Station, Rocketplane-Kistler’s XP and K-1
vehicles, and Space X’s spacecraft, plus a
host of other private space initiatives, are
changing the nature of near-earth space
activities. Figure 15 in the body of this
report lists more than 40 companies that
are trying to develop new space plane
systems and innovative ways to access
sub-orbital space or even low earth orbit.
Sections 5, 6, 7, 8 and 9 of this report
examine in more detail those who are
trying to find new ways to access space
effectively and at lower cost, as well as
those operating or planning to operate
spaceports.
Most of these commercial space
undertakings are being accomplished
without NASA, the support of other space
agencies or other public monies. The one
major exception is NASA’s recent award
of nearly a half billion dollars in contracts
to Rocketplane-Kistler and Space X to
develop
Commercial
Orbital
Transportation Systems (COTS)—and to
have them prove these new capabilities by
2010. Other than this one program,
NASA’s support of commercial space
efforts has been anemic or not clearly
conceived. Its attempt to develop private
competitions that follow the example of
the X-Prize initiative still have a good
ways to go before proving of lasting value.
Space Commercialization Goes Global
The fact is, however, that the new
commercial initiatives in space are far
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concerning
space
commercialization
efforts in the US and around the world, it
is difficult to be entirely complete since
new ventures, plus mergers and program
consolidations are occurring on a monthly,
if not weekly, basis. Today, most of the
safety and risk reduction programs are
national and involve action by national
governmental agencies. However, there
are some safety initiatives at the
international level that involve the
International Civil Aviation Organization
(ICAO), the United Nations and the
International
Association
for
the
Advancement of Space Safety (IAASS)
among others. These international efforts
to improve space safety in the context of
commercial space ventures are examined
and critiqued here as well.

firms that have built relationships with
overseas
companies
(e.g.
Space
Adventures) have at times found
themselves similarly snarled in restrictions
as well. Finally, two civilian space plane
development programs undertaken by
NASA have been canceled and the X-37
and X-43 programs are now entirely
militarily funded and controlled programs.
Collectively these factors seem to suggest
that NASA and the US have now taken a
rather clear-cut “go it alone” position,
while also shifting civilian programs to
classified military projects.
Scope of the Study
Appendix A to this report
indicates some of the rich history
associated with space commercialization
over the last twenty years. Although there
is a great deal of interesting background,
this study has tried to focus largely on
current space commercialization initiatives
and a review of the status of space plane
and spaceport development as it is
occurring in the world today.
Appendix B indicates the status of
various governmentally-operated launch
centers around the world. The prime focus
of this research report, however, has been
to understand the current state of
development of the most important of the
commercial space ventures in the US and
abroad. Likewise it has examined the
various private and public-private
spaceport
developments
and
their
implementation programs. Finally, in all
cases, this study has explored the nature of
the safety and risk reduction programs,
procedures and regulations that are being
implemented to keep commercial space
programs as safe as possible. We believe
in this respect the FAA has conflicting
mandates to both stimulated the industry
while also keeping it save. Further we
believe that one of the critical elements
still to be developed is an independent and
highly knowledgeable group of safety
advocates to intervene in future
rulemaking exercises, not only with the
FAA but also the European Aviation
Safety Agency (EASA), etc.
Although this report has sought to
be as comprehensive as possible

The Safety Challenges
Commercialization

of

Space

Certainly, many of these new
commercial space initiatives will bring
excitement back to languishing space
programs. Yet these ventures will also
make effective, comprehensive and
consistent space safety oversight and
regulation even more difficult. Not only
have the many commercial ventures
approached access to space differently in
terms of technology and launch systems,
but national governments have differing
safety standards and regulations as well.
Just as the early days of aviation
saw a great diversity of approach to
designing, manufacturing and proving new
airplane technology, there is a similar
pattern of letting the marketplace decide
what works or does not work and, to an
extent, what is safe and not safe. The
range of approaches that are being taken is
staggering: (i) solid, liquid and hybrid
fueled rocket motors, (ii) balloons, (iii)
dark sky stations and high altitude
balloons powered by ion engines, (iv) first
stage launchers that include conventional
aircraft, towed aircraft, and high altitude
jet carriers, (v) different types of thermal
protection systems, (vi) different types of
escape systems and technologies (vii)
various types of parachutes and shunts,
(vii) vertical takeoff and vertical landing,
(viii) vertical takeoff and horizontal
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making only superficial changes in the
design is therefore an area of some
concern.
Even more significant, is a review
of the Rule Making process that the FAA
followed in creating the regulations now in
place. On one hand it appears very clear
from the record that the FAA considered
very carefully the various interventions
made by participants in the formal Rule
Making. The FAA in some cases
acknowledged the validity of industry
interventions and made changes in the
regulations and in other cases rejected the
arguments and suggested amendments.
The problem of concern is the fact that
those who provided comments were
almost universally from those that sought
to operate space tourist businesses and
develop space plane technology. Today,
there is a lack of individuals and
organizations with a detailed knowledge
of this new technology that can and do
address safety regulations from the
perspective of the customer.
The FAA-AST is clearly in a
conflicted condition in that it has been
directed by legislation and Executive
Order to promote the development of this
new industry while also developing and
enforcing safety regulations to lower risks
to the maximum degree possible. Further
it has been directed to await experience
achieved through 2010 with regard to
safety issues and, specifically in terms of
anticipating and trying to reduce risk
factors, before trying to make modification
in the safety regulations. It is hard to have
a level playing field with regard to space
tourism when the FAA is placed in the
role of both referee and cheerleader.
Experience with regard to NASA’s role as
the builder, operator and risk controller of
the Space Shuttle, through its Office of
Safety and Mission Assurance, suggests
that conflicting priorities can be both real
and deadly.

landing, (ix) horizontal takeoff and
horizontal landing, (x) balloon and
aircraft-carried rockets for high altitude
launch, (xi) capsule return on land, (xii)
capsule return in the ocean, (xiii)
expendable and reusable launch vehicles
at different stages, (xiv) different types of
spaceports and launcher pad and fueling
systems, (xv) launching systems involving
a combination of space plane and tether
lifting based satellite systems.
As noted by the FAA-AST, that
regulates private commercial launches in
the US, the only viable approach to
licensing
spaceports
and
private
commercial space vehicles and lifting
systems, at least today, is to carry out a
case-by-case review. This means a review
of the technological approach, the actual
implementation systems, ground facilities
and the technical and operational staff to
see if the approach, the facilities, the
ground implementation staff and the pilots
are following represent reasonable and
prudent safety practices and risk reduction
measures. This review includes concerns
for not only the crew, passengers and the
launch parties but also public safety
concerns with regard to those that might
be affected or impacted by the launch
operations. FAA activities in this respect
are of particular note in that by far the
greatest number of space plane and space
tourist enterprises continue to reside in the
US and the practices and precedents
established by the FAA (see Appendix 3)
will be carefully considered by other
government regulators as well as by
international entities that are concerned
with commercial space practices.
Although the FAA regulations that
are now in place appear to be generally
adequate to provide safety controls for the
emerging new space tourism business,
there are also areas of concern that remain.
The notification procedures that operators
must comply with regard to potential
“space tourists” are reasonably stringent,
but in response to space plane operators,
they do not have to report on the
performance
of
prototype
and
experimental versions of the craft that they
operate. The process by which operators
can shift a craft from experimental to
operational status by renaming it and

The Positive or Negative Role of NASA?
Certainly, another transforming
event with regard to current space
programs is the recently announced NASA
initiative to create a permanent lunar base
starting in 2020 with the completion of its
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first stage by 2024. This lunar base may
include the participation of some 15 spacefaring nations. In recent years, NASA has
been moving away from near earth space
programs and space applications and has
set a primary course towards investigation
of the solar system.
The problem is that the US public
remains very skeptical of such projects,
particularly at a time when scarce
resources are being claimed in large
chunks by the war on terrorism and
especially the demands of the Iraq and
Afghanistan wars. The day after NASA
announced its permanent Lunar colony
plans5 a Tom Toles cartoon in the
Washington Post compared the lunar
initiative to the War in Iraq. The Moon
base was thus portrayed in the political
cartoon as “serving no purpose and vastly
exceeding cost projections”. In short,
unless NASA can re-establish the
relevancy and importance of its space
research and exploration programs, both
the space agency and its activities will be
increasingly questioned and even directly
challenged.

space applications. One project was to
address the use of satellites in the event of
natural disasters, another was to address
issues related to the so-called “digital
divide”, and the third was designed to use
satellites to improve transportation
efficiency.6
There are basic questions,
especially in a time of some turmoil, about
the degree to which money should be
spent on space activities at all. Others
from the perspective of national security
ask
questions
about
whether
internationalization of space activities—
both near earth as well in deep space—is
in the best national interest. These policy
issues go beyond the scope of this research
report, but it does appear that unfolding
commercial space ventures will likely be
strongly market based and thus related to
specific human needs and demands. In
short, space commercialization initiatives
seem to have a growing base of support. If
governmental space programs are reduced
in scope this would not necessarily reduce
opportunities for private space projects to
move forward.

New Goals?

Space Commercialization and Mission
to Planet Earth

Thus, the US populace currently
maintains a highly skeptical perception
about the need for much of the American
space program. In this light, the recent
shift in control of the US Congress may
serve to re-orient NASA’s priorities and
programs and re-orient them more toward
Earth-based applications or reduce their
scope.
In short, broad public policy
toward space appears to be in a state of
flux at this time. In the US and around the
world, there are questions about the best
goals and objectives with regard to space.
These various questions relate to funding
priorities and to priorities related to space
exploration, space applications, space
transportation and space defense-related
systems,
as
well
as
space
commercialization.
It is of interest to note, in contrast
to NASA, that the European Space
Agency (ESA), in planning their programs
for 2007, placed emphasis on three new
programs involving people and practical

Also in the mix of concerns about
space activities are tough questions about
near-Earth objects colliding with our
planet, global warming, space-based
energy systems and space applications for
disaster recovery, health care assistance
and education. It is not clear to what
extent space commercialization and space
tourism intersect with such concerns and
issues. Nevertheless, if space ventures and
private space vehicles and programs bring
down the cost of accessing space, many
potential benefits might flow. In short, it is
too early to decide exactly what the impact
of space commercialization will be but it
appears at this point more likely to be
positive rather than negative.
In
any
event,
space
commercialization is occurring with
astonishing speed and—as described
earlier— the diversity of programs is
amazing. Progress is occurring at a more
rapid pace than that achieved by the
world’s other space agencies during the
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latter part of the Twentieth Century. Many
have even begun to suggest that today’s
space entrepreneurs, such as Elon Musk,
Paul Allen, Sir Richard Branson, Jim
Benson, and Jeff Bezos, may be able to
develop more useful and productive space
systems—relevant to the person in the
street—than the space agencies. Clearly
the technology and markets related to
space tourism today seems to be driven
much more by private entrepreneurs than
governmental space agencies.

NASA’s problem is that it is stuck
with the antiquated space technology of
the Space Shuttle and the ISS. The US
space agency is not well positioned for the
great leap forward that would be required
to explore and settle the Moon and Mars.
Further, NASA’s $18-billion a year budget
seems more and more like a public works
program rather than a major font of
scientific and technological innovation.
Thus, most space entrepreneurs
may well feel it is best to steer clear of
“NASA’s assistance” and to avoid being
caught up in longer term projects that may
take over a decade to realize. The old joke
that goes “I am here from the Government
and I am here to help….” seems to scare
rather than encourage most entrepreneurial
space ventures. The Ansari X-Prize and
the Bigelow America’s Space Challenge
have both explicitly ruled out in their
formal
rules
the
possibility
of
Governmental
funding
support.
Government involvement and bureaucratic
processes could doom or at least bog down
the business plans of entrepreneurs who
want to remain highly agile and flexible.
Most entrepreneurs want to develop
products or services that can become
profitable within a relatively short period
of time.
Of the world’s space agencies,
NASA carries perhaps the most baggage.
It has no replacement for the aging and
obsolete Space Shuttle. There is ever
growing skepticism about the scientific or
industrial value of the International Space
Station (ISS). NASA’s Centers are large,
geographically sprawled and not charged
with specific goals and targeted objectives.
There are many dedicated and highlyskilled scientists and engineers at NASA,
but the US space agency’s current ability
to maneuver strategically within the many
constraints that now loom on the horizon
is very, very limited.
Scientists and engineers, as well
as a questioning public, have begun to ask
what is the ISS really for and why did it
cost so much to build and why has it taken
so long to complete? The late 2006
announcement of the Lunar Base by the
Bush Administration was accompanied in
the New York Times by a story about the
Space Station with the headline

The Near Term Impact of Space
Tourism on Space Travel
Within the next decade or so,
private venture-based human space flights
by pilots, crew and passengers will likely
greatly outnumber the nearly 450
astronauts and cosmonauts that have flown
into space up to this time in history. Space
Adventures and Planetspace/Canadian
Arrow, to name just two examples, have
each claimed that they will fly over 500
“astronauts” at least 100 kilometers or
more into space within another decade.
Virgin Galactic, with its fleet of five
SpaceShipTwo vehicles, may be able to
fly more than a thousand people into
space. For better or worse, change is
occurring—and more quickly than most
people thought possible even five years
ago.
Effective control of this process to
ensure the safety of “space tourism”, as
well as the general public that might live
near the burgeoning number of private
spaceports in the US and around the
world, is best addressed now and before a
major commercial space accident occurs.
This type of widespread public
involvement in space plus active coverage
of space exploration by journalists and
media can impact public perception.
Creative new space enterprise and the
development of industries that depend on
access to space could be a so-called
“transforming event” for NASA and
commercial space ventures alike.
Moon Colonies, Space Competitions
and 21st Century NASA
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stated that “a lot depends on how well
NASA and private industry cooperate,
especially on getting people back to the
Moon.” (emphasis added) He further said:
“the space between Earth and the Moon
might best be explored with extensive
private cooperation, and that exploration
beyond the Moon, including to Mars,
would likely require heavier NASA
involvement.”8 In this regard, Holmes and
NASA in trying to develop new
Moon/Mars technology may well be overreaching what space commercialization
can deliver.
Holmes may have offered a
valuable thought by further noting the
rapidly increasing ability to deploy a huge
amount of bandwidth to create a virtual
tele-presence not only on Earth but, in
time, in space. He added: "I think the
bigger question is will we need to travel?”9
This statement suggests that for activities
on the Moon and Mars a great deal of the
activity, from power generation and
material processing, to the mining of
resources, might well be done via robotic
devices controlled by remote operators
equipped with tele-presence capabilities.
From this perspective, industry and space
commercialization may well prove to be
valuable contributors.10Others, however,
see the issues quite differently and feel
that space commercialization should
largely be left to their own market-based
devices and focus on near-Earth travel and
applications without NASA intervention.
These critics ask whether NASA needs to
have such a strong Moon/Mars focus.
They suggest that instead NASA should be
more focused on helping space
commercialization through technical and
mission challenges; and that their overall
program should be more in the context of
“Missions to Planet Earth” rather than
exploring how entrepreneurs can help
build more effective Moon and Mars
Colonies.

proclaiming “Many Experts Ask What
For?”7
In short, given the financial
pressures on NASA’s initiatives and
mounting popular interest in private
commercial
ventures
and
space
entrepreneurs, NASA needs to rely more
heavily on industry initiative and
creativity. On the other hand, the new
space enterprises might well benefit from
NASA help and encouragement if
properly channeled and if delivered in a
“hands off” manner through competitive
prizes and contracts for turn-key space
transportation services. In this regard, the
European Space Agency, through its
Future Launch Preparatory Program
(FLPP) seems to have developed a more
flexible approach to support industry and
research lab initiative.
But Does NASA Get It?
NASA could, if it wanted,
transform its activities to encourage
privatization,
sponsor
prize-based
competitions and let entrepreneurial
innovation move things forward. Its
Commercial
Orbital
Transportation
System (COTS), for instance, seems in
many ways a blue print for success.
Creative blending together of advanced
aviation and aerospace research within an
entrepreneurial competitive process could
produce some successes for both NASA
and industry. NASA’s attempt to use
space commercialization to sell its lunar
colony program, however, could be much
more problematic.
Bruce Holmes, director of
planning and management at NASA
Langley Research Center, at a recent
conference of commercialization called
“Flight School 05” said “….the aerospace
industry is mature, but that maturity can
now sow the seeds of revolution”. By this
he meant that space commercialization,
stimulated by space prizes from NASA
and other sources, could move rapidly
forward. To this end NASA, at the Flight
School 05 conference, announced two
Centennial Challenges space prizes.
Both of these prizes were designed
to encourage greater commercialization of
transporting payloads into space—but in
the context of a lunar colony. Holmes

NASA’s
Centennial
Prizes—Right
Strategy But Wrong Objectives?
Currently NASA has started or
completed the Centennial Challenges to
attract private space initiatives to develop
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Since the late 1950s NASA has
directed the scope, nature, technology and
even the aspirations of space research and
exploration in the United States.
Unfortunatebe a part of this anticipated
renaissance. NASA’s role in all this
remains largely a question mark. Only
NASA’s COTS program seems solidly on
target and likely to help the advance of
space commercialization. And even with
the COTS program NASA’s approach has
certainly had its problems and pitfalls. In
negotiating the COTS program, NASA has
demanded of the two contractors finally

new technology or consider new
approaches to difficult space objectives
(see Figure 1 below). None of the NASA
challenges, however, compare to the size
of the Ansari X-Prize or the Bigelow
America’s Space Challenge. Of the NASA
Centennial Prizes, only the Lunar Lander
Challenge was funded at the multi-million
dollar level. This competition is now
complete, with no “winners”. Only one
competitor (i.e. Armadillo Aerospace)
achieved even half the stated goals. In
short, only one of the NASA challenge
prizes was of sufficient size to stimulate

Challenge Date
Oct 20-21, 2006
(Completed)
Oct 20-21, 2006
(Completed)
Oct 20-21, 2006
(Completed)
April 2007
(Pending)
May 12, 2007
Aug 4-12, 2007
Oct 2006
Oct 2007
Expires Jun 1,
2008

Challenge Name
2006 Beam Power
Challenge
2006 Tether
Challenge
Lunar Lander
Challenge
2007 Astronaut
Glove Challenge
2007 Regolith
Excavation
Challenge
Personal Air
Vehicle Challenge
2007 Beam Power
Challenge
2007 Tether
Challenge
Moon Regolith
Oxygen
(MoonROx)
Challenge

Purse

Allied Organization

$200k

The Spaceward Foundation (non-NASA link)

$200k

The Spaceward Foundation (non-NASA link)

$2M

The X PRIZE Foundation (non-NASA link)

$250k

Volanz Aerospace Inc./Spaceflight America
(non-NASA link)

$250k

California Space Education & Workforce
Institute (CSEWI) (non-NASA link)

$250k

CAFE Foundation (non-NASA link)

$300k

The Spaceward Foundation (non-NASA link)

$300k

The Spaceward Foundation (non-NASA link)

$250k

Florida Space Research Institute (FSRI) (nonNASA link)

(From NASA Web site: http://www.nasa.gov.centennialchallenge/)
Figure 1: NASA Centennial Challenge Prizes in Partnership with Space Foundations

broad interest and headline coverage of the
competition—and this competition with a
Moon landing focus had no winners.

chosen for this program a host of
concessions with regard to intellectual
property rights and royalty fees and also
indicated that it would renegotiate
agreements with the selected contractors
after only five years. In a business such of
this with long lead time and extensive

Can NASA Get Back On Track and
Assist
With
Effective
Space
Commercialization
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financing appears to be shifting from
governmental
agencies
to
private
enterprise—and much sooner than most
people would have imagined. This shift
has already occurred in the commercial
sector in many space applications such as
space communications, geomatics and
space navigation. The next frontier
appears to be in “space tourism” and
commercial re-supply missions to the
International Space Station.
But this was only Act One. The
curtain is only beginning to rise on the
business opportunities represented by
space tourism and other commercial space
ventures that represent Act Two. These
diverse commercial space projects will
even more dynamically re-shape the
direction of space exploration and
development.
It is not an exaggeration to note
that commercial space ventures—starting
with space tourism, but extending much
further—will change forever the nature of
all human space activity and profoundly
alter the nature of “space safety” and the
regulation and control of manned space
missions. In short, private commercial
ventures will develop a new paradigm as
to how one goes into space and the nature
of the vehicles that will carry humans into
the ether. These new approaches will
provide a lower cost and, if they are to be
successful, a safer way to access space.
This is actually because it is simply smart
business practice. Limits to liability and
insurance coverage will demand it. In fact,
space safety concerns will expand from
just launch operations to on-going
activities in space including space walks,
space construction, and the creation of
material processing units and structures
for long term existence in space. In time,
we will be concerned about not only
“rocket launchers” but a variety of new
ways to go into space that will involve
totally new technologies—technologies
that will be safer, better from an
environmental perspective, longer in
practical life and lower in cost.

R&D activities, five years is a remarkably
short period for a partnership agreement.
But the future of space
commercialization is bigger than NASA or
even the US space innovators.
International Space Commercialization
Certainly the international world
of space is changing too. New initiatives
to develop space planes and spaceports in
Australia, Canada, China, Europe, Japan,
Russia, Singapore, the Ukraine, and the
UAE abound. But it is the particular
initiative of entrepreneurs and their
commercial space initiatives that are
driving the curve of new development the
most rapidly. Space exploration and spacerelated projects in the twenty-first century
now promise to be profoundly different
from programs of the past. Space agencies
will find the new space entrepreneurs
encroaching more and more into their once
exclusive bailiwicks. The question is
whether the various space agencies will
choose to leverage off this new
entrepreneurial talent and find symbiotic
ways for governmental space agencies and
private space ventures to work together to
mutual advantage—or not. The previously
mentioned NASA COTS program is but
one example of how this symbiotic
relationship might work. Another is the
Bigelow Aerospace initiative to launch
inflatable space stations based on
technology purchased from NASA after
the US space agency had decided to
abandon work in this area. Yet another is
NASA’s decision to work with
universities and industry to try to develop
key technologies needed to deploy a
“space
elevator”
tether
between
Geosynchronous orbit and Earth’s equator.
ESA has also structured its Future
Launch Preparatory Program (FLPP) in
such a way that it can leverage off private
aerospace initiatives and research labs.
The Russian Federated Space Program has
likewise shown a great flexibility in
working
with
private
commercial
companies to achieve its various space
goals.
Whether for better or worse,
almost ineluctably the balance of
technology, developmental drive and even

The Shift of Space Leadership from
NASA to the FAA-AST
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achieve the “still to be met” space safety
goal, set over two decades ago, of only
one space fatality per one thousand space
flights, it appears to be this new breed of
space entrepreneurs and the scientists and
engineers supporting their efforts.
This process of private space
ventures seeking to achieve low cost and
safe access to space is being pursued by a
surprising number of space business
enthusiasts. Hotel magnate-turned-spaceexplorer Robert Bigelow’s successful
effort to deploy an inflatable “spacehab”
has become creditable with the
deployment of the first trial of a miniature
system some two meters in diameter in
July 2006. The ultimate goal is to have an
inflatable spacehab in low earth orbit that
will have greater volume than the
International Space Station (ISS). These
inflatable bio-systems will represent a
small fraction of the cost and mass of the
dense metal-based “sister” platform, the
ISS. There are also a growing number of
initiatives to fly space tourists into low
earth orbit or to take them on sub-orbital
flights.
Meanwhile,
NASA’s
determination that it will contract for
commercial transport services to fly US
astronauts to the ISS under a commercial
contract (the COTS program) will likely
also hasten this process.
As noted earlier, private space
initiatives are quickly becoming an
international process. The Californiabased company Space Adventures has
now contracted with entrepreneurs in the
United Arab Emirates to create a private
spaceport
there.
Further,
Space
Adventures is developing a new
“Explorer” space plane that it intends to
sell to operators of a number of
international spaceports around the world.
As will be explained later in this report,
the basic design of Space Adventure’s
space plane is based on Russian
technology. In the United Kingdom, the
Bristol Space Plane venture is now well
advanced, as is the Canadian Arrow
launch vehicle. Indeed, there are on-going
international space plane or spaceport
developments efforts underway in
Australia, Canada, China, France,
Germany, India, Israel, Russia, Singapore,
Switzerland, the United Arab Emirates,

The world of space will thus
change in fundamental and exciting ways
within the next decade—or two or three at
the most. Private space activity in the US
context already operates under new
legislative authority given by Congress to
the FAA under the Commercial Launch
Services Act Amendments of 2004, as
well as a companion Executive Order that
provides further definition as to how
elements of regulation and control are
actually
implemented.
This
new
legislation of 2004 explicitly gives to the
FAA-AST the authority to regulate
“commercial human spaceflight” as well
as authority to regulate research and
development activities “related to suborbital reusable launch vehicles”. Over
the last 20 years, the FAA has licensed
some 170 US launches, but the licensing
of the five flights of the record-setting
SpaceShipOne vehicle that claimed the XPrize may well have opened up a new door
in the history of space and human flight
beyond the stratosphere. Now that the
FAA, as of December 2006, has
completed its Rule Making process to
regulate private commercial access to
space and to set safety standards for the
space tourism market (See Appendix C),
this industry will likely be stimulated to
move forward even more rapidly.
Space entrepreneurs with billions
of private dollars at their disposal are
backing the first phases of these various
private commercial space initiatives.
Indeed, a recent article in The Economist
indicates that on the order of $1-billion
(US) has, indeed, already been invested in
commercial space ventures.11
The Billionaire Space Entrepreneurs
Billionaires
usually
become
wealthy by shrewd investments and
innovative thought. Thus, investors such
as Sir Richard Branson, Jeff Bezos, Paul
Allen, Jim Benson, Elon Musk, John
Carmack, and Robert Bigelow appear to
share a common trait. This is the
determination to find new and innovative
ways to access space, stay there safely and
return safely to Earth—ways that are not
only less expensive but safer as well. If
anyone has an incentive to find a way to
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developing new technology and new
approaches to space, but even envisions
ways to embark on profitable space
enterprises. These initiatives will lead to
innovations in space propulsion, access to
space, and a myriad of new space
technologies and applications. Some of
these activities will involve space
exploration, but most will focus on space
tourism. But over time, these new
commercial space ventures may expand
into other areas such as solar-powered
satellite systems and other commercial
objectives yet to be identified.
Indeed the range of options
associated with space tourism will
continue to expand. Today one can spend
less than $4,000 to take a parabolic flight
to experience weightlessness, or spend
tens of thousands of dollars to undertake
astronaut (or more accurately cosmonaut)
training at Star City outside of Moscow,
Russia or spend tens of millions to
actually fly in space and perhaps soon
even engage in a space walk. (See Figure
2 below)

and the United Kingdom. This is not to
mention projects that have been started
and dropped in Brazil, Romania, Scotland
and other parts of the world.
Sir Richard Branson, of Virgin
Atlantic fame, has actually begun signing
up passengers for low earth orbit flights on
his Virgin Galactic. Some $15-million in
reservation fees has already been
collected. The list of prospective clients is
impressive (including Professor Stephen
Hawking,
the
world’s
leading
astrophysicist and cosmologist whose
health is quite fragile due to his affliction
by Lou Gerhig disease). The advance
registrations alone thus strongly suggests
that the venture will be successful if the
flights can be safely staged on an on-going
basis. Branson is working with Space Dev
(that built the motors that powered
SpaceShipOne) and with Burt Rutan’s
Scaled Composites to build an entire fleet
of SpaceShipTwo vehicles that will be
safe enough and cost effective enough to
support this type of commercial venture,
scheduled to start flying in 2008 or 2009.

(Graphics Courtesy of The Economist magazine)
Figure 2: Artist’s Conception of Space Tourism in the Future

The purpose of this study is to
identify the various private space efforts

This new breed of space
entrepreneurs sees the prospect of not only
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how
both
private
entities
and
governmental bodies might act to ensure
that private space launches are as safe as
possible and that the risks to space
travelers, as well as to the general public,
are reduced to the maximum extent
possible.
Since this study examines
international activities as well as those in
the US, the regulatory review will
consider not only the efforts of the FAA to
oversee safety standards and license space
tourism activities in the US, but also
addresses international space tourism
initiatives and efforts aimed at establishing
international controls and standards. The
study therefore considers the activities of
the International Association for the
Advancement of Space Safety (IAASS),
current studies examining what role the
International Civil Aviation Organization
(ICAO) might play in this arena, the
European Aviation Safety Agency, plus
other international regulatory aspects as
well. Thus, this consideration includes the
regulatory actions of the International
Telecommunication Union (ITU) as well
as other organizations and entities
currently addressing the issues of space
safety raised by private commercial
organizations.
The current evolution of the
“space tourism” business, or what is now
being called, more broadly, the “space
development” business, is in a state of
rapid flux. The International Space
Development Conference, held in Los
Angeles, California in early May 2006,
revealed not only a growing interest by
technologists and space enthusiasts but
financial backers as well. Reportedly over
$1-billion dollars has already been
invested in spaceports and new vehicles to
achieve sub-orbital and orbital flight with
human crews and passengers aboard. The
Virgin Galactic venture headed by Sir
Richard Branson purportedly has invested
$240-million for the design and
manufacture of the five SpaceShipTwo
space tourism vehicles that will fly into
sub-orbital flight perhaps in late 2008 or
early 2009 and purportedly has more
recently increased the order to bring the
fleet to a dozen. As mentioned earlier,
there is already some $15-million in

that are under way and to assess the
viability of the most promising of these
efforts as well as examine the safety of
these enterprises. The particular aim is to
understand not only the technological and
operational approach that is being taken in
terms of basic concepts, but also to
examine these initiatives in terms of safety
and risk reduction.
We begin by exploring the history
as well as the current efforts that are being
taken in the US and abroad in terms of
private space initiatives. This examination
will seek to assess public support for both
government-based
“manned
space
exploration projects” as well as support
and interest in commercial private space
undertakings. Fundamental to this review
is an exploration of the safety and risk
reduction measures that are being taken by
the various ventures and an assessment of
their strengths and weaknesses. Wherever
possible, we recommend or at least
identify key steps that might be taken to
strengthen safety practices and reduce
risks. Also commentary is provided with
regard to the FAA’s now finally published
rules governing space tourism flights, as
provided in Appendix 3.
Space Commercialization—A
Future

Bright

The prime focus of this study is,
of course, space planes and space tourism,
but we also consider other commercial
space activities currently taking shape.
Some of the ventures, such as the space
elevator or the use of lighter-than-air
airships to create dark sky stations, are
fundamentally different in technical scope
from other efforts to provide more
conventional chemically or electricallypowered craft. These are considered, but
in a less stringent way, since they are at an
earlier stage of development and their
implementation may take much longer to
achieve for a variety of reasons that
include
technical,
regulatory
and
capitalization issues.
Finally, this study examines the
regulatory, legal and liability framework
within which these various ventures will
operate. Our investigation seeks to explore
ways that improvements might be made in
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aspect that seems common to these socalled front runners is the fact that most
are backed by entrepreneurs with access to
great wealth.
The current state of this emerging
space tourism business seems to parallel
greatly the start of the aircraft and aviation
industry a hundred years ago. There is an
almost dizzying array of different designs
and technologies that are competing with
each other, with no clear winners or losers.
The current goal of most of these
enterprises, as stimulated by the X-Prize
that was claimed by the Rutan-Allen team
in 2004, is to try to design and operate a
safe and economically viable space plane
that can serve as the basis to sustain a
viable “sub-orbital” space tourism
business.

deposits for these flights, but it will still be
some time before break-even is achieved
in this high-risk industry. And clearly, one
accident could, of course, scuttle the entire
enterprise.12
At this time, there is no set
national or international standard as to the
level of physical health, size or age that
should apply to anyone: (a) seeking to fly
into sub-orbital flight on a strapped-in
basis, (b) seeking to fly into sub-orbital
flight and experience non-secured
weightlessness, (c) fly into low-earth
orbital space for sustained periods of time,
(d) fly into low-earth orbital space and
engage in an extravehicular space walk, or
(e) visit a private space station for a
duration of time that might be from hours
to days in length.
Although there are on the order of
40 different enterprises seeking to develop
new commercial launch systems to
support a space tourism business, the
following are considered to be among the
leading contenders in terms of being first
to actually operate space tourism flights.
(see Figure 3).

1.0 Methodology
Private, commercial spacecraft
capable of carrying a crew and passengers
into space—even sub-orbital space—is
still a quite new concept. The first

Figure 3: So-Called “Front Runners” in the Commercial Space Tourism Business

successful undertaking was achieved in
2004—namely with the flights of the

Although the technical approach
being taken by each group is different, the
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difficulty in terms of providing parallel or
comparative assessments of safety and risk
minimization.
Governmental assessments and
contractual terms and conditions will
provide some basis for evaluation of
differing approaches to private space
initiatives. This study has a somewhat
stronger methodological base of analysis
when it comes to issues of regulatory
frameworks, safety standards, and
comparison of differing approaches taken
to set standards for private space ventures
by various countries and at the
international level.
Particular consideration is given to
the regulatory framework, developed by
the Federal Aviation Administration
(FAA) under Congressional mandate as
well as to some form of international
regulatory control as developed within the
International Civil Aviation Organization
(ICAO), the Committee on the Peaceful
Uses of Outer Space (COPUOS) and other
international bodies. Further, we consider
the study by the International Association
for the Advancement of Space Safety
(IAASS) which examined the strengths
and weaknesses of ICAO to provide the
international regulatory framework for
private space tourism and other private
initiatives in outer space.
The end goal is to assess as many
as possible of the known efforts to provide
privately-funded access to space by
entities in the US and abroad and to give
some form of common evaluation to both
the viability of these projects as well as the
level of risk and relative safety. In addition
to these assessments, we have interviewed
some of the key people from the FAA, the
McGill Space Law Institute (that
conducted the study of the ICAO as a
possible entity to regulate private space
initiatives) as well as space entrepreneurs
who wish to undertake private space
initiatives such as Robert Bigelow and
Peter Diamandis.
The
prime
methodological
approach relies on comparative analysis.
In some cases where private launch
systems are involved, we have attempted
to compare technical, safety and economic
performance as well as examining the
“track record” of the entity that intends to

SpaceShipOne designed and built by Burt
Rutan and funded by Paul Allen. The
prospects for the growth and development
of such an industry is illustrated by the
twenty-four different corporate entities
which officially competed for the NASA
Commercial
Orbital
Transportation
Service (COTS) with Space X and
Rocketplane-Kistler coming out as the two
winners. Thus, despite the newness of this
field of endeavor, it is also quite robust in
terms of active participants. Not
surprisingly, the
technologies
and
operational systems are widely divergent
in terms of propulsion technology, type of
fuel, and take-off and landing systems.
Likewise there are major diverging factors
among the various projects in terms of
initial non-recurrent research costs,
projected management, marketing and
operating costs, projected dates for
operational deployment, and differing
approaches
to
minimizing
risk,
maximizing safety and design of escape
systems.
Conventional attempts to carry out
comparative economic comparisons of
these various commercial space systems
and an assessment of the safety of their
operations would be very difficult. Even if
stringent comparisons were undertaken,
the results would be difficult to interpret
on the basis of any clearly discernable
common denominators. This difficulty of
comparative analysis having been clearly
stated, we have nevertheless made efforts
to include quantifiable empirical research
data and test results as to specific
accomplishments, licensing agreements,
and technical and safety milestones
wherever possible.
Economic analysis, both in terms
of development costs and relative risk
assessments, will also be provided
whenever it is possible to do so,
recognizing that different approaches to
different projects—cargo to the ISS, space
tourism for sub-orbital flights and flights
to low earth orbit—will yield different
results. Since some space tourism projects
will fly out of licensed and inspected
spaceports while others will be launched
from launching systems (such as jet
aircraft, aerial launching systems or
balloon systems) this too presents a
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build and operate the space plane and/or
spaceport facility.
In cases involving regulatory
practices, we seek to compare national
standards that have been set or are under
development and those related to
international regulatory practice. As
private space initiatives spread to several
different countries, the importance of
common international standards will
obviously become more and more clearcut.
The US legislation governing
commercial space launches (i.e. The
Commercial Space Launch Amendments
Act of 2004 - SCLAA) has set the date of
2010 for the review of safety practices,
licensing, and controls on private space
initiatives.
There could be an interesting
precedent in the case of the international
registration
of
telecommunications
satellites by the ITU in the 1980s and
1990s when considering efforts by start-up
space tourism companies to avoid strict
regulatory practices. In the case of satellite
communications licensing, it quickly
became clear that companies that were
seeking to avoid strict national regulatory
procedures could undertake “spurious
practices” to register satellites through
non-space faring nations with very lax and
accelerated procedures. Thus, what many
considered to be “spurious” international
registrations of satellites from such
locations as Papua New Guinea, Tonga,
the Isle of Man, the Channel Islands, etc.
led to stricter procedures on the part of the
ITU. These more strict “due diligence
procedures” thus increased registration
fees and other set other requirements that
were consistent and uniformly enforceable
at the global level.
Similarly, in order for a reliable
and consistently regulated commercial
space tourism industry to develop,
governmental functions and safety
precautions that are transferred to the
private sector must also have some
consistent regulatory structure put in place
at the global level. In this case it would not
be a question of establishing an old
fashioned “level playing field” but rather
creating a “uniform high-altitude” system
of regulatory controls.

2.0 Background and History
In October 1957, the Soviet Union
unexpectedly and dramatically launched
the Sputnik satellite some half century ago
as part of the International Geophysical
Year (IGY) scientific enterprise. (See
Figure 4) The United States’ political
environment—not surprisingly—erupted
into turmoil.

(Photo courtesy of the NASA Archives)
Figure 4: Sputnik Satellite Launched by the
Soviet Union in October 1987

A wide variety of actions started
almost immediately to create an American
countervailing space program at all costs.
A variety of efforts were undertaken and
subsequent US launches of Explorer
satellites contributed to the IGY, that was
extended until 1959.The US also sought to
upgrade its educational programs with
special efforts to strengthen instruction in
mathematics, science and engineering.
Thus, US defense policy became highly
focused on overcoming the so-called
“missile gap” and to launch a US space
program. This activity involved both
Defense
and
Civil
Governmental
programs, with the US aerospace industry
playing a supporting role. Despite a couple
of previous failures, on January 31 1958
the Jupiter C vehicle launched the
Explorer I satellite, that by means of its
on-board Geiger counter discovered the
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scientific and technical prowess, but
primarily as a strategic threat to American
security. Such a new capability to launch
satellites suggested that a bomb could be
targeted anywhere with no defense being
possible against such a space-based
weapons system. The first successful US
launchers, the Jupiter C and the Vanguard,
as picture below, (see Figure 6)
represented a modest capability as
compared to the Soviet Vostok and other
rockets.
Under the Space Act of 1958, the
National
Aeronautics
and
Space
Administration (NASA) was formed a
year after the Sputnik launch. This new
agency was hastily built on the back of the
aeronautical research agency known as
NACA, based in Cleveland, Ohio.
Despite these rapid actions, the
US public still had questions as to why the
Soviet Union had beaten America into
space. John F. Kennedy was elected as
President of the US in 1960 over Richard
Nixon by a narrow margin and many
believe that the deciding issue was the oftmentioned “space and missile gap” with
respect to the Soviet Union. On Kennedy’s
election, US space-related activity moved
into an even higher gear. As one of his
first acts in office, Kennedy set forth, in a
moving speech, the national challenge of

Van Allen Belts. (See Figure 5) This
project involved a team of experts that
included Werner von Braun, Professor
James Van Allen, plus a number of
scientists from the Jet Propulsion Labs
headed by William Pickering.

(Photo courtesy of the NASA Archives)
Figure 5: The Explorer 1 Satellite That
Discovered the Van Allen Belt
The US public and its politicians
alike saw the Sputnik launch not only as
an embarrassing challenge to their

(Photos Courtesy of NASA Archives)
Figure 6: The Vanguard (Left) and Jupiter C (Right) Launch Vehicles
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believed space applications—particularly
telecommunications—should be left to
industry. On the other side, there were
those who supported the exclusive
governmental enterprise approach.
Just before President Dwight D.
Eisenhower left office, he suggested that a
communications satellite industry, for
instance, should be developed largely as a
private enterprise, as had been the model
traditionally used in the US for
telecommunications
services.
This
approach, not surprisingly, was actively
supported by the aerospace and
telecommunications industries and by
many in Congress. Those who supported
the “largely governmental enterprise
approach” were not as clearly defined
among different Congressional leaders.
Some Democratic leaders, such as Senator
Estes Kefauver of Tennessee, the recently
defeated Vice Presidential candidate who
ran with Adlai Stevenson in 1956, wanted
the national government to lead the way
entirely for all space exploration and
applications—including communications
satellites. Kefauver argued that space
technology and systems had been largely
developed at taxpayers expense and thus
the benefits of the space program should
be made available through governmental
programs. Other much more conservative
Democratic leaders such as Robert S.
Kerr, however, were supportive of the idea
of a more entrepreneurial and industrybased approach favored by many
Republican Congressmen and Senators.
This particular debate (i.e.
governmental space application programs
vs. private enterprise) was sharply focused
during the Congressional legislative
process that led to the passage of the
Communications Satellite Act of 1962. On
this occasion Senator Kefauver led a
filibuster in support of efforts to have all
communications satellite development and
operations led by the Government.
Eventually, after heated debates and three
different and competing bills, a
compromise was reached to support the
Kennedy-backed bill that created the
Communications Satellite Corporation
(Comsat). The compromise was to have
elements of governmental participation in
this
Congressionallymandated

the sending astronauts to the Moon and
returning them safety — and doing so by
the end of the decade. Although this
objective was clearly a peaceful civil
space mission, the context of the US
having a powerful defense-related space
capability was certainly there.
The first astronaut landing on the
Moon was accomplished in July 1969, just
before the end of the 1960s.
Unfortunately, Kennedy died before this
remarkable achievement was realized.
Most certainly, the successful Apollo
Moon Program built a large body of
support among the American public for
space
exploration,
science
and
applications.
The space exploration projects of
Mercury, Gemini and the Apollo programs
of the 1960s were clearly NASA
enterprises. In parallel, the US Department
of Defense was developing Intercontinental Ballistic Missiles (ICBMs).
These space activities relied heavily on US
aerospace industry companies such as
North American Rockwell, Convair,
Lockheed, Martin Marietta, Northrup
Grumman, TRW and many others. But,
because of the Cold War context and the
view of space and missiles as a strategic
battleground, it was broadly viewed that
the Government and the military needed to
be in control of this activity.
But not all space activities were
seen as strategic. Communications
satellites and other space applications
offered the prospect of possible
commercial activities. Organizations such
as AT&T, RCA, ITT, Western Union and
Western Union International in fact
championed such ideas. However, others
felt space activities were something that
only government should undertake. There
was the further thought that if government
research had actually produced these
technological gains and new space
systems capabilities, then the public
should benefit and not private industry.
As of the early 1960s, there was
clearly a difference of opinion as to the
proper respective roles of government and
private enterprise in terms of space-related
activity, especially in Congress. On one
side of the debate was what might be
called the “entrepreneurial approach” that
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two-year period starting in 1962, and
finally agreed on August 20, 1964, a twopronged approach was taken to allow
flexible participation by either commercial
or governmental entities. These Intelsat
Agreements thus on one hand allowed
governmental agencies (i.e. Post and
Telecommunications Ministries) to be
members, but on the other provided for
private
companies
or
“crown
corporations”
designated
by
their
governments to participate as well.
Ultimately US space policies, as
first defined by President John F. Kennedy
and then amplified by President Lyndon
B. Johnson, represented a form of
compromise between the “governmental
enterprise” and the “entrepreneurial
commerce” positions. Generally, NASA
was to play a lead role in all civilian space
activities and also encourage international
cooperation and partnership. Nevertheless,
it was also agreed to have private
companies play a key role in designing
and building launch vehicles and satellites
where and when possible. The Comsat Act
of 1962, as finally adopted by Congress,
saw the creation of Comsat, as described
earlier, but the Department of Defense was
given control of space programs and
charged with building and deploying
missiles to provide for the strategic
defense of the US.
The “telecommunications industry
approach”, championed in the 1960’s by
entities such as AT&T, IT&T, Hughes
Aircraft and aerospace companies—and
strongly supported by key Senators and
Congressmen, such as Senator Robert S.
Kerr, who headed the public works
subcommittee—would have given a much
more prominent role to industry. Under
their preferred model, the ownership and
operation of space applications, such as in
the communications satellite sector, would
have been strictly corporate operations.
Under the Senator Kerr approach, as
spearheaded by ITT and Hughes Aircraft,
US industry would have led the technical
development, capital financing and full
commercial operations of communications
satellites and other space applications
beginning from the mid-1960s.
As noted above, however, this
“open commercial” approach was

corporation—with
the
President
appointing three members of the Comsat
Board of Directors; and the FCC, the
White
House
Office
of
Telecommunications Policy, the State
Department and NASA providing advice
to Comsat on key issues deemed to be of
strategic importance.
The Kennedy approach to space in
the early 1960s also championed the idea
that US space programs should be
designed to offer a pathway to new forms
of
international
cooperation
and
development. The passage of the
Communications Satellite Act of 1962
indeed led to the formation of the
International
Telecommunications
Satellite Consortium (Intelsat) that
incorporated the concepts of international
development as one of its goals. The
preamble to the Intelsat Agreement
reached with other countries also pledged
the consortium’s dedication to the
peaceful use of outer space. In fact, the
preamble incorporated some of the
wording used by President John F.
Kennedy in his speech to the United
Nations General Assembly setting forth
goals for the peaceful uses of outer
space.13
Since outer space was by
definition global and international in
scope, there quickly ensued a variety of
attempts to create new types of
international conventions and treaties to
govern the “peaceful uses of outer space”.
These initiatives ended in the adoption of
the so-called “Moon Treaty”, the creation
of the United Nations’ Committee on the
Peaceful Uses of Outer Space and other
agreements that included the strategic
limitation on the use of ballistic missiles,
liability provisions for satellites returning
to earth and so on. The Soviet bloc
countries feared that broadcasting
satellites would be used send signals
across their borders with pro-democratic
and
anti-regime
messages.
They
consequently resisted efforts to open up
space to business and entrepreneurial
activity as well as any attempt to move
regulation of satellite use from nationalbased controls.
In the case of the initial Intelsat
Agreements that were negotiated over a
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economic and social development around
the globe, it set the stage for policy with
regard to other applications that would
follow in terms of meteorology, remote
sensing, navigation, etc.
After the formation of Comsat, the
first US attempts to “internationalize”
satellite services started out from the State
Department with the idea that a number of
“bi-lateral agreements” would be signed
with participating countries. Almost
immediately, the governments of Europe
foresaw that this might give the US too
strong of a hand and thus they insisted that
an international entity with multi-lateral
control be formed. This entity, that
became known as Intelsat, started with
Comsat and the US government having a
great deal of control. But over time this
technical power and ownership control
decreased and the role of Europe and the
rest of the world steadily increased. Over
time, several other space-related entities
were created—Inmarsat for international
mobile satellite communications, Eutelsat
for
European
regional
satellite
communications, and Arabsat for regional
communications satellite services in the
Middle East. However, as the concept of
liberalization swept the world of
telecommunications on a global basis,
privatization of these publicly-held
international entities began to occur.
Inmarsat, Intelsat and Eutelsat are now
fully commercialized and privately held.
Likewise remote sensing entities such as
Spot Image and Ikonos (owned by
Lockheed Martin) are operated as strictly
commercial ventures, although certain
elements of these businesses are closely
regulated by governments. During periods
of warfare, for instance, restrictions
known as “shutter controls” are imposed
on the ability of the company’s satellites
to obtain high resolution images of
countries and territories where conflicts
are occurring.
Over the last four decades,
however, the relative roles of government
and industry—both in the US and
abroad—have shifted toward more
commercial and industrial participation.
The pattern is thus one of more
governmental regulatory control over
commercial entities as opposed to a total

countered by others in Congress, such as
Senator Kefauver, who strongly contended
that space activities should be essentially a
government monopoly. Part of the context
of this debate was international pressure to
have national governments strictly
regulate access to space. This viewpoint
was especially strong from Europe and the
Soviet Union. The Soviet Union
particularly resisted anything that would
allow commercial or governmental
broadcast satellites to send programming
across international boundaries without the
explicit consent of the governments of the
affected countries. In many ways, access
to and use of outer space brings the issue
of governments and national sovereignty
into conflict with interests of commercial
enterprise. These issues first arose in the
context of communications and broadcast
satellites in the early 1960s. But in today’s
world of space commercialization, the
issues have only grown in complexity and
in the scope of monetary and strategic
impact.
Many countries, particularly in
Europe, who knew that only the Soviet
Union and the US had access to working
launch vehicles, clearly resisted the idea
that outer space could be seen as an “open
frontier”. Many international legal experts
who participated in the United Nations
Committee on the Peaceful Uses of Outer
Space (COPUOS) submitted papers that
argued against a future environment where
commercial space “gunslingers” might
carve out their “territory” in Earth orbit or
on other celestial bodies at the expense of
countries with no access to space.
As the result of the compromise
finally crafted by President John F.
Kennedy (that formed the elements of the
Comsat Act of 1962) it was agreed—at
least as US policy—that the US
government would play a key role in the
development of civil space activities with
the pursuit of certain altruistic goals, but
that industry would also be a strong
partner in such enterprises. Kennedy’s
United Nations speech in 1961 thereby
became the foundation of a broader initial
space policy. Thus, when he indicated how
the first practical space application—space
communications—would be shared with
the nations of the world and contribute to
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one over the Atlantic and one over Europe.
This “commercial military” satellite is the
result of a joint venture that includes
Spanish investors on one side and Space
Systems/Loral, a US Corporation, on the
other. The Spanish investors include
banking and other commercial institutions,
plus Hispasat (a company that operates
commercial satellite networks between
Europe and South America). All of these
investors have jointly invested in the
construction and deployment of two
satellites that operate only in the military
X-band (i.e. 8GHz uplink and 7 GHz
downlink).
The last decade has thus seen a
continuous and persistent trend for
governments to move away from
operating space applications systems
where and when economically feasible
commercial systems can be deployed and
operated instead. In some cases, such as
for Intelsat and Inmarsat, this has meant
that new institutional arrangements had to
be agreed in order to make such transitions
possible.
The latest development in this
move to “commercialize access to and
application of space” is, of course, the rise
of space tourism businesses. This trend is
also shown in current discussions
involving the possible commercialization
of the International Space Station, and the
Robert Bigelow Aerospace Company’s
launching of the “Genesis” inflatable scale
model space habitat. In the case of
Bigelow Aerospace the objective is
ultimately to create a private “space hotel”
in low earth orbit.
If such initiatives succeed, we
may yet see the deployment of one or
more fully commercial space stations and
possibly even privately-owned and
operated facilities on the Moon or
elsewhere in the solar system. All of these
developments suggest that this evolution
will continue. It is not entirely clear
whether other space-faring nations will
follow the path now laid out by the US,
although there has been quite considerable
interest in space commercialization in
Europe and in a widening sphere of other
nations. It is not at all clear to what degree
India, Japan, Russia and China, among

monopoly of governmental space program
ownership and control. Instead of national
space organizations, either totally owned
by governments or very tightly controlled
by them, space applications have moved
more and more toward competitive
industrial models. This shift accelerated
with the end of the Cold War and the end
of the tense relationship between the US
and the USSR. Thus, increasingly, private
enterprise has moved to the forefront in
space.
Space navigation systems are now
also set to change status to commercial
operations with the deployment of the
European Galileo system by the end of the
decade. As noted above, several remote
sensing satellite systems are also now
commercialized, such as the French Spot
Image, Canada’s Radarsat, the Israeli
based EROS, and the US based Ikonos,
Quick Bird and OrbView systems.
Additional commercial systems are under
development, including Geo Eye, Rapid
Eye, Terra SAR, Trail Blazer, and World
View.14 Essentially the only other
international organization that involves
space applications that has not been
commercialized is the North Atlantic
Treaty
Organization
(NATO),
headquartered in Brussels, that has access
to a number of space assets. NATO space
operations include surveillance satellites
as well as communications satellites. Even
in the area of military satellite
communications there have been a number
of notable developments involving space
commercialization. The United Kingdom
has
been
operating
the
Skynet
communications satellite systems for a
number of years, but has now awarded a
long-term contract to Paradigm and other
contractors to build and deploy a satellite
network to the specifications of the UK
Ministry of Defence. This lease is written
on
the
basis
that
additional
communications capacity on these Skynet
4 satellites could be leased to commercial
customers. French, Italian and German
military communications satellite facilities
also now have elements of increased
commercial participation.
Most notably of all, there are the
new “commercial” military-band satellites
as deployed by the XTAR Corporation—
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of space systems going forward, noting
that such initiatives involve companies not
only in the US and Europe, but also now
include projects in a growing number of
other countries around the globe.

others, will agree with this type of full
commercial evolution
What is particularly unclear about
this
trend
toward
increasing
“privatization” of commercial space
activities is what will happen in the arena
of military or defense-related space
systems. Today, there are numerous
military or defense-related space systems
including
so-called
“spy”
or
reconnaissance satellites, high speed
military communications satellites and
integrated space systems (i.e. those
optimized to conduct so-called network
centric warfare) that combine ground, air
and space sensors, targeting and
communications systems and even weapon
systems.
Currently, certain of these
defense-related
telecommunications
systems
heavily
involve
private
commercial systems or
“dual use”
systems where commercial traffic and
defense related traffic are both carried
together on commercially-owned systems.
The most sensitive and strategic systems
for military targeting, reconnaissance or
defensive space weapons systems remain
governmentally owned and operated, but
even in these areas, there are studies about
how certain of these space-related
functions might also be “privatized.”
In theory, there are international
treaties that prohibit the deployment of
weapons systems in space, but it is hard to
distinguish what is merely a detection or
defensive system from what might be
considered an active space weapons
system. Just as nuclear proliferation has
become a key international issue with
countries such as India, Pakistan, Iran and
North Korea acquiring or intending to
acquire nuclear weapon capability, the
same issue will increasingly arise with
regard to space weapons systems. Unless
such systems are systematically banned,
the future of commercialized space
systems will undoubtedly be complicated
or even compromised—and likely within
the coming decade. No one will rest easy
about the idea of privately owned and
operated space stations if there is the
possibility that these might be armed by
weapons systems. This, from a policy
issue perspective, may be the biggest
barrier to the successful commercialization

4.0 US Regulations and Government
Programs
Since the formation of NASA as
the National Aerospace and Space
Administration in 1958, all US civilian
space activities have been led by NASA
and its many research centers around the
country. These centers include Ames
Research Center, Dryden Flight Research
Center, John H. Glenn Research Center at
Lewis Field, Goddard Space Flight Center,
Lyndon B. Johnson Space Center, Jet
Propulsion Laboratory, John F. Kennedy
Space Center, Langley Research Center,
Marshall Space Flight Center, and the
John C. Stennis Research Center plus a
number of “NASA facilities” in many
other locations. NASA is also supported
by tens of thousands of contractor
personnel and commercial infrastructure
all over the country.15
As described earlier, NASA was
born at the height of the Cold War as an
immediate response to the USSR’s launch
of the Sputnik satellite in October 1957.
The main mission of NASA was to
develop a launch capability for the United
States in response to what was
characterized as the US “missile gap” in
the Presidential election of 1960.16 Since
NASA’s formation, it has expanded its
role and that of its various research centers
into a host of new activities. These include
a variety of space applications (i.e. remote
sensing, telecommunications, navigation,
geodetics, robotics, imaging, super
computing, solar energy, etc.), space
science, solar and planetary studies, space
astronomy, and astrophysics, space
medicine, education, nuclear propulsion,
deployment of the International Space
Station and communications facilities such
as the Tracking and Data Relay Satellite
System
(TDRSS)
network,
space
exploration, as well as launch system and
space plane development. NASA’s role
has also been quite broad in terms of
scientific inquiry, long-range scientific
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FAA are now cast in the role of
encouraging the development of new
launch systems and their operation while
also being asked to regulate the safety of
these systems and/or licensing their
operation.

discovery, research and development,
commerce stimulant, educational support
and a host of space and launch systems
deployments and operations. NASA’s role
has been quite unique for a US
governmental agency, to be at once an
R&D center, an entity in charge of
deployment of operational space and
launch systems, a stimulator of
commercial spin-offs of space technology
for new marketplace products and
services, an educational enterprise, a
regulatory and safety control entity, and
on occasion a partner with the US
Department
of
Defense
in
the
development of strategic defensive
systems. It is particularly unusual for a
government agency to develop new
technology, deploy it operationally,
provide regulatory control and set safety
standards for its ongoing use.
Since January 2004, NASA has
redirected its main programs toward
developing vehicles capable of carrying
astronauts to go to the Moon and then on
to Mars to conduct space exploration. This
change—which did not require an
amendment to the US Space Act of
1958—has simply been accomplished by a
Presidential pronouncement and by
revisions to the NASA budget.
This new vision has led to significant
reduction in NASA’s space applications,
space science and space education as well
as ending all space plane development. It
has also led to an effort to phase out the
Space Shuttle Program and complete the
International Space Station just as quickly
as possible with a target date of 2010. In
short, the “Space Vision of 2004” has
redefined NASA’s prime mission as that
of exploring the Cosmos and largely
leaving what might be called “Mission to
Planet Earth” activities to others. In
particular, the US Federal Aviation
Administration, through US Congressional
budgetary action, new laws, and
Presidential directives has increasingly
assumed the prime role with regard to
encouraging the development of new
space planes and commercial launch
vehicles as well as responsibility for
regulating the safety of these enterprises.
As will be discussed later, there is
continuing concern that both NASA and

1.1 NASA’s Legislative Mandate and
the New Space Vision
In light of its new “Vision”, all
near-Earth space activities of NASA
(other than completion of the International
Space Station) is increasingly being left to
other governmental agencies, the space
programs of other countries, and
especially to private commercial space
enterprise.
“The
Vision
for
Space
Exploration”, was announced by President
George W. Bush in January 2004, and
called for humans to return to the moon by
the end of the next decade, i.e. before
2020, and then paving the way for
eventual journeys to Mars and beyond.
President Bush, in his announcement of
this new “Space Vision”, indicated that it
would give NASA a new focus and clear
objectives for the future. He proclaimed:
"We do not know where this journey will
end, yet we know this: human beings are
headed into the cosmos." After completing
the International Space Station and retiring
the Shuttle fleet by 2010, the Vision calls
for human and robotic explorers to work
together on new journeys to worlds
beyond.17
Thus,
NASA's
Constellation
Program has now placed contracts to
develop the next generation of US
developed human spacecraft—the Ares I
and Ares V launch vehicles that are
largely based on re-cycling the liquidfueled and solid-fueled motors that lift the
current Space Shuttle and their external
tanks into orbit. The new Orion crew
capsule will be the future astronauts' home
in space. This new program has a very
“retro” feel to it, in that it derives many
elements not only from the Space Shuttle
but also the Apollo moon mission. NASA
Administrator Michael Griffin has rather
accurately and pithily described the new
Constellation Program as “Apollo on
Steroids”.
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space tourism and other commercial space
ventures. As such, it might be appropriate
to rename the FAA, the Federal Aerospace
Administration.
The FAA now has responsibility
for overseeing the safety and reliability of
high altitude platform systems and private
space transportation systems and it
appears likely that this regulatory domain
will extend in time to include not only up
to low earth orbit, but eventually all the
way to Geosynchronous orbit. From this
regulatory perspective, the FAA has the
ability to monitor key statistical elements
of safety performance and risk mitigation.
While the FAA operates tracking and
traffic control networks and researches
new and improved systems, it does not
operate airlines nor develop new airplanes
or space systems. These tasks are left to
the operators of airlines or the
manufacturers of aircraft and various types
of airships.
NASA, on the other hand, has a
wide range of duties and responsibilities
that span R&D for aircraft, launch
vehicles, satellites and new space
exploration systems, operation of various
types of these systems as well as operating
networks to communicate, command and
control these networks. It has a special
challenge of not only developing and
operating the most experimental and stateof-the-art systems but also to maintain the
safety of their operation—as an operator
as opposed to as a regulator.
The FAA has the great advantage
of seeking to improve the safety of aircraft
systems that when first licensed to operate
have extensive flight experience and, over
time, accumulate tens of millions of hours
of operation. NASA, on the other hand,
has systems that have only minimal levels
of testing and operational performance in
comparison to general aviation systems,
simply because a rocket launch is
infrequent in its nature and also lasts only
a few minutes in duration in comparison to
airline flights that are frequent and often
last for many hours.
NASA’s attempts to improve
astronaut safety are very heavily focused
on developing new technology and new
launch systems that can perform more
reliably. The FAA safety-related processes

This new program was developed
in the White House with the assistance of
many executives of the US aerospace
industry. What this new Vision has
accomplished is not only the award of
many new contracts to the aerospace
industry by NASA, but it has also
undoubtedly served as a stimulus to new
commercial space enterprises. These are
seeking to develop launch systems to
support the newly emerging “space
tourism” business as well as strengthening
efforts to develop new space-related
business since NASA has, in effect,
further vacated the space applications
arena.
As will be discussed later in the
sections that discuss new launch systems
development, NASA has intervened
directly to stimulate commercial transport
to and from the International Space
Station. Two companies, namely Space X
and Rocketplane-Kistler, have been
awarded contracts to develop this
capability. If all milestones are met these
two developmental contracts will total
nearly $500-million over the next few
years. These contract awards will be to
develop “reliable commercial transport”
by these two commercial space companies
to re-supply the ISS in the post-2010 time
period. In short, NASA is reducing its own
efforts to create a manned launch vehicle
program to re-supply the ISS and carry
astronauts to and from low earth orbit.
Instead they are subsidizing the R&D
programs of at least two commercial
entities that will perform this service under
contract as well as carry their own
commercial payloads into low earth orbit.
This effort on NASA’s part is described in
more detail in Section 5.1 below.
4.2 NASA
Safety
Practices
Comparison to the FAA

in

The roles and responsibilities of
NASA and the Federal Aviation
Administration are in many ways quite
different. The current duties of the FAA
are largely of a regulatory nature. Its
primary mission is to oversee the
maintenance and improvement of safety in
aviation. In the future it will also be
oriented to oversee and improve safety in
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FAA/AST-licensed
launches
were
successful.
None of these launches involved
manned missions. Licensing activity not
only included oversight of the safety of the
launch operations but also due diligence
activities to ensure that these launches did
not create additional space debris in Earth
orbit. Overall, 18 commercial orbital
launches occurred worldwide in 2005,
representing 33 percent of the 55 total
launches for the year. This was an increase
over 2004, which saw 15 commercial
orbital launches worldwide and the
numbers for 2006 are projected to show a
further
increase.
FAA/AST-licensed
orbital launch activity accounted for 28
percent of the worldwide commercial
launch market in 2005. Arianespace also
attained a 28 percent market share,
conducting five commercial launches in
2005. Russia conducted eight commercial
launches, bringing its international
commercial launch market share to 44
percent for the year. There were no FAAlicensed sub-orbital launches in 2005
although there were several test flights of
commercial systems in 2006 seeking to
qualify systems for sub-orbital “space
tourist” flights with the intention of having
pilot, crew and passengers aboard on
future flights.

are much more focused on management,
performance
goals,
and
operating
processes, such as setting safety measures
and objectives for aircraft, airports,
weather information networks and
operational personnel as well as upgrades
to existing aircraft infrastructure. NASA is
perhaps 80% focused on new technology
and 20% on operating processes and
performance goals for equipment and
personnel, while the FAA might be said to
be 20% focused on new technology and
research and 80% on operating processes
and performance goals. There may be
logic in both agencies shifting toward a
more balance effort as between R&D/new
technology on one hand and improved
operating procedures and safety culture
issues on the other.18
4.3 New US Legislation to Regulate and
Control Private Space Ventures.
The FAA Office of Commercial
Space Transportation of the Federal
Aviation Administration (known internally
as FAA/AST) licenses commercial space
launches and oversees the licensing of
spaceports. The FAA operates in this field
under authority granted pursuant to Title
49 United States Code, Subtitle IX,
Chapter 701 (i.e. formally the Commercial
Space Launch Act) as well as Executive
Order 12465. This activity, however,
covers only about 30% of world space
launch activity, with the European
Arianespace
operations
having
a
comparable level and with Russian,
Ukrainian and Chinese operations
providing the rest.
The FAA’s Office of Commercial
Space Transportation (FAA/AST) licensed
five commercial orbital launches in 2005.
Of these, one was a US-built vehicle: a
Lockheed Martin Atlas 5, marketed by
International Launch Services (ILS),
which deployed the Inmarsat-4 F1
communications satellite. The remaining
four FAA/AST-licensed launches were
performed by Boeing Launch Services
(BLS), which deployed the XM 3,
Spaceway 1, Intelsat Americas 8, and
Inmarsat-4 F2 communications satellites,
each aboard a Ukrainian-built Zenit 3SL
provided by Sea Launch, LLC. All 2005

4.3.1 Status of Legislation and
Pending
FAA
Draft
Regulations
The US Congress passed a new
law that gave the FAA additional authority
over private space initiatives as of
December 2004 and this was signed into
law
in
early
2005.
Additional
Congressional hearings with the FAA
were carried out on this subject in
February 2005.
On December 29, 2005 the FAA
sent to Congress an extensive report
outlining in great detail the rules and
regulations that it intends to put into effect
with regard to space tourism and other
private space ventures involving the
launch of “private vehicles” with people
on board. The FAA regulations, as
published in the Federal Registry, were
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finalized in 2006 and are provided in
Appendix C at the end of this report.
Despite the length of the proposed rules
the requirements are not particularly
onerous. The operator of a space tourism
business is only required to: (i) have a
pilot with an FAA pilot certificate and
each crew member would need a medical
certificate issued within a year of the
flight; (ii) there must be training of the
crew and pilot to ensure that the vehicle
would not do harm to the public even if
abandoned; and (iii) operators of such
systems must inform all participants of the
associated risks and have them sign a
consent form. Physical examinations for
passengers would be recommended but
not required unless a “clear public safety
need is identified.”
In terms of the licensing of
“manned launch systems” intending to
provide space tourists with access to space
as well as the licensing of spaceports, the
FAA has essentially indicated that each
review process would be on a case-by-case
basis. This is because each program and
spaceport facility tends to be highly
individualized to the extent that
comprehensive guidelines are not possible.
Today the US has eight federally
operated launch sites and the FAA has
licensed
half-a-dozen
commercial
spaceports, with well over a dozen
pending final approval. Reports on the
developing space tourism market from
various sources (including the Futron
Corporation’s analysis summarized later in
this report) suggest that the new space
tourism industry could be anywhere from
several hundred million dollars a year to
over a billion dollar business within a
decade. After detailed analysis, these
projections, at the high end, appear to be
almost certainly overstated.
In part, one cause of this overenthusiasm relates to the role of the FAA
itself. The FAA has been given two
competitive “missions” with regard to the
new space tourism business. On one hand
the official FAA Office of Space
Transportation Report —2006 U.S.
Commercial
Space
Transportation
Developments and Concepts: Vehicles,
Technologies and Spaceports—indicates
that its mission is to: “license and

regulate” US commercial space activities
and to “ensure public health and safety
and the safety of property while protecting
the national security and foreign policy
interests of the United States during
commercial
launch
and
re-entry
operation”.19
However, this same report, in its
first page introduction, goes on to state
that the FAA/AST is also “directed to
encourage,
facilitate
and
promote
commercial space launches and reentries.” Thus the FAA has been directed
by current US Law (Title 49 of the US
Code) to play the role of referee and
umpire as well as cheerleader for this
emerging new market. In the case of
aviation it regulates and licenses but in the
case of new commercial space activities it
“encourages and promotes.”
In the wake of the success of the
SpaceShipOne flights in 2004 and 2005,
there is today almost heady and very likely
unrealistic enthusiasm for private space
initiatives. The claiming of the X-Prize
was
a
wonderful
technological
achievement, but expectations must be
tempered. Clearly the differences between
spacecraft that operate at lower than
hypersonic speeds (i.e. Mach 5 to 10) and
those that operate at escape velocities (i.e.
in the range of Mach 30) are significant.
Commercial operations can likely achieve
a good deal to create a sub-orbital space
tourism business, but expectations must be
realistic.
The statement of Dr. Peter
Diamandis, organizer of the Ansari XPrize, likens the effort to create
SpaceShipOne by Burt Rutan and Paul
Allen to being that of a new evolutionary
process of bringing forth a new furry
mammal as opposed to the continued dead
end operations of the obsolete dinosaurs of
the aerospace industry.
4.3.2

The New Role of Prizes in Space
Development

What we do know is that “prizes”
have now assumed an important role in
space development. Claiming a global
prize seems to serve as a powerful
stimulant in the development of new
technology and new space capabilities. A
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events, but remains concerned about what
type of safety controls and processes can
best govern them in future. At this stage,
the FAA is trying to evolve a special set of
rules to apply to such an event that is in
some ways like an“airshow”and in other
ways a special new genre that needs
special rules and regulations.20
Not only has NASA moved to
support the creation of various “prizes” to
encourage the development of new
technology, but other major “prizes”
continue to emerge as well. Perhaps the
most demanding and certainly the largest
space development prize is that created by
Robert Bigelow. His announcement of the
“Americas Space Prize”, supports the
development of new technology for going
into space for the longer term. The award
amount is set at the very compelling level
of $50-million.21
Not surprisingly, the challenge to
become the next Burt Rutan and claim a
multi-million dollar prize is much greater
than the Ansari X-Prize. The winner must
accomplish a number of feats, be a USbased entity, and develop the winning
spacecraft without government funding—
although use of governmental test
facilities is allowed.
The extremely difficult challenge
involves building and flying a manned
spacecraft that is capable of reaching an
orbit of at least 400-kilometers altitude
plus demonstrating the capability of
carrying a crew of five and docking with a
space station. The craft must then return
safely to Earth and repeat the
accomplishment again within 60 days. The
spacecraft must complete at least two
orbits of earth at the 400-kilometer altitude
on both missions. The first flight must
show that a crew of five can be carried,
but the second one must actually carry a
crew of five. Further, the spacecraft must
essentially be reusable and very precisely
no more than 20% of the craft can be
expendable.
Perhaps most daunting of all, the
deadline for claiming the prize is January
10, 2010. It is clear from analyzing the
rules, or simply by talking to Robert
Bigelow, that he is asking for a
commercial space venture to develop an
alternative capability to the Russian Soyuz

prize of $2-million was announced for
NASA's
Lunar
Lander
Analogue
Challenge in the Spring of 2006. It will go
to a vehicle with the energy and accuracy
needed to land on the surface of the moon.
This design, because of the rough lunar
terrain and the lack of landing strips, will
obviously need a VTO (vertical take-off
and landing) vehicle that can navigate over
the craters and debris found on the Moon’s
surface. The first competition for this prize
was held in Las Cruces, New Mexico, in
October this year.
This competition event, under
NASA’s sponsorship, was held in tandem
with an event organized by X-Prize
founder, Peter Diamandis, who also was a
co-founder of the International Space
University. This particular event is called
the X-Prize Cup. The primary events for
the X-Prize Cup competitions of the future
will be a series of “rocket races” with
preliminary events held in Las Cruces,
New Mexico in October of 2005 and 2006.
This is to be increasingly like a 21st
century NASCAR race in the sky. In this
innovative exercise, the “rocket craft” will
eventually have to navigate a threedimensional racecourse in the sky. This
new and exotic sport has been descibed as
“Formula 1 racing on steroids”. Peter
Diamandis's stated goal is for the rocket
racers ultimately to race right into space.
In the meantime, this annual event is
designed to attract fans and space
enthusisasts from around the world. He
also hopes that if the analogy to Formula 1
races holds up this new “sport” will
become hugely profitable as well.
The“survival of the fittest
competition for successful suborbital
designs to support space tourism will in
theory carry over into“rocket racing”and
the“Darwinian champion” from this
natural competition should allow the best
rocket technology to emerge as successful.
It is ironic that some of the“racing
rockets” and even some of sub-orbital
spaceships now cost less than a Formula 1
racing car. Thus, this is a sport that
appears likely to attract wealthy backers
who see the market potential of this
enterprise.
At this stage, the FAA has
provided oversight and licensing for these
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applications and missions that involve
Earth-based activities, NASA is now
focused heavily on The Cosmos—and
especially the Moon, Mars and beyond.
Certainly, this much is true.
Private initiatives with private test pilots
and private astronauts who are insured
against risk (and their families provided
for) add a new dimension of flexibility and
risk management that government space
agencies do not now have. One must hope
that all of the new entrepreneurial space
operators know—deep down inside—that
failure means ruin for their programs
while success and continued safe
operation means world acclaim. Thus
there is clear and present danger, that even
one or two of the many organizations
trying to develop systems to fly into space
will give priority to being the first to fly
commercial flights to space and overlook
key safety features and concerns.
Private organizations such as
Space X, Scaled Composites, SpaceDev,
Bigelow Aerospace, etc. clearly have a
different set of values and different types
of incentive to succeed. The challenge for
NASA, in its role of space explorer and
developer of new launch systems, is to
find new and flexible ways to fuel new
intellectual
energies,
find
better
technology, and create safer space systems
and yet do this through “conventional
governmental” processes. The incentives
that the FAA, NASA and Congress have
created to stimulate the space tourism
business, plus the magnetic allure of the
Ansari X-Prize, all clearly seem to be
working. These powerful stimulants have
triggered a large number of established
and start-up companies to design launch
and space plane systems to achieve suborbital or even low Earth orbit access. A
current listing of these enterprises and
their proposed launch systems is provided
in Section 6.0 below.

craft and doing it within the next three
years.
As the concept of the prize
competition developed, Robert Bigelow
tried to get NASA to co-sponsor this
challenge to the emerging US private
commercial space industry. But due to
regulatory constraints and other reasons
NASA did not participate. Bigelow is thus
apparently
considering
purchasing
insurance coverage to protect against the
$50-million payout. At this stage, the
demands of the competition are much
more demanding than the X-Prize and the
odds of successfully completing all of the
requirements within the performance
period seem small. Anyone seeking to
become an official enrollee in the
competition is required to register with
Bigelow Aerospace and receive the
detailed itemized rules at the Bigelow
Aerospace web site.
In addition to offering the $50million prize, Bigelow said his company is
also is prepared to offer $200-million in
conditional purchase agreements for six
flights of a selected vehicle. He explained
this concept in terms of his ultimate plan
to deploy a private space station for space
tourism and sees such a reliable private
vehicle as critical to his mission. Bigelow
has explained: "It could be somebody who
doesn’t win the competition, but who
comes in late, but we like their
architecture better than the winner’s
architecture."22
Time will tell if we have now
entered a new era of space exploration
where private investment plays an even
greater role than before and governmental
space agencies ultimately assume a
secondary role. Certainly we appear to be
in a period of transition, but it is clear that
this evolution will take some time.
Effective public and private cooperation
will be needed to succeed. One of the key
issues in this respect is whether the US
government and NASA ultimately
abandons, or largely abandons, all space
efforts operating in low earth orbit and
below to private enterprise.
Unlike the other space agencies
such as ESA, JAXA, CNES, DLR, ISRO,
RASKOM and the Chinese Space Agency
that continue to concentrate on space

4.3.3 Implications of Private Space
Ventures and the new US National
Policy Directive on Space
Today, the aerospace industry is a
several hundred billion dollar enterprise
worldwide, but the launch vehicle business
is only a small percentage of this total. In
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or restrictions must not impair the
rights of the United States to
conduct research, development,
testing and operations or other
activities in space for U.S.
national interests.”23

fact, the commercial launch business has
been in a state of decline in the early
2000s with commercial launches sinking
to a level of only 12 to 15 per year during
this period. Recently there has been some
increase in demand and the number of
commercial launches has grown since
2004 to an annual level of around 20 per
year.
Nevertheless, the demand for
military aerospace systems has outpaced
all growth in recent years.
The recent US National Security
Policy
Directive
(August
2006)
concerning space is to an extent puzzling
as to its implications for the future of
commercial development of space. On one
hand this statement clearly indicates that
the United States is: “committed to
encouraging and facilitating a growing and
entrepreneurial US space sector” and
indicates it will use the commercial space
sector to the maximum extent possible
consistent with national security. But on
the other, it indicates an increased focus
on the strategic importance of outer space.
This Directive sets forth at least two
principles that suggest that the US views
the uses of space in both a security and
military context:

This statement of principles in the
Directive would seem to suggest that the
US strongly views outer space first and
foremost in a strategic context. Such a
stance would seem to make it at least
questionable for commercial organizations
to
invest
in
“space
deployed
infrastructure” or even orbital tourism
enterprises if they feared that their high
expense and high value investments would
be subject to military attack or
appropriation for military or national
defense purposes.
On the other hand, it is also clear
that of the commercial enterprises listed in
Section 6 as entities pursuing the
development of space planes or access to
orbital systems, close to half are either
funded or being otherwise encouraged in
their efforts by either NASA or the US
Department of Defense.
At this time there are essentially
three types of enterprises that are pursuing
what might be generally characterized as
the “space tourism” or “commercial access
to space” market—
 Major
Aerospace
Corporations.
Represented in this category are such
efforts as the combined Lockheed
Martin/ EADS effort to commercialize
the ATV vehicle and perhaps upgrade
it to include a “manned capability” to
and from Low Earth Orbit and to mate
this vehicle with either a “man-rated”
Ariane 5 or Atlas V vehicle. Alliant
ATK and others would fall into this
category. These organizations are
typically
heavily
funded
by
governmental agency or military
contracts.
 Large Entrepreneurial Corporations.
These
organizations
are
well
capitalized, have a track record of
performance, and may also be funded
by governmental, military or industrial
backers. Yet these organizations are
still entrepreneurial in their approach
to developing new launch systems and

“The United States considers
space
capabilities—including
ground and space segments and
supporting links—vital to its
national interests. Consistent with
this policy, the United States will:
preserve its rights, capabilities,
and freedom of action in space,
dissuade or deter others from
either impeding those rights or
developing capabilities intended
to do so; take those actions
necessary to protect its space
capabilities;
respond
to
interference;
and
deny,
if
necessary, adversaries the use of
space capabilities hostile to U.S.
national interests.”
“The United States will oppose
the development of new legal
regimes or other restrictions that
seek to prohibit or limit U.S.
access to or use of space.
Proposed arms control agreements
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seeking to develop new launch systems
and spaceport initiatives range from
Australia to the Middle East. The US
legislative and regulatory efforts to control
these entrepreneurial initiatives, set health
standards, specify safety standards for
launch operations, ensure adequate
insurance and risk management, and
otherwise license companies to provide
safe operations and control possible
damage to public and private property will
in many ways set precedents to be
followed in other countries.
Beyond the US legal and
regulatory framework, there are a number
of other entities that are addressing
regulatory and safety concerns. As
described earlier, these include the
International
Association
for
the
Advancement of Space Safety (IAASS)
and the International Civil Aviation
Organization (ICAO).

are often noted for breakthrough
innovation. These entities would
include Rocketplane/Kistler, Scaled
Composites, Space X, Space Dev, etc.
In many cases very successful
industrialists such as Paul Allen, Jeff
Bezos, Sir Richard Branson, or Elon
Musk have infused a good deal of
capital into these organizations.
True, Small, Start-Up Entrepreneurial
Organizations: This category still
spans various types of organizations.
They include those who are proposing
an entirely new way to access space,
such as the “volunteer based” JP
Aerospace or Space Elevator Inc.
These “new ways to space”
organizations consist of only a small
group
of
people
and
small
capitalization but with truly innovative
ideas. There are other start-ups that
believe that they can adapt existing
rocket motors or technology to create
cost effective ways to space without
having large staffs or large
capitalization. Finally there are
organizations that represent little more
than a flashy web site and an inspired
dream of getting to space.

