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PARTNERSHIPS TO ADVANCE
THE BUSINESS OF SPACE

THURSDAY, MAY 16, 2013

U.S. SENATE,
SUBCOMMITTEE ON SCIENCE AND SPACE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Subcommittee met, pursuant to notice, at 10:06 a.m. in room
253, Russell Senate Office Building, Hon. Bill Nelson, Chairman of
the Subcommittee, presiding.

OPENING STATEMENT OF HON. BILL NELSON,
U.S. SENATOR FROM FLORIDA

Senator NELSON. Good morning. As an accommodation to the
Senator from Indiana, who wants to make a special introduction,
Senator Cruz and I will turn to him first.

STATEMENT OF HON. DAN COATS,
U.S. SENATOR FROM INDIANA

Senator COATS. Mr. Chairman and Senator Cruz, I thank you for
the privilege of doing this. I commend both you and Senator Cruz
for your leadership on this.

It’s a real pleasure for me to introduce a distinguished con-
stituent from Purdue University, Steven Collicott. Dr. Steven
Collicott is an expert in his field. He received his undergraduate
degree from the University of Michigan and his Master’s from
Stanford, but joined the Purdue faculty in West Lafayette, Indiana
in 1991, where he is a Professor in the School of Aeronautics and
Astronautics.

As you know, Mr. Chairman, our Aero-Astro program at Purdue
is fairly well-known. Twenty-two astronauts have come out of Pur-
due and flown, maybe one of them with you on your flight. I'm not
so sure about that.

Senator NELSON. Do you know the institution that has produced
more than any other university?

Senator COATS. I'd love to say it was Purdue, but I think you are
probably going to name some university in Florida.

Senator NELSON. No. It is actually the Naval Academy.

Senator COATS. Oh, really? OK. That makes sense. The ultimate
in flying assignments.

But such notables as Gus Grissom and Neil Armstrong and
many, many others have come out of the Purdue program. Dr.
Collicott has led a team of students in providing an experimental
project that will be operated on the International Space Station
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and a number of other distinguished accomplishments. So I want
to just welcome him here today.

I would love to stay, but other Subcommittees have made other
callings, so I have to excuse myself on that. But I thank you for
the opportunity to introduce Dr. Collicott.

Senator NELSON. Thank you so much.

Senator Cruz?

STATEMENT OF HON. TED CRUZ,
U.S. SENATOR FROM TEXAS

Senator CRUZ. Well, thank you, Mr. Chairman. Thank you to
each of the witnesses who are here today. I thank you, Mr. Chair-
man, for the opportunity for us to have this hearing and to get to
know more about the exciting potential for advancing our space-re-
lated knowledge and achievement by taking advantage of the com-
petitive forces and creative drive of the private sector.

Our economy has a great stake in the space race. Last year, 78
orbital launches were conducted worldwide, 20 of which were com-
mercial launches. And those 20 launches generated more than $2.4
billion in revenues, of which an estimated $108 million was attrib-
uted to U.S. launches. Activity in the space industry creates good,
high-tﬁch jobs now, and it inspires our next generation of leaders
as well.

For years, the U.S. Government has worked as a partner with
the commercial space industry, and the NASA Authorization Act of
2010 set in place a productive balance between the two that con-
tinues to bear fruit.

Today, I look forward to hearing from our panel about how we
can achieve even greater efficiencies from that balance and how we
can encourage more significant investment from the commercial
space industry and what legal and regulatory challenges are pre-
sented by its future development.

Thank you, Mr. Chairman.

Senator NELSON. Thank you.

As you can see, we run things a little differently on this com-
mittee. We are a little more informal. But when it gets to the sub-
ject of commercial space, it becomes extremely important. It be-
comes extremely important that we get American vehicles flying
Americans back up to the Space Station. It’s extremely important
that we have vehicles that are designed to be as safe as possible,
as the new generation of rockets are being designed. It was cer-
tainly an admonition of the Gehman Commission that investigated
the last Space Shuttle disaster that said that once you have com-
pleted the Space Station with the Space Shuttle, you shut it down
and you replace it with a safer rocket. Of course, that is being de-
signed right now.

We see the new applications of commercial activity in space, and
although we have always had—basically, it has been the contrac-
tors that have produced the hardware and the systems under
NASA’s direction that has given us this extraordinarily successful
program. It now enters a new dimension of commercial space.

I just came from a meeting with the President’s nominee for the
Department of Transportation, and we discussed how it is very im-
portant that the Office of Commercial Space Transportation in the
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Department of Transportation understands that they should never
get into these stovepipes that are so typical in government, where
turf becomes more important than the mission, and then the turf
battles and all the little jealousies occur.

And the Department of Transportation, I shared with the nomi-
nee, should do what their mission is, which is to handle adminis-
tratively and let NASA do what NASA does best and not try to
compete with each other.

Now, we are going to be doing a NASA authorization bill this
year, and we also plan to update the Commercial Space Launch
Act. So we are going to be using these hearings to help us develop
the policy that will continue to guide our space community toward
the goal of exploring the heavens.

So there is a lot to discuss, suborbital space, and I am going to
insert in the record my comments.

[The prepared statement of Senator Nelson follows:]

PREPARED STATEMENT OF HON. BILL NELSON, U.S. SENATOR FROM FLORIDA

Good morning! Thank you all for being here today for the third Science and Space
Subcommittee hearing of this Congress. In today’s hearing, we will hear about pri-
vate sector partnerships with the Federal Government on suborbital and orbital
space flight and the opportunities these capabilities afford this nation in advancing
the space industry.

As you may know, we will be reauthorizing NASA this year and updating the
Commercial Space Launch Act (CSLA). We will be using these hearings to help de-
velop the policy that will continue to guide the space community toward our goal
of getting people to Mars. And we cannot reach this goal without the likes of the
private and civil investments.

We've discussed orbital space flight in our previous hearings, but it is worth again
mentioning just how promising the future is for the U.S. space industry. Since the
last Authorization of NASA we have seen a lot of progress. Less than a month ago,
we witnessed a successful test launch of a new rocket that will soon deliver cargo
to the International Space Station, setting the stage now for two companies to con-
duct cargo resupply missions to the International Space Station. The second com-
pany has successfully completed two cargo delivery missions to the ISS.

