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THE INTERNATIONAL SPACE STATION:
A PLATFORM FOR RESEARCH,
COLLABORATION, AND DISCOVERY

WEDNESDAY, JULY 25, 2012

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

The Committee met, pursuant to notice, at 10 a.m., in room SR—
253, Russell Senate Office Building, Hon. Bill Nelson, presiding.

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

Senator NELSON. Good morning, everybody.

Thank you for coming.

Senator Hutchison and I wanted, along with Senator Boozman,
who is our Ranking Member of this subcommittee—John, come on
over here closer.

[Laughter.]

Senator NELSON. The three of us wanted to have this hearing
today so that the American people know what is going on in space.
That there is this extraordinary contraption that is about 240 miles
above the Earth that is as large as from the end of one end zone
of a football field to the other. That is 120 yards. And as wide as
a football field.

And if you will just look at the NASA model there, you will see
that that is certainly true. If you look at all the components there,
you will see that part of it is Russian, of which the Soyuz docks
there, which is the vehicle that comes and goes and most recently,
since the Space Shuttle was retired a year ago, is the vehicle that
we have delivering crew until we have the American rockets that
are man-rated with all the redundancies and escape systems that
are being developed as we speak.

But in addition, we have a number of different payloads that are
delivering cargo, the most recent of which was the successful flight
and successful delivery of cargo by one of the American commercial
ventures, SpaceX. And as we speak, we have already rendezvoused
a Japanese space module that is delivering cargo, and it will be
docking within a matter of days.

There is also a crew on a Soyuz that has launched. And have
they docked yet? Oh, it is the Progress module, which is a Russian
module. It is in the vicinity of the Space Station, and they are
working out the sequencing for the delivery of cargo from the Japa-
nese module as well as the Russian Progress module.
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So there are a number of these payloads that are going up. In
the case of SpaceX, it also had the delivery coming down of experi-
ments that were loaded onto the spacecraft that returned success-
fully to Earth.

Now, I want to toot the horn of Senator Hutchison, but I want
her to hear me tooting her horn.

[Laughter.]

Senator NELSON. Senator Hutchison is responsible for the Amer-
ican laboratory module to be designated a National Laboratory.
Our national labs are some of the great assets of this country. Los
Alamos is just one, for example.

The International Space Station, the American module, is des-
ignated a National Laboratory. And part of what the three of us
wanted today to do is to have this testimony from the people who
best can tell us, including our American astronaut who just re-
turned and who has spent in the course of three space flights over
one year in orbit.

And Dr. Pettit is going to share with us a number of these ex-
periments and real-life things that are beginning to happen, such
as the vaccines that we have already mentioned in the last hearing
that we had on the progress of the overall space program.

So, with that, I have other comments that I will make later on.
Senator Hutchison, let me turn to you and then to Senator
Boozman.

STATEMENT OF HON. KAY BAILEY HUTCHISON,
U.S. SENATOR FROM TEXAS

Senator HUTCHISON. OK. I just wanted to open—I just wanted to
open today’s hearing because we have lost a space pioneer. Sally
Ride did so much to promote space, and even though she tried to
get out of the spotlight, she just attracted so much attention be-
cause she was interesting, she was committed to physics and
science, and she was committed to getting girls to start taking the
STEM courses.

And when I wrote a book in 2004, I did chapters on the women
pioneers in different fields. So I did education, politics, government,
sports, and aviation. And then I interviewed women who were still
breaking barriers in the same fields.

So my aviation chapter was Amelia Earhart and Jackie Cochran.
And my interview was Sally Ride. What could be more perfect than
the first women to actually fly the long distances and prove women
could be great pilots, and then the first woman in space?

And in my interview, I asked different questions about what was
the most important trait for her success, and she said it was the
ability to work with other people, which she found very helpful as
the first woman astronaut. And I said, “Oh gosh, that is inter-
esting. I would have thought you would have said perseverance.”
And she said, “Well, that is a close second.”

And then I asked her what was her most helpful childhood mem-
ory, and she said, “You know, it is funny. It was actually an issue
in school, and I got discouraged by something. I don’t remember
what. But I came home and I was very down, and my father basi-
cally said, ‘Well, you have just got to reach for the stars.””
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She said, “That is ridiculous to think about right now,” and she
said, “but it did happen.” So I think we all owe her a great debt
of gratitude, and I just wanted to start this hearing by recognizing
how much she gave.