4.4 International Efforts to Regulate
Private Space Systems
Although the X-Prize and its
many entrants were largely American, and
the idea that the US Government should
have an agency to “encourage”
commercial space transportation is still a
very American concept, the rest of the
world has certainly given thought to the
need for regulatory controls and safety
standards for such activities. This is
clearly an area where the rest of world
watches with a combination of both
fascination and alarm.

In many ways, today’s space
tourism enterprises resemble the historical
patterns that were seen at the outset of the
aviation industry and the first attempts to
provide various types of air transport
services. Or it might be compared to the
early days of the telegraph industry in the
United States. The FAA’s current
approach of undertaking a “case by case”
review of each company seeking to be
licensed to operate an “access to space”
vehicle or to operate a spaceport thus
seems quite appropriate. There is no way
that one can set general standards and
specifications
in
today’s
heady
environment
of
innovation
and
breakthrough concepts without stifling
new invention or favoring the largest
organizations over the start-up enterprises.
Over 85% of the companies
seeking to develop new space planes or
other means to access low earth orbit are
US enterprises. However, it is important to
note that there are also initiatives in Israel,
the United Kingdom, Russia, and Canada

4.4.1

The International Association
for the Advancement of Space
Safety (IAASS)

The International Association for
the Advancement of Space Safety was
formed in 2005, largely under the
leadership of its first President Tommaso
Sgobba, and its first international
conference was held in Nice, France in
October 2005. This organization is
sponsored by the European Space Agency
(ESA), the National Aviation and Space
Administration (NASA), the Japanese
Aerospace Exploration Agency (JAXA),
the Federal Space Agency of Russia
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safety certification process. Preliminary
considerations
have
included
the
preparation of a business plan as well as
the identification of a support contractor
(on risk-sharing basis) that would be
involved in the safety certification process.
These considerations were undertaken
with support provided by the Booz Allen
Hamilton consulting organization. The
advantage of this approach is that it would
operate on a commercial and presumably
streamlined basis. Thus it would not
involve the elaborate and often costly
operations of a UN specialized agency.
Further this approach would presumably
leave much of the regulatory responsibility
with
existing
national
regulatory
agencies.24

(Roscosmos), the Canadian Space Agency
(CSA), the French National Center for
Space Studies (CNES), the German Space
Agency (DLR), and the Italian Space
Agency among others and it is dedicated
to the idea of creating international
standards for space safety.
The IAASS has sought to create
standards for the academic study of space
safety, publish books in the field, offer
training courses, and develop more
effective and unified ways to manage
safety on board the International Space
Station. The IAASS-sponsored Handbook
on “Space Systems Safety Design” is to be
published in late 2007 or early 2008. This
will be the first attempt at creating a
totally comprehensive text on space
systems safety design as compiled by
safety engineers and space systems
practitioners from around the world. A
follow-on IAASS text is also planned to
look at innovations in the space safety
field that will come with new technology,
operational techniques and improved
safety practices in future years and from
the advent of private commercial space
travel and new space plane systems.
IAASS has also undertaken,
during 2006 and 2007, a study of how
commercial or private space initiatives and
private space stations might be regulated
and licensed at the international level. This
study is being carried out in cooperation
with the International Civil Aviation
Organization (ICAO), the specialized UN
Agency, headquartered in Montreal,
Canada, that is charged with the
development of international standards for
safety in aviation. The reasoning is that
many of the legal and regulatory practices
and approaches to safety that have been
developed for global aviation might be
productively applied to private space
initiatives as well.
One suggestion that has been put
forth is the creation an Independent Space
Safety Board (ISSB) that would provide
international safety certification services
to the space-tourism industry. This would
operate on a commercial (but non-profit)
basis. A draft technical standard IAASSISSB-S-1700, was issued at the end of
August 2006 that sets forth the major
elements that would be involved in such a

4.4.2 International Telecommunication
Union
At present, the United Nations
organization has no specialized agency
that is directly and formally charged with
regulating or setting international safety
standards for space activities. Nevertheless
there is some degree of international
regulation and standardization already in
effect and there are several “space
treaties” that have been signed by many
space-faring nations that are currently in
effect.
The United Nation’s coordinative
body for radio frequencies, International
Telecommunication
Union
(ITU),
headquartered in Geneva, Switzerland, in
particular, has developed recommended
standards for the launch, operation, and
registration of applications satellites, space
stations and other types of space systems
in terms of registration, allocation and use
of radio frequencies associated with these
space systems. These ITU regulatory
processes also include “due diligence”
activities that are to be carried out by
national governments with regard to the
safe launch of satellites. These procedures
address, for instance, how satellites, space
stations and space vehicles are to be deorbited
from
Low,
Medium
or
Geosynchronous orbit.
These ITU procedures and
recommended standards also now cover
the review and inspection processes that
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coordinating and information gathering
body, although its small Secretariat also
issues reports concerning international
space activities and conducts training
sessions and symposia around the world. It
is the forum in which efforts to create new
conventions, international agreements or
treaties related to space activities are
discussed.
In light of the small size of its
Secretariat, its lack of administrative or
regulatory powers, and its role as a forum
and deliberative body, rather than an
executive agency, its ability to regulate
and
control
international
private
commercial space activities seems quite
limited. Nevertheless, it can certainly
remain as a useful sounding board for
issues and concerns with regard to
commercial space practices and could be
an excellent forum if it is decided that a
new regulatory vehicle or convention is
needed to control dangerous or harmful
practices involving launching vehicles into
outer space or space operations—whether
these involve launch ascent or descent, inorbit operations or extra-terrestrial issues.

governments are requested to carry out to
ensure that explosive bolts or the
separation of various stages and
components in a rocket launch are
conducted so as to avoid the accumulation
of space debris in orbit—especially with
regard to LEO, MEO and GEO-based
systems. The ITU discharges these
functions as a consequence of this
agency’s role in the international
registration of radio frequencies associated
with space missions, the allocation of
frequencies to be used on satellites and
space missions, and other steps involved
in minimization of interference between
and among all human launched space
vehicles. The ITU, however, has no
directly designated role in the regulation
or control of space safety except so far as
it involves radio transmissions, although
its recommended “due diligence” review
and inspection procedures are generally
observed around the world by current
space-faring nations.25
4.4.3 The Committee on the Peaceful
Uses of Outer Space (COPUOS)
The Committee on the Peaceful
Uses of Outer Space, headquartered in
Vienna, Austria, considers the broader
legal issues involving exploration and use
of outer space. Their deliberations have
considered and indeed have helped to
develop
treaties
and
international
conventions related to the exploration of
outer space, the international status of the
Moon and other celestial bodies, the
launch and use of artificial satellites and
space stations, the international procedures
with regard to the return of de-orbited
satellites and related liability issues, etc.
Despite these actions that support the
development
of
conventions
or
international
laws
concerning
the
exploration and use of outer space, it plays
no direct role related to space safety and
the reduction of risk related to space
launches and space operations.
COPUOS is simply a coordinating
committee of the United Nations
organization.
Its current membership
includes all space-faring nations as well as
other nations that have an interest in space
applications.
It
is
essentially
a

4.4.4 The European Aviation Safety
Agency
The European Aviation Safety
Agency is increasingly well positioned to
play a key role with regard to the
emerging space plane and space tourism
industry in Europe. It is a key partner in
the Enterprise project that is currently
underway to develop a reliable new space
plane that will operate from a European
based spaceport. The key regulatory
question is whether Europe will follow the
US example of giving the EASA the
responsibility for licensing space planes,
space tourism businesses and spaceports
and thus controlling safety issues and
concerns with regard to European space
tourism operations. Project Enterprise will
thus likely not only play a key role in
developing a new European based space
plane system, but may also play a role in
defining role in how the European Space
Tourism business will be controlled,
licensed and overseen from a safety
perspective.
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force—namely the US and the USSR. This
agreement, had it been ratified by these
countries,
would
have
essentially
prohibited any military uses of the moon
or other celestial body in the Solar System
and also banned the concept of private
ownership of the Moon or any celestial
part of the Solar System. In many ways,
precedents related to the Law of the Sea
and to Antarctica were to have been
extended to the Moon and other celestial
bodies by this Treaty. Although holding of
private property was prohibited, this
Treaty did specify that “use of any
equipment or facility necessary for the
peaceful exploration and use of the moon
shall also not be prohibited.” (As specified
in Article 3) Finally the Treaty further
called on all nations to cooperate and
share information with regard to the
exploration of the Moon. (Article 5).
This “Moon Treaty” was not
ratified by the US Congress after members
of the L5 Society lobbied hard against it.
They contended that ownership of
property and the ability to build and own
infrastructure on the Moon was critical to
its eventual development. Thus they
argued that the “Treaty on Principles
Governing the Activities of States in the
Exploration and Use of Outer Space,
Including the Moon and Other Celestial
Bodies” was sufficient and that the 1979
“Moon Treaty” went too far in
“internationalizing” outer space and
inhibiting private enterprise to develop
outposts in space in the future.

There will be further questions as
to whether national entities will play a
shared regulatory role with EASA or
whether EASA will have a clearly defined
transnational responsibility for European
space plane activities. From the other
perspective there will be the issue of how
EASA will interface with the International
Civil Aviation Organization (ICAO) in
this area if it does indeed become the
responsible global entity within the UN
system to regulate space tourism safety
and to set international standards.26
4.4.5 Review of International Treaties
Involving Space
There have been a number of
international treaties, conventions and
international agreements developed since
the dawn of the space age. A number of
these treaties and conventions were signed
in the 1960s and 1970s. The most
important of these include the following:










Treaty Banning Nuclear Weapon
Tests in the Atmosphere, in Outer
Space and Under Water (August 6,
1963).
Treaty on Principles Governing the
Activities of States in the Exploration
and Use of Outer Space, Including the
Moon and Other Celestial Bodies
(1967).
Agreement on the Rescue of
Astronauts, the Return of Astronauts
and the Return of Objects Launched
into Outer Space (1968)
Convention on International Liability
for Damage Caused by Space Objects
(1972)
Convention on Registration of Objects
Launched into Outer Space (1975)27

4.4.6 The ICAO - The Best Way
Forward
for
the
International
Regulation
of
Commercial Space Ventures?
The bottom line is that there are
actually few international treaties or
international agreements in effect to
provide a solid legal framework for future
space exploration. Efforts to create such
rules and regulations often came afoul of
Cold War differences between East and
West. Even after the Cold War tension had
subsided, there have been many who have
sought to keep a very open and
unregulated approach to future space
activities. Some would say that a clear

The so-called Moon Treaty of
1979, however, ended a process of
increasingly sophisticated international
regulations concerning the exploration and
use of outer space. This Convention was
formally known as the “Agreement
Governing the Activities of States on the
Moon and Other Celestial Bodies (1979)”
and informally known as the “Moon
Treaty”, but it was not ratified by the key
countries really needed to bring it into
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minimal international coordination and
leave to national governments the bulk of
regulatory oversight.
By the time that regular space
tourist flights actually begin within the
next year or so—with missions both to
support sub orbital and orbital flights—an
attempt to clarify international law and set
minimal standards and registration
procedures seems essential. There is no
need for these to be overly restrictive and
national
governments
(where
the
commercial entity is registered) could and
perhaps should continue to exercise most
of the regulatory oversight. It will be noted
in Section 6 that there are nearly 50
entities engaged in trying to develop
private commercial access to space at this
time. This regulatory oversight would be
largely to support the new and emerging
space tourism market in terms of
providing certification of minimal safety
standards and to insure that nationally
regulated programs do not interfere with
one or endanger one another at the global
level.
In addition to the various space
plane and “access to orbit projects” there
is an even larger number of sites where socalled “spaceports” are under development
with some already in operation. This
number of commercial space vehicle
developers and spaceport operators is
sufficiently large—and the number
continues to grow—that some form of
structured control and regulation appears
fully justified and necessary.
In short, no public international
organization has been chartered with the
responsibility to regulate the safe
operation of launch vehicles, international
space stations, or space exploratory
missions. During the early days of space
flight, and continuing on until today, the
ITU has registered radio frequencies
associated with the launch and operation
of satellites or manned missions, and
continues to do so. Each government is
charged with the responsibility for the safe
operation of its launch sites.
In the twenty-first century we are
seeing an increasingly new and different
space and proto-space environment where
international
regulations,
liability
provisions and safety controls seem more

legal framework that established the “rules
of the road”—or the rules of the “space
way”—and sets forth clearly legal
liabilities, standards and regulatory
guidelines actually would help the
development of private enterprise in space.
Some of those who have studied
the issue have suggested that an
international entity such as ICAO could
and should help in setting safety standards
and certifying the safety of commercial
space launch systems as well as
international space ports and even ocean
and atmosphere launch systems. ICAO
might also be tasked to conduct “due
diligence” in order to protect the public
good and avoid damage to life and
property where international liability
might be at issue. ICAO might also assist
in establishing explicit guidelines such as
for establishing legal liability or creating a
global registration process that would
cover all private launch operations with a
“country of record” agreeing to provide
some oversight or regulatory functions
related to public and air safety, frequency
assignment, etc. This type of responsibility
would require some coordination to ensure
that the ICAO and ITU did not overlap or
conflict in carrying out these functions.
Others would argue that private
space missions, space exploration and
space development represent a new high
frontier
where
innovation
and
experimentation should be actively
encouraged and that national regulatory
controls are all that are needed. In light of
the literally hundreds of new ideas and
concepts that are only beginning to realize
their potential, such efforts to set the
international rules for such effort at this
time would be premature.
Despite these concerns about
limiting ingenuity, there would seem to be
some value in chartering the ICAO to
discharge certain basic safety regulatory
oversight duties and to coordinate and
structure international activity related to
Low Earth Orbit and “proto space”. Yet
others might argue for an “intermediate
position”. This might be something like an
International
Space
Safety
Board,
operating on a commercial basis, under the
auspices of the IAASS. This approach
would presumably accomplish the needed
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and more necessary. We now find
spaceports all over the world. There could
be launches occurring from balloons,
ocean based launch sites and from cargo
planes at almost any location. We also are
seeing projects to launch people to low
earth orbits via higher-than-air craft and
by the use of ion engines that will spiral
out to low earth orbit over prolonged
periods of time when the possibility of
being hit by space debris and micro
meteorites
increases
substantially.
Further, there are no internationally
recognized standards for radiation
exposure and other hazards associated
with a prolonged stay in space. The study
of how ICAO might assume some or all of
these international regulatory duties has
been carried out by the McGill Air and
Space Law Institute, Booz Allen and
Hamilton
and
members
of
the
International Institute of Space Law.
At this stage it is too early to
conclude what international regulatory
action needs to be taken with regard to
commercial space ventures, but these
studies are clearly timely and action at the
international level probably needs to be
taken sooner than later. Already
unscrupulous business enterprises have
undertaken to “sell” tiny particles on the
Moon and Mars with so-called deeds of
ownership. “Flag of convenience”
spaceports might offer launch or landing
facilities that might prove unsafe in terms
of interference with private, commercial,
governmental or military aircraft or might
contribute to space debris in low earth
orbit. For these and other reasons,
including providing for the safety of future
“space tourists” with some form of
international regulatory controls and rules
of legal liability, action needs to be taken.
To date, expanding the charter of ICAO to
provide oversight and regulation in these
areas may represent the most logical and
most forthright way to proceed.
In order to judge the size of this
increasingly
large
space
tourism,
spaceport and space exploitation market, it
is useful to review some of the most indepth studies of this emerging field of
commercial
activity
prepared
and
published to date.

5.0 Key Efforts to Create a Commercial
Space Tourism Business
5.1. NASA’s Initiatives —The COTS
Program
NASA is currently giving top
priority to developing the Ares I and Ares
V launch systems to support missions to
the Moon. Further, based on the concept
of “spiral development” it is thought that
these vehicles might eventually—at least
in the context of some of their
components—support a crewed mission to
Mars. It is planned to ground the Space
Shuttle just as soon as possible after these
aging craft have carried out the remaining
15 or so missions needed to complete the
ISS, plus one mission to service the
Hubble Telescope. Thus NASA and its
international partners, under current plans,
envision that the ISS will be completely
constructed, the Hubble serviced and the
Shuttle grounded by the end of 2010.
From the US perspective,
however, there will be an on-going need
for “manned” access to LEO. In particular,
there is a clear-cut need for re-supply
missions to the ISS that can support
human crew reliably. In this context
NASA has indicated, at least since 2005,
that its answer to providing US access to
the ISS in the post 2010 time frame will
depend on a so-called COTS (or
Commercial
Orbital
Transportation
Systems) contract with one or more
commercial suppliers. (The COTS
acronym also historically stands for
Commercial-Off-the-Shelf thus has two
meanings.) In early 2006, NASA formally
sought
proposals
from
aerospace
companies that would provide launch
services to the ISS.
NASA then accepted 20 initial
proposals and expressions of interest from
these companies for the initial proof of
concept demonstration program. In May
2006, NASA announced that it had
selected six companies as finalists for the
demonstration program. In order to fund
the development and demonstration
program, the US space agency indicated
that it had allocated up to $500-million in
funds to support this initiative. This
allocation, however, was and continues to
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space transportation service to low earth
orbit.
NASA, in announcing the
awards, added an important caveat. This
was to specify that the two selected
partners will be paid the amounts specified
in their contracts only if they succeed.
Payments will be incremental and based
upon the partners' progress against a
schedule of performance milestones
contained in each signed agreement. The
agreements were tailored to the individual
partners and negotiated before the final
partnership selections were made. NASA
has announced that it will gauge progress
through site visits and milestone
achievements and has the right to stop
payments if key results are not achieved.
In the past, NASA has specified
detailed
requirements
and
created
performance or hardware specifications
for all of its flight hardware and then taken
ownership of the vehicles and associated
infrastructure that a contractor produces.
This approach, as used on the X-33, X-34,
X-37, X-38, X-40 and X-43A programs,
has turned out to be expensive and
unfortunately very unproductive in that all
of these programs were either terminated
or transferred to other agencies. In
particular, the US Air Force has
reactivated the X-37 program and has
assumed control of the X-43 program. The
conventional NASA approach—namely
that of the Government providing
complete technical oversight of the
program, setting technical performance
and design specifications, and managing
the development from start to finish and
then assuming operational control—has
turned out to be not only expensive but in
the case of the space plane development
resulted in no projects (as in none!) that
were actually successfully completed.
As noted in the earlier GW
University Space Safety 2005 study, it is
really not necessary for a R&D
organization such as NASA to undertake
research,
development,
set
design
specifications, undertake and oversee
prototype creation and testing and then at
a micro-management level to oversee the
manufacture and operation of a new space
plane or a launch system. The problems
of such an approach are clearly wide

be contingent on the successful research
and development effort, demonstration
and operation of such private launch
services to and from the ISS. In selecting
the six finalists, NASA indicated its
intention to continue to down select as
rapidly as possible until it made an actual
award to the winner or winners of the
competition.
Concurrently,
NASA
procurement specialists began negotiations
with all the finalists for a possible
implementation under the provisions of
the Space Act Agreement with the final
awards to be made as early as the Fall of
2006.28
NASA formally announced, as a
part of this unique program, that it is
making this “unprecedented investment in
commercial space transportation services
with the hope of creating a competitive
market for supply flights to the
International Space Station (ISS).” As
evidence of its clear-cut fast tracking of
the selection process, NASA announced in
mid-August
2006—well
ahead
of
schedule— that two industry partners had
won
the
Commercial
Orbital
Transportation System (COTS) award.
The two selected contractors are slated to
receive over time the combined total of
approximately $500-million to help fund
the development of reliable, cost-effective
access to low-Earth orbit. The agency is
using a broad and expansive interpretation
of its 1958 Space Act authority to
facilitate the rapid development and
demonstration of these new capabilities.
Accordingly, NASA signed Space
Agreements on Aug. 18, 2006 with Space
Exploration Technologies (SpaceX) of El
Segundo, Calif., and the newly-merged
Rocketplane-Kistler (RpK) of Oklahoma
City to develop and demonstrate the
COTS vehicle’s design, systems, and
operations that could be utilized to support
transport of crews and supplies to and
from the ISS. Despite problems with
NASA’s demands relayed to Intellectual
Property, royalty payments and a
agreement that will last only five years,
these contracts are now fully executed.
Once the Space Shuttle is retired in 2010,
NASA hopes to become just one of many
customers for a new, out-of-this-world
George Washington University
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This new model for pursuing
commercial space services is a first for
NASA at a macro-level of funding, but it
has been seeking to obtain innovative
ideas through more modest programs. The
NASA Institute for Advanced Concepts,
as administered by the Universities Space
Research Association (USRA), has been
seeking totally new ways to access space
for a decade.29
NASA announced a more
aggressive and unconventional approach
to space commercialization in late
September 2006. This initiative would
have been to join with Red Planet Capital,
Inc., of San Mateo, Calif., in an
unprecedented partnership to help the US
space agency gain access to new and
innovative technologies by means of the
venture capital community. Red Planet
Capital is a newly-formed non-profit
organization and its mission would have
been to serve as a highly targeted strategic
venture capital fund for NASA. The
principals selected to provide investment
fund management were Peter Banks, CoFounder and Partner of XR Ventures,
Grand Rapids, Mich.; Graham Burnette,
General Partner of the EA-Capital Fund
family; and Jacques Vallee, co-founder of
the EA-Capital Fund family, San Mateo,
California. The principals would have
been asked to identify investment
opportunities, perform due diligence and
manage equity investments in companies.
NASA would have provided strategic
direction and technical input to the fund,
but the Fund would have been essentially
independently managed after NASA made
the original investment.
The purpose would have been to
provide NASA with earlier and broader
exposure to emerging space and spacerelated technologies. Unfortunately this
innovative process that might have made
NASA more entrepreneurial and team
with the best and brightest new
technologists and space entrepreneurs may
be stopped before it ever gets off the
ground. The Office of Management and
Budget after intervention by the White
House Office of Science and Technology
Policy (OSTP) has withheld from the 2008
budget proposal the funding necessary to
implement this highly innovative plan on

ranging
and
include
cumbersome
procurement processes, constraints on
innovative designs, and highly restrictive
governmental oversight and regulation.
And, in the past anyway, if the
development should end in technical
success, the space agency then becomes
the operator of a high-risk system and
ends up regulating itself with regard to
safety standards.
For the Commercial Off-TheShelf (COTS) program to develop manned
launch systems to go to the ISS or LEO,
NASA has taken what is for them a most
unusual step of letting the contractor
develop the new system and essentially
undertake the risk of doing what they say
they can do for a more or less fixed price.
This approach has long been used within
the communications satellite industry and
other commercial ventures, but not
typically by governmental programs. In
this case, NASA has set what might be
called “high level goals and objectives”
and then given the contractor free range to
create and accomplish performance goals
and do so against financial limits. Thus
instead of meeting specific technical
specifications, as was the case in the past,
this time the commercial ventures have
room for innovation and flexibility and
thus only need to meet the end goals and
achieve the fixed price.
Thus in the COTS program,
NASA, wherever possible, has thereby left
its industry partners responsible for
decisions about design, development,
certification and even operational methods
and systems for the new transportation
system. Because NASA has a limited
amount of money to invest, it has also
encouraged its two selected partners to
obtain private financing for their projects
and left them free to market the new space
transportation services to others once the
development is complete. This is a very
long way away from the cost-plus fee
approach to new system development that
has made US Department of Defense and
NASA contracts subject to a good deal of
criticism by Congressional and OMB
overseers who have argued that this
approach often does not achieve the best
results.
George Washington University
SACRI Research Study

49

performance and with proper regulation it
might even lead to safety enhancements as
well.31
Limited resources and the Space
Shuttle's pending retirement in 2010 have
therefore created the need for the new
transport service to the ISS and with
reliability of a crewed vehicle. New
technology, in areas related to thermal
protection system, propulsion and escape
systems, has created a favorable
environment for such a Commercial Off
the Shelf approach. When this COTS
development was first announced industry
interest was keen. Nearly 100 companies
submitted expressions of interest and 20
companies submitted initial proposals for
formal evaluation.
NASA has indicated to Congress
and the press that they believed that
purchasing
commercial
space
transportation services would be more
economical than developing government
systems of comparable capability. This
approach, in NASA’s view, would allow
additional resources to be freed up for
lunar missions and other activities beyond
low-Earth orbit. The biggest benefit of the
anticipated cost savings, according to
NASA spokespeople, is the opening of
new markets for an emerging industry
With cost-effective access, many new
markets — in biotechnology, microgravity
research, industrial parks in space,
manufacturing, tourism —could start to
open.

“ideological grounds”. It is interesting to
note, in contrast, that other space agencies
such as the French Space Agency (CNES)
have been investing in new space
technology and new space ventures for a
number of years.
Red Planet Capital would have
complemented other investment tools
available inside NASA for promoting
private sector participation in the agency's
mission and vision, such as the Small
Business Innovative Research (SBIR)
program that NASA and other US
governmental agencies have been using
for many years. At this stage it would
appear that only a change in
Administration in 2008 might resurrect
this entrepreneurial aspect of NASA’s
plans for the future.30
The
move
toward
more
commercial interaction and tapping into
entrepreneurial innovation is certainly not
unique to the US Similar innovation
among governmental space programs is
happening in other parts of the world. The
United Kingdom, for instance, contracted
with Astrium in 2005 to build, deploy and
operate the Skynet 4 communications
satellite system that will provide for all
required UK Ministry of Defence
communications needs. This contract
recognizes that the same system could and
should be used to provide commercial
services using capacity not required for
military needs. In the aviation and nuclear
industries, the US government has been
providing oversight of industry but not
operating systems for many years. This
decision is in part a reflection on the
growing maturity of commercial space
capabilities. There is also increasing
recognition of NASA’s ongoing budgetary
limitations and that some shift to
commercial space services marks one way
to limit future governmental outlays.
NASA may thus increasingly use
this type of outsourcing model over time
as the Moon/Mars exploration program
unfolds.
Parallel
contracts
could
potentially extend to the provision of
power, communications, and habitation
facilities by commercial entities. As will
be indicated in the following sections,
such outsourcing may very well provide
not only economies but improved

5.2 Projecting
Market

the

Space

Tourism

One of the key organizations that
has attempted to study and project the
market of space tourism as a serious
business has been the Futron consulting
firm of Bethesda, Maryland, that works
closely with the Satellite Industry
Association and agencies of the US
government. Futron carried out its initial
study in this field in 2002 and updated its
work in the second half of 2006. In its
study,
the
Futron
Corporation’s
assessment indicates that “public space
travel” (currently better know by its
informal name of “space tourism”) is
beginning to evolve from being a fringe
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market struggling to be taken seriously
into a much more substantial enterprise
that will be increasingly taken seriously as
an emerging, competitive market in which
a large number of companies are seeking
to develop products and services that can
actually produce substantial resources.
Their study suggests that within a decade
or so this business enterprise will
transition from a curiosity to a business
with substantial revenues—revenues that
in time could be meaningfully compared
to the airline or hotel business.32
Space tourism has maintained a
steady level of activity, thanks to the
occasional flights of tourists on Soyuz taxi
missions to the International Space Station
(ISS) brokered by Space Adventures Ltd.
at a cost in the range of $20-million per
flight. Further, suborbital space tourism
generates high public interest because it
appears to represent the future, private
astronauts tend to be seen as a new type of
“global celebrity” and because it is not
only high risk but is also extremely
expensive to undertake.
In addition, the $10-million
Ansari X Prize, won in October 2004 by
Scaled Composites’ SpaceShipOne, and
the parallel activity by companies such as
Rocketplane-Kistler, Space Adventures,
and Virgin Galactic, have combined to
create an enormous amount of media
interest. The fact that a growing number of
commercial ventures are now selling
tickets for commercial sub-orbital flights
scheduled to begin before the end of the
decade, again at a very high fare structure,
continues to generate public and media
interest.
Although there has been extensive
popular media discussion of consumer
demand for commercial sub-orbital space
flights and much speculation as to whether
such ventures could possibly succeed,
there is very little rigorous data on the
extent of the market for such services.
In 2002 Futron published its
Space Tourism Market Study report that
was perhaps the first structured attempt by
a professional organization to assess the
potential market in an in-depth way.33
That report provided a forecast of
the demand for orbital and sub-orbital
space tourism activities—not the number

of passengers expected to fly but instead
the number who would be financially
qualified and would also potentially
consider booking such a service if it were
available at different price levels. This
initial marketing analysis covered the
period 2002 through 2021. The 2002
forecast was based on a comprehensive
survey undertaken by Futron and included
the input from the polling firm Zogby
International of a sampling of individuals
with the means to pay for such flights.
This analysis differed from previous
surveys that were generally speculative
and simply polled the public at large using
self-selecting non-scientific means.
In 2002, Zogby International
personnel conducted in-depth surveys on
behalf of Futron. Zogby surveyed 450
wealthy people—defined as those with an
annual income of at least $250,000 or a
net worth of at least $1-million (in 2002
dollars). These surveys sought to
determine their interest in space tourism
and probed their willingness to take part in
such flights at a number of price points.
The survey pool was selected to best
represent those people with the means to
purchase such flights.
The survey instrument was also
carefully crafted to provide a realistic
depiction of space tourism, including
potential risks and other downsides, and
respondents were queried on various
related factors, including their perception
of the risk of space flight and other
activities, amount of money and time
spent on vacations, and fitness levels.
The survey results were then used
to devise a quasi-model that might be
applied to estimate what fraction of the
worldwide population of people who
could conceivably afford a space tourism
flight, would, in fact, actually book such a
flight once available. Included in this
assessment was a “pioneering” factor,
which eliminates people from later years
of the demand forecast, but whose interest
in flying in space was primarily to be
among the first to go; that is, once space
tourism is not so novel, these people
would no longer be interested, and were
thus removed from the forecast. (By the
end of the forecast period, flights to low
earth orbit may also be available and this
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may or may not erode the sub-orbital
flight market.)
The final step in the forecast
process was to model what Futron analysts
referred to as market diffusion. Market
experience has shown that the adoption of
new technological services, such as
commercial aviation, typically follows an
established pattern popularly known as an
S-curve, characterized by slow absorption
as the market becomes familiar with the
product, followed by a period of
accelerated adoption as the market
embraces the product, and culminating
with a deceleration in adoption as the
market nears a saturation point. To model
this phenomenon in commercial space
travel, Futron applied a Fisher-Pry curve
to the total potential demand pool for suborbital service, with an estimated 40-year
time frame for market maturity. (Editor’s
Note: Other than using what might be
considered too low of a “wealth standard”
for the interviewees, the methodology
seemed in many ways to be reasonable.
Perhaps more significantly, there does not
seem to be any allowance in the market
projections for a major accident—
especially one that resulted in the death of
passengers—that could slow or even
cripple this fledgling industry unless new
and alternative technology that promised
greater safety could be developed.)
Since the original forecast was
completed and published in 2002, there
have been many major developments in
the space tourism marketplace. These are
principally in technical aspects of suborbital space tourism and highlighted by
such developments as the SpaceShipOne
vehicle team claiming the Ansari X-Prize
and the NASA decision to select two
private aerospace teams to provide
Commercial Off The Shelf transportation
services to the ISS by 2010. There has also
been significant progress on the regulatory
front with the FAA and Congress
developing specific guidance for physical
and health standards for flight crew and
passengers.
In 2006, Futron decided to update
their market analysis for Space Tourism
and made the following adjustments:

a. Changed the start date of the market
forecast from 2006 to 2008: When the
original study was performed in 2002,
Futron chose 2006 as the most plausible
start date for passenger sub-orbital flights,
based on the progress made as of that date
by companies competing for the X Prize
or otherwise had announced plans to enter
the market. An assumption in that analysis
was that whoever won the X Prize would
elect to put the winning vehicle into
commercial service shortly after capturing
the prize. As it turned out, the prizewinning vehicle, SpaceShipOne, was
retired by Scaled Composites immediately
after winning the prize, as the company
elected instead to develop a larger
derivative, SpaceShipTwo, under a
contract with Virgin Galactic. Other
ventures are either taking similar
approaches, or finding it is taking longer
than expected to develop their vehicles,
and as a result the first passenger flights of
commercial sub-orbital vehicles are now
anticipated for no sooner than 2008.
Futron has accordingly changed the start
date of its forecast, which has the effect of
shifting the S-curve of market adoption to
the right compared to the original study.
b. Increased initial ticket prices from
$100,000 to $200,000: At the time of the
original forecast the “going rate” for a
sub-orbital space flight was $100,000,
based on sales made by space tourism
operator Space Adventures and similar
pronouncements by other companies.
However, Virgin Galactic, which is
projected to be one of the first entrants
into the passenger market, is currently
selling seats at approximately $200,000
per person for its initial flights, and other
companies have raised their ticket prices
accordingly. The initial forecast set ticket
prices at $100,000 for the first five years,
then gradually declining to $50,000 by
2021. To reflect the current situation, the
new forecast sets the ticket price at
$200,000 for the first three years, which
then gradually declines, again to $50,000,
by 2021. This change affects both the
overall potential revenue for the industry
as well as demand, since some potential
passengers will not be able to afford, or be
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a total of over 15,000 passengers /year by
year end 2020 in the original study (See
Figure 7A)
Figure
8
below
provides
alternative projections based on whether
the industry matures within 35 years, 40
years or 45 years. It is clear that the
application of the “S” curve (i.e. the
Fisher-Pry curve) that seeks to “emulate
the maturation” of the sub-orbital space
flight tourism industry actually makes a
great impact on the number of projected
passengers. This exercise suggests that if
the industry “matures” and prices of such
flights accordingly drop more quickly, and
safety standards and performance are
perceived to have improved, there might
be well on the order of 20,000 flights per
year by end of 2020. But if the maturation
rate for the industry is on the order of 45
years then there would be a total of about
10,000 space tourist passengers per year
by the end of 2020.

willing to pay, the higher initial ticket
prices.
c. Updated population wealth statistics:
The population and growth rates
worldwide of high net worth individuals
has been updated in this forecast using
resources
such
as
the
Merrill
Lynch/Capgemini World Wealth Report
2005. The growth in the high net worth
population has recovered in the years since
publication of the original study,
generating a small increase in the target
population over the forecast period.34
Futron 2006 Market Estimates for
Space Tourism Demand
The forecast of sub-orbital space
tourism passenger demand from both the
original study as well as the current
revision are shown in Figures 7A and 7B.
Passenger demand is lower in the new
forecast, with a projected demand of just

(Courtesy of © Futron Corporation 2006)
Figure 7A: Original Estimate of Passenger Demand for Sub-orbital Space Tourism

over 13,000 passengers /year as of year
end 2020 (See Figure 7B) as compared to
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(Courtesy of © Futron Corporation 2006)
Figure 7B: Updated Projected Demand: Sub-Orbital Space Tourism-Futron Study

(Courtesy of © Futron Corporation 2006)
Figure 8: Passenger Demand Forecast Using Different Market Maturation Periods
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remain unknown at this time. Indeed,
some extreme claims has been made as to
who might fly on such flights. Sir Richard
Branson, in an attempt to show both how
safe he envisions the Virgin Galactic
backed SpaceShipTwo spacecraft has said
that both he and his over 90 years old
grandfather will be making the inaugural
flight. (The FAA guidelines for space
tourism flight and those of other countries
are provided in detail in Appendix 3 to this
report and also discussed in greater detail
in the later parts of this report.)
Clearly, of all these factors, the
“risk” or safety environment would likely
be the most critical and any accident that
led to the loss of life would have an
immediate and major impact of the suborbital space tourism business, especially
if there should more than one accident.
The Futron report notes that in 2003, Walt
Disney World’s Epcot Center unveiled a
new space-themed amusement park ride
called “Mission: SPACE”. The ride
provides a simulation of space flight from
launch to return, with a centrifuge
providing the experience of twice the
normal pull of gravity on the riders.
Though this is lower in terms of G-forces
than experienced on other rides in the
park, the centrifugal force is sustained for
longer periods throughout the ride, as it
would be on a space flight. The ride is
clearly marked with signs indicating that
any potential riders with blood pressure,
heart, back or neck problems, motion
sickness or other conditions that can be
aggravated by this adventure should steer
clear of the ride. Since its opening, there
have been reports of health problems
resulting from the ride, including two
deaths within months of each other. Since
a sub-orbital flight may likely involve Gforces up to five times the force of gravity,
health conditions may still be an important
factor to consider and any thought of
relaxing health and safety standards, at
least until some years of experience has
been gained, would be seem unwise. For
this reason we believe that the more
optimistic market projections made by
Futron as to how the sub-orbital tourism
market might actually rise to over $1billion per year by 2021, if relaxed

Figure 7A provided the initial 2002 Futron
forecast of revenues. These projections
were based on the assumption of a 40-year
maturation period and also assumed that
the base-line price for such flights would
start out at $100,000 per flight with this
pricing reducing over time. Of course
there are many other factors, other than
these two, that might significantly impact
these revenue forecasts. These sensitivity
factors would most certainly include: (i)
the number of companies that offered this
type of space flight, (ii) the passenger
capacity of the various vehicles, (iii) the
degree to which this truly becomes a
competitive business, (iv) the evolving
regulatory,
insurance
and
“riskmanagement framework” that applied to
such flights, and (v) the actual
“demonstrated safety” of these operations.
The Futron study notes that among the
most significant factors may be how
restrictive are the physical conditions set
for passengers, the differentiation between
passengers that remain strapped in for the
entire flight versus those that might pay
more for weightless activity, and price
sensitivity to initial flights being more
expensive than originally estimated. They
note that with the “strapped in for the
duration of the flight” service, the health
and physical condition standards for such
flights might be reduced and that the
potential market could accordingly
increase.
The draft guidelines for passenger
commercial space flights issued by the
FAA’s Office of Commercial Space
Transportation—and
still
under
Congressional review—set no specific
health or fitness requirements for
passengers. Instead the FAA only
recommended that doctors versed in
aerospace medicine issues review the
medical records of prospective passengers
and recommend additional examinations
where deemed necessary. This approach
has merit in that it does not try to create
specific and static standards that will
likely evolve over time as further
experience is gained. Exactly what state of
health and physical fitness will be required
of sub-orbital space tourists for US
operations or for overseas spaceports
(such as the one planned for Bahrain) thus
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assumptions is taken as at least a
reasonably carefully conceived forecast
for this market then the conclusion that

physical fitness standards were allowed,
should be disregarded at this time.

(Courtesy of © Futron Corporation 2006)
Figure 9: Revenue Forecast for Sub-orbital Space Tourism
derives from this analysis is that this will
not soon be a large global market. This is
particularly true if we compare these
projections to the global aerospace
manufacturing and global aviation services
industries that represent on the order of a
trillion dollars per year in sales.
What is of particular note is that
this is an industry that needs a tremendous
amount of basic and applied research for it
to succeed. These R&D costs are not only
with regard to the development of launch
systems and cost effective operational
mechanisms but also with regard to safetyrelated research and space systems safety
design. This industry, for some
considerable time, will need to be either
heavily subsidized by governmental space
agencies (i.e. note that NASA has already
committed $500-million to support COTS
commercial launch service to the ISS) but
also
entrepreneurial
support
from
commercial leaders such as Sir Richard
Branson, Paul Allen, Jeff Bezos, Robert
Bigelow and others.
The real question thus tends to
become whether there is simply enough

Finally there is the issue of how
rapidly the sub-orbital space flight
business might transition to actual orbital
flight services, actual space walks and
access to commercially operated space
habitats such as those which Bigelow
Aerospace, IOT and others developing.
There are also a number of other questions
such as the amount of basic and applied
research money will be available to
support the emergence of this new
industry from governmental sources as
well
as
the
various
high-flying
entrepreneurs (in both senses of the words)
who are supporting the development of
this new industry.
After making all of the various
adjustments to projected revenues, the
initial total market forecast for the next
fifteen years was revised downward by
Futron from $786- million/year to $676million/year or a reduction of about 12 %.
(The forecast is based on an initial price of
$200,000 per person per flight, a 40 years
time period for market maturation and the
assumption that fairly high physical fitness
standards are applied.) If this set of
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fast but would fly into the dark sky of suborbital space.
Scramjet technology is based on
the fundamental concept of eliminating the
need to carry an “oxidizing agent” such as
liquid oxygen on-board a “space plane”.
The alternative would be to find a way to
scoop it up from the atmosphere and thus
make the vehicle much lighter in weight
and increase its effective volume and thus
allow more passengers and cargo onboard. This effort to develop a “space
plane propelled by a scramjet” was widely
pursued for years as the “holy grail” for
the future of aviation.
In the US the effort was known as
the National Space Plane (NASP), in
Germany it was known as the Zanger
Project, and in the U.K. it was called the
HOTOL project. (See Figure 11 below)
There were also initiatives in Russia and
Japan.

market for the sub-orbital tourist business
to sustain the needed research investment?
It may be that one must ultimately view
the sub-orbital space tourism market as
only a part—perhaps a small part—of a
future commercial space tourism and
space commercialization market that can
be sized in the billions of dollars a year
that will be needed to make required
transport and safety research investments
viable.
6.0
Current Corporate Efforts to
Develop Space Tourism Market in the
US
The development of new space
technology to move humans more easily
into earth orbit has involved a complex
series of stimulating events. Some of these
stimulants have involved R&D projects by
NASA and the US Department of Defense
and other space programs around the
world. A number aerospace companies
have also worked in this area, sometimes
under the NASA (X-series) funding,
sometimes under programs funded by
other countries, and sometimes on a
strictly commercial basis. More recently
entrepreneurs have jumped into the field
and achieved some impressive success. It
is probably most useful to start with some
understanding of the history surrounding
this field.
6.1 History of Space Planes And Alternative
Ways to Access Low Earth Orbit

(Courtesy of http:// www.hobbyspace.com)
Figure 10: UK space plane—The HOTOL
prototype mated to a Russian Cargo Plane

Before examining a number of the
current commercial projects striving to
undertake sub-orbital flights or to achieve
Low Earth Orbit, it is useful to understand
some of the aerospace history related to
attempts to develop space plane
technology over the past two decades. In
the 1980s, technologists in the aviation
world were seeking to design the next
generation of supersonic vehicles that
would follow the Concorde SST. At that
time, some thought that the answer would
involve rocket motors while many
scientists and engineers believed that socalled “Scramjet” technology would allow
the development of a high performance
vehicle that would not only be extremely

Despite intensive efforts around
the world that date from the 1980s, none
of these early efforts to develop viable
scramjet systems were successful. NASA,
through various contracts, undertook
ongoing work on lifting bodies and
hypersonic vehicles that pushed the
envelope of advanced jet technology as
indicated by the Northrop and Martin
vehicles shown below. (See Figure 11).
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(Courtesy of NASA historical website – www.nasa.gov)
Figure 11: Advanced Hypersonic Jets and Lifting Bodies of the 1980s.

In the 1990s, NASA continued
research with the manned and
unmanned space plane systems such as
the X-33 and the X-34 projects, but
these were not successful either. The
budgetary demands on NASA to
sustain the Space Shuttle and to
implement the International Space
Station clearly claimed financial and
human resources that adversely

impacted all of the X-series programs.
The X-33 Advanced Technology
Demonstrator was designed by NASA
to be a Single Stage to Orbit (SSTO)
Reusable Launch Vehicle (RLV). The
goal of the X-33 program was to
demonstrate advanced technologies to
increase launch vehicle safety and
reliability and to lower the cost of

(Courtesy of Lockheed Martin)
Figure 12: Artist’s concept of X-33 RLV
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The private sector also continues
to have a strong interest in this area. Some
of these projects have been and continue
to be backed by smaller start up
organizations, while others are supported
by very large and established aerospace
companies. Several major aerospace
contractors, over time, have indicated that
they would develop and deploy space
plane systems—with or without NASA
backing. Some of these projects have
involved conventional rocket propulsion
concepts and others scramjet technology.
One of the earliest efforts was that of the
McDonnell-Douglas project to develop a
vertical take-off and landing reusable
single stage to orbit system known as the
Delta Clipper. This project (as shown
below in Figure 14) was going to
revolutionize the cost of launching
satellites into orbit as well as providing
low cost access to space for astronauts.
Each one of these various efforts, i.e. the
Delta Clipper, HL-20, X-33, X-34, X-37,
X-38, X-43 A & C, have all added
knowledge, improved thermal protection
technology and improved propulsion
systems, but no completely capable,
reliable and “safe” new space access
system has yet emerged.
The main historical point to
emphasize is that today’s efforts to design
commercial space planes have an
enormous amount of historical precedent

putting a pound of payload into space
from $10,000 to $1,000. The X-33
was, in fact, a half-scale prototype of
Lockheed Martin’s “VentureStar”, a
proposed fully reusable, commercial
Single Stage to Orbit (SSTO) craft.
Figure 12 above shows an artist’s
concept of the X-33 RLV in orbit.
The X-33 and the unmanned X-34
vehicle were both canceled before these
systems flew, as was the case of the X-37
as well. It is only with the X-43A program
that a truly functional scramjet space plane
has demonstrated the ability to achieve
speeds in excess of Mach 10. (See Figure
13 below). Ironically, NASA in the early
2000s indicated that a successful space
plane development was an essential part of
their comprehensive space plan, but with
the emergence of the new Vision to give
priority to going to the Moon and Mars
this initiative has been turned over to the
US
Department
of
Defense.
.
Thus
development
of
new
propulsion and lift technology continues
to evolve. The challenges of developing
these types of vehicles has, in fact, proven
to be more difficult than first thought
when these efforts began over 20 years
ago. Although NASA has abandoned their
space plane development efforts, the US
Department of Defense and several other
national space programs around the world
have active programs.

(Courtesy of NASA)
Figure 13: The X-43 Space Plane and ScramJet Propulsion Technology
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tourism market. The range of efforts
associated with both sub-orbital and
orbital vehicles blossomed over the past
decade and June, 2004 marked the start of
what might be called the dawn of the “age
of space tourism”. This is how the event
was described by Economist writer Mary
Evans:
“………..space travel underwent its
Wright-brothers moment with the first
flight of SpaceShipOne. The roles of
Orville and Wilbur were played by Burt ,
who designed the craft, and Mike Melvill,
who flew it—although they were ably
assisted by Paul Allen, one of the founders
of Microsoft, who paid for it. Of course,
history never repeats itself exactly. Unlike
the brothers Wright, who were heirs to a
series of heroic failures when it came to
powered heavier-than-air flight, Messrs
Rutan and Melvill knew that manned
space flight was possible. What they
showed was that it is not just a game for
governments. Private individuals can play,
too.”36
Even after the Scaled Composites
team designed, built and successfully flew
the White Knight and SpaceShipOne
vehicle to claim the Ansari X-prize, the
enthusiasm to design and operate space
vehicles to serve the space tourism market
has only continued to grow. Indeed these
projects have spread around the world and
efforts are proceeding not only in the US
but also in Australia, Canada, Dubai,
Israel, Russia, and the United Kingdom.
The range of privately designed
and built vehicles being designed and built
for either sub-orbital or orbital flight
continues unabated. This 21st century
phenomenon in many ways parallels the
early aircraft industry of the 20th century.
Just as in the early part of the 20th century
there was a the plethora of planes designed
and built, today’s world is beset by a
diverse group of companies, large,
medium and small, that are designing craft
that they hope will take hundreds and then
thousands of space tourists into the black
sky of sub-orbital space. Others aspire to
build systems that can go into orbit and
even allow space tourists to walk in space
or stay at a space hotel as envisioned by
Arthur C. Clarke in “2001: A Space
Odyssey”.

and underlying technical R&D. (Editor’s
Note: A much more complete history of
these earlier developments of space plane
systems, including an explanation of some
of the problems encountered in these
earlier projects can be found in: Joseph N.
Pelton, Space Exploration and Astronaut
Safety, (2006) AIAA, Reston, Virginia,
Chapter 6, and in Joseph N. Pelton et al,
Space Safety 2005, (2005) George
Washington University, Washington,
D.C., Section 5, www.spacesafety.org)35

(Courtesy of
http://www.hobbyspace.com/Links/RLV/
Figure 14: A Prototype Delta Clipper On a Test
Flight in the late 1980s

6.2

The

X-Prize and Commercial
Efforts to Develop Space
Tourism

The development of space plane
technology and the desire to provide an
opportunity for “space tourists” to fly into
low earth orbit is not simply a matter of
R&D and engineering. The business and
market aspects are perhaps equally
important.
The X-Prize, founded by Dr. Peter
Diamandis, one of the three co-founders of
the International Space University in the
1980s, touched off a ground swell of
interest in developing the so-called space
George Washington University
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Many centuries ago, or so the
story goes, a would-be astronaut in China
sat atop an array of 64 rockets powered by
gunpowder. Thus he sought ascent to the
heavens. But instead, to the horror of the
assembled witnesses, he was rather
immediately incinerated.
Fortunately we have come a long
way in rocketry and space travel since that
time. Careful and prudent safety regulation
of this newly emerging “industry” is
essential to protect the foolishly
innovative and overly daring inventor and
entrepreneur. Care is also needed to
protect the property and lives of others.
And perhaps equally important to the
aerospace world is the need for safety
regulation and thoughtful licensing
activities in order to prevent rash and risky
experiments that spoil or retard the
development of an entirely new industry
and type of human endeavor. In short, the
risk is not only to the flight crew of a
dangerous vehicle, but indeed rash and
premature efforts to “jump start” the space
tourism business, may destroy the
initiatives of many who have wellconceived ideas as to how to provide safe
access to space.
Today there is a surge of enthusiasm and
creativity to develop new space plane
technology to support the growth of a new
space tourism industry.
Figures 15 and 15A below tries to
capture a snapshot of where this emerging
industry today. To the best of our ability in
searching various media, web sites and
other sources there are something like 44
active enterprises around the world
seeking to support new space planes,
reusable launch vehicles or lighter than air
craft to support a new space tourism
industry. Further, as recorded in Figure
15A there are some 26 entities that have
collapsed or disbanded or have been
absorbed
into
other
enterprises.

These various efforts largely share
two goals that in many ways are in
conflict. The space entrepreneurs want to
be first to launch space tourists into this
wondrous
and
largely
unknown
environment. Yet there is recognition that
a space tourism enterprise will only
succeed if the flights are safe and
passengers return safely from these
excursions.
Beyond the two companies
selected by NASA for the COTS program,
namely Rocketplane-Kistler (RpK) and the
Space
Exploration
Transportation
Company (Space X), there are more than
40 enterprises, mostly in the US, but
several overseas, that are trying to develop
the space tourism business. These range
from “service companies” such as Space
Adventures, that can arrange for dozens of
alternatives for would-be space travelers,
to technology companies and research
entities that are developing new ways to
provide access to a sub-orbital space ride
to low earth orbit or beyond. The
following chart (Figure 15) attempts to
summarize these entities, the means by
which they are seeking to provide access
to space, the name of their craft and their
current goals and objectives. In many
cases these companies envision a staged
development with expanded capabilities
over time.
Space tourism is clearly a highly
fluid “industry”. A great deal of shake-out
will continue to occur with some dropping
out, going bankrupt, or merging with
others. Meanwhile, other new entities or
subsidiaries of established firms will be
joining the process to develop new,
reliable and affordable access to space.
Maintaining safety, setting reasonable and
viable risk management rules and
regulation, and undertaking effective
independent verification and validation
processes for this totally new type of
industry is clearly a great challenge. This
will require a great deal of balance and
judgment. On one hand there must be the
opportunity for innovation and totally new
approaches to space travel to obtain new
and better solutions, yet at the same time
there must be a stringency of safety
controls and inspections to prevent
needless and foolish loss of life.
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Figure 15
Inventory of Private Space Ventures

Company
Advent Launch

http://rocketdungeon.blogspot.com/
http://home.comcast.net/~rstaff/blog_files/space_projects.htm
http://www.spacefuture.com/vehicles/designs.shtml
http://www.hobbyspace.com/Links/RLV/RLVTable.html
and numerous other sources as listed below.
Rocket-Launch Vehicle
Intended
Capabilities
Markets
Advent 1 stage. (VTHL Sub-orbital. 300 Full scale liquid engine
from ocean)
tests.
Kg to 100 Km

Launch Site
Ocean launch
landing.

&

Services
Aera Space

Altairis. (VTHL)

Sub-orbital.
Space tourism

2 stage, RP-1/LOX
propulsion. 7 passengers
to 100km sub-orbital
flights in 2007.

US Air Force Cape
Canaveral Launch
Facility- 5 year
agreement.

Orbital. Launch
to
LEO
of
scientific
packages.
Upgradable
to
manned flight in
time.
ORS
mission
Sub-orbital
Formed to seek
X-Prize. Crew to
LEO.

Upgraded
Alliant
sounding rocket.

Mid
Atlantic
Spaceport, Wallops
Island

Status unclear
Spirit of Liberty 1 stage
to orbit vehicle

Unclear

Gryphon Aerospace plane

Sub-orbital space
tourism

N.A.

Romanian
project—Now
Defunct
http://www.lunar.org/docs/L
UNARclips/v11/v11n1/xpri
ze.shtml

Formed to seek
X-Prize. Crew to
LEO.

6360 Kg to 100Km and
return. LOX/RP-1. Less
than $1-M/flight (in
design)
Status unclear

Black Armadillo.

Sub-orbital space
flight.

White Sands, New
Mexico

See
Space
Dev
and
Dreamchaser. Benson Space
Company
will
market
Dreamchaser vehicle.

Marketing
company
for
Dreamchaser.

1 stage. LOX/ethanol
engine. (Limited capital
investment).
Vertical
Takeoff and land. (Like
Delta Clipper design.)
Not Applicable

Tours/Sprague Corp.

Alliant ATK

Pathfinder
(VTVL)

ALV

X-1

http://www.astroexpo.com/news/ne
wsdetail.asp?ID=27882&ListType
=TopNews&StartDate=10/9/2006
&EndDate=10/13/2006

American
Astronautics

Andrews

ARCA Space

Armadillo Aerospace

Benson Space
Company

Now Renamed Sprague
Corp. See Aera Space
Tours.
http://www.lunar.org/docs/L
UNARclips/v11/v11n1/xpri
ze.shtml
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Unclear

Not Applicable

Blue Origin
(Backed by Jeff
Bezos)

New Shepard (VTVL)
http://www.blueorigin.com/index.html

1 Blue Ridge Nebula

Small Family Enterprise.

Bristol Space
Planes Ltd.

Ascender
(Subscale flight models)

C & Space (of
Rep. of Korea
R and AirBoss
A Aerospace Inc.
(AAI)
1 DaVinci Program

.
Space Bus (Concept only) 50
persons or 110 tons
.
Space Cab (Concept only) 8
persons or 2 + 750Kg
Proteus space plane(VTHL)
http://www.hobbyspace.com/nucleus/in
dex.php?itemid=207

DaVinci (Balloon launch and
vertical landing)
http://www.davinciproject.com/

1 DTI Associates

Terrier-Orion (Terrier is surplus
Navy missile motor and Orion
is surplus Army missile motor)

1 EADS Space
T Transportation

Phoenix space plane (VTHL)
and Pre-X

Energia Rocket &
Space Corporation

1

HARC Space

IL Aerospace
(Israel)

Clipper (VTOL)
http://www.astroexpo.com/new
s/newsdetail.asp?ID=25688&Li
stType
=TopNews&StartDate=5/15/20
06&EndDate=5/19/2006
Balloon
Launch
Reusable
Vehicle

Balloon launch and then Negev
vechicle to Suborbital space
http://web1xprize.primary.net/teams/ilat.php

Sub-orbital.
Space Tourism to
100 km.

Reusable
Launch
Vehicle.
Hydrogen
Peroxide and Kerosene
fuel. Abort system.

Sub-orbital.
Space tourism to
100 km
Sub-orbital. 3
people or 400 Kg
on space tourism
flight
.

Status unclear

Jet. 2 turbofans to 8
Km. RL-10 liquid
rocket engine to 100
Km
.

United
Kingdom and
US

Sub-orbital.
Space Tourism. 3
crew members

LOX/Methane
engines.
ITAR
approval pending.

To
decided.

Sub-orbital.
Space Tourism. 3
crew members

Balloon to 40,000 ft.
Twin LOX/Kerosene
engines to 120,000 ft.
parachute landing.

Sub-orbital.
Cargo to LEO
(290 kg to 190
Kilometers)
Sub-orbital

Motors and vehicle
FAA-AST licensed.

Can
be
launched
from
any
balloon
launch site.
Woomera,
Australia

Orbital.

Sub-orbital.
Sounding
and
Targeting Vehicle
to sub-orbital
Sub-orbital. 10
km by ballon and
then Negev rocket
launch to 120 km.
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Culberson
County,
Texas. HQs
in
Seattle,
Washington
Unclear

be

Effort sponsored by
CNES & ESA with
development
by
EADS
Space
Transportation Corp.
In conjunction with
Soyuz and Agara
Launch Vehicles.

Toulouse,
France

Balloon and and liquid
fuel rocket engines

Can
be
launched by
balloon
at
many sites.
Can
be
launched by
balloon
at
many sites.

Balloon and Negev
solid fuel rocket with
parachute to water
landing

Baikinor and
Russian
Northern
Cosmodrome

Inter Orbital
Systems (Mojave,

Sea Star (13 Kg to LEO)
Neptune (4500 Kg to LEO)

Sea
Star.
Microsat Launch
Vehicle.

Stage and a Half.
Liquid bi-propellant
rocket. FAA-AST
licensed

Off shore. Pacific
Ocean.
Los
Angeles and Tonga

Unmanned
Cargo resupply
to
the
ISS.
Launched on the
HII vehicle.
Orbital.
50
passengers
to
200km LEO.
Sub-orbital. High
Altitude
experiments or
rocket launch.

Conceptual studies

To be decided.

Single Stage to
Orbit.
Vertical
Takeoff
Very High Altitude
Balloon. Can be
used as Launch
Platform to LEO
using ion engines

No
hardware
designs.

Crew
and
Satellite
and
Cargo
launch.
sub-orbital

Tow
launch
of
reusable space plane

San
Bernadino
Airport

Autonomous Transfer Vehicle
(ATV) (Unmanned but could
be upgraded to manned and
pressurized vehicle.)
Venturestar project cancelled.

Unmanned
Cargo resupply
to ISS. Ariane 5
launched
but
also on Atlas 5.

Could be upgraded
to become a manned
vehicle. Not yet
funded.

Atlas 5 site at Cape
Canaveral.

X 106 Hyper Dart Delta

Orbital. Pilot +
passenger
and
220 Kgs. To
LEO or Bigelow
space
station.
Orbital
data
haven.
Sub-orbital.
XA 1.0 100Kg to
100km, XA 1.5
200kg to 500
km, 2000kg (5
people) to
500km.
Orbital. Crew of
8

(Conversion of F
106 Delta Dart to
include ramjet to
create
a
space
plane.)

To be decided.

Liquid
reusuable
internalized engines.

To be decided.

http://www.interorbital.com/

California)

Japanese
Aerospace
Exploration
Agency (JAXA)

HII
Transfer
Vehicle
(Unmanned but in time might
be upgraded to manned and
pressurized vehicle.)

Japanese Rocket
Society

Kankoh Maru (Latest version
of earlier Phoenix design)

JP Aerospace
(Rancho Cordova,
Cal 95742)

Access to Orbit-Ascender
Balloon System (Not this is
different system than that of the
Bristol Space planes.
http://www.jpaerospace.com

Kelly Space &
Technology Inc
(San Bernadino,
California)
2 Lockheed MartinEADS

2 Lorrey Aerospace
(Grantham, NH
03753)

Masten Space

Space plane
http://www.kellyspace.com/

http//www.lorrey.biz/

XA 1.0 (VTVL)
XA 1.5 (VTVL)
XA 2.0 (VTVL)
http://www.mastenspace.com/products.html

Planet Space (See
also Canadian
Arrow)

Silver Dart Space plane and
Lifting Body (VTHL)
http://www.thestar.com/NASA
pp/cs/ContentServer?pagename
=thestar/
Layout/Article_Type1&c=Artic
le&cid=1155678611503&call_
pageid=968332188492
http://www.planetspace.org/lo/i
d h

______________
_
Sub-orbital.
Crew of 3
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California sites

Nova
Scotia,
DaVinci Spaceport
First stage liquid
propellant + OX.
Second stage 4
JATO rockets-Abort

Rocketplane-

K-1 (5700 Kg to LEO,
900-1400 Kg to GTO)

Kistler
________________
Falcon
_____________
Rocketplane XP
Pathfinder

Various propulsion systems
for K-1, Falcon and Rocket
plane XP Pathfinder.

Woomera,
Australia
and
Nevada Test Site
for K-1

Neoprene
oxidizer.

as

Mojave Airport,
South
West
Regional
Spaceport (SRS)

To operate from
a number of
international
spaceports
including Dubai,
Singapore, US et
al
To be decided.