NASA and its industry partners are also actively developing a commercial crew
capability that will allow U.S. providers to once again send NASA astronauts to the
space station. The Russians are our partners on the ISS, and we thank them for
their safe delivery and return of NASA astronaut Tom Marshburn just this past
Monday, among the two others, but we need our own capability as well.

Of course, NASA is also charged with building and flying the heavy-lift Space
Launch System and the Orion capsule, which will take humans farther into space
than ever before.

When it comes to sub-orbital space flight, I think many people are at least famil-
iar with this market, in part because of some of the recent successes that have been
publicized.

But sub-orbital space offers more than just a few minutes of weightlessness for
those who can afford it. Sub-orbital space flight is also well suited to scientific re-
search and education and can provide students and researchers with new opportuni-
ties for studying the Earth and for conducting short-duration experiments in micro-
gravity.

We all know challenges exist, but the key to success here is balance; not just a
balance between public and private space endeavors but also between competition
and cooperation. As was said at our last hearing, we cannot continue to go forward
with the “or” mentality. Helping to make the private space industry successful will
help to send humans beyond low-Earth orbit again—and vice versa.

As we move toward updating space policy, we also need to look at the role of the
Federal Aviation Administration’s Office of Commercial Space Transportation in de-
veloping appropriate safety regulations for private space flight. We need to strike
a balance here as well so that both government and industry can ensure safety
without stifling innovation. Customer safety is a valuable component of the indus-
try’s success and if we wait too long to address this issue, an accident may com-
promise the whole industry.
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With these issues in mind, I look forward to continuing to work with the private
U.S. space industry as it is a vital part of our future space program. So, it is my
pleasure to welcome all of our witnesses.

Mr. Wayne Hale, Jr. comes to us as the Director of Human Spaceflight for Special
Aerospace Services. He is a retired NASA engineer who has held positions including
NASA Flight Director and Space Shuttle Program Manager. Mr. Hale will discuss
how commercial space efforts contribute toward national space exploration goals and
the Government’s role in supporting private space sector growth.

Ms. Patti Grace Smith is an Aerospace Consultant and Advisor. She has extensive
experience in the U.S. space sector both as former Associate Administrator of FAA’s
Office of Commercial Space Transportation and as the current Chair of the NASA
Advisory Council’s Commercial Space Committee. Ms. Smith will address the Fed-
eral policies needs and recommendations affecting the private space industry and
ways to maximize collaborations between the FAA, NASA, and private space ven-
tures.

Captain Michael Lopez-Alegria is the President of the Commercial Spaceflight
Federation. Captain Lopez-Alegria, a former NASA astronaut—and veteran of four
space flights and Commander of ISS Expedition 14—now works to promote commer-
cial spaceflight. He will provide an overview of the progress and plans of the com-
;percial spaceflight industry as well as policy recommendations to support their ef-
orts.

I now would like to welcome my colleague and member of this Subcommittee, Sen-
ator Coats of Indiana, to introduce our final witness from his home state.

Senator NELSON. Let me introduce our panel members.

Wayne Hale comes to us as Director of Human Spaceflight for
Special Aerospace Services. He is retired from NASA. He has held
positions including NASA Flight Director and Space Shuttle Pro-
gram Manager. Mr. Hale is going to discuss how commercial space
efforts contribute toward national space exploration goals and the
government’s role in supporting the private space sector growth.

Ms. Patti Grace Smith is an Aerospace Consultant and Advisor.
She has extensive experience in the U.S. space sector both as a
former Associate Administrator of FAA’s Office of Commercial
Space and as the current Chair of the NASA Advisory Council’s
Commercial Space Committee. She will address the Federal poli-
cies, needs, and recommendations affecting the private space indus-
try and the ways to maximize collaborations between FAA, NASA,
and private space ventures.

Captain Michael Lopez-Alegria is President of the Commercial
Spaceflight Federation. A NASA astronaut, a veteran of four space
flights, Commander of ISS Expedition 14, now he works to promote
commercial spaceflight. He will provide an overview of the progress
and plans of the commercial spaceflight industry, as well as policy
recommendations.

Dr. Collicott we have already had introduced by the Senator from
Indiana.

So thank you for being here and bringing your expertise to the
discussion.

So, with that, Mr. Hale, we’re going to put your written testi-
mony in the record. If you will summarize it within about 5 min-
utes, and we will just go down the line. Thank you so much.

STATEMENT OF N. WAYNE HALE, JR., DIRECTOR OF HUMAN
SPACEFLIGHT, SPECIAL AEROSPACE SERVICES, NASA
FLIGHT DIRECTOR AND PROGRAM MANAGER (RET.)

Mr. HALE. Thank you, Chairman, Senator Nelson. And thank
you, Ranking Member, Senator Cruz, and the entire committee, for
inviting me to testify on this important matter.
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In the interest of full disclosure, you should note that I spent
most of my professional life working at NASA in the Space Shuttle
Program. As a matter of fact, Senator Nelson, I was in Mission
Control during your flight just a few years ago. During those many
years, I have seen NASA at its very best and at its worst. The
hard-working dedication of NASA personnel is phenomenal, and
their talent and creativity are second to none. However, their en-
deavors have frequently been stymied due to the inherent bureau-
cratic inefficiencies of government work and the frequent shifts in
priorities and funding that whipsaw space initiatives.

My last NASA assignment was to define the management philos-
ophy for the new Commercial Crew Program. After leaving NASA,
my work has continued as a consultant. My company, Special Aero-
space Services, advises entities involved in the commercial crew
and commercial space cargo enterprises, and I have volunteered my
time to work with the Commercial Spaceflight Federation to estab-
lish industry standards for this fledgling community. So the Com-
mittee can see that I am hardly a disinterested party.

In space today, the most singularly vexing problem is the high
cost of getting to low-Earth orbit. As Robert Heinlein once ob-
served, “When you are in Earth orbit, you are halfway to anywhere
in the universe,” which accurately reflects the physics of the situa-
tion. Today, getting that first step to the universe is very costly.

Hundreds of potential business opportunities and the limitless
resources of the solar system have floundered on the high cost of
transportation to low-Earth orbit. Asteroid mining, energy produc-
tion, and zero-gravity manufacturing are all within our grasp tech-
nologically but will not be profitable businesses until reliable and
reasonably affordable transportation systems are in place.