I want to thank both the Chairman and the Ranking Member of
the Subcommittee for being here because Senator Nelson and I
have done so much to keep the emphasis and the importance of
NASA in the forefront. I am a budget cutter. I am a person that
wants to set the top line of a budget, but then it is so important
that we set the priorities for what goes in that budget.

And Senator Nelson and I, and many others, have tried to assure
that we don’t eat our seed corn, that we continue research, that we
continue to reach for the stars, to go beyond where we are now.
And NASA is the agency that can do that.

And there have been people who have tried to abolish NASA,
frankly. And I think that going forward, I will be certainly very
comfortable with the ranking member, John Boozman, who has
done a great job of learning the issues and where we are. And he
has hit the ground running, and I am so appreciative for Senator
Boozman and his interest.

Let me say that establishing our part of the Space Station as an
American national laboratory was a great accomplishment in that
it opened the Space Station for research from outside entities. And
it can be private companies. It can be universities. It can be opened
to anyone who is going to do research that can only be done in
space. And we all know you can only do certain experiments in
space because of the microgravity conditions, and you can’t dupli-
cate that on Earth.

So finding out what is out there is so important for our future.
And we have seen what exploring space has done for us and na-
tional security, being able to put satellites up there and do satellite
surveillance, satellite-guided missiles has helped our national secu-
rity so much.

But now we have this laboratory, and one of the issues of this
hearing is going to be what we are doing there and certainly are
we going to extend it further than 2020, or is 2020 its life and what
are we going to do to fully utilize it?

I was at Johnson Space Center a few months ago, and I saw the
hits detected on the Alpha Magnetic Spectrometer. One of the al-
most-casualties of the budget cutting without establishing priorities
was that we were told that there wouldn’t be room for the Alpha
Magnetic Spectrometer to be taken into space by a former NASA
Administrator, and many of us fought back.

And Dr. Sam Ting fought back, the Nobel Laureate at MIT, who
felt that we had to have that up there to detect the cosmic rays
and try to determine if there is dark matter and what it is and
what effect it might have on the expansion of the universe. And I
am sitting in the Johnson Space Center, looking at the hits on the
Alpha Magnetic Spectrometer, and it is so far 18 billion hits of cos-
mic rays. More than even Sam Ting thought we would get in this
timespan.

And so, this is a very basic science that we are doing there that
could lead to any number of things in the determination of what
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the universe is, and also if there is dark energy, is it something
that can be harnessed? No telling.

And as Dr. Ting so aptly points out, almost all of the major re-
search that we have done since we went to NASA and set NASA
up, everything that we went into to research was for a purpose
that is not what we got, but what we got was even more important.
And that is why continuing the priority of NASA and space explo-
ration is so important for us and our European partners, for our
own quality of life and capabilities to expand.

So, Mr. Chairman, thank you very much for holding this hearing.
I did request this hearing because I want to know what we are
doing up there.

And so, I am looking forward to hearing from all of you, from
your different perspectives. But I do hope that as I am going out
the exit door that we are able to excite the American people, as we
have in the past, on what the future is, and I thank you all for
being here.

Senator NELSON. Senator Boozman?

STATEMENT OF HON. JOHN BOOZMAN,
U.S. SENATOR FROM ARKANSAS

Senator BoozMAN. Thank you very much, Mr. Chairman.

And I have a very eloquent statement that I would like to put
in the record in the interest of time, with your permission.

But I appreciate Senator Hutchison mentioning Sally Ride. I
have got three daughters that are all grown now and have done
well and very independent. But looking back, it is individuals like
this, the example that you truly can do anything that you want as
a female now, that has certainly not always been the case. And so,
again, we so appreciate her example in so many different ways.

I want to thank you two, Senator Nelson and Senator Hutchison,
for really championing this for so many years. Senator Hutchison
mentioned the ability to get along as something that was so impor-
tant, and certainly you two have modeled that in working together
so closely, creating a very bipartisan group not only here, but
also—and it is difficult—working with our House colleagues such
that we have this bipartisan bicameral situation, which truly is
unique.

There is not very many situations like this. So I do appreciate
your all’s leadership so very much.

I am going to be running in and out. I have got a markup in
EPW, and so in a little bit, I have got to sneak out in just a second.
In fact, Senator Boxer and Senator Inhofe will grab me by the
throat if I don’t get over there in a minute.

It is a unique committee. We are going to be voting on the Great
Apes Act, and then you have also the Safe Chemicals Act. So there
is a little something for everybody over there. But we do appreciate
you all being here, and we certainly appreciate your efforts.