Scaled
Composites
s/ Spaceship Corpoo ration/
Virgin Galactic
( (Mojave, CA)

SpaceShip
(HTHL)

Space Adventures
with
Myasishchev
Design Bureau &
F Roscosmos
(Russian
Space Agency)
Space Dev
(California)

Explorer Space Plane
(C-21) and MX-55
High Altitude launcher
plane (HTHL)

Sub-orbital
Space Tourism

Liquid
fuel
motors.
Horizontal Takeoff and
Horizontal Landing (lifting
body
with
parachute
landing)

Dreamchaser (VLHL)

Sub-orbital. Space
Tourism (1 stage) 6
passengers
Orbital (2 stage
manned access to ISS)

Space Hab
Contract
agreement with
NASA to support
COTS)

Apex 1
Apex 2
Apex 3

Orbital. Launch to
LEO orbit. (300 Kg
(Apex 1) to 6000 Kg
(Apex 3) Apex 1&2
unmanned. Apex 3 manned.

Single
Hybrid
Engine.
(Neoprene and N02) for suborbit. Launch of space plane
on the side of 3 large hybrid
boosters to reach LEO orbit
& ISS.
Open architecture to support
different
missions
and
NASA’s COTS Program.

. Space Transport
Corp. (Forks,
Washington)

Rubicon 1 &2 and NSOLV now to be
replaced by Spartan
vehicle.
Falcon 9, Dragon Space
plane

Space Exploration
Technologies
(Space X)

Two-SS

Orbital. Payloads to
LEO, MEO, GTO, ISS
Cargo resupply &return
missions.
Sub-orbital. Cargo &
Microsats
.
Sub-orbital. 4 seat
fighter-sized vehicle.
Up to 4 or 410 Kg to
100 Km. Or
microgravity
experiments
Sub-orbital. Space
Tourism
7 people to 100Km

http://www.astroexpo.com/
news/newsdetail.asp?ID=2
7197&ListType=TopNews&
StartDate
=8/21/2006&EndDate=8/25
/2006

&

NO2

To be decided.

Sub-orbital.
2
passengers
to
80100km. Spartan can
launch 5 kg to LEO.
Orbital. Commercial
Orbital
Transport
Service to ISS

Design and status of project,
and financing not clear

To be decided.

Cluster of 9 Merlin engines
on Falcon 9.

Kwajalein Atoll
launch complex

Sub-orbital.
Space
Tourism. Launch to 60
km.

Bi-liquid. LOX & kerosene
rockets. Parachute recovery.

To be decided.

http://www.spacex.com/

Starchaser
Industries (UK
& Rocket City
N New Mexico)

Thunderstar-Starchaser
5
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3 26. Sub-Orbital
Corp &
Myasishchev
Design Bureau

M-55X and Cosmopolis
XXI

27. TALIS
Institute & DLR
of Germany

Enterprise Space Plane.
Project. In cooperation
with ESA and European
Aviation Safety Agency

38. Transformation Space Corp.
t/Space (Allied
with Scaled
Composites)
39. TGV Rocket

CXV (Crew Transfer
Vehicle)

40. Triton Systems

Michelle B Rocket
(Modular Incremental
Compact High Energy
Low cost Launch
Experiment)
Stellar-J (HTHL)

41. UP Aerospace

Sl-1 Carrier RocketSpace Loft XL.

42. Vela
Technologies

Spacecruiser

43. Wickman
Spacecraft &
P Propulsion

44. XCOR
Aerospace

WSPC Small launch
Vehicle
And
SHARP Space plane
(VTHL)
http://www.spacerockets.com/sharp.html
Sphinx (Sub-orbital
space) (HTHL)
Xerus (Sub-orbital space)
(HTHL)

Sub-orbital.
Two stage to
100km. Pilot
and 2
passengers.
Space Tourism.
Sub-orbital.
Space plane to
support
European space
tourism bus.
Orbital.
Crew of 4 to
LEO or ISS &
ISS resupply
missions
Sub-orbital.
Small crew or
scientific
instruments.

1st Stage M-55X
Geophysika. 2nd
stage. C-21 a
rocket-powered
lifting body with
parachute landing.
Under
development.

Flexible launch and
takeoff sites.

Launches at high
altitude from a
large cargo carrier
aircraft.

To be decided.

Single Stage to
orbit. Modular.

White Sands, New
Mexico

Orbital.
440 Kg of
cargo to LEO
Launch of
small scientific
packages of 50
Kg in 220 km
Leo Orbit.
Sub-orbital.
Space plane.
Up to 8 people
Orbital.
Cargo and in
time Crew to
LEO.
Eventually
space plane to
carry
passengers.
Sub-orbital.
Space Tourism
and
nanosatellite
launch. Xerus
can also launch
10kg kg
microsatellite
to LEO orbit.

Launches via a
cargo jet and LOXKerosene
Liquid fueled
rocket.
(Licensed by FAAAST)

To be decided.

Jet plus
Propane/N02

To be decided.

Phase Stablized
Ammonium Nitrate
solid fuel rocket.
900 kg to LEO.

To be decided.

Isopropyl
alcohol/LOX
Sphinx is
FAA/AST licensed.

White Sands, New
Mexico
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European spaceport
to be decided

Spaceport America,
New Mexico

Figure 15 A
Supplemental List of Additional Space Plane Initiatives Thought Now To Be Defunct
A. Acceleration Engineering This company proposed to develop the Lucky Seven single-stage
manned sub-orbital vehicle. (Defunct former X-Prize candidate).
B. Aero Astro LLC. designed the PA-X low-cost expendable launch vehicle. (Defunct former XPrize candidate).
C. Applied Astronautics. – This company proposed to develop a low cost reusable sub-orbital
launch vehicle—the Hyperion.
D. Beal Aerospace Technologies. Inc.--Initiated development of the BA-2 low-cost heavy-lift
expendable launch vehicle.
E. Canyon Space Team - Proposed to develop the XPV sub-orbital reusable space vehicle for space
tourism flights.
F. Discraft Corp. This company proposed to develop a 'blastwave-pulsejet-powered' space vehicle. (
Defunct former X-Prize candidate).
G. E-Prime Aerospace Corp. This initiative planned to turn a MX Peacekeeper ICBM into the socalled Eagle launch vehicle.
H. Fundamental Technology Systems. They proposed to develop the Aurora reusable manned
space plane. (Defunct former X-Prize candidate)
.
I. Kitty Hawk Technologies. (formerly Cerulean Freight Forwarding Co). designed the Kitten
reusable manned suborbital space plane concept. (Defunct former X-Prize candidate).
J. Lone Star Space Access Corp. (formerly Dynamica Research designed the Cosmos Mariner suborbital space plane concept. (Defunct former X-Prize candidate).
K. Micro-Space Inc.. This company proposed to develop the Crusader X manned sub-orbital
spacesled. (Defunct former X-Prize candidate).
L. Microcosm Inc. This company actively sought to develop the Scorpius family of low-cost
expendable launch vehicles.
M. Panaero Inc.. (formely Third Millenium Aerospace Inc..) This group proposed to turn a Sabre 40
jet into the SabreRocket, a rocket-powered manned reusable suborbital space plane. (Defunct former
X-Prize candidate).
N. Pioneer Rocketplane This company designed the Pathfinder refuellable manned space plane.
(Defunct former X-Prize candidate).
O. Platforms International Corp. This company sough to design the SpaceRay space plane for suborbital space tourism flights.
P. Pogo. This company sought to design a reusable first stage for Spacelift using Aircraft Jet Engines
and Vertical Take-off and Landing technology– designed by Glenn Olson.
Q. Rocket Development Company. This group designed the Intrepid expendable launch vehicle for
Universal Space Lines.
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R. Rotary Rocket This company proposed to develop the Roton single-stage-to-orbit manned
reusable launch vehicle that lands under a rotor. This project eventually collapsed in 2000. (Defunct
former X-Prize candidate).
S. Sky Ramp Technology. This now defunct company had sought to develop a sub-orbital space
plane.
T. Space America Inc. This company sought to develop the Enterprise 4 low-cost heavy-lift
expendable launch vehicle with a capsule landing.
U. Space Access. This unit plannned to develop the SA-2 ramjet powered space plane for the suborbital space tourism business.
V. The Spacefleet Project. This company sought to develop not only the SF-01 sub-orbital tourist
vehicle, but also the SF-01B orbital vehicle to reach low earth orbit.
W. Starcraft Booster Inc. (This company was chaired by moonwalker Buzz Aldrin) It proposed to
develop a reusable winged booster staged rocket system.
X. Thrugate Aerospace. This company sought to develop a sub-orbital space plane.
Y. Truax Engineering Inc. This group sought to design the Excalibur family of amphibious reusable
launch vehicles
Z. Universal Space Lines LLC. This group planned to develop the Spaceclipper sub-orbital space
plane.
(Sources include: http://rocketdungeon.blogspot.com/
http://home.comcast.net/~rstaff/blog_files/space_projects.htm
http://www.spacefuture.com/vehicles/designs.shtml
http://www.hobbyspace.com/Links/RLV/RLVTable.html)

It is not necessary to examine each and
everyone one of these various vehicles and
corporate projects to assess the safety
issues and regulatory concerns that apply
to the emerging space tourism business.
For the purposes of this report, we have
chosen the projects that today seem to be
the most advanced in their planning and
implementation. Plus we have in some
instances included analysis of several
cases that represent completely different
approaches to the space tourism business
and innovative and unusual concepts as to
how to design vehicles that could provide
low cost access to space. This analysis has
included evaluation and assessment of
these various technical programs and their
projected business plans.
The various projects discussed
below, therefore, begins with those that

seem to be most advanced—in terms of
their actual implementation--and appear to
be taken very seriously by regulatory and
licensing agencies or commercial backers
as to their approach to the design, design
validation, testing, prototyping and
operational deployment of new vehicles to
serve the space tourism market. This
analysis continues by considering some
projects that are of interest because of the
particular
design,
technology
or
operational plan that their project is
undertaking. In short, not each and every
one of the currently operating space
tourism or space plane design or reusable
launch vehicle companies is covered. We
feel that the range of technical approaches
being considered is complete as well as
the projects that seem most likely to
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actually become operational within the
next three to seven years.


6.3 Space Adventures
Space Adventures, Inc. has been
at the forefront of proving that there actual
is a “space tourism” business since its
formation in the 1990s. This organization
has pioneered the concept that people
wishing to go into space and experience
true weightlessness and see the Earth from
orbit can do so—that is, if they have the
resources to pay for the opportunity. The
cash-strapped Federated Russian Space
Agency, through the Space Adventures’
brokeraging process, has now sent a
number of civilians into space. The first
Space Adventure arranged space tourist
was Dennis Tito in April 2001, followed
by Mark Shuttleworth in April 2002, and
most recently Ms. Anousheh Ansari of
Dubai, in 2006 who was the fourth such
private individual to do so. Ms. Ansari’s
family is also noted for funding the $10million X-Prize, forming the Predasa
company that invests in space related
activies, and most recently for investing in
the establishment of a Spaceport in the
United Arab Emirates. A number of
civilians are now booked via Space
Adventures to travel to the International
Space Station and the availability of the
Soyuz TMA craft will allow the travel of
two tourists on the same mission.37
Space Adventures pioneered not
only access to orbit by “space tourists” but
pursued a complex strategy through a
series of launch and training arrangements
with the Federal Russian Space Agency
and the Star City training facilities, while
also complying with requirements of FAA
Office of Space Transportation rules and
regulations.
Today the range of options
available to potential space tourists offered
by Space Adventures is remarkably wide.
These offerings can cost from a low of just
under $4,000 to tens of millions of dollars.
These options include:










weightlessness, as arranged by the
Zero Gravity Corporation
Travel to the dark sky attitudes
exceeding 25 kilometers in a MIG 25
(Foxbat) or L-39 (Albatross) jet after
suitable qualification training.
High Gravitation force training on
flights aboard the MIG-29 or L-39.
Travel to altitudes exceeding 100
kilometers starting in 2008 on a space
plane currently being designed and
tested by XCOR and Mysichyev
Design Bureau
Training in a buoyancy tank to
simulate low gravity conditions.
Travel to the International Space
Station on a Soyuz craft after
extensive training at Star City.
Travel to the International Space
Station and engage in a space walk,
again after training that is essentially
parallel to that of astronauts.38

Currently, Space Adventures is
also backing the development of their own
space plane capability. This would be a
two-stage sub-orbital flight system. It
would be lifted via a Russian MX -55 high
altitude airplane and then the Explorer
spaceship (based on an expanded version
of the Federated Russian Space AgencyC-21 design) would detach from its

(Courtesy of Space Adventures)
Figure 16: A mockup of the C-21 suborbital spaceship that is being uprated to
become the Explorer Space Vehicle.

A half day of training plus riding in a
jet aircraft on a parabolic arc to
experience a brief period of
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sub-orbital craft from an altitude of about
16.7 miles (27 kilometers). The entire
flight, from take-off up to a maximum
altitude of 62 miles (100 kilometers)
through landing, was expected to last
about 6.5 hours. One can, at least, project
that these times of flight, trajectory and
altitude figures will be reasonably similar
for the Explorer.

aircraft carrier, make a sub-orbital flight
and then return to the host spaceport. This
development, which is now well along,
may in fact, become the first operational
sub-orbital space tourism business.
During 2006, Space Adventures
concluded two critical contracts that
broadened their ability to launch tourists
into space. One agreement was with
Prodea, a Texas-based firm that is backed
by the Ansari family. This agreement will
lead to the creation of a Dubai Spaceport
(or more precisely at the airport in Ras Al
Khaimah in the Northernmost United Arab
Emirate) and well as a similar facility in
Singapore. The second contract is with
the Federal Space Agency of Russia to
upgrade the C-21 spaceship design, as
developed by the Myasishchev Design
Bureau, to create the so-called “Explorer”
space plane to fly space tourists some 100
kilometers into space. (Figure 16) This
vehicle would be flown to a high altitude
by an MX-55 plane—also of Russian
design and manufacture. It would be able
to lift 5 passengers plus crew to suborbital space where they would experience
five minutes of weightlessness. They
would thus fly into so-called “dark sky”
and witness the full curvature of the Earth
from this altitude.
The announced business plan of
Space Adventures is to sell “Explorers”
and their lift vehicle to operators who
would provide sub-orbital flights from
what would be the equivalent of
“franchised” spaceports around the globe.
While Space Adventures has not yet
released specific details about its Explorer
vehicles, aside from their intended
occupancy and maximum altitude, there
are several aspects that would appear to be
clear from known facts. One can conclude
from the fact that Space Adventures, in
partnership with the Russian Federated
Space Agency, will launch the Explorer
from the same M-55X parent craft that the
Explorer will be similar to Cosmopolis in
mass and dimensions, though the addition
of two seats aboard Explorer suggests a
larger cabin.
In the case of Cosmopolis 21
flights, the 55,115-pound (25,000kilogram) M-55X aircraft was slated to
launch the 4,409-pound (2,000-kilogram)

At least two passengers are
apparently already set to ride aboard a
Space Adventures sub-orbital flight
and perhaps by the end of 2007.
According to China Daily, Chinese
businessman Jian Fang reportedly paid
Space Adventures $100,000 for a 90minute sub-orbital space flight. Space
Adventures itself has announced that
Brian Emmett of Mountain View,
California had won a seat aboard a
future sub-orbital vehicle. Both flights
are reportedly set for 2007 or 2008.
Space Adventures officials said they
have received about 200 reservations
for future sub-orbital flights from
individuals representing 18 different
countries.39 and 40
6.4 Scaled Composites, the SpaceShip
Corporation and Virgin Galactic
Burt Rutan has achieved almost
legendary status as the designer of new
types of aircraft. Quite simply he has done
things that have never been accomplished
in the past. He designed the Voyager
aircraft whose long and elegant wings
were also high capacity fuel systems. This
aircraft managed to fly around the world
non-stop without refueling. He has
designed all sorts of Unmanned
Autonomous Vehicles (UAVs), military
aircraft capable of flying long duration
missions, from his Scaled Composites
facility in Mojave Desert.
Of the dozen and a half entries
into the Ansari X-Prize contest, Burt
Rutan’s Scaled Composites, with capital
backing from Microsoft billionaire Paul
Allen, was considered by many to be the
odds-on-favorite to achieve what seemed
like an impossible task of flying crew and
passengers above 100km and repeating the
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space. Sir Richard Branson is so very
confident in this venture that he has
indicated that he and his family will fly on
the first flight in 2008. At this time the
design of SpaceShipTwo is complete and
the prototype is being built. Ironically one
of the largest problems at this time is that
US ITAR trade control regulations are
slowing the transfer of technology to the
UK-based firm that Sir Richard Branson
controls. To

flight within 8 days. By his innovative
design that involved a two-tiered approach
to space he was able to create a re-entry
with relatively slow descent that did not
involve high temperature gradients. Thus
Rutan designed both the White Knight liftvehicle and SpaceShipOne vehicle that
used a much safer hybrid fuel that
performed brilliantly to claim the X-Prize.
The winning tandem system is shown
below. (See Figure 17).

(Courtesy of http://www.hobbyspace.com/)
Figure 17: The White Knight With The SpaceShipOne Vehicle Mounted On Top
make this business viable the cost for such
flights is pegged at around $200,000 per
seat (without drinks and meals!).
Despite the success that Burt
Rutan and his design team have achieved
it is still a long way to go from the
experimental craft to a reliable on-going
“space tourism” business. Nevetheless,
Rutan now estimates that he will
eventually build 40 SpaceShipTwo craft.

Although this experimental suborbital space flight system performed well
enough to claim the prize, it was certainly
not a problem-free program and the
stability of the SpaceShipOne Vehicle was
sufficient to delay several of the test
flights. The greatest challenge of all is to
convert the experimental test vehicle into a
craft that is reliable enough to fly “space
tourists” into space on a routine and
chartered basis.
In order to move to this next
plateau, a new corporation, known as the
SpaceShip Corporation has been formed
with the charter to design and build
“SpaceShipTwo”. This corporation is
backed by Sir Richard Branson, CEO of
Virgin Atlantic and the founder of Virgin
Galactic. It is intended that his fleet of
SpaceShipTwo vehicles will fly “space
tourists” on sub-orbital flights to an
altitude of over 100 kilometers so they can
experience weightlessness, dark sky and
see the Earth as a large blue marble in

6.5 Rocketplane-Kistler
The recent merger of Rocketplane
and Kistler to form Rocketplane-Kistler
(RpK) unites two key developers of space
plane systems.
The selection of
Rocketplane-Kistler by NASA to be one
of the two operators of the next-generation
orbital and sub-orbital space transportation
vehicles, after being down selected from
23
would-be
Commercial
Orbital
Transportation Service (COTS) providers,
would appear to position them very
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strategically in this now highly
competitive field. A large number of
potential entrants into this field have
emerged in a short period of time but
clearly only a few will ultimately survive.
RpK was formed when Kistler
Aerospace Corporation and Rocketplane
Limited, Inc. were brought under common
ownership in 2005. RpK is now marketing
the services of both the fully reusable, two
stage Kistler K-1 orbital launch vehicle as
well as the fully reusable, sub-orbital
Rocketplane XP Space plane. These
vehicles are currently both slated to be
fully operational in 2008.41
Under the terms of a $207-million
NASA award, RpK is required to
demonstrate its capability to provide
astronaut access to the International Space
Station (ISS) with a demonstration launch
in late 2008 or early 2009. The
Commercial
Orbital
Transportation
Services (COTS) contract with NASA
requires two “manned” flights of cargo to
the ISS, with the first launch of RpK’s K-1
launch vehicle in late 2008. If these
flights should prove unsuccessful then
RpK will only receive a part of the
contract award money.
The COTS demonstration flights
will be conducted under a Space Act
Agreement whereby Rocketplane-Kistler
will raise private funds to supplement
NASA funding. RpK is already well along
in first round financing, and will proceed
with further financing rounds as the
program progresses. The demonstration
program will be followed by a competition
to provide operational services to the ISS
between RpK and Space X, the other
finalist. RpK President Randy Brinkley,
who formerly served as NASA manager
for the ISS Program, said at the time of the
NASA contract award: “With Space
Shuttle retirement, the commercialization
of ISS servicing is a logical step to
maintaining the Space Station and
achieving NASA’s broader goals. We are
committed to providing end-to-end
services for NASA and the ISS.”
RpK, however, does not intend to
develop the COTS capability for NASA
alone. In fact, RpK leads a team that
includes Orbital Sciences, ORBITEC,
Lockheed Martin, Aerojet, Alenia Spazio,

Oceaneering, Draper, Irvin Aerospace,
Northrop Grumman, and other world class
aerospace firms. RpK will establish a
Houston office to support its COTS effort.
Rocketplane-Kistler
does,
however, intend to continue its
development of its K-1 launch system that
has been in development for some years.
This K-1 launcher is intended to provide
low cost space access for satellites and
research payloads. When the K-1 vehicle
is coupled with the company’s sub-orbital
XP Space plane, RpK intends to be
positioned to provide a wide diversity of
sub-orbital and orbital space transportation
services. The K-1’s hardware is 75%
complete, and is scheduled for first flight
in 2008. The XP Space plane is 50%
complete, and scheduled for first flight in
late 2008. (RpK Wins $207 Million
Award to Demonstrate Space Station
Servicing.42
6.6 Space Exploration
Corporation – SpaceX

Technology

The other major winner of the
NASA COTS competition for commercial
transport services to the ISS in the post2010 time frame is the Space Exploration
Technology Corporation –or Space X..
This company is backed by the billionaire
Elon Musk, who made his fortune as the
founder of PayPal. His company, with
facilities in California and Texas, was
created to develop low cost and reliable
access to space. His initial backing and
early launch commitments came from the
US Air Force, which saw his Falcon-class
launch vehicles as a means of launching
what the US Department of Defense has
labeled as the Operational Responsive
Space (ORS) market. Although their
rocket motors have performed well on
static ground tests, the initial Falcon
vehicles have yet to be proven on actual
launches. The first launch attempt in 2006
was a failure, but launch reviews have
diagnosed the problem and a second
launch is immanent.
6.7 SpaceDev-Dreamchaser

The Poway, California, based
SpaceDev Corporation (on the over-the-
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counter trading market as SPDV) is now
designing a re-useable, piloted, sub-orbital
space ship known as Dreamchaser. This
vehicle is envisioned as a launch system
that could, in time, be scaled up to safely
and economically transport passengers to
and from low earth orbit. This upgraded
vehicle could, in theory, be used to resupply the International Space Station,
even though it was not chosen by NASA
for the COTS development program. The
full and formal name of the vehicle is the
“SpaceDev Dream Chaser™.”
SpaceDev signed a Space Act
Memorandum of Understanding (MOU)
with the NASA Ames Research Center in
2005 with regard to this development
project. This non-binding MOU confirms
the intention of the two parties to explore
novel, hybrid propulsion-based hypersonic
test beds for routine human space access
to low earth orbit. It allows both NASA
Ames and Space Dev to investigate, either
independently or on a cooperative basis,
the potential of using SpaceDev’s hybrid
propulsion, as well as other technologies,
to design and develop new piloted small
launch vehicles to achieve near-term, lowcost routine space access for NASA and
the United States. One of these possible
projects for mutual collaboration is the
SpaceDev Dream Chaser™ project.43
The rocket motors used in the
SpaceShipOne vehicle employed Space
Dev’s patented hybrid propulsion system,
with Nitrous Oxide (i.e. laughing gas) as
the oxidizer and Neoprene rubber as the
propulsive fuel. Traditional rocket motors
use two liquids, or a solid propellant that
combines the fuel and oxidizer, but both
types of rocket motors are highly
explosive and therefore also highly
dangerous. Further, all solid motors
produce large quantities of toxic exhaust.
SpaceDev’s proprietary hybrid rocket
motors are non-toxic and do not detonate
like solid or liquid rocket motors. This
unique propulsion system not only
produces a high performance thrust, but is
unique in that the nitrous oxide can be
“turned off” to shut down the engine in the
event of an emergency requiring the
engine to immediately stop performing.
Unlike the design used in
SpaceShipOne, for which SpaceDev

provided critical proprietary hybrid rocket
motor propulsion technologies, the
SpaceDev Dream Chaser™ would take-off
vertically, like most launch vehicles, and
then glide back for a normal horizontal
runway landing.
Jim Benson, the Chairman and
Founder of Space Dev, has stepped down
as the head of this organization to head a
marketing company that will market the
Dreamchaser, rather than design and build
it. He has been an outspoken critic of
NASA’s efforts to design and build a
space plane (i.e. the X-33 and follow-on
projects.). Mr. Benson was quoted as
saying shortly before leaving Space Dev:
“I have been waiting for almost fifty years
for commercial space flight… I have
concluded that SpaceDev, through its
unbroken string of successful space
technology developments, now has the
technical capability and know-how, along
with our partners…… to quickly develop a
safe and affordable human space flight
program, beginning with sub-orbital
flights in the near future, and building up
to
reliable
orbital
public
space
transportation hopefully by the end of this
decade.”44
The sub-orbital SpaceDev Dream
Chaser™ is derived from an existing XPlane concept, used in the SpaceShipOne,
and will have an altitude goal of
approximately 160 km (about 100 miles).
It will be powered by a single, high
performance hybrid rocket motor, under
parallel development by SpaceDev for the
SpaceDev Streaker™, a family of small,
expendable launch vehicles, designed to
affordably deliver small satellites to low
earth orbit. The SpaceDev Dream
Chaser™ will use motor technology being
developed for the SpaceDev Streaker™
booster stage, the most powerful motor in
the Streaker family. The SpaceDev Dream
motor
will
produce
Chaser™
approximately 100,000 pounds of thrust,
about six times the thrust of the
SpaceShipOne motor, but less than onehalf the thrust of the 250,000 pounds of
thrust produced by hybrid rocket motors
developed several years ago by the
American Rocket Company (AMROC).
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These have included Aera Space Tours,
Altairis Rocket Company and Sprague
Space Corporation. Aera has completed
arrangements for launching its vehicle
from Cape Canaveral, including flight
logistics support. The Altairis rocket
system is currently under development and
reservations are being taken for sub-orbital
flights. Seats on the first launch are being
reserved against an initial fare of
$250,000. The number of reservations
made for Aera launches is not currently
available.

Space Dev currently creates and
sells a range of innovative space products,
services and solutions to government and
commercial
enterprises.
SpaceDev’s
innovations
include
the
design,
manufacture, marketing and operation of
micro- and nano- satellites, hybrid rocketbased orbital maneuvering and orbital
transfer vehicles as well as sub-orbital and
orbital hybrid rocket-based propulsion
systems for human space flight.
Upon founding SpaceDev in 1997,
Jim Benson could be said to have started a
noteworthy trend of successful computer
and Internet dot.com entrepreneurs
moving into the space development arena.
Today Elon Musk, Paul Allen, John
Carmack and Jeff Bezos are probably the
most prominent computer and dot com
titans turned aerospace and space plane
pioneers. Subsequently, others that have
entered the private space and “space
tourism” field from other lines of
endeavor. These now include billionnaires
Sir Richard Branson (aviation) and Robert
Bigelow (hotel industry).

(Courtesy of AERA Space Tours)
Fig. 19: AERA & the Altairis Launch System

6.9 Kelly Space & Transportation
Company46

One of the more innovative
concepts to achieving a low cost access to
space is that being pursued by Kelly Space
& Technology Company. This privatelyheld company, that operates from the San
Bernadino International Airport in
California, is developing a wide array of
launch vehicles for both unmanned and
manned missions to space. KST has
developed and patented a so-called “tow
launch” technology. The current launch
system employs a modified 747 airliner to
tow the KST Eclipse Astroliner to 20,000
feet (about 6 kilometers) before
separation. The Astroliner then accelerates
to speeds of up to 6,000 miles per hour

(Graphics from SpaceDev )
Figure 18: Artist’s Representation of Vertical
TakeOff and Horizontal Landing Dreamchaser
6.8 Aera Space Tours – Altairis45

The various companies headed
by entrepreneur William Sprague have had
a number of different names over time.
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and reaches an altitude of 112 kilometers
(400,000 ft) where it releases the second
stage rocket and satellite payload that is
then injected into low earth orbit. This
KST launch system is designed to both
reduce launch risk and cost per kilogram
of payload. KST is developing a wide
range of spacecraft and launch systems to
meet any number of needs including
satellite launch systems, International
Space Station (ISS) re-supply, and crew
and cargo transport vehicles.

requirements include the delivery of small
payloads to low-earth orbit in support of

DOD missions—such as the deployment
of a dedicated communications satellite to
meet
specific
urgent
battlefield
requirements in an area lacking telecoms
capacity. ORS requirements could also
include NASA scientific missions, and
commercial and university satellite
programs.

(Courtesy of Kelly Space Inc. www.kellyspace.com)
Figure 20: Reusable KST Astroliner --Towed to 6 Kilometers Altitude Before Release
6.10 Alliant ATK Pathfinder

Alliant’s Vice President of
Strategy and Business of the ATK Launch
Services group formally announced in
October, 2006 that: "….the completion of
our pathfinder operation builds on last
year's successful sounding rocket flight
test and brings us one step closer to
realizing our goal of developing an
affordable launch vehicle that supports
numerous
military,
scientific
and
commercial missions. By incorporating
off-the-shelf components and technologies
into the program and minimizing ground
support requirements, we believe ATK can
offer our customers a reliable and low lifecycle
cost
launch
vehicle."
During its inaugural flight, the
ALV will carry a hypersonic boundary
layer transition experiment (Hy-BoLT)

Alliant Techsystems (New York
Stock Exchange identity ATK) recently
announced the successful completion of
the on-pad assembly of its pathfinderALV vehicle. This involved the mating of
the pathfinder with the ATK-designed
launch vehicle, the ALV. This significant
milestone apparently keeps the company
on schedule to fly its first mission during
2007. This launch vehicle is designated
the ALV X-1.
This ALV X-1 flight is part of
ATK's plan to develop a low-cost launch
vehicle for the operational responsive
space (ORS) market for the US
Department of Defense and other
customers. Possible ORS program
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payload
sponsored
by
NASA's
Hypersonics
Project
within
the
Fundamental Aeronautics Program. A
secondary payload, consisting of a suborbital aerodynamic re-entry experiment
(SOAREX), is also being developed by
NASA Ames. The inaugural flight of the
ALV during 2007 will be launched from
the Mid-Atlantic Regional Spaceport,
located at NASA's Wallops Island Flight
Facility.47
The plans are for this project to be
upgraded to support crew and passengers
as the reliability of this system is proven
over
time.
Unlike
many
other
organizations that are trying to develop
space vehicles for the space tourism
business, Alliant has a different model.
This is to upgrade existing proven rocket
engines with a good deal of previous
successful launch experience for the aforementioned ORS market (with the US
DOD, NASA, Universities et al as
customers) and then transition to the
“space tourism” market as opportunity and
experience so allows. The current ATK
differs from many other start-up
companies seeking to enter the space
tourism market in that it is a $3.4-billion
advanced weapon and space systems
company. It is perhaps most noted for its
Thiokol Division that developed the solid
motor rockets for the Space Shuttle. ATK,
after its latest mergers and acquisitions,
now employs approximately 15,000
people in 22 states within the US.

Thus, ATK’s business plan as well
as its capabilities are quite different from
most other organizations discussed in this
report. It is not clear whether the ALV (X1) system, if upgraded for crew and space
tourism missions would continue to
operate from the Mid Atlantic Space Port.
A graphic showing the ALV (X-1) is
provided in Figure 21. 48
6.11 XCOR (Xerus)

XCOR Aerospace has received a
Reusable Launch Vehicle mission license
from the FAA's Office of Commercial
Space Transportation (AST). The license,
which is the first for a reusable launch
vehicle (RLV) that is launched and
recovered from the ground, will be used to
test RLV technologies prior to sub-orbital
passenger travel. The launch license is for
a technology test vehicle; the license does
not yet cover passenger operations though
it does allow for revenue payload flights
after initial tests are completed. Testing is
being carried out at the Mojave Airport in
Mojave, California.
This spaceport, as now licensed by
the FAA, has become the first inland
launch facility authorized for commercial
launches.
According
to
XCOR
Government Liaison Randall Clague:
“This license covers the full flight test
program conducted in a designated test
area. A significant feature of the license is
that it allows the pilot to do an incremental
series of flight tests—without preplanning
each trajectory.”
Thus XCOR’s announced objective is to
conduct test flights with the flexibility of
development normally associated with
experimental aircraft.
XCOR Aerospace has been in the
business of developing and producing
safe, reliable and reusable rocket engines
and rocket powered vehicles and now is
embarked on developing a viable space
plane for sub-orbital flights to support a
space tourism business. In addition,
XCOR Aerospace is working in

(Courtesy of Alliant)
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partnership with ATK/Alliant to develop a
low-cost LOX/methane rocket propulsion
for NASA. This engine is planned as the
initial workhorse version of a 7,500 lbf
LOX/methane engine for NASA’s Crew
Exploration Vehicle (CEV). ATK will use
the workhorse engine as a basis for
development of the final flight-weight
hardware. These engines are being
designed to return the CEV from Lunar
orbit to the Earth, and to perform in-space
manoeuvring.
XCOR’s president, Jeff Greason
on learning of the award said: “We are
very excited about the opportunity to
contribute to NASA’s exploration program
in such a significant way. We are proud
that NASA selected our team over many
more traditional rocket engine suppliers.”
Since its inception in 1999, XCOR
has designed, built, and tested several
different rocket engines, including a 50 lbf
LOX/methane engine as well as an 1,800
lbf LOX/hydrocarbon engine Under
DARPA sponsorship, XCOR also
designed
a
10,000
pound
foot
LOX/methane engine which will form the
basis for the design of the NASA Crew
Exploration Vehicle (CEV) Liquid
Oxygen/Methane fueled engine.

JP Aerospace represents a
strikingly different and novel approach to
the designing of lighter than air systems to
access Low Earth Orbit. This approach is
quite different from the rocket-based
approach to accessing space and thus a
discussion of the Ascender system and the
Dark Sky Station has been included in this
report. The JP Aerospace project is
headquartered at 2530 Mercantile Dr.
Suite I, Rancho Cordova, CA 95742
Telephone:
916-858-0185
www.jpaerospace.com but its test site
location has been the West Texas
Spaceport.
The concept of the JP Aerospace
enterprise (or JPA) is as simple as using
“the Earth’s atmosphere as a ladder to
space.” This work was inspired by the
early work of the scientist James Van
Allen, who was one of the pioneers in
balloon-launched rockets. In the process of
their work, the JP Aerospace engineers
have indicated that they might also reduce
costs and increase safety in access to Low
Earth Orbit. The advocates of this quite
logical approach start with the common
sense observation that Balloons have
carried people and machines to the edge of
space for over seventy years and that with
some creative engineering, balloons and
highly efficient ion engines can
accomplish the task with greater cost
efficiency, less pollution and greater safety
than approaches dependent on rockets
using chemical propulsion systems.
JP Aerospace is currently developing new
technology to fly a balloon, or more
accurately an airship, to extremely high
altitudes and then use ion engines to reach
low earth orbit.
Flying an airship directly from the
ground to orbit is not practical for a
number of technical and aerodynamic
reasons. An airship large enough to reach
orbit would not survive the winds near the
surface of the Earth. Conversely, an
airship that could fly from the ground to
upper atmosphere would not be light
enough to reach space. Thus, the need to
reach low earth orbit with a viable lighterthan-air craft that is structurally sound and
of proven reliability and safety involves an
innovative and unique architecture.

(Courtesy of XCOR)
Figure 22: Test of an XCOR LOX/Methane
6.12 JP Aerospace - The “Other Space
Program”
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JP Aerospace has accordingly
come up with a three-part system design to
use lighter-than-air vehicles to reach
space. The first part of this configuration
is an atmospheric airship capable of
traveling from the surface of the Earth to
an altitude of 42 kilometers. (This is
equivalent to 140,000 feet or 26 miles).
The vehicle is designed to be operated by
a crew of three and can be configured for
cargo or passengers. This airship is a
hybrid vehicle using a combination of
buoyancy and aerodynamic lift to fly and
be reasonably maneuverable. It is driven
by propellers designed to operate in a near
vacuum.
The second part of the architecture
is a sub-orbital space station in “protospace” or “sub space”. This is designed to
be a permanent, crewed facility parked at
42 kilometers (or 140,000 feet.). This
facility is called by JP Aerospace, a Dark
Sky Station (DSS) and is designed to act
as “the way station” to space. The DSS is
envisioned to be the destination of the
atmospheric airship, the departure port for
the orbital airship and also can serve as a
protospace habitat for tourists and research
station. Initially, the DSS will be the
construction facility for the so-called large
orbital vehicle. (Note: an area of
significant concern would be the health of
the on-board crew for the DSS and the
problems with a several person crew
staying on such a facility for long
durations. Safety concerns run from those
of nourishment, exercise and hygiene to
radiation exposure and the dangers of
trying to live above the earth’s protective
atmosphere. It would seem unwise for
humans to stay above the Earth’s ozone
shielding for more than three to four
weeks at a time just in terms of the
dangers from cosmic radiation.)
The third part of the proposed
architecture is an airship/dynamic vehicle
that flies directly to orbit. In order to
utilize the few molecules per cubic meter
of gas at extreme altitudes, this craft of
necessity must entail a large volume. The
initial test vehicle design is 1.82
kilometers (or 6,000 feet long.) The
reduced force and speeds of the wind at
these super altitudes allow a craft of much
greater fragility than the Ascender

designed for lower altitudes. This very
large and high volume airship uses its
great buoyancy to climb to 60.6 kilometers
(200,000 feet). As the airship climbs
above 60 kilometers it uses electric ion
propulsion to slowly accelerate. As it
accelerates, it dynamically climbs and
over several days it reaches orbital
velocity. This approach appears to offer a
number of advantages.
 All three parts of the ascension system
are either long term or reusable in
nature (with the possibility of several
missions before servicing).
 The system is scaleable to handle
larger scale payloads.
 Large structures can be placed already
assembled in orbit using this type of
ascent system
 The ascension system provides a safe
and reliable way to access space
 Low cost
access to space for
significant payloads.
 Avoids large thermal gradients for reentry
 There are no large fuel tanks or rocket
motors to explode
 Once in orbit, the airship truly
becomes
a
spacecraft.
With
solar/electric propulsion, this type of
vehicle could in theory proceed to
multiple locations in the solar system
such as the Moon or Mars.
Status of the Project

The Ascender and Dark Sky
Station project is now over two decades in
development. There have been over eighty
real hardware test flights and countless
development tests. One of the remarkable
aspects of this project is that it is
essentially
being built with existing
technology, although new polyimide
materials and the latest in ion engine, solar
cell and fuel cell technology could be
applied to advance the design and
performance further..
A prototype high altitude airship
has been built and is awaiting test flights.
Several Dark Sky Station platforms have
been built and flown. Every piece of
equipment for the system has been carried
to 30 kilometers (or 100,000 feet) and
tested in that extreme high altitude
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ascent or descent. The safety concerns
thus change their focus to micrometeorite
or orbiting fragments causing damage to
the large and essentially gossamer
Ascender airship or problems with the ion
engines.

environment. The first crewed DSS is
scheduled to fly in 2008. The ion engine
units for the orbital airship are being
readied for flight test at an altitude of 36
kilometers (or 120,000 feet).
Remarkably, this new way to
space has not required huge capital
expenditures to accomplish. Fortunately,
each component has its own business
application and funding source. Thus the
JP Aerospace development program
operates as a pay-as-you-go system.
Clients seeking an improved high-altitude
reconnaissance vehicle provided funding
for the atmospheric airship. The DSS
development, on the other hand, has been
supported by multiple customers in the
telecommunications
community.
JP
Aerospace estimates that it is seven years
from completion of the entire system. This
includes the development of a 3 kilometer
wide DSS way station and the entire
Ascenture system and orbital craft and its
ion engines.

6.13 Blue Origin

This company was created in 2000
by Jeff Bezos, the founder of
Amazon.com. (See Figure 24) The
headquarters are based in Kent,
Washington and the launch and test
facilities are now fully deployed in
Culbertson County, a remote part of North
Texas very near the New Mexico and
Texas border. The objective of Blue
Origin is to start offering sub-orbital space
tourism flights beginning in 2010, but the
slogan of the company suggests a more
ambitious goal, namely: "Creating an
enduring human presence in space"
The company is developing a
launch system designed to take off and
land vertically and had its first test flight
on November 13, 2006. Blue Origin
disclosed few details of this event. The
FAA Southwest regional office in
Oklahoma City confirmed that they had
issued a license for the launch and that the
launch event had been of short duration.
According to documents Blue
Origin submitted to the FAA during 2006,
the so-called “New Shepard” Reusable
Launch Vehicle would be cone-shaped,
and stand about 15.25 meters (or 50 feet
tall) and about 7 meters (or 22 feet wide)
at the base. The fuel system is anticipated
be kerosene and hydrogen peroxide. The
vehicle, for safety and escape purposes,
would consist of two stacked modules.
One would provide propulsion, and the
other would hold a flight crew.

(Courtesy of JP Aerospace)
Figure 23: A Photograph of a JPA
Ascender Balloon System in Flight.

The Ascender essentially climbs
vertically during most of its flight but still
takes some five days to reach orbit. It is
designed to carry both crew and
passengers to orbit. The use of low but
constant thrust ion engines does not
involve large thermal gradients either for

(Courtesy of Blue Origin)
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Figure 24: Jeff Bezos, Space Entrepreneur
and Sole Owner of Blue Origin, One of a
Number of Billionaire Entrepreneurs in the
Emerging Space Tourism Business

aircraft,
which
enhances
safety,
performance, and flexibility. Preliminary
design of the CXV and launch system was
conducted under t/Space's "Concept
Exploration and Refinement" contract with
NASA. t/Space, however, was not selected
as a finalist with these contracts going to
Space X and Rocketplane-Kistler.

49

Jeff Bezos, who has been active
with the computer and IT entrepreneurial
investment
communities,
plays
a
leadership role with regard to Flight
School 05 and the X-Prize Foundation
community that has spearheaded efforts to
create a viable space tourism business.
Bezos was quoted by Reuters as stating in
late 2006 that his company eventually
hopes to progress to providing passengers
with not only sub-orbital flights but actual
access to orbit. The apparent design of the
New Shepard spacecraft entails that
operations will be controlled completely
by on-board computers, without ground
control. Unmanned test flights, that began
in November 2006, are expected to
continue during 2007. Once passenger
flights begin, the company has indicated
that it expects to operate up to 52 launches
a year. Apparently the New Shepard
vehicle is being designed to carry three or
more people. The spacecraft in many
aspects appears to be closely modeled on
the McDonell Douglas DC-X derivative
DC-XA vehicle that was known as the
Delta Clipper. (See Figure 14 above).50
6.14 The Transformational
Corporation (t/Space)

(Courtesy of t/Space)
Figure 25: The CRX Capsule Designed for Ocean
Splash Down on Return to Earth

The t/Space’s web site notes that
the design philosophy behind the CXV is
driven by “Simplicity, Survivability, and
Affordability”. These principles have
guided both the design of the CXV and the
Earth-to-orbit launch system that is being
developed by Air Launch, in conjunction
with the Falcon launch vehicle system that
is planned as the second stage. This design
has been optimized for taking people into
orbit safely and at a price low enough to
enable development of a new market for
personal space flight for people who wish
to go beyond sub-orbital flights and
actually go into low earth orbit for
multiple orbits of the Earth. The cost of
this system as designed would be at least
three times less than the cost NASA is
currently paying to the Russian Federated
Space Agency for a Soyuz launch to the
ISS. The Earth-to-orbit system—and each
of its components—is optimized to ensure
the survivability of the crew, with
redundancy for safety-critical systems
with the following features:

Space

t/Space's Crew Transfer Vehicle
(CXV) was designed to carry crew to the
International Space Station or other low
Earth orbit destinations in response to the
NASA solicitation to aerospace companies
to develop a commercial capability for
shuttling crew to the ISS. The CXV is
currently being marketed as a way to offer
commercial access to low earth orbit, but
on the basis of a relatively high cost of
$20- million per flight. The CXV’s design
is based on the Discoverer and Corona
capsules that have demonstrated some 400
successful missions. Thus, the CXV
utilizes a proven re-entry design in order
to maximize safety and survivability of the
crew. The CXV is launched into space on
a booster released from a cargo carrier
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Air launching from an altitude of
25,000 to 30,000 ft. provides far safer

abort modes during the first few
critical seconds of flight. An on-pad
abort for a ground-launched vehicle is
difficult, because the escape system
must release tremendous energy to lift
the capsule high enough to enable
parachute deployment — and it must
be able to reliably travel only up, not
sideways or down. By comparison, an
abort-at-ignition for an air-launched
vehicle allows the capsule to depart in
any direction, using modest energy,
and the capsule is already high enough
for parachute deployment.
 The booster utilizes a simple design
for fewer failure modes, greatly
enhancing reliability of the system and
survivability of the crew. The engine
design has very few moving parts —
there are no turbo-pumps or
pressurization systems. Vaporization
pressure of the heated fuel and
oxidizer are used to feed the engines
using a technique known as
"VAPAK." (At this point, this
development by Air Launch remains
the most unrealized part of the overall
t/Space launch system.)
 The capsule shape provides safe reentry, even if all control systems have
failed, since it will automatically right
itself as it descends into the
atmosphere regardless of its initial
orientation .
 The
capsule's thermal protection
system, comprised of a double layer of
SIRCA tiles developed by NASA
Ames Research Center, shields the
vehicle and crew from the heat of
reentry.
 Water landing of the capsule uses
proven systems from the Apollo
program and allows the aero-shell to
be a completely continuous surface
without
any
apertures
or
compartmental seams as required by
landing gears, airbag doors, or
hatches. Since over 70 percent of the
Earth's surface is ocean, water landing
is important to enable safe abort under
all circumstances.
The t/Space Earth-to-orbit system
has been designed from the ground up to
reduce the cost of access to space for
NASA astronauts. Since the cost “per

astronaut” on the Russian Soyuz system is
$20-million, the CXV system would entail
a round trip cost to Low Earth Orbit and
Return of about $7-million. It is believed
by t/Space that this cost would be
sufficiently low to enable commercial
human space flight to low earth orbit:
 The
CXV capsule is reusable,
requiring minimal refurbishment
 Air launching eliminates the need for
a fixed ground launch complex
 The inherent simplicity of the booster
significantly lowers manufacturing
costs
 Rapid prototyping under a fixed-price
contract to NASA dramatically lowers
the cost of the resulting launch service
to NASA and the public.
 Air launching eliminates the need for
a fixed ground launch complex
 The inherent simplicity of the booster
significantly lowers manufacturing
costs
 Rapid prototyping under a fixed-price
contract to NASA dramatically lowers
the cost of the resulting launch service
to NASA and the public.
6.15 The
Personal
Federation

Spaceflight

The
initial
thrust
toward
developing a new space tourism industry
took place from within the private sector.
These initiatives came from a combination
of companies such as Space Adventures
and Scaled Composites who were daring
enough to pioneer in this realm. This
process accelerated with the X-Prize
initiative spearheaded by Dr. Peter
Diamandis. Dr. Diamandis, after helping
to organize the International Space
University and other space projects felt
that much more could be done in the
private sector than through NASA and
governmental space program. After
starting the X-Prize to stimulate the
development of space planes he and its
executive director, Gregory Maryniak,
have restructured it to promote other space
related competitions, to support rocket
raising, and most recently helped to
organize what is called the possible ihe
Personal Space flight Federation. This is a
privte space flight industry group,
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incorporated as an industry association for
the purposes of “establishing ever higher
levels of safety for the commercial human
space flight industry, sharing best
practices and expertise, and promoting the
growth of the industry worldwide.”51
Its membership represents a who’s
who of the current industry—at least from
the US—and it has been perhaps the main
source of comments to the FAA with
regard to the rule making covering the
operation of space planes and the
licensing of their use.
Current members:



















safety in the field. This group although it
indicates that safety is if first stated goal
has the same problem as the FAA in that it
is charged with advancing safety in the
space tourism field but also is clearly
dedicated to advanced the growth and
development of the industry at the same
time. This is a conflict that can only result
in diverging interests in time. Thus,
Congress when it revisits legislation in this
area needs to consider how such conflicts
can be eliminated or reduced with regard
to FAA responsibilities and in defining a
constructive role for the Federation in
developing recommendations for safety
practices and procedures. The Federation
will clearly help the industry find stability,
share best practices and assist new entrants
into the field to meet minimal standards
for
simulation, vehicle testing, and
operational procedures. A countervailing
group representing the space tourism
passenger is still needed.

Burt Rutan, President of Scaled
Composites
John Carmack, Founder and President
of Armadillo Aerospace
Elon Musk, CEO and CTO of Space X
and founder of PayPal
Robert Bigelow, President and CEO
of Bigelow Aerospace
Alex Tai, COO of Virgin Galactic
Stuart Witt, General Manager of
Mojave Spaceport
Jeff Greason, CEO of XCOR
Aerospace
Gary Hudson, Founder and Chairman
of AirLaunch LLC
Jim Benson, head of Benson Space
Corporation and former Chairman of
SpaceDev
David Gump, President of t/Space
George French, President and CEO of
Rocketplane Ltd. (RpK)
Eric Anderson, President and CEO of
Space Adventures
Peter Diamandis, Chairman and CEO
of the X-Prize Foundation
Rick Homans, Chairman of the New
Mexico's Spaceport America and New
Mexico Secretary of Economic
Development
Bill Khourie, Executive Director of
the Oklahoma Spaceport
Art Dula, CEO of Excalibur-Almaz

6.16 Other Projects

The number of private and
entrepreneurial
efforts
to
provide
commercial access to space was
enormously stimulated by the Ansari XPrize contest. Historically the aviation
industry has been greatly stimulated by
prizes as perhaps most spectacularly
documented in the case of Charles
Lindberg flying the Atlantic on a solo
basis. It should be noted that one of the
conditions of the X-Prize award was that
the winner of the contest had to
accomplish the feat “without any
governmental funding”. This actually led
to an investment of private capital
estimated to be in the range of $100million just to win the $10-million prize.
Paul Allen, the Microsoft multibillionnaire personally funded Burt Rutan
and Scaled Composites at a level of at
least $20-million.
As can be seen in Figure 15 earlier
there are now well over 40 companies that,
with varying degrees of seriousness and
varying degrees of public support, are
seeking to find cost-effective ways to
achieve either sub-orbital flight. Indeed
some are even seeking to develop the
ability to fly passengers to and from Low

This group will undoubtedly
continue to play a key role in the
advancement of a space tourism business
in the US as well as to play a key role in
the development and amendment of rules
and regulations by the FAA governing
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Earth Orbit and provide extended stays in
low earth orbit.
Only a very few of these US
ventures have clearly defined funding
from NASA or the US Department of
Defense. A few others have funding from
other governments and/or from the
European Space Agency. A few may also
have research support through Small
Business Initiative Research (SBIR) grants
to develop certain aspects of this
technology. Rather surprisingly the
overwhelming number of these space
plane or space tourism initiatives are
entirely entrepreneurial in nature and do
not have governmental backing.
The approaches that are being
taken are quite diverse and, in time, they
may prove to be anywhere from highly to
moderately successful to the other extreme
of complete failures. Space tourism is not
a “safe or secure” industry both in terms of
putting human life at risk as well as
squandering a great deal of financial
capital
The commercial space ventures in
Figure 15 and also the various US and
international space plane and spaceport
projects listed in the Appendices are of
interest in that they include the many
initiatives that have been abandoned,
especially since the Ansari X-Prize was
claimed by Paul Allen and the design team
from Scaled Composites in 2004. One of
the greatest challenges of regulating space
safety among the various entities seeking
to develop sub-orbital or orbital vehicles is
the volatility that exists among the various
enterprises that sometimes go into and out
of business in only a year or two.

earlier. On one hand, the FAA (Pursuant
to Executive Order 12465 and Title 49 of
the US Code) has been given the
regulatory mandate by Congress and the
President to oversee the safety of
commercial space flight, regulate its safety
and license the operation of private space
vehicles and spaceports. Yet at the same
time it has also been asked to “encourage,
facilitate, and promote commercial space
launches and re-entries.” As long as all of
these ventures and the vehicles are
successful and there is no loss of life, then
the apparent conflict of mission on the part
of the FAA will not be seen as a major
problem. Recent review of the FAA/AST
by the Government Accountability Office
(GAO), however, has indeed flagged this
issue of conflicting tasks and mission. In
short, it seems to be evident on a prima
facie basis that in any enterprise,
particularly in high risk ventures where
public and private safety concerns are
involved, that it is not a good or even
reasonable practice to ask the same entity
to serve as referee and cheerleader. This
seems particularly true of any enterprise
that involves high-risk projects that could
endanger the pilot and crew, passengers,
and ground-based facilities and residents
that are in proximate range of the space
vehicle’s operations.
There is a surprisingly large
variety of “space tourism related” projects
now underway. A brief summary of these
projects and their technical approach are
given below in Figure 26. Identifying the
safety and risk level associated with these
more than dozens of undertakings is quite
difficult—at least at this time.
The first order problem is that the
various approaches being taken cannot be
readily placed into catalogued categories
labeled safer or more dangerous
approaches. This is because the technical
approach by itself does not define the
degree of risk that is involved. Significant
elements such as system design and
integration, manufacture, performance and
qualification testing and operation of these
systems can vary widely in quality. One
might start with a conceptual design or
approach to developing a vehicle for space
tourism that might be considered to be
reasonably safe and might derive from

6.17 US Oversight of Space Tourism.

The problem is that should any of
these projects fail with the loss of life for
either pilots or passengers, this will cast a
deadly pall over all of the efforts. This is
why the regulatory approach that is taken
with regard to private or commercial space
flight is so critical. The FAA Office of
Space Transportation (FAA/AST) is
actually in a quite precarious position at
this time in that the US Congress has
formally given it two potentially
contradictory mandates, as discussed
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earlier work that has been carefully
designed
and
tested.
Yet
the
implementation, testing and actual
operations of the new “space tourism”
vehicle may well lead to major elements
of risk. Conversely, a conceptual design
might have major elements of risk, but
careful and painstaking development of
the project with exhaustive testing and
qualification, high production values and
high reliability and well-funded operations
could lead to a project with a high safety
rating. Further the project might be carried
out under the careful control and guidance
of a particular national regulatory agency
with many inspections and oversight of
tests. But in another instance, the
government in question might only
provide superficial inspection and
regulatory control. Further, there is the
issue of the launch site and the launch
operations from a fully licensed and safety

verified spaceport. Just as there are many
different projects now under way to
develop reusable launch vehicles (RLVs)
to support sub-orbital and even orbital
space tourism, there are also a growing
number of projects (i.e. most notably the
Blue Origin project backed by Jeff Bezos
in Texas) that has undertaken to develop
the vehicle and the spaceport as an
integrated and seamless project at one site.
Others such as Scaled Composites and
XCOR have a close knit relationship with
the operators of the Mojave Airport. In
many other cases, the relationship is based
on shorter term contracts and incentivebased relationships offered by state-based
tax reductions and other attempts to lure
space tourism to a newly established
spaceport site.

Figure 26
Design Approaches for US and International Private Commercial Space Systems
Concept for Access to Space by
Companies Using this Particular Approach
Commercial Organizations
Lighter than Air Ascender Vehicles and
JP Aerospace (Commercial venture with volunteer
Ion Engines with high altitude lift systems
support)
providing access to LEO.
Balloon Launched Rockets with capsule
Da Vinci Project, HARC, IL Aerospace
return to ocean by parachute
Vertical Takeoff and Vertical Landing
Armadillo Aerospace, Blue Origin, DTI Associates,
JAXA, Lockheed Martin/EADS, Masten Space,
Vertical Takeoff and Horizontal Landing
Aera Space Tours, Bristol Space Plane, C&Space, Air
(spaceport)
Boss, Aerospace Inc., Energia, Lorrey Aerospace,
Planetspace, Phoenix and Pre-X by EADS Space
Transportation SpaceDev, Space Transportation
Corp., Space Exploration Technologies (SpaceX),
Sub-Orbital Corp, Myasishchev Design Bureau,
t/Space, TGV Rocket, Vela Technologies, Wickman
Spacecraft & Propulsion,
Vertical Takeoff and Horizontal Landing
Advent Launch Site, Rocketplane/Kistler,
(from ocean site)
Horizontal Takeoff and Horizontal Landing Andrews, Scaled Composites, the Spaceship
Corporation, Virgin Galactic, XCOR, and Project
Enterprise by the TALIS Institute, DLR and the Swiss
Propulsion Laboratory
Tow Launch and Horizontal Landing
Kelly Space & Technology Inc.

Vertical Launch to LEO from Spaceport
number of spaceport projects in
the US and overseas. Only a few
Launch to Leo from Cargo Jet Drop

Alliant ATK, Inter Orbital Technologies,
Rocketplane/Kistler, SpaceHab, UP Aerospace,
Triton Systems
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the discussion of space plane and reusable
launch vehicle (RLV) initiatives currently
underway.

At this time the FAA licensing
and safety review process is undertaken on
a case-by-case basis. This is likely for
several clear-cut and well-supported
reasons. First, there is the great diversity
of approach indicated in the above chart.
A common approach to standards is
difficult with this many competing
approaches to lifting crew and passengers
into either sub-orbital flight or into Low
Earth Orbit. Further, since these are all
essentially new systems without extensive
records to provide the validity of the
approach, a test and qualification program
for each system is clearly appropriate. A
determination of what is the correct safety
margin and testing program that should be
applied can only be determined in time
after experience has been gained.
What is known is that the standard
approach to aviation safety does not easily
apply here. The qualification of new
aircraft requires thousands of hours of safe
flight before being fully licensed. Further,
the aviation standard of safety is defined
in terms of billions of hours flown.
This lengthy safe flight time
approach for civil aviation obviously
cannot be directly applied to launch
systems since the time of launch is
typically only a matter of a few minutes
and the re-entry process also is short in
comparison to airplane flight.

7.1 Russian Private Space Initiatives

Perhaps the single most important
initiative to develop new ways to access
space and develop new space plane or
RLV capabilities is in Russia. Here a wide
range of activities by Russian Aerospace
Companies, as well as by the Russian
Federated Space Agency (Roscosmos), are
now active.
7.1.1 Energia Space Missile Corporation
–Klipper Reusable Spaceship

The Energia Space Missile
Coporation intends to operate a so-called
reusable “Klipper” Space Ship to and from
the International Space Station by 2015.
These multi-entry manned spaceships will
be launched into space both from
Baikonur and the Russian Northern
cosmodrome – Plesetsk. This new
program was announced by experts of the
Energia Space Missile Corporation on
April 12, 2006 and is envisioned as the
answer for low earth orbit service missions
for the next twenty-five years. The
ambitious plan was formally announced
on the anniversary of the first-ever
manned space flight that occurred on April
12, 1961 with the flight of Yuri Gagarin
over 45 years ago.
The current plan of the Energia
Corporation is to operate the Kliper (i.e.
Clipper) space-launching system on a
regular basis. In time this new Kliper
reusable launch vehicle will replace the
Soyuz-1 program. In addition to flights to
the ISS the Kliper is also expected to
fulfill other tasks requiring access to earth
orbit, from low earth orbit to GEO orbit.
The Kliper project also intends to lower
considerably the cost of a manned space
flight and to offer transportation services
to domestic and foreign users on a
commercial basis.
The Kliper system is to be
integrated into the existing space
infrastructure that includes the Soyuz-2
and 3 and the Angara rocket system. The
modernization of Soyuz spaceships that

7.0 Other Initiatives to Develop Space
plane Capabilities

Section 6 highlighted the
major US initiatives to develop
commercial space planes and other craft to
support the new space tourism market. It
also sought to catalogue the many entities
that have active programs underway in
Figure 15. Although this is a rather
exhaustive listing, it does not complete the
picture. There are many initiatives around
the world that are either commercial
ventures, projects of national or regional
space agencies, and even military funded
projects that are developing either manned
(or even robotically-controlled) space
planes. Section 7 thus seeks to complete
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have been in service for decades is also
envisioned as a part of this program.
Progress supply ships will be continued
until the year 2010 and they will be
provided with modern, advanced digital
equipment. The launching complexes of
the modernized Soyuz -2 and -3 programs
will, in time, also support Kliper and the
prospective Angara rockets now under
development.52
The first phase will involved the
development of the Soyuz 2-3 program.
Two major Russian space enterprises have
agreed to develop the Soyuz 2-3 to launch
a new-generation manned spacecraft. The
press secretary of Samara-based TsKB
Progress, said the company would build
the launcher jointly with the Moscow
regional company RSC Energia. The first
stage of the project envisages being able to
launch up to an 11-ton spacecraft into 200km orbits, using the Soyuz 2-3 vehicles
under the Federal Space Program that
supports both commercial launches,
intergovernmental programs and Russian
Defense Ministry requirements.
According
to
Roscosmos
spokespeople, the rocket's capacity will be
upped to 13 tons to launch the “Kliper
space plane”, with a possible further
increase to over 16 tons after engine
modernization,
Soyuz 2-3 is being designed as a
crucial upgrade of Soyuz launchers to
support the Kliper project that would
support a six-person spacecraft to send
astronauts into orbit and return them to the
Earth on a recurrent basis.
Upgrades of the system might not
only support missions to Earth orbit but in
time, potentially, missionsto the Moon or
Mars. Separate cargo pods could also be
launched on a separate rocket. Both the
Kliper and cargo pods would then be
towed to the ISS. Just as the COTS
program is a boost to commercial
companies by NASA, the Kliper program
by Roscosmos should aid Russian
companies seeking to develop space plane
technology.
The current schedule calls for the
Kliper's first lift-off to occur in 2012, with
the first manned flight expected in 2013
and the program thus being capable of
being fully operational as of 2015.

(Courtesy of Roscosmos)
Figure 27: Concept of Kliper Reusable Vehicle

The 17 member state governments
of the European Space Agency (ESA)
agreed in mid-year 2006 to participate in a
2-year study project with Roscosmos to
explore the design of an “Advanced Crew
Transportation System (ACTS)” that
would be capable of missions to the
international space station (ISS) and the
Moon. The decision was made during a
meeting of ESA's ruling council at its
headquarters in Paris, France on June 21
and 22, 2006. Japan may also eventually
contribute to the program, but has not
signed a binding agreement or dedicated
resources to the project.
Although the Japanese are not
officially onboard yet, JAXA, the
Japanese space agency, previously
indicated that if Europe joined Russia in
the program, it would do likewise,
according to Daniel Sacotte, ESA director
of the Human Space flight, Microgravity,
and Exploration program. He said: "There
have been no final decisions on the matter,
but on the horizon, we think ultimately
there will be Europeans, Russians, and
Japanese working on this vehicle."53
At this stage the ESA Council has
now approved the ACTS program and
several countries, particularly France and
Germany have earmarked a substantial
investment in the program. Led by France
and Germany, the ESA governments
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agreed to invest some 15 million euros
(about $19-million) for the 2-year effort
with Russia to the final design elements
and sort out who does what. At this point,
it appears that the ACTS will evolve in a
two-step process with the Kliper being
designed to access the ISS and other earth
orbits and then the ACTS will be designed
with a capsule return from the Moon. The
objective is largely to evolve these
programs from existing vehicles to keep
development costs to a minimum.
ESA spokespeople have indicated
that having two vehicles that can access
the Moon and be rated for human
passengers is seen as key lifeline. This
seems quite evident in light of the
experience with the International Space
Station. This is say that if there had not
been the Soyuz alternative to the Space
Shuttle, the International Space Station
would have by this time de-orbited in an
uncontrolled manner. (A.J.S. Rayl, Europe
and Russia Join Forces to Study Advanced
Crew Transportation System, Planetary
News, June 28, 2006. 54and55

MDB is likewise developing the same
capability, namely the C-21 with the MX
55 high altitude launcher plane for the
Sub-Orbital Corporation.
MDB is also working in
partnership with Sub-Orbital Corporation
to develop essentially a similar capability
which will also use as its first stage the M55X Geophysika high altitude plane. The
second stage will be the C-21, a rocketpowered lifting body with parachute
landing.
7.2

Argentine Commercial Launch
Development Program

The so-called Gauchito “Little
Cowboy” project to develop a manned
sub-orbital flight vehicle was discontinued
in 2004. This project, that was undertaken
in response to the X-Prize contest, was
unsuccessfully tested at the one-third scale
model size. It was conceived by Pablo De
Leon and Associates of Buenos Aires,
Argentina.. The vehicle was designed to
use a hybrid rocket with a powered
vertical takeoff and parachute descent on
water landing. Pablo de León is the cofounder and president of the Argentine
Association for Space Technology
(AATE), and a graduate of the
International Space University.
The Gauchito was envisioned as a
clustered design made up of four hybrid
engines
producing
a
maximum
acceleration of 3.5 G. The engines would
burn until the vehicle reached an altitude
of 34 km, followed by a coast to 120 km.
After five minutes of weightlessness, the
pilot was to orient the thermal shield for
re-entry. The vehicle was designed to be
recovered via parachute landing in ocean
waters. De Leon and Associates flew a
subscale test capsule to 30 km and
conducted one-third scale rocket test
firings but a half scale rocket test firing
resulted in a failure. Testing of flight suits
and other critical systems were conducted
in May 2003 and a half-scale flight test of
the Gauchito vehicle was conducted in
June 2003. This program was discontinued
after the Ansari X-Prize was successfully
claimed in 2004.

7.1.2 Federal State Unitary Enterprise
Myasishschev Design Bureau

The Myasishchev Design Bureau
(MDB) —140185, Russian Federation,
Moscow region, Zhukovsky, Narkomvod
St., 1, —has a long history of aerospace
development for both advanced aircraft
and space vehicles. In particular, theMDB
is famous for its strategic bombers the 3M,
the M-4, and the M-50. It is also
responsible for the development of the
cabin for the Buran orbiter, for flight
testing during the development of VM-T
Atlant transport aircraft, for its high
altitude aircraft M-17 Stratosphera and for
the M55 Geophysica. The MDB has a
wide capability for experimental design,
flight testing, and production.
In the space tourism area, MDB is
currently involved with the upgrading of
the Cosmopolitan XXI into an operational
“Explorer Space Plane (C-21)” in
partnership with Space Adventures. This
will also operate with the MX-55 High
Altitude launcher plane to create a
horizontal take-off and vertical parachute
landing (HTVL) space plane system.
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research group), the Australian Rocket
Program (AusRoc), the Cooperative
Research Centre for Satellite Systems and
the Queensland University of Technology.
The AusRoc program that is sponsored by
ASRI and corporate and private donations
has developed the AusRoc 1, 2 and 2.5
sounding rocket programs with the
AusRock 2.5 projected to be launched in
late 2007. Efforts are also currently
underway to develop the AusRoc 3 and 4
programs. The AusRoc 4 is intended to
launch a small satellite of 35 kg into low
earth orbit. A program to develop a
hypersonic vehicle employing “scramjet”
program has been discontinued.
Virtually all of these launcher
development operations center around the
Australian launch facility in Woomera,
Australia.
It appears likely that a new
Australian enterprise will evolve out of
these activitiess, but at this time the most
significant efforts related to upgrading the
Woomera Launch Center come from US
initiatives. Both Rocketplane-Kistler and
DTI Associates have signed agreements to
use the Woomera launch facility. At this
stage, DTI Associates is only proposing to
use the Terrier-Orion vehicle to launch
cargo (up to 300 Kg) into low earth orbit
while Rocketplane-Kistler is planning to
use the Woomera launch facility for
manned launches.
Under current plans, there could
be test launches from the reconditioned
Woomera launch site for the Rocketplane
Kistler K-1 vehicle by late 2008. (See
Figure 27) This is to be followed by
launches to the International Space Station
(ISS) by 2009. At this time on the order of
$100-million (Australian) is being spent
on the Woomera launch site for its
modernization
and
upgrade
with
completion planned for late 2007.
These plans follow years of
uncertainty surrounding possible Kistler
launches from Woomera. Finance had
been a stumbling block for the Kistler
project during recent years. However,
Kistler Aerospace Corporation, as it was
called until early 2006, is now embarked
on developing one of the world’s first
Commercial
Orbital
Transportation
System (COTS) capabilities, using

Gauchito Chronology








2001 March 1 Pablo de León and
Associates of Buenos Aires, Argentina
performed a capsule drop test out of a
Hercules C-130 aircraft from 54,000
feet.
2002 May 1 Pablo de León and
Associates of Buenos Aires, Argentina
performed a second capsule drop test
from 96,000 feet.
2003 June 11 Pablo de León and
Associates at a location that was 100
miles (160 km) south of Buenos Aires,
Argentina attempted a flight test of
half-scale Gauchito vehicle, but an
explosion caused destruction of the
vehicle before launch.
2003 May 16 – A test of the vehicle's
life support systems, pressure suit, and
environment controls was undertaken
using several high altitude glider
flights to 30,000 feet using the space
suit system. The suit also underwent
several thermal tests in a cold chamber
(-35
Centigrade)
and
external
temperatures were sustained for more
than 2 hours.

7.3 Australian Projects

Although Australia was involved
in early space research and rocket
development and was the third country to
have a satellite launched—from its
Woomera Range in the 1960s—it has
abandoned space activities as a national
government enterprise. This is because it
has decided that as a matter of national
policy, as announced in Australia’s official
“space engagement policy”, that space
capability is “not essential” to its strategic
longer-term mission. Thus the current
Australian national strategy is to
encourage private enterprise to develop
launch capabilities instead.
This policy decision has led to a
variety of different activities undertaken
by private institutes, universities, and
research organizations. These initiatives
include those of the Australian Space
Research Institute (ASRI) (a not-for-profit
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reusable launch vehicles supported by
NASA COTS R&D program.
Kistler's development program
calls for payloads to be launched from
Woomera and travel to the International
Space Station. The K-1 vehicle will carry
its payload into orbit, after which the
upper stage of the vehicle would return to
Earth near the launch site. The second
stage would return to Woomera about 24
hours later. Note: as detailed in earlier in
this report, Kistler combined with
Rocketplane in February 2006 to become
Rocketplane Kistler (RpK) 56and 57

aerodynamic stability. A single 57,000-lb
thrust liquid propellant rocket engine
propels the first stage.
The first stage propellants are fed
to the engine using a pressurized gas
system. This system is made up of two
propellant tanks for fuel and oxidizer,
topped by a single composite construction
high-pressure gas sphere. Steering of the
vehicle is accomplished using graphite jet
vanes and aerodynamic flaps on the fins.
The second stage (crew cabin) is
20-ft. (6 meter) long and 5.4 ft.(1.6 meter)
in diameter at the base, and contains four
Jet Assisted Take Off (JATO) type rocket
engines for second stage propulsion. These
solid rockets can be fired at anytime
during the flight, including a launch pad
abort.
The Canadian Arrow first stage
uses a reproduction of a World War II
thrust chamber. This stage burns a mixture
of alcohol and liquid oxygen with this
motor capable of producing 57,000 lbs. of
thrust at sea level. This engine is
constructed of low carbon steel with
propellant injectors made from brass.
Recovery of the first stage is
initiated by using four "air brake flaps"
located between each fin on the tail
section. These air brakes will slow the first
stage as it descends through the
atmosphere. Four main parachute packs
are stored directly behind each air brake
panel, and these packs are ready to deploy

7.4 Canadian Commercial Space
Transport Initiatives
7.4.1 Canadian Arrow/Planetspace

(Courtesy of Rocketplane-Kistler)
Figure 28 : Rocketplane-Kistler K-1
Vehicle Now Slated for Launch from the
Woomera Launch Center in 2007.