However, these new transportation systems to low-Earth orbit
have very high development costs. So we are in a chicken-or-the-
egg paradox. Space business needs low-cost transportation to be-
come profitable, while potential private transportation services
need established businesses to justify the cost of their construction.

This is not the first time America has been in this situation.
Both the early railroads and the fledgling air transportation indus-
tries found themselves becalmed in similar straits. The Federal
taxpayer stepped in to provide critical resources to help those in-
dustries develop. These Federal investments paid back myriadfold
in tax revenues when the new industries caught fire.

The history of spaceflight has been marked with the goal of de-
creasing the cost of transportation to low earth orbit. In the last
decade, the United States has embarked on a bold new experiment
to turn over the creative reins of spacecraft development to nimble,
flexible, creative private commercial firms. Bolstered with a mod-
icum of taxpayer resources, these businesses have leveraged pri-
vate investment to develop new, much cheaper transportation sys-
tems.

We see the first fruits of success today with the cargo-carrying
craft SpaceX’s Falcon and Dragon and Orbital Science’s Antares
and Cygnus. These cargo-carrying, privately developed vehicles are
starting to supply our government outpost, the International Space
Station. In future years, the Boeing CST-100 and Sierra Nevada
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Dream Chaser, both flying on the proven ULA Atlas V rocket, will
be added to the fleet to carry human beings, as well as cargo.

Poised on the cusp of these new systems, America runs the risk
of being penny wise and pound foolish as we make the same mis-
take that doomed the Space Shuttle to much higher cost oper-
ations, starving spacecraft development programs in the name of
saving a few pennies for today’s budget bottom line, resulting in
compromised systems that, if they fly at all, will not be cheap
enough to enable business in space.

Regarding NASA’s deep space exploration plans, the commercial
systems will enable deep space exploration initiatives in substan-
tial ways. First, the International Space Station is our test labora-
tory for the critical technologies and systems that deep space explo-
ration will need. Commercial transportation of cargo and crews to
the ISS directly support deep space systems development.

As deep space exploration proceeds, commercial crew and cargo
vehicles will likely be called on to aid with assembly and fuel deliv-
ery to low earth orbit. Cost-effective commercial transportation to
low earth orbit can make a vital difference in equipping the space
fleet. The two efforts go hand-in-hand. Funding equity between the
two programs is necessary to ensure the timely success of both.

I urge Congress to fully fund both of these vital activities. They
will allow America and American industries to lead in the explo-
ration and development of human activity in our solar system.
Paraphrasing John F. Kennedy, there is no project that is so impor-
tant for the long-term success of humankind, and I hope that those
historians of the future will record that at this crossroads of his-
tory, a creative, enterprising, farsighted nation called America led
that way.

I look forward to your questions.

[The prepared statement of Mr. Hale follows:]

PREPARED STATEMENT OF N. WAYNE HALE, JR., DIRECTOR OF HUMAN SPACEFLIGHT,
SPECIAL AEROSPACE SERVICES, NASA FLIGHT DIRECTOR AND PROGRAM MANAGER
(RET.)

I thank the Committee for inviting me to testify concerning the growth of the
space industry including the private sector space transportation.

In the interest of full disclosure, I am hardly a disinterested party in this topic.
I am and have always been a passionate believer that space exploration and the in-
dustries that may derive from it will benefit humanity in ways beyond our imag-
ining. I have spent most of my professional life working in the large government
space programs of the Space Shuttle and the International Space Station. During
those years I have seen NASA at its very best and at its worst. The hard working
dedication of my colleagues at NASA personnel is nothing short of phenomenal, and
their talent and creativity is second to none. However, their endeavors have fre-
quently been stymied due to the inherent bureaucratic inefficiencies of government
work and the frequent shifts in priorities and funding that whipsaw most space ini-
tiatives. This has led me to believe there must be a better way to develop and oper-
ate space systems.

In my last assignment before retirement from government service, I worked with
Frank Bauer, the Chief Engineer of the Exploration Systems Directorate, to define
the management philosophy, protocols, and processes for the then new Commercial
Crew Program within NASA. After my retirement, my work has continued as a con-
sultant. My company, Special Aerospace Services, and I are paid advisors to a num-
ber of entities involved in the commercial crew and commercial space cargo enter-
prises. And I have volunteered my time to work with the Commercial Spaceflight
Federation to establish safety, management, and engineering standards for all the
members of this fledgling industry. So the Committee can see that I am hardly a
disinterested party and should weigh my testimony as such.
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Establishing good, effective safety, engineering, and management standards in a
voluntary industry association is the hallmark of any reputable and mature indus-
try. I am pleased to report that the CSF is making good progress in setting up vol-
untary processes which will ensure public safety and promote general success in this
difficult business. Industry group standards can alleviate the need for government
regulations by allowing the members of a trade association to tailor best practices
specifically for their industry. Evolution of these industry standards inevitably pro-
ceeds more rapidly than the development of government regulations and can there-
fore take rapid advantage of best practices as they emerge.

The most singularly vexing problem with space flight is the high cost of getting
to low-Earth orbit. As the noted science fiction writer Robert Heinlein once ob-
served, “when you are in earth orbit you are half way to anywhere in the universe”
which accurately reflects the physics of the situation.

The lack of low cost transportation to that point located just above the earth’s at-
mosphere and moving at 17,500 mph forward velocity has prevented potential space
entrepreneurs more than any other factor. Hundreds of potential business opportu-
nities in the limitless resources of the solar system have floundered on the high cost
of transportation to low-Earth orbit. Asteroid mining, energy production, zero grav-
ity manufacturing are all within our grasp technologically but will not be profitable
until reliable and reasonably affordable transportation systems are in place.

New systems for transportation to low-Earth orbit have enormously high develop-
ment costs. Private investors, with a few exceptions, are loath to provide the capital
needed to develop low-Earth orbit transportation without clear and immediate busi-
ness ready to purchase tickets.

So we are in a “chicken or the egg” paradox. Space business needs low cost trans-
portation to become profitable, while potential private transportation services need
established business to justify the cost of construction. This is not the first time that
America has been in this situation. Both the early railroads and fledgling air trans-
portation industries found themselves becalmed in similar straits. In both these
cases, and others, the Federal taxpayers stepped in to provide critical resources to
help new industries develop. Those investments have been paid back myriad-fold in
tax revenues when the new industries caught fire and provided transportation sys-
tems that were the envy of the world.