Thank you.

Senator NELSON. Sally Ride flew twice. She flew in 1983 and
1984. And I will never forget that launch the first time, she being
the first American woman in space. There was a chorus that went
up, “Ride, Sally Ride.” And I think she captured the spirit of Amer-
ica in her participation in the space program.
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She was a Ph.D. in electrical engineering. And after she left
NASA, she never stopped working in order to inspire the next gen-
eration of explorers.

Now since the subject today is the Space Station, this thing
started when a Navy SEAL, Bill Shepherd, opened the hatch on
November 2, 2000, and he floated from a cramped capsule into the
Space Station. And thus, he began as the commander of Expedition
1, and the International Space Station has been continuously occu-
pied ever since.

The Act that Kay Bailey was mentioning a while ago extended
the ISS operations until 2020. It authorized that. But once you
hear about what is going on today on the Space Station, I think
it is very shortsighted to think that this thing is going to be cutoff
in 2020. But that the research will continue on this extraordinary
facility, of which it has a pressurized volume as large as a Boeing
747. That is how big it is internally.

And then, once we are at the end of the design life of it in low-
Earth orbit, some 240 miles up, circling the globe every hour and
a half, what is the likely future for it? Perhaps to boost it further,
maybe to the Lagrangian point between the Earth and the Moon,
which is the point that the Earth’s gravity stops and the Moon’s
gravity starts. Or possibly that Lagrangian point on the other side
of the Moon.

And maybe as a future base, parts of it—not necessarily the
whole thing, but maybe parts of it—could be used in that situation
then as a way station if we decide in our future exploration that
we want to go to and from the Moon’s surface again. These are the
possibilities.

And so, today, we are very fortunate to have a very distinguished
panel of witnesses to talk about the accomplishments. Bill
Gerstenmaier is NASA’s Associate Administrator for Human Explo-
ration and Operations. We look forward to continuing the discus-
sion that we started last month about the commercial space oper-
ations to and from the Space Station and the scientific discoveries
that we talked about last time.

We also have Thomas Reiter. He is from the European Space
Agency, one of our partners. This is the International Space Sta-
tion. And he is one of two Space Station astronauts with us today
on this panel. He spent over 5 months on the ISS, and he is the
European Space Agency’s Director of Human Space Flight and Op-
erations. And he is going to share ESA’s perspective on operations
and research aboard the ISS.

From the Center for Advancement of Science in Space, we have
James Royston, and he serves as the Interim Executive Director.
CASIS is a nonprofit organization working with NASA to manage
a significant portion of the ISS research. And he will touch on how
CASIS will help us get the most out of our Nation’s investment in
the Space Station.

And then we have Dr. Donald Pettit, who just returned on July
1. This last time he was on the station was 193 days. He has flown
in space three times, as I mentioned earlier, and he has lived
aboard the station twice. His creativity and his technical wizardry
make him an outstanding example of what the human element
brings to research and discovery.
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So I am going to take the privilege of the chair, and I have al-
ready consulted with Senator Hutchison.

Dr. Pettit, we are going to start with you. We would like to hear
from you.

Welcome home.

STATEMENT OF DONALD R. PETTIT, ASTRONAUT, NATIONAL
AERONAUTICS AND SPACE ADMINISTRATION

Dr. PETTIT. Thank you, Senator.

It is an honor to be here and to be able to tell stories of what
it is like to be in space. There are 7 billion people that live on this
planet. There are 6 people currently that can call space their home,
and it is an incredible privilege to be part of the 6 people that are
currently living off of this planet.

And with that privilege comes a responsibility when you return
to tell stories about what it means to explore. And this is pretty
much universal to any explorer that comes back in whatever period
of exploration that they belong to. They tell stories. They talk
about the meaning of the exploration. They talk about why we ex-
plore, and they incite ideas and thoughts in people who don’t have
the opportunity to go off and do that exploration themselves.

And this hinges on frontiers. Space is very much a frontier. We
have frontiers all around Earth. They could be under the stage of
a microscope. It could be through the eyepiece of a telescope, bot-
tom of the ocean, in the Arctic and Antarctic regions. There are
frontiers that surround us.

Space happens to be one of many frontiers we can explore. It
happens to be the frontier where I am spending my career explor-
ing. And in this frontier, your Earth-honed intuition does not
apply. Things don’t work the way that you think they should. The
answers are not in the back of the book.