7.4 The Canadian Arrow Project and
Planet Space

The Canadian Arrow vehicle is being
designed to provide sub-orbital flights
from its permanent center in Breton Cape,
Nova Scotia. The marketing of these
flights is provided by Planetspace. The
two stage Canadian Arrow is a 16.5 meter
(54-ft) long three person sub-orbital rocket
with the second stage doubling as an
escape system. The first stage is 10 meters
(33.5 ft. long) and 1.6 meters (5.4 ft.) in
diameter with four fins at the base for

(Courtesy of Planetspace)
Figure 29: Canadian Arrow Vehicle

after each air brake opens. Small solid
propellant rockets pull out pilot chutes that
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province of Nova Scotia to make available
a 300 acre site at Cape Breton for a
permanent launch site and training center
for the project. This agreement includes
financial incentives from the Nova Scotia
government and will involve the transition
of the launch vehicle testing operation
currently conducted at the Meaford
military installation to Cape Breton.59

deploy the main chutes. Each main
parachute is 64 ft. in diameter and will
slow the second stage for a splashdown on
water at approximately 30 ft/sec. The first
stage is buoyant and this eliminates the
need for flotation gear.

The Planetspace/Canadian Arrow
website had indicated that it plans to
provide sub-orbital flights for 500
“astronauts” within the first five years of
operations and that it will offer not only
sub-orbital flights but, by 2009, it hopes to
offer flights to the space station as well.
Plans for the new Cape Breton site call for
a massive orbital launch facility that will
involve industry giants and could
eventually be on a scale comparable with
huge NASA operations. "We're basically
building a private manned space program
for Canada," says Chicago's Dr. Chirinjeev
Kathuria, chairman of the PlanetSpace
firm that negotiated this deal.60
7.4.2 The DaVinci Project

One of the new initiatives that was
born of the X-Prize competition was the
so-called Da Vinci Project. This project
envisioned the launching of a small 18meter long craft to a height of some
60,000-feet via a balloon. The craft would
then disconnect from the balloon and then
rocket to 100-kilometers.

(Courtesy of Planetspace)
Figure 30: Parachute Return of Reusable
1st Stage of Canadian Arrow Vehicle

Planetspace/Canadian Arrow has
now recruited a team of test astronauts to
pilot the Canadian Arrow spacecraft with
initial flights set to begin shortly. Tests
currently underway at Meaford, Ontario
are focusing on the launch system’s escape
tower, which is designed to pull the
manned capsule free from its booster in
the event of an emergency. “The escape
system is something we want to get to
maximum reliability,” Canadian Arrow
leader Sheerin said. “We’ll fly it about
four or five times.”58

(Courtesy of the da Vinci Project)

In August 2006, Planetspace
/Canadian Arrow announced it had signed
a so-called “team agreement” with the

Figure 31: The Da Vinci Rocket Launches From a
Balloon and Is Marketed by Dreamspace
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As the space tourism business develops, it
is possible that some of the Chinese CZ
and Long March vehicles might be
adapted to these purposes, but there are no
announced initiatives in these areas at this
time.

7.5 Chinese Space Program

The China Academy of Launch
Vehicle Technology (CALT) is engaged in
research to develop a first-generation
reusable launch vehicle (RLV). The
institution, which develops launchers for
China's space programme, unveiled its
roadmap for RLVs at the International
Astronautical Congress in Valencia, Spain
in September 2006. This long term, 20year, Chinese launcher development plan
envisages three generations of RLVs. The
first is a partially reusable two-stage-toorbit (TSTO) launcher. This is to be
followed by a fully reusable TSTO vehicle
with vertical take-off and horizontal
landing for the second stage. The third
launcher in this longer-term plan is for a
fully reusable aircraft-like single-stage-toorbit (SSTO) vehicle with horizontal takeoff and landing. CALT research and
development centre manager Yong Yang,
in his presentation at the International
Astronautical Conference stated: "We
don't have an official schedule for the
programme, but the first generation could
be developed in 15 years".61

7.6 European Private Space Initiatives

In Europe there is a proactive
relationship between private space
ventures and space agencies to promote
the rapid development of this new type of
industry. It is interesting to note that a
decade ago, in 1996, topics such as space
tourism and private space ventures were
generally considered in Europe to be in the
area of science fiction or outer fringe
thinking, but today this activity is seen as
more and more realistic and achievable. In
1996, the faculty at the International Space
University overruled the proposal of
students to undertake a final class project
on this topic, simply because it was, at the
time, seen as too outré for a serious
academic research project.
7.6.1 European Space Agency Initiatives
in Space Tourism

CALT expects to conduct a Mach
15 re-entry demonstration flight using a
winged upper stage that will be launched
to an altitude of 100km (62 miles).
Another planned demonstration is an
automatic flight and landing test to prove
guidance, navigation and control systems.
No dates have been provided for these
tests. In the short to medium term,
meanwhile, China's strategy for launcher
development involves cryogenic liquid
oxygen/liquid
hydrogen
expendable
launchers using a common booster
architecture. The cryogenic propellants
will replace the solid and other toxic fuels
used in the country's existing expendable
rockets.

As of 2006, The European Space
Agency (ESA) is not only undertaking
joint development launch development
with Roscosmos with regard to the Kliper
re-usable launch system and the Advanced
Crew Transportation System (ACTS) but
it is also strongly pursuing studies and
development in the space tourism
business.ESA is looking at both the
potential market and seeking to develop
the technology to develop and deploy
these new systems. Its Future Launch
Preparation Program (FLPP) now includes
Project Enterprise as headed by the TALIS
Institute of Germany as well as R&D by
EADS Space Transportation Corporation
in Toulouse, France.
The European Space Agency has,
in particular, begun to explore what types
of launch systems it will need to deploy in
the post Ariane 5 era and has begun
development work in this area. ESA is in
some ways behind national development
programs that have already been underway
for some time in France and Germany.

The Chinese space development
program, is oriented toward development
capabililties to support governmental
programs, rather than to pursue
commercial space tourism programs. Thus
its RLV programs are designed to support
programs that include Lunar Exploration.
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Thus this ESA initiative, known as the
Future Launch Preparatory Program
(FLPP), is trying, in part, to leverage off
of this development work already
underway, in France, Germany and to a
lesser extent in other parts of Europe. In
particular, the FLPP initiative by ESA is
seeking to build on the Phoenix and Pre-X
space plane development work being
undertaken by the EADS Space
Transportation Corporation of Toulouse,
France. It is also involved as a sponsor of
the Enterprise Program being undertaken
by the TALIS Institut and DLR of
Germany, which is also working in
tandem with the Swiss Propulsion Lab. In
both cases, these efforts are aimed at
developing a Reusable Launch Vehicle
(RLV) in the form of a space plane.
It should be noted that the Bristol
Space plane Ltd. initiative in the U.K., as
well as the Virgin Galactic venture as a
part of the SpaceShip Corporation, are
both entirely separate and commercial
ventures and not a part of the ESA FLPP
undertaking. Although there are other
initiatives in Europe, those described in
this section are the most important.
Other efforts that have been
undertaken, or capabilities that exist,
include the following: (i) The Aerospace
Institute of the Technical University of
Berlin that has worked on a heavy-lift
launch vehicle design, (ii) the German
Aerospace Center of DLR that developed
an earlier concept for a two stage to orbit
vehicle known as the DSL, (iii) the
Romania effort undertaken by Asociatia
Romana
pentru
Cosmonautica
si
Aeronautica to develop the Orizont
manned sub-orbital single stage to orbit
(SSTO) and (iv) STAAR Research of
Scotland that have worked on various
space plane designs and carried out model
testing.62
ESA is also trying to explore the
market for space tourism from a business
perspective.
The
organization
is
undertaking a significant project to help up
to three private companies develop
business plans to get their space tourism
ventures off the ground. This new
initiative is called 'The Survey of
European Privately-funded Vehicles for
Commercial Human Space flight', and is

part of ESA's General Studies Programme
(GSP). The purpose of this effort is to
assess the feasibility of mission concepts.
A number of private companies already
involved in planning activities for space
tourism are being invited to submit their
space tourism plans to ESA where experts
in the General Studies Program plan to
down-select from the many proposals that
are expected to a final three for further
study. Each selected company is to receive
150,000-Euros to develop their plans
further. A team of experts from ESA's
Launchers Directorate, who are involved
in the development of the technologies for
the next generation launcher, will share
their expertise with the companies.
The aim of the study will be to
review critically the spacecraft design and
mission profiles, ensuring they are
technically feasible, and to develop sound
business plans in order to allow companies
to approach potential investors. An
interesting aspect of the study will be to
define the experiences the space tourists
can expect, such as how much time they
will spend in weightlessness, how much
training they will need and how fit they
need to be. Another key element of this
study is to assess safety standards and
requirements that are seen as needed to
make space tourism viable.
ESA's interest in space tourism is
based, in part, on a number of internal
studies conducted during the 2004-2006
time period. Each of these studies showed
the potential for developing a commercial
human space flight market. This initiative,
that was formally announced in July 2006,
is the first time that ESA has attempted to
directly involve private companies
working in the development of crewed
space vehicles for the space tourism
market. This study is seen as a two-way
process that will result in new and
interesting inputs into ESA's own launch
technology program. Further, it will
establish closer and on-going links
between ESA and the emerging new space
tourism
industry.63
7.6.2 Future Launch
Program (FLPP)
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Preparatory

There are currently several space
plane development projects underway in
Europe. In addition to the Bristol Space
planes initiative, that is entirely privately
funded, there are several initiatives that
are proceeding with support and some
degree of funding from the European
Space Agency (ESA). These activities are
undertaken under the ESA Future Launch
Preparatory Project (FLPP). The two
projects that are most advanced are: (a) the
Phoenix Project, that is being undertaken
by the European Aerospace Defense
Systems (EADS SPACE Transportation
Corporation, centered in Toulouse, France;
and (b) the Enterprise Project that is
primarily an initiative of the TALIS
Institute and DLR of Germany, although
there is also strong involvement by the
Swiss Propulsion Laboratory.

under development is the Phoenix space
plane that is being designed by EADS
SPACE Transportation and ESA, under
its FLPP initiative. This is examining
ways to bring together national initiatives
already under way, especially in France
and Germany. Currently the focus is on
development of enabling technologies
needed for the next generation of
launchers—expendable, reusable or
somewhere in-between. One of the
particular challenges is satisfying the
market’s
stringent
economic
requirements, especially to support the
space tourism market that requires
vehicles that are not only safe and
reliable, but also cost effective.
EADS SPACE Transportation is
currently carrying out studies and new
technology demonstrators for a space
plane which could be incorporated into the
overall FLPP program already underway.
EADS is thus using French government
funding (i.e. CNES) plus its own resources
in this respect. Initial flight tests of
Phoenix were carried out in 2004. These
tests were designed to explore the final
approach and landing of a reusable launch
vehicle (RLV). Another demonstrator,
Pre-X, is the intermediate experimental
atmospheric re-entry vehicle to be
developed as part of FLPP. Pre-X
successfully
passed
its
System
Requirement Review at the end of 2005.64

7.6.2.1 Phoenix and Pre-X Projects of
EADS SPACE Transportation

7.6.2.2 Project Enterprise—a Project of
the TALIS Institute, DLR of Germany
and the European Space Agency

(Courtesy of EADS SPACE Transportation /
Ingo Wagner)
Figure 32: Prototype of the Phoenix Space
plane Under Development by the EADS

The European Space Agency,
under its Future Launch Preparatory
Program (FLPP), is examining what type
of space vehicle will operate in the postAriane 5 time period. There are
obviously numerous possibilities and
these new launch systems will involve
requirements everywhere from nearEarth and low-earth orbital systems to lift
systems that could go to the Moon, Mars
or beyond. In short, there are a range of
options being studied. One of the options

Figure 33: The Multi-National Project
Enterprise Space plane Initiative

Project Enterprise is a joint
venture of the German-based TALIS
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Institute (itself an alliance of five research
laboratories and companies), the Swiss
Propulsion Laboratory and the multinational aerospace consulting firm,
VEGA. This project is being carried out
under the sponsorship and with the
technical support of the European Space
Agency. Although there is official
participation by the Swiss and German
governments and the European Space
Agency, the development of the Enterprise
space plane is being privately funded and
will be privately operated. Space flight
operations for Project Enterprise are
currently planned for operation out of a
European spaceport. Negotiations have
already started with regard to deciding
where the operational site will be located
but no final decisions have been taken.
The Enterprise is being designed as a
space plane that is propelled by three
modern liquid rocket engines that burn
kerosene and liquid oxygen. The craft and
its engines will be tested to verify that it is
sufficiently safe to take off from a
conventional airport against a schedule
that anticipates operations by 2010. The
European Aviation Safety Agency
(EASA) is an active part of this program
and will make an input into the testing and
independent verification program. The
EASA has an established record of
promoting common standards of safety as
well
as
promoting
environmental
protection in civil aviation. It has
spearheaded efforts to create a new, costefficient regulatory system in Europe for
aviation safety and has played a pro-active
role in the safe development of the Project
Enterprise space plane.

reach a maximum flight altitude of 100 to
130 km. After burn-out, the passengers
will experience weightlessness for a
period of 5 - 8 minutes—depending on the
altitude heights reached. Earlier studies
had envisioned not only carrying space
tourists aloft but also possibly carrying
scientific missions, but current efforts are
exclusively focused on the space tourism
market.
The craft will then re-enter the
lower atmosphere for landing.
The
altitude reached will be sufficient for
passengers to see from the North Pole to
the Baltic Sea, including all of Central
Europe plus the United Kingdom. Viewing
will cover the entirety of the Alps and the
northern Mediterranean Sea. Many key
European cities, such as London, Paris,
Copenhagen, Prague, Madrid, Rome and
Berlin will be visible simultaneously.
Landing of the space plane is planned to
occur back on the original runway. 65

(Courtesy of the TALIS Institute)
Figure 34: Artist’s Conception of the Enterprise
Space plane in Dark Sky

After the Project Enterprise space
plane
is
designed,
tested
and
manufactured, with a projected in-service
date of 2010, its operation will be similar
to that of a commercial aviation charter
operation. The Enterprise vehicle will
take-off in the manner of a conventional
aircraft. It will then perform a vertical
climb that will take it above the
atmosphere and reach a top speed of more
than Mach 3. Burn-out of the liquid
rocket engines will occur at a flight
altitude of from 50 – 80 km. The vehicle
will then follow a ballistic ascent path to

The partners in the Enterprise
Project are led by the TALIS Institute
Project Enterprise offices that are located
at Johnannes-Meier-Str. 20, 25813
Husum, Germany although the DLR
Aerodynamics and Flow Technology
Laboratory and the Vega international
aerospace consulting company play an
important role. This project also has the
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support of the European Space Agency
that is not only examining the potential
market for space tourism, but also
supporting the Project Enterprise effort. 66

comparable. The span of the Ascender is
7.9 meters and the length is 13.7 meters.

(Courtesy of Bristol Space Planes)
Figure 36: Bristol Ascender Space Plane

The key to the Ascender’s
operation as a space tourism flight is the
near vertical trajectory that achieves the
altitude of 100-kilometers, even though
the rocket motor thrust terminates at 64kilometers.
The pull-out from the
returning glide path occurs at an altitude
of 46-kilometers and at its maximum
return speed. The pilot on the return pulls
out and gradually flattens the parabolic
path to reduce the diving speed using the
craft’s jet engines. The conventional jet
engine takes over and allows a
conventional jet aircraft landing just some
30 minutes after takeoff. The Ascender
space plane is thus as much a jet aircraft as
it is a space rocket. Bristol Space Planes
claims that with the Ascender space frame
and proven rocket engines, the Ascender
can operate several flights a day with a
relatively short turn around between
flights.67
At this time Bristol Space Planes
claims that it will be able to carry out
experimental test flights within three years
and begin on-going commercial operation
of space tourism flights within seven
years.
Bristol Space planes Ltd. has a
long range development plan to move
beyond the Ascender to evolve to a new
capability that would be called the
“Spacecab” and then ultimately to the
Spacebus. The Spacecab would be an
expanded and higher passenger capacity
space plane. It would have two pilots and

(Courtesy of the TALIS Institute)
Figure 35: Artist’s Impression of the
Future of Space Tourist Travel

7.6.3 Bristol Space Planes

The Bristol Space Planes designed
Ascender is to carry a crew of two pilots
plus two passengers to an altitude of 100kilometers. The Ascender takes off on a
conventional airstrip and climbs to altitude
of 8-kilometers as a normal jet aircraft. It
then ignites a rocket engine that climbs to
an altitude of 64-kilometers and a
maximum speed of Mach 2.8. It then
coasts on a steep parabolic path to a height
of 100-kilometers before descending for a
horizontal landing. In light of the steep
ascent and descent on the sharply defined
parabolic path the time of weightlessness
will be only two minutes.
The Ascender design is based on an earlier
study of a space plane carried out for the
European Space Agency by four United
Kingdom aerospace companies. The
design is in many ways a derivative
concept from the U. X-15 rocket plane and
the thrust levels are actually quite
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the ability to carry six passengers or a full
crew for the International Space Station or
a small satellite for orbital insertion. The
Spacecab would be lifted to the upper
atmosphere by a supersonic carrier jet that
would be designed to fly at Mach 2
speeds. After release by the carrier jet as
pictured below, the Spacecab would reach
speeds of Mach 4.

estimate that the Spacebus would have
comparable operating costs equivalent to
perhaps four times that of a Boeing 747.
On this basis they project the cost per
flight to orbit and return via the Spacebus
could be accomplished for as low as
$5000 per seat. Although this analysis is
highly speculative, even a price that

(Courtesy of Bristol Space Planes)
Figure 37: The Spacecab space plane departing from carrier supersonic launcher jet

The ultimate ambition of Bristol
Space Planes Ltd. is to design and build
what is called the Spacebus. This vehicle
would be a much larger vehicle and would
be able to carry 50 passengers to a low
earth orbit “space hotel”. The first stage
launcher system would contain 4 high
thrust ram-jet (or scram jet) engines that
resemble the design used in the German
Zanger (but avoiding the need for an airbreathing
hypersonic
scram
jet
technology.) The launcher with the docked
Spacebus aboard would climb to a 24kilometers altitude and reach a speed of
Mach 2. The Spacebus would then detach
and fly at a speed of Mach 4 to achieve
low earth orbit and then dock with space
stations or even a “space hotel”
The Bristol Space Planes web site
provides an economic analysis of future
projected costs. This analysis projects that
the first stage launcher and the Spacebus
will, in time, evolve to safety standards
similar to commercial airliners. They also

might be twice this amount—such as
$10,000—would seem to be economically
viable, if the earlier marketing analysis
conducted by the Futron Corporation is
seen as even close to reasonable. The
difficulty of this type of marketing and
cost analysis is in projecting the time
frame with any degree of accuracy and
making appropriate adjustment for
inflation and the number of companies
offering space tourism services.68
There were other projects initiated
in the United Kingdom to develop space
planes but which are now defunct. These
were started under the impetus of the
Ansari X Prize competition and were
abandoned after the X-Prize was claimed.
These projects include: the Green Arrow,
Reaction Engines Ltd., and Starchaster
Industries, Ltd. The Green Arrow was to
have been a single-stage manned suborbital vehicle. Reaction Engines Ltd.
envisioned using the Skylon air-breathing
single-stage-to-orbit space plane in its
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design. Starchaser had planned to develop
the Thunderbird manned orbital rocket as
a single-stage-to-orbit space plane.

technology demonstrator flight of the
Indian RLV is in the 2008-09 timeframe.
Studies for the propulsion system for
the RLV have focused on a semicryogenic engine with a two-stage-to-orbit
(TTSO) vehicle. The design envisages the
first stage of RLV being configured as a
winged body system which will attain an
altitude of 100 kms. At a particular point it
will burn out, re-enter the earth's
atmosphere and land horizontally on a
runway like an aircraft. Next, the second
stage of the vehicle after delivering the
payload, will re-enter the atmosphere to be
recover using airbags either on land or sea.
This RLV has been called the Indian
version of the space shuttle. ISRO officials
say that RLV will be superior to the
shuttle because it will have a number of
enhanced safety features. The RLV is
design to lift satellites into orbit, but it
could evolve into being a craft to carry
human passengers with a splash down
capsule.
This program will clearly be a
number of years in development and will
not become operational until the post 2012
time period and launch of a crew would be
for the longer term future. At this time the

7.7 7Indian Space Plane-Reusable
Launch Vehicle Initiatives

The Indian Space Research
Organization
(ISRO)
is
currently
developing a reusable launch vehicle
program. It is the objective of ISRO to
develop such a RLV capability that so that
launch costs can be significantly reduced.
The development project is
underway at the Vikram Sarabhai Space
Centre under ISRO control to develop an
alternative lift capability to ISRO’s current
fleet of expendable launch vehicles.
According to ISRO space scientists their
RLV would have a three-fold advantage of
allowing lower cost launches, more
frequent missions and more international
customers for launch services. Currently,
ISRO’s cost to place a kilogram of
payload in orbit ranges between $12,000
and $15,000. Projected costs for the RLV
capability might reduce these costs by as
much as ten times to the level of $1,200 to
$1,500. The projected flight for the first

(Courtesy of IL Aerospace Technologies (ILAT)
Figure 38: The Negev 5 Balloon Launched and Capsule Return System
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program is entirely governmental in nature
without
commercial
involvement.69

7.9 Non Commercial Space
Efforts from the Military Sector

7.8 The Israeli Space Plane Initiative

7.9.1 Military Initiatives in the United
States

The Israeli Negev 5 system that is
intended to provide access to sub-orbital
space is the design of Dov Chartarifsky of
IL Aerospace Technologies (ILAT) This
rather unconventional concept by the
Israeli
company,
IL
Aerospace
Technologies,
employs
rather
conventional technology to accomplish the
mission. This is the combination of a hot
air balloon and a solid rocket motor. This
Negev 5 system as originally designed
would only allow passengers to achieve an
altitude of about 50 kilometers (31 miles)
and burnout and would then coast to an
altitude of 120 kilometers (75 miles) and
experience four minutes of weightlessness
before descending to an ocean landing by
parachute.
This hybrid “spacecraft” (see
Figure 38 above) is to be launched from
ground level using a hot-air balloon as a
first stage. After being dropped from the
balloon at an altitude of 10 km (6.25
miles), the spacecraft would fire an 8,000
kilogram feet (kgf) thrust solid rocket
motor for 96 seconds. At engine burnout,
the vehicle would be travelling at Mach
3.4 at an altitude of 49.6 km. The crew
would experience weightlessness for four
minutes, reaching a maximum altitude of
120 km. During descent, the nose sphere
would detach from the capsule. It would
remain connected by a cable, serving as a
drag brake and stabilizer during the reentry. At an altitude of 5 km, and a
velocity of ~85m/sec, drogue and main
chutes would deploy sequentially. The
main chute would slow the capsule down
to 7 m/sec before splashdown. Stability in
the water was ensured by the ballast of the
rocket motor casing. The safety of the
passengers is to be ensured by maintaining
a separation between the solid rocket
motor and the passenger capsule. This
allows significant separation (and safety
margin) to be achieved between the solid
rocket motor—and any malfunction that
might occur—and the passengers.

Plane

Currently the US Department
of Defense has at least two space plane
development programs that are active.
These include the X-43 scramjet
system that was jointed developed by
NASA but turned over to the
Department of Defense in 2005 when
NASA abandoned this project as it
focused its efforts on the Moon/Mars
project. This vehicle has flown to
speed of Mach 10 in trials carried out
with prototype vehicles in 2005. This
space plane as shown in an artist’s
cartoon illustration in Figure 39 is the
first truly successful “air breathing”
rocket engine that has been able to
provide sufficient oxidizer via intake
air flow to fuel a continuously firing
rocket engine at multi-Mach speeds.
This program is now proceeding on a
classified basis.
The lesser known project is the
reactivated orbital test vehicle that is
based on the discontinued NASA X-37
space plane program. What is unique
about this particular development is
that it has been redirected to operate
robotically for sustained periods of
times with missions that last up to nine
months in orbit.

(Courtesy of the US Air Force)
Figure 39: The US. Air Force’s Orbital Test
Vehicle Is Being Designed to Make Sustained
Mission Round Trips to Space
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The US Air Force is thus now
actively working on an unmanned space
plane that is directly based on NASA's
X-37 program. This craft was at one
time planned to be the direct follow-on
to the Space Shuttle. If successful, this
spacecraft would be the first since the
Shuttle
capable
of
returning
experiments back to Earth for analysis.
The reusable X-37B, now referred to as
the Orbital Test Vehicle (OTV), as now
designed would be about one-fourth the
size of the Space Shuttle and would
deliver objects into low-Earth orbit in
its experimental bay, which is much like
the Shuttle's payload bay except
smaller. The OTV could then continue
orbiting for months before bringing the
objects back to Earth. That would allow
it to test how satellite components react
to long stays in space, among other
tasks.. The OTV can and will also help
test technologies for more advanced
reusable space vehicles.

from within the atmosphere for possible
later use on the Orbital Vehicle. The
Approach and Landing Test Vehicle
demonstrator was tested in April 2006
by the Air Force's Defense Advanced
Research Projects Agency (DARPA),
which took over the X-37 programme
from NASA in 2004. In the test, the
vehicle was released from Burt Rutan's
very high altitude White Knight aircraft
(see Figure ). This craft is best known
as the carrier aircraft for SpaceShipOne,
which won the $10-million Ansari X
Prize in 2004. This test was not entirely
successful in that the craft veered off of
the runway when it landed. The Air
Force has thus reactivated the Orbital
Test Vehicle (OTV) and plans test
flights next year.70
7.9.2 Other Military Space Plane
Programs

It is likely that there are other
military space plane programs currently
active. These could well be underway in
China, Russia or possibly classified
programs in one or more European
countries. At this time there is no specific
unclassified information available on such
programs. The European or Russian
aerospace firms that would be involved in
developing such a capability would, in any
event, be the same companies that are
involved in developing new space plane
capabilities for civil government or private
space tourism.. The concept of developing
RLV and/or space planes that could
operate robotically is of particular note.
From a safety view point, the design of
space planes so that they could operate via
ground control commands would appear to
be an attractive safety feature in the event
the pilot (or co-pilot) of a space plane
might be incapacitated.

The OTV's first flight is
scheduled for sometime in 2008. It will
launch on an Atlas 5 rocket from Cape
Canaveral Air Force Station in Florida.
The first one or two flights will not
carry any experiments. Instead, they
will test the craft's ability to
autonomously re-enter the atmosphere
and land, as well as probe new landing
gear and lightweight structures that can
withstand the heat of re-entry. The
OTV, which is in many ways the US
government’s first space plane,will
likely land in California, either at the
Vandenberg Air Force Base, which
hosts expendable rocket launches, or
Edwards Air Force Base, which acts as
an alternate landing strip for the current
Space
Shuttle.
The OTV is closely based on the NASA
funded X-37 program that started in
1999 and cancelled in 2004. Boeing
remains as the prime contract. NASA
had planned two versions of the
unmanned X-37 vehicle. One was the
so-called Approach and Landing Test
Vehicle and the other the Orbital
Vehicle. The agency built the Approach
and Landing Test Vehicle which was
designed to test re-entry trajectories

8.0 U.S. Spaceports (Federally Licensed
and Proposed)

At this time, there appears to be
almost a glut of “so-called” spaceports in
the United States and around the world.
Under US jurisdiction alone there are
seven Federally Operated Spaceport
Facilities. (See Figure
below) These
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include The Cape Canaveral Air Force
Station, Edwards Air Force Base, NASA’s
Kennedy Space Center, the Kwajalein
Island tracking and telemetry facilities,
Vandenburg Air Force Base, the Wallops
Island, Virginia facility and the White
Sands Missile Range.

Spaceport/
Launch
Cape
Canaveral
Air Force
Station
Edwards Air
Force Base

Cape
Canaveral,
Florida

NASA

Reagan Test
Site

Kwajalein
Island,
Marshall
Islands
Vandenberg
AFB,
California

US Air
Force

Wallops
Flight, VA.

NASA

White
Sands, New
Mexico

US Army

Wallops
Flight
Facility
White Sands
Missile
Range

In addition there are a growing
number of facilities that are vying to
become Federally-licensed facilities to

Figure 40:
US Federal Launch Sites and Spaceport
Location
Owner/
Infrastructure
Operator
Cape
US Air
Telemetry & tracking facilities.
Canaveral
Force
Launch pads. Vertical
Air Force
processing facilities and
Station
assemble bldg.
California,
US Air
Telemetry & tracking facilities.
Mojave
Force
Operations Center, Runways
Desert
for Shuttle and jets.

NASA
Kennedy
Space Center

Vandenberg
Air Force
Base

Space Authority at Cape Canaveral and
the Southwest Regional Spaceport
Project located in Upham, New
Mexico.

US Air
Force

Launch pads. Vehicle
Assembly Building. Support
Shuttle operations. Runway for
Shuttle.
Telemetry & tracking facilities.
Control Centers, Runways.
Range Safety Systems.
Launch pads, vehicle assembly
and processing buildings,
payload processing facilities,
telemetry & tracking facilities,
Shuttle Capable runways
Telemetry & tracking facilities.
Control Centers, Runways.
Assembly & processing bldgs.
Telemetry & tracking facilities.
Runway. Test facilities. Clean
Room.

In addition to these Federal facilities
there are, at this time, six fully
Federally licensed spaceport facilities
that all have considerable capability
and are available to support private
space vehicle programs. These include
the California Spaceport, the Kodiak,
Alaska Launch Complex, the MidAtlantic Regional Spaceport and
Spaceport operated by the Florida

Status

Operational . Able to
support Reusable and
Expendable systems
Operational. Supports
Shuttle, jets, and
experimental XPlanes (X-43A)
Operational. Supports
Shuttle operations.

Operational.

Operational. Has
agreements with
several commercial
companies.
Operational. Supports
several sub-orbital
and orbital projects.
Operational.
Cooperative
agreement with
Regional Spaceport
project.

support spaceport operations in support of
new private space launch operations.
These include facilities in Brazoria
County, Texas, the Clinton-Sherman Air
Force Base in Oklahoma, the Willacy
County Texas facity,Spaceport Alabama
in Baldwin County, Alabama, Spaceport
Washington in Grant County, Washington,
the West Texas Spaceport in Pecos
County, Texas and the Wisconsin
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Spaceport in Sheboygan, Wisconsin, as
will be discussed in a later section.
Beyond these US facilities, there
are numerous facilities operated by the
European Space Agency and CNES of
France, the Russian Federation, the
Ukraine, China, Japan, and India. New
commercial spaceports that have also been
announced by several other countries such
as Australia, Canada, Israel, Singapore,
and the Emirates.
It is not surprising that US states,
as well as economic development units
and duly designated State and Regional
Space Authorities, would seek to utilize
discontinued airports or US Air Force
facilities or other such sites as spaceport
facilities. This would not only allow a new
use for such locations where a great deal
of infrastructure exists but also provide a
sense of high tech flair and enthusiasm
among the State populace that they are on
the cutting edge of a new type of space
industry.
Since 1996, FAA/AST has
licensed the operations of six non-federal
launch sites and more are in the pipeline.
These spaceports have served, or will
serve, both commercial and government
payload owners. To date, according to the
FAA/AST 2006 Report Commercial Space
Transportation
Developments
and
Concepts, Vehicles, Technologies, and
Spaceports, about $165-million has been
invested into non-federal spaceports across
the US. This figure is probably
conservative and does not take into
account such actions as the $100-million
(Australian) that has been invested in the
Woomera launch facility and spaceport
that has been upgraded and modernized to
accommodate the US-based RocketplaneKistler and DTI. Nor does it take into
account actions taken during the course of
2006 in the form of new authorizations
approved by the States of New Mexico,
Florida, Virginia, Maryland, etc. for
upgrades to commercial spaceports located
around the United States.
In short, capitalization associated
with US and overseas sites continues to
grow rapidly and may double in the next
year or two in response to new initiatives.
The current activity to establish or upgrade
spaceports is primarily funded by the

individual states augmented by private
sponsorship and some federal government
support. It is estimated by the FAA/AST
that an average of $2.8-million is being
spent yearly at each facility to operate
these established and licensed spaceports
and about $270,000 is going towards the
development of each new proposed
spaceport. Again these estimates appear to
be
conservative
based
on
new
appropriations made during 2006.71
The table below (See Figure 41)
shows which states have federal, nonfederal, and proposed spaceports. While
the majority of licensed launch activity
still occurs at US federal ranges, much
future launch and landing activity may
originate from private or state-operated
spaceports. For a non-federal entity to
operate a launch or landing site in the
United States, it is necessary to obtain a
license from the federal government
through FAA/AST. Of the six non-federal
launch sites licensed by FAA/AST by
mid-2006, three are co-located in
conjunction with federal launch sites.
These facilities include the California
Spaceport at Vandenberg AFB, the Florida
Space Authority (FSA) spaceport at Cape
Canaveral, Florida, and the Mid-Atlantic
Regional Spaceport (MARS) (originally
the called the Virginia Space Flight
Center) at the Wallops Flight Facility
(WFF), Virginia.
The first orbital launch from a
FAA-licensed non-federal, commercial
site occurred on January 6, 1998, when a
Lockheed Martin Athena 2, carrying
NASA’s Lunar Prospector spacecraft,
successfully lifted off from FSA’s LC-46.
(FAA/AST, “2006 Commercial Space
Transportation
Developments
and
Concepts: Vehicles, Technologies and
Spaceports” FAA, Washington, D.C.,
January 2006)
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communications cabling has been routed
underground to provide the launch pad
with the flexibility to accommodate a
variety of launch systems. Additional
work was completed in 2004 to build a
rolling access gantry to support
Minuteman and future Peacekeeper space
booster derivatives. Although the facility
is configured to support solid-propellant
vehicles, plans are underway to equip the
launch
facility
with
support
systems/commodities required by liquidfueled boosters. (See Figure 42) 72

Figure 41:
Summary of Current Status of Spaceport
Operational or Proposed in the US
State
of
Operation

Alabama
Alaska
California
Florida
Kwajalein
New Mexico
Oklahoma
Texas
Virginia
Washington
Wisconsin

Federal

NonFederal
Facility
(Licensed)

Proposed

X
X
X
X
X

X
X
X
X
X
X,X,X

X

Figure 42:

X
X
X

California Spaceport
Mid-California coastline-Colocated with Vandenberg AFB
Operator
Spaceport
Systems
International—ITT Systems
partnership
Adjacent
Vandenberg Air Force Base
Federal Facility Launch and Landing Strip
Status
Licensed by FAA-AST-1996.
Licensed
renewed
2001.
Latest renewal immanent
Current
Existing
launch
pads,
Capabilities
runways, payload processing
facilities,
telemetry
and
tracking
equipment. Work completed
in 2004 to build a rolling
access gantry to support
Minuteman
and
future
Peacekeeper space booster
derivatives. New SLC-8
gantry installed in 2005.
Planned Future Upgrades to support liquid
Capabilities
fuel launchers.

Location
8.1 California Spaceport

The California Spaceport is colocated with the Vandenberg launch
facility that is operated by the US Air
Force. This facility was the first
commercial spaceport licensed by the
FAA/AST, on September 19, 1996. In
June 2001, FAA/AST renewed the
spaceport’s license for another five years
and a further renewal has been granted as
of 2006. The California Spaceport offers
commercial
launch
and
payload
processing services and is operated and
managed
by
Spaceport
Systems
International (SSI), a limited partnership
of ITT Federal Service Corporation. This
facility is located on the central California
coast and is able to leverage off the
infrastructure developed to support the
Vandenberg launch facility operated by
the US Government. Spaceport Systems
International, SSI, has signed a 25-year
lease in 1995 for 0.44 square kilometers
(0.17 square miles) of land that is
available to the commercial facility.
The California Spaceport is
equipped and is now fully staffed so that it
can support a variety of missions that
include low-polar-orbit inclinations. It can
support launch with azimuths ranging
from 220 degrees to 165 degrees.
Construction of the California Spaceport’s
Commercial Launch Facility began in
1995 and was completed in 1999. The
design
concept
for
power
and

8.2 Kodiak Launch Complex

The Alaska state legislature
passed legislation a quarter of a century
ago in 1991 to create the Alaska
Aerospace Development Corporation. The
AADC was structured as a public
company to develop aerospace related
economic, technical, and educational
opportunities for the state of Alaska. In
2000, the AADC completed the $40million, two-year construction of the
Kodiak Launch Complex at Narrow Cape
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on Kodiak Island, Alaska. The first
licensed launch site not co-located with a
federal facility, Kodiak Launch Complex
(KLC) was also the first new US launch
site built since the 1960s. Owned by the
state of Alaska and operated by the
AADC, the Kodiak Launch Complex
received initial funding from the USAF,
US Army, NASA, the state of Alaska, and
private firms. Today, it is self-sustaining
through launch revenues and receives no
state funding; the state of Alaska provides
tax-free status and has contributed the land
that the spaceport resides on. Kodiak
provides a wide launch azimuth and
unobstructed downrange flight path.
The Kodiak’ Launch Complex is
designed to be responsive to several
markets. These include military launches,
government
and
commercial
telecommunications satellites, remote
sensing, and space science payloads
weighing up to 1,000 kilograms (2,200
pounds). These payloads can be delivered
into LEO, polar, and Molniya elliptical
orbits. Kodiak is designed to launch up to
Castor 120-based vehicles, including the
Athena 1 and 2, and has been used on a
number of occasions to launch military
sub-orbital rockets. Kodiak facilities
currently include the Launch Control
Center; the Payload Processing Facility,
which includes a class-100,000 clean
room, an airlock, and a processing bay; the
Launch Service Structure and orbital
Launch Pad 1; the Spacecraft and
Assemblies Transfer Facility and suborbital Launch Pad 2; the Integration and
Processing Facility; and the Maintenance
and Storage Facility. These facilities allow
the transfer of vehicles and payloads from
processing to launch without exposure to
the outside environment. This capability
protects both the vehicles and the people
working on them from exterior conditions,
and allows all-weather launch operations.
Kodiak has conducted eight
launches since 1998. The first launch from
Kodiak was a sub-orbital vehicle,
Atmospheric Interceptor Technology 1,
built by Orbital Sciences Corporation for
the USAF in November 1998. A second
launch followed in September 1999. In
March 2001, a Quick Reaction Launch
Vehicle (QRLV) was launched from the

Kodiak Launch Complex. A joint NASALockheed Martin Astronautics mission on
an Athena 1 was the first orbital launch
from Kodiak, taking place on September
29, 2001. In November 2001, a Strategic
Target System vehicle was launched.
However, because of a launch anomaly,
the vehicle was destroyed. In April 2002,
Orbital Sciences launched a second QRLV
for the USAF. Most recently, on February
13, 2005, the Missile Defense Agency
(MDA) launched the IFT-14 target
missile, one of several rockets from
Kodiak to test the US missile defense
system. This followed the 2003 signing of
a five-year contract between the Missile
Defense Agency the Alaska Aerospace
Development Corporation to provide
launch support services for multiple
launches in connection with tests of the
nation’s missile defense system. The next
launch is scheduled for winter of 2006.
(See Figure 43 for status summary.)
The
Alaskan
Aerospace
Development Corporation (AADC) is also
supporting development of ground station
facilities near Fairbanks, Alaska, in
cooperation with several commercial
remote-sensing companies. The highlatitude location makes the Fairbanks site
favorable for polar-orbiting satellites,
which typically pass above Fairbanks
several times daily.73

Figure 43:
Kodiak Launch Complex
Location
Located at latitude 57º North,
Kodiak Launch Complex
occupies
a
12.4-square
kilometer (4.8-square mile)
site about 438 kilometers (272
miles) south of Anchorage and
40 kilometers (25 miles)
southwest of the city of
Kodiak.
Operator
Alaska
Aerospace
Development
Corporation
(AADC)
Adjacent
None
Federal
Facility
Status
Licensed by FAA-AST-1998.
Licensed renewed 2003.
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Current
Capabilities

Planned
Future
Capabilities

The KLC Range Safety and
Telemetry System (RSTS) was
delivered in September 2003
and upgraded in 2005. The
RSTS consists of two fully
redundant systems: one for onsite, the other for off-axis. The
RSTS consists of two 5.4meter (17.7-foot) dishes with
eight telemetry links with
command destruct capabilities.
Maintenance and Storage
Facility was upgraded with an
additional investment of $10
million in grant funding.
Future expansion plans include
a possible second sub-orbital
launch pad, motor storage
facility, and increased
fiber-optic bandwidth to the
continental U.S. Paving of
improved roadways to the
Kodiak Launch Complex is
scheduled to be completed by
2007. The Kodiak RSTS
number 1 system will be
located on a newly constructed
multi-elevation antenna field
that also supports customerunique instrumentation

8.3 Mid-Atlantic Regional Spaceport

The
Mid-Atlantic
Regional
Spaceport (MARS) began to evolve with
the creation of the Center for Commercial
Space Infrastructure CCSI by the Old
Dominion University of Virginia. The
University established the CCSI in order
to create a commercial space research and
operations facilities within the state. The
Center has thus been a prime mover in the
development of a commercial launch
infrastructure at Wallops Island, Virginia.
In 1995, pursuant to legislation that was
passed by the State Legislature, the CCSI
organization
became
the
Virginia
Commercial Space Flight Authority
(VCSFA), a part of the Commonwealth of
Virginia. The VCSFA, since its beginning,
has focused its efforts on promoting the
growth of aerospace business in the region
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while also developing a commercial
launch capability.
In July 2003 a bi-state agreement
between Virginia and Maryland was
executed to allow cooperation between the
two states for future development and
operations, and to promote the further
development of the launch facility.
Maryland now provides funding and has
two seats on the MARS Board of
Directors. At this time, the name was
changed from the Virginia Space Flight
Center to the Mid-Atlantic Regional
Spaceport. On December 19, 1997,
FAA/AST issued VCSFA a launch site
operator’s license for what is now named
the Mid-Atlantic Regional Spaceport
(MARS). This license was renewed in
December 2002 for another five years.
The MARS is designed to provide what its
backers
characterize
as
“one-stop
shopping” for space launch facilities and
services for commercial, government,
scientific, and academic users, although
MARS is targeted toward smaller payload
missions.
In 1997, VCSFA also signed with
NASA a Reimbursement Space Act
Agreement to use the Wallops center’s
facilities in support of commercial
launches. This 30-year agreement allows
VCSFA access to NASA’s payload
integration, launch operations, and
monitoring facilities on a non-interference,
cost reimbursement basis. There is
currently a partnership agreement with
DynSpace Corporation, a Computer
Sciences Corporation company, of Reston,
Virginia, to operate the spaceport.
DynSpace is funded by a contract with the
state and through any spaceport revenues.
The State of Virginia, however, maintains
ownership of the spaceport’s assets.
MARS is located at the Wallops Flight
Facility of NASA under a long-term use
agreement for real estate on which the
Goddard Space Flight Center has made
real property improvements.
The VCSFA receives funding
from various users of the facility to
support its operations. The remainder of
its support comes from the states of
Maryland and Virginia (approximately 50
percent of the operating budget). VCSFA
owns two launch pads at Wallops. Launch

pad 0B, its first launch pad, was designed
as a “universal launch pad,” capable of
supporting a variety of small and medium
expendable launch vehicles (ELV’s’) with
gross liftoff weights of up to 225,000
kilograms (496,000 pounds) that can place
up to 4,500 kilograms (9,900 pounds) into
LEO. Phase 1 construction of launch pad
0B, including a 1,750-square-meter
(18,830-square-foot)
pad
made
of
reinforced concrete, above-ground flame
deflector, and launch mount, took place
between March and December 1998. In
2003, MARS committed to the design and
construction of a new 34.4-meter (113foot) Mobile Service Structure. The new
$1.3-million Mobile Service Structure
offers complete vehicle enclosure, flexible
access, and can be readily modified to
support specific vehicle operations. The
site also includes a complete command,
control, and communications interface
with the launch range.
In March 2000, MARS acquired a
second pad at the Wallops Flight Facility
(WFF), launch pad 0A. EER Systems of
Seabrook, Maryland, built this site in 1994
for its Conestoga launch vehicle. The
Conestoga made one launch from launch
pad 0A in October 1995 but failed to place
the METEOR microgravity payload into
orbit. MARS started refurbishing launch
pad 0A and its 25-meter (82-foot) service
tower in June 2000. Launch pad 0A will
support launches of small expendable
launch vehicles (ELVs) with gross liftoff
weights of up to 90,000 kilograms
(198,000 pounds) and that are capable of
placing up to 1,350 kilograms (3,000
pounds) into LEO.
From its location on the Atlantic
coast, MARS can accommodate a wide
range of orbital inclinations and launch
azimuths. Optimal orbital inclinations
accessible from the site are between 38°
and 60°; other inclinations, including sun
synchronous orbit (SSO), can be reached
through in-flight maneuvers. Launch pad
0A can support a number of small solidpropellant boosters, including the Athena
1, Minotaur, and Taurus. Launch pad 0B
can support larger vehicles, including the
Athena 2. MARS has expressed an interest
in supporting future reusable launch
vehicles (RLVs), possibly using its launch

pads or three runways at WFF. MARS
also provides an extensive array of
services including the provision of
supplies and consumables to support
launch operations, facility scheduling,
maintenance, inspection to ensure timely
and safe ground processing and launch
operations, and coordination with NASA
on behalf of its customers. (See Figure 44
below for a summary status report.)74
Figure 44:
Mid-Atlantic Regional Spaceport
Location
Wallops Island, Virginia
Operator
DynSpace (a Control Data
Corporation
and
the
Viriginia Commercial Space
Flight Authority (VCSFA)
Adjacent
NASA Goddard Space Flight
Federal
Center’s Wallops Flight
Facility
Facility
Status
Licensed by FAA-AST1997. Licensed renewed
2002.
Current
Launch pad 0A can support a
Capabilities
number of small solidpropellant
boosters,
including the Athena 1,
Minotaur,
and
Taurus.
Launch pad 0B, including an
enclosed service gantry, can
support larger vehicles,
including the Athena 2.

Planned
Future
Capabilities

MARS has nearly completed
a $4-million logistics and
processing
facility at WFF, capable of
handling payloads of up
to 5,700 kilograms (12,600
pounds).
The
facility
includes high bay and clean
room environments. MARS
is adding a new mobile
liquid fueling facility.

8.4 Mojave Airport

Burt Rutan, the designer of the
SpaceShip One and other exotic aircraft,
has been the prime reason that Mojave
Airport has gained a good deal of fame in
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the space commercialization world. This
facility in Mojave, California, was the first
inland commercial launch site licensed by
the FAA. The license was awarded on
June 17, 2004, and thus allowed Mojave
Airport to support sub-orbital launches of
reusable
launch
vehicles—and
in
particular, the SpaceShip One flights.
The
Mojave
Airport
was
established in 1935. The original facility
was equipped with taxiways and basic
support infrastructure for general aviation.
A short time after its inception, it became
a Marine Auxiliary Air Station. The
airport serves as a Civilian Flight Test
Center, as the location of the National Test
Pilot School (NTPS), and a base for
modifying major military jets and civilian
aircraft. The NTPS operates various
aircraft, including high-performance jets,
singleand
twin-engine
propeller
airplanes, and helicopters. Numerous large
air carrier jet aircraft are stored and
maintained at the Mojave Airport.
The Mojave Airport consists of
three runways with associated taxiways
and other support facilities, Runway 1230, Runway 8-26, and Runway 4-22.
Runway 12-30 is 2,896 meters (9,502 feet)
long and is the primary runway for large
air carrier jet and high-performance
civilian and military jet aircraft. Runway
8-26 is 2,149 meters (7,050 feet) long and
is primarily used by general aviation jet
and propeller aircraft. Runway 4-22 is
1,202 meters (3,943 feet) long and is used
by smaller general aviation propeller
aircraft and helicopters. Beginning in
November 2005, Runway 12-30 will be
extended to a total length of 3,810 meters
(12,500 feet) through an FAA $7.5 million
grant; this extension is a critical element
of the spaceport’s expansion program
aimed at the recovery of horizontal
landing RLVs.
Major facilities at the Mojave Airport
include the terminal and industrial area,
hangars, offices, maintenance shop, and
fuel services facilities. Rocket engine test
stands are located in the northern portion
of the airport. The Mojave Airport also
includes
aircraft
storage
and
a
reconditioning facility and is home to
several industrial operations, such as BAE
Systems, Fiberset, Scaled Composites,

AVTEL,
XCORAerospace,
Orbital
Sciences Corporation, IOS, and General
Electric. Mojave Airport also features
several test stands, an air traffic control
tower, a rocket test stand, some
engineering facilities, and a high bay
building. In the last three years, XCOR
Aerospace performed flight tests at this
facility, including multiple successful tests
with the EZ-Rocket. XCOR Aerospace
had three rocketplane test flights up to
3,657 meters (12,000 feet) in 2002. In
addition, rocket engines of up to 133,000
newtons (30,000 poundsforce) of thrust
were tested at the site in 2002 and 2003.
The EZ-Rocket was successfully
demonstrated in October 2005 at the
Countdown to the X Prize Cup in Las
Cruces, New Mexico. In December 2005,
the EZ-Rocket made a record-setting
point-to-point flight, departing from the
Mojave Airport, and gliding to a
touchdown at a neighboring airport in
California City. On the 100th anniversary
of the Wright Brothers’ first powered
flight, December 17, 2003, Scaled
Composites, LLC, flew SpaceShipOne
from Mojave Airport, breaking the speed
of sound in the first manned supersonic
flight by an aircraft developed privately by
a small company. On June 21, 2004,
Scaled Composites flew its SpaceShipOne
sub-orbital vehicle from the Mojave
Airport, reaching 100 kilometers (62
miles) and becoming the first private,
manned rocket to reach space.
SpaceShipOne then flew from
Mojave, past the boundary of space, fully
loaded to meet the Ansari X Prize
qualifications, on September 29 and again
on October 4, 2004. Brian Binnie piloted
SpaceShipOne to 112 kilometers (69
miles), winning the $10-million Ansari X
Prize and smashing the 107,960-meter
(354,200-foot) altitude record set by the
X-15 airplane in the 1960s. (See Figure
45: below for a summary status report on
the Mojave Airport.)75

George Washington University
SACRI Research Study

106

the Cape Canaveral Air Force Station
(CCAFS), that is owned by the United
States Air Force (USAF). FAA/AST first
issued the state organization a license for
spaceport operations on May 22, 1997,
and renewed the license in 2002 for
another five years.
Under an arrangement with the
federal government, excess facilities at
CCAFS have been licensed to the
spaceport. This is available for use by
commercial launch service providers on a
dual-use, non-interference basis. Space
Florida efforts have concentrated on the
CCAFS Launch Complex-46 (LC-46), a
Trident missile launch site. LC-46 has
been modified to accommodate a variety
of small launch vehicles, and has already
successfully launched the Athena 1 and
Athena
2 rockets.
With further
modifications, LC-46 could accommodate
vehicles carrying payloads in excess of
1,800 kilograms (4,000 pounds) to LEO.
Currently, LC-46 is configured for Castor
120 or similar solid-motor-based vehicles.
The infrastructure can support launch
vehicles with a maximum height of 36
meters (120 feet) and diameters ranging
from 1 to 3 meters (3 to 10 feet). An
Athena 2, carrying the NASA Lunar
Prospector, was the first vehicle launched
into orbit from the spaceport in January
1998. This was followed by launch of the
ROCSAT satellite on an Athena 1 in
January of 1999. To date, Space Florida
has invested over $500-million in new
space industry infrastructure development.
These efforts have included the upgrading
of LC-46, building an RLV support
complex (adjacent to the Shuttle Landing
Facility at KSC), and developing a new
space operations support complex.
Additionally,
Space
Florida
financed $292-million for Atlas 5 launch
facilities at CCAFS LC-41, financed and
constructed the $24-million Delta 4
Horizontal Integration Facility for Boeing
at LC-37, and provided financing for a
Titan 4 solid rocket motor storage and
processing facility. The State of Florida
also financed the Space Life Sciences Lab,
a $26- million state-of-the-art research
facility at KSC. As part of an overall effort
to expand use of the Cape for R&D and
educational activities, Space Florida

Figure 45:
Mojave Airport

Location
Operator
Nearby
Federal
Facility
Status
Current
Capabilities

Planned
Future
Capabilities

Mojave, California
East Kern Airport District
Edwards Air Force Base

Operational. Licensed on
June 17, 2004
Air traffic control tower
and terminal and hangars,
high bay building, offices,
maintenance shop, fuel
services facilities, rocket
engine test stands, aircraft
storage and recondition
facility. Industrial areas
that include facilities for:
BAE Systems, Fiberset,
Scaled
Composites,
AVTEL,
XCOR
Aerospace,
Orbital
Sciences
Corporation,
IOS, and General Electric.
Series
of
additional
facilities are planned
particularly to support
manufacturing for XCOR
Aerospace and Scaled
Composites-The
Spaceship Corporation.

8.5 Space Florida

In 1989 the State of Florida
established
the
Spaceport
Florida
Authority and then renamed it as of
January 2002 the Florida Space Authority
and in 2006 simply Space Florida. This
entity is authorized by the Florida State
government to act just like an airport
authority, to oversee the space launch
industry and space-related economic,
industrial,
research
and
academic
activities.
The spaceport occupies and
operates
space
transportation-related
facilities on approximately .036 square
kilometers (.014 square miles) of land at
George Washington University
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obtained a five-year license from the Air
Force to use the LC-47. This launch
complex was upgraded to support a
significant number of sub-orbital launch
vehicles carrying academic payloads for
research and training purposes. Space
Florida is required by legislation to
implement and update the Space Master
Transportation Plan, which was developed
in 2002 after the Florida Legislature
recognized space launch as an official
mode of the state’s transportation system.
The Plan is a continuing work in progress,
requiring updating and implementation.
Space Florida is also planning for
the development of an innovative, flexible
and cost-friendly “Commercial Spaceport”
within the state of Florida to attract
commercial launch companies to the state.
This commercial spaceport is also
intended to accommodate the growing
need for rapid response launch vehicles
and the launching of smaller payloads for
government, commercial and academic
users.
During 2005, Space Florida
conducted a study to determine the
feasibility and economic benefits of
developing a commercial spaceport in
Florida. The analysis included a market
assessment of the number and types of
launch vehicles that could possibly use
such a facility, and concluded that a new
commercial spaceport is feasible from
both a market and technical standpoint.
The conclusion reached by this study was
that a Florida commercial spaceport would
primarily benefit from the sub-orbital
space tourism market—at least from an
economic and usage level. It was
estimated from this study that such a
facility
would
generate
increased
economic activity, earnings, and jobs, and
raise Florida’s profile as a space state.
FSA is investigating the possibility of
having specific Florida airports apply for
an FAA Launch Operators license to
support horizontally-launched spacecraft.
FSA believes this will be beneficial in
attracting space tourism companies
utilizing horizontal launch technology,
such as Richard Branson’s Virgin
Galactic. (In this particular case, however,
Virgin Galactic has already signed a
contract with the New Mexico Spaceport

facility.) Several statewide airports have
shown great interest in participating in
space tourism but none have taken final
action and sought FAA-AST licensing.
(See Figure 46 below for a summary status
report on Spaceport Florida.)76
Figure 46:
Spaceport Florida
Location
Operator
Adjacent
Federal
Facility
Status

Current
Capabilities

Planned
Future
Capabilities

Tract within the Cape Canaveral Air
Force Station
Florida Space Authority
Cape Canaveral Air Force Station
(CCAFS)
Fully operational. Licensed on May
17, 1997, re-licensed in 2002 and
will be renewed again in 2007.
Launch Complex-46 (LC-46) this has
been modified to accommodate a
variety of small launch vehicles, and
has already successfully launched the
Athena 1 and Athena 2 rockets.
Launch complex (LC-47) has been
upgraded to support a significant
number of sub-orbital launch
vehicles carrying academic payloads
for research and training purposes.
Cargo, storage, research and
educational facilities.
Upgrades of the LC-46 to
accommodate larger vehicles

8.6 Southwest Regional
Upham, New Mexico

Spaceport,

The State of New Mexico and the
New Mexico Space Authority have moved
rapidly to create a state of the art spaceport
facility in Upham, New Mexico. When the
over $300-million facility is fully
completed, it is to have a central control
facility, an airfield, a maintenance and
integration facility, a launch and recovery
complex, a flight operations control
center, and a cryogenics plant. In May
2006, the New Mexico state legislature
approved $225-million in funding for this
facility. Also a parallel agreement has
been signed by the New Mexico Space
Authority with Virgin Galactic for this
spaceport to be the hub of operations for
the five SpaceShipTwo vehicles now
being constructed at the Mojave spaceport
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facilities of Scaled Composites. Virgin
Galactic expects to begin sub-orbital
tourist operations from this site in 2009.77
In May 2004, the Southwest
Regional Spaceport (SRS) won the bid to
become the host for the X-Prize Cup
competition, a future international
exhibition created by the X-Prize
Foundation. NASA has also held “NASA
Challenge” events in the Las Cruces area
with support also provided by the New
Mexico State University at Las Cruces
where the Personal Space flight Expo and
the Space Flight School events have been
held.
The site for the spaceport is a 70
sq. kilometer (27 sq. mile) parcel in the
south central part of the state in Upham,
New Mexico and at an altitude of 1430
meters (4700 feet). The plan for the
spaceport is to support all classes of
reusable launch vehicles (RLVs) including
sub-orbital and orbital flights—including
equatorial, polar and International Space
Station orbits. (The latitude of the site,
however, makes it less well suited for
equatorial launches.) The plans call for
multiple launch complexes and a full
operations runway and aviation complex
so as to accommodate both vertical and
horizontal takeoffs and landings. It will
also be equipped to support air and
balloon launch operations as well. In short,
its plans cover all known launching
options for reusable launch vehicles.
The SRS is supported by the State
of New Mexico through the New Mexico
Office of Space Commercialization that is
a part of the New Mexico Economic
Development Department. In 2002, the
State of New Mexico and the US Army
White Sands Missile Range signed a
Memorandum of Understanding to support
the development of the SRS facility. This
MOU allows the spaceport to share
resources and integrate launch scheduling
and operations with the White Sands
Missile Range. In addition the State of
Mexico has provided several tax and
business incentives for spaceport-related
industrial activities, including gross
receipt deductions, exemptions from
compensating taxes, R&D incentives,
industrial revenue bonds, and investment
and job training credits. It is believed that

these incentives served as key stimulants
that led to the agreement between the SRS
and Virgin Galactic to center their US
operations at this location. (See Figure 47
below for a summary status report on the
Southwest Regional Airport.)78and79
Figure 47: Southwest Regional Airport

Location
Operator
Near
Federal
Facility
Status

Upham, New Mexico
New Mexico Spaceport
Authority
by White Sands Missile
Range, US Army

Current
Capabilities

Planned
Future
Capabilities
8.7 Proposed
Implemented
Spaceports

Under
development.
Licensed
in
2006.
Contract with Virgin
Galactic for sub-orbital
flight operations.
Major facilities now under
construction include a
spaceport central control
facility,
airfield,
maintenance
and
integration facility, launch
and recovery complex,
and a cryogenic plant.
See above

or Currently
Non-Federal

Being
US

Several states in the US now plan
to develop private spaceports that are
intended to provide multiple launch and
landing services. These proposed private
spaceports have several common features.
One unusual aspect of these projects is
that rather than being coastal sites
whereby aborted missions can be easily
accommodated they are in several cases
inland facilities. The Mojave spaceport has
heretofore been the only US FAA-licensed
spaceport with an inland location rather
than an ocean-based abort capability.
These
sites,
however,
are
generally designed to have sufficient space
and area size to respond to launch or
landing mishaps and are often co-located
with larger federal sites or former airport
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facilities. These projects, although private
and commercially organized, are typically
carried out in cooperation with state
governments that are providing substantial
incentives and in-kind resources to
encourage the spaceports development.
Most of these projects are organized to
encourage specific reusable launch vehicle
developments that are in many cases

proximate to the spaceport facility.
spaceport facilities, that are at very
different stages of funding and planning, is
provided below. There is a clear need to
develop
standardized
methods
of
overseeing the licensing and safety
regulation of these facilities to ensure
adequate protection of local residents.

Figure 48:
Status of Various U.S. Based Non-Federal Commercial Space Ports1
Spaceport
Name

Location

Owner &
Operator

Launch
Facilities

Status

Gulf Coast
Regional
Spaceport

Brazoria County,
Texas (50 miles or
80 km south of
Houston, Tx)
Washita County,
Oklahoma (Burns
Flat, Oklahoma—
former ClintonSherman AFB.

Gulf Coast
Regional Spaceport
Development
Corporation
Oklahoma Space
Industry
Development
Authority

FAA Sub-orbital
launch site
licensing
underway.
OSIDA is
conducting a
safety and
environmental
impact study

South Texas
Spaceport

Willacy County,
Texas

To be determined

Launch Control
Facility, SubOrbital Launch
Platform
13,500 ft runway,
control tower,
50,000 sq.ft.
manufacturing
facility,
maintenance &
painting hangar,
To be determined

Spaceport
Alabama

Baldwin County,
Alabama (near to
Mobile, Alabama
but still with an
inland site.)
Grant County
International
Airport.

To be determined

To be determined

Port Authority of
Moses Lake

West Texas
Spaceport

Geasewood, Pecos
County, Texas

Pecos County,
West Texas
Spaceport
Development
Corporation

Major runway and
minor crosswinds
runway.
Emergency
landing site of the
Space Shuttle.
30,000 acre site.
Control center,
industrial strength
concrete pad, 5
runways, extensive
hangar space.

Wisconsin
Spaceport

Sheboygan,
Wisconsin

City of
Sheboygan/Rockets
for SchoolsWisconsin
Aeropsace

Vertical pad for
sub-orbital
launches. Portable
launch facilities
and mission

Oklahoma
Spaceport

Spaceport
Washington
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This the final site
to be selected by
the Texas
legislature. 3 sites
are under study.
Phase 2 master site
plan complete.
Sub-orbital flight
licensing process
started with FAA.
Additional
development is
contingent on
potential launch
customers and
financing. To be a
vertical launch site
Seed funding from
the State of Texas
Plans for new
runway, static
engine test facility,
& balloon hangar.
Planning for
additional facilities
and development
capabilities to
support sub-orbital

New Shepherd
Blue Origin
Spaceport

Culbertson
County near
New Mexico
and Texas
Border

Completely
private facility
of the Blue
Origin
Corporation that
supports the vtvl
operation of the
New Shepherd
vehicle

A brief report on each of these
various projects as to their current status is
provided below.

Launch pad,
manufacturing
and testing
facilities.
(Licensed by
FAA for test
launches)

This launch and
test facility is
now fully
deployed in
North Texas
very near the
New Mexico
and Texas
border. Test
flight in Nov.
2006

work. In February 2002, the state
approved the Gulf Coast Regional
Spaceport board’s access to the first
instalment of $500,000 in state grant
money. The initial $150,000 of grants has
paid contractor fees for an in- depth safety
analysis of the site based on the use of
different types of launch systems. The
draft development plan has greatly
assisted in determining what infrastructure
is necessary.
In 2005, the State of Texas
awarded the GCRSP a grant for $325,000
and the new scope of work has been
approved. Negotiations are underway with
the Amateur Space Association (ASA),
Texas A&M University, and several
commercial space operations for launch
and/ or recovery missions.80

8.7.1 The Gulf Coast Regional
Spaceport (Brazoria County, Texas)

The
Gulf
Coast
Regional
Spaceport
Development
Corporation
(GCRSDC) has proposed that the
permanent site for this facility be located
in Brazoria County, Texas, at a location 80
kilometers (50 miles) south of Houston.
The Corporation is pursuing a tract of
undeveloped land currently used for
agriculture as the prime potential site for
this facility. The GCRSDC has a site
development plan in place and is seeking
capital financing to create the needed
infrastructure while it is also seeking to
secure FAA licensing for sub-orbital
missions. Phase I and Phase II of the suborbital licensing process has been
completed. This has been accomplished
using Texas state and local government
funding for site selection, environmental
analysis, and an in-depth safety analysis of
the site based on the use of different types
of launch systems.
Brazoria County is currently
committed to putting in a road and a
launch platform facility, along with a
launch control facility. Mission control
will be linked to nearby Brazosport
College. In the long term, the spaceport
aims to support not only sub-orbital flight
programs but also orbital launches to
either polar or equatorial orbits.
Local
governments
invested
nearly $300,000 in the project between
1999 and 2001, primarily for site selection

8.7.2 Oklahoma Spaceport

The state of Oklahoma is
developing a major space industrial base
and a launch site in Washita County,
Oklahoma as a redevelopment of the
Clinton-Sherman Air Force Base in
Clinton, Oklahoma where the ClintonSherman Industrial Airpark now resides.
Facilities at this site include a 4,115-meter
(13,500-foot) runway, a 5,200-squaremeter (50,000-squarefoot) manufacturing
facility, a 2,7850-square-meter (30,000square-foot) maintenance and painting
hangar, 6 commercial aircraft hangars
including a 2,787 square meter (30,000
square foot) maintenance and paint
facility, 96 acres of concrete ramp, a
control tower, a crash and rescue facility,
and 435 square kilometers (168 square
miles) of land available for further
construction. Safety and environmental
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studies have been completed and licensing
of this facility is anticipated shortly by the
FAA-AST. The City of Clinton that
currently owns the Clinton-Sherman
Industrial Airpark (CSIA) plans to transfer
title to the Oklahoma Space Industry
Development Authority (OSIDA) after the
FAA license is fully granted.
In 1999, the Oklahoma state
legislature created the Oklahoma Space
Industry
Development
Authority
(OSIDA). Directed by seven governorappointed board members, OSIDA
promotes the development of spaceport
facilities and space exploration, education,
and related industries in Oklahoma.
Currently, the State of Oklahoma provides
operating costs for OSIDA, but the
organization has plans to become
financially independent in less than five
years. In 2000, the Oklahoma state
legislature passed an economic incentive
law offering tax credits, tax exemptions,
and accelerated depreciation rates for
commercial spaceport-related activities.
The location of the Space plane-Kistler
headquarters in Oklahoma City benefits
from these various incentives and their use
of the Oklahoma Spaceport is targeted by
the spaceport developers.
It is currently thought, based on
licensing provisions by the FAA that the
launch activities as proposed by the
Oklahoma Spaceport will not greatly
impact the continued use of the CSIA as
an active airport for USAF training and for
general aviation. Oklahoma Spaceport will
provide launch and support services for
horizontally launched RLVs and may
become operational in 2006.
Rocketplane-Kistler Limited and
TGV Rockets, Inc. have both located in
Oklahoma for their launch vehicle
developments. Rocketplane-Kistler (RpK),
as the first corporation that met specific
qualifying criteria established by the State
of
Oklahoma,
including
equity
capitalization of $10-million and creation
of at least 100 Oklahoma jobs, has
qualified for a $15-million, state-provided
tax credit starting in 2004. Besides state
funding, NASA issued $241,000 to
OSIDA for space-related educational
grants to be used throughout the state.
OSIDA has signed a Memorandum of

Understanding with several companies for
use of the so-called Burns Flat site in
Clinton, Oklahoma with the most notable
instances being Rocketplane Kistler and
TGV Rockets.
8.7.3 South Texas Spaceport

The South Texas Space Port is
being planned for location in Port
Mansfield, Texas at the Charles R.
Johnson Airport. The project is being
undertaken by the Willacy County
Development Corporation. This facility is
still in the planning stages and funding and
final facility planning remain to be
completed. This project would represent
the third—and final—spaceport for the
State of Texas as authorized by the Texas
Legislature. (Note: The Blue Origin
spaceport near the Texas-New Mexico
border is entirely privately funded and
thus has no ties to the State government.)
This spaceport would be located between
Corpus Christi to the North and
Brownsville to the North and yet be in
reasonable proximity to the NASA
Johnson Space flight Center. The Willacy
County Development Corporation was
created in 2001 to manage the spaceport
site evaluation and other technical and
administrative elements of the project
under a Texas Aerospace Commission
grant.
In February 2002, the Texas
Aerospace Commission awarded a
$500,000 contract to the South Texas
Spaceport. The designated spaceport site is
a 405,000-square-meter (0.16-square-mile)
undeveloped site adjacent to the Charles
R. Johnson Airport in Port Mansfield,
approximately 150 kilometers (93 miles)
south of Corpus Christi and 65 kilometers
(40 miles) north of Brownsville. The site
initially would be designed to support suborbital and small orbital launch systems
currently in service or being developed for
near term use. The long-term focus is
intended to be on all types of reusable
launch vehicles (RLVs). All launches of
the near term launches are currently
planned to be from so called spoil islands
or barges in the Mansfield ship channel in
the Laguna Madre or Gulf of Mexico.
Permanent infrastructure would then be
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added at the Charles R. Johnson Airport
site.
In 2003, there were a couple of
sub-orbital sounding rockets launched near
the site in an attempt to generate
awareness and encourage state funding of
the South Texas Spaceport. These
launches included a small sounding rocket
and a 3.4-meter (11-foot) Super Loki suborbital rocket. To date, no permanent
spaceport launch infrastructure has been
built and future improvements are focused
on basic infrastructure development such
an all weather road to the site, a 18 by 25
meter (60 by 80 foot) metal building, and
utilities. Continuing planning efforts are
focused on identifying the infrastructure
needed to support activities of launch
operators with current development
programs. Recently, Texas Spacelines,
Inc., entered into negotiations with the
Willacy County Development Corporation
for
Spaceport
Facilities
for
the
establishment of a permanent launch site
in South Texas. Willacy County is seeking
state grants for the spaceport building next
to Port Mansfield. The plans associated
with the grant include two launch pads and
supporting buildings as well as all utilities
and transportation services. To proceed
further with FAA licensing requirements,
both a safety and environmental study will
need to be prepared.