NASA and its predecessor agency the NACA provided needed aeronautical re-
search to make air transportation as inexpensive and safe as we find it today. The
Federal investment in aeronautics development has paid off handsomely in the de-
velopment of a multi-billion dollar industry. Indeed, one of the largest sectors of net
exports in the American economy is aerospace with billion dollar sales a common
occurrence.

The history of space flight—after the first early steps to demonstrate that space
flight was even possible—has been marked with the goal of decreasing the cost of
transportation to low-Earth orbit. In my home I have an entire shelf of books popu-
lated by volumes of studies and proposals from a multitude of thinkers spread over
dﬁcades on that subject: how to provide reliable safe space transportation on the
cheap.

The space system that consumed much of my professional career, the Space Shut-
tle, was established to achieve just such a low cost goal. But the technologies of the
1970s, harnessed to a risk adverse government apparatus resulted in a system that
was only slightly less expensive than those which went before.

In the last decade, the United States embarked on a bold new experiment to turn
over the creative reins of spacecraft development to entrepreneurial, nimble, flexi-
ble, creative private commercial teams. Bolstered with a modicum of taxpayer re-
sources, these businesses have leveraged private investment to create the critical
mass to develop new, much cheaper transportation systems. We see the first fruits
of success today with cargo carrying craft: the SpaceX Falcon and Dragon, and the
Orbital Antares and Cygnus. These cargo carrying privately developed vehicles are
starting to supply our government outpost, the International Space Station. In fu-
ture years others, the Boeing CST-100 and the Sierra Nevada Dream Chaser will
be added to the fleet to carry human beings as well as cargo.

Poised on the cusp of these new systems, we run the risk of being penny wise
and pound foolish as we make the same mistake that doomed the Space Shuttle to
much higher cost operations: starving a spacecraft development program in the
name of saving a few pennies for today’s budget bottom line resulting in the com-
promised systems that, if they fly at all, will not be cheap enough to enable business
in space.

This is not to devalue the development of truly deep space exploration systems
by the government. Those high risk, high cost systems payback over such are long
term that they would never be funded by private investment. But, like the expenses
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incurred by Lewis and Clark, Captain Zebulon Pike, and a host of other government
expeditions in our history, the payback from exploration will be enormous for both
the country and for all of humanity. Just at a more distant point in the future than
business spreadsheets normally run. The SLS and the MPCV should be developed
in conjunction with the commercial low-Earth orbit transportation systems. Flying
to cis-lunar space to inspect a captured asteroid is an engineering and operations
test worthy of a first deep space mission. But that mission can only be a first step.
More should follow.

The commercial systems will enable the deep space exploration initiative in sub-
stantial ways. First of all because the ISS is our space test laboratory for the tech-
nologies and systems that deep space exploration will need. Operation in space,
aboard the ISS, is the most effective means to wring out life support, communica-
tions, propulsion, and other technologies. Commercial transportation of cargo and
crews to the ISS directly support deep space systems development. As deep space
exploration proceeds, commercial cargo and crew vehicles will likely be called upon
to aid with assembly and fuel delivery to low-Earth orbit where we will finalize
preparations to head into the vasty deep. Cost effective commercial transportation
to low-Earth orbit can make a vital difference in equipping the deep space fleet.

So the two efforts go hand in hand. Funding equity between the two programs
is necessary to ensure the timely success of both. Currently, the commercial space
effort stands uncomfortably close to the brink of financial starvation. Deep space
transportation development is being stretched out by similar restrictions. Business
is looking to see if the government is serious about providing the critical support
or whether this effort will be wasted as so many earlier government programs which
withered away on the very cusp of success: National Launch System, Orbital Space
Plane, and others.

I urge the Congress to fully fund these vital activities, both the commercial crew
program and the exploration systems. They will allow America and American indus-
try to lead in the exploration and development of human activity in our solar sys-
tem. When the historians of the future look back on our era, they will recognize the
movement of humanity from planet earth into the solar system as the pivotal event
of our times. There is no project that is so important for the long term success of
humankind. I would hope that those historians record that at this crossroad of his-
tory that a creative, enterprising, farsighted nation called America led the way.

The prizes both economic and historic are too great to bypass. If America does not
lead in these enterprises, somebody else will. And the leader will reap the greatest
rewards both in the near term and in the longer term.

For all our limitations, America is a very rich country. There are many things
which America needs to do for the present moment: provide for a strong military
to protect us in a dangerous world, educate our children, care for our elderly and
infirm, revitalize our transportation infrastructure of roads, bridges, airports, and
more. All of these activities are of vital importance today. Space exploration is about
the future. Space exploration is possibly the only line item in the Federal budget
that is all about the future. Currently we spend one half of one percent of our Na-
tion’s treasure on the future. Isn’t the future worth that investment?

Senator NELSON. Thank you, Mr. Hale.
Ms. Smith?

STATEMENT OF PATTI GRACE SMITH, PRINCIPAL,
PATTI GRACE SMITH CONSULTING, LLC

Ms. SMITH. Mr. Chairman, Senator Cruz, and members of the
Subcommittee, thank you for inviting me to be a part of this hear-
ing. As a former Associate Administrator for Commercial Space
Transportation, and as a current participant in the commercial
space industry, I appreciate very much the opportunity to comment
on partnerships to advance the business of space.

These are milestone times for commercial space transportation.
They are times that call for a balanced approach, a balanced ap-
proach, to make sure we know how we got here, where we are,
where we are going, and how to best integrate the strengths, ac-
complishments, and lessons of the pioneers of American spaceflight
and the pioneers of new space.
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Longstanding promises of commercial spaceflight are turning
into visible results. SpaceX is servicing the International Space
Station. Boeing recently performed a successful test of an inte-
grated test article. Orbital Sciences has orbited a payload. Virgin
Galactic has test-dropped its space passenger vehicle, all remark-
able achievements that some did not expect. Sierra Nevada re-
cently successfully completed the integrated system safety analysis
review. And the list of new developers goes on and on. XCOR,
Masten, Blue Origin and Armadillo Aerospace, each determined,
each hopeful and relentless, each focused on safety, and all making
steady progress. The Atlas rocket continues to deliver mission ex-
cellence and reliability with unparalleled success.