And this makes a place that is rich in discovery. And I think that
is one reason why we go to these frontiers. And when we go to
these frontiers, we can see things that you never imagine because
nature has an imagination that is greater than what human beings
have. And the only way we will know what is there is by virtue
of going and seeing for ourselves what happens to be in this fron-
tier, and from that, it can enrich our minds and tickle our imagina-
tions.

And initially, these observations enrich your society, and eventu-
ally, you will make technology and other discoveries, other ad-
vances that will enhance the standard of living and enhance the
arts, enhance theater, film, literature. It will embed itself into your
society. And I think you can conclude that exploration in these
frontiers is a metric for how viable your particular country happens
to be.

I am happy to be here and answer any questions that you have.

Thank you.

Senator NELSON. We will get into that.

Mr. Gerstenmaier?
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STATEMENT OF WILLIAM H. GERSTENMAIER, ASSOCIATE
ADMINISTRATOR, HUMAN EXPLORATION AND OPERATIONS,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Mr. GERSTENMAIER. Thank you very much.

The title for this hearing, “The International Space Station: A
Platform for Research, Collaboration, and Discovery,” I believe is
extremely fitting. Through the discussion today, I hope we will all
gain a deeper understanding of the amazing facility in space that
we have created.

I also hope we gain through concrete examples an understanding
of what is happening every day onboard the International Space
Station. We are not simply talking about enabling research. We are
really doing research every day onboard the Space Station.

The station is an amazing international research facility. The
ISS major assembly is complete, and we are beginning to see sig-
nificant research activity. Research was done during the assembly
phase, but now we are focusing on the research itself.

Today, the focus on research, and we are trying to find ways to
make it easier for the researchers to get their experiments to ISS.
We are also trying to get the word out about the research facilities
that are in place onboard the Space Station.

You know, there are fluid experiment racks, combustion racks,
glove boxes, Earth observation facilities, material processing facili-
ties, a vacuum interface, ample power and data interfaces, to name
a few of the major facilities that are onboard the Space Station.
There is also a crew available to perform the research and interact
with the experiments.

This is a tremendous research capability, and it is present in a
high-vacuum and low-gravity environment of low-Earth orbit. A fa-
cility like this has never existed for use by researchers throughout
time or throughout the world.

ISS can enable technology development, understanding of the
human system performance in microgravity, and enable both fun-
damental and applied research. ISS also offers a unique capability
for commercial companies to test the advantages of microgravity
research to their industry.

Commercial companies can experiment at very low cost to deter-
mine if there is a competitive advantage for them over other com-
panies that do not take advantage of space-based research. ISS
could enable development of a new economy based on space-based
research.

Today, we are seeing a real increase in the research on ISS. As
I discussed earlier, there are combustion experiments aimed at un-
derstanding the fundamentals of combustion. This may allow better
and more efficient combuster designs. The Alpha Magnetic Spec-
trometer that was discussed earlier is looking for dark matter, and
that may ultimately help us understand the very beginnings of the
universe.

There are fluids experiments. And as we sit here today and you
mentioned, the HTV, the Japanese cargo vehicle, is approaching
the Space Station for docking on Friday with a large number of re-
search experiments.

The Japanese cargo vehicle is carrying a system to deploy micro-
satellites from the Space Station. It is carrying a remote Earth ob-
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servation camera system to monitor disaster areas on the Earth. It
is carrying an aquatic habitat that will monitor the development of
fish in microgravity. It is carrying a next generation of software-
defined radios, where the radio can support multiple frequencies by
just simply changing the software inside the radio.

And last, it is carrying two Lenovo YouTube Spacelab student
science experiments to the Space Station. These students came to
Washington, and their experiments were selected to fly on the ISS
by a team of judges that included Stephen Hawking.

They did this activity through the Internet. They participated
with many folks here, and the exciting thing was they got to meet
with Sunita Williams, who is presently onboard the Space Station.
So, Sunita, who they actually interfaced with and talked to, will
now be performing their experiments onboard Space Station this
fall.

So it is amazing that these students were here in Washington in
the spring. Their experiments are flying to station here this sum-
mer, and their experiments will be performed on Space Station in
the fall. This is direct evidence that the Space Station team can
provide research opportunities in a very timely manner for folks
out in the research community.

Again, this is an amazing time for space-based research. ISS is
showing that it is an amazing research facility. ISS can inspire stu-
dents and engineers to think differently, as Don talked about. And
we will continue to make it easier for research to get to ISS and
be performed there.