Spaceport Alabama Authority, which
would oversee development of Spaceport
Alabama. While no land has yet been
acquired, a green field site is under
consideration in Baldwin County, across
the bay from the city of Mobile. This site
is seen as ideal for supporting government
and commercial customers operating nextgeneration reusable flight vehicles that are
designed for access to LEO, MEO, and
GEO orbits. (GEO launches would appear
more unlikely because the latitude of
launch site would entail a penalty over
launch sites nearer the Equator. Under the
current spaceport development plan, a
spaceport
facility
could
become
operational within 8 to10 years, depending
on market demand. This current master
plan calls for the establishment of a “total
spaceport enterprise” concept, consisting
of a departure and return facility,
processing and support facilities, and full
support infrastructure. Also included in the
concept are an R&D park, a commerce
park,
supporting
community
infrastructure, intermodal connectivity,
and other services and infrastructure
necessary for providing a “turn key”
capability in support of space commerce,
R&D, national security, science, and
related services.
The site in question is adjacent to
the Gulf of Mexico for reasons of launch
safety. The primary service objective for
the Spaceport would be to support
reusable launch vehicles (RLVs), but suborbital expendable launch vehicles (ELVs)
for scientific and educational missions
could also be supported.

8.7.4 Spaceport Alabama

This proposed spaceport would be
built near Mobile, Alabama and is
intended as a next-generation facility.
Plans call for a full-service departure and
return facility supporting orbital and suborbital space access vehicles. Spaceport
Alabama is in the planning phase under
direction of the Spaceport Alabama
Program Office at Jacksonville State
University in Alabama. The Spaceport
Alabama master plan, was completed as of
the end of 2006 and this has been
presented to the Alabama Commission on
Aerospace Science and Industry and the
Alabama Legislature for formal adoption.
Phase 1 is now complete, and Phase 2 is
well underway.
Under the current plan, the
Alabama Legislature would establish the

8.7.5 Spaceport Washington

Spaceport Washington represents a
public/private partnership and is planned
for location at the Grant County
International
Airport
in
central
Washington, 280 kilometers (174 miles)
east of Seattle, as the site of a future
spaceport. The airport that was formerly
the Larson Air Force Base (AFB) and now
owned and operated by the Port of Moses
Lake is today used primarily as a testing
and training facility. The planners propose
to use the airport for horizontal and
vertical take-offs and horizontal landings
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of all classes of reusable launch vehicles
(RLVs). It has a 4,100-meter (13,452-foot)
main runway and a 3,200-meter (10,500foot) crosswind runway, and is currently
certified as an emergency landing site for
the Space Shuttle.
An approximately 121-squarekilometer (30,000-acre) potential vertical
launch site has been identified, with
multiple ownership (both public and
private). The spaceport has also
established an Aerospace Overlay Zone
within the Grant County Unified
Development Code. The purpose of the
Aerospace Overlay zoning is to protect the
air and land space around the area
proposed for use as an aerospace launch
and retrieval facility from obstructions or
hazards and incompatible land uses in the
proximity
of
the
Grant
County
International
Airport.
Additional
infrastructure development is pending
responses from launch customers, with no
specific funding support obtained and no
memorandum of understanding with
commercial space ventures.

where launch operations can be monitored
in real time. The Pecos County/West
Texas
Spaceport
Development
Corporation has access to optical tracking
and high-speed video capability that can
record the vehicle’s flight.
In February 2002, the Texas
Aerospace Commission awarded a
$500,000 contract to the West Texas
Spaceport. In June 2002, the USAF
approved the site for various test launch
projects. JP Aerospace began launching
small sub-orbital rockets from the site in
October 2002. The University of Houston
Division of Research Agency awarded the
Pecos County/West Texas Spaceport
Development Corporation $80,000 for
2003. During 2005 the following
spaceport infrastructure was added: an
industrial strength concrete pad, a 31x31
meter (100x100-foot) scraped and level
staging area, broadband Internet on site,
and controlled fenced access. The State of
Texas also approved the spaceport
development plan, and provided $175,000
in financial support for planning and
development. Flight activity from the
Spaceport to date has included launches of
NASA Dryden’s DART sub-orbital
rocket, the TPAE series of sub-orbital
rocket tests, Lockheed Martin UAV tests,
and tests of the Air Force Battle Lab Near
Space Maneuvering Vehicle.
Planned future infrastructure plans
include the development of a 1,077-meter
(3,500 foot) runway, a static engine test
facility, and a hangar for balloon and wind
sensitive activities. Other projects are
being pursued by the Pecos County/West
Texas
Spaceport
Development
Corporation. These projects include the
Blacksky DART program, intended to
characterize the performance of an
innovative aerospike nozzle
on a solid rocket motor. Texas A&M
University’s
senior-level
student
aerospace engineering program that gives
students the opportunity to build and fly
an advanced design rocket. In addition, the
Texas
Partnership
for
Aerospace
Education project supports middle and
high school students to send experiments
fitted inside ping- pong balls on balloons
to the edge of space.81

8.7.6 West Texas Spaceport

The West Texas Spaceport is
located some 30 kilometers (or 18 miles)
southwest of Fort Stockton in Pecos
County, Texas. The project is under the
ownership and control of the Pecos
County Aerospace Development Center.
Since the project began in mid-2001 plans
have moved forward for the development
of needed infrastructure that extends
beyond the existing airport facility. The
spaceport will ultimately include a launch
site with a 4,570-meter (15,000-foot)
safety radius, an adjacent recovery zone
(193 square kilometers, or 500 square
miles), payload integration and launch
control facilities, plus the existing Pecos
County Airport runway (2,308 meters or
7,500 feet) and hangar complex. The site
has access to over 1,738 square kilometers
(4,500 square miles) of unpopulated land,
and over 3,861 square kilometers (10,000
square miles) of underutilized national
airspace. The launch sites, known as the
Greasewood and Hudgins launch facilities,
can be linked by high speed Internet and
video connections to a Technology Center
George Washington University
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legislature in October 2005. The
legislation authorizes the WAA (i) to
develop spaceports, spacecraft, and other
aerospace facilities in Wisconsin, (ii) to
provide spaceport and aerospace services,
(iii) to allow use of spaceport and
aerospace facilities by others, (iv) to
promote the aerospace industry in
Wisconsin, and (v) to provide publicprivate coordination for the aerospace
industry in Wisconsin. Under the current
legislation, state funding for the WAA is
provided from the Wisconsin Department
of Transportation’s appropriation for
airports and air navigation. At a public
hearing in late November 2005, legislation
for the WAA received wide-ranging
support. The development of the Great
Lakes Aerospace Science and Education
Center at Spaceport Sheboygan is also
currently under construction.82

8.7.7 Wisconsin Spaceport

This project, located on Lake
Michigan in Sheboygan, Wisconsin,
officially began on August 29, 2000 under
its new name. The Wisconsin Department
of Transportation officially approved
creation of the Wisconsin Spaceport at that
time. The city of Sheboygan owns what
was previously known as Spaceport
Sheboygan. Currently this spaceport
serves a primarily educational role by
supporting space research and education
through sub-orbital launches for student
projects. Sub-orbital sounding rocket
launches reaching altitudes of up to 55
kilometers (34 miles) have been conducted
at the site. Additionally, Rockets for
Schools, a student program founded in
Wisconsin by Space Explorers, Inc., and
developed by the Aerospace States
Association, has conducted sub-orbital
launches at Spaceport Sheboygan since its
inception in 1995 and has continued this
role after its re-designation as the
Wisconsin Spaceport.
Each year, hundreds of students
from Wisconsin, Illinois, Iowa, and
Michigan participate in these experimental
launches. Rockets for Schools is a wellestablished program operated by the Great
Lakes Spaceport Education Foundation.
The spaceport’s existing infrastructure
includes a vertical pad for sub-orbital
launches in addition to portable launch
facilities, such as a mobile mission control
center, which can be erected and
disassembled as needed. The launch
operations are located on a pier, which the
city leased from the US Army Corps of
Engineers, to support spaceport launches.
Recently, some structures were removed
from the pier to clear space for the
construction of a proposed mission control
and education center.
Plans for developing additional
launch infrastructure are ongoing. Future
projects include adding orbital launch
capabilities for Reusable Launch Vehicles
(RLVs). Spaceport developers are in the
process of creating a development plan but
FAA licensing is still some time in the
future. Legislation for the creation of the
Wisconsin Aerospace Authority (WAA)
was introduced in the Wisconsin

8.8 Assessment of US Spaceport Safety

The licensing of spaceport
facilities, just as the flight worthiness of
space planes and reusable launch vehicles,
should remain on a case by case basis for
some time to come. This is because the
number of these facilities remains
reasonably small and the nature of the
launch operations at each site remains
quite different. Certainly there are a
number of key questions and issues that
should be addressed in the case of each
spaceport by FAA inspectors. The answers
to these questions will then trigger further
investigation and inspections. Different
launch operations, different propulsion
systems and different ground support
requirements will clearly alter the nature
and the stringency of the licensing process
that follows. Key questions for spaceport
licensing include:
a. The Nature of Abort and Mission
Mishap Processes. The licensing
process must address the degree to
which the launch site or spaceport has
a large and securable perimeter area
(and/or ocean frontage) that allows
launch aborts or landing mishaps to be
addressed with a minimum of safety
risk to ground crew and surrounding
residents and infrastructure. Land-
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b.

c.

d.

e.

based spaceports and ocean-adjacent
sites give rise to different assessment
issues.
The nature of the take-off and
landing processes for the space
plane or re-usable launch vehicle.
Vertical take-off, horizontal take-off,
jet carrier, jet-towed launcher systems
and balloon-based launch systems all
lead to different types of safety
questions and regulatory concerns.
Systems that involve ocean-based
launches and balloon-based launches
where the crew is remotely located (or
largely remotely located) from the
launch create a significantly different
environment from one where the
launch take-off is from a spaceport
with a significant number of
employees and ground crew.
The nature of an escape capability.
One of the key issues is the degree to
which there is a launch-to-land
capability for crew and passengers to
escape via a separate module or
capsule. A key question is the landing
provisions of the escape system and
whether it can make a runway landing,
a parachute or parafoil terrestrial
landing or whether a splash down
landing is required.
The nature of the re-entry mode
and the thermal protection system
(TPS). A critical part of the any space
plane sub-orbital mission or deorbiting from low earth orbit is an
adequate TPS and the nature of
required aero-braking and parabolic
arcs and pull out profiles that are
required. In this respect, safety
margins against engine malfunctions
are particularly key and mission
profiles should ensure that any
accident would prevent a crash
landing over urban or heavily
populated areas.
Logistics, Communications, Power,
Transportation, Security and Basic
Infrastructure. Any fully licensed
spaceport will need to be well
equipped with testing facilities, fully
backed up communications, power,
security provision, and other critical
infrastructure. Fortunately, since many
spaceports are augmentations of

f.

modern and fully equipped airports
most of this key infrastructure
including basic facilities such as
security barriers, limited access,
parking, transportation access, etc. are
already in place.
Testing, Assembly, Training and
Simulation Facilities. The spaceport
should be well equipped with testing,
assembly,
flight
training
and
simulation facilities or access to these
facilities should be provided for at
other convenient and accessible
locations.

The above are only some of the
basic questions that FAA inspectors
consider in licensing of private spaceports.
They will also consider the degree to
which the operator of the facility is fully
financially viable, bonded and insured
against accidental loss and liability claims
by a responsible governmental entity or
private equity company. In cases where
issues of full viability or completeness of
spaceport infrastructure remain, it might
be advisable to grant only a provisional
license, pending resolution of any
remaining questions or pending successful
performance. Fortunately, a great deal of
experience has been gained with regard to
the licensing of federal launch centers over
the years and even commercial spaceports
have, in some instances, been inspected
and licensed for periods that now exceed
ten years. The recent trend toward rapid
expansion of commercial spaceports
suggests that vigilant inspection and
licensing procedures need to remain in
place.
9.0 International Spaceport Projects

There have been a number of
national launch sites owned and operated
around the world for a number of years.
Appendix B indicates the location of these
various sites and their current status—or
whether their use has been discontinued.
Commercial
international
spaceport projects seemed to have
mushroomed in the past year. There is a
clear appeal to many countries of having
at least one spaceport in their country to
create an image of modernity and being a

George Washington University
SACRI Research Study

116

part of a totally new, and “sexy” industry.
The appeal is sufficiently great that some
governments have even offered financial
incentives to locate a spaceport within its
borders, just as some city and state
governments in the US have offered tax
and other incentive. Thus, in addition to
the various national spaceports established
by governments and briefly described in
Appendix 2, many new initiatives to create
commercial spaceports around the world
had been announced by the end of 2006.
Recent commercial spaceport initiatives
are taking place in Canada, and the Space
Adventures company is involved in
spaceport projects in the United Arab
Emirates and Singapore. The Woomera
launch center in Australia is being
modernized and upgraded to attract
Rocketplane-Kistler
and
the
DTI
Corporation to use this revitalized
spaceport. Clearly there are many more
international spaceports to follow. The
following reports on these four rather
diverse initiatives are indicative of the
range of ventures that might be anticipated
in coming years.

Initial test firings for the Canadian
Arrow engine atop a capture test stand
followed
the
completion
of
an
environmental review of the Canadian
Arrow’s planned test and launch site at
Meaford. The Meaford Range, and the
Cape Rich launch site was considered a
prime spot for a private space launch
facility. This is because of its restricted
airspace and waterways. The Cape Rich
peninsula that stretches 2.5 miles (4
kilometers) out into Georgian Bay and
thus is almost equivalent to a barge
launch. The latest development in the
planning for permanent facilities for the
Canadian
Arrow/Planetspace
launch
operations, however, involves the new
location at Cape Breton in Nova Scotia. In
this case arrangements have been made for
the spaceport to occupy 1 square kilometer
(300 acres) of land on Cape Breton with
the Nova Scotia government also
providing financial and tax incentives to
locate the permanent spaceport at this
location. In addition to testing facilities,
launch pads and manufacturing facilities
there will also be a new state-of-the-art
training facility for astronauts.83

9.1 Canadian Forces Meaford Range
and Testing Area (near Barrie, Ontario)

9.2 Space Adventures’ Singapore and
United Arab Emirates Spaceports

The Canadian Forces Meaford
Range and Testing Areas near Cape Rich,
just off Georgian Bay and near Barrie,
Canada, was selected by the Canadian
Arrow/Planetspace operation as an initial
test site and proving ground for its manned
sub-orbital spacecraft. This site has hosted
engine test fires and escape system
shakedowns for the Canadian Arrow
launch vehicle. This Canadian military site
is 70 square kilometers (44 square miles)
in size. Initial test launch operations have
been held at the end of a peninsula spit for
safety purposes. The Canadian Meaford
Range officials agreed to allow Canadian
Arrow to use the base’s facilities on a
needs basis for these initial tests. The
project received authorization from the
Canadian transportation agency, Transport
Canada, for test flights that go beyond the
current engine test firings, but it now
seems that actual test and operational
flights will be relocated to Cape Breton in
Nova Scotia.

The highly entrepreneurial Space
Adventures Inc. that has brokered four
private flights to the International Space
Station and offers a wide range of space
tourism options will expand its offerings
greatly in the next few years. Space
Adventures is planning to offer sub-orbital
flights on two different types of space
planes, the Explorer that derives from
Cosmopolitan XXI design and the Xerus
space plane by XCOR. These space planes
are said to likely be commercially
availalbe in coming months. Space
Adventures Inc. intends to offer such
space rides at new spaceport locations not
only in the U.S. but also in the United
Arab Emirates and in Singapore. In
February
2006
Space
Adventures
announced plans for two new spaceports
near major airports around the world in
order to broaden its potential source of
space tourists.
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“These sites in the United Arab Emirates
and in Singapore are just the initial steps
[for private space flight],” Space
Adventures CEO Eric Anderson told
SPACE.com.84

construct a $265-million spaceport at the
Ras Al-Khaimah International Airport in
Ras Al-Khaimah – the northernmost of the
seven emirates that constitute the United
Arab Emirates (UAE).

Space Adventures’ plans are thus to
expand the space tourism business in a
number of ways— to develop space
planes, to develop spaceports, to operate
both planes and spaceports and ultimately
to “franchise” the business around the
world. They are currently well along in
developing both of the two new space
planes. The Explorer spacecraft is being
developed in partnership with the Texasbased Prodea Corporation—a firm
founded by the Ansari family—as well as
in partnership with the Russian Federated
Space Agency.85 The other space plane is
the Xerus vehicle that is being developed
by XCOR Aerospace.

(Courtesy of Space Adventures)
Figure 49: Ras Al-Khaimah Space Port Concept
Design at the Ras Al_Khaimah International
Airport—Northernmost of the UAE Trucial States

The Explorer derives from the
Cosmopolis XXI (C-21), a multipassenger space plane designed by
Russia’s Myasishchev Design Bureau
(MDB).
The
Explorer
vehicle’s
development and initial operation is to be
directly supervised by the Russia’s Federal
Space Agency. Both space planes, the
Xerus and the Explorer, are designed to be
launched via a parent aircraft – in this
case, the MDB designed M-55X aircraft
that is much like the SpaceShipOne craft
that won the Ansari X Prize. But while the
original Cosmopolis was designed to carry
two passengers and one pilot, the
expanded Explorer vehicles will launch up
to five people to sub-orbital space. MDB
chief designer Valery Novikov, in a
written statement that was released with
the announcements of the two new
spaceports, indicated that “…..the safety
of the passengers is our chief aim, and the
Explorer will make use of several safety
systems that we have unique experience in
designing and implementing for the last 40
years.”86

“After we initiate operations here,
we look forward to expanding operations
outside of the United Arab Emirates,”
Sheikh Saud Bin Saqr Al Qasimi, crown
prince of Ras Al-Khaimah, said in a
related statement in February 2006. Space
Adventures’
CEO
Anderson,
in
announcing the project said Crown Prince
Al Qasimi has been extremely supportive
and has personally invested $30-million
into the spaceport project. Space
Adventures has also reported that it is
working with a consortium of investors in
Singapore
to
develop
Spaceport
Singapore, a facility that will offer not
only sub-orbital space flights, but also
astronaut training, parabolic flights to
simulate weightlessness, and other highaltitude attractions. Current plans call for a
$115-million facility to be built near
Singapore’s Changi International Airport.
Lim Neo Chian, Chief of the Singapore
Tourism Board, expressed strong support
of the project when it was announced in 2006 by saying: “With the proposed
Spaceport Singapore, we now stand at the
threshold of an unprecedented opportunity

Spaceport Details

According to Space Adventures’
press releases, an agreement is in place to
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The clear atmospheric conditions that exist
in Woomera allow launches at virtually all

to launch into space practically from our
own backyard.”

(Courtesy of Space Adventures)
Figure 50: Architectural Rendering of the Singapore Spaceport
– a Space Adventures’ Project

Space Adventures Inc., in its
announcement of the UAE and Singapore
spaceport projects, indicated that these two
initiatives do not rule out an American
spaceport in Space Adventures’ future,
although several unrelated projects are
already well underway in the US.

times and the vast open areas that
surround the launch site allow the
recovering of staged rockets from the K-1
launch. (See earlier discussion of
Australian launch development in Section
7.3 for further details.)
10.0 Inhabited Space Facilities

9.3 Woomera, Australia

The main focus of space tourism
today is on the development of safe space
planes that can carry tourists on a suborbital flight that includes a few minutes
of weightlessness. There are some even
more visionary planners that foresee a
market that allows tourists to go into orbit
for sustained visits that might even include
space walks or other exotic activities.
Robert Bigelow of Las Vegas, Nevada has
long envisioned moving from a land-based
hotel and tourism business to deploying
extended- stay facilities in space. Likewise
the designers for InterOrbital Systems of

The Woomera, Australia launch
facility dates back to the 1960s. This was
the site selected by the United Kingdom
for its launch center when it was
developing the Blue Streak rocket as a part
of the European effort to develop an
integrated multi-stage rocket for the
European
Launcher
Development
Organization (ELDO). This facility is
being updated and modernized to support
of the operations of Rocketplane-Kistler
and DTI at a cost of some $80-million.
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Mojave, California have designed a new
high performance rocket that “morphs”
into an orbital habitat. There are others
who envision the evolution of private
space commerce to include “space hotels”
in the future, but the following represent
two of the most advanced and welldefined programs.

The official web site of Bigelow
Aerospace has spelled out its primary and
secondary corporate objectives as follows:
Primary Objectives:

Validate expandable structures as
a certified space flight technology. Provide
a low-cost, low earth orbit (LEO) humanrated space complex that is accessible to
the commercial sector. Develop an
affordable and flexible space complex
architecture that can be adapted for any
manned or unmanned mission requiring a
large pressurized volume. Provide a
ground-based infrastructure that the
commercial and public entities sector can
utilize for developing low-cost, spacebased missions.

10.1 Inflatable Space Habs—Bigelow
Aerospace

Bigelow Aerospace purchased
the “spacehab” technology that NASA had
abandoned but then agreed to license to
Bigelow Aerospace for continuing
development. July 12, 2006 saw the
successful launch of the one-third scale
model, Genesis 1 inflatable spacehab. The
Genesis I, after inflation, achieves the
rather impressive dimensions of 2.54
meter in diameter and 4.4 meters in length.
With the successful launch, full
deployment and inflation and sustained
operation of Genesis I since July 2006, the
viability of building modular systems has
moved ahead to a new level of viability.
The launch on the Dnepr vehicle, as
manufactured by the Russian Kosmotras
company and the Ukranian Yuzhnoye
company, originated from the ISC
Kosmotras Space and Missile Complex in
the Orenburg region of Russia. The key
elements of the Genesis I dimensions and
a listing of its functional cameras is
provided in Figure 51 below.87
Genesis I has ushered in a new
era of private space vehicles and private
space station development. Shortly after
launch, Genesis I successfully expanded
and began sending back data from the onboard NASA experiment plus a series of
images to the North Las Vegas, Nevada,
Bigelow Mission Control Center.

Secondary Objectives

Create new ways of generating
revenue through the use of these
demonstrators that lead to full-scale
business development engaging the public
in fun and interesting pilot revenue
generating programs.
The Genesis II launch is planned for the
first half of 2007 and if successful, will
demonstrate the feasibility of actually
deploying a commercial space station.
This space station, which could have a
volume similar to the International Space
Station, could be used to carry out
experiments or provide space tourism with
a wide range of experiences. The actual
image of the Genesis II in space, which
would be similar to that of the Genesis I
but 27 times larger in volume, is shown in
Figure 52 below.

Robert Bigelow, who has
invested on the order of $75-million of his
own resources in the development of these
spacehab structures, has also called for a
transition from Governmental to private
space services and commerce in an
increasing number of sectors. His
argument is that the “power and strength
of commercial markets” can provide
“creditable impetus” to initiatives to go to
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Genesis I

Expanded

Launch Date:
July 12, 2006

2

2.54 Meters in Diameter

3

11.5 Cubic Meters of
Usable Volume

4
5

Solar Arrays (8 total)

6

Communications Antenna

1

Launch Location:
ISC Kosmotras Space and
Missile Complex, Russia
NORAD Identifier:
#29252

Contracted

4.4 Meters in Length

7
8

4.4 Meters in Length

1.6 Meters in
Diameter

Shell Skin:
6 Inches Thick, Multilayer
System

Inflation Rate: 15 Minutes
Internal Temperature: 79 Degrees
Windows: 1
Internal Cameras: 6
External Cameras: 7
Speed: 16,928 MPH
Altitude: +/- 350 Miles
Earth Orbit: Once every 96 Minutes
Anticipated Lifespan: 3-13 Years

(Courtesy of Bigelow Aerospace)
Figure 51: Key Parameters of the Genesis Spacecraft
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is designed with various features that are
envisioned to reduce costs and maximize
reliability. The design process has sought
to eliminate features of a launch system
that add unnecessary cost, entail unneeded
complexity,
failure-prone,
limit
performance, and adversely affect
reliability. Such system design features,
according to IOS, can include such aspects
as wings and turbopumps—both of which
have been eliminated from the design. The
Neptune Spaceliner is also designed to be
launched from the ocean. This is
envisioned to reduce launch costs and
allow flexible launch scheduling based
essentially on customer demand. (See
Figure 53 below)

the Moon and Mars on longer term basis
with a reasonable hope for success.88

One of the most innovative
aspects of the Neptune Spaceliner’s design
is to use the liquid oxygen (LOx) tanks of
the craft as a low orbit “space station”
after the oxygen is consumed in the
launch. This idea was first proposed by the
External Tanks Corporation group of
Boulder, Colorado in the late 1980s when
they suggested that launching the Shuttle’s
external tanks 90% of the way into orbit
did not make sense. Instead, they argued
that they should be enhanced in their
performance to lift them to orbit and then
used to build a low cost space station.

(Courtesy of Bigelow Aerospace)
Figure 52: The Image from Space of the
Genesis I

Bigelow has not only spearheaded
the development and deployment via a
Russian launcher of inflatable spacehabs,
but has sought to spark the development of
cost-effective launch systems to support
these in-orbit facilities. A prime motivator
is the Bigelow-sponsored $50-million
America’s Space Prize (see Section 4.3.2
for a description of this prize and the
competition objectives).

10.2

Once in orbit, an expedition crew
of the Nepture launch team will transfer to
the rocket’s specially equipped LOx tanks.
During the mission, the two 20-foot
diameter spheres will provide the crew
with an enormous living, recreational, and
work area, with both private and group
activity zones. It is intended that the
Neptune expedition crew will thus be able
to experience sustained and long-term
Earth and space views through numerous
observation
ports,
while
enjoying
weightlessness to the maximum. 89

Neptune
Space
Station—
InterOrbital Systems

InterOrbital Systems (IOS), of
Mojave, California is developing the first
of a new generation of manned orbital
launch vehicles that is unique in that it
envisions, as a part of the launch system,
actual living quarters that could be
inhabited by low-earth orbit space-farers
once launched into space. This project is
called the Neptune Spaceliner (NS) and it
George Washington University
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(Courtesy of InterOrbital Systems, Inc. IOS)
Figure 53: Neptune Launcher and Orbital Station Module
Liquid Rocket Engines and Propellants:
The Neptune Spaceliner, as designed, is to
be powered by a single, fixed, high-thrust
liquid booster engine and four outboard
gimbaled, low-thrust liquid rocket engines.
The vernier rocket engines can be
controlled so as to be gimbaled up to a
45º angle in order to provide pitch, yaw,
and roll steering control. These vernier
engines will also be used to provide the
rocket’s sole power during the final leg of
its journey into orbit. Cryogenic liquid
oxygen (LOX) and liquid natural gas
(LNG) are the rocket’s primary
propellants. The main booster engine will
generate 460,000 pounds (i.e.? Newtons)
of thrust and the four vernier rockets
together will generate 100,000 pounds (i.e.
22,492 Newtons) of thrust. The total thrust
at ignition will be 560,000 pounds
(i.e.125,000 Newtons). For maximum
performance, each rocket engine utilizes
IOS’s proprietary expansion-deflection,
altitude compensating nozzles. Thus at
higher altitudes with a thinner atmosphere
the nozzles adjust to achieve maximum
thrust performance.

The Neptune Spaceliner is a rather
unique
stage-and-a-half-to-orbit
(SAAHTO) launcher. This system is
similar to a single-stage-to-orbit (SSTO)
launcher in terms of requiring a minimum
number of operating parts and systems.
But when comparing a SAAHTO and a
conventional single stage to orbit (SSTO)
rocket with the same payload-lift capacity,
the SAAHTO is actually only a fraction of
the size and mass of the SSTO type
vehicle. The Neptune is akin to the SSTO
in that it has only one set of engines, only
one set of propellant tanks, and all of its
rocket engines are started at the launch site
rather than staged after lift-off. Staging a
SAAHTO, in the case of the Neptune
design, could be equated to the simplicity
of dropping unused ballast from a balloon.
Thus, the SAAHTO design is less
complex and presumably more reliable
and less risky than a two or three stage to
orbit rocket. In terms of increased
performance it is also, in theory, more
practical than a single-stage-to-orbit. 90
As currently conceived by its
designers, the Neptune Spaceliner will be
able to place a 10,000-pound payload into
a 250-mile 51º latitude orbit. The three
main components of the rocket are the
Booster Module (BM), the Orbital Station
Module (OSM), and the Crew Module
(CM). The entire vehicle is 88 feet (28
meters) long and 21 feet (6.5 meters) in
diameter.

Booster Module (BM): The Booster
Module is composed of the main booster
engine and its subsystems. After 70% of
the Neptune’s propellants are consumed,
the main booster engine is designed to
shut down. At this point, the Booster
Module is jettisoned. This results in a 44%
reduction in the vehicle’s dry weight and a
substantial increase in the payload-toorbit.
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Orbital Station Module (OSM): The
OSM’s forward LOx tanks are designed
for a dual use. After the Lox is expended
the OSM is designed to be occupied by the
crew. Once the OSM reaches orbit, the
residual contents of the LOx tanks will be
vented into the vacuum of space and it will
be made ready for habitation. The OSM is
equipped with everything required to
safely live inside its voluminous habitable
space for up to seven days. In addition, the
LNG tank is fitted with an airlock for
extravehicular activity (EVA). (See
Figure 54 below)

The procedures associated with
the Neptune’s launch and then subsequent
habitation by the Orbital Station Module
are as follows:
OSM Habitation Procedure (On-orbit)

1)

Crew Module (CM) detaches and
pulls away and then a systems
check is done on the Orbital
Station Module (OSM)

2) The CM turns around and docks
with OSM

(Courtesy of Inter Orbital Systems, Inc.)
Figure 54: Cross view of the Neptune Vehicle with Solar Panels Deployed
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3)

4)
5)

at the launch site, or anywhere along the
launch trajectory, the escape rockets will
boost the CM away from the launch
vehicle. In this event, the CM is designed
to land in the ocean by parachute and to be
recovered. (Note: This design feature,
namely a launch-to-land escape system, is

Command pilot activates the
OSM life-support system
Command pilot opens hatch
Crew enters OSM and prepares
it for habitation

(Courtesy of Inter Orbital Systems)
Figure 55: Inter Orbital Systems Crew Module

a critical element that was omitted from
the Space Shuttle and is a critical feature
for any space plane operation or space
visit facility.)

Crew Module (CM): The CM, as
currently designed, plans to accommodate
four expedition crew members and one
command pilot. As indicated in the above
graphic, it is anticipated that the crew, for
the purpose of dynamic balance, will be
seated in radial fashion around a centrally
located service compartment access hatch.
Each crew member will have a window to
provide visibility. The CM is attached to
the forward section of the rocket and has
the following primary components:
emergency escape system (EES), lifesupport system (LSS), electric power
system (EPS), docking collar, retro-rocket
de-orbit system, attitude control system
(ACS), parachute recovery system, aft
heat shield for reentry. For reasons of
safety, the crew will wear space suits at
critical periods during a space mission.

Floating Sea-launch: Neptune Spaceliner
launch operations will be carried out at sea
using a technique called floating launch
that was first developed by the Italian San
Marco launch platform operation in the
Indian Ocean decades ago and perfected
more recently by the Sea Launch
Corporation. A floating-launched rocket is
launched directly out of the water. An
expensive floating sea-launch platform is
not required. Just like a ship, a rocket is
buoyant and will float when placed in the
water.

When a ballast unit is attached to
the aft end of the rocket, it will float
vertically in the water, partially
submerged. This is referred to as “righting
the rocket”. Once the rocket is righted in
the water and fully fueled, it is ready for

Crew Module Escape System: The CM
is equipped with set of four aft mounted
liquid rocket engines. In the event of a
catastrophic failure a major rocket system
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launch. Since a rocket carries its own
oxygen, its rocket engines can be started
while submerged in the water (in the same
way a welder’s torch or flare can ignite
underwater). This is the key to floating
launch. After the rocket engines are
ignited underwater, the ballast unit is
dropped and the rocket pushes itself out of
the sea. Its guidance and steering system
keeps it straight and on-course all the way
into orbit.

For commercial endeavors to
launch people, cargo or satellites into
orbit—even low earth orbit—in a costeffective and safe manner, this will likely
mean moving beyond rocket technology.
The use of explosive chemicals is not only
inherently dangerous but, from a longer
term
perspective,
it
is
also
environmentally unsound.
In order to move beyond
human’s currently very tenuous access to
low earth orbit and attain a reliable and
sustainable presence in space, the costs of
lifting payloads into Earth orbit must first
be greatly reduced from their current
levels, while also hopefully increasing
safety as well. A number of concepts for
lower cost, reusable launch vehicles have
been proposed, but the simple and
unforgiving nature of the rocket equation
and the limitations of presently known
chemical propellants make achieving those
cost reductions with rocket technologies
alone a remote prospect. The following
concepts would rely on new technology
and new materials to achieve reliable and
affordable access to space.

Launching a rocket at sea is the
only practical and economical method for
launching large payloads into orbit. It
eliminates the tremendous costs and
scheduling bottlenecks associated with the
existing land spaceports and airports.
Launches can be scheduled according to
the customer’s requirements. Other
advantages include:
1)

Launch positions can be
selected from points around the
world

2)

Floating-launch systems are
portable

3)

Launch insurance costs are
substantially lower

4)

Simplifies vehicle recovery
operations

5)

Federal launch licenses are
easier to obtain

11.1 The Space Elevator Project

A number of scientists and
engineers believe that it will be possible in
coming years to devise vehicles capable of
carrying cargo and humans high into space
on a ribbon of carbon thinner than paper.
The climber system would be powered by
highly concentrated laser beams. These
would be aimed ever upward from the
Earth. For decades, the space elevator has
been discussed as a concept by visionaries.
This idea has been perhaps most vividly
depicted by Arthur C. Clarke in his book.
Foundations of Paradise. Today, however,
truly serious efforts are underway to
develop the technologies that might indeed
make such a space elevator system
possible. This means intensive efforts to
develop the materials (such as carbon
based nano tubes) and laser-powered
climber robots that might actually make
such an idea operationally feasible. This
ribbon might weigh as much as 14 tons,
which would still be amazingly
lightweight when considered on a weight
per kilometer basis.91

Floating launch technology is a proven
technology and IOS’s development team
is headed by former Navy Captain John
Draim, the world’s foremost expert on
floating-launch. Captain Draim held the
original patents on floating launch. Launch
operations will take place at the Long
Beach Port in Long Beach, California.
Two ships will be outfitted to carry out the
launch and recovery operations at sea.
Initial launches will take place from the
Pacific Ocean, West of Long Beach.
11.0 Longer Range Efforts To Provide
Private Access To Space
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NASA, at the October 2006 XPrize competition, sponsored $400,000 in
prize money as part of the Centennial
Challenges to stimulate the innovative
concepts needed to develop a solar power
robotic climber. Although this competition
was not successful, the prize money has
been increased for even more ambitious
goals for the October 2007 competition.
The NASA Tether Challenge calls for
entrants to design and create super strong,
lightweight materials whose strength will
be tested by opposing teams in a kind of
tug-of-war competition. Rather than
dreaming up a shaft for a space elevator,
the Tether Challenge is intended to
encourage entirely new concepts in
materials science. The Climber Challenge
also requires teams to develop robotic
"climbers" that lift the heaviest possible
load, at a minimum speed of 3 feet per
second, to the top of a 67-meter (200 foot)
"vertical racetrack" made of metallic
ribbon. However, 67 meters is a far cry
from the 35,580 kilometers needed to
reach from the Earth’s surface to GEO
orbit, much less the additional tether
length needed to be deployed above the
GEO orbit, in effect, to create the
“negative gravity” above GEO orbit.
One of the key firms developing
the new carbon-based material technology
that might have sufficient tensile strength
to create a tether sufficiently strong
enough is the Dallas-based start-up called
Carbon Designs, Inc., headed by Bradley
C. Edwards. Dr. Edwards is a former Los
Alamos physicist and author of a book
titled
"The
Space
Elevator:
a
Revolutionary
Earth-to-Space
Transportation System." Bradley is the
advocate of constructing a ribbon made of
new materials called carbon nanotubes.
Nanotubes are linked atoms of
carbon in a unique spherical molecular
form shaped rather uncannily like
volleyballs.
Scientists
call
them
buckyballs or fullerenes. (The names
derive from inventor and innovator
Buckminster Fuller, who correctly
anticipated that this type of crystallinelike,
high-tensile
strength carbonsynthesized material could eventually
duplicate the strength of diamonds.)
Today’s nanotubes have a diameter 10,000

times smaller than a human hair. Thus,
practical tether systems remain largely in
the future and are more like laboratory
experiments than industrial products. Yet
nanotubes of microscopic lengths are
already being produced. Both their tensile
strength and their electrical properties
have attracted the interest of companies as
small as Bradley's new firm, Carbon
Design Inc., as well as industrial giants
like IBM and Intel.
In the relatively near future,
Bradley believes, Carbon Design Inc. will
develop the first practical applications and
on a large scale.
These new solid,
lightweight materials will be at least 10
times stronger than steel. These might be
applied to the manufacture of golf clubs,
tennis rackets or bicycle frames. This
could then be followed for practical use in
space within five to ten years.
According to the Brad Edwards
vision, the deployment would unfold in
the following fashion. First, a single
ribbon of nanotubes—about a meter wide
and barely thicker than Saran wrap—
would be anchored aboard a huge
oceangoing ship. This micro-strip ribbon
would then be unrolled from spools, and
taken aloft by rocket or lighter-than-air
systems
and
ion
engines
into
geosynchronous orbit, or to a height of 35,
870 kilometers (or 22,230 miles) high.
Robot "climber" vehicles, powered by
laser-like beams of light that relay
electricity from solar panels aboard the
mother ship, would move up the ribbon,
carrying fresh spools of nanotube ribbon
up to the top.
From there, smaller rockets would
carry still more lengths of ribbon to a final
point 62,000 miles up. At that point a
massive counterweight would hold the
entire ribbon in place as the earth's swift
rotation keeps it taut—much the way a
rock at the end of a string stays taut when
a kid whirls it around and around. The
elevator could be used by relays of
"climbers" carrying entire spacecraft and
supplies—even with astronauts aboard.
These systems could eventually launch
into deep space in order to go on to the
Moon or Mars when they reached the top
of the ribbon.
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The
NASA
Challenge
competitions for the best tether and the
best "climber" systems are thus seen as a
prototype for a new type of launch system
for the future. This “space elevator” is
envisioned as a flexible, cost effective, and
hopefully much less risky launch system
than today’s chemical rockets that
represent a highly controlled explosion.
Estimates as to the timing, cost and safety
of such a future system vary widely. The
feasibility of deploying such a system, for
a cost in the range of $10- to $15-billion in
a time frame of about 15 years in the
future, may be possible. This safe, costeffective and highly flexible space
infrastructure thus might be deployed at a
cost that is on the order of 10% to 15% of
that of the International Space Station
(ISS) and possibly in significantly less
time.

either current or even future rocket
technologies. The primary reasons are as
follows:






The Practical Deployment Schedule and
Cost of Space Elevator System

Dr. Brad Edwards believes that
NASA’s current estimates that a space
elevator would take 30 years to design and
build are too conservative. Edwards
suggests that if done by private enterprise
with adequate funding it could indeed be
in operation in 15 years.92
Today’s space industry thinks
very much within the “box” that reads
rocket propulsion. The launch aerospace
companies that design and build launch
systems have nearly sixty years of
experience of building chemical reaction
rockets that do achieve their goal of
putting payloads into space and with everincreasing reliability. The Soyuz and
Space Shuttle systems are on the order of
98.5% to 99% reliable. The designer of
space planes are aiming at systems that are
on the order of 999 out of a 1000 times
reliable. The longer-term view of finding a
more cost effective way to space with
99.999% reliability must truly think in
terms of an entirely new technology. The
space elevator may be the best bet.
There are several reasons why a
Space Elevator, given the development of
the right new technology and the right
operational systems and safety controls,
could represent a quantum leap beyond
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Cost. All rocket designs are governed
by the rocket equation, which means
that even the rockets of the future will
weigh thousands of tons in order to lift
a truck-sized payload to LEO, or a carsize payload to GEO. (Only 5-10% of
a rocket launcher system can be the
actual payload. Even future nuclear
propulsion will require on the order of
a 10% payload to mass ratio.
Cost of Safety. All rocket designs will
have to burn tons of propellant every
second in order to get going - such
machines cannot be made cheaply,
particularly if they are to be reliable,
low risk and safe.
Ultimate Safety Concerns. Rockets
require an enormous continuous
explosion. For this reason they cannot
be made to be truly safe and 99.999%
reliable. The huge amount of stored
energy means that even a small
problem in thousands of parts, chips,
wiring, and subsystems can ultimately
result in a catastrophic explosion. A
Space Elevator climber can literally
stop in its tracks if an anomaly is
detected, and even slide back down if
necessary.
Orbital and Deployment Flexibility.
The Space Elevator, as currently
envisioned can offer flexible and
large-scale deployment either to LEO,
GEO, and even Earth Escape
trajectories.
Conservation of Energy and
Environmental Concerns. A rocket
wastes most of its energy as propellant
heat and velocity—only a fraction of
the energy goes towards pushing the
rocket forward. It also burns
chemicals in the atmosphere and even
more fragile stratosphere. A Space
Elevator, on the other hand, derives
most of its energy from the rotation of
the Earth, and so needs to provide
only a fraction of the energy—and
even that, in the form of clean
electricity and laser transmission
systems.













Reliability. A Space Elevator climber,
as currently envisioned, is simply a set
of photovoltaic panels and electric
motors. Even the rockets of the future
will remain much more complex
machines, continuously balancing fire
and ice as close to an explosion as
they dare push their designs.
Quality of Service. Because of
"gravity drag", rockets have to
accelerate at 5-6 gravities, or they
waste even more propellant against
Earth's gravity. At such high forces,
dynamic loads reach many tens of g's
and the ride on top of the rocket
becomes
a
very
destructive
experience. Most of the cost of
building a payload goes into making
sure it survives launch. A Space
Elevator, on the other hand, transfers
gently from 1 to 0 gravities, with no
dynamic loads. The impact of this on
the complexity, capabilities and cost
of the payloads cannot be overstated.
Scalability. The Space Elevator can
grow in a linear fashion—if we double
the thickness of the tether and add
another power beaming station, the
system can carry twice as much load.
If we do this every two years for 20
years, the system will be able to carry
1000 times as much load. Rockets
simply
cannot
increase
their
performance a 1000 time in 20 years.
No fairing size limitation. Since it
only moves through the atmosphere at
slow speeds, the Space Elevator can
haul up an entire radio telescope dish
in once piece —no in-orbit
deployment necessary, resulting in
simpler payloads.
Quality of Service, Maintenance and
Retrofit. The Space Elevator can
carry a communication satellite to
GEO, test it in position, and bring it
back down if it's not performing well.
This sort of capability should also help
to reduce insurance rates for space
systems.
Reliability. No sub-nominal launches.
Once the climber reaches GEO
altitude, the payload is in GEO period. No circularization burn will be
necessary.



Up “AND DOWN” capabilities. The
Space Elevator is the only system
capable of getting back down to Earth
without the very risky maneuver of
aerobraking. This again represents a
major safety factor. The most
dangerous single element in today’s
manned space missions tends to be the
thermal protection system and the
extremely high heat associated with
the de-orbiting process.

There is no doubt that rocket
transportation systems—i.e. chemical,
electrical ion and nuclear rocket
propulsion—can get much better and
cheaper than they are today. Nevertheless,
rocket launchers have fundamental
characteristics and inherent problems due
their basic physics. The laws of nature and
the rules of motion, gravitation and
explosive
propulsion
cannot
be
circumvented. In the long run, a real
space-faring economy will need a
quantum leap in capabilities.93
11.2 Tethers Unlimited Inc.

The Tether Unlimited Inc.
organization94 has proposed the use of
Momentum-Exchange/ElectrodynamicReboost (MXER) Tethers to provide a
way to assist launching vehicles, payloads
and people into orbit. This launch assist
capability can combine with reusable
launch systems based on chemical rockets
or other advanced technologies to achieve
the order-of-magnitude reductions in
launch costs needed for a viable space
economy to develop.
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reach down below the facility and
rendezvous with a payload moving in a
slower, sub-orbital trajectory. The grapple
(or electro-magnetic system) would then
capture the payload and pull it into orbit
along with the tether system. It would then
release the payload at the top of the swing,
tossing it into a higher orbit. When the
tether system captures and releases the
payload, it transfers some of its
momentum and energy to the payload. As
a result, the tether facility’s orbit will
drop. To enable the system to boost
additional payloads, the tether system can
restore its orbit in between payload boost
operations by using electrodynamic tether
thrusting or perhaps restore its speed
through the use of ion engines.
Electrodynamic thrusting would be
accomplished by using onboard power
supplies to drive current along the length
of the tether. This current will interact
with the Earth’s magnetic field to generate
so-called Lorentz JxB forces, much as the
currents in an electric motor generate
force. If the tether current is properly
modulated as the tether swings through the
Earth’s magnetic field, these Lorentz
forces will produce a net thrust that will
restore the tether’s orbit. Because the
electrodynamic re-boost technique utilizes
the mass of the Earth, coupled through its
magnetic field, as its reaction mass, it does
not require expenditure of propellant. This
enables the tether system to repeatedly
boost payloads into orbit without requiring
resupply of propellant. The simpler
approach, however, in the early
implementation of this system might be to
use ion engines. There would nevertheless
need to be a discharge mechanism because
the movement of the tether through the
Earth’s magnetic field would generate
electrical energy in any event.

(Courtesy Tether Unlimited Inc.)
Figure 56: The Tether Catapult System
for Raising Payloads to a Higher Orbit

The Tether Launch Assist concept
involves a satellite-suspended tether that is
permanently swinging through space that
would act as a catapult to catch and then
lift a first stage rocket launch to a low
earth orbit. This rather unconventional
approach would combine the technique
used by Tarzan to swing through the
jungle with the principles of a simple
electric motor. This would create in space
a system that would be capable of
repeatedly picking up payloads from a
sub-orbital trajectory (as synchronized to
the pendulum swing) and then boosting
the payload up to higher orbits. In this
concept, illustrated in the figure above, a
long high-strength tether would be
deployed from an orbiting facility. Then
the tethered system would be set to
swinging back and forth so that, at the
bottom of its swing, the tip of the tether is
moving much slower than the center of
mass of the system. A grapple system
attached to the tip of the tether (or perhaps
an electro-magnetic system) can thus

The net benefit of the Tether
Launch Assist is that it can significantly
reduce the velocity and thrust capability
required of a reusable launch vehicle
(RLV) to launch a payload to low earth
orbit. Due to the exponential scaling
behavior of the rocket equation, even
small reductions in the velocity increase
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(or Delta V) that a RLV must provide,
thus translates into large reductions in
launch vehicle size. Alternatively, if the
RLV system size is held fixed, the Tether
Launch Assist can greatly increase the
payload capacity of the launcher—or some
combination of these two factors. This
approach has been developed by Tethers
Unlimited Inc. (TUI). In order to see a
flash demonstration of the tether lifting
concept described above and to understand
the concept in a completely visual way
one should view the web site page.95

12.0 New Approaches to Space Safety in
the 21st Century

There are many, many ways
forward in new private space systems and
a tremendous diversity of approach. The
many entrepreneurs who are seeking to
start a viable space tourism business
represent this diversity of approach and
business model. Likewise there a great
difference in the technical and operational
approach to the development of the
various space planes and reusable launch
systems (RLS) now under development.
Past experience has tended to confirm that
ultimately this diversity of approach—i.e.
the testing of all possible options—will
lead to lower risk and enhanced safety for
space travel. Many sources of innovation
and testing of a huge number of options is,
in short, bound to be good, even if many
designs and technical approaches are
discarded in the process.
The more than forty different
projects identified in Figure 15 of this
report offer many parallel pathways
forward. Several of these systems may
prove to be not only more cost effective,
but also much more reliable and safer than
launcher systems of the past. Intuitively,
the fact that there is a laboratory of
practical and real world experience against
which these many systems and designs
will be proven over the next decade, seems
likely to produce a better and more well
conceived result than a unified program
that is centrally financed. Although this
diversified approach may, in the early
years also produce more accidents and
failures, the strongest and safest designs
that emerge from the testing and
verification process will provide empirical
results from the crucible of practical
operational experience.
It is possible to note that this way
forward closely parallels the early
development of airplanes and airplane
design at the start of the twentieth century.
In this instance, also, scores, if not
hundreds, of designs were developed,
tested, and proved in a competitive
commercial environment.
The first breakthroughs will
undoubtedly come in the sub-orbital
flights of space planes that build on the

11.3 Nuclear Propulsion, Ion Engines,
Solar Sails and Other Means to Access
Space

There are a number of other
means that might be utilized to access
space and travel across the solar system.
Unfortunately some of the most efficient
are really not viable ways to escape the
Earth’s gravity well. Some of the means
that might be used to travel from GEO
orbit to the Moon or Mars or other
destinations such as ion engines, solar
sails, etc. do not have sufficient propulsive
force to lift off from the Earth’s surface
and escape the gravitation forces that exist
at lower altitudes. At this stage the only
other propulsive force available is nuclear
propulsion. NASA and other entities have
development programs underway and
these have become increasingly more
viable over the past two decades. These
developments are discussed in many other
texts and websites including in the recent
study by the George Washington
University
Space
&
Advanced
Communications
Research
Institute
(SACRI), namely the “future capabilities
section” of Space Safety Report:
Vulnerabilities and Risk Reduction In U.S.
Human Space Flight Program, George
Washington University, SACRI Institute,
2005.96 Thus these capabilities will not be
repeated in this report. The other systems
such as ion engines and solar sail systems
will very likely be used for space missions
once various vehicles are lifted to higher
altitudes where the Earth’s gravitational
force has been greatly reduced.
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performance of supersonic experimental
jets such as the X-15, the SR-71, the X-34,
X-37, X-38, X-43 and the various
developmental
and
pre-operational
systems and lifting bodies such as the
Northrop M2-F2, Northrop HL-10, the
Martin X24 A & B as well as the various
early scramjet developments such as the
HOTOL, the Zanger, and other early
prototypes described earlier in this report.
The second wave of new launch
technology will obviously take longer to
evolve and the pattern of development is
certainly less predictable. Clearly the
NASA COTS program as executed by
Space X and Rocketplane Kistler (RpK)
offers the opportunity for proving
technical
innovations
and
safety
enhancements that may prove particularly
important. Opportunities may also come
from enhanced ion engines, lighter than
aircraft, and nuclear propulsion within the
next decade.
The real hope for serious and
long-term access to space in any
meaningful ways will come in the longer
term—i.e. 15 to 20 years. Totally new
systems such as space elevator (or space
funiculars or tether lifting) systems may
provide truly innovative and better ways to
access space. Yet, technology and
innovative launching systems are only a
part of improved space safety.
Regulatory
innovations
and
enhanced procedures must be and will be a
part of the future of space safety. The new
FAA rule making finalized in December
2006 establishes an important framework
in which the licensing of space plane
vehicles and spaceports will be carried out
through 2010. This rulemaking imposes
certain standardized rules such as the
requirement to pass a physical and
meeting the requirement for a second-class
airman as well as an instrumented pilot’s
license. It does not, however, require an
experimental
pilot’s
license.
The
regulations do not require that passengers
that sign up for flights be given the history
of “experimental flights” of space plane
vehicles but only the data and flight results
for “operational craft performance. There
is certainly a concern that in the rule
making process, the FAA has essentially
only heard from interested industrial

concerns that plan to operate space
tourism businesses. This is actually quite
understandable, but as experience is
gained and passengers do indeed fly on
these new space plane vehicles, a
mechanism to hear from the customers
should be developed.
12.1 Impact of new technologies

New propulsion technologies, new
fuel concepts, new materials, new escape
systems, new thermal protection systems,
new lighter than air systems, and new
remote piloting techniques are just some
of the R&D currently underway that could
make a difference. These and other
technologies could and should make space
planes and space tourism safer, more
reliable and less costly. Insurance for
flights will become more attainable and
less costly as well.
It is unclear how much new
technology will evolve and how soon it
can be effectively applied. Some suggest
that the technology, in an openly
competitive market will come quickly and
cost will fall sharply. It has even been
suggested that rocket systems and space
planes will follow the pattern of rapid
development
that
occurred
when
computers shifted from mainframes to
personal computers. “Just as the personal
computer
revolution
dramatically
increased performance and lowered the
cost of computing, the market for personal
space flight promises to transform the
economics of space operations,” said
Gregg Maryniak, Executive Director of
the X Prize Foundation in St. Louis,
Missouri and spokesperson for the new
Personal Space flight Federation.97
At this stage it is too early to tell
which technologies will be the most
important for the advancement of the
space
tourism
business.
Some
technologies will advance safety and
escape systems. Others will allow systems
to evolve from sub-orbital to orbital
flights. Others will address issues such as
improved thermal protection systems or
protection of passengers and crew against
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orbital debris, or radiation exposure.
Hybrid propulsion systems (such as using
neoprene rubber for fuel and nitrous oxide
for an oxidizer) promise both reliable
propulsion and throttleable control that
make solid fuel systems viable for crewed
rocket systems. The areas where major
breakthroughs may be possible are always
hard to predict.
Further, PERT charts and decision
trees that seek to identify what the critical
paths for successful technical development
might be are oftentimes incorrect. This is
because the critical success factors (CSFs)
or breakthrough developments needed for
success are not correctly anticipated. Just
one example is the issue of global
warming and the ozone hole over the
South Pole. It may well be that sustained
space tourism flights may be found to
damage the earth’s biosphere to the extent
that conventional chemical rocket systems
will be found to be too destructive to be
allowed to continue. Such a finding might
stimulate a shift to lighter than air craft
and ion-engine based systems or tether
based systems or even nuclear propulsion
systems.
It is also the case that regulatory
controls, safety inspections, stringent
operational controls, best industry
practices, and effective training and
simulation systems could well be more
important to maintaining and improving
safety in space tourism than technology—
at least in the shorter term. Such critical
issues and concerns at the regulatory level
are discussed below.

FAA-AST is focused on commercial
safety through a variety of means that
include establishing clear cut commercial
space flight safety standards, licensing of
commercial safety vehicles as well as
commercial launch facilities, as well as
setting guidelines for the training of crews
for commercial space systems.
The FAA’s Office of Commercial
Space Transportation (i.e. FAA-AST), as
noted earlier, has a complex assignment of
advancing the development the US
commercial space industry while also
ensuring the safety of these enterprises. At
one level of logic, the two goals are quite
compatible in that the industry will be
successful only if it maintains high levels
of safety and the public perceives space
tourism flights as being quite safe. But on
the hand, a conflict will ultimately occur
where “advancing” the industry will lead
to cutting corners on safety.
A classic example of this type of
conflict
(i.e. advocacy vs. safety)
occurring can be seen in NASA’s handling
of the Shuttle Program. Thus NASA
granted thousands of waivers to keep the
Space Shuttle Columbia on schedule, but
this leniency led to the vehicle’s
destruction in 2002. The same was true for
the Challenger, with excessive granting of
waivers leading to its destruction in 1986.
Certainly commercial enterprises, and in
particular, the newly organized Personal
Space flight Federation, which is engaged
in building space vehicles to take private
space travelers on sub-orbital flights, are
clearly focused on the safety and comfort
of the passengers. But it will also
inevitably find itself conflicted between
advocacy and speed of development and
safety cautions and constraints. Both the
Federation and the FAA must give priority
to the promotion of safety and passenger
well being. This is because in order for
space tourism ventures to succeed they
must move from the much higher risk
factors to much safer and less stressful
conditions.
This is to say, emphatically, that
there must be a transition from the risk
conditions now associated with astronaut
flights on the Space Shuttle (i.e. on the
order of one Category One (i.e. fatal)
accident for essentially every one hundred

12.2 Innovations in Regulations
and Best Practices

Technology will clearly allow
commercial space systems to become
more cost effective, more user friendly
and flexible, and very likely more reliable
and risk free. This will, however, most
likely require a number of years to be
realized. Near term improvements in
commercial space flight safety will thus
most likely come from regulatory and
legislative reform, adoption of best
practices, improved training, and effective
oversight from either public agencies or
professional associations. Currently, the
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Space Federation is thus working to
develop industry standards and best
practices that are consistent with and in
accord with this Final Rule.
The FAA clearly recognizes that
this is an industry in evolution, and does
not wish to constrain the growth or
innovation of the participants. The FAA’s
statement in this regard is as follows:

flights) to a safety level associated with
commercial aviation flight (which is
essentially one fatality for every 1 billion
miles flown).
The scientists and engineers of the
emerging private space launch providers
are trying very hard to design and build
the best spacecraft possible while trying to
keep costs down. Clearly there will be no
on-going business if the vehicles do not
get up to space and back safely. A space
medical expert, speaking recently at the
NewSpace 2006 conference in Las Vegas,
suggested that life sciences and improved
safety for crew and space tourists is going
to be “the long pole in the tent.”
Such a challenge is implicitly
recognized by the prospective launch
providers, many of whom are participating
in the recently re-constituted Personal
Spaceflight Federation, first formed in
early 2005 and then reactivated in August
2006. The
leaders of the private space industries
who are spearheading this Federation
have particularly focused on responding
to the new safety and training regulations
proposed by the FAA.
Associate
Administrator
for
Commercial Space Transportation, Patti
Grace Smith, in response to meetings with
the Federation officials stated that: “The
Federation has made it clear that safety is
their first concern. That is, and must
always be, the vital link among all partners
in the industry because it is the key to
public confidence.”
The Federation’s spokespeople
have indicated that their focus would be
on developing best practices while
working towards voluntary industry
standards in a number of areas that
includes:
 spaceport operations,
 crew and passenger training,
 vehicle manufacture, and
 vehicle operations, and maintenance.

“The FAA does not, at this early
stage of development of the
industry, presume to anticipate
what environmental stresses any
particular crew member may have
to endure to operate a vehicle.
Nonetheless, although different
vehicles may impose different
stresses, those stresses are likely
to
include
microgravity,
acceleration,
and
vibration.
Different vehicles and flight
profiles may subject those on
board to different stresses. The
FAA therefore would not want yet
to impose requirements that apply
across the board, preferring,
instead,
to
evaluate
each
separately through the licensing or
permitting process.”
The FAA has nevertheless made
several clear statements about the training
and preparation for crew and passengers
that launch providers should strongly
consider. They include training for abort
scenarios and emergency conditions as
well as demonstrating the ability to
withstand the stresses of space flight.
Although the ideal scenario is to train
crew and passengers in the actual vehicles
and situations they will encounter, this is
not currently practical, since these vehicles
and situations don’t yet exist. Several
alternatives are under consideration. Some
sub-orbital vehicle builders believe
training in stunt planes and using existing
FAA training facilities should be adequate
for the task. Incredible Adventures is
offering a three-phased Space Flight
Training program, using various jets
available now or under development. One
can always travel to Star City in Russia for
real cosmonaut training, but for some

The FAA has issued, as of
December 15, 2006, titled “Human Space
Flight Requirements for Crew and Space
Flight Participants-Final Rule” (published
in the Federal Register, Vol. 71, No. 241,
Part
II,
14
CFR
Parts
401,
415,431,435,440 and 460).98 The Private
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would-be private space travelers, the cost
as well as the extended period of training
could be prohibitive and for passengers on
sub-orbital flights, where everyone would
be strapped down for the entire 20 to 30
minute flight, this is also seen as probably
more training than is necessary.
For these and other reasons,
simulation is a viable training alternative
that the FAA has explicitly acknowledged.
At this time, the NASTAR Center
(National Aerospace Training and
Research Center) is been built at a facility
in suburban Philadelphia to meet many of
the FAA’s space launch training
requirements for both crew and
passengers. This facility is designed to
incorporate years of experience in building
centrifuge-based flight simulation for the
US Navy and Air Force. The NASTAR
Center is expected to provide realistic
flight models of practically any spacecraft,
including real-time G-forces, visual
cueing, and other physiological effects.
The goal is to provide as realistic a launch
and reentry experience as possible, short
of the actual flight. The NASTAR Center
can also perform medical monitoring to
gather data on the physiological effects of
launch and reentry that the launch
providers can use to improve their vehicles
and operations.
Another aspect of training private
space travelers is preparing them for the
experience. Participating in a sub-orbital
launch will be quite different from
boarding a commercial airline flight.
Participants can expect to experience
anywhere from 4 to 7 Gs on launch and
reentry, along with several other
potentially confusing and stressful stimuli.
If such stresses are encountered for the
first time during a launch, or the
participant is inadequately prepared, the
sympathetic nervous system will most
likely invoke its “fight-or-flight” response,
and the participant may experience several
adverse
effects,
including
emesis
(vomiting), making the whole experience
rather unpleasant. This is probably not a
situation someone who has paid in the
neighborhood of $100,000 to $250,000
will enjoy, and their comments when they
return to the ground might not reflect
favorably on the launch provider. For

these reasons, training and simulation
facilities are likely to be critical to the
success of the space tourism business.
This also means that effective regulation
and licensing of these facilities will be
needed. At this time the only major
facilities are those operated under contract
to Incredible Adventures at Star City
outside of Moscow, and the NASTAR
Center that is owned and operated as a
subsidiary of the Environmental Tectonics
Corporation (ETC). A new training facility
is also being created by Planetspace in
Canada and ETC has also indicated that it
will create other facilities around the
world. These facilities will likely provide
training in at least the following common
areas as well as more specialized training.
 Ejection
Seat Decision and
Procedures
 Emergency Escape Procedures
 High
Altitude
and
Rapid
Decompression
 High-G Exposure
 Situational Awareness
 Night Vision and Night Vision
Goggle Use
 Simulation Take-Off and Landing
 Spatial Disorientation
 Upset
and Unusual Attitude
Recovery
It is recognized in the FAA Rules
for personal space flight that engaging in
training, at least at some appropriate
simulation facility, is a key element of the
space tourism business. This might be at
the Star City /Incredible Adventures
facility or The NASTAR Center or
elsewhere, but clearly there needs to be a
fully qualified facility to help prospective
passengers mitigate the physiological and
psychological stresses that experiencing a
high “g” lift-off, landing, or emergency
escape procedure would entail.
John Spencer in his book Space
Tourism: Do You Want To Go? (Apogee
Books, 2004, p. 38)99 stated that the key to
the success of this new business was a
unique experience—an experience that
participants would be willing to
recommend to others. He said: “…..we
are in the experience business. Not the
space business and not the launch
business. Facilitating an individual’s
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mechanism whereby pilots, crew
and passengers could have access
to life-insurance coverage.
6. The FAA should welcome the
activity by the PSF, which seeks
to develop best industry practices
to assist in the implementation of
the Commercial Space Launch
Amendments Act of 2004.
Nevertheless, the Office of Space
Commercialization
needs
to
remain vigilant to the fact that
safety concerns and practices
remain the top priority and that
any “practice” that appears to
compromise safety should be
challenged and subjected to
official review. This vigilance to
safety in recommended industry
practices is indeed critical to the
success of this new industry since
any major accident will threaten
the industry’s very existence and
make
insurance
coverage
excessively expensive.
7. NASA should be directed to work
with the FAA and the PSF to see
how R&D work being carried out
under its funded research to
support the Commercial Orbital
Transportation Service (COTS)
could be transferred to the space
tourism industry in all areas
related to pilot, crew or passenger
safety, particularly with regard to
more effective escape systems,
environmental safety systems, etc.
8. Waiting until 2010 to revisit the
adopted FAA Rules may prove
too long and vigilant care and
oversight of all license processes
and flight operation is necessary
to detect if there are systemic
safety issues that deserve more
urgent review and revision.
9. The FAA, in cooperation with
NASA, should be directed to work
with a White House Commission
on Personal Space flight Travel
Safety and Security that would be
a direct parallel to the “White
House Commission on Aviation
Safety and Security.” *
_______________________________

experience of the unique qualities of space
travel is our most important concern. All
other technologies and issues must exist
only to serve this overriding goal.” Repeat
customers as well as word of mouth
recommendation to try space tourism
travel will clearly depend on this high cost
and high risk event not being considered
an extremely horrendous or “near death”
experience.100
It would appear that the FAA
Rules for Personal Space Travel will serve
with reasonable effectiveness to cover the
first space plane operations until more
experience is gained and space tourism
makes a transition to a truly operational
service rather than an experimental effort.
The need to strengthen and improve these
rules and regulations with experience
almost goes without saying.
Elements that seem clear even at
this early stage are the following:
1. The inspection, control and
licensing
of
training
and
simulation centers for pilots and
passengers on space planes and
commercial launches to orbit is
needed in addition to the licensing
of space plane vehicles, reusable
launch vehicles and spaceports.
2. Disclosure of performance and
safety data for experimental
flights in addition to “operational
flights” would be a desirable
regulatory addition.
3. The US national rules and
regulations for private space flight
should be coordinated and
standardized by coordination with
the European Aviation Safety
Agency (EASA), the International
Civil
Aviation
Organization
(ICAO) and the International
Association for the Advancement
of Space Safety (IAASS).
4. The creation of a “passenger
association” or a “passenger safety
association” for personal space
flight travel should be facilitated
by the FAA and the Personal
Space flight Federation (PSF).
5. The FAA and its international
counterparts should work with the
PSF to create within the risk
management/insurance industry a
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Safety and Security as a model for this
activity.)101

Explanatory Note: This Commission
would be directed to complete its
work by 2010 and be given a specific
charge to: (a) Devise ways to reduce
personal space flight accidents and
enhance flight safety by targeted and
realistic objectives; (b) Develop a
charge for the FAA (and NASA as
appropriate) in terms of creating
standards for continuous safety
improvement, and these goals should
create targets for its regulatory
resources based on performance
against those standards; (c) Develop
by 2010 improved and more vigorous
standards for certification and
licensing of space planes and their
operations, space ports and training
and simulation facilities; (d) The
Federal Aviation Rules for Private
Space flight should be rewritten with
statements
in
the
form
of
performance-based
regulations
wherever possible; (e) The FAA
should develop better quantitative
models and analytic techniques to
assess space plane performance and to
monitor
safety
enhancement
processes. These should be based on
best industry practices as new
operational vehicles and safety and
emergency escape systems come on
line; (f) The FAA Office of
Commercial
Space
and
the
Department of Justice should work
together to ensure that full protections
are in place, including new legislation
if required, so that employees of the
space tourism business, including but
not limited to manufacturers and/or
operators
of
space
planes,
maintenance and other ground based
crew, owners and operators of
spaceports and owners and operators
of personal space flight training and
simulator facilities can report safety
infractions or risk factors of concern
regarding safety violations or security
infractions to government officials
without fear of retaliation or loss of
employment—i.e.
full
“whistleblower”
protections
for
such
employees. (This effort should use the
White House Commission on Aviation

Some areas will clearly need to
await experience and overly tight
regulation at this point might retard the
growth and development of the
industry. The setting of medical
standards for passengers may be one of
the key areas where official regulations
might be on a “wait and see” basis.
Peter Diamandis, Chairman of the X
Prize Foundation has contended that:
“I believe that commercial sub-orbital
flight is an arena in which the
government has little experience. Most
of the expertise resides in the private
sector and I hope that the Department
of Transportation/FAA will allow the
industry to establish a set of proposed
standards that can be voluntarily
submitted.” The FAA Rules have
generally followed this proposal. The
FAA does not, for instance, require a
major physical exam unless this seems
particularly warranted and the FAA
Rules do essentially transfer the risk
for the medical aspects of personal
space flight to the passenger and the
space flight operator. Diamandis has
thus argued, and successfully so to
date, that: “Sub-orbital flight is short in
duration making it relatively resistant
to space motion sickness, allows for
simplified robust life support systems,
and relatively benign acceleration
environments.” It is in the area of the
high g acceleration environments
where there greatest doubt currently
lies as to how passengers will react
when the industry moves to a massmarket environment.102
Certainly,
Sir
Richard
Branson’s much publicized statement
that not only will he ride on the first
commercial flight of Virgin Galactic
but that his family will also take the
sub-orbital flight on SpaceShipTwo
tends to allay fears that such flights are
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Research work for the government
to develop experimental systems with all
the resources of NASA and large
aerospace
corporations
is
thus
fundamentally different from the work of
small entrepreneurial units that are trying
to develop a “safe” vehicle to fly reliably
over and over again. It is not a matter of
better or worse, right or wrong, superior or
inferior. It is a matter of fundamentally
different tasks, technical and operational
objectives, and regulatory frameworks.
Everyone who is a member of the Private

too severe for ordinary citizens to take.
Thus the regulatory environment does
seem to be one of waiting to see what
experience proves to be the case. In
short, the FAA final rule making on
Private Space Flight, as provided in
Appendix 3, will very likely remain in
place at least through 2010 unless a
major accident significantly alters the
legislative and regulatory view of this
matter in the US and perhaps around
the world.

12.3 Differences in approach to space
safety
by private
ventures
and NASA
Reasons
Why the
Approach
Taken by NASA and Space Tourism Business
Fundamentally Different with Regard to Safety Programs and Risk Management
The approach to safety and
mission
assurance as taken by NASA and
NASA Approach
Private Sector Approach
private
ventures
entering
the space
tourism
Mission
Objectives:
NASA
sees its
mission as
Mission Objectives: Private sector is
business
remain
apart.new
The
experimental
andsignificantly
to develop totally
space
seeking to apply proven technology to a
primary
reasons
these systems
approaches are
technologies
andwhy
launcher
commercial business where safety and
different include the following:
commercial confidence is crucial
Technical Goals: NASA is striving to develop
Technical Goals: Private Sector planning
systems to go to the Moon and Mars and
sub-orbital space tourism missions need
currently are trying to develop systems capable
only operate at speeds in the range of
of aero braking and operating at speeds up to
Mach 4 or 5. Thus aero-braking and
Mach 30
Thermal Protection Systems requirements
are less demanding.
Budget and Number of Employees: NASA
Budget and Number of Employees
operates with a budget on the order of $!8
Start-up space plane businesses and space
billion/year and has tens of thousands of
tourism enterprises are very
contractors working in support of the operation
entrepreneurial and have scores of
and safety of Space Shuttle & ISS.
employees. Every employee must thus be
focused on design safety and safe
operations.
Regulatory Oversight: NASA is, in effect, in
Regulatory Oversight: Start-up space
charge of its own Safety and Mission
plane businesses and space tourism
Assurance. Its review panels are for the most
enterprises are subject to the requirements
part self-appointed and GAO reviews can
of FAA licensing of vehicles, spaceport
simply be noted. Only after major accidents
and operations. They must meet the
such as the Challenger and the Columbia is true
requirements of FAA rulemaking and
independent review of safety carried out.
ongoing FAA-AST oversight
Scope of Activity: NASA is embarked on a
Scope of Activity: Start-up space plane
huge range of activities involving space
businesses and space tourism enterprises
sciences, space applications, operation of data
are tightly focused on developing reusable
relay satellites, longer range R&D, the Space
launch vehicles and operating them safely
Shuttle, the ISS, Project Constellation,
to fly space tourists into space. Every one
educational programs, etc.
of a limited number of employees knows
exactly their job and any error is clearly
identifiable and associated with an
individual.
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Historical Perspective and Work Ethic: NASA
has been in existence for almost exactly a half
century and its vast Centers, its employees and
contractors act on the basis of a 50 year historical
record

Incentives and Time Perspective: NASA
employees and contractors working on Project
Constellation number in the thousands. They have
virtually a decade to prove their design and bring
the Ares I, Ares V and Orion space systems to
fruition. They have the margin created by many

Space flight Federation seems genuinely
dedicated to achieving not only a business
plan and deploying a new profitable
product, but also to achieving something
totally new and exciting of which they can
feel genuinely proud. This is not just a job,
but also an adventure and a pioneering
challenge. If the various programs should
fail in developing their space vehicles and
there should be an accident, it would not
be just a bad day at the office, but the end
of a dream.