For years, the commercial space industry contended with skep-
ticism. Now it must deal with the effects of enthusiasm. Both can
be equally daunting. There is a risk that new enthusiasts with the
best of intentions will try to change industry aims just as commer-
cial space reaches its target. I hope that will not happen.

That is why this is a time for special discernment. When Con-
gress approved the Commercial Space Act of 1984, one of the ele-
ments was the Office of Commercial Space Transportation, or AST,
that in 1996 found a home at the FAA. That decision made it pos-
sible for early commercial space leadership to observe and absorb
lessons that helped AST guide an industry from the nursery to
emerging maturity.

In the 1984 Act, Congress passed legislation that created a flexi-
ble, open venue that invited opportunity rather than proscribing in-
novation, while permitting no compromise on safety. Over the
years, entrepreneurs and regulators have worked hard to keep
finding better, safer ways to conduct space flight. Congress estab-
lished what became a model for space efforts in countries world-
wide. The co-existence of both air and space in the FAA has forced
any and all issues of how things might work out on the table.

My observation is that since before the relocation of space in the
FAA, as it was formerly located in the Office of the Secretary, avia-
tion never had to really consider it or any other new entity in its
airspace. AST’s presence has forced the conversation and a greater
awareness of that thing we call the NAS, the National Airspace
System, which is a national asset belonging to the nation, and we
share it as we do all other things national.

Therefore, for the near term, I strongly favor keeping the Office
of Commercial Space Transportation within the FAA as more
launch manifests develop. Once that happens and space launch and
space activities become a regular occurrence, a regular user in the
NAS, Congress should move with deliberate speed to move AST to
the Department of Transportation to take its rightful, its logical
place as another transportation mode, as all other modes of trans-
portation.

I firmly believe that this is what former Secretary Elizabeth Dole
had in mind when she proposed to President Reagan that commer-
cial space reside in the Department of Transportation during its in-
fancy, and what former FAA Administrator David Henson had in
mind when he announced to all of the FAA management team the
day commercial space arrived at the FAA, and I quote, “It will be
a line of business, different but equal, to all other lines of business.
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We, the FAA, will enable this industry to develop to a level of
robustness and routine to fulfill the dream of space as transpor-
tation.” That is still the dream, and we are closer to fulfilling it
than ever before.

I believe AST should continue to supervise and solely regulate
suborbital commercial launch operations, including those associ-
ated with rocket launches of either humans or cargo. The FAA’s Of-
fice of Commercial Space Transportation licenses the launch sys-
tem as a whole, but the FAA’s Office of Aviation Safety certifies the
carrier aircraft when it is flying alone, even when the aircraft is
operating in support of launch-related activities.

And my final point is that I strongly support extending indem-
nification as a recommendation at a minimum of 10 years.

I'll be happy to answer questions at the appropriate time. Thank
you.

[The prepared statement of Ms. Smith follows:]

PREPARED STATEMENT OF PATTI GRACE SMITH, PRINCIPAL,
PATTI GRACE SMITH CONSULTING, LLC

Mr. Chairman, Senator Cruz, and members of the Subcommittee, thank you for
inviting me to participate in this morning’s hearing. My name is Patti Grace Smith
and I am the Principal in Patti Grace Smith Consulting. As a former Associate Ad-
ministrator of the Office of Commercial Space Transportation at the Federal Avia-
tion Administration, and as a currently active participant in the commercial space
Hldﬁstry, I welcome the opportunity to comment on the state of commercial space

ight.

The Emergence of Commercial Space Flight

These are milestone times for commercial space transportation. These are times
for a balanced approach that looks at where we have been and why; where we are
today and why; and where we would like to go. I prefer an approach that considers
all space capabilities, both early and new; that values the long—standing contribu-
tors who have consistently delivered unparalleled results for our nation; and simi-
larly values the significant accomplishments of new entrants. Plans for SLS and
commercial crew and cargo, it seems to me, reflect that sort of balanced approach.
As an Alabamian, I am proud to say that commercial launch vehicles built in Deca-
tur are a reality, with new ones built every year.

Today long-standing promises are turning into visible results. SpaceX, launching
from Florida, has serviced the International Space Station. Orbital Sciences’ Antares
rocket has successfully orbited a payload from its launch site at Wallop’s Island, Vir-
ginia. Virgin Galactic has test-dropped its space passenger vehicle over California
as it moves closer to regular operations from New Mexico. And the Atlas V rocket
is still the most reliable launch vehicle, delivering mission success one launch at a
time.

These are remarkable achievements by the private sector. Yet some observers be-
lieve they are overdue when compared to America’s earlier space performance. For
example, President Kennedy in 1961 pledged to land a man on the moon and return
him safely to Earth by the end of the decade. It took roughly 2,800 days for NASA
by the time they did it in 1969. To accomplish the moon landing within this aggres-
sive timeframe, NASA leveraged the contemporaneous capabilities of the private
sector, working with industry to execute NASA’s mission. NASA was the unques-
tioned leader, bringing the will, technical expertise, integration, and resources to the
task.

Still, the commercial sector has delivered convincingly, as well. Today, the com-
mercial sector is demonstrating not just technical accomplishments, but vision and
the willingness to take financial risks to move our relationship with space forward.
On the independent initiative of private enterprise, it was also roughly 2,800 days
between October of 2004 when SpaceShipOne captured the Ansari X-Prize and May
of 2012 when the SpaceX Falcon 9 docked with the International Space Station, the
first for a commercial launch vehicle in the history of the Nation. Many said it
couldn’t be done. But SpaceX delivered, a remarkable accomplishment fully con-
sistent with the proud tradition of American space flight.
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Commercial space flight has advanced at its own measured pace during some of
the darkest economic times in memory. The private sector has moved forward in
large part by fully embracing the precepts of safety. To that end, after the headlines
and spotlights of the X-Prize success came more science, more engineering, more
self-examination and a preference for caution and methodical process. “Test and de-
velop, test and develop, and do not fly until you are ready to fly” became the order
of the day.

The time was well spent. As circumstances have changed and budgets have tight-
ened, NASA has returned to its core mission of research and development, and tech-
nology demonstration. NASA is looking now to the Commercial Spaceflight industry
for vital services. And the industry is delivering.

For years—for challenging years—the commercial space industry has contended
with skepticism. Now it must deal with the effects of enthusiasm. Both of those can
be equally daunting. Skeptics used to say the industry couldn’t do it. Now there’s
the risk of new enthusiasts saying “do it this way, do it that way, or the industry
needs to change its aim” just as commercial space reaches its target.

That’s why I believe this is a key moment for special discernment when we must
see clearly how commercial space flight got to where it is and how those responsible
for it need to proceed and be supported.

The Office of Commercial Space Transportation (AST)

Congress took a major leap of faith with passage of the Commercial Space Act
of 1984, legislating a framework when, practically speaking, there was so little real
data on which to base choices. Fortunately, Congress produced a flexible, open
venue that invited opportunity rather than proscribing innovation. This open venue
will yield unparalleled benefits in due time and it all began with an Act of Congress.

A visionary product of the 1984 legislation was the Office of Commercial Space
Transportation (AST). It began life in the Office of the Secretary of Transportation.
It migrated successfully to a new status as one of the FAA’s major lines of business.
It was a fortunate turn of events. It enabled the early AST leadership to observe
and absorb established safety practices and to build on them as it has helped guide
an industry from the nursery to emerging maturity.

The industry and the office continue to evolve. An increasing number of tests and
accelerating data collection will provide a clearer picture of what future regulatory
steps may be in order. Scientist and regulator alike will learn more as manifests
for operational flights become more robust and trips to suborbital space become reg-
ularly scheduled flights. Commercial spaceports operating as national assets will
connect other launch sites as part of a transport and national security resource.
Commercial space transportation will take its rightful place as a respected, recog-
nized and, indeed, required part of our national transport grid. We are in an enrich-
ing learning environment where the growth in information will help us do better
what we have already done well.

AST has proven itself a balanced advocate but firm regulator. I am not suggesting
that the way things are, is entirely comfortable or ideal for either the regulator or
the entrepreneur. Yet healthy tension and constructive disagreement are valuable
commodities in a risk-persistent environment like rocket flight. And all parties have
managed well.

Neither entrepreneur nor regulator has a monopoly on knowing what’s best in
every case. So they have worked hard—together—to keep finding out what’s best.
And that’s proven to be the genius of the commercial space flight regime Congress
established. In fact, the legislative/regulatory model now in place has worked to the
credit of the industry, to the credit of the regulators and to the envy of space efforts
in countries around the world.

Therefore, on any list of policy proposals:

I would unreservedly favor keeping the Office of Commercial Space Transpor-
tation within the FAA, for the near term, while a more robust launch manifest
emerges. Although the Commercial Space Launch Act was approved at a time when
hard data was scarce, the Act allowed the industry to establish itself. In 1984, de-
spite limited data, we had little choice. Now we do.

Since we are still moving toward regularly scheduled launches in private human
spaceflight, I believe we should take advantage of the pending opportunity to allow
performance data to guide our way and inform our judgment. The Office of Commer-
cial Space Transportation (AST) located with the Federal Aviation Administration
is, I believe, in the best position to gather essential data on which Congress can
base future choices.

At the same time, I believe Congress may be the best place to resolve jurisdic-
tional questions surrounding hybrid space vehicles, those vehicles that have both
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space and aviation—like elements. These vehicles are designed for placing payloads
or humans on either suborbital or orbital trajectories. They are built by a few com-
panies in low volumes. Vehicle type and production certification is prohibitive in
terms of cost and performance. Congress could address the issue, and then assign
responsibilities to a supervising regulatory agency, the FAA.

Sub-orbital Launch Operations

I would propose that AST continue to supervise and solely regulate sub-orbital
commercial launch operations. That would extend to any and all activities associ-
ated with rocket launches of either humans or cargo. This is especially important
for launch operators like Virgin Galactic and other similar air-launched systems.
The FAA’s Office of Commercial Space Transportation licenses the launch system
as a whole, but the FAA’s Office of Aviation Safety (AVS) certificates the carrier air-
craft when the aircraft is flying alone—even when that aircraft is operating in sup-
port of launch-related activities. This inefficient “dual license” requirement should
be reconsidered. Managing two regulatory regimes for nearly similar operations
risks introducing inconsistencies and gaps between regulation which could affect
safety.

A related issue is the automatic revocation of an experimental permit upon
issuance of a license. This “permit invalidation” inhibits smooth, rapid improve-
ments in safety and capability. The CSLA should allow experimental permits to be
valid for a particular design of a reusable suborbital rocket after a launch license
has been issued for launch or reentry of a rocket of that design. Failure to resolve
this issue produces cost, time lost, and uncertainty. Resolving this issue is a specific
step Congress can take to assist the industry’s growth and development.

Strengthen “informed consent”

While the Commercial Space Launch Act requires the licensees obtain informed
consent from their spaceflight participant customers, it is silent on the issue of po-
tential claims from participants in the event of a flight incident or accident. I rec-
ommend that the statue should allow for agreements not to sue, to include partici-
pants. These would be agreements under which all parties agree not to sue each
other for any harm they may suffer, known as reciprocal waivers of claim.

Launch Site Safety

Safety governs the future of space operations. It is at the core of both the work
AST does, and the success of the commercial space flight industry. To that end,
in September of 2007, the Air Force and the FAA entered into a Memorandum
of Agreement on Safety for Space Transportation and Range Activities. It took
years to work it out. But it has proven itself a useful, necessary and key instru-
ment for enhancing safety on the ranges and understanding among the parties.
It has made operations easier for new launch entrants at Federal launch sites.
It has produced common standards for launch operations among the Federal
and non-federal/commercial launch sites.

Memorandum of Understanding

Among other Memoranda of Agreement, there is also a Memorandum of Under-
standing among the National Transportation Safety Board, the Air Force and
the Federal Aviation Administration regarding space launch accidents. Al-
though fortunately there has been no occasion to call it into operation, it is, as
I see it, the kind of guiding document that will make it possible for all the over-
seeing parties to work effectively together if the need arises. At this point, I be-
lieve no adjustments are in order.