13.0

Findings, Observations
Conclusions

Historical Perspective and Work Ethic:
Start-up space plane businesses and space
tourism enterprises have newly hired and
ambitious employees often working on
the basis of “sweat equity” who are trying
desperately to prove their merit. Each
employee is recruited for a specific job.
Incentives and Time Perspective: Every
one on a
entrepreneurial team is working, often
around the
clock to make their system safe and make
their

around the world. Literally over a billion
dollars have now been invested in
developing and upgrading spaceports,
developing, manufacturing and testing
space planes as well as in developing other
needed infrastructure from hangars to
elaborate training facilities. This activity
has quickly changed from science fiction
fantasy to real worldwide business.
Although government space agencies have
played a part in the development of this
new industry, particularly outside the US,
the bulk of the enterprise has eschewed
government help and intervention. This is
largely because the entrepreneurs felt they
could move further and faster without
“governmental
interference
and
involvement.”
The major motivational factors
clearly seem to have been “cash prize
competitions and challenges” that have
stirred the imagination of innovative
aerospace engineers the world over. The
successful claiming of the Ansari X Prize
by the Burt Rutan and Paul Allen team in
2004 has undoubtedly been the single
most important event. Further prizes such
as the Bigelow Aerospace “America’s
Challenge”,
the
various
NASA
competitions and the extension of X-Prize
competitions continue to lead new
innovation forward.
Today, a series of issues arise with
regard to the regulation of this new
industry in terms of ensuring safety,

and

The commercialization of space is
the “big story” in the aerospace field in
recent years. NASA efforts to re-fly the
Space Shuttle, complete the International
Space Station and develop new vehicles
that could in time go to the Moon and
Mars have been overshadowed by
billionaires funding the growth of new
entrepreneurial companies that promise
space tourists sub-orbital flights as early as
2008 or 2009.
The last five years have seen the
rapid formation of corporations to develop
space planes, to market space tourism
flights and to create an interest in the
possibility of “space travel”. Although this
effort has been largely US-based, a
remarkable range of activity has evolved
George Washington University
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developing appropriate licensing and
inspection standards, and harmonizing
national safety and reliability standards
with emerging international regulatory
processes to provide oversight of a new
global space tourism industry.
This research study has attempted to
document as much as possible of the
various activities now underway around
the world with regard to developing new
vehicles to access space, bringing new
licensed spaceports into being, creating
training facilities and otherwise enabling a
space tourism industry. It has also
attempted to describe how this new
industry has been and will be regulated
and how safety standards should be
applied and enforced. The main
conclusions and findings reached by the
study are as follows:










Large-scale, rapid and diverse level
of activity: This incredibly wide range
of effort in the space tourism field is
documented in Figure 15. Further, the
fact that many organizations have
already failed, ended their efforts or
have been absorbed into the programs
of others is also documented in Figure
15A.
The FAA Regulatory Process
balances safety concerns with caseby-case flexibility at the early stages
of this industry’s development: The
diversity of approach in developing
new space plane technology is
managed today within FAA regulatory
processes by reviewing the approach
of each space plane developer,
spaceport operator, and each training
facility on a case-by-case basis.
The FAA, as a result of Legislative
and Executive Order Guidance, is
placed in a somewhat Conflicted
Role: The FAA-AST is charged with
both overseeing the public safety and
security with regard to space tourism
activities, while also championing the
development of this new industry in
which the US currently leads the
world.
It would be prudent for the FAA’s
Safety and Security oversight role to
be divided from any responsibility
to promote the industry’s growth





George Washington University
SACRI Research Study

140

and development: Once the industry
develops it may be appropriate for the
FAA’s regulatory role be restricted to
only safety and security issues. This
perhaps should be accomplished by
2010.
A White House Commission to
address Safety and Security issues
should be formed to define ways to
advance the safe operation of the
space tourism business: Just as there
was recently a White House
Commission that developed important
new guidelines for aviation flight
safety, a similar and parallel
Commission might be formed to carry
out this task related to space tourism.
This Commission should carry out a
set of tasks similar to those
recommended in section 11.2 of this
report.
The Private Spaceflight Federation
is an important resource that should
work with the White House
Commission and the FAA to
develop
improved
Safety
Regulation, but a parallel entity
representing
space
tourism
passengers and crew is needed: A
new entity that represents the interests
and concerns of space tourism
passengers and crew should be formed
to ensure that the needs of this group
of consumers are identified and are
reflected within the White House
Commission’s deliberations.
The Evolution of the space tourism
industry will be toward a ore global
enterprise, and global regulatory
infrastructure will be needed:
Currently there is activity involving
safety regulation and oversight at the
international level. These processes
involve international airline pilots
associations,
the
International
Association for the Advancement of
Space
Safety
(IAASS),
the
International
Civil
Aviation
Organization (ICAO), the European
Aviation Safety Agency (EASA), the
UN Committee on the Peaceful Uses
of Outer Space (COPUOS), etc. The
specific responsibilities of these
international entities with regard to
safety and security as they involve







space tourist within the context of a
short 20 to 30 minute flight that ends
at the initial departure point. In the
longer term, planning for space
transportation systems that might be
able
to
support
true
space
commercialization and even space
colonization, must ultimately follow.
R & D to support the development of
truly new systems that could allow the
safe, reliable and cost-effective
creation of Solar Power Satellites
(SPS), colonies on the Moon or Mars,
or other longer- term commercial
space activities should be conceived
and supporting efforts initiated now.
Key infrastructure such as space
elevators, mass-drivers or mag-lev
devices on the surface of the Moon,
satellite tether lifting devices, etc. are
the inevitable follow-on to simple
parabolic flights into space and serious
planning for these subsequent
activities should be started sooner
rather than later.

space tourism are vague and certainly
not well specifically assigned. This
should be done sooner rather than
later, but in a fashion that is not overly
costly so as to inhibit the development
of this unique enterprise.
Environmental Concerns: Although
there are many diverse approaches
now underway, virtually all efforts
involve flying rockets into the upper
atmosphere. As is known from the
experience of the Concorde SST
aircraft, sustained flights into the
stratosphere can be destructive to the
Ozone Layer that protects humans and
flora and fauna from intense
interstellar radiation. This suggests
that space tourism business should be
subject to some form of environmental
impact process and regulatory control
and that new technology that might be
less destructive to the Ozone Layer be
developed as soon as practical.
Concerns about the Weaponization
of Space and Orbital Debris: In
recent years there has been more and
more defense-related planning that
involves the possible weaponization of
outer space. Current international
treaties and conventions largely
prohibit the deployment of weapons in
Earth Orbit or on the Moon.
Nevertheless, there is a difficult
distinction between defensive systems
and offensive weapons. The recent test
by China of an anti-satellite missile
system that destroyed a low earth orbit
satellite has intensified concerns in
this area and heightened concerns
about orbital debris. As more and
more satellites and space tourism
facilities are deployed these concerns
will become even more germane. An
effort to further codify a ban on
weapons in space as well as aid in the
reduction of orbital debris would not
only be of great utility to those
operating space tourism businesses,
but would also serve the interests of
the peaceful uses of outer space and
commercial space activities.
Longer Term Future Planning:
Currently the space tourism business
is focused almost exclusively on
providing a unique experience to
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Appendix 1
The History of Space Tourism
Chronology of Events in the Evolution of Commercial Space Flight
(with other key dates in space development)
Date
1957
October
1958
November
1961
April
May
1962
February
1965
June
1967
June
Summer
1968
April

1969
July
1972
December
1977
May
1981
April
1982
Spring
1984
November
1985
August

Event

Launch of Sputnik by the USSR – the world’s first artificial satellite.
President Eisenhower created NASA – a reaction to the Soviet space
program and the desire to launch a US satellite.
Soviet cosmonaut Yuri Gagarin is the first man to orbit the earth.
First Mercury manned space flight of the US space program.
John Glenn is the first US astronaut to orbit the earth.

Gemini-4 astronauts undertake the first EVA (i.e. spacewalk)
Three astronauts killed in Apollo launch-pad accident.
Barron Hilton, President of Hilton Hotels published a paper about space
tourism – “Hotels in Space”.
Premiere of “2001, A Space Odyssey” – Academy Award winning movie
by Stanley Kubrick and Arthur C. Clarke which included scenes of a
manned space station and lifestyle in Outer Space.

First Apollo moon landing; Neil Armstrong is the first man on the moon.
Last manned space flight to the moon; Gene Cernan is the “last man on
the moon”.
Skylab launched by NASA.
First flight of the Space Shuttle.
British Aerospace start development of HOTOL – Horizontal Take-off
and Landing spacecraft (cancelled due to lack of funding in 1986).
First of a series of papers on SSTO and HTOL vehicles for space
tourism published by David Ashford of Bristol Space planes (UK).
Study on Space Tourism by Society Expeditions of Seattle presented to
NASA and the L-5 Society Space Development Conference.
Design of “Phoenix” SSTO-VTOL passenger vehicle published by Gary
Hudson of Pacific American Launch Systems.
NASA starts design work on HL-20 astronaut escape vehicle (cancelled
in early 90’s after costs of $2-billion)

1986
January

Loss of Space Shuttle Challenger with seven astronauts.

George Washington University
SACRI Research Study

148

October
1987
October
1988
September
1989
October

“Potential Economic Implications of the Development of Space
Tourism” presented at IAF Congress, including estimate of market.
Design of passenger-carrying upper stage for German “Stenger” SSTOHTOL vehicle presented at IAF Congress by Dietrich Koelle.
Space Shuttle flights resumed 2.5 years after the loss of Challenger.
Design for an orbital hotel presented in “Feasibility of Space Tourism”
session at IAF Congress by Shimizu Corporation, a major construction
company.

1990
NASA funds development of the Rockwell X-30 National Space Plane
(NASP) – a Single Stage to Orbit (SSTO) spacecraft (work was
terminated in 1993).
1991

November

1992
October

1993
April

July
1994
March

May

May

October

1995
Spring

September
September

McDonnell Douglas start work on the Delta Clipper DCX reusable
launch vehicle (cancelled in 1996 after 8 test flights)
International Space Conference of Pacific-basin Societies (ISCOPS) in
Kyoto received papers on Phoenix (“History of the Phoenix VTOL
SSTO and Recent Developments in Single-Stage Launch Systems”) and
Space tourism (“Benefits of commercial passenger space travel for
society.”)
IAF Congress considered “The Prospects for Space Tourism:
Investigation on the Economic and Technological Feasibility of
Commercial Passenger Transportation into Low Earth Orbit” by Sven
Abitzsch and Fabian Eilingsfeld.
Starchaser Industries founded in the UK to develop Britain’s role in the
space industry.
Japanese Rocket Society started a study program on the feasibility of
space tourism and established its Transportation Research Committee to
design a passenger launch vehicle.
Spacehab made first flight on board Shuttle Endeavor.
American Society of Civil Engineers (ASCE) “SPACE 94” conference in
Albuquerque considered the feasibility of commercial “space business
parks.”
International Symposium on Space Technology and Science (ISTS) in
Yokohama, received paper from the JRS study program on KankohMaru the JRS passenger launch vehicle to carry 50 passengers to and
from LEO.
The Commercial Space Transportation Study Final Report included the
first study by major US aerospace companies of the potential market for
space tourism – coming to the conclusion that space tourism wasn’t
feasible(!)
The design of Kankoh-Maru was presented at the annual IAF Congress;
and a 1/20 scale model of Kankoh-Maru was displayed at Farnborough
International Air Show.
NASA JSC started development of X-38 Lifting Body followed by a
contract with Scaled Composites Inc. (project cancelled in April 2002 due
to budget pressures).
The Space Transportation Association (STA) in Washington DC started
a study of space tourism with cooperation from NASA.
Market research on the demand for space tourism in Canada, the USA,
and Germany showed a huge potential market worldwide.
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October
1996
January
March/April
May

May

June

July

July

August

September
November

1997
February
March
March
April

May
July
October

November
December
1998
January

February

US Office of Commercial Space Transportation (OCST) formally moved
into the Federal Aviation Administration.
NASA started development of X-43A and X-43C Space Planes, a $250million program (terminated in late 2004 after the third test flight).
Cover story of Ad Astra, the magazine of the US National Space Society,
is “Space Tourism” – for the first time.
“X” Prize project launched at a Gala Dinner in St Louis. Speakers
(including NASA Administrator Dan Goldin) linked the “X” Prize to
space tourism.
At the 20th ISTS in Japan, NASA’s Barbara Stone presented “Space
Tourism: The Making of a New Industry” which concluded: “Studies
and surveys worldwide suggest that space tourism has the potential to be
the next major space business”.
American Society of Civil Engineers “SPACE 96” conference considered
the legal issues that need to be resolved before private commercial
facilities can be constructed in orbit.
NASA announced award of $900-million 3-year contract to LockheedMartin to build and fly the X-33 un-piloted, reusable rocket test-vehicle
to speeds of Mach 15 (cancelled in March 2001)
STA-NASA space tourism study steering group concluded that the
obstacles facing establishment of a space tourism industry could be
overcome “within 15 years”.
Contract awarded to Orbital Sciences Corp. for development of X-34
test RLV – Resusable Launch Vehicle (cancelled in March 2001 after 3
test flights).
California Spaceport became the first commercial US spaceport to be
licensed by the FAA-AST.
Aerospace America article (“Japan plans day trips to space”) on
Kankoh-Maru is the first mainstream aerospace journal coverage on the
subject.
IEEE Aerospace Conference at Snowmass, Colorado, featured three
papers on space tourism
STA-NASA workshop in Washington DC considered a range of issues
relating to establishing space tourism business.
First International Symposium on Space Tourism held in Bremen,
Germany, organized by Space Tours GMBH.
Aviation Week published article “Studies claim space tourism feasible”
based on papers presented at the IEEE Aerospace Conference
(February, above) – the first time they had covered the subject.
The FAA/AST issued the Spaceport operated by the Florida Space
Authority a license to operate. (This was renewed for five years in 2002)
Cheap Access To Space (CATS) conference held in Washington DC
jointly sponsored by NASA and the Space Frontier Foundation.
International Astronautical Federation (IAF) President Karl Doetsch
referred to space tourism as “one of the only businesses which will
enable the launch industry to grow significantly”
Announcement of “Space Tourism Society” based in LA, chaired by
Buzz Aldrin.
FAA/AST issued a launch site operator’s license to the Mid-Atlantic
Regional Spaceport (MARS)
AIAA workshop in Banff, Canada on international cooperation in space
included Space Tourism as one of five themes. The conference report
recommended that “in light of its great potential, public space travel
should be viewed as the next large, new area of commercial space
activity.”
Business Week, Fortune and Popular Science all published articles on
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March

March

April
April
April

May

May
September
October
1999
July

2000
January

January
March
June

June
June
July-August
October
2001
February
March

April

June
June

the US venture companies Kelly Space Technology, Kistler Aerospace,
Pioneer Rocketplane and Rotary Rocket that were developing reusable
launch vehicles.
Press conference on Capitol Hill announced the release of “General
Public Space Travel and Tourism”, the final report of a joint study by
STA and NASA started in September 1995. NASA admitted that space
tourism is both feasible and economically desirable.
NASA Administrator Goldin in a speech at NASA 40th anniversary gala
dinner said: “…in a few decades there will be a thriving tourist industry
on the Moon."
First modules of the International Space Station (ISS) launched.
Formation of Bigelow Aerospace Inc. announced.
Space 98, biennial space conference of ASCE in Albuquerque had
sessions on space tourism, space commercialization, space access and
space ports, among many others.
The X Prize Foundation announced target of $10-million and launched
the “X Prize” for the first commercial company to demonstrate a
reusable passenger space vehicle.
FAA started a study for extending air traffic management upwards to
include low Earth orbit.
Space Policy Journal published article, “Space Tourism: a response to
continuing decay in US civil space financial support.”
Papers on space tourism featured at European Space Agency (ESA)
workshop on Space Exploration and Resources Exploitation.
Contract awarded by NASA to Boeing Co. to develop the X-37
Approach and Landing Test Vehicle (ALTV) with a 4-year program
valued at $173-million.
Norman Augustine, ex-CEO of Lockheed-Martin Corporation,
predicted in ‘Aviation Week’ that space tourism would become the main
space activity.
Formation of Mircorp announced to commercialize the MIR space
station.
Illustrations of the Japanese Kankoh-Maru and Bristol Spaceplane’s'
“Spacebus” appeared on the NASA web site.
ISTS Symposium in Japan included space tourism sessions on Universal
Spacelines, the X-Prize, airline operations, insurance, and certification
of Kankoh-Maru for passenger carrying.
MirCorp announced the first fare-paying guest to visit MIR is Dennis
Tito, founder of Wilshire Associates.
2nd annual conference in Washington DC of the Space Travel and
Tourism Division of the Space Transportation Association.
International Space University (ISU) Summer Session includes Design
Project on Space Tourism (for the first time).
First meeting on space tourism in France at the French space agency,
CNES. Presentations by CNES, ESA, Astrium and ISU.
Conference in Washington DC sponsored by the US Federal Aviation
Administration entitled "The Prospects for Passenger Space Travel”
NASA cancelled X-33 and X-34 RLV technology demonstrator
programs after spending over $1-billion and encountering numerous
technical problems.
Dennis Tito became the first paying space tourist, launching from
Baikonur aboard a Russian Soyuz bound for the International Space
Station. Tito returned safely after 128 orbits in 8 days.
Space Exploration Corp (SpaceX) announced a program to develop the
Falcon series of 2-stage launch vehicles.
NASA funds research into whether US citizens would like to take a trip

George Washington University
SACRI Research Study

151

June
July

July
August

October
October

November

November

November

2003
February
2004
January
September
September

December

2005
January

September
December

December
2006
January

into space. The survey confirmed the potentially huge market for space
tourism and led to the conclusion that only space tourism offered a large
enough market to enable reusable launch vehicles to reduce the cost of
getting to orbit.
First US Congressional hearing on space tourism at the House
subcommittee on Space and Aeronautics.
NASA released "General Public Space Travel and Tourism" -- the very
positive report on feasibility of space tourism originally produced by
NASA in 1998.
Rocketplane Inc. formed to develop plans for space vehicles.
Mircorp announced agreement with the Russian government and RSC
Energia to design, develop, launch and operate the world's first private
space station, Mini Station 1.
2nd IAF Congress in Toulouse, France included several symposia
dedicated to space tourism and other possible new space markets.
XCOR Aerospace successfully completed first phase of its flight test
program for the EZ-Rocket - the world's first privately built rocketpowered airplane.
Space Adventures, Ltd., commissioned market survey on space tourism.
The market analysis stated that, at the price of $100,000, more than
10,000 people per year would purchase flights.
X-Prize competitor Starchaser Industries successfully launched its Nova
single-seat sub-orbital rocket for first time. The un-piloted test from
Morecambe Sands, England, reached 1688.8 meters (5541 feet).
The Presidential Commission on the Future of the US Aerospace
Industry held its first hearing. Astronaut Buzz Aldrin, one of the
Commissioners, argued the case for the importance of developing "high
volume human space transportation."
Loss of Space Shuttle Columbia with seven astronauts.
President George W. Bush announced new space vision “to explore the
moon, Mars and beyond.”
SpaceShipOne team of Paul Allen and Bert Rutan won the Ansari Xprize for commercial space flight.
Sir Richard Branson of Virgin Atlantic and Bert Rutan, who developed
SpaceShipOne, announced the formation of Virgin Galactic to provide
passenger flights into space “in 2.5 to 3 years”.
Virgin Galactic reached a 20-year lease agreement for use of a New
Mexico spaceport
US Congress passed the Commercial Space Launch Amendments Act of
2004 (CSLAA) which makes the Department of Transportation and the
Federal Aviation Administration (FAA), responsible for regulating
human space flight.
Jeff Bezos announces plans to create a spaceport facility to support his
Blue Origin launch operations of the New Shepard vehicle in Van Horn,
Texas.
NASA announced broad design features for Project
Constellation.
NASA issued RFP to industry for commercial services to ferry
supplies and astronauts to the ISS - the COTS scheme (Commercial
Orbital Transportation Services).
Virgin Galactic reached a 20-year lease agreement for use of a New
Mexico spaceport
The FAA published "Human Space Flight Requirements for Crew and
Space Flight Participants; Proposed Rule" in the Federal Register. It
contained recommended requirements for crew qualifications, training
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February
February
July
August

August

August
September

September
September

September

and notification, as well as training and informed consent requirements
for space flight participants.
Rocketplane Inc. purchased Kistler Aerospace
Space Adventures announce Explorer and Xerus Space planes and
Spaceports in Singapore and the United Arab Emirates
Bigelow Aerospace announced plans for Genesis-1, a prototype orbital
hotel with a target date of 2015.
The FAA and US Air Force Space Command issued new common
federal launch safety standards designed to create consistent, integrated
space launch rules.
SpaceX and Rocketplane Inc. awarded a contract by NASA to provide
the K-1 vehicle to ferry personnel and supplies to the International
Space Station under the COTS scheme.
Planetspace/Canadian Arrow announce permanent spaceport facility in
Cape Breton, Nova Scotia
Anousheh Ansari became the 4th paying passenger (and the first woman)
to fly into orbit with Soyuz, spending two days on the International
Space Station.
SpaceDev Corporation announced plans for Dreamchaser, a passenger
carrying spacecraft based on NASA’s HL-20 design.
Virgin Galactic announced that flights with 6 passengers to reach a suborbital altitude of 140km will cost $190,000; reports of “100’s of
reservations” being made, including celebrity names.
Space Shuttle flight program was resumed 3.5 years after the loss of
Columbia, to continue construction of the International Space Station.
A further 15 Shuttle flights are planned.
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Appendix 2:
International Space Projects and Launch Centers
http://www.orbireport.com/Linx/Startup.html

World Space Launch Centers
Until the advent of space commercialization there were only about two dozen major launch
sites around the world and these are represented on the map below. (The site locations can be found in
the code key).

1 Vandenberg AFB, USA
2 Edwards AFB, USA
3 Wallops Island, USA
4 Cape Canaveral/ KSC,USA
5 Kourou, Fr. Guiana
6 Alcantara, Brazil
7 Hammaguir, Fr. Guinea
8 Torrejon AB, Spain
9 Andoya, Norway
10 Plesetsk, CIS/Russia
11 Kapustin Yar, Turkey
12 Palmachim/Yavne, Israel

13 San Marco Ocean Platform-Italy
14 Baikonur/Tyuratam, CIS, Russia
15 Sriharikota (SHAR), India
16 Jiuquan, China
17 Xichang, China
18 Taiyuan/Wuzhai, China
19 Svobodny, CIS-Russia
20 Kagoshima, Japan
21 Tanegashima, Japan
22 Woomera, Australia
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NUMBER OF ORBITAL LAUNCHES BY SITE
COUNTRY

LAUNCH SITE

LATITUDE LONGITUDE

195785

198690

199195

TOTAL

CIS/Russia

Plesetsk

62.8o N

40.1o E

1056

243

127

1426

63.4o E

693

181

113

987

82

1

0

83

0

0

0

0

370

49

98

517

467

20

20

507

19

0

0

19

o

CIS/Kazakhstan Baikonur/Tyuratam 45.6 N
CIS/Russia

Kapustin Yar

CIS/Russia

Svobodny

USA

Cape
Canaveral/KSC

USA
USA

Vandenberg AFB
Wallops Island

o

48.4 N
o

51.4 N
o

28.5 N
o

34.4 N
o

37.8 N
o

o

45.8 E
o

128.3 E
o

81.0 W
o

120.35 W
o

75.5 W
o

USA

Edwards AFB

35 N

118 W

0

1

4

5

France

Kourou

5.2o N

52.8o W

18

23

39

80

o

o

Algeria

Hammaguir

31.0 N

8.0 W

4

0

0

4

Japan

Tanegashima

30.4o N

131.0o E

13

9

5

27

o

o

Japan

Kagoshima

31.2 N

131.1 E

16

3

3

22

China

Jiuquan

40.6o N

99.9o E

13

5

4

22

o

2

6

9

17

o

112.6 E

0

2

0

2

40.3o E

8

1

0

9

China

Xichang

o

28.25 N
o

China

Taiyuan/Wuzhai

Italy

San Marco platform 2.9o S

37.5 N
o

102.0 E

o

India

Sriharikota (SHAR) 13.9 N

80.4 E

3

0

3

6

Israel

Palmachim/Yavne

31.5o N

34.5o E

0

2

1

3

o

o

Australia

Woomera

31.1 S

136.8 E

2

0

0

2

Brazil

Alcantara

2.3o S

44.4o W

0

0

0

0

0

0

0

0

2766

546

426

3738

Spain

Torrejon AB

o

40.5 N

o

3.5 W

Launches

1. AUSTRALIA
WOOMERA
The Australian Space Council and the Australian Space Research Institute operate light launch
facilities at Woomera. Facilities in support of the United Kingdom are also operated there. Capabilities
to support Rocketplane-Kistler and DTI are to be provided under contract. A goal for Australia is to
secure a share of Asian space business in launches, small satellites and space-based services.
Woomera's advantages include polar orbit access, a sparsely inhabited downrange area, existing
infrastructure and largely cloud-free weather.
2. BRAZIL
ALCANTARA
The CLA Alcantara Launch Center, is located on the Atlantic coast outside Sao Luis del
Campos where the Brazilian space agency INPE has its headquarters. This facility was expanded to
handle the VLS orbital launcher; a formal opening was held in Feb-1990. Pads are also provided for the
Sonda 3/4 sounding rockets, meteorological rockets and other science vehicles. The position near the
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equator offers 25% greater advantage than Cape Canaveral from the Earth's rotation with regard to
launches into GEO orbit.
3. CHINA
JIUQUAN SATELLITE LAUNCH CENTER
Built in the early 1960s in the Gobi desert 1,600 km west of Beijing, north of Jiuquan city.
Formerly known in the West as Shuang Cheng Tzu, this was China's first launch site but it is limited to
SE launches into 57-70o orbits to avoid overflying Russia and Mongolia. Sounding rockets also utilize
the site. Two pads, with a shared mobile service tower, were employed separately for CZ-2/FB-1 and
CZ-1 space vehicles but in early 1980s the latter added the capability for CZ-2C missions. CZ-2D was
introduced in 1992. Jiuquan will continue to be used primarily for recoverable Earth observation/mg
missions but because of its geographical constraints greater commercial activities are focused on the
other two Chinese launch bases. A new CZ-2E pad to support a manned space project is slated to be
built at Jiuquan.
XICHANG SATELLITE LAU
NCH CENTER
Xichang was selected from a shortlist of 16 sites from 81 surveyed for a more favorable GEO
mission base than Jiuquan. Construction work 65 km north of Xichang city began in 1978 and resulted
in the first launch in Jan.1984. Xichang has two separate launch pads. The single CZ-3 pad can support
up to five missions annually. The second complex is for CZ-2E/3A/3B vehicles with add-on boosters.
Its first launch was 16 July1990. The local population have traditionally been allowed to live close to
the pads. When the maiden CZ-3B crashed on 14 Feb.1996 into a hillside 1.5 km from the complex, the
death toll was six, plus 57 injured.
TAIYUAN SATELLITE LAUNCH CENTER
Taiyuan was inaugurated in Sept.1988 for launches by CZ-4 into polar orbits for remote
sensing, meteorological and reconnaissance missions. There is a single pad. It was initially operated for
missile testing as an extension of Jiuquan for larger vehicles, including the DF-5. CZ-2C launches
began in 1996 carrying Iridium satellites. The site is designated Wuzhai by the US Space Command.
4. COMMONWEALTH OF INDEPENDENT STATES (CIS)/RUSSIA
The Commonwealth of Independent States (CIS), was created in Dec. 1991 upon the
disbanding of the Soviet Union, and is made up of 12 of the 15 former Soviet constituent republics.
Members include Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Moldova, Russia,
Tajikistan, Turkmenistan, Ukraine, and Uzbekistan.

BAIKONUR/TYURATAM
All manned flights and planetary missions are launched from 45.6oN/63.4oE. Due-east
launches (the most efficient) are not allowed because of the lower stages impacting in China. The
Baikonur Cosmodrome offers nine launch complexes, with 15 pads, to accommodate space and missile
activities. It is the only cosmodrome supporting Proton, Zenit, Energia and Tsyklon SL-11. Missile and
rocket tests began in the area in the early 1950s, with construction of the pad from which both Sputnik
1 and Yuri Gagarin’s first human spaceflight were launched starting in 1957. The site's location is
actually nearest to Tyuratam in Kazakhstan, about 370 km SW of Baikonur. However, the Soviets
continue to give its latitude/longitude as that of the town of Baikonur. Kazakhstan finally named it after
Tyuratam in 1992, but it is still widely known as Baikonur.
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KAPUSTIN YAR
Known as the Volgograd Station to its personnel, this was the first rocket development center,
hosting its first launch in 1947. During its early years, Kapustin Yar tested captured V2 missiles and
conducted sounding rocket experiments carrying dogs and other animals up to 500 km. Its first orbital
launch was Cosmos 1 in 1962. By 1980 there had been 70 orbital launches, mostly small Cosmos
science satellites, but as work was switched to Plesetsk the annual launch rate fell to an average of only
one. Kapustin Yar in later years handled only occasional missions, possibly for radar calibration. There
has been no orbital launch since 1987, leaving the total at 83. It is no longer under VKS control but
there are still some missile testing activities. Cosmos sub-orbital launches continue and AKO Polyot
offers commercial orbital launches, partly using Cosmos USA processing facilities transported from
Plesetak.
PLESETSK
Plesetsk was for a long time the world's busiest spaceport but has now been overtaken by
Baikonur. Orbital launches have declined for a number of years, as programs are transfered to newer
vehicles at Tyuratam. The base is located at 62.8oN/40.1oE, which enables communications and spy
satellites to be placed in polar and highly elliptical orbits. Range safety restrictions now limit most
flights to 62.8o, 67.1o, 73-74o, 82-83o. Construction of the first of several pads for the R7/A-class
vehicle began in Apr-1957 to support the nascent ICBM program. The pad and ICBM began active
duty in Jan-1960. There are nine operational pads: three for Cosmos, four Soyuz/Molniya and two
Tsyklon. Complex 35 with two Zenit pads and vehicle/spacecraft processing facilities were also
constructed for polar missions.
SVOBODNY
Proposals for a new cosmodrome at the decommissioned missile site at Svobodny-18 100 km
from the Chinese border surfaced during Russia's negotiations with Kazakhstan over Baikonur's future.
They were widely perceived as a negotiating ploy, but President Yeltsin signed a decree on 1 March
1996 approving the cosmodrome's creation. Start will be the first user, employing its own transportable
launcher in late 1996. Rockot launch facilities followed in 1997, employing one of five silos. The
largest investment is in the 2-pad Angara complex.
5. FRANCE
CENTRE SPATIAL GUYANAIS (GUYANA)
Although owned by CNES, the Centre Spatial Guyanais (CSG) is made available to
ESA/Arianespace under a governmental agreement that guarantees access to the ESA-owned Ariane
launch facilities. CSG is the most favorable major site for GEO launches, its near-equatorial position
providing a 15% payload advantage over Cape Canaveral for eastward launches. Guiana's coastline
unusually permits launches into both equatorial and polar/Sun-synchronous paths, with inclinations up
to 100.5o possible.
HAMMAGUIR (ALGERIA)
France built a launch facility in Algeria near the town of Mammaguir in the 1960s. There
were, however, only four launches through 1985 and then the facility was closed. As the French Space
Agency (CNES) moved its launch operations to Kourou these facilities were essentially abandoned as a
base for French space launch services.
6. INDIA
SHAR CENTER
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SHAR, encompassing the Sriharikota Island on the east coast of Andhra Pradesh, is ISRO's
satellite launching base and additionally provides launch facilities for the full range of Rohini sounding
rockets. The PSLV launch complex was commissioned in 1990. Modifications were subsequently
made to allow the complex to handle the GSLV and other larger vehicles capable of placing satellites
into GEO orbit.
7. ISRAEL
PALMACHIM
An area near or within Israel's Palmachim Air Force Base south of Tel Aviv, and near the
town of Yavne, was inaugurated as an orbital site with the launch of the Ofeq 1 satellite on 19
Sept.1988. Facilities are classified although they are visible from the coast road. Located at the eastern
end of the Mediterranean, the site is restricted to retrograde launch operations for range safety
considerations.
8. ITALY
SAN MARCO
Italy's offshore orbital launch platform is today little used. This facility is owned and operated
by the Italian government and comprises two platforms in Formosa Bay, 4.8 km off the coast of Kenya.
The San Marco platform provides the launch pad, while Santa Rita platform houses blockhouse
facilities. The range is maintained in operational condition and the telemetry/tracking station still works
under ESA contract. The range became operational in 1966. Eight satellites have been launched from
this platform.
9. JAPAN
KAGOSHIMA SPACE CENTER
Japan's first six satellites were launched from these leveled hilltops facing the Pacific Ocean at
Uchinoura on the southern tip of Kyushu Island. By end-1995, orbital launches totaled 21 successful,
with 349 launches of all types. Construction of a sounding rocket site began in Feb.1962, with
extensions for science satellite launches by M rockets completed in 1966. Kagoshima's M-3SII all-solid
ISAS/Nissan orbital launcher retired in Jan.1995. The S-310, S-520 and K-9M sounding rockets and
the MT-135 meteorological rocket are currently supported. Annual launch rate is typically 3-4 for the
larger sounding rockets. Facilities have been upgraded to support the new M-5 orbital vehicle, first
launched in Feb.1997.
TANEGASHIMA SPACE CENTER
NASDA's Tanegashima Space Center (TNSC) orbital launch facility is located on the SE tip
of Tanegashima Island, 1,000 km SW of Tokyo. The more northerly Osaki Launch Site includes the
H2/J1 pads and liquid engine static test facilities, while the Takesaki Launch Site handles sounding
rockets and provides facilities for H2 solid booster static firings and the H2 Range Control Center. A
new pad was completed in 1999 for the Upgraded H2 and further upgraded for the H2A launch vehicle.
10. UNITED STATES
CAPE CANAVERAL AIR STATION
Cape Canaveral Air Station (CCAS) is under the direction of the US Space Command 45th
Space Wing. Cape Canaveral encompasses active Titan, Atlas and Delta complexes in addition to
providing support facilities for the military, NASA and commercial organizations. 455 space launches
have been made to end-1995, including NASA's manned missions. The annual launch rate is now
constrained to 25-30 because, despite upgrading, the Cape is based on 1950s concepts. Principal
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current launch activities are Titan operations at pads 40/41, Delta from Space Launch Complex 17A/B
and Atlas Centaur from SLC 36A/B. Orbital inclination is constrained without doglegging to 57o by
range safety considerations. Polar launches from Canaveral are not permitted, as this would involve
overflight of populated land masses. CCAS operates the Eastern Range tracking network extending
into the Indian Ocean, where it meets the Western Range system.
KENNEDY SPACE CENTER
Kennedy Space Center (KSC) is NASA's site for processing, launching and landing the Space
Shuttle and its payloads, including Space Stations components. Located on Merrit Island, adjacent to
the USAF launch facilities of the Cape Canaveral Air Station, Kennedy was originally built to support
the Apollo lunar landing program of the 1960s. After the last Apollo lunar launch in 1972, Launch
Complex 39 supported Skylab 1973-74, Apollo-Soyuz in 1975 and Shuttle from the late 1970s. Shuttle
mission STS-80 in Nov-1996 brought the number of manned launches to 94 from pads 39A/B through
end-1996.
POKER FLAT RESEARCH RANGE
Poker Flat Research Range (PFRR) is primarily a sounding rocket launch facility dedicated to
auroral and middle to upper atmospheric research. Operated by the Geophysical Institute, it is the
world's only university-owned launch range. It is also the only high latitude and auroral zone rocket
launch facility on US soil.
VANDENBERG AIR FORCE BASE
Vandenberg Air Force Base (VAFB) is under the direction of the US Space Command 30th
Space Wing. Vandenberg is responsible for missile and space launches on the west coast and operates
the Western Range tracking network extending into the Indian Ocean, where it meets the Eastern
Range system. Vandenberg provides the US with access into polar orbits using due south launches and
was to have provided a base for Shuttle departures on high inclination missions. Delta missions are
supported by the Space Launch Complex (SLC)-2W pad, Titan by SLC-4 and Atlas by SLC-3; Scout
retired with its last launch May-1994 from SLC-5. Vandenberg is also an important base for
development and operational ICBM flight testing.
WALLOPS FLIGHT FACILITY
Now a part of Goddard Space Flight Center, Wallops became the third US orbital site in
Feb.1961 with the launch of the Explorer 9 balloon by the all-solid Scout. Nineteen vehicles achieved
orbit from Wallops by end-1995 (plus three failures), the most recent in 1985. Although the facility is
still available, Scout retired in 1994. Orbital activity resumed Oct-1995, but the commercial Conestoga
failed. Wallops' major activity now is as the base for NASA's sounding rocket program. Current
vehicles include Super Arcas, Black Brant, Taurus-Tomahawk, Taurus-Orion and Terrier-Malemute.
Some 30 launches are made annually.
WHITE SANDS MISSILE RANGE
White Sands is operated by the US Army and was the site of the first major US rocket firings
after World War 2 before the move was made to Florida's larger range. It is also the site of the first
atomic explosion. White Sands is still a major sounding rocket firing base and supports BMDO flight
testing. White Sands Test Facility (WSTF) is operated by Johnson Space Center for Shuttle propulsion,
power system and materials testing. WSTF is also responsible for White Sands Space Harbor (WSSH),
which provides the third Shuttle landing site in the US after Florida and Edwards AFB.
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Appendix 3
Federal Aviation Administration
US Department of Transportation
14 CFR Parts 401, 415, 431, 435, 440 and 460
[Docket No. FAA–2005–23449]
RIN 2120–AI57

Human Space Flight Requirements for Crew and Space Flight
Participants—Final Rule
Friday, December 15, 2006

SUMMARY: The FAA is establishing requirements for human space flight as required by the
Commercial Space Launch Amendments Act of 2004, including rules on crew qualifications and
training, and informed consent for crew and space flight participants. The requirements should provide
an acceptable level of safety to the general public and ensure individuals on board are aware of the
risks associated with a launch or reentry. The rule also applies to existing financial responsibility and
waiver of liability requirements to human space flight and experimental permits. Experimental permits
are the subject of a separate rulemaking.
DATES: Effective Date: These amendments become effective February 13, 2007.
Compliance Date: Affected parties, however, do not have to comply with the information collection
requirements in §§ 460.5, 460.7, 460.9, 460.19, 460.45, and 460.49 until the FAA publishes in the
Federal Register the control number assigned by the Office of Management
and Budget (OMB) for these information collection requirements. Publication of the control number
notifies the public that OMB has approved these information collection requirements
under the Paperwork Reduction Act of 1995.
Background
On December 23, 2005, the FAA published a notice of proposed rulemaking (NPRM), “Human Space
Flight Requirements for Crew and Space Flight Participants” 70 FR 77261 (Dec. 29, 2005), which
discusses the background of the CSLAA and the nascent human space flight industry. The NPRM also
discusses the safety considerations underlying the FAA’s proposed requirements and each alternative
that the agency considered. In the CSLAA, Congress also directed the FAA to issue guidelines or
advisory materials to guide the implementation of the law as soon as practical, and to promulgate
requirements governing experimental permits. On February 11, 2005, the FAA issued “Draft
Guidelines for Commercial Sub-orbital Reusable Launch Vehicle Operations with Flight Crew” and
“Draft Guidelines for Commercial Sub-orbital Reusable Launch Vehicle Operations with Space Flight
Participants.” On March 31, 2006, the FAA published an NPRM, “Experimental Permits for Reusable
Sub-orbital Rockets.” 71 FR 16251.
Description of Final Rule and Discussion of Comments
In this final rule, the FAA changes parts 401, 415, 431, 435 and 440 of Title 14 of the Code of Federal
Regulations and establishes a new part 460 in response to the CSLAA’s requirement to issue
regulations governing crew and space flight participant, by June 23, 2006. Revisions in part 440 codify
the financial responsibility and risk allocation regime for activities authorized by a permit and for crew
and space flight participants. These requirements supplement other launch and reentry regulations,
including those in parts 415, 431, and 435. For example, part 431 governs reusable launch vehicle
operations, and contains system safety and risk requirements and operational constraints. An operator
of a reusable launch vehicle with a person on board must comply with this rule and part 431.
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Part 460 applies to anyone applying for or having a license or permit under Title 14 Code of Federal
Regulation (CFR) Chapter III, who conducts a flight with crew or space flight participants on board a
vehicle, or employs a remote operator of a vehicle with a human on board. (For a vehicle with no one
on board that is controlled by a remote operator part 460 does not apply. Instead, an operator will be
governed by other parts, such as parts 431 and 435.) This part also applies to a space flight participant
or crew member participating in an activity authorized under 14 CFR Chapter III. Part 460 defines
crew and flight crew and imposes notification, medical, qualification, and training requirements. It also
promulgates informed consent and training requirements for space flight participants.
The FAA received comments from forty-two entities, including aerospace companies, associations,
service providers, individuals and other agencies of the U.S. Government. Operators of launch and
reentry vehicles who provided comments include Blue Origin, LLC (Blue Origin), the Personal Space
flight Federation \2\ (Federation), Rocketplane Limited, Inc. (Rocketplane), TGV Rockets, Inc., and
XCOR Aerospace (XCOR). The following associations, individuals and service providers also
commented: Airline Pilots Association International (ALPA); Association of Space Explorers-USA
(ASE), International Association of Space Entrepreneurs and Institute for Space Law and Policy (IASE
and ISLAP); Knutson & Associates, Attorneys at Law (Knutson); Nickolaus Leggett (Leggett);
Planehook Aviation Services, LLC (Planehook); Predesa, LLC (Predesa) and James Snead.
FOR FURTHER INFORMATION CONTACT: For technical information, contact Kenneth Wong,
Deputy Manager, Licensing and Safety Division, Commercial Space Transportation, AST–200,
FederalAviation Administration, 800 Independence Avenue, SW.,
Washington, DC 20591; telephone (202) 267–8465; facsimile (202) 267–3686; email
ken.wong@faa.gov.
For legal information, contact Laura Montgomery, Senior Attorney, Office of the Chief
Counsel, Federal Aviation Administration, 800 Independence Avenue SW., Washington, DC 20591;
telephone (202) 267–3150; facsimile (202) 267–7971, e-mail
laura.montgomery@faa.gov.
SUPPLEMENTARY INFORMATION:
Availability of Rulemaking Documents You can get an electronic copy using
the Internet by: (1) Searching the Department of Transportation’s electronic Docket
Management System (DMS) Web page (http://dms.dot.gov/search);
(2) Visiting the FAA’s Regulations and Policies Web page at http://www.faa.gov/regulations_policies/
or
(3) Accessing the Government Printing Office’s Web page at http://www.gpoaccess.gov/fr/index.htm/
You can also get a copy by sending a request to the Federal Aviation
Administration, Office of Rulemaking, ARM–1, 800 Independence Avenue SW., Washington, DC
20591, or by calling (202) 267–9680. Make sure to identify the amendment number or docket number
of this rulemaking. Anyone is able to search the electronic form of all comments received into any of
our dockets by the name of the individual submitting the comment (or signing the comment, if
submitted on behalf of an association, business, labor union, etc.). You may review DOT’s complete
Privacy Act statement in the Federal Register published on April 11, 2000 (Volume 65, Number 70;
Pages 19477–78) or you may visit http://dms.dot.gov.
Small Business Regulatory Enforcement Fairness Act The Small Business Regulatory Enforcement
Fairness Act (SBREFA) of 1996 requires the FAA to comply with small entity requests for information
or advice about compliance with statutes and regulations within its jurisdiction. If you are a small entity
and you have a question regarding this document, you
may contact your local FAA official, or the person listed under FOR FURTHER
INFORMATION CONTACT. You can find out more about SBREFA on the Internet at
http://www.faa.gov/regulations_policies/rulemaking/sbre_act/.
Authority for This Rulemaking The FAA’s authority to issue rules on commercial space
transportation safety is found in Title 49 of the United States Codes, section 322(a), which authorizes
the Secretary of Transportation to carry out Subtitle IX, Chapter 701, 49 U.S.C.
70101–70121 (Chapter 701). The Commercial Space Launch Amendments Act of 2004 (the CSLAA)
provides additional authority. Under 49 U.S.C. 70105(b)(4), no holder of a license or permit may
launch or reenter crew unless the crew has received training and satisfied medical or other conditions
specified in a license or permit, all in accordance with FAA regulations. This rulemaking imposes crew
qualification and training requirements and implements the statutory requirement that an operator
advise the flight crew and any space flight participant that the U.S. Government has not certified the
launch vehicle as safe. Section 70105(b)(5) directs the FAA to promulgate regulations requiring that
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the holder of a license or permit inform each space flight participant in writing about the risks of launch
or reentry.
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I. Background
On December 23, 2005, the FAA published a notice of proposed rulemaking (NPRM), “Human Space
Flight Requirements for Crew and Space Flight Participants” 70 FR 77261 (Dec. 29, 2005), which
discusses the background of the CSLAA and the nascent human space flight industry. The NPRM also
discusses the safety considerations underlying the FAA’s proposed requirements and each alternative
that the agency considered. In the CSLAA, Congress also directed the FAA to issue guidelines or
advisory materials to guide the implementation of the law as soon as practical, and to promulgate
requirements governing experimental permits. On February 11, 2005, the FAA issued “Draft
Guidelines for Commercial Sub-orbital Reusable Launch Vehicle Operations with Flight Crew” and
“Draft Guidelines for Commercial Sub-orbital Reusable Launch Vehicle Operations with Space Flight
Participants.” On March 31, 2006, the FAA published an NPRM, “Experimental Permits for Reusable
Sub-orbital Rockets.” 71 FR 16251.
II. Description of Final Rule and Discussion of Comments
In this final rule, the FAA changes parts 401, 415, 431, 435 and 440 of Title 14 of the Code of Federal
Regulations and establishes a new part 460 in response to the CSLAA’s requirement to issue
regulations governing crew and space flight participant, by June 23, 2006. Revisions in part 440 codify
the financial responsibility and risk allocation regime for activities authorized by a permit and for crew
and space flight participants. These requirements supplement other launch and reentry regulations,
including those in parts 415, 431, and 435. For example, part 431 governs reusable launch vehicle
operations, and contains system safety and risk requirements and operational constraints. An operator
of a reusable launch vehicle with a person on board must comply with this rule and part 431.
Part 460 applies to anyone applying for or having a license or permit under Title 14 Code of Federal
Regulation (CFR) Chapter III, who conducts a flight with crew or space flight participants on board a
vehicle, or employs a remote operator of a vehicle with a human on board.1 This part also applies to a
space flight participant or crew member participating in an activity authorized under 14 CFR Chapter
III. Part 460 defines crew and flight crew and imposes notification, medical, qualification, and training
requirements. It also promulgates informed consent and training requirements for space flight
participants.
The FAA received comments from forty-two entities, including aerospace companies, associations,
service providers, individuals and other agencies of the U.S. Government. Operators of launch and
reentry vehicles who provided comments include Blue Origin, LLC (Blue Origin), the Personal Space
flight Federation2 (Federation), Rocketplane Limited, Inc. (Rocketplane), TGV Rockets, Inc., and
XCOR Aerospace (XCOR). The following associations, individuals and service providers also
commented: Airline Pilots Association International (ALPA); Association of Space Explorers-USA
(ASE), International Association of Space Entrepreneurs and Institute for Space Law and Policy (IASE
and ISLAP); Knutson & Associates, Attorneys at Law (Knutson); Nickolaus Leggett (Leggett);
Planehook Aviation Services, LLC (Planehook); Predesa, LLC (Predesa) and James Snead.
In general, the commenters supported the proposed requirements, but with several suggested changes.
A. Equivalent Level of Safety
The Federation recommended that the FAA consider allowing means of compliance other than those
identified in the regulations. In part 460, the FAA will allow an operator to demonstrate that an
alternative method of compliance for certain requirements provides an equivalent level of safety and
satisfies the rule. The FAA notes that many of the requirements of this part are performance standards
that already offer operators a great deal of flexibility. Where a requirement is prescriptive, such as
when the FAA requires a pilot certificate, the FAA does not contemplate approving alternatives
through the license or permit process unless the requirement explicitly allows alternatives. As the
Federation noted, the FAA also has the ability to grant waivers under 14 CFR 404.3. If an operator
wishes to pursue a course that is not consistent with the requirements of part 460, the operator must
apply for a waiver.
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B. Launch and Reentry With Crew
Subpart A of part 460 applies to the flight crew and any remote operator. The only ground crew
covered is a remote operator.
1. Definitions
The FAA is retaining the definition of crew required by the CSLAA, that is, any employee of a
licensee, transferee, or permittee, or of a contractor or subcontractor of a licensee, transferee, or
permittee, who performs activities in the course of that employment directly relating to the launch,
reentry, or other operation of or in a launch vehicle or reentry vehicle that carries human beings. As
proposed in the NPRM, a crew consists of flight crew, crew on board a vehicle during a launch or
reentry, and any remote operator. Also, crew members may be independent contractors as well as
employees. As it explained in the NPRM, the FAA defines crew to include all personnel on board,
namely the flight crew, as part of the crew, and thus give a broader meaning to crew than one
consisting only of a pilot or remote operator. Because Congress contemplated operation of or in a
vehicle (emphasis added), Congress appears to have intended some persons on the ground to be
included as part of the crew. A remote operator of a vehicle satisfies the Congressional direction to
include some ground crew as part of the crew. Also, a remote operator is someone whose employment
would directly relate to a launch or reentry, thus satisfying the other statutory prong. Limiting ground
crew to remote operators avoids providing notice to personnel on the ground about the dangers of a
vehicle they are not going to board. Were the FAA to include more ground personnel as crew, the
CSLAA would require an operator to inform those persons that the U.S. Government has not certified
the vehicle as safe for carrying crew or space flight participants, 49 U.S.C. 70105(b)(4)(B), which
seems an exercise of no benefit.
Commenters raised a number of questions regarding the definition of crew. With the exception of those
related to the requirement for a second-class airman medical certificate, they are addressed here.
a. Cabin Crew. The IASE and ISLAP suggested that distinguishing between “cabin crew” and “flight
crew” would ensure that the fundamental difference between them—direct involvement in vehicle
operation as opposed to passenger safety and comfort—would be recognized in future regulations
while facilitating clearer discussion of the regulatory responsibilities of each crew member. This
suggestion is premature. The FAA will address the recommendation when those circumstances arise.
b. Personnel on the Ground. The FAA, as it proposed in the NPRM, defines a remote operator as a
crew member who has the ability to control, in real time, a launch or reentry vehicle’s flight path, and
is not on board the vehicle. This means that a remote operator is the only member of the ground crew.3
Blue Origin requested that the FAA clarify the definition of remote operator to ensure the exclusion of
persons on the ground from the definition of crew. Blue Origin recommended that the FAA clarify that
“control” means navigation and control of the vehicle, rather than merely being in the chain of
command. Blue Origin’s clarification would preclude someone who initiated a launch or an abort from
being considered part of the crew. Blue Origin reasoned that launch decisions will often be made by a
launch director after receiving input from all groups, including air traffic control.
As explained in the NPRM, a remote operator is someone who actively controls the vehicle, and does
more than initiate or abort a launch in progress. Active control encompasses navigation as well as
control. A mission flight control officer in charge of terminating the flight of an errant expendable
launch vehicle would not be treated as a remote operator because he or she does not have the ability to
control, in real time, the vehicle’s flight path. Accordingly, the FAA does not need to adopt Blue
Origin’s suggestion.
Predesa suggested expanding ground crew to include “specialists who monitor and maintain vehicle
systems via telemetry” as they may assist a remote operator or pilot, and provide information or modify
the operations of vehicle systems during flight. Predesa recommended that these personnel possess
FAA flight engineer certification or FAA pilot certification. Predesa does not believe that persons who
are not on board should be subjected to lesser standards merely because of their location.
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The FAA has decided against expanding the definition because the personnel, even though not covered
under part 460 if not on board the launch or reentry vehicle, will be subjected, during the license or
permit process, to the standards appropriate to their roles. For example, an applicant proposing a
reusable launch vehicle mission would have to meet part 431, which requires that a licensed operator
implement a system safety process and operational restrictions and satisfy risk requirements. As part of
the system safety process, personnel on the ground will receive training to carry out their roles safely,
and it is through this training that the personnel on the ground will be held to standards appropriate to
their roles. As part of the proposed requirements for obtaining an experimental permit, the FAA intends
to require an applicant conduct a hazard analysis. Human error issues and training of ground personnel
would be addressed through this analysis. Also, part 431 requirements address the readiness of vehicle
safety operations personnel to support flight under nominal and non- nominal conditions.
c. Carrier Aircraft Personnel. Dassault Aviation and Spaceport Associates asked whether the crew of
a carrier aircraft 4 would be included as crew under part 460. Spaceport Associates pointed out that, in
one sense, crew of a carrier aircraft are effectively providing the first stage of the launch although not
themselves subject to extraordinary biomedical stresses. Planehook commented that adopting the term
“spacecraft pilot” would reduce confusion when distinguishing between the pilot of an aircraft and the
pilot of a launch vehicle. According to Planehook, the training of crew on a carrier aircraft should be
addressed in 14 CFR part 61 because the vehicle is most likely to remain an air-breathing aircraft. This
rulemaking does not treat crew on board a carrier aircraft as crew under part 460.
The FAA defines flight crew to mean crew that is on board a vehicle during a launch or reentry. The
crew aboard the aircraft are already covered by existing FAA regulations. Thus, new terms such as
spacecraft pilot are not necessary to distinguish between aviation and space flight crew.
d. Payment for Pilot or Remote Operator Training. Under this final rule, the FAA will not allow a
space flight participant to act as a pilot or remote operator of a launch or reentry vehicle. ASE noted
that it is possible that a qualified, medically-certified person may wish to pay an operator to pilot the
operator’s vehicle. The FAA notes that someone paying to fly, whether as a passenger or at the
controls, is a space flight participant rather than an employee.
For public safety reasons, the FAA will not allow space flight participants to pilot launch or reentry
vehicles at this time. A space flight participant who wants to pilot a launch or reentry vehicle would
have to become an employee or independent contractor of the operator to acquire vehicle and missionspecific training. The operator will be in a better position to evaluate the skills of an employee or
independent contractor than of a space flight participant, particularly as those skills relate to the
requirements of the operator’s particular vehicle. The FAA acknowledges that this restriction may
create a dilemma for someone who wishes to acquire training in order to become employed, but, while
the technology is so new, it is important for public safety that pilots be highly skilled at the outset.
2. Authority
The FAA has the authority to protect crew. Spaceport Associates questioned the FAA’s authority to
protect crew when it commented that the FAA should not implement design requirements to protect
crew, particularly in light of the requirement to notify crew members that a vehicle has not been
certified as safe. The commenter observed, in effect, that the FAA was limited to protecting the general
public. Under the CSLAA, the FAA has the authority to protect the crew because they are part of the
flight safety system that protects the general public.5
3. Pilot Qualifications
As proposed in the NPRM, Sec. 460.5 requires a pilot of a launch or reentry vehicle to possess and
carry an FAA pilot certificate with an instrument rating. The FAA invited public comment on the
proposed requirement and received differing views.
Some commenters considered the requirement too lenient. TGV suggested that a pilot certificate might
only partially address the knowledge, skills, and abilities necessary for safety. TGV recommended that,
in addition to a pilot certificate, the FAA require test pilot credentials or military supersonic experience
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for single piloted sub-orbital and orbital vehicles. Because having a pilot certificate may not be
sufficient, Sec. 460.5©(2) requires aeronautical experience and skills necessary to pilot and control the
vehicle.
The Federation and Planehook agreed with the requirement for a pilot to have an instrument rating
because, as Planehook commented, the trajectory of a vehicle will pass through Class A airspace at
least twice. ALPA also agreed that the pilots or flight crew, including any remote operators acting
under part 460, should be certificated.
Focusing on a possible exception to the utility of requiring a pilot certificate, Mr. Nickolaus Leggett
recommended against requiring pilots and remote operators of launch vehicles that do not have aircraft
characteristics to possess an FAA pilot certificate with an instrument rating. He pointed out that a
strictly ballistic sub-orbital vehicle consisting of a capsule and parachute does not require conventional
piloting skills at all. Similarly, Starchaser recommended not requiring a pilot certificate at all and
relying only on the performance requirement that a pilot possess the necessary skills and experience for
the vehicle. An Air Force member of the Common Standards Working Group (CSWG) 6 recommended
that the FAA not require that a pilot be certified when a vehicle is unique and lacks any similarity to an
airplane.7 The commenter suggested that a properly trained engineer may be a better choice as a pilot
for the vehicles that do not resemble aircraft. If the key criterion is to protect the public, an individual
intimately familiar with the unique vehicle design, capabilities, and properly trained in the operation
and recovery of such vehicles could be a better choice to operate the vehicle than a pilot.
The FAA requires a pilot certificate so that a pilot of a reusable launch vehicle has a basic level of
aeronautical experience, an understanding of the National Airspace System (NAS), and an
understanding of the regulatory requirements under which aircraft in the NAS operate, including cloud
clearance requirements and airspace restrictions. This awareness will enhance overall safety of the
NAS, regardless of whether a vehicle has wings. An instrument rating should ensure that pilots of
launch and reentry vehicles have acquired the skills of scanning cockpit displays, correctly interpreting
the instruments, and responding with correct control inputs. The FAA expects that regardless of the
kind of vehicle used, there will be times when a pilot will be relying on instrument skills and
competency. Having a pilot certificate and aeronautical experience provides evidence of a basic level
of knowledge of and experience with the NAS, such as communications, navigation, airspace
limitations, and other aircraft traffic avoidance, that will help promote public safety.
Planehook commented that a pilot or remote operator of a vehicle should have a commercial pilot
certificate appropriate to the type of vehicle flown. The FAA’s guidelines contain such a
recommendation. The FAA did not, however, propose in the NPRM to implement this guideline as a
requirement. The FAA did not specify the particular kind of pilot certificate required nor what
category, class, type or instrument ratings are needed because different operators are proposing
vehicles of varied and unique designs. The pilot certification is not directly transferable from aircraft to
launch or reentry vehicles. Rocket- powered vehicles do not operate as aircraft. As Mr. Leggett noted,
even for a more manually controlled ballistic vehicle, the skills required differ from those of an aircraft
pilot.
The FAA recognizes the validity of these comments. Accordingly, the agency is adopting a
performance requirement, Sec. 460.5©(2), that requires a pilot and remote operator to possess
aeronautical experience and skills necessary to pilot and control the vehicle for any launch or reentry
vehicle that will operate in the NAS. To avoid overly burdening the industry, and in recognition of the
diverse range of vehicles proposed, the FAA does not require an RLV pilot to hold a pilot certificate
for a specific category of aircraft or to have a specific instrument rating on that certificate.
4. Remote Operator Qualifications
Section 460.5 requires a remote operator to possess and carry a pilot certificate with an instrument
rating. Section 460.5©(1)(iii), however, allows an operator to demonstrate through the license or
permit process that an alternative approach provides an equivalent level of safety. In the NPRM, the
FAA invited public comment on the proposed requirement that a remote operator of a launch or reentry
vehicle with a human on board possess an FAA pilot certificate with an instrument rating and that he or
she demonstrate the knowledge of the NAS necessary to operate the vehicle.
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Predesa questioned whether it was safe to allow remote operators at all. Predesa pointed out that remote
operation of a vehicle could lead to concerns over the security and integrity of telemetry from the
vehicle and of the commands sent to control the vehicle. Predesa recommended redundancy in the
communications channel or on-board back up in the form of a trajectory controller or, preferably, a
pilot on board. James Snead also recommended that a pilot be on board because there is no precedent
for flight without one.
The FAA notes that there is precedence for permitting remote operators to control a vehicle. Unmanned
aerial vehicles (UAVs) are already operated by the National Aeronautics and Space Administration
(NASA) and the military services, and authorized by the FAA. The FAA will address whether the
operators can sufficiently control a vehicle through the license or permit process on a case-by-case
basis. The safety issues, such as those raised by Predesa, will also be addressed in that process.
The Federation and Starchaser recommended against requiring remote operators to possess pilot
certificates at all, let alone with an instrument rating. The Federation recommended that remote
operators still demonstrate knowledge, albeit with wide latitude, of the NAS and the deconfliction of
airspace necessary to safely operate the vehicle. The Federation claimed the variety of possible vehicles
and control schemes renders unnecessary a requirement that remote operators possess a pilot’s
certificate. According to the Federation, operators can and should be allowed to demonstrate their
knowledge of the NAS in other ways, such as by written test. The Federation noted that John Carmack
of Armadillo Aerospace successfully operated a vertical takeoff, vertical landing vehicle remotely at
the 2005 X PRIZE Cup, without the use of a pilot’s license or instrumentation resembling that of an
aircraft cockpit..8
One commenter, t/Space, suggested that in some instances, remote operation of a launch or reentry
vehicle with a human on board may provide backup command and control of the vehicle if the pilot or
flight crew is incapacitated or otherwise unable to function. When not intended for nominal flight
operations, remote operation from the ground is likely to be limited to execution of pre-planned flight,
reentry, or abort scenarios. According to t/Space, the remote operator in these situations would not
require the same level of knowledge and experience as a pilot with an instrument rating. The FAA
acknowledges that there may be a variety of vehicle types and control schemes, such as back up remote
operators that may be used. Accordingly, for a remote operator, the FAA will allow an operator to
demonstrate that something other than a pilot certificate provides an equivalent level of safety. 5.
Medical Standards for Crew
Section 460.5(e) requires that each crew member with a safety- critical role possess and carry an FAA
second-class airman medical certificate issued in accordance with 14 CFR part 67 9 and issued no more
than 12 calendar months prior to the month of launch and reentry. For example, this means that if a
launch were to take place on May 1, 2007, or May 31, 2007, a medical certificate issued anytime in
May 2006 would satisfy the requirement. Because the requirement applies to both launch and reentry,
operators who plan on a reentry in a different month than the launch should ensure that their crews’
medical certificates are still timely for the reentry.
Requiring a medical certificate only for crew with a safety- critical role marks a change from the
NPRM, where the FAA proposed that all crew members, regardless of whether they were safetycritical, possess and carry such a certificate.
a. Objections to Requiring Medical Certification of Crew Who Do Not Have a Safety-Critical
Role. Rather than creating a separate class of crew who are not safety critical or modifying the
definition of crew as some commenters suggested, the FAA can better address medical risk to the
mission by more precisely identifying what triggers the need for a medical certification. In section
460.5(e), the FAA distinguishes between crew members with a safety-critical and non-safety-critical
role to determine whether they must satisfy the medical requirements.
Several commenters, including ALPA, generally concurred with the FAA that requiring medical
certification is appropriate, particularly for those crew members whose duties are associated with
operation of the launch or reentry vehicles. Several suggested that it may not be necessary for all crew
members. Planehook and David J. Sullivan- Nightengale commented that a second-class medical
certificate was appropriate for the pilot but unnecessary for other crew members. The Federation,
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t/Space, and XCOR asked the FAA to reconsider requiring a second-class medical certificate for nonsafety-critical crew on the grounds that it would be impractical and unnecessary. The Federation
claimed that where a regulatory requirement does not respond to a real need, it can negatively impact a
flight test. XCOR commented that members of a rocket engine development team will likely serve as
flight test engineers on some test flights to permit them to observe engine operation in real time and
possibly to adjust parameters of the propulsion system in flight. According to XCOR, these operations
are not safety-critical because the flight is aborted if the flight test engineer is incapacitated, and the
worst case effect is the loss of some data from that flight.
Blue Origin commented that a person should not be required to have a second-class medical certificate
if he or she is only involved in pushing an ignition button or initiating an abort of a vehicle
experiencing non-nominal telemetry. TGV Rockets recommended against medical certification for
remote operators.
Under today’s rule, crew members must complete training on how to perform their duties on board or
on the ground so that the vehicle will not harm the public. They also must complete training to be able
to perform duties in emergency operations or abort scenarios. Crew members who are not medically
stable likely would not be able to meet training or performance requirements.
The FAA agrees that requiring second-class medical certification for crew members who do not
perform safety-critical functions is unnecessary. There may be missions when a flight attendant or
flight test engineer has duties that would not affect public safety. The FAA, however, anticipates that
there may be missions when a flight attendant or flight test engineer does have a safety critical role.
Rather than specifying which crew members must have a medical certificate, the FAA requires that
only crew members who have a safety-critical role must possess and carry a second-class airman
medical certificate.
Jonathan Goff suggested that alternatives to the second-class medical be accepted if they demonstrate
an equivalent level of safety. The FAA has decided against this approach because a demonstration of
equivalence would likely require the same level of examination and information as a medical
certificate. The most straightforward approach is to obtain a second-class medical certificate.
b. Recommendations for More Stringent Medical Standards. Several commenters recommended
the FAA adopt more stringent medical standards. The Aerospace Medical Association commented that
a second-class medical certificate is acceptable for sub-orbital flight but more stringent physical
standards should be applied to orbital missions. It further posited that the examination should be
conducted by a physician with aerospace medicine training and include screening tests consistent with
prudent aeromedical practice and recommendations of the U.S. Preventive Services Task Force. Dii
Aerospace Laboratories commented that different standards should apply to space flight because the
effects of weightlessness and reentry are vastly different for space flight than for standard commercial
air travel. If a candidate for a medical certificate had significant medical issues, he or she would not
receive certification. The physician would refer that person to a specialist for further evaluation. TGV
Rockets commented that a first-class medical certificate should be required for pilots carrying space
flight participants.
The FAA proposed requiring a second-class medical certificate so that crew members would
demonstrate a basic level of health within 12 months of launch or reentry. Recognizing that secondclass medical certification is insufficient for space flight, the FAA is also establishing a performance
standard that requires the flight crew to demonstrate an ability to withstand the stresses of space flight
sufficiently so that the vehicle will not harm the public. This requirement may be more stringent than
the suggested first-class medical certificate for pilots. The stresses experienced in space flight may
include high acceleration or deceleration, microgravity, and vibration. The performance standard
provides an additional level of safety beyond basic medical certification because flight crew members
will have to demonstrate an ability to perform duties in the space flight environment in which they plan
to operate. As discussed in the NPRM, the FAA recognizes that different standards may be required for
orbital and sub-orbital flights. The FAA will gather data for the development of those standards over
time and they may be implemented on a case-by-case basis or through future rulemaking.
6. Crew Training
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As proposed in the NPRM, Sec. 460.5(a)(1) requires each member of a crew to complete training on
how to carry out his or her role on board or on the ground so that the vehicle will not harm the public.
Section 460.7 requires an operator to train each member of its crew and define standards for successful
completion in accordance with Sec. 460.5. The FAA received comments on hours of training, simulator
training, and the training standard itself.
Starchaser recommended a minimum number of hours of training, but did not provide its reasons for
this suggestion. Depending on the role the crew members will have, different amounts of training will
be necessary for a crew member to learn his or her role. The FAA will evaluate this need on a case-bycase basis during the license and permit process.
Section 460.5©(3) requires a pilot and a remote operator to receive vehicle and mission-specific
training for each phase of flight by using a simulator, a similar aircraft, flight testing, or an equivalent
method. Mr. Leggett commented that because development of a vehicle would likely include a
significant amount of simulation, the FAA should require simulator training. The benefit would be that
training could take place in a safe environment. Dii commented that simulator training should be
mandatory because realism is critical. Dii noted that a pilot needs to be able to deal with simulator
sickness and spatial disorientation.
The FAA does not require the use of simulators in all circumstances because simulators may not exist
for all the proposed vehicles. While the use of simulators is recommended, the FAA intends to
maximize the training approaches that are acceptable by allowing methods of training other than
simulators.
The FAA notes that some simulators intended for aircraft may be used for different launch or reentry
vehicles. Section 460.7(b) requires that an operator ensure that either the crew-training device used to
meet the training requirements realistically represents the vehicle’s configuration and mission or the
operator has informed the crew member being trained of the differences. Predesa took issue with this
proposed requirement, noting that just because an operator knows of differences between the systems,
does not mean that the operator can describe those differences and train crew accordingly. Such
training may be possible with data available from vehicle flight tests, but, without such data, Predesa
recommended that operators remind the crew of the experimental nature of flight. This is sound
guidance that is already encompassed within the requirement.
Alteon Training, L.L.C. (Alteon) observed that requiring that “an operator must train each member of
its crew and define standards for successful completion” could be interpreted to mean that only the
operator could conduct the required training. According to Alteon, an operator should have the ability
to arrange with an approved training provider for the development of training programs. Alteon further
commented that the operator would have the responsibility for oversight of the training provider to
ensure that the training satisfied the FAA’s regulatory requirements. The FAA agrees that an operator
can have a contractor provide training, a concept that is already encompassed by Sec. 460.7(a).
Ultimately, however, it will be the responsibility of the operator to ensure that crew members are
trained properly.
Section 460.7(d) also requires that an operator ensure that all required crew qualifications and training
are current before launch and reentry. The NPRM proposed that an operator ensure currency prior to
launch or reentry, but, as Predesa pointed out, this language incorrectly implied that an operator could
postpone its currency check on a sub-orbital mission to just prior to reentry. Accordingly, the
regulatory text has been changed to specify that currency checks be complete prior to a sub-orbital
launch.
At various points in the crew training requirements, the FAA requires operators to meet certain
requirements. For example, as discussed above, an operator must ensure training currency. Ms.
Knutson commented that requiring an operator to “ensure” something may create a warranty at odds
with the risky nature of space travel at this stage in its evolution. The FAA notes that requiring an
operator to ensure to the FAA that an event does or does not take place identifies the purpose of a
requirement in order to impose a flexible yet enforceable performance standard. When the regulations
require an operator to satisfy a performance standard, the FAA requires that an operator demonstrate
the means by which it would satisfy that standard in its application for a license or permit. Grant of
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authorization constitutes approval of that approach as one that the FAA thinks will ensure satisfaction
of the intent of the performance requirement. It is then up to the operator to carry out its method of
compliance as described in its application. Because a license requires that an operator amend its
application when it would no longer be accurate, the method an operator describes in its application has
the same legal effect as a prescriptive requirement.
7. Crew Notification
As proposed in the NPRM, Sec. 460.9 requires an operator to inform, in writing, any individual serving
as crew that the United States Government has not certified the launch or reentry vehicle as safe for
carrying flight crew or space flight participants.10 An operator must provide this notification prior to
employing someone as crew or, if the individual is already employed by the operator, as soon as
possible and prior to any launch in which that person will serve as crew.
Blue Origin commented on the logistical difficulties associated with the timing requirements. Blue
Origin is concerned that the rule makes no provision for lawful notification when an existing employee
is promoted or reassigned to a flight crew position. Section 460.9 requires that an operator provide the
notification before entering into any contract or other arrangement to employ an individual. A
promotion or reassignment would constitute such “other arrangement,” and the FAA expects an
operator to inform the prospective crew member of the required notice prior to the person accepting the
new assignment.
Predesa also commented that the FAA does not require the experience and background necessary for
crew to identify design or operational flaws that would stop them from participating in a mission.
Predesa appears to base this comment on a belief that the CLSAA asks the crew to accept the risk of
space flight with full information. The FAA does not interpret the statute in this manner. Rather, the
CSLAA and the FAA’s attendant regulations impose a duty on a launch operator to inform crew of the
absence of U.S. Government certification. Just as with a space flight participant, a crew member may
not have the schooling and experience required to discern operational or design flaws. Part of the risk
associated with the flights anticipated by this rule is the presence of unknown hazards. The notification
requirement requires only that an operator inform the crew that risks exist, not that it identify all
potential operational and design hazards. 8. Environmental Control and Life Support System (ECLSS)
Section 460.11 requires that an operator provide atmospheric conditions adequate to sustain life and
consciousness for all inhabited areas within a vehicle. The operator or flight crew must monitor and
control specific atmospheric conditions in inhabited areas or demonstrate through the license or permit
process that an alternative means of compliance provides an equivalent level of safety. This
requirement reflects a change from what the FAA proposed in the NPRM in that the FAA will now
allow an alternative means of compliance.
Blue Origin suggested that the ECLSS requirements not be applied to short sub-orbital flights, such as
those that are ten to twenty minutes. The FAA notes that the vehicle’s atmospheric conditions have to
last from the time the cabin is sealed from the external environment until it is opened. When humans
are in a closed environment and dependent upon manmade life support systems, a failure to monitor or
control the environment even for a short duration could lead to a loss of life or injury. The FAA also
understands, however, that some of the atmospheric constituents and conditions may not change
significantly in a short duration flight, and the ECLSS for a sub-orbital mission typically will not be as
complex as one for an orbital mission. Therefore, the FAA will continue to require the operator or
flight crew to monitor and control atmospheric conditions in inhabited areas but will allow the operator
to show an alternate means of compliance that demonstrates an equivalent level of safety.
a. Requiring Both Monitoring and Control of Atmospheric Conditions or Requiring Only
Control. The Federation commented that not every life support system must be both monitored and
controlled. For example, it is asserted that a dehumidification system may not require monitoring
because a proper verification test, which may be performed on the ground, may show that the system
has ample capacity to keep humidity below acceptable limits.11 Additionally, the Federation noted
some atmospheric conditions need only be monitored without constant, active controls. Similarly, Blue
Origin suggested that the FAA clarify that “control” can include passive measures rather than active
instrumentation. According to the Federation, if followed literally, the requirement to monitor and
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control every life support system would drive up the cost and complexity of space vehicles and, as a
consequence, possibly drive down reliability with adverse public safety implications. Paragon
commented that the requirement to monitor and control contaminants that include particulates and any
harmful or hazardous concentrations of gases or vapors should be restricted to those that reasonably
can be expected to build up during the course of the space flight due to metabolic or other processes
occurring in the cabin, or to those potential contaminants for which a source is present in the cabin.
The FAA agrees with the Federation and Paragon that only control may be needed in some cases.
Control of particulate contaminants in the atmosphere of inhabited areas is an example where the FAA
would consider control without requiring monitoring. The passive control method commonly employed
is to provide filters, especially high efficiency particulate air filters, for the cabin air return duct inlets.
When used with a recirculation fan, filters effectively maintain low concentrations of particulate
contaminants in the atmosphere for extended times, with neither rapid nor large changes during space
flight operation. Consequently, monitoring of the atmospheric concentration of particulate
contaminants may not be necessary, especially for a sub-orbital mission. In order to address these types
of systems, the FAA will require the operator or flight crew to monitor and control atmospheric
conditions in the inhabited areas as proposed in the NPRM, but will allow the operator to show an
alternate means of compliance that will demonstrate an equivalent level of safety. This alternate means
of compliance must be approved by the FAA through the license or permit process.
b. Open-Loop System Versus Closed-Loop System. According to the Federation and Blue Origin,
any undesirable atmospheric condition can be controlled with an open-loop, rather than closed-loop
system.12 The FAA agrees that in some cases an atmospheric condition can be controlled with an openloop system rather than a closed-loop system with automatic feedback from the monitoring device.
For example, carbon dioxide concentrations in the atmosphere in inhabited areas should be monitored
and controlled. A carbon dioxide (CO2) control device, however, may operate without automatic
feedback from the monitoring device. Without controls, CO2 from human respiration would
accumulate in the cabin atmosphere. The resulting increase in the concentration of CO2 would depend
upon the habitable volume of the vehicle, the number of persons on board, and the overall mission
duration. To avoid elevated CO2 concentrations, an operator must provide controls to remove CO2 from
the atmosphere at a rate comparable to the respiration rate of the crew members and space flight
participants. CO2 may be removed by using lithium hydroxide (LiOH) canisters. The LiOH canisters
could be replaced on a schedule based on the number of persons on board. Under this scenario, an
operator would monitor the carbon dioxide concentration in the cabin atmosphere, to verify in flight
that the CO2 control devices are operating and are effective in avoiding elevated CO2 concentrations.
Because any increase in CO2 concentration would occur slowly, and because there is a considerable
margin between the expected concentration with controls and the threshold concentration where
chronic physiological changes begin to appear, a closed-loop control would not be required. Should the
crew observe increasing CO2 concentrations, there should be sufficient time to diagnose and remedy
any abnormal operation of the control device, or if that fails, to safely terminate the mission.
Oxygen concentration in the atmosphere is another example of what must be monitored and controlled.
Very low oxygen partial pressure constitutes a severe hazard, results in impaired judgment and ability
to concentrate, shortness of breath, nausea, and fatigue, affecting the proper functioning of the crew,
and so potentially results in catastrophic consequences. Control of oxygen concentration must be
closed loop, with the automatic addition of oxygen depending upon the oxygen-measuring device
indication.
c. Other ECLSS-related Comments. ASE noted that the FAA did not propose to require protecting
safety-critical equipment, such as heat- generating avionics. ASE commented that vehicle designers
must recognize the need to cool avionics, which may be in the space-unique environment of low, or no
pressure. The FAA agrees on the need to design for adequate thermal control of safety-critical
equipment, but the suggested requirement would not be appropriate in the context of a performance
based rule. Design requirements for spacecraft avionics equipment are outside the scope of this rule.
However, the FAA will evaluate the design, including thermal control, of safety-critical equipment
when it reviews a license application.
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Predesa requested that the ECLSS requirements be specifically applied to all normal, non-normal and
emergency operations, to emphasize the need for secondary or backup environment systems or other
means to preserve the atmospheric conditions for the crew. The FAA may find that redundancy is
necessary on a case-by-case basis, depending on a particular design, to ensure the crew’s ability to
protect public safety. At this point, the only redundancies the FAA anticipates requiring for all designs
are specified in the regulations, including the requirement for an adequate redundant or secondary
oxygen supply for the flight crew.
ASE commented that the space environment offers unique environmental challenges, such as micrometeorites and orbital debris. It noted dual seals will not address a hull breach by orbital debris.
Although a low probability during sub-orbital flight, a hull breach is not impossible, and the risk
dramatically increases during orbital flight due to the increased exposure time. ASE recommended that
this and other space-unique hazards be addressed, at least during the licensing or permitting phase. The
FAA acknowledges the potential for micro-meteorites and orbital debris, and notes that these details
will surface through an applicant’s hazard analysis and be resolved during the license or permit
process.
d. Guidance Plans. The FAA recognizes and anticipates that there will be many ECLSS designs. The
ECLSS requirements are performance based rather than design based with prescriptive requirements.
The following factors should be considered in determining if both monitoring and control of an
atmospheric condition is needed and whether an open-loop system or closed-loop system with
automatic feedback from the monitoring device is necessary:
•
•
•
•
•
•
•

Severity of the hazards presented to humans;
Likelihood for catastrophic or critical consequences of exposure;
Potential for rapid changes in conditions;
Potential for changes in conditions of large magnitude;
Availability of practicable in-flight measurement techniques and devices;
Access to emergency breathing equipment; and
Mission duration.