Indemnification

On another subject, I strongly favor extending indemnification provisions for a
minimum of ten years. The current one-year extension breeds uncertainty in the
same way that a series of one-year contracts in the sports world undermines
confidence that a long-term contract inspires. The indemnification provision is
a recommendation that Congress is not obliged to follow. But it sends a power-
ful message that says to the rest of the world: “The United States supports our
commercial space industry and is willing to share the risk.” Indemnification
provides our domestic commercial space industry much-needed leverage in com-
peting for business with state-sponsored launch efforts in other countries. The
absence of the risk-sharing approach—or lack of assurance about its future—
would create doubt and instability in the launch industry.
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Creative approaches to acquisition

Space Act Agreements (SAAs) are an important public-private firm-fixed price ap-
proach to space system development. NASA’s use of Space Act Agreements (SAAs)
demonstrates NASA’s willingness to proactively engage the private sector to identify
potential opportunities for commercial space companies to meet NASA’s needs and
requirements. They dramatically reduce NASA’s exposure to risk and incentivize
commercial providers to keep development costs as low as possible while maintain-
ing the highest standards for safety. Space Act Agreements often are not funded—
rather, they result in monies flowing to the USG from partners using (and paying
for the use of) NASA facilities and services. SAAs allow the USG to write any re-
quirements that may be desired into the agreement.

The work products are already demonstrating contributions to NASA’s beyond
LEO human exploration missions in ways that will reduce costs while enhancing ca-
pabilities. For example, Bigelow Aerospace’s SAA will help commercial space
achieve escape velocity from low-Earth Orbit. In fact, on next Thursday, May 23,
NASA Associate Administrator Bill Gerstenmaier and Robert Bigelow will partici-
pate in a kick-off briefing on Capitol Hill to describe the SAA and answer any ques-
tions that Members or Hill staff may have.

Nationally Integrated Space Capabilities

There are now eight FAA-licensed launch sites in the United States, with others
under discussion. I believe we should explore ways to facilitate NASA’s use of these
sites as a matter of economy, convenience and safety. NASA currently makes avail-
able services to orbital and suborbital companies and it seems reasonable to return
the courtesy.

The integration of assets and capabilities also helps address the matter of what
commercial launch sites are up to when they are not launching rockets, their in-
tended core business. I believe it would be extremely worthwhile for Congress to re-
quire that the Federal Aviation Administration, NASA and the Air Force explore the
value of involving privately operated commercial spaceports as part of a national
network to meet overall American space flight needs.

On-Orbit Authority

I agree with the DOT/FAA Commercial Space Transportation Advisory Com-
mittee (COMSTAC) that on-orbit authority needs to be discussed. Currently, un-
certainty surrounds jurisdiction and regulatory questions of on—orbit oper-
ations involving space transportation. A thorough look should address questions
like: Specifically, what are the safety hazards and needs posed by spacecraft
while operating in the National Airspace System (NAS)? How should the U.S.
Government handle on-orbit authority? What is the need for on—orbit authority
and does the FAA play a role in satisfying that need? FAA/AST should examine
“space traffic coordination” and create scenarios and analysis exploring the
issue. AST should simulate and model with the FAA’s Next Generation Airspace
effort how the integration of regularly scheduled space traffic would look in the
NAS. FAA/AST should begin infrastructure studies to identify monitoring re-
quirements for on-orbit activities to the extent required for space traffic coordi-
nation.

NASA’s Educational Programs

Finally, I am very concerned about the cuts to NASA’s educational program at
a time when NASA is on a different trajectory and with a vision different from
any before. Like every other sector of the space industry, commercial space is
dependent on America’s ability to produce and equip with a specific set of tech-
nical skills and capabilities the next generation of space professionals. It is vital
work that needs to begin early in a student’s educational journey. These skills
and capabilities derive from the STEM disciplines that can support space oper-
ations today, and those that young minds can dream and create for the future.
No one teaches what NASA does like NASA. I recommend that Congress take
another look at the benefits of STEM education and reconsider the enormous
investment value of NASA’s education program.

Going Forward

The FAA’s Office of Commercial Space Transportation has performed pioneering
service in a comparatively new and still evolving industry. It has worked effectively
with the Air Force and with NASA and with the industry itself. And while forging
a regulatory framework, it has been an active, open and attentive companion to sea-
soned talent in its own environment. I'm talking about NASA. Its work in human
exploration and crew and cargo transport is unparalleled. Those of us in the space
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industry understand that NASA remains a living legend, changing, improving,
adapting to new science and exploration.

In fact, the United States’ diverse spaceflight talent is a major asset that we are
fortunate to maintain. Other nations have put objects into space. Other nations
have put humans into space. Some have conducted commercial space launches. But
no other nation has done all these things using the resources and genius of both
the public treasury and private investment. With safety as its imperative, the
United States has shown to the world the ability to integrate space initiatives.

No other nation has done that. No other nation has performed space flight as well
as we have. And I'm proud to say, we're getting even better at it. We are stronger
than ever. We have only just begun.

Thank you.

Senator NELSON. Thank you, Ms. Smith.
Captain?

STATEMENT OF CAPTAIN MICHAEL LOPEZ-ALEGRIA, USN
(RET.), PRESIDENT, COMMERCIAL SPACEFLIGHT FEDERATION

Captain LOPEZ-ALEGRIA. Chairman Nelson and Ranking Member
Cruz, good morning again. I want to say it’s an honor to be seated
at this table with my colleagues, and thanks for the opportunity to
share some thoughts on partnerships to advance the business of
space with you.

About a year ago, after 20 years and over 4,000 orbits of the
Earth, I decided to leave what was arguably a pretty good job as
a NASA astronaut to come here, and I did that because this is real-
ly important. I truly believe that commercial space flight is impor-
tant to the future of our human exploration of space in this coun-
try. We're about to restore an imperative national capability, to de-
mocratize access to space, and to build an industry that I'm con-
vinced will lead the world, and frankly, I can’t think of a more hon-
orable calling than to be part of it.

The Commercial Spaceflight Federation represents over 40 com-
panies across the country that are working to make commercial
spaceflight a reality. Their spheres of influence range from near
space with science and technology payloads on high-tech and very
high-altitude balloons, to suborbit, low-Earth orbit and beyond.

The era of commercial human spaceflight began with the fan-
tastic achievements of the SpaceShipOne team that won the Ansari
X Prize back in 2004 by sending a piloted, reusable vehicle to an
altitude of over 100 kilometers twice in the span of 5 days.

In recent weeks, there have been even more exciting accomplish-
ments that point to the beginning of commercial suborbital oper-
ations within the next year. One was a testing by XCOR of a piston
pump-powered rocket motor. This technology represents a giant
leap in the quest for a propulsion system whose reusability ap-
proaches that of a commercial jet.