The FAA plans to develop an ECLSS advisory circular or guidance document. This document will
address some of the concerns and suggestions of the IASE and ISLAP. The IASE and ISLAP believe
that it is premature for the FAA to issue regulations pertaining to ECLSS at this time. Instead, they
believe it would make more sense for the FAA to issue guidelines and to refine such guidelines with
industry input over time as operators gain experience. According to the IASE and ISLAP, at this time
there is simply too much untested diversity of design and proposed operation for “one size fits all”
regulation in environmental control and life support areas. 9. Smoke Detection and Fire Suppression
Section 460.13 requires an operator or crew to have the ability to detect smoke and suppress a cabin
fire to prevent incapacitation of the flight crew. This requirement is adopted as proposed in the NPRM.
Predesa inquired whether the FAA meant to imply that an operator could employ remote systems for
fire detection and suppression. Predesa raised operational safety concerns regarding the security and
integrity of telemetry to and from the vehicle. The FAA will address these issues during the license and
permit process.
10. Human Factors
Section 460.15 requires an operator to take necessary precautions to account for human factors that can
affect a crew’s ability to perform safety-critical roles. The FAA received no comments on this
requirement, and it is adopted as proposed in the NPRM.
11. Verification Program
Section 460.17 requires an operator to successfully verify the integrated performance of a vehicle’s
hardware and any software in an operational flight environment before allowing any space flight
participant on board during a flight. Verification must include flight testing. Predesa requested
clarification of this requirement, observing that the NPRM appeared to allow a space flight participant
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to be carried during first time flight testing in a different operational environment than what was tested.
For example, an operator might flight test a reentry from a high altitude. Predesa inquired whether a
space flight participant could board for the first flight test into a sub-orbital micro-gravity environment.
The FAA expects that more than a single flight test will be required to verify the integrated
performance of a vehicle. Because the FAA did not identify how much flight testing would be required,
Starchaser commented that the requirement was open to subjective judgment and potential
manipulation. The FAA believes that it would be premature at this time to specify the number of hours
of flight testing needed given the variety of launch and reentry vehicle designs and concepts. The
appropriate level of testing depends on many factors, including the vehicle’s mission profile,
operational restrictions, test and flight history, component and subsystem heritage, and design and
operating margins. The FAA will initially determine the amount of verification and, specifically, flight
testing of launch or reentry vehicles on a case-by-case basis through the license or permit process.
A space flight participant would not be allowed on an envelope expansion flight, that is, a space flight
participant would not be allowed to be carried during first time flight testing in a different operational
environment than what was tested.
12. Crew Waiver of Claims Against U.S. Government
Section 460.19 requires each member of a flight crew and any remote operator to execute a reciprocal
waiver of claims with the Federal Aviation Administration of the Department of Transportation in
accordance with the requirements of part 440. The FAA received no comments on this requirement,
and it is adopted as proposed.
13. Professional Engineer
James Snead commented that the FAA should require a professional engineer to prepare and approve
an application for an FAA license to launch or reenter. Mr. Snead recommended this requirement as an
alternate means to protect public safety where there is no government certification.13 Opposing the
recommendation, XCOR commented that FAA’s oversight function should not be transferred to a
private party because of the potential for conflicts of interest. A professional engineer would be paid by
the applicant and thus be under subtle pressure to make decisions in favor of the vehicle developer. The
FAA notes that applicants may choose to engage professional engineers, but will not require them.
C. Launch and Reentry With a Space Flight Participant
Subpart B establishes requirements for space flight participants on board a vehicle whose operator is
licensed or permitted under this chapter. The subpart applies to a license or permit applicant, licensed
or permitted operators and space flight participants.
1. Risk to Space Flight Participants
Several commenters urged that the FAA establish requirements to protect space flight participants.
Nicholas Leggett recommended that a pilot have at least one solo flight before transporting passengers.
Starchaser advocated pressure suits for space flight participants. As the FAA noted in the NPRM, the
CSLAA does not provide the authority to protect space flight participants except in certain
circumstances. 49 U.S.C. 70105©); 70 FR at 77270. The CSLAA only allows the FAA to issue
regulations restricting or prohibiting design features or operating practices that result in a human space
flight incident or a fatality or serious injury to space flight participants during an FAA authorized flight
until December 23, 2012. For the next six years, the FAA has to wait for harm to occur or almost occur
before it can impose restrictions. Instead, Congress requires that space flight participants be informed
of the risks. To that end, the FAA is establishing notification requirements. 2. Informed Consent
Section 460.45 requires that before receiving compensation or agreeing to fly a space flight participant,
an operator must inform each space flight participant in writing about the risks of the launch and
reentry, including the safety record of the launch or reentry vehicle type. For each mission, an operator
must inform a space flight participant, in writing, of the known hazards and risks that could result in a
serious injury, death, disability, or total or partial loss of physical and mental function. Although the
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FAA did not propose to require the identification of unknown hazards as a risk in the NPRM, the FAA
is now requiring notice of unknown hazards in response to Ms. Knutson’s comment that an operator
should inform a space flight participant that there are also unknown hazards. The operator also must
disclose that participation in space flight may result in death, serious injury, or total or partial loss of
physical or mental function. An operator must inform each space flight participant that the United
States Government has not certified the launch vehicle and any reentry vehicle as safe for carrying
crew or space flight participants. If there is a separate operator for each vehicle, each operator must
provide this statement for the space flight participants on its vehicle.
Predesa commented that the FAA should also require disclosure of the fact that the law only permits
the FAA to issue regulations for the safety of crew and space flight participants relating to vehicle
design and operations if a serious injury or fatality occurs or nearly occurs. The FAA will leave it up to
the operator to choose whether to disclose this information. The FAA does not see a need to require
additional disclosure because the statutorily required disclosure encompasses this information.
Predesa also commented that it is the duty of the space flight participant to research and recognize
design features or operating practices that elevate personal risk. The FAA does not agree. A space
flight participant may not have the training and background to conduct such research and analysis. The
FAA expects space flight participants to come from all walks of life, with varying degrees of technical
expertise and understanding. Congress requires that a space flight participant be informed of the risks,
not that he or she acquire an understanding of basic engineering principles in order to understand that
risk.
A commenter from NASA Headquarters Office of Safety and Mission Assurance recommended
requiring that an operator prepare a hazard analysis with a specific focus on keeping the crew and any
participants alive and functioning and that defines each hazard and how it is mitigated. According to
the commenter, a space flight participant would likely want to see such an analysis. The FAA notes that
hazard analyses will be conducted by an applicant during the license or permit process. For example,
during the license process, Scaled Composites conducted hazard analyses pertaining to the
SpaceShipOne pilot. The analyses identified and characterized the potential hazards and assessed the
risks to the pilot because his performance had implications for public safety given that the pilot was
part of the flight safety system. Because Sec. 460.45(1) requires that an operator inform each space
flight participant of the known hazards and risks that could result in a serious injury, death, or
disability, the FAA anticipates that a hazard analysis focusing on keeping the space flight participant
alive will be conducted by the operator to identify these hazards.
The FAA also requires, under Sec. 460.45, that an operator provide the safety record of all launch or
reentry vehicles that have carried one or more persons on board, including U.S. government and private
sector vehicles. The FAA will not, as suggested by the Federation, require that all foreign government
vehicles be included in this disclosure. The Federation recommended that “all government vehicles” be
clarified to specifically include Soviet/Russian and Chinese government vehicles, and suggested that
the FAA include non-U.S. Government vehicles in its list of vehicle accidents in order to expand the
knowledge base. The FAA did not propose to require disclosure of foreign launch or reentry accidents
because the information may not always be publicly available and its accuracy will be difficult to
verify. However, if an operator is able to obtain accurate data regarding foreign launch accidents, the
operator may use that data as part of the safety record.
Blue Origin, the Federation, Predesa, and t/Space all suggested that the FAA provide a standardized
summary of the historical safety record of all launch or reentry vehicles that have carried one or more
persons on board for all U.S. Government vehicles for use by all applicants, and that the FAA maintain
a standard summary of the safety record of all private sector vehicles on behalf of the public. The
Federation and t/Space commented that the FAA needed to provide the operator with the safety record
in order to ensure an accurate and impartial list, used equally by all operators. Blue Origin commented
that this approach would help avoid litigation.
The FAA is exploring available options. The agency is considering developing a database on the safety
record of U.S. Government and private sector space transport with one or more persons on-board. If it
were possible to do so, the FAA could include foreign data. Although a database, whether developed
by the FAA or commercially, may eventually be used by an operator to help fulfill the requirements of
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Sec. 460.45, ultimately it is the responsibility of the launch vehicle operator to inform each space flight
participant of that safety record.
Section 460.45 also requires an operator to describe the safety record of its own vehicle to each space
flight participant. The operator’s safety record must include the number of vehicle flights, the number
of launch and reentry accidents and human space flight incidents (including on the ground or in flight),
and whether any corrective actions were taken to resolve the causes of the accident or human space
flight incident. The FAA is revising its definitions of launch and reentry accident and adding the
definition of human space flight incident to ensure that all relevant information is included in this
safety record. For a launch that takes place with a person on board, launch and reentry “accidents” as
defined in section 401.5 now include a fatality or serious injury to a space flight participant or crew.
“Human space flight incident” means an unplanned event that poses a high risk of causing a serious or
fatal injury to a space flight participant or crew.
In the NPRM the FAA proposed to require disclosure of “anomalies” and “failures.” The Federation
recommended that the FAA require disclosure of accidents rather than failures or anomalies because
the FAA does not define anomaly or failure by regulation, and the Federation thought that the
definitions proposed in the May 2005 experimental permit guidelines were overly broad. According to
the Federation, under these definitions operators could be required to provide an unreasonably large
amount of data to space flight participants, and such “information overload” could actually decrease the
ability of a prospective space flight participant to properly evaluate the risk involved.
Likewise, t/Space commented that the terms “anomalies” and “failures” are not adequately defined.
According to t/Space, different operators are likely to use different definitions, with competitive
pressures possibly influencing these definitions. It recommended clearer definitions to ensure a level
playing field between operators. In response, rather than requiring the disclosure of failures and
anomalies as proposed, paragraphs 460.45(d) and (f) require an operator to describe accidents and
human space flight incidents, and the FAA now defines launch and reentry accidents to include a
fatality or serious injury to a space flight participant or crew. Without these revisions, the definitions of
launch and reentry accidents would fail to require an operator to disclose all relevant information.14
Under the current definition of reentry accident, if an RLV crashed inside a designated landing site, the
FAA’s definition would not encompass that event and an operator would not have to disclose it to a
space flight participant. Another example of an instance where relevant information would be left
undisclosed is if someone associated with a flight, such as a space flight participant or crew member,
were injured or killed. That event would not be characterized as an accident. All of these events must
now be disclosed under section 460.45.
The Federation commented that the FAA should restrict disclosure to the vehicle verification and
commercial operations phases only, and should not require the disclosure of accidents occurring on the
ground. Blue Origin requested that the FAA clarify that disclosures relate only to the licensed model
vehicle and not to earlier developmental iterations of that model. It noted that, in developing a vehicle,
most operators plan on successive versions or models. Thus, safety performance related to an earlier,
experimental model is not directly relevant to a final, passenger-carrying model. Requiring disclosure
of earlier models would discourage operators from iterative experimenting and testing of nonpassenger models, which would undermine the goal of developing safer vehicles.
The FAA agrees that an operator need only disclose its safety record created during and after vehicle
verification performed in accordance with Sec. 460.17. This includes all subsequent launches and
reentry. Earlier models that predate the verification of the vehicle are not part of the safety record. The
FAA is including accidents occurring on the ground because those are relevant to the risks a space
flight participant faces. Accordingly, if a launch vehicle exploded upon ignition while on the ground,
the explosion would have to be included as part of the vehicle safety record.
Under Sec. 460.45(e), an operator must inform a space flight participant that he or she may request
additional information. Under Sec. 460.45(f) if a space flight participant asks, an operator must
describe each accident and human space flight incident at a system level. Blue Origin and the
Federation commented that the proposed requirement would effectively stop companies from being
hired by foreign space flight participants because of conflicts with International Traffic in Arms
Regulations (ITAR). The Federation urged the FAA to consider the ITAR ramifications of any
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proposed requirement for describing corrective actions to space flight participants. Blue Origin, the
Federation and the New Mexico Office for Space Commercialization were all concerned that an
operator would have to disclose information that is restricted by the ITAR.
Blue Origin suggested a clarification to prevent a potential conflict between the FAA’s regulations,
which require disclosure to a space flight participant who is a foreign national, and the ITAR, which
would restrict or prohibit disclosure to the same foreign national. Blue Origin suggested that the FAA
establish the same standard for disclosure to a U.S. and a foreign national, and limit that disclosure
obligation to only “general systems descriptions.” This would conform to the ITAR’s exclusion of
“general systems descriptions” from “Technical Data” as defined in ITAR 22 CFR 120.10(a)(5). The
FAA agrees and will require only a general system description. An operator only needs to disclose, for
example, that a propulsion system exploded, not the details of how the explosion occurred.
Blue Origin and the Federation commented that describing corrective actions could require the
disclosure of proprietary data and company secrets. The Federation commented that the intellectual
property of its members could be placed at risk. Competitors could seek to fly on one another’s
vehicles for the purpose of obtaining data.
The FAA agrees with the commenters that requiring a description of any system in detail or any
corrective action could require the disclosure of proprietary data or technical sensitive information to
space flight participants; therefore, the FAA will require an operator to disclose only accidents and
human space flight incidents if a space flight participant asks and then only at the system level; it will
not, as originally proposed, require an operator to also describe what corrective actions were taken.
a. Space Flight Participant’s Ability To Be Informed. Section 460.45(f) requires each space flight
participant to provide written informed consent. The consent must state that the space flight participant
understands the risk associated with being a space flight participant aboard the specific vehicle and that
his or her presence on board is voluntary. In response to comments, the FAA does not consider a
person under the age of 18 someone who can provide informed consent.
Commenters claimed that persons under the age of 21 do not have a basis for making an informed
consent. James Snead pointed to age limitations on drinking, driving, operating heavy construction
equipment and selling liquor. Mr. Snead felt that persons under 21 could be more likely to view space
flight as a thrill ride and not appreciate the risks or have the mental capacity to act responsibly during
the excitement of flight. For the same reasons, a parent or guardian should not be able to provide the
consent for the minor. Dii recommended a minimum age of 18.
Societally, the United States has acknowledged that it is reasonable to place restrictions on individuals
under the age of 18, including restrictions on their ability to legally consent. In the United States, a
person may vote in federal elections at the age of 18. A person may not enlist for military service
without parental consent until the age of 18. While some states classify a person as a minor until the
age of 21, in many states the age of majority is 18. In no state is the age of majority less than 18.
The FAA is aware that most persons under the age of 18 will not be able to afford the price of a ride on
a rocket at the prices currently being discussed. Prices, however, drop over time, and the FAA agrees
with the commenters that a minor could not be adequately informed. Given the risks involved, parental
consent may not substitute for the minor’s inability to be informed.
Although not proposed in the NPRM, under Sec. 460.45(g) the FAA requires operators to provide each
space flight participant an opportunity to ask questions orally to acquire a better understanding of the
hazards and risks of the mission. In its February 11, 2005, guidelines, the FAA recommended that an
operator provide space flight participants an opportunity to ask questions orally to acquire a better
understanding of the hazards and risks of the mission. In the NPRM, the FAA stated that although the
FAA does not now propose to require this recommendation, the FAA continues to consider this good
practice and believes such opportunities should be provided. XCOR agreed both with the desirability of
this practice and with the FAA’s decision not to require it at this time. According to XCOR, it is
difficult to phrase a regulation in such a way that achieves the desired effect without being
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burdensome, and therefore it should be left in the guidelines. XCOR further added that responsible
operators, with insurance companies, will doubtless pay close attention to such guidelines.
After further consideration and review of other informed consent practices such as those in the medical
profession, the FAA believes that an opportunity to ask questions allows a space flight participant a
chance to get clarification on any information that may be confusing or unclear. Therefore, Sec.
460.45(g) now requires that an operator provide each space flight participant an opportunity before
flight to ask questions orally. In addition to receiving informed consent in writing from a space flight
participant, this requirement serves as another “cognizance test” or affirmation that the space flight
participant understands what he or she is getting into before embarking on a mission. An operator must
provide an opportunity for an oral discussion; the discussion does not have to occur if the space flight
participant declines it.
3. Physical Examination
The FAA is not requiring that a space flight participant obtain a physical examination. The Federation
agreed with this decision in its comments. As it discussed in the guidelines and the NPRM, the FAA
recommends such an examination.
4. Space Flight Participant Waiver of Claims Against U.S. Government
Section 460.49 requires each space flight participant to execute a reciprocal waiver of claims with the
Federal Aviation Administration of the Department of Transportation in accordance with the
requirements of part 440. The FAA received no comments, and adopts this requirement as proposed in
the NPRM, with some modifications which are discussed in the context of part 440.
5. Space Flight Participant Training
Section 460.51 requires an operator to train each space flight participant before flight on how to
respond to emergency situations, including smoke, fire, and loss of cabin pressure. This remains
unchanged from what was proposed in the NPRM. Mr. Snead commented that all space flight
participants should be tested to ensure that each space flight participant could respond properly in
emergencies. Because the FAA requires an applicant proposing to conduct a launch or reentry with a
space flight participant on board to demonstrate compliance with this section, the FAA will review the
adequacy of the operator’s training plan, which may include testing, during the license or permit
process.
6. Security Requirements
The FAA requires an operator to implement security requirements to prevent any space flight
participant from jeopardizing the safety of the flight crew or the public. As in the NPRM, under Sec.
460.53, a space flight participant may not carry on board any explosives, firearms, knives, or other
weapons.
XCOR inquired whether the FAA had the authority to impose security requirements under its statute
and the U.S. Constitution. The Second Amendment to the Constitution provides that “[a] well regulated
Militia, being necessary to the security of a free State, the right of the people to keep and bear Arms,
shall not be infringed.” This right is not unfettered. Nearly every statute restricting the right to bear
arms has been upheld. For example, in 1958, Congress made it a criminal offense to knowingly carry a
firearm onto an airplane engaged in air transportation. 49 U.S.C. 46505. Additionally, nearly all courts
have also held that the Second Amendment is a collective right, rather than a personal right. Therefore,
despite the Second Amendment collective right to bear arms, the FAA has the authority to prohibit
firearms on launch and reentry vehicles for safety and security purposes.
Planehook commented that the Transportation Security Administration (TSA) is charged with the
responsibility for aviation security as well as other modes of transportation within the U.S. Therefore,
according to Planehook, security regulations should come from the TSA. Under Chapter 701, the FAA
is responsible for security as well as safety, and thus shares jurisdiction on this issue with TSA.
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The FAA will work with and rely on the expertise of the Transportation Security Administration and
the intelligence community at large. Threat assessments will be conducted to determine the sufficiency
of an operator’s security plans. Although the threats may be the same, different vehicles may require
different security plans. The FAA will look to the security community for developing guidelines in
reviewing the different plans. The FAA plans to coordinate initial guidelines with the TSA. As the
commercial activity in this sector expands, the TSA will likely take a larger role in developing
standards and monitoring compliance. In the meantime, the FAA intends its security requirements to
provide a foundation that is both effective and flexible.
D. Financial Responsibility and Waiver of Liability
The FAA implements the financial responsibility requirements and waiver of claims required by
Chapter 701 through part 440.15 With the exception of clarifications to the crew and space flight
participant waivers of claims discussed below, the FAA only made editorial changes from what it
proposed in the NPRM. The FAA received comments concerning the cross-waivers between space
flight participants, the operators and the U.S. Government. It also received comments regarding
insurance requirements.
1. Changes From What the FAA Proposed in the NPRM
Tracey Knutson, Esq. commented that the FAA should clearly specify that claims arising out of the
death of crew or space flight participants are part of what is covered by the cross-waivers. The FAA
notes that its definition of “bodily injury,” 14 CFR 440.3, includes death, but is adopting the suggestion
in the waivers of claims that will be signed by space flight participants and crew members. The courts
have stressed the importance of individuals understanding what they are waiving. Thus, to avoid
confusion, the FAA will make clear that the waivers encompass claims arising out of an individual’s
own death.
Mr. James Snead commented that the reciprocal waivers of claims required by part 440 should identify
a particular operator, the vehicle being flown and the manner of its use. Mr. Snead pointed out that the
proposed appendices omitted information necessary to describe that to which the waivers apply. The
FAA now requires that the operator, the vehicle, any payload, and the location of the licensed or
permitted flight be included in the reciprocal waivers of claims. This change clarifies the subject of the
waiver.
This final rule contains a provision in the waivers of claims for crew and space flight participant that
the FAA did not propose in the NPRM, but is necessary to carry out Congress’ intent that crew and
space flight participants not bring claims against the U.S. Government. The waivers require that crew
members and space flight participants hold harmless and indemnify the United States and its agencies,
servants, agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss
or damage arising out of claims brought by anyone for property damage or bodily injury, including
death, sustained by a crew member or space flight participant, resulting from licensed or permitted
activities.
The crew and space flight participant must agree to this indemnification in order to prevent claims
brought by others as well as on their own behalf. For example, if a crew member or space flight
participant were to die during a licensed launch, the waivers will prevent that individual or his estate
from bringing claims against the U.S. Government. Some states, however, allow a surviving spouse to
bring separate wrongful death claims for his or her own losses arising out of the death of the spouse.
Accordingly, the indemnification requirement under this final rule provides that the estate of the crew
member or space flight participant must indemnify the U.S. Government for claims arising out of the
bodily injury, including death, of the individual. This indemnification will cover all costs and fees
incurred by the U.S. Government in defending itself against claims by the individual, his or her family,
or estate.
Also of note, although not proposed in the NPRM, the waivers of claims for crew and space flight
participants now define these individuals to include not only themselves, but all the heirs,
administrators, executors, assignees, next of kin, and estate of the individuals, and anyone who
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attempts to bring a claim on behalf of the crew member or space flight participant or for damage or
harm arising out of that person’s bodily injury, including death.
2. Waivers of Claims
As the FAA proposed in the NPRM, Sec. 440.17(e) and (f) requires a space flight participant and each
crew member to waive any claims he or she may have against the U.S. Government for participation in
a launch or reentry in which the U.S. Government, any of its agencies, or its contractors and
subcontractors is involved.
Mr. James Snead commented that for the U.S. Government to require a crew member or space flight
participant to waive claims against an operator could deprive the space flight participant or crew
member of a normal expectation of customary behavior on the part of the operator by virtue of the
normal potential for legal liability. As noted in the NPRM, the CSLAA and the FAA regulations do not
require either a space flight participant or a crew member to agree to waive claims against an operator
of a launch or reentry vehicle. The waiver is with the U.S. Government for its participation in a launch
or reentry. In the NPRM, the FAA only noted that nothing in the CSLAA prevents an operator from
making a waiver of liability a condition of an agreement between it and a space flight participant or
crew member. 70 FR 77272 (Dec. 29, 2005). Neither Congress nor the FAA mandated waivers of
claims against an operator.
Blue Origin commented that the FAA should clarify the nature of government involvement triggering
the need for waivers of claims. Blue Origin commented that FAA oversight in the form of authorizing a
launch or reentry would not constitute government “involvement.” The FAA agrees. In that context, the
FAA would be acting in its regulatory capacity, and would not be involved. Blue Origin also suggested,
however, that coordination with local FAA air traffic control and issuance of notices to airmen would
not constitute the kind of U.S. Government involvement requiring crew to sign a waiver of claims.
Instead, Blue Origin suggested, U.S. Government involvement requiring cross-waivers would be
limited to when an operator transports a U.S. Government payload or personnel acting in their official
capacities, or when launching from a U.S. Government facility. Adopting this suggestion would
constitute a change from what the law currently requires. Where the U.S. Government is involved in a
launch or reentry by providing services, the requirements of part 440 apply. For example, the federal
launch ranges currently provide launch safety services for the launch of expendable launch vehicles,
and the Air Traffic Organization manages the NAS to ensure the safety of all participants. Congress
intended the statutory revisions of 1988 and of 2004 to reduce litigation expenses by requiring launch
participants to assume responsibility for their own losses, except in cases of gross negligence. See
Report of the Committee on Science, Space, and Technology, Sen. Rep. No. 639, 100th Cong., 2d Sess.,
14 (1988); Report, H.R. Rep. No. 429, 108th Cong., 2d Sess., VII (2004). Accordingly, the FAA cannot
adopt the interpretation suggested by Blue Origin.
Sections 440.15©(1)(iv) and (v), and 440.17(b) and (e) require a licensee or permittee to submit
reciprocal waivers of claims to the FAA for signature. Mr. Garrett Smith commented that a launch
should not be held up because of the delay that could be caused by waiting for the U.S. Government to
sign a reciprocal waiver of claims. To date, a launch has never been delayed on account of waiting for a
signature from the U.S. Government on a cross-waiver. Timely submission of a cross-waiver that
complies with part 440 will avoid unnecessary delay.
3. Federal Preemption
Ms. Tracey Knutson submitted additional material to the docket in response to a request for
clarification regarding her comments on the waivers of claims to be signed by crew and space flight
participants. The materials highlight the differences in state law, including that many states view
waivers of claims as contrary to public policy. Accordingly, the FAA now emphasizes that the waivers
required by the CSLAA and part 440 are not to be construed under state law. As proposed in the
NPRM and adopted now, the waivers provide that federal law applies. Chapter 701 provides, in
relevant part, that a state or political subdivision of a state “may not adopt or have in effect a law,
regulation, standard, or order inconsistent with this chapter; * * *.” 49 U.S.C. 70117©(1). In its 2004
amendments to 49 U.S.C. 70112, Congress required crew and space flight participants to sign waivers
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of claims against the U.S. Government. Accordingly, in order to avoid conflicts with any state law to
the contrary, federal law must apply.
4. Insurance
Mr. James Snead commented that the FAA should require an operator to provide pre-paid health and
accidental death insurance for space flight participants. The FAA does not have authority to impose
such requirements under its statute. Chapter 701 requires the FAA to impose insurance requirements
for damage or harm to third parties, that is, the general public, and to U.S. Government property and
personnel. Legislative history shows that Congress expected space flight participants to purchase
insurance on their own. 5. Maximum Probable Loss
Space Adventures and XCOR commented that the probability threshold for the determination of
liability insurance requirements for commercial launch sites should be changed from 1 x 10-\7\ to 1 x
10-\5\. Space Adventures commented that under the FAA’s definition of maximum probable loss
(MPL), a different probability threshold is applied for the determination of liability insurance
requirements for government property (primarily government property at a government launch site)
exposed to risk from a commercial launch (1 x 10-\5\) than is applied for third party property (1 x 10\7\). Space Adventures noted that this can have a very real effect on the insurance costs to an operator
operating from a government launch site as opposed to one operating from a commercial launch site.
This is because the current third party threshold encompasses more potential for harm, likely requiring
the purchase of more insurance.
Space Adventures believes that a commercial launch site’s property should also fall under the higher 1
x 10-\5\ threshold, and that the same threshold should extend to all other property located on a
commercial launch site. The FAA will not adopt this suggestion because it is outside the scope of this
rulemaking. The FAA did not propose this change in the NPRM, and others have not had an
opportunity to comment. The economic effect of such a change could be significant and would merit a
more thorough study than is available now.
III. Rulemaking Analyses
Paperwork Reduction Act
As required by the Paperwork Reduction Act of 1995 (44 U.S.C. 3507(d)), the FAA submitted a copy
of the new information collection requirements in this final rule to the Office of Management and
Budget (OMB) for its review. Affected parties, however, do not have to comply with the information
collection requirements in Sec. Sec. 460.5, 460.7, 460.9, 460.19, 460.45, and 460.49 until the FAA
publishes in the Federal Register the control number assigned by the OMB for these information
collection requirements. Publication of the control number notifies the public that OMB has approved
these information collection requirements under the Paperwork Reduction Act of 1995.
Regulatory Evaluation
Changes to Federal regulations must undergo several economic analyses. First, Executive Order 12866
directs that each Federal agency shall propose or adopt a regulation only upon a reasoned determination
that the benefits of the intended regulation justify its costs. Second, the Regulatory Flexibility Act of
1980 (Pub. L. 96-354) requires agencies to analyze the economic impact of regulatory changes on
small entities. Third, the Trade Agreements Act (Pub. L. 96-39) prohibits agencies from setting
standards that create unnecessary obstacles to the foreign commerce of the United States. In developing
U.S. standards, this Trade Act requires agencies to consider international standards and, where
appropriate, that they be the basis of U.S. standards. Fourth, the Unfunded Mandates Reform Act of
1995 (Pub. L. 104-4) requires agencies to prepare a written assessment of the costs, benefits, and other
effects of proposed or final rules that include a Federal mandate likely to result in the expenditure by
State, local, or tribal governments, in the aggregate, or by the private sector, of $100 million or more
annually (adjusted for inflation with the base year of 1995). This portion of the preamble summarizes
the FAA’s analysis of the economic impacts of this final rule.
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In conducting these analyses, FAA has determined this rule: (1) Has benefits that justify its costs, (2) is
a “significant regulatory action” as defined in Executive Order 12866 because it raises novel policy
issues under the legal mandate of the CSLAA, and is “significant” as defined in DOT’s Regulatory
Policies and Procedures; (3) will not have a significant economic impact on a substantial number of
small entities; (4) will have a neutral impact on international trade; and (5) will not impose an unfunded
mandate on state, local, or tribal governments, or on the private sector. These analyses are available in
the docket.
1. Potentially Impacted Parties
Private Sector
•
•
•
•
•
•
•

Commercial operators who will be operating launch or reentry
vehicles with crew and space flight participants on board
Flight crew
Remote operator
Space flight participants
Government
Federal Aviation Administration

2. Assumptions and Ground Rules Used in Analysis
•
•
•
•
•
•
•
•
•

All monetary values are expressed in 2004 dollars
The time horizon for the analysis is 10 years (2006 to 2016)
Costs are discounted at 7%
Hourly Burdened Industry Wage Rate is $69.40
Hourly Burdened Government Wage Rate is $52.04
The high launch forecast used in the analysis is 10,142 over ten years
The low launch forecast used in the analysis is 5,081 over ten years
Requirements that were fulfilled by the SpaceShipOne launches or that constitute prudent
business practice do not impose costs
Preparation time expended by commercial entities for specific requirements that might cause
industry to incur costs because the new requirements are not current practice is as follows:

Requirement
Hrs/operator
Sec. 460.9: Informing Crew of Risk....
4
Sec. 460.19 (Sec. 440.17()): Crew
4
Waiver of Claims Against U.S. Government...........................
Sec. 460.45: Operator Informing Space
120
Flight Participant of Risk..........
Sec. 460.49 (Sec. 440.17(e)): Space
4
Flight Participant waiver of claims
against U.S. Government................

Hrs/mission
1
1

.
.
…

2
.
1

Benefits
The rule will offer some benefit impacts that are not readily quantified. The principal benefit will be
the assurance that the human commercial space flight industry understands and adheres to the current
practices that have worked thus far to protect public safety. The rule will help preserve the level of
public safety already achieved by commercial operations. Additionally, informing space flight
participants of mission hazards and risks may help mitigate any behavior or reaction during space flight
that would jeopardize mission success and consequently public safety. For example, a surprise noise or
abrupt vehicle motion during flight could frighten an “uninformed” space flight participant, causing
that person to behave or act (e.g., panic) in a manner that could adversely impact mission performance
and jeopardize public safety by causing a crash or falling debris from an airborne explosion. Informing
candidate space flight participants of risks may deter an individual from participating in space flight
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who otherwise would panic during flight and possibly create a situation that would jeopardize public
safety. Total Costs
The rule will result in a total cost impact ranging from $1.9 to $3.8 million over the ten-year period
from 2006 through 2015 (undiscounted 2004 dollars). The human space flight industry will incur 72
percent of the total costs, ranging from $1.4 million to $2.7 million to comply with the rule. The FAA
will incur 28 percent of the total costs, ranging from $529,000 to $1.1 million to administer the
regulatory requirements. Costs are summarized in the following table.
Summary of Incremental Cost Impacts Attributable to the Rule Over the Ten-Year Period, 2006
Through 2015 [In 2004 dollars]
Category
Undiscounted
Discounted \a\
-------------------------------------------------------------------------------------------------------------------Human Space Flight Industry Compliance Costs....
Federal Aviation Admin. Administrative Costs
Total Costs Attributable to the Rule

Upper bound Lower bound Upper bound Lower bound
$2,739,149 $1,390,221
$1,728,231
$876,863
1,055,579
528,830
656,445
328,890
3,794,728
1,919,051
2,384,676
1,205,753

---------------------------------------------------------------------------------------------------------------\a\ Calculated using a discount factor of seven percent over a ten-year period.
Regulatory Flexibility Determination
The Regulatory Flexibility Act of 1980 (Pub. L. 96-354) (RFA) establishes “as a principle of regulatory
issuance that agencies shall endeavor, consistent with the objective of the rule and of applicable
statutes, to fit regulatory and informational requirements to the scale of the business, organizations, and
governmental jurisdictions subject to regulation.” To achieve that principle, the RFA requires agencies
to consider flexible regulatory proposals, to explain the rationale for their actions, and to solicit
comments. The RFA covers a wide-range of small entities, including small businesses, not-for-profit
organizations and small governmental jurisdictions.
Agencies must perform a review to determine whether a proposed or final rule will have a significant
economic impact on a substantial number of small entities. If the agency determines that it will, the
agency must prepare a regulatory flexibility analysis as described in the RFA.
However, if an agency determines that a proposed or final rule is not expected to have a significant
economic impact on a substantial number of small entities, section 605(b) of the RFA provides that the
head of the agency may so certify and a regulatory flexibility analysis is not required. The certification
must include a statement providing the factual basis for this determination, and the reasoning should be
clear.
The final rule will not have a significant economic impact on a substantial number of small entities.
Because almost all the companies in the fledgling industry are small, the FAA concludes that a
substantial number of small entities in the human space flight industry will be affected by the rule.
However, we believe that the rule will not have a significant impact on these entities as explained
below.
The rule will require launch and reentry operators to perform certain actions that, although they may be
considered prudent, may not be performed in current practice in all instances. These actions will cause
a space transportation operator to incur minimal additional costs rel ative to current practice. The North
American Industry Classification System does not have a discrete code for commercial space
transportation per se. However, it does have the following codes that collectively capture entities
engaged in commercial space transportation: 336414, “Guided Missile and Space Vehicle
Manufacturing,” 336415, “Guided Missile and Space Vehicle Propulsion Unit and Parts
Manufacturing,” and 336419, “Other Guided Missile and Space Vehicle Parts and Auxiliary
Equipment Manufacturing.” The Small Business Administration (SBA) has defined small business
entities engaged in the aforementioned activities as those employing no more than 1,000 employees.
Further, the SBA does not apply a size standard based on maximum annual receipts to define small
busi ness entities engaged in the above industries. A substantial number of firms entering the human
George Washington University
SACRI Research Study

183

space flight industry are very small. Because it is a nascent industry, it is difficult to state how many
and which entities will succeed. There are two companies licensed to perform launches with humans on
board: Scaled Composites, with about 135 employees, and XCOR, with about 10 employees. Only
Scaled Composites has actually launched as of the date of this rule; therefore, the industry currently
consists of one company. There are about six more companies that the FAA considers serious
candidates because they have committed financial resources, and another twenty companies that have
expressed interest in entering the human space flight industry. The number of employees of these
companies ranges from 5 to 40. Based on the definition of small business for the launch industry of
entities employing no more than 1,000 employees, all of the above mentioned companies are small
businesses with the exception of one: Virgin Galactic may be considered a large business because it is a
subsidiary of Virgin Airways which has over 1,000 employees. The FAA estimates that five to six
companies will successfully enter the human space flight industry in the next ten years. We cannot yet
divide this small number into categories by size; we only know that the vast majority of companies
interested in entering the industry are very small (from 5 to 135 employees). We expect that these
companies will be about the size of Scaled Composites, the only company thus far to have launched
humans, once they start launching.
The FAA has determined that the impacts are not significant. In order to make this determination, we
compared the incremental cost per mission and the total cost to estimated revenue. It should be noted
that all of these estimates are extremely speculative due to the difficulty of predicting the structure of
such a nascent industry; however, our projections of cost as a percent of revenue is extremely small.
The first input to the calculation is the number of expected missions, which the FAA tentatively
estimates is between 5,081 and 10,142 over the next 10 years, based on written proprietary information
received from three companies expecting to offer launch services. To the extent that the industry
develops more slowly than expected, these may be overestimates. The incremental cost per expected
flight, however, is not significantly affected by the estimated total number of flights.
The second input is the cost for the incremental safety activity required by this rulemaking. In the
absence of this regulation, companies would certainly voluntarily engage in extensive testing and
safety training; therefore the cost per mission of less than $300 does not represent the total investment
in safety expected in this industry, but rather the incremental increase in safety related activity expected
as a result of this regulation.
Putting the two inputs together, we estimate costs to perform 10,142 missions (upper bound) over ten
years are $2,739,149 or an average of $270 per mission. We estimate costs to perform 5,081 missions
(lower bound) over ten years are $1,390,221 or an average of $274 per mission. Since the industry is in
its infancy and has not yet begun offering commercial flights, per mission costs and revenues are not
known. However, prospective companies have quoted ticket prices of $102,000 to $250,000 per seat
for early flights (with some predicting prices could fall to about $25,000 per seat after eight or nine
years). Regardless of seat prices, the estimated $270 per mission incremental compliance cost that the
rule will impose will be a very small percentage of the revenues of a commercial operator entity
offering human space flight and is not economically significant. Therefore as the FAA Administrator, I
certify that this rule will not have a significant economic impact on a substantial number of small
entities.
International Trade Impact Assessment
The Trade Agreements Act of 1979 (Pub. L. 96-39) prohibits Federal agencies from establishing any
standards or engaging in related activities that create unnecessary obstacles to the foreign commerce of
the United States. Legitimate domestic objectives, such as safety, are not considered unnecessary
obstacles. Because this rulemaking will be largely consistent with current or prudent practice, it will
not create obstacles. The statute also requires consideration of international standards and where
appropriate, that they be the basis for U.S. standards. The FAA has assessed the potential effect of this
rule and determined that it will impose the same costs on domestic and international entities, and thus
has a neutral trade impact.
Unfunded Mandates Assessments
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Title II of the Unfunded Mandates Reform Act of 1995 (Pub. L. 104- 4) requires each Federal agency
to prepare a written statement assessing the effects of any Federal mandate in a proposed or final
agency rule that may result in an expenditure of $100 million or more (adjusted annually for inflation
with the base year 1995) in any one year by State, local, and tribal governments, in the aggregate, or by
the private sector; such a mandate is deemed to be a “significant regulatory action.” The FAA currently
uses an inflation-adjusted value of $120.7 million in lieu of $100 million. This final rule does not
contain such a mandate.
Executive Order 13132, Federalism
The FAA has analyzed this rule under the principles and criteria of Executive Order 13132, Federalism.
We have determined that this action would not have a substantial direct effect on the States, on the
relationship between the national Government and the States, or on the distribution of power and
responsibilities among the various levels of government, and therefore will not have federalism
implications.
Environmental Analysis
FAA Order 1050.1E identifies FAA actions that are categorically excluded from preparation of an
environmental assessment or environmental impact statement under the National Environmental Policy
Act in the absence of extraordinary circumstances. The FAA has determined this rulemaking action
qualifies for the categorical exclusion identified in paragraph (4i) appendix F and involves no
extraordinary circumstances.
Regulations That Significantly Affect Energy Supply, Distribution, or Use
The FAA has analyzed this rule under Executive Order 13211, Actions Concerning Regulations that
Significantly Affect Energy Supply, Distribution, or Use (May 18, 2001). We have determined that it is
not a “significant energy action” under the executive order because, although it is a “significant
regulatory action” under Executive Order 12866, it is not likely to have a significant adverse effect on
the supply, distribution, or use of energy.
List of Subjects
14 CFR Part 401: Human space flight, Organization and functions (Government agencies), Space
Safety, Space transportation and exploration.
14 CFR Part 415: Human space flight, Rockets, Space safety, Space transportation and exploration.
14 CFR Part 431: Human space flight, Reporting and recordkeeping requirements, Rockets, Space
safety, Space transportation and exploration.
14 CFR Part 435: Human space flight, Reporting and recordkeeping requirements, Rockets, Space
safety, Space transportation and exploration.
14 CFR Part 440: Armed forces, Federal buildings and facilities, Government property, Indemnity
payments, Insurance, Reporting and recordkeeping requirements, Space transportation and exploration.
14 CFR Part 450: Armed forces, Federal buildings and facilities, Government property, Human space
flight, Indemnity payments, Insurance, Reporting and recordkeeping requirements, Space
transportation and exploration.
14 CFR Part 460: Human space flight, Reporting and recordkeeping requirements, Rockets, Space
safety, Space transportation and exploration.
IV. The Amendment
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In consideration of the foregoing, the Federal Aviation Administration will amend parts 401, 415, 431,
435, and 440; remove and reserve part 450 of Chapter III of title 14, Code of Federal Regulations; and
add part 460 as follows—
PART 401--ORGANIZATION AND DEFINITIONS
1. The authority citation for part 401 continues to read as follows: Authority: 49 U.S.C. 70101-70121.
2. Section 401.5 is amended by revising the definitions of “Launch Accident” and “Reentry Accident”
and adding the following definitions in alphabetical order to read as follows: Sec. 401.5 Definitions.
i.

ii.
iii.
iv.

Crew means any employee or independent contractor of a licensee, transferee, or
permittee, or of a contractor or subcontractor of a licensee, transferee, or permittee, who
performs activities in the course of that employment or contract directly relating to the
launch, reentry, or other operation of or in a launch vehicle or reentry vehicle that carries
human beings. A crew consists of flight crew and any remote operator.
Flight crew means crew that is on board a vehicle during a launch or reentry.
Human space flight incident means an unplanned event that poses a high risk of causing a
serious or fatal injury to a space flight participant or crew.
Launch accident means:
-

v.
vi.
vii.

Operator means a holder of a license or permit under 49 U.S.C. Subtitle IX, chapter 701.
Pilot means a flight crew member who has the ability to control, in real time, a launch or
reentry vehicle’s flight path.
Reentry accident means:
-

-

viii.
ix.
x.

xi.

An event that causes a fatality or serious injury (as defined in 49 CFR 830.2) to any
person who is not associated with the flight;
An event that causes damage estimated to exceed $25,000 to property not associated
with the flight that is not located at the launch site or designated recovery area;
An unplanned event occurring during the flight of a launch vehicle resulting in the
impact of a launch vehicle, its payload or any component thereof:
For an expendable launch vehicle, outside designated impact limit lines; and
For a reusable launch vehicle, outside a designated landing site.
For a launch that takes place with a person on board, a fatality or serious injury to a
space flight participant or crew member.

Any unplanned event occurring during the reentry of a reentry vehicle resulting in
the impact of the reentry vehicle, its payload, or any component thereof, outside a
designated reentry site;
An event that causes a fatality or serious injury (as defined in 49 CFR 830.2) to any
person who is not associated with the reentry;
An event that causes damage estimated to exceed $25,000 to property not associated
with the reentry and not located within a designated reentry site; and
For a reentry that takes place with a person on board, a fatality or serious injury to a
space flight participant or crew member.

Remote operator means a crew member who has the ability to control, in real time, a
launch or reentry vehicle’s flight path, and ( 2) Is not on board the controlled vehicle.
Space flight participant means an individual, who is not crew, carried aboard a vehicle or
reentry vehicle.
Sub-orbital rocket means a vehicle, rocket-propelled in whole or in part, intended for
flight on a sub-orbital trajectory, and the thrust of which is greater than its lift for the
majority of the rocket-powered portion of its ascent.
Sub-orbital trajectory means the intentional flight path of a launch vehicle, reentry
vehicle, or any portion thereof, whose vacuum instantaneous impact point does not leave
the surface of the Earth.

George Washington University
SACRI Research Study

186

PART 415--LAUNCH LICENSE
3. The authority citation for part 415 continues to read as follows: Authority: 49 U.S.C. 70101-70121.
Subpart A—General
4. Add Sec. 415.8 to read as follows:
Sec. 415.8 Human space flight.
To obtain a launch license, an applicant proposing to conduct a launch with flight crew or a space flight
participant on board must demonstrate compliance with Sec. Sec. 460.5, 460.7, 460.11, 460.13, 460.15,
460.17, 460.51 and 460.53 of this subchapter.
PART 431--LAUNCH AND REENTRY OF A REUSABLE LAUNCH VEHICLE (RLV)
5. The authority citation for part 431 continues to read as follows:
Authority: 49 U.S.C. 70101-70121.
6. Add Sec. 431.8 to read as follows:
Sec. 431.8 Human space flight.
To obtain a license, an applicant proposing to conduct a reusable launch vehicle mission with flight
crew or a space flight participant on board must demonstrate compliance with Sec. Sec. 460.5, 460.7,
460.11, 460.13, 460.15, 460.17, 460.51 and 460.53 of this subchapter.
PART 435--REENTRY OF A REENTRY VEHICLE OTHER THAN A REUSABLE LAUNCH
VEHICLE (RLV)
7. The authority citation for part 435 continues to read as follows:
Authority: 49 U.S.C. 70101-70121.
8. Add Sec. 435.8 to read as follows:
Sec. 435.8 Human space flight.
An applicant for a license to conduct a reentry with flight crew or a space flight participant on board
the vehicle must demonstrate compliance with Sec. Sec. 460.5, 460.7, 460.11, 460.13, 460.15, 460.17,
460.51 and 460.53 of this subchapter.
9. Revise part 440 to read as set forth below:
PART 440--FINANCIAL RESPONSIBILITY
Subpart A—Financial Responsibility for Licensed and Permitted Activities
Sec.
440.1 Scope of part.
440.3 Definitions.
440.5 General.
440.7 Determination of maximum probable loss.
440.9 Insurance requirements for licensed or permitted activities.
440.11 Duration of coverage for licensed launch, including sub-orbital launch, or permitted activities;
modifications.
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440.12 Duration of coverage for licensed reentry; modifications.
440.13 Standard conditions of insurance coverage.
440.15 Demonstration of compliance.
440.17 Reciprocal waiver of claims requirements.
440.19 United States payment of excess third-party liability claims.
Appendix A to Part 440--Information requirements for obtaining a maximum probable loss
determination for licensed or permitted activities.
Appendix B to Part 440--Agreement for waiver of claims and assumption of responsibility for licensed
activities.
Appendix C to Part 440--Agreement for waiver of claims and assumption of responsibility for
permitted activities.
Appendix D to Part 440--Agreement for waiver of claims and assumption of responsibility for a crew
member.
Appendix E to Part 440--Agreement for waiver of claims and assumption of responsibility for a space
flight participant.
Authority: 49 U.S.C. 70101-70119; 49 CFR 1.47.
Subpart A—Financial Responsibility for Licensed and Permitted Activities
Sec. 440.1 Scope of part.
This part establishes financial responsibility and allocation of risk requirements for any launch or
reentry authorized by a license or permit issued under this subchapter.
Sec. 440.3 Definitions.
Except as otherwise provided in this section, any term used in this part and defined in 49 U.S.C. 7010170121, or in Sec. 401.5 of this chapter shall have the meaning contained therein. For purposes of this
part—
Bodily injury means physical injury, sickness, disease, disability, shock, mental anguish, or mental
injury sustained by any person, including death.
Contractors and subcontractors means those entities that are involved at any level, directly or
indirectly, in licensed or permitted activities, and includes suppliers of property and services, and the
component manufacturers of a launch vehicle, reentry vehicle, or payload.
Customer means.
(1) Any person:
(i) Who procures launch or reentry services from a licensee or permittee;
(ii) With rights in the payload (or any part of the payload) to be launched or reentered by the licensee
or permittee, including a conditional sale, lease, assignment, or transfer of rights;
(iii) Who has placed property on board the payload for launch, reentry, or payload services; or
(iv) To whom the customer has transferred its rights to the launch or reentry services.
(2) A space flight participant, for the purposes of this part, is not a customer.
Federal range facility means a U.S. Government-owned installation at which a launch or reentry takes
place.
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Financial responsibility means capable of satisfying a liability obligation as required by 49 U.S.C.
Subtitle IX, chapter 701.
Government personnel means employees of the United States, its agencies, and its contractors and
subcontractors, involved in launch or reentry services for an activity authorized by an FAA license or
permit. Employees of the United States include members of the Armed Forces of the United States.
Hazardous operations means activities, processes, and procedures that, because of the nature of the
equipment, facilities, personnel, environment involved or function being performed, may result in
bodily injury or property damage.
Liability means a legal obligation to pay a claim for bodily injury or property damage resulting from a
licensed or permitted activity.
License means an authorization the FAA issues under this subchapter to launch or reenter a launch or
reentry vehicle.
Licensed activity means the launch of a launch vehicle or the reentry of a reentry vehicle conducted
under a license the FAA issues.
Maximum probable loss (MPL) means the greatest dollar amount of loss for bodily injury or property
damage that is reasonably expected to result from a licensed or permitted activity;
(1) Losses to third parties, excluding Government personnel and other launch or reentry participants’
employees involved in licensed or permitted activities, that are reasonably expected to result from a
licensed or permitted activity are those that have a probability of occurrence of no less than one in ten
million.
(2) Losses to Government property and Government personnel involved in licensed or permitted
activities that are reasonably expected to result from licensed or permitted activities are those that have
a probability of occurrence of no less than one in one hundred thousand.
Permit means an authorization the FAA issues under this subchapter for the launch or reentry of a
reusable sub-orbital rocket.
Permitted activity means the launch or reentry of a reusable sub-orbital rocket conducted under a
permit issued by the FAA.
Property damage means partial or total destruction, impairment, or loss of tangible property, real or
personal.
Regulations mean the Commercial Space Transportation Licensing Regulations codified at 14 CFR Ch.
III.
Third party means
(1) Any person other than:
(i) The United States, any of its agencies, and its contractors and subcontractors involved in launch or
reentry services for a licensed or permitted activity;
(ii) A licensee, permittee, and its contractors and subcontractors involved in launch or reentry services
for a licensed or permitted activity;
(iii) A customer and its contractors and subcontractors involved in launch or reentry services for a
licensed or permitted activity;
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(iv) A member of a crew; and
(v) A space flight participant.
(2) Government personnel, as defined in this section, are third parties. United States means the United
States Government, including each of its agencies.
Sec. 440.5 General.
(a) No person may commence or conduct any launch or reentry activity that requires a license or permit
unless that person has demonstrated compliance with the requirements of this part.
(b) The FAA will prescribe the amount of financial responsibility a licensee or permittee must obtain
and any adjustments of the amount in a license or permit order issued concurrent with or subsequent to
the issuance of a license or a permit.
© Demonstration of financial responsibility under this part shall not relieve a licensee of ultimate
responsibility for liability, loss, or damage sustained by the United States resulting from a licensed
activity, except to the extent that:
(1) Liability, loss, or damage sustained by the United States results from willful misconduct of the
United States or its agents;
(2) Any covered claim of a third party for bodily injury or property damage arising out of any
particular licensed activity exceeds the amount of financial responsibility required under Sec. 440.9©
of this part and does not exceed $1,500,000,000 (as adjusted for inflation) above such amount, and are
payable pursuant to 49 U.S.C. 70113 and Sec. 440.19 of this part. A claim of an employee of any entity
listed in paragraphs (1)(ii) through (1)(iii) in the Third party definition in Sec. 440.3 of this part for
bodily injury or property damage is not a covered claim;
(3) A covered claim for property loss or damage exceeds the amount of financial responsibility
required under Sec. 440.9(e) of this part and does not result from willful misconduct of the licensee; or
(4) The licensee has no liability for covered claims by third parties for bodily injury or property
damage arising out of any particular launch or reentry that exceeds $1,500,000,000 (as adjusted for
inflation) above the amount of financial responsibility required under Sec. 440.9©.
(d) Demonstration of financial responsibility under this part does not relieve a permittee of ultimate
responsibility for liability, loss, or damage sustained by the United States resulting from a permitted
activity, except to the extent that:
(1) Liability, loss, or damage sustained by the United States results from willful misconduct of the
United States or its agents; or
(2) A covered claim for property loss or damage to the United States exceeds the amount of financial
responsibility required under Sec. 440.9(e) and does not result from willful misconduct of the
permittee.
(e) A licensee’s or permittee’s failure to comply with any requirement of this part may result in
suspension or revocation of a license or permit, and subject the licensee or permittee to civil penalties
as provided in part 405 of this chapter.
Sec. 440.7 Determination of maximum probable loss.
(a) The FAA will determine the maximum probable loss (MPL) from covered claims by a third party
for bodily injury or property damage, and the United States, its agencies, and its contractors and
subcontractors for covered property damage or loss, resulting from a permitted or licensed activity. The
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maximum probable loss determination forms the basis for financial responsibility requirements issued
in a license or permit order.
(b) The FAA issues its determination of maximum probable loss no later than ninety days after a
licensee or permittee has requested a determination and submitted all information required by the FAA
to make the determination. The FAA will consult with Federal agencies that are involved in, or whose
personnel or property are exposed to risk of damage or loss as a result of, a licensed or permitted
activity before issuing a license or permit order prescribing financial responsibility requirements, and
shall notify the licensee, or permittee, if interagency consultation may delay issuance of the MPL
determination.
© Appendix A of this part contains information requirements for obtaining a maximum probable loss
determination. Any person requesting a determination of maximum probable loss must submit the
information required by Appendix A, unless the FAA has waived a requirement. In lieu of submitting
required information, a person requesting a maximum probable loss determination may designate and
certify certain information previously submitted for a prior determination as complete, valid, and
equally applicable to its current request. The requester is responsible for the continuing accuracy and
completeness of information submitted under this part and must promptly report any changes in
writing.
(d) The FAA will amend a determination of maximum probable loss required under this section at any
time prior to completion of licensed or permitted activities as warranted by supplementary information
provided to or obtained by the FAA after the MPL determination is issued. Any change in financial
responsibility requirements as a result of an amended MPL determination shall be set forth in a license
or permit order.
(e) The FAA may make a determination of maximum probable loss at any time other than as set forth
in paragraph (b) of this section upon request by any person.
Sec. 440.9 Insurance requirements for licensed or permitted activities.
(a) As a condition of each license or permit, a licensee or permittee must comply with all insurance
requirements of this section and of a license or permit issued by the FAA, or otherwise demonstrate the
required amount of financial responsibility.
(b) A licensee or permittee must obtain and maintain in effect a policy or policies of liability insurance,
in an amount determined by the FAA under paragraph (c) of this section, that protects the following
persons as additional insureds to the extent of their respective potential liabilities against covered
claims by a third party for bodily injury or property damage resulting from a licensed or permitted
activity:
(1) The licensee or permittee, its customer, and their respective contractors and subcontractors, and the
employees of each, involved in a licensed or permitted activity;
(2) The United States, its agencies, and its contractors and subcontractors involved in a licensed or
permitted activity; and
(3) Government personnel.
© The FAA will prescribe for each licensee or permittee the amount of insurance required to
compensate the total of covered third- party claims for bodily injury or property damage resulting from
a licensed or permitted activity in connection with any particular launch or reentry. A covered thirdparty claim includes a claim by the United States, its agencies, and its contractors and subcontractors
for damage or loss to property other than property for which insurance is required under paragraph (d)
of this section. The amount of insurance required is based upon the FAA’s determination of maximum
probable loss; however, it will not exceed the lesser of:
(1) $500 million; or
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(2) The maximum liability insurance available on the world market at a reasonable cost, as determined
by the FAA.
(d) The licensee or permittee must obtain and maintain in effect a policy or policies of insurance, in an
amount determined by the FAA under paragraph (e) of this section, that covers claims by the United
States, its agencies, and its contractors and subcontractors involved in a licensed or permitted activity
for property damage or loss resulting from a licensed or permitted activity. Property covered by this
insurance must include all property owned, leased, or occupied by, or within the care, custody, or
control of, the United States and its agencies, and its contractors and subcontractors involved in a
licensed or permitted activity, at a Federal range facility. Insurance must protect the United States and
its agencies, and its contractors and subcontractors involved in a licensed or permitted activity.
(e) The FAA will prescribe for each licensee or permittee the amount of insurance required to
compensate claims for property damage under paragraph (d) of this section resulting from a licensed or
permitted activity in connection with any particular launch or reentry. The amount of insurance is
based upon a determination of maximum probable loss; however, it will not exceed the lesser of:
(1) $100 million; or
(2) The maximum available on the world market at a reasonable cost, as determined by the FAA.
(f) In lieu of a policy of insurance, a licensee or permittee may demonstrate financial responsibility in
another manner meeting the terms and conditions for insurance of this part. The licensee or permittee
must describe in detail the method proposed for demonstrating financial responsibility and how it
ensures that the licensee or permittee is able to cover claims as required under this part.
Sec. 440.11 Duration of coverage for licensed launch, including sub-orbital launch, or permitted
activities; modifications.
(a) Insurance coverage required under Sec. 440.9, or other form of financial responsibility, shall attach
when a licensed launch or permitted activity starts, and remain in full force and effect as follows:
(1) Until completion of licensed launch or permitted activities at a launch or reentry site; and
(2) For orbital launch, until the later of—
(i) Thirty days following payload separation, or attempted payload separation in the event of a payload
separation anomaly; or
(ii) Thirty days from ignition of the launch vehicle.
(3) For a sub-orbital launch, until the later of—
(i) Motor impact and payload recovery; or
(ii) The FAA’s determination that risk to third parties and Government property as a result of licensed
launch or permitted activities is sufficiently small that financial responsibility is no longer necessary.
That determination is made through the risk analysis conducted before the launch to determine MPL
and specified in a license or permit order.
(b) Financial responsibility required under this part may not be replaced, canceled, changed,
withdrawn, or in any way modified to reduce the limits of liability or the extent of coverage, nor expire
by its own terms, prior to the time specified in a license or permit order, unless the FAA is notified at
least 30 days in advance and expressly approves the modification.
Sec. 440.12 Duration of coverage for licensed reentry; modifications.
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(a) For reentry, insurance coverage required under Sec. 440.9, or other form of financial responsibility,
shall attach upon commencement of licensed reentry, and remain in full force and effect as follows:
(1) For ground operations, until completion of licensed reentry at the reentry site; and
(2) For other licensed reentry activities, 30 days from initiation of reentry flight; however, in the event
of an abort that results in the reentry vehicle remaining on orbit, insurance shall remain in place until
the FAA’s determination that risk to third parties and Government property as a result of licensed
reentry is sufficiently small that financial responsibility is no longer necessary, as determined by the
FAA through the risk analysis conducted to determine MPL and specified in a license order.
(b) Financial responsibility required under this part may not be replaced, canceled, changed,
withdrawn, or in any way modified to reduce the limits of liability or the extent of coverage, nor expire
by its own terms, prior to the time specified in a license order, unless the FAA is notified at least 30
days in advance and expressly approves the modification.
Sec. 440.13 Standard conditions of insurance coverage.
(a) Insurance obtained under Sec. 440.9 must comply with each of the following terms and conditions
of coverage:
(1) Bankruptcy or insolvency of an insured, including any additional insured, shall not relieve an
insurer of any of its obligations under any policy.
(2) Policy limits shall apply separately to each occurrence and, for each occurrence to the total of
claims arising out of a licensed or permitted activity in connection with any particular launch or
reentry.
(3) Except as provided in this section, each policy must pay claims from the first dollar of loss, without
regard to any deductible, to the limits of the policy. A licensee or permittee may obtain a policy
containing a deductible amount if the amount of the deductible is placed in an escrow account or
otherwise demonstrated to be unobligated, unencumbered funds of the licensee or permittee, available
to compensate claims at any time claims may arise.
(4) No policy may be invalidated by any action or inaction of the licensee or permittee or any
additional insured, even by nonpayment by the licensee or permittee of the policy premium, and each
policy must insure the licensee or permittee and each additional insured regardless of any breach or
violation of any warranties, declarations, or conditions contained in the policies by the licensee or
permittee or any additional insured (other than a breach or violation by the licensee, permittee or an
additional insured, and then only as against that licensee, permittee or additional insured).
(5) Each exclusion from coverage must be specified.
(6) Insurance shall be primary without right of contribution from any other insurance that is carried by
the licensee or permittee or any additional insured.
(7) Each policy must expressly provide that all of its provisions, except the policy limits, operate in the
same manner as if there were a separate policy with and covering the licensee or permittee and each
additional insured.
(8) Each policy must be placed with an insurer of recognized reputation and responsibility that either:
(i) Is licensed to do business in any State, territory, possession of the United States, or the District of
Columbia; or
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(ii) Includes in each of its policies or insurance obtained under this part a contract clause in which the
insurer agrees to submit to the jurisdiction of a court of competent jurisdiction within the United States
and designates an authorized agent within the United States for service of legal process on the insurer.
(9) Except as to claims resulting from the willful misconduct of the United States or any of its agents,
the insurer shall waive any and all rights of subrogation against each of the parties protected by
required insurance.
(b) [Reserved]
Sec. 440.15 Demonstration of compliance.
(a) A licensee or permittee must submit to the FAA evidence of financial responsibility and compliance
with allocation of risk requirements under this part, as follows, unless a license or permit order
specifies otherwise due to the proximity of the intended date for commencement of licensed or
permitted activities:
(1) All reciprocal waiver of claims agreements required under Sec. 440.17© must be submitted at least
30 days before the start of any licensed or permitted activity involving a customer, crew member, or
space flight participant;
(2) Evidence of insurance must be submitted at least 30 days before commencement of any licensed
launch or permitted activity, and for licensed reentry no less than 30 days before commencement of
launch activities involving the reentry licensee;
(3) Evidence of financial responsibility in a form other than insurance, as provided under Sec. 440.9(f),
must be submitted at least 60 days before commencement of a licensed or permitted activity; and
(4) Evidence of renewal of insurance or other form of financial responsibility must be submitted at
least 30 days in advance of its expiration date.
(b) Upon a complete demonstration of compliance with financial responsibility and allocation of risk
requirements under this part, the requirements of this part shall preempt each and any provision in any
agreement between the licensee or permittee and an agency of the United States governing access to or
use of United States launch or reentry property or launch or reentry services for a licensed or permitted
activity which addresses financial responsibility, allocation of risk and related matters covered by 49
U.S.C. 70112, 70113.
© A licensee or permittee must demonstrate compliance as follows:
(1) The licensee or permittee must provide proof of the existence of the insurance required by Sec.
440.9 by:
(i) Certifying to the FAA that it has obtained insurance in compliance with the requirements of this part
and any applicable license or permit order;
(ii) Filing with the FAA one or more certificates of insurance evidencing insurance coverage by one or
more insurers under a currently effective and properly endorsed policy or policies of insurance,
applicable to a licensed or permitted activity, on terms and conditions and in amounts prescribed under
this part, and specifying policy exclusions;
(iii) In the event of any policy exclusions or limitations of coverage that may be considered usual under
Sec. 440.19©, or for purposes of implementing the Government’s waiver of claims for property
damage under 49 U.S.C. 70112(b)(2), certifying that insurance covering the excluded risks is not
commercially available at reasonable cost; and
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(iv) Submitting to the FAA, for signature by the Department on behalf of the United States
Government, the waiver of claims and assumption of responsibility agreement required by Sec.
440.17©, executed by the licensee or permittee and its customer.
(v) Submitting to the FAA, for signature by the Department on behalf of the United States
Government, an agreement to waive claims and assume responsibility required by Sec. 440.17(e),
executed by each space flight participant.
(vi) Submitting to the FAA, for signature by the Department on behalf of the United States
Government, an agreement to waive claims and assume responsibility required by Sec. 440.17(f),
executed by each member of the crew.
(2) Any certification required by this section must be signed by a duly authorized officer of the licensee
or permittee.
(d) Each certificate of insurance required by paragraph ©(1)(ii) of this section must be signed by the
insurer issuing the policy and accompanied by an opinion of the insurance broker that the insurance
obtained by the licensee or permittee complies with all the requirements for insurance of this part and
any applicable license or permit order.
(e) The licensee or permittee must maintain, and make available for inspection by the FAA upon
request, all required policies of insurance and other documents necessary to demonstrate compliance
with this part.
(f) In the event the licensee or permittee demonstrates financial responsibility using means other than
insurance, as provided under Sec. 440.9(f), the licensee or permittee must provide proof that it has met
the requirements of this part and of a FAA issued license or permit order.
Sec. 440.17 Reciprocal waiver of claims requirements.
(a) As a condition of each license or permit, the licensee or permittee must comply with the reciprocal
waiver of claims requirements of this section.
(b) The licensee or permittee shall implement a reciprocal waiver of claims with each of its contractors
and subcontractors, each customer and each of the customer’s contractors and subcontractors, under
which each party waives and releases claims against all the other parties to the waiver and agrees to
assume financial responsibility for property damage it sustains and for bodily injury or property
damage sustained by its own employees, and to hold harmless and indemnify each other from bodily
injury or property damage sustained by its employees, resulting from a licensed or permitted activity,
regardless of fault.
© For each licensed or permitted activity in which the U.S. Government, any agency, or its contractors
and subcontractors is involved or where property insurance is required under Sec. 440.9(d), the Federal
Aviation Administration of the Department of Transportation, the licensee or permittee, and its
customer shall enter into a three-party reciprocal waiver of claims agreement. The three- party
reciprocal waiver of claims shall be in the form set forth in Appendix B of this part, for licensed
activity, or Appendix C of this part, for permitted activity, of this part or in a form that satisfies the
requirements.
(d) The licensee or permittee, its customer, and the Federal Aviation Administration of the Department
of Transportation on behalf of the United States and its agencies but only to the extent provided in
legislation, must agree in any waiver of claims agreement required under this part to indemnify another
party to the agreement from claims by the indemnifying party’s contractors and subcontractors arising
out of the indemnifying party’s failure to implement properly the waiver requirement.
(e) For each licensed or permitted activity in which the U.S. Government, any of its agencies, or its
contractors and subcontractors are involved, the Federal Aviation Administration of the Department of
Transportation and each space flight participant shall enter into or have in place a reciprocal waiver of
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claims agreement in the form of the agreement in Appendix E of this part or that satisfies its
requirements.
(f) For each licensed or permitted activity in which the U.S. Government, any of its agencies, or its
contractors and subcontractors is involved, the Federal Aviation Administration of the Department of
Transportation and each crew member shall enter into or have in place a reciprocal waiver of claims
agreement in the form of the agreement in Appendix D of this part or that satisfies its requirements.
Sec. 440.19 United States payment of excess third-party liability claims.
(a) The United States pays successful covered claims (including reasonable expenses of litigation or
settlement) of a third party against a licensee, a customer, and the contractors and subcontractors of the
licensee and the customer, and the employees of each involved in licensed activities, and the
contractors and subcontractors of the United States and its agencies, and their employees, involved in
licensed activities to the extent provided in an appropriation law or other legislative authority providing
for payment of claims in accordance with 49 U.S.C. 70113, and to the extent the total amount of such
covered claims arising out of any particular launch or reentry:
(1) Exceeds the amount of insurance required under Sec. 440.9(b); and
(2) Is not more than $1,500,000,000 (as adjusted for inflation occurring after January 1, 1989) above
that amount.
(b) Payment by the United States under paragraph (a) of this section shall not be made for any part of
such claims for which bodily injury or property damage results from willful misconduct by the party
seeking payment.
© The United States shall provide for payment of claims by third parties for bodily injury or property
damage that are payable under 49 U.S.C. 70113 and not covered by required insurance under Sec.
440.9(b), without regard to the limitation under paragraph (a)(1) of this section, because of an
insurance policy exclusion that is usual. A policy exclusion is considered usual only if insurance
covering the excluded risk is not commercially available at reasonable rates. The licensee must submit
a certification in accordance with Sec. 440.15(c)(1)(iii) of this part for the United States to cover the
claims.
(d) Upon the expiration of the policy period prescribed in accordance with Sec. 440.11(a), the United
States shall provide for payment of claims that are payable under 49 U.S.C. 70113 from the first dollar
of loss up to $1,500,000,000 (as adjusted for inflation occurring after January 1, 1989).
(e) Payment by the United States of excess third-party claims under 49 U.S.C. 70113 shall be subject
to:
(1) Prompt notice by the licensee to the FAA that the total amount of claims arising out of licensed
activities exceeds, or is likely to exceed, the required amount of financial responsibility. For each
claim, the notice must specify the nature, cause, and amount of the claim or lawsuit associated with the
claim, and the party or parties who may otherwise be liable for payment of the claim;
(2) Participation or assistance in the defense of the claim or lawsuit by the United States, at its election;
(3) Approval by the FAA of any settlement, or part of a settlement, to be paid by the United States; and
(4) Approval by Congress of a compensation plan prepared by the FAA and submitted by the President.
(f) The FAA will:
(1) Prepare a compensation plan outlining the total amount of claims and meeting the requirements set
forth in 49 U.S.C. 70113;
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(2) Recommend sources of funds to pay the claims; and
(3) Propose legislation as required to implement the plan.
(g) The FAA may withhold payment of a claim if it finds that the amount is unreasonable, unless it is
the final order of a court that has jurisdiction over the matter.
Appendix A to Part 440--Information Requirements for Obtaining a Maximum Probable Loss
Determination for Licensed or Permitted Activities
Any person requesting a maximum probable loss determination shall submit the following information
to the FAA, unless the FAA has waived a particular information requirement under 14 CFR 440.7©:
Part 1: Information Requirements for Licensed Launch, Including Sub-orbital Launch
I. General Information
A. Mission description.
1. A description of mission parameters, including:
a. Launch trajectory;
b. Orbital inclination; and
c. Orbit altitudes (apogee and perigee).
2. Flight sequence.
3. Staging events and the time for each event.
4. Impact locations.
5. Identification of the launch site facility, including the launch complex on the site, planned date of
launch, and launch windows.
6. If the applicant has previously been issued a license or permit to conduct activities using the same
vehicle from the same launch site, a description of any differences planned in the conduct of proposed
activities.
B. Launch vehicle description.
1. General description of the launch vehicle and its stages, including dimensions.
2. Description of major systems, including safety systems.
3. Description of rocket motors and type of fuel used.
4. Identification of all propellants to be used and their hazard classification under the Hazardous
Materials Table, 49 CFR 172.101.
5. Description of hazardous components.
C. Payload.
1. General description of the payload, including type (e.g., telecommunications, remote sensing),
propellants, and hazardous components or materials, such as toxic or radioactive substances. D. Flight
safety system.
1. Identification of any flight safety system on the vehicle, including a description of operations and
component location on the vehicle.
II. Pre-Flight Processing Operations
A. General description of pre-flight operations including vehicle processing consisting of an
operational flow diagram showing the overall sequence and location of operations, commencing with
arrival of vehicle components at the launch site facility through final safety checks and countdown
sequence, and designation of hazardous operations, as defined in 14 CFR 440.3. For purposes of these
information requirements, payload processing, as opposed to integration, is not a hazardous operation.
B. For each hazardous operation, including but not limited to fueling, solid rocket motor build-up,
ordnance installation, ordnance checkout, movement of hazardous materials, and payload integration:
1. Identification of location where each operation will be performed, including each building or facility
identified by name or number.
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2. Identification of facilities adjacent to the location where each operation will be performed and
therefore exposed to risk, identified by name or number.
3. Maximum number of Government personnel and individuals not involved in licensed activities who
may be exposed to risk during each operation. For Government personnel, identification of his or her
employer.
4. Identification of launch site policies or requirements applicable to the conduct of operations.
III. Flight Operations
A. Identification of launch site facilities exposed to risk during licensed flight.
B. Identification of accident failure scenarios, probability assessments for each, and estimation of risks
to Government personnel, individuals not involved in licensed activities, and Government property,
due to property damage or bodily injury. The estimation of risks for each scenario shall take into
account the number of such individuals at risk as a result of lift-off and flight of a launch vehicle (onrange, off-range, and down-range) and specific, unique facilities exposed to risk. Scenarios shall cover
the range of launch trajectories, inclinations and orbits for which authorization is sought in the license
application.
C. On-orbit risk analysis assessing risks posed by a launch vehicle to operational satellites.
D. Reentry risk analysis assessing risks to Government personnel and individuals not involved in
licensed activities as a result of reentering debris or reentry of the launch vehicle or its components.
E. Trajectory data as follows: Nominal and 3-sigma lateral trajectory data in x, y, z and x (dot), y (dot),
z (dot) coordinates in one-second intervals, data to be pad-centered with x being along the initial launch
azimuth and continuing through impact for sub-orbital flights, and continuing through orbital insertion
or the end of powered flight for orbital flights.
F. Tumble-turn data for guided vehicles only, as follows: For vehicles with gimbaled nozzles, tumble
turn data with zeta angles and velocity magnitudes stated. A separate table is required for each
combination of fail times (every two to four seconds), and significant nozzle angles (two or more small
angles, generally between one and five degrees).
G. Identification of debris lethal areas and the projected number and ballistic coefficient of fragments
expected to result from flight termination, initiated either by command or self- destruct mechanism, for
lift-off, land overflight, and reentry.
IV. Post-Flight Processing Operations
A. General description of post-flight ground operations including overall sequence and location of
operations for removal of vehicle components and processing equipment from the launch site facility
and for handling of hazardous materials, and designation of hazardous operations.
B. Identification of all facilities used in conducting post- flight processing operations.
C. For each hazardous operation:
1. Identification of location where each operation is performed, including each building or facility
identified by name or number.
2. Identification of facilities adjacent to location where each operation is performed and exposed to
risk, identified by name or number.
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3. Maximum number of Government personnel and individuals not involved in licensed launch
activities that may be exposed to risk during each operation. For Government personnel, identification
of his or her employer.
4. Identification of launch site facility policies or requirements applicable to the conduct of operations.
Part 2: Information Requirements for Licensed Reentry
I. General Information
A. Reentry mission description.
1. A description of mission parameters, including:
a. Orbital inclination; and
b. Orbit altitudes (apogee and perigee).
c. Reentry trajectories.
2. Reentry flight sequences.
3. Reentry initiation events and the time for each event.
4. Nominal landing location, alternative landing sites and contingency abort sites.
5. Identification of landing facilities, (planned date of reentry), and reentry windows.
6. If the applicant has previously been issued a license or permit to conduct reentry activities using the
same reentry vehicle to the same reentry site facility, a description of any differences planned in the
conduct of proposed activities.
B. Reentry vehicle description.
1. General description of the reentry vehicle, including dimensions.
2. Description of major systems, including safety systems.
3. Description of propulsion system (reentry initiation system) and type of fuel used.
4. Identification of all propellants to be used and their hazard classification under the Hazardous
Materials Table, 49 CFR 172.101.
5. Description of hazardous components.
C. Payload.
1. General description of any payload, including type (e.g., telecommunications, remote sensing),
propellants, and hazardous components or materials, such as toxic or radioactive substances. D. Flight
Safety System.
1. Identification of any flight safety system on the reentry vehicle, including a description of operations
and component location on the vehicle.
II. Flight Operations
A. Identification of reentry site facilities exposed to risk during vehicle reentry and landing.
B. Identification of accident failure scenarios, probability assessments for each, and estimation of risks
to Government personnel, individuals not involved in licensed reentry, and Government property, due
to property damage or bodily injury. The estimation of risks for each scenario shall take into account
the number of such individuals at risk as a result of reentry (flight) and landing of a reentry vehicle (onrange, off-range, and down- range) and specific, unique facilities exposed to risk. Scenarios shall cover
the range of reentry trajectories for which authorization is sought.
C. On-orbit risk analysis assessing risks posed by a reentry vehicle to operational satellites during
reentry.
D. Reentry risk analysis assessing risks to Government personnel and individuals not involved in
licensed activities as a result of inadvertent or random reentry of the launch vehicle or its components.
E. Nominal and 3-sigma dispersed trajectories in one-second intervals, from reentry initiation through
landing or impact. (Coordinate system will be specified on a case-by-case basis)
F. Three-sigma landing or impact dispersion area in downrange (plus-minus) and crossrange (plusminus) measured from the nominal and contingency landing or impact target. The applicant is
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responsible for including all significant landing or impact dispersion constituents in the computations
of landing or impact dispersion areas. The dispersion constituents should include, but not be limited to:
Variation in orbital position and velocity at the reentry initiation time; variation in re-entry initiation
time offsets, either early or late; variation in the bodies’ ballistic coefficient; position and velocity
variation due to winds; and variations in re-entry retro- maneuvers.
G. Malfunction turn data (tumble, trim) for guided (controllable) vehicles. The malfunction turn data
shall include the total angle turned by the velocity vector versus turn duration time at one second
intervals; the magnitude of the velocity vector versus turn duration time at one second intervals; and an
indication on the data where the re-entry body will impact the Earth, or breakup due to aerodynamic
loads. A malfunction turn data set is required for each malfunction time. Malfunction turn start times
shall not exceed four-second intervals along the trajectory.
H. Identification of debris casualty areas and the projected number and ballistic coefficient of
fragments expected to result from each failure mode during reentry, including random reentry.
III. Post-Flight Processing Operations
A. General description of post-flight ground operations including overall sequence and location of
operations for removal of vehicle and components and processing equipment from the reentry site
facility and for handling of hazardous materials, and designation of hazardous operations.
B. Identification of all facilities used in conducting post- flight processing operations.
C. For each hazardous operation:
1. Identification of location where each operation is performed, including each building or facility
identified by name or number.
2. Identification of facilities adjacent to location where each operation is performed and exposed to
risk, identified by name or number.
3. Maximum number of Government personnel and individuals not involved in licensed reentry
activities who may be exposed to risk during each operation. For Government personnel, identification
of his or her employer.
4. Identify and provide reentry site facility policies or requirements applicable to the conduct of
operations.
Part 3: Information Requirements for Permitted Activities
In addition to the information required in part 437 subpart B, an applicant for an experimental permit
must provide, for each permitted pre-flight and post-flight operation, the following information to the
FAA:
A. Identification of location where each operation will be performed, including any U.S. Government
or third party facilities identified by name or number.
B. Identification of any U.S. Government or third party facilities adjacent to the location where each
operation will be performed and therefore exposed to risk, identified by name or number.
C. Maximum number of Government personnel and individuals not involved in permitted activities that
may be exposed to risk during each operation. For Government personnel, identification of his or her
employer.
Appendix B to Part 440--Agreement for Waiver of Claims and Assumption of Responsibility for
Licensed Activities
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Part 1--Waiver of Claims and Assumption of Responsibility for Licensed Launch, including Suborbital Launch
THIS AGREEMENT is entered into this----day of--------, by and among [Licensee] (the “Licensee”),
[Customer] (the “Customer”) and the Federal Aviation Administration of the Department of
Transportation, on behalf of the United States Government (collectively, the “Parties”), to implement
the provisions of section 440.17© of the Commercial Space Transportation Licensing Regulations, 14
CFR Ch. III (the “Regulations”). This agreement applies to the launch of [Payload] payload on a
[Launch Vehicle] vehicle at [Location of Launch Site]. In consideration of the mutual releases and
promises contained herein, the Parties hereby agree as follows:
1. Definitions
Contractors and Subcontractors means entities described in Sec. 440.3 of the Regulations.
Customer means the above-named Customer on behalf of the Customer and any person described in
Sec. 440.3 of the Regulations.
License means License No.----issued on--------, by the Associate Administrator for Commercial Space
Transportation, Federal Aviation Administration, Department of Transportation, to the Licensee,
including all license orders issued in connection with the License.
Licensee means the Licensee and any transferee of the Licensee under 49 U.S.C. Subtitle IX, ch. 701.
United States means the United States and its agencies involved in Licensed Activities.
Except as otherwise defined herein, terms used in this Agreement and defined in 49 U.S.C. Subtitle IX,
ch. 701--Commercial Space Launch Activities, or in the Regulations, shall have the same meaning as
contained in 49 U.S.C. Subtitle IX, ch. 701, or the Regulations, respectively.
2. Waiver and Release of Claims
(a) Licensee hereby waives and releases claims it may have against Customer and the United States,
and against their respective Contractors and Subcontractors, for Property Damage it sustains and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault.
(b) Customer hereby waives and releases claims it may have against Licensee and the United States,
and against their respective Contractors and Subcontractors, for Property Damage it sustains and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault.
© The United States hereby waives and releases claims it may have against Licensee and Customer,
and against their respective Contractors and Subcontractors, for Property Damage it sustains, and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault, to the extent that claims it would otherwise have for such damage or injury exceed
the amount of insurance or demonstration of financial responsibility required under sections 440.9©
and (e), respectively, of the Regulations.
3. Assumption of Responsibility
(a) Licensee and Customer shall each be responsible for Property Damage it sustains and for Bodily
Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault. Licensee and Customer shall each hold harmless and indemnify each other, the
United States, and the Contractors and Subcontractors of each Party, for Bodily Injury or Property
Damage sustained by its own employees, resulting from Licensed Activities, regardless of fault.
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(b) The United States shall be responsible for Property Damage it sustains, and for Bodily Injury or
Property Damage sustained by its own employees, resulting from Licensed Activities, regardless of
fault, to the extent that claims it would otherwise have for such damage or injury exceed the amount of
insurance or demonstration of financial responsibility required under sections 440.9(c) and (e),
respectively, of the Regulations.
4. Extension of Assumption of Responsibility and Waiver and Release of Claims
(a) Licensee shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(a) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Customer and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Customer and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Licensed Activities, regardless of fault.
(b) Customer shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(b) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Licensee and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Licensee and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Licensed Activities, regardless of fault.
© The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2© and 3(b), respectively, to its Contractors and
Subcontractors by requiring them to waive and release all claims they may have against Licensee and
Customer, and against the respective Contractors and Subcontractors of each, and to agree to be
responsible, for any Property Damage they sustain and for any Bodily Injury or Property Damage
sustained by their own employees, resulting from Licensed Activities, regardless of fault, to the extent
that claims they would otherwise have for such damage or injury exceed the amount of insurance or
demonstration of financial responsibility required under sections 440.9(c) and (e), respectively, of the
Regulations.
5. Indemnification
(a) Licensee shall hold harmless and indemnify Customer and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Licensee’s Contractors and Subcontractors may have for Property
Damage sustained by them and for Bodily Injury or Property Damage sustained by their employees,
resulting from Licensed Activities.
(b) Customer shall hold harmless and indemnify Licensee and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Customer’s Contractors and Subcontractors, or any person on whose
behalf Customer enters into this Agreement, may have for Property Damage sustained by them and for
Bodily Injury or Property Damage sustained by their employees, resulting from Licensed Activities.
© To the extent provided in advance in an appropriations law or to the extent there is enacted
additional legislative authority providing for the payment of claims, the United States shall hold
harmless and indemnify Licensee and Customer and their respective directors, officers, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Contractors and Subcontractors of the United States may have for
Property Damage sustained by them, and for Bodily Injury or Property Damage sustained by their
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employees, resulting from Licensed Activities, to the extent that claims they would otherwise have for
such damage or injury exceed the amount of insurance or demonstration of financial responsibility
required under sections 440.9© and (e), respectively, of the Regulations.
6. Assurances Under 49 U.S.C. 70112(e)
Notwithstanding any provision of this Agreement to the contrary, Licensee shall hold harmless and
indemnify the United States and its agencies, servants, agents, employees and assignees, or any of
them, from and against liability, loss or damage arising out of claims for Bodily Injury or Property
Damage, resulting from Licensed Activities, regardless of fault, except to the extent that: (i) As
provided in section 7(b) of this Agreement, claims result from willful misconduct of the United States
or its agents; (ii) claims for Property Damage sustained by the United States or its Contractors and
Subcontractors exceed the amount of insurance or demonstration of financial responsibility required
under section 440.9(e) of the Regulations; (iii) claims by a Third Party for Bodily Injury or Property
Damage exceed the amount of insurance or demonstration of financial responsibility required under
section 440.9(c) of the Regulations, and do not exceed $1,500,000,000 (as adjusted for inflation after
January 1, 1989) above such amount, and are payable pursuant to the provisions of 49 U.S.C. 70113
and section 440.19 of the Regulations; or (iv) Licensee has no liability for claims exceeding
$1,500,000,000 (as adjusted for inflation after January 1, 1989) above the amount of insurance or
demonstration of financial responsibility required under section 440.9(c) of the Regulations.
7. Miscellaneous
(a) Nothing contained herein shall be construed as a waiver or release by Licensee, Customer or the
United States of any claim by an employee of the Licensee, Customer or the United States,
respectively, including a member of the Armed Forces of the United States, for Bodily Injury or
Property Damage, resulting from Licensed Activities.
(b) Notwithstanding any provision of this Agreement to the contrary, any waiver, release, assumption
of responsibility or agreement to hold harmless and indemnify herein shall not apply to claims for
Bodily Injury or Property Damage resulting from willful misconduct of any of the Parties, the
Contractors and Subcontractors of any of the Parties, and in the case of Licensee and Customer and the
Contractors and Subcontractors of each of them, the directors, officers, agents and employees of any of
the foregoing, and in the case of the United States, its agents.
© In the event that more than one customer is involved in Licensed Activities, references herein to
Customer shall apply to, and be deemed to include, each such customer severally and not jointly.
(d) This Agreement shall be governed by and construed in accordance with United States Federal law.
In witness whereof, the Parties to this Agreement have caused the Agreement to be duly executed by
their respective duly authorized representatives as of the date written above.

LICENSEE
By:------------------------------------------------------------Its:-----------------------------------------------------------CUSTOMER
By:------------------------------------------------------------Its:-----------------------------------------------------------FEDERAL AVIATION ADMINISTRATION OF THE DEPARTMENT OF TRANSPORTATION
ON BEHALF OF THE UNITED STATES GOVERNMENT
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By:------------------------------------------------------------Its:-----------------------------------------------------------ASSOCIATE ADMINISTRATOR FOR COMMERCIAL SPACE TRANSPORTATION
Part 2--Waiver of Claims and Assumption of Responsibility for Licensed Reentry
This Agreement is entered into this ---- day of --------, by and among [Licensee] (the “Licensee”),
[Customer] (the “Customer”), and the Federal Aviation Administration of the Department of
Transportation, on behalf of the United States Government (collectively, the “Parties”), to implement
the provisions of Sec. 440.17© of the Commercial Space Transportation Licensing Regulations, 14
CFR Ch. III (the “Regulations”). This agreement applies to the reentry of the [Payload] payload on a
[Reentry Vehicle] vehicle.
In consideration of the mutual releases and promises contained herein, the Parties hereby agree as
follows:
1. Definitions
Contractors and Subcontractors means entities described in Sec. 440.3 of the Regulations.
Customer means the above-named Customer on behalf of the Customer and any person described in
Sec. 440.3 of the Regulations.
License means License No. ---- issued on --------, by the Associate Administrator for Commercial
Space Transportation, Federal Aviation Administration, Department of Transportation, to the Licensee,
including all license orders issued in connection with the License.
Licensee means the Licensee and any transferee of the Licensee under 49 U.S.C. Subtitle IX, ch. 701.
United States means the United States and its agencies involved in Licensed Activities.
Except as otherwise defined herein, terms used in this Agreement and defined in 49 U.S.C. Subtitle IX,
ch. 701--Commercial Space Launch Activities, or in the Regulations, shall have the same meaning as
contained in 49 U.S.C. Subtitle IX, ch. 701, or the Regulations, respectively.
2. Waiver and Release of Claims
(a) Licensee hereby waives and releases claims it may have against Customer and the United States,
and against their respective Contractors and Subcontractors, for Property Damage it sustains and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault.
(b) Customer hereby waives and releases claims it may have against Licensee and the United States,
and against their respective Contractors and Subcontractors, for Property Damage it sustains and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault.
© The United States hereby waives and releases claims it may have against Licensee and Customer,
and against their respective Contractors and Subcontractors, for Property Damage it sustains, and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault, to the extent that claims it would otherwise have for such damage or injury exceed
the amount of insurance or demonstration of financial responsibility required under sections 440.9©
and (e) of the Regulations.
3. Assumption of Responsibility
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(a) Licensee and Customer shall each be responsible for Property Damage it sustains and for Bodily
Injury or Property Damage sustained by its own employees, resulting from Licensed Activities,
regardless of fault. Licensee and Customer shall each hold harmless and indemnify each other, the
United States, and the Contractors and Subcontractors of each Party, for Bodily Injury or Property
Damage sustained by its own employees, resulting from Licensed Activities, regardless of fault.
(b) The United States shall be responsible for Property Damage it sustains, and for Bodily Injury or
Property Damage sustained by its own employees, resulting from Licensed Activities, regardless of
fault, to the extent that claims it would otherwise have for such damage or injury exceed the amount of
insurance or demonstration of financial responsibility required under Sec. Sec. 440.9(c) and (e) of the
Regulations.
4. Extension of Assumption of Responsibility and Waiver and Release of Claims
(a) Licensee shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(a) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Customer and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Customer and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Licensed Activities, regardless of fault.
(b) Customer shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(b) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Licensee and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Licensee and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Licensed Activities, regardless of fault.
© The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2© and 3(b), respectively, to its Contractors and
Subcontractors by requiring them to waive and release all claims they may have against Licensee and
Customer, and against the respective Contractors and Subcontractors of each, and to agree to be
responsible, for any Property Damage they sustain and for any Bodily Injury or Property Damage
sustained by their own employees, resulting from Licensed Activities, regardless of fault, to the extent
that claims they would otherwise have for such damage or injury exceed the amount of insurance or
demonstration of financial responsibility required under Sec. Sec. 440.9(c) and (e) of the Regulations.
5. Indemnification
(a) Licensee shall hold harmless and indemnify Customer and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Licensee’s Contractors and Subcontractors may have for Property
Damage sustained by them and for Bodily Injury or Property Damage sustained by their employees,
resulting from Licensed Activities.
(b) Customer shall hold harmless and indemnify Licensee and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees assignees, or any of them, from and against liability, loss or damage
arising out of claims that Customer’s Contractors and Subcontractors, or any person on whose behalf
Customer enters into this Agreement, may have for Property Damage sustained by them and for Bodily
Injury or Property Damage sustained by their employees, resulting from Licensed Activities.
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© To the extent provided in advance in an appropriations law or to the extent there is enacted
additional legislative authority providing for the payment of claims, the United States shall hold
harmless and indemnify Licensee and Customer and their respective directors, officers, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Contractors and Subcontractors of the United States may have for
Property Damage sustained by them, and for Bodily Injury or Property Damage sustained by their
employees, resulting from Licensed Activities, to the extent that claims they would otherwise have for
such damage or injury exceed the amount of insurance or demonstration of financial responsibility
required under Sec. Sec. 440.9© and (e) of the Regulations.
6. Assurances Under 49 U.S.C. 70112(e)
Notwithstanding any provision of this Agreement to the contrary, Licensee shall hold harmless and
indemnify the United States and its agencies, servants, agents, employees and assignees, or any of
them, from and against liability, loss or damage arising out of claims for Bodily Injury or Property
Damage, resulting from Licensed Activities, regardless of fault, except to the extent that: (i) As
provided in section 7(b) of this Agreement, claims result from willful misconduct of the United States
or its agents; (ii) claims for Property Damage sustained by the United States or its Contractors and
Subcontractors exceed the amount of insurance or demonstration of financial responsibility required
under Sec. 440.9(e) of the Regulations; (iii) claims by a Third Party for Bodily Injury or Property
Damage exceed the amount of insurance or demonstration of financial responsibility required under
Sec. 440.9(c) of the Regulations, and do not exceed $1,500,000,000 (as adjusted for inflation after
January 1, 1989) above such amount, and are payable pursuant to the provisions of 49 U.S.C. 70113
and Sec. 440.19 of the Regulations; or (iv) Licensee has no liability for claims exceeding
$1,500,000,000 (as adjusted for inflation after January 1, 1989) above the amount of insurance or
demonstration of financial responsibility required under Sec. 440.9(c) of the Regulations.
7. Miscellaneous
(a) Nothing contained herein shall be construed as a waiver or release by Licensee, Customer or the
United States of any claim by an employee of the Licensee, Customer or the United States,
respectively, including a member of the Armed Forces of the United States, for Bodily Injury or
Property Damage, resulting from Licensed Activities.
(b) Notwithstanding any provision of this Agreement to the contrary, any waiver, release, assumption
of responsibility or agreement to hold harmless and indemnify herein shall not apply to claims for
Bodily Injury or Property Damage resulting from willful misconduct of any of the Parties, the
Contractors and Subcontractors of any of the Parties, and in the case of Licensee and Customer and the
Contractors and Subcontractors of each of them, the directors, officers, agents and employees of any of
the foregoing, and in the case of the United States, its agents.
© In the event that more than one customer is involved in Licensed Activities, references herein to
Customer shall apply to, and be deemed to include, each such customer severally and not jointly.
(d) This Agreement shall be governed by and construed in accordance with United States Federal law.
In Witness Whereof, the Parties to this Agreement have caused the Agreement to be duly executed by
their respective duly authorized representatives as of the date written above.
LICENSEE
By:------------------------------------------------------------Its:-----------------------------------------------------------CUSTOMER
By:------------------------------------------------------------Its:-----------------------------------------------------------George Washington University
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FEDERAL AVIATION ADMINISTRATION OF THE DEPARTMENT OF TRANSPORTATION
ON BEHALF OF THE UNITED STATES GOVERNMENT
By:------------------------------------------------------------Its:-----------------------------------------------------------ASSOCIATE ADMINISTRATOR FOR COMMERCIAL SPACE TRANSPORTATION
Appendix C to Part 440--Agreement for Waiver of Claims and Assumption of Responsibility for
Permitted Activities
THIS AGREEMENT is entered into this ---- day of --------, by and among [Permittee] (the
“Permittee”), [Customer] (the “Customer”) and the Federal Aviation Administration of the Department
of Transportation, on behalf of the United States Government (collectively, the “Parties”), to
implement the provisions of section 440.17© of the Commercial Space Transportation Licensing
Regulations, 14 CFR Ch. III (the “Regulations”). This agreement applies to [describe permitted
activity]. In consideration of the mutual releases and promises contained herein, the Parties hereby
agree as follows:
1. Definitions
Customer means the above-named Customer on behalf of the Customer and any person described in
Sec. 440.3 of the Regulations.
Permit means Permit No. ----issued on --------, by the Associate Administrator for Commercial Space
Transportation, Federal Aviation Administration, Department of Transportation, to the Permittee,
including all permit orders issued in connection with the Permit.
Permittee means the holder of the Permit issued under 49 U.S.C. Subtitle IX, ch. 701.
United States means the United States and its agencies involved in Permitted Activities.
Except as otherwise defined herein, terms used in this Agreement and defined in 49 U.S.C. Subtitle IX,
ch. 701--Commercial Space Launch Activities, or in the Regulations, shall have the same meaning as
contained in 49 U.S.C. Subtitle IX, ch. 701, or the Regulations, respectively.
2. Waiver and Release of Claims
(a) Permittee hereby waives and releases claims it may have against Customer and the United States,
and against their respective Contractors and Subcontractors, for Property Damage it sustains and for
Bodily Injury or Property Damage sustained by its own employees, resulting from Permitted Activities,
regardless of fault. (b) Customer hereby waives and releases claims it may have against Permittee and
the United States, and against their respective Contractors and Subcontractors, for Property Damage it
sustains and for Bodily Injury or Property Damage sustained by its own employees, resulting from
Permitted Activities, regardless of fault.
© The United States hereby waives and releases claims it may have against Permittee and Customer,
and against their respective Contractors and Subcontractors, for Property Damage it sustains resulting
from Permitted Activities, regardless of fault, to the extent that claims it would otherwise have for such
damage exceed the amount of insurance or demonstration of financial responsibility required under
section 440.9(e) of the Regulations.
3. Assumption of Responsibility
(a) Permittee and Customer shall each be responsible for Property Damage it sustains and for Bodily
Injury or Property Damage sustained by its own employees, resulting from Permitted Activities,
regardless of fault. Permittee and Customer shall each hold harmless and indemnify each other, the
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United States, and the Contractors and Subcontractors of each Party, for Bodily Injury or Property
Damage sustained by its own employees, resulting from Permitted Activities, regardless of fault.
(b) The United States shall be responsible for Property Damage it sustains, resulting from Permitted
Activities, regardless of fault, to the extent that claims it would otherwise have for such damage exceed
the amount of insurance or demonstration of financial responsibility required under section 440.9(e) of
the Regulations.
4. Extension of Assumption of Responsibility and Waiver and Release of Claims
(a) Permittee shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(a) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Customer and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Customer and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Permitted Activities, regardless of fault.
(b) Customer shall extend the requirements of the waiver and release of claims, and the assumption of
responsibility, hold harmless, and indemnification, as set forth in paragraphs 2(b) and 3(a),
respectively, to its Contractors and Subcontractors by requiring them to waive and release all claims
they may have against Permittee and the United States, and against the respective Contractors and
Subcontractors of each, and to agree to be responsible, for Property Damage they sustain and to be
responsible, hold harmless and indemnify Permittee and the United States, and the respective
Contractors and Subcontractors of each, for Bodily Injury or Property Damage sustained by their own
employees, resulting from Permitted Activities, regardless of fault.
© The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2© and 3(b), respectively, to its Contractors and
Subcontractors by requiring them to waive and release all claims they may have against Permittee and
Customer, and against the respective Contractors and Subcontractors of each, and to agree to be
responsible, for any Property Damage they sustain, resulting from Permitted Activities, regardless of
fault, to the extent that claims they would otherwise have for such damage exceed the amount of
insurance or demonstration of financial responsibility required under section 440.9(e) of the
Regulations.
5. Indemnification
(a) Permittee shall hold harmless and indemnify Customer and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Permittee’s Contractors and Subcontractors may have for Property
Damage sustained by them and for Bodily Injury or Property Damage sustained by their employees,
resulting from Permitted Activities.
(b) Customer shall hold harmless and indemnify Permittee and its directors, officers, servants, agents,
subsidiaries, employees and assignees, or any of them, and the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims that Customer’s Contractors and Subcontractors, or any person on whose
behalf Customer enters into this Agreement, may have for Property Damage sustained by them and for
Bodily Injury or Property Damage sustained by their employees, resulting from Permitted Activities.
6. Assurances Under 49 U.S.C. 70112(e)
Notwithstanding any provision of this Agreement to the contrary, Permittee shall hold harmless and
indemnify the United States and its agencies, servants, agents, employees and assignees, or any of
them, from and against liability, loss or damage arising out of claims for Bodily Injury or Property
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Damage, resulting from Permitted Activities, regardless of fault, except to the extent that it is provided
in section 7(b) of this Agreement, except to the extent that claims (i) result from willful misconduct of
the United States or its agents and (ii) for Property Damage sustained by the United States or its
Contractors and Subcontractors exceed the amount of insurance or demonstration of financial
responsibility required under section 440.9(e) of the Regulations.
7. Miscellaneous
(a) Nothing contained herein shall be construed as a waiver or release by Permittee, Customer or the
United States of any claim by an employee of the Permittee, Customer or the United States,
respectively, including a member of the Armed Forces of the United States, for Bodily Injury or
Property Damage, resulting from Permitted Activities.
(b) Notwithstanding any provision of this Agreement to the contrary, any waiver, release, assumption
of responsibility or agreement to hold harmless and indemnify herein shall not apply to claims for
Bodily Injury or Property Damage resulting from willful misconduct of any of the Parties, the
Contractors and Subcontractors of any of the Parties, and in the case of Permittee and Customer and the
Contractors and Subcontractors of each of them, the directors, officers, agents and employees of any of
the foregoing, and in the case of the United States, its agents.
© In the event that more than one customer is involved in Permitted Activities, references herein to
Customer shall apply to, and be deemed to include, each such customer severally and not jointly.
(d) This Agreement shall be governed by and construed in accordance with United States Federal law.
IN WITNESS WHEREOF, the Parties to this Agreement have caused the Agreement to be duly
executed by their respective duly authorized representatives as of the date written above.
PERMITTEE
[fxsp0]By:------------------------------------------------------------[fxsp0]Its:-----------------------------------------------------------CUSTOMER
[fxsp0]By:------------------------------------------------------------[fxsp0]Its:-----------------------------------------------------------FEDERAL AVIATION ADMINISTRATION OF THE DEPARTMENT OF TRANSPORTATION
ON BEHALF OF THE UNITED STATES GOVERNMENT
By:-------------------------------------------------------------------Its:------------------------------------------------------------------ASSOCIATE ADMINISTRATOR FOR COMMERCIAL SPACE TRANSPORTATION
Appendix D to Part 440--Agreement for Waiver of Claims and Assumption of Responsibility for
a Crew Member
THIS AGREEMENT is entered into this ---- day of --------, by and among [name of Crew Member]
(the “Crew Member”) and the Federal Aviation Administration of the Department of Transportation,
on behalf of the United States Government (collectively, the “Parties”), to implement the provisions of
section 440.17(f) of the Commercial Space Transportation Licensing Regulations, 14 CFR Ch. III (the
“Regulations”). This agreement applies to the Crew Member’s participation in activities that the FAA
has authorized by license or permit during the Crew Member’s employment with [Name of licensee or
permittee].
George Washington University
SACRI Research Study

209

In consideration of the mutual releases and promises contained herein, the Parties hereby agree as
follows:
1. Definitions
Crew Member means
(a) The above-named Crew Member,
(b) All the heirs, administrators, executors, assignees, next of kin, and estate of the above-named Crew
Member, and
© Anyone who attempts to bring a claim on behalf of the Crew Member or for damage or harm arising
out of the Bodily Injury, including Death, of the Crew Member.
License/Permit means License/Permit No. -------- issued on ---- ----, by the Associate Administrator for
Commercial Space Transportation, Federal Aviation Administration, Department of Transportation, to
the Licensee/Permittee, including all license/ permit orders issued in connection with the
License/Permit.
Licensee/Permittee means the Licensee/Permittee and any transferee of the Licensee under 49 U.S.C.
Subtitle IX, ch. 701.
United States means the United States and its agencies involved in Licensed/Permitted Activities.
Except as otherwise defined herein, terms used in this Agreement and defined in 49 U.S.C. Subtitle IX,
ch. 701--Commercial Space Launch Activities, or in the Regulations, shall have the same meaning as
contained in 49 U.S.C. Subtitle IX, ch. 701, or the Regulations, respectively.
2. Waiver and Release of Claims
(a) Crew Member hereby waives and releases claims it may have against the United States, and against
its respective Contractors and Subcontractors, for Bodily Injury, including Death, or Property Damage
sustained by Crew Member, resulting from Licensed/Permitted Activities, regardless of fault.
(b) The United States hereby waives and releases claims it may have against the Crew Member for
Property Damage it sustains, and for Bodily Injury, including Death, or Property Damage sustained by
its own employees, resulting from Licensed/Permitted Activities, regardless of fault.
3. Assumption of Responsibility
(a) The Crew Member shall be responsible for Bodily Injury, including Death, or Property Damage
sustained by Crew Member, resulting from Licensed/Permitted Activities, regardless of fault. The
Crew Member shall hold harmless the United States, and the Contractors and Subcontractors of each
Party, for Bodily Injury, including Death, or Property Damage sustained by Crew Member, resulting
from Licensed/Permitted Activities, regardless of fault.
(b) The United States shall be responsible for Property Damage it sustains, and for Bodily Injury,
including Death, or Property Damage sustained by its own employees, resulting from Licensed
Activities, regardless of fault, to the extent that claims it would otherwise have for such damage or
injury exceed the amount of insurance or demonstration of financial responsibility required under
sections 440.9(c) and (e), respectively, of the Regulations.
© The United States shall be responsible for Property Damage it sustains, resulting from Permitted
Activities, regardless of fault, to the extent that claims it would otherwise have for such damage exceed
the amount of insurance or demonstration of financial responsibility required under section 440.9(e) of
the Regulations.
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4. Extension of Assumption of Responsibility and Waiver and Release of Claims
(a) The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2(b) and 3(b), respectively, to its Contractors
and Subcontractors by requiring them to waive and release all claims they may have against Crew
Member and to agree to be responsible, for any Property Damage the Contractors and Subcontractors
sustain and for any Bodily Injury, including Death, or Property Damage sustained by their own
employees, resulting from Licensed Activities, regardless of fault.
(b) The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2(b) and 3(c), respectively, to its Contractors and
Subcontractors by requiring them to waive and release all claims the Contractors and Subcontractors
may have against Crew Member and to agree to be responsible, for any Property Damage they sustain,
resulting from Permitted Activities, regardless of fault.
5. Indemnification
Crew Member shall hold harmless and indemnify the United States and its agencies, servants, agents,
subsidiaries, employees and assignees, or any of them, from and against liability, loss, or damage
arising out of claims brought by anyone for Property Damage or Bodily Injury, including Death,
sustained by Crew Member, resulting from Licensed/Permitted Activities.
6. Assurances Under 49 U.S.C. 70112(e)
Notwithstanding any provision of this Agreement to the contrary, Crew Member shall hold harmless
the United States and its agencies, servants, agents, employees and assignees, or any of them, from and
against liability, loss or damage arising out of claims for Bodily Injury, including Death, or Property
Damage, sustained by Crew Member, resulting from Licensed/Permitted Activities, regardless of fault,
except to the extent that, as provided in section 6(b) of this Agreement, claims result from willful
misconduct of the United States or its agents.
7. Miscellaneous
(a) Nothing contained herein shall be construed as a waiver or release by the United States of any claim
by an employee of the United States, respectively, including a member of the Armed Forces of the
United States, for Bodily Injury or Property Damage, resulting from Licensed/Permitted Activities.
(b) Notwithstanding any provision of this Agreement to the contrary, any waiver, release, assumption
of responsibility or agreement to hold harmless herein shall not apply to claims for Bodily Injury,
including Death, or Property Damage resulting from willful misconduct of any of the Parties, the
Contractors and Subcontractors of any of the Parties, and in the case of the United States, its agents.
© This Agreement shall be governed by and construed in accordance with United States Federal law.
IN WITNESS WHEREOF, the Parties to this Agreement have caused the Agreement to be duly
executed by their respective duly authorized representatives as of the date written above.
I [name of Crew Member] have read and understand this agreement and agree that I am bound by it.
CREW MEMBER
Signature:-----------------------------------------------------Printed Name:--------------------------------------------------FEDERAL AVIATION ADMINISTRATION OF THE DEPARTMENT OF TRANSPORTATION
ON BEHALF OF THE UNITED STATES GOVERNMENT
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By:------------------------------------------------------------Its:-----------------------------------------------------------ASSOCIATE ADMINISTRATOR FOR COMMERCIAL SPACE TRANSPORTATION
Appendix E to Part 440--Agreement for Waiver of Claims and Assumption of Responsibility for
a Space Flight Participant
THIS AGREEMENT is entered into this ---- day of --------, by and among [name of Space Flight
Participant] (the “Space Flight Participant”) and the Federal Aviation Administration of the
Department of Transportation, on behalf of the United States Government (collectively, the “Parties”),
to implement the provisions of section 440.17(e) of the Commercial Space Transportation Licensing
Regulations, 14 CFR Ch. III (the “Regulations”). This agreement applies to Space Flight Participant’s
travel on [name of launch or reentry vehicle] of [name of Licensee or Permittee]. In consideration of
the mutual releases and promises contained herein, the Parties hereby agree as follows:
1. Definitions
Space Flight Participant means
(a) The above-named Space Flight Participant,
(b) All the heirs, administrators, executors, assignees, next of kin, and estate of the above-named Space
Flight Participant , and
© Anyone who attempts to bring a claim on behalf of the Space Flight Participant or for damage or
harm arising out of the Bodily Injury, including Death, of the Space Flight Participant.
License/Permit means License/Permit No.-------- issued on ------ --, by the Associate Administrator for
Commercial Space Transportation, Federal Aviation Administration, Department of Transportation, to
the Licensee/Permittee, including all license/ permit orders issued in connection with the
License/Permit.
Licensee/Permittee means the Licensee/Permittee and any transferee of the Licensee under 49 U.S.C.
Subtitle IX, ch. 701.
United States means the United States and its agencies involved in Licensed/Permitted Activities.
Except as otherwise defined herein, terms used in this Agreement and defined in 49 U.S.C. Subtitle IX,
ch. 701--Commercial Space Launch Activities, or in the Regulations, shall have the same meaning as
contained in 49 U.S.C. Subtitle IX, ch. 701, or the Regulations, respectively.
2. Waiver and Release of Claims
(a) Space Flight Participant hereby waives and releases claims it may have against the United States,
and against its respective Contractors and Subcontractors, for Bodily Injury, including Death, or
Property Damage sustained by Space Flight Participant, resulting from Licensed/Permitted Activities,
regardless of fault.
(b) The United States hereby waives and releases claims it may have against Space Flight Participant
for Property Damage it sustains, and for Bodily Injury, including Death, or Property Damage sustained
by its own employees, resulting from Licensed/Permitted Activities, regardless of fault.
3. Assumption of Responsibility

George Washington University
SACRI Research Study

212

(a) Space Flight Participant shall be responsible for Bodily Injury, including Death, or Property
Damage sustained by the Space Flight Participant resulting from Licensed/Permitted Activities,
regardless of fault. Space Flight Participant shall hold harmless the United States, and its Contractors
and Subcontractors, for Bodily Injury, including Death, or Property Damage sustained by Space Flight
Participant from Licensed/Permitted Activities, regardless of fault.
(b) The United States shall be responsible for Property Damage it sustains, and for Bodily Injury,
including Death, or Property Damage sustained by its own employees, resulting from Licensed
Activities, regardless of fault, to the extent that claims it would otherwise have for such damage or
injury exceed the amount of insurance or demonstration of financial responsibility required under
sections 440.9(c) and (e), respectively, of the Regulations.
© The United States shall be responsible for Property Damage it sustains, resulting from Permitted
Activities, regardless of fault, to the extent that claims it would otherwise have for such damage exceed
the amount of insurance or demonstration of financial responsibility required under section 440.9(e) of
the Regulations.
4. Extension of Assumption of Responsibility and Waiver and Release of Claims
(a) The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2(b) and 3(b), respectively, to its Contractors
and Subcontractors by requiring them to waive and release all claims they may have against Space
Flight Participant, and to agree to be responsible, for any Property Damage they sustain and for any
Bodily Injury, including Death, or Property Damage sustained by their own employees, resulting from
Licensed Activities, regardless of fault.
(b) The United States shall extend the requirements of the waiver and release of claims, and the
assumption of responsibility as set forth in paragraphs 2(b) and 3(c), respectively, to its Contractors and
Subcontractors by requiring them to waive and release all claims they may have against Space Flight
Participant, and to agree to be responsible, for any Property Damage the Contractors and
Subcontractors sustain, resulting from Permitted Activities, regardless of fault.
5. Indemnification
Space Flight Participant shall hold harmless and indemnify the United States and its agencies, servants,
agents, subsidiaries, employees and assignees, or any of them, from and against liability, loss or
damage arising out of claims brought by anyone for Property Damage or Bodily Injury, including
Death, sustained by Space Flight Participant, resulting from Licensed/Permitted Activities.
6. Assurances Under 49 U.S.C. 70112(e)
Notwithstanding any provision of this Agreement to the contrary, Space Flight Participant shall hold
harmless the United States and its agencies, servants, agents, employees and assignees, or any of them,
from and against liability, loss or damage arising out of claims for Bodily Injury, including Death, or
Property Damage, sustained by Space Flight Participant, resulting from Licensed/ Permitted Activities,
regardless of fault, except to the extent that, as provided in section 6(b) of this Agreement, claims result
from willful misconduct of the United States or its agents.
7. Miscellaneous
(a) Nothing contained herein shall be construed as a waiver or release by the United States of any claim
by an employee the United States, respectively, including a member of the Armed Forces of the United
States, for Bodily Injury or Property Damage, resulting from Licensed/Permitted Activities.
(b) Notwithstanding any provision of this Agreement to the contrary, any waiver, release, assumption
of responsibility or agreement to hold harmless herein shall not apply to claims for Bodily Injury,
including Death, or Property Damage resulting from willful misconduct of any of the Parties, the
Contractors, Subcontractors, and agents of the United States, and Space Flight Participant.
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© This Agreement shall be governed by and construed in accordance with United States Federal law.
IN WITNESS WHEREOF, the Parties to this Agreement have caused the Agreement to be duly
executed by their respective duly authorized representatives as of the date written above.
I [name of Space Flight Participant] have read and understand this agreement and agree that I am
bound by it.
SPACE FLIGHT PARTICIPANT
Signature:-----------------------------------------------------Printed Name:--------------------------------------------------FEDERAL AVIATION ADMINISTRATION OF THE DEPARTMENT OF TRANSPORTATION
ON BEHALF OF THE UNITED STATES GOVERNMENT
By:------------------------------------------------------------Its:-----------------------------------------------------------ASSOCIATE ADMINISTRATOR FOR COMMERCIAL SPACE TRANSPORTATION
PART 450--[REMOVED]
0 10. Remove part 450.
0 11. Add part 460 to read as follows:
PART 460--HUMAN SPACE FLIGHT REQUIREMENTS
Subpart A—Launch and reentry with crew Sec. 460.1 Scope.
460.3 Applicability.
460.5 Crew qualifications and training.
460.7 Operator training of crew.
460.9 Informing crew of risk.
460.11 Environmental control and life support systems.
460.13 Smoke detection and fire suppression.
460.15 Human factors.
460.17 Verification program.
460.19 Crew waiver of claims against U.S. Government.
460.20-460.40 [Reserved]
Subpart B—Launch and reentry with a space flight participant
460.41 Scope.
460.43 Applicability.
460.45 Operator informing space flight participant of risk.
460.47 [Reserved]
460.49 Space flight participant waiver of claims against U.S. Government.
460.51 Space flight participant training.
460.53 Security.
Authority: 49 U.S.C. 70105.
Subpart A—Launch and reentry with crew
Sec. 460.1 Scope.
This subpart establishes requirements for crew of a vehicle whose operator is licensed or permitted
under this chapter.
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Sec. 460.3 Applicability.
(a) This subpart applies to:
(1) An applicant for a license or permit under this chapter who proposes to have flight crew on board a
vehicle or proposes to employ a remote operator of a vehicle with a human on board.
(2) An operator licensed or permitted under this chapter who has flight crew on board a vehicle or who
employs a remote operator of a vehicle with a human on board.
(3) A crew member participating in an activity authorized under this chapter.
(b) Each member of the crew must comply with all requirements of the laws of the United States that
apply to crew.
Sec. 460.5 Crew qualifications and training.
(a) Each crew member must—
(1) Complete training on how to carry out his or her role on board or on the ground so that the vehicle
will not harm the public; and
(2) Train for his or her role in nominal and non-nominal conditions. The conditions must include—
(i) Abort scenarios; and
(ii) Emergency operations.
(b) Each member of a flight crew must demonstrate an ability to withstand the stresses of space flight,
which may include high acceleration or deceleration, microgravity, and vibration, in sufficient
condition to safely carry out his or her duties so that the vehicle will not harm the public.
© A pilot and a remote operator must—
(1) Possess and carry an FAA pilot certificate with an instrument rating.
(2) Possess aeronautical knowledge, experience, and skills necessary to pilot and control the launch or
reentry vehicle that will operate in the National Airspace System (NAS). Aeronautical experience may
include hours in flight, ratings, and training.
(3) Receive vehicle and mission-specific training for each phase of flight by using one or more of the
following—
(i) A method or device that simulates the flight;
(ii) An aircraft whose characteristics are similar to the vehicle or that has similar phases of flight to the
vehicle ;
(iii) Flight testing; or
(iv) An equivalent method of training approved by the FAA through the license or permit process.
(4) Train in procedures that direct the vehicle away from the public in the event the flight crew
abandons the vehicle during flight; and
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(5) Train for each mode of control or propulsion, including any transition between modes, such that the
pilot or remote operator is able to control the vehicle.
(d) A remote operator may demonstrate an equivalent level of safety to paragraph ©(1) of this section
through the license or permit process.
(e) Each crew member with a safety-critical role must possess and carry an FAA second-class airman
medical certificate issued in accordance with 14 CFR part 67, no more than 12 months prior to the
month of launch and reentry.
Sec. 460.7 Operator training of crew.
(a) Implementation of training. An operator must train each member of its crew and define standards
for successful completion in accordance with Sec. 460.5.
(b) Training device fidelity. An operator must
(1) Ensure that any crew-training device used to meet the training requirements realistically represents
the vehicle’s configuration and mission, or
(2) Inform the crew member being trained of the differences between the two.
© Maintenance of training records. An operator must continually update the crew training to ensure
that it incorporates lessons learned from training and operational missions. An operator must—
(1) Track each revision and update in writing; and
(2) Document the completed training for each crew member and maintain the documentation for each
active crew member.
(d) Current qualifications and training. An operator must establish a recurrent training schedule and
ensure that all crew qualifications and training required by Sec. 460.5 are current before launch and
reentry.
Sec. 460.9 Informing crew of risk.
An operator must inform in writing any individual serving as crew that the United States Government
has not certified the launch vehicle and any reentry vehicle as safe for carrying flight crew or space
flight participants. An operator must provide this information-- (a) Before entering into any contract or
other arrangement to employ that individual; or (b) For any crew member employed as of December
23, 2004, as early as possible and prior to any launch in which that individual will participate as crew.
Sec. 460.11 Environmental control and life support systems.
(a) An operator must provide atmospheric conditions adequate to sustain life and consciousness for all
inhabited areas within a vehicle. The operator or flight crew must monitor and control the following
atmospheric conditions in the inhabited areas or demonstrate through the license or permit process that
an alternate means provides an equivalent level of safety—
(1) Composition of the atmosphere, which includes oxygen and carbon dioxide, and any revitalization;
(2) Pressure, temperature and humidity;
(3) Contaminants that include particulates and any harmful or hazardous concentrations of gases, or
vapors; and
George Washington University
SACRI Research Study

216

(4) Ventilation and circulation.
(b) An operator must provide an adequate redundant or secondary oxygen supply for the flight crew.
© An operator must
(1) Provide a redundant means of preventing cabin depressurization; or
(2) Prevent incapacitation of any of the flight crew in the event of loss of cabin pressure.
Sec. 460.13 Smoke detection and fire suppression.
An operator or crew must have the ability to detect smoke and suppress a cabin fire to prevent
incapacitation of the flight crew.
Sec. 460.15 Human factors.
An operator must take the precautions necessary to account for human factors that can affect a crew’s
ability to perform safety- critical roles, including in the following safety critical areas—
(a) Design and layout of displays and controls;
(b) Mission planning, which includes analyzing tasks and allocating functions between humans and
equipment;
© Restraint or stowage of all individuals and objects in a vehicle; and
(d) Vehicle operation, so that the vehicle will be operated in a manner that flight crew can withstand
any physical stress factors, such as acceleration, vibration, and noise.
Sec. 460.17 Verification program.
An operator must successfully verify the integrated performance of a vehicle’s hardware and any
software in an operational flight environment before allowing any space flight participant on board
during a flight. Verification must include flight testing.
Sec. 460.19 Crew waiver of claims against U.S. Government.
Each member of a flight crew and any remote operator must execute a reciprocal waiver of claims with
the Federal Aviation Administration of the Department of Transportation in accordance with the
requirements of part 440.
Sec. Sec. 460.20-460.40 [Reserved]
Subpart B—Launch and reentry with a space flight participant
Sec. 460.41 Scope.
This subpart establishes requirements for space flight participants on board a vehicle whose operator is
licensed or permitted under this chapter.
Sec. 460.43 Applicability.
This subpart applies to: (a) An applicant for a license or permit under this chapter who proposes to
have a space flight participant on board a vehicle; (b) An operator licensed or permitted under this
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chapter who has a space flight participant on board a vehicle; and (c) A space flight participant in an
activity authorized under this chapter.
Sec. 460.45 Operator informing space flight participant of risk.
(a) Before receiving compensation or making an agreement to fly a space flight participant, an operator
must satisfy the requirements of this section. An operator must inform each space flight participant in
writing about the risks of the launch and reentry, including the safety record of the launch or reentry
vehicle type. An operator must present this information in a manner that can be readily understood by a
space flight participant with no specialized education or training, and must disclose in writing—
(1) For each mission, each known hazard and risk that could result in a serious injury, death, disability,
or total or partial loss of physical and mental function;
(2) That there are hazards that are not known; and
(3) That participation in space flight may result in death, serious injury, or total or partial loss of
physical or mental function.
(b) An operator must inform each space flight participant that the United States Government has not
certified the launch vehicle and any reentry vehicle as safe for carrying crew or space flight
participants.
© An operator must inform each space flight participant of the safety record of all launch or reentry
vehicles that have carried one or more persons on board, including both U.S. government and private
sector vehicles. This information must include—
(1) The total number of people who have been on a sub-orbital or orbital space flight and the total
number of people who have died or been seriously injured on these flights; and
(2) The total number of launches and reentries conducted with people on board and the number of
catastrophic failures of those launches and reentries.
(d) An operator must describe the safety record of its vehicle to each space flight participant. The
operator’s safety record must cover launch and reentry accidents and human space flight incidents that
occurred during and after vehicle verification performed in accordance with Sec. 460.17, and include—
(1) The number of vehicle flights;
(2) The number of accidents and human space flight incidents as defined by section 401.5; and
(3) Whether any corrective actions were taken to resolve these accidents and human space flight
incidents.
(e) An operator must inform a space flight participant that he or she may request additional information
regarding any accidents and human space flight incidents reported.
(f) Before flight, an operator must provide each space flight participant an opportunity to ask questions
orally to acquire a better understanding of the hazards and risks of the mission, and each space flight
participant must then provide consent in writing to participate in a launch or reentry. The consent
must—
(1) Identify the specific launch vehicle the consent covers;
(2) State that the space flight participant understands the risk, and his or her presence on board the
launch vehicle is voluntary; and
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(3) Be signed and dated by the space flight participant.
Sec. 460.47 [Reserved]
Sec. 460.49 Space flight participant waiver of claims against U.S. Government.
Each space flight participant must execute a reciprocal waiver of claims with the Federal Aviation
Administration of the Department of Transportation in accordance with part 440 of this chapter.
Sec. 460.51 Space flight participant training.
An operator must train each space flight participant before flight on how to respond to emergency
situations, including smoke, fire, loss of cabin pressure, and emergency exit.
Sec. 460.53 Security.
An operator must implement security requirements to prevent any space flight participant from
jeopardizing the safety of the flight crew or the public. A space flight participant may not carry on
board any explosives, firearms, knives, or other weapons.
Issued in Washington DC on December 1, 2006. Marion C. Blakey, Administrator. [FR Doc. E6-21193
Filed 12-14-06; 8:45 am] BILLING CODE 4910-13-P
FAA Rule Making Notes
1

For a vehicle with no one on board that is controlled by a remote operator part 460 does not apply.
Instead, an operator will be governed by other parts, such as parts 431 and 435.
2
The Federation is a non-profit trade association consisting of companies whose business involves or
will involve commercial human space flight. They provided consensus comments on the NPRM and
consist of the following: Air Launch, Armadillo Aerospace, Bigelow Aerospace, Mojave Spaceport,
RocketPlane Limited, Inc., Scaled Composites, Space Adventures, SpaceDev, Space Explorations
Technologies Corporation (SpaceX), The SpaceShip Company, XCOR Aerospace, X PRIZE
Foundation, and Virgin Galactic.
3

ASE commented that it believes the portion of the definition of crew “A crew consists of flight crew
and any remote operator” to mean if a person is not a flight crew member or a remote operator, then
that person is not crew. ASE recommended that the definition read “A crew consists only of flight crew
and any remote operator” to avoid any misinterpretation. The FAA does not incorporate the suggested
change because it is unnecessary but confirms in this document that if a person is not a flight crew
member or a remote operator, then that person is not crew.
4

Some licensees have used aircraft to assist in space launch. Orbital Sciences Corporation’s Pegasus
launch vehicle is air- launched from an L-1011 carrier aircraft. Scaled Composites’ SpaceShipOne was
air-launched from a White Knight carrier aircraft. The L-1011 was issued a supplemental type
certificate and operates under two FAA airworthiness certificates: A standard airworthiness certificate
for operation without Pegasus and a restricted airworthiness certificate for operations with the Pegasus
launch vehicle. White Knight operated under a special airworthiness certificate in the experimental
category when it was operating alone or carrying SpaceShipOne. The FAA did not impose
requirements on the crew of the carrier aircraft other than those required by the FAA’s aviation
requirements.
5

Even before the passage of the CSLAA, this has been the case. In April 2004 the FAA issued two
RLV mission specific licenses: one to Scaled Composites and one to XCOR. These licenses apply to
sub-orbital RLV missions with a pilot on board, where the FAA addressed the safety of the crew in
order to protect the public. See also, Notice of Policy, 68 FR 56039, 56040 (Sept. 29, 2003).
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6
The CSWG consists of Air Force, FAA, and other government agencies. The CSWG develops,
documents, and maintains common safety standards for public safety of the launch and reentry of
launch and reentry vehicles.
7

The commenter agreed with requiring pilot certification where a vehicle has many characteristics in
common with an airplane.
8
It should be noted that Armadillo’s vertical-take off vehicle, which hovered about 25 feet above the
ground for a few seconds and had no human on board, was not an FAA licensed launch. Nor did the
vehicle have an impact on the NAS.
9

In the NPRM, the FAA proposed to require that the medical certificate be issued within 12 months of
launch or reentry as opposed to 12 months prior to launch or reentry. The proposed time limit might
have created confusion because a second- class medical certificate expires at the end of the last day of
the twelfth month after the month of the date of examination. 14 CFR 61.23(d)(2). The requirement
now provides the same expiration date as part 61.
10

The Federation requested that the FAA create a form by which operators could provide this notice.
The FAA will not adopt this suggestion in order to preserve flexibility. The required notifications are
described in Sec. 460.9.
11

The FAA notes that in a condensing heat exchanger, the separation of liquid condensate from air, and
the collection of liquid condensate, are difficult processes in the expected microgravity environment,
and so ground testing may not necessarily provide adequate verification.
12
A closed loop system is a control system with an active feedback loop. A typical example of a closed
loop system is one that uses a thermostat to control temperature. The thermostat compares the actual
temperature with the desired temperature; if the actual temperature is less than the desired temperature
an actuating signal causes the control elements to supply more heat. An open loop system does not
have active feedback that compares the controlled variable with the desired input.
13

The licensing process differs from certification, the licensing process also protects public safety.

14

Section 401.5 currently defines launch accident to mean a fatality or serious injury (as defined in 49
CFR 830.2) to any person who is not associated with the flight; any damage estimated to exceed
$25,000 to property not associated with the flight that is not located at the launch site or designated
recovery area; an unplanned event occurring during the flight of a launch vehicle resulting in the
known impact of a launch vehicle, its payload or any component thereof: (i) For an expendable launch
vehicle (ELV), outside designated impact limit lines; and (ii) for an RLV, outside a designated landing
site. Section 401.5 states that a reentry accident means any unplanned event occurring during the
reentry of a reentry vehicle resulting in the known impact of the reentry vehicles, its payload, or any
component thereof outside a designated reentry site; a fatality or serious injury (as defined in 49 CFR
830.2) to any person who is not associated with the reentry; any damage estimated to exceed $25,000
to property not associated with the reentry and not located within a designated reentry site.
15
This rulemaking makes effective the FAA decision to combine parts 440 and 450 in light of the fact
that they were almost identical, except that part 440 only applied to launch and part 450 addressed
reentry of reentry vehicles. The FAA requested comments on whether this would cause any concerns
for those persons having to abide by these requirements. In supporting the FAA decision to combine
the parts to reduce the regulatory burden on service providers, t/Space observed that a single part,
would simplify the process of establishing maximum probable loss and implementing reciprocal
waivers of claims. Rocketplane, on the other hand, commented that reentry conditions from orbit are
more severe than those from a sub-orbital RLV launch. The FAA agrees with this observation, but
notes that this part imposes no technical requirements.
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Appendix 4
Glossary of Terms
ACS: Attitude Control System
ALPA: Airline Pilots Association International
ASE: Association of Space Explorers-USA
Blue Origin: Blue Origin, LLC. This is the company developing the New Shepherd launch vehicle.
BM: Booster Module, as proposed by Inter Orbital Systems, Inc. for their Neptune launcher.
CFR: Code of Federal Regulation
CM: Crew Module as proposed by Inter Orbital Systems, Inc. for their Neptune launcher.
CNES: National Center for Space Studies, the French Space Agency.
CSLAA: Commercial Space Launch Amendments Act of 2004
CSTLR: Commercial Space Transportation Licensing Regulations
DOT: Department of Transportation of the United States
EADS: European Aerospace Defense Systems, this Company was created through the merger of
British Aerospace and Matra-Marconi of France.
ECLSS: Environmental Control and Life Support System
EES: Emergency Escape System (EES)
EPS: Electric Power System (EPS)
ESA: European Space Agency
FAA: Federal Aviation Administration of the United States
FLPP: Future Launch Preparatory Program of ESA
HTHL: Horizontal Take-Off and Horizontal-Landing
HTVL: Horizontal Take-Off and Vertical Landing (Note: Vertical landing from this take-off mode
usually implies a capsule landing by parachute either on land or in the ocean.)
IAASS: International Association for the Advancement of Space Safety
IASE: International Association of Space Entrepreneurs
ISLAP: Institute for Space Law and Policy
IOS: Inter Orbital Systems, Inc.
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JAXA: Japanese Aerospace eXploration Agency (JAXA)
JRS: Japanese Rocket Society
LiOH: Lithium Hydroxide
LNG: Liquid Natural Gas
LOX: Liquid Oxygen
LSS: Life Support System
MPL: Maximum Probable Loss
NASA: National Aeronautical and Space Administration of the United States
NPRM: Notice of Proposed Rule Making – This is a term of art used by U.S. Independent
Commissions and in the case of this study by the Federal Aviation Administration
OMB: Office of Management and Budget
OSM: Orbital Station Module, as proposed by Inter Orbital Systems for their Neptune launcher.
Planehook: Planehook Aviation Services, LLC
PRA: Paperwork Reduction Act of 1995.
PSF: Personal Space flight Federation
Regulations, The: Commercial Space Transportation Licensing Regulations
RpK: Rocketplane-Kistler Inc.
RLV: Reusable Launch Vehicle
SAAHTO: Stage and A Half To Orbit Launch Vehicle
SSTO: Single Stage to Orbit Launch Vehicle
Space X: Space Explorations Technologies Corporation (SpaceX)
SPF: Space Flight Participant
TGV: TGV Rockets, Inc.
USC: United States Code
VTHL: Vertical Take-Off and Horizontal Landing
VTVL: Vertical Take-Off and Vertical Landing
t/Space: Transitional Space Corporation
XCOR: XCOR Aerospace Inc.
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