And another milestone that was mentioned before is a test flight
by Scaled Composites of SpaceShipTwo, a larger version of its pred-
ecessor, for Virgin Galactic. Its rocket motor, developed by the Si-
erra Nevada Corporation, was ignited for the first time in flight
afiaer being released from its mother ship at almost 50,000 feet alti-
tude.

But as impressive as these vehicles are, there is a big difference
between suborbital vehicles and orbital vehicles. In space, getting
there is all about speed, and to get to 100 kilometers altitude, you
need to go about Mach 3. To get to orbit, you need to go about
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Mach 25, and you can appreciate that there is a pretty big dif-
ference there, and that’s the reason that until recently orbit has
been the domain of nation-states and their agencies.

However, in addition to ULA—United Launch Alliance’s—incred-
ible record of successful launches recently, Space Exploration Tech-
nologies and Orbital Science Corporation, in the context of NASA’s
COTS program, have demonstrated the ability to achieve orbital
space flight. And, in fact, SpaceX has now twice delivered cargo
and returned it under NASA’s CRS contract from the International
Space Station.

This space station represents not only an investment of tens of
billions of dollars but is also an unparalleled research facility
where scientists and other researchers from around the world can
conduct experiments in an environment that is not duplicable any-
where, on or off the planet. We strongly encourage the Congress to
extend the utilization of ISS to its design life limit of 2028.

I went to the ISS for the third time back in 2006, but unlike the
first two times, I wasn’t on the Space Shuttle. I, in fact, rode a So-
viet-designed rocket and capsule called Soyuz. Since the retirement
of the Shuttle, it’s been the only mode of transport available to U.S.
astronauts. But building on the success of the commercial cargo
programs, NASA is engaged in development of commercial crew
system that has already created thousands of high-tech jobs across
America.

At the same time, using innovative Space Act agreement trans-
action authorities, it has achieved progress far in excess of that
likely to have been accomplished in a traditional development con-
tract, yet while saving the taxpayer considerable money.

But funding levels below those proposed by NASA have resulted
in a delay in operational capability and, as we know, every year
that we can’t launch American astronauts into space on American
rockets is another year of sending over $450 million to Russia. It’s
imperative that we execute this program vigorously, which implies,
among other things, full funding or funding at the highest possible
levels.

History is littered with examples of empires that failed to adapt
to changing times and were thus dethroned by others who did. Our
world is very different from the heyday of NASA budgets that com-
manded 4.5 percent of Federal spending. But by intelligently
partnering with the private sector, our space agency and, indeed,
our Nation can continue to lead the world in mankind’s greatest
endeavor.

I look forward to discussing with you some of the policy details
that are addressed in my written testimony, and I hope that my
comments today will help materially contribute to your formulation
and ultimate passage of legislation. Thank you.

[The prepared statement of Captain Lopez-Alegria follows:]

PREPARED STATEMENT OF CAPTAIN MICHAEL LOPEZ-ALEGRIA, USN (RET.),
PRESIDENT, COMMERCIAL SPACEFLIGHT FEDERATION

Chairman Nelson, Ranking Member Cruz, and Members of the Subcommittee,
thank you for holding this hearing and for the opportunity to testify as President
of the Commercial Spaceflight Federation.

The Federal Government has worked with the American space industry in innu-
merable capacities since the dawn of the space program. Companies like Boeing,
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Aerojet and the David Clark Company have worked with the Department of Defense
(DOD), NASA and NASA’s predecessor NACA since the 1940s to develop many of
the spaceflight systems that took our astronauts to orbit and then to the Moon. In
the 1980s, the first wave of space privatization occurred, giving birth to a number
of new companies and a fast-growing commercial satellite industry that reached al-
most $180 billion in revenue by 2011. The Commercial Space Transportation office,
now at the Federal Aviation Administration, was also established in the 1980s, to
regulate and promote the commercial space launch industry. Many of the advance-
ments that followed privatization have been in turn deployed for government pur-
poses, proving the value of enlisting industry as an active partner in government
space endeavors.

In the last few years, the industry has undergone significant growth in revenue,
employees and capability. Much of its success has been based on the tremendous
support that NASA has provided in developing and providing technologies, sup-
porting development of space systems and buying services from commercial pro-
viders. This partnership between the private sector and NASA has helped create an
industry that can provide services to both NASA and private customers, while cre-
ating jobs all over America.

Under the old paradigm for public-private partnership, NASA engineers would de-
sign space systems and then offer portions under cost-plus contracts for competitive
bidding. This has been a successful method for building one-of-a-kind systems at the
cutting edge of technology that can accomplish missions never before attempted.
However, as our presence in space has expanded, it has become clear that there are
wide variety of necessary systems and services that do not fit that template.

The new paradigm, which has emerged to complement but not replace the old, has
been referred to as commercial procurement. It changes the role of government, so
that it is a customer and involved participant in developing space systems, but not
the designer, builder, operator or sole customer. This approach has proven highly
successful in reducing the cost of maintaining critical space infrastructure in the
pioneering Commercial Orbital Transportation System (COTS) and Commercial Re-
supply Services (CRS) programs, while promoting the development of systems that
can also be used for commercial purposes. The model is a refinement of one that
NASA and the DOD used in the 1990s to develop launch vehicles still in use today.

Meanwhile, completely commercial space activities are thriving as well. American
orbital launch providers have become more competitive on the world market, bring-
ing high-tech jobs back to America. Suborbital providers are building and testing ve-
hicles that will tap a worldwide market for space tourism and fulfill scientists’ need
for more frequent and inexpensive access to space. Other companies are developing
technologies to mine asteroids for valuable resources, visit the Moon, and
disaggregate large satellites into small satellite constellations.

Orbital

A year ago, SpaceX launched its first mission to the International Space Station
(ISS). Coming less than a year after the retirement of the Space Shuttle, the launch
captured the imagination of the American people, strengthened the ISS program,
and ushered in a new era of spaceflight cooperation. Of course, one competitor is
not enough for a competitive marketplace, and just last month, Orbital Sciences
Corporation completed a test flight that took the company one step closer to ISS.
These companies are replacing some of the capabilities lost with the retirement of
the Space Shuttle and ensuring that the investment and jobs involved in resup-
plying the ISS are staying in America.

Unlike most other gover