We are showing that ISS is an amazing research capability for
this nation and the world. We cannot predict what results will
come from the ISS and long-duration space-based research, but we
can and we are making this facility available to a talented research
community.

True advances come from discovery, and ISS is a platform for
discovery. I look forward to your questions.

[The prepared statement of Mr. Gerstenmaier follows:]

PREPARED STATEMENT OF WILLIAM H. GERSTENMAIER, ASSOCIATE ADMINISTRATOR,
HuMAN EXPLORATION AND OPERATIONS, NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Mr. Chairman and Members of the Committee, thank you for the opportunity to
appear before you today to discuss how we are using and benefitting from the Inter-
national Space Station (ISS). The ISS, created and maintained by an international
partnership with Canada, Europe, Japan, and Russia, represents an unparalleled
capability for human space-based research that cannot be pursued on Earth, as well
as a platform for the development of exploration technologies. It provides a research
and development (R&D) opportunity that allows us to investigate biological and
physical processes in a very different environment than that obtainable on Earth.
Observing from, and experimenting in, the environment of ISS gives us a chance
to learn about our world and biological and physical processes from a very different
frame of reference. We have been using the unique “reference point” of the ISS to
advance Science, Technology, Engineering, and Mathematics (STEM) efforts as well.

The ISS is also an international research facility. The three major science labora-
tories aboard the ISS—the U.S. Destiny, European Columbus, and Japanese Kibo
facilities—as well as external testbeds and observatory sites, enable astronauts to
conduct a wide variety of experiments in the unique, microgravity and ultra-vacuum
environment of low Earth orbit (LEO). The ISS supports research across a diverse
array of disciplines, including high-energy particle physics, Earth remote sensing
and geophysics experiments, molecular and cellular biotechnology experiments,
human physiology research (including bone and muscle research), radiation re-
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search, plant and cultivation experiments, combustion research, fluid research, ma-
terials science experiments, and biological investigations. It is also a place to con-
duct technology demonstrations and development efforts. R&D conducted aboard the
ISS holds the promise of next-generation technologies, not only those directly re-
lated to NASA’s exploration efforts, but also those with numerous terrestrial appli-
cations, as well. The ISS will provide these opportunities to scientists, engineers,
and technologists through at least 2020.

Beyond being a feat of unparalleled engineering and construction, as well as inter-
national collaboration, the ISS is a place to learn how to live and work in space over
a long period of time and foster new markets for commercial products and services.
The ISS will be critical to NASA’s future missions of exploration beyond LEO, and
the IESS offers many unique benefits to the citizens of the United States and the
world.

As stated in my testimony before this Committee last month, the success of our
industry partners in providing commercial cargo and crew endeavors is critical to
ensuring the effective utilization of the ISS. U.S. commercial cargo resupply capa-
bility will ensure the continued operation of the ISS and the full utilization of its
formidable research facilities as a U.S. National Laboratory. American commercial
crew transportation and rescue services will enable the United States to fly our as-
tronauts to and from Station, end our sole reliance on foreign governments, and pro-
vide needed redundancy in the system. Partnering with the commercial space indus-
try to provide access to LEO is enabling the Agency to increasingly focus on devel-
oping systems for sending astronauts on missions of exploration into deep space,
while promoting the development of an economy in LEO.

The ISS will continue to meet NASA’s mission objective to prepare for the next
steps in human space exploration. The ISS is NASA’s only long-duration flight ana-
log for future human deep space missions, and, as such, it provides an invaluable
laboratory for research with direct application to the exploration requirements that
address human risks associated with deep space missions. It is the only space-based
multinational research and technology testbed available to identify and quantify
risks to human health and performance, identify and validate potential risk mitiga-
tion techniques, and develop countermeasures for future human exploration.

Benefits to Humanity and Growth in ISS Utilization

Almost as soon as the ISS was habitable, researchers began using it to study the
impact of microgravity and other space effects. In the physical and biological
sciences arena, the ISS is using microgravity conditions to understand the effect of
the microgravity environment on microbial systems, fluid physics, combustion
science and materials processing, as well as environmental control and fire safety
technologies. The ISS also provides a test-bed for studying, developing, and testing
new technologies for use in future exploration missions. Although each space station
partner has distinct agency goals for station research, each partner collectively
shares a unified goal to extend the resulting knowledge for the betterment of hu-
manity. There are already demonstrated benefits in the areas of human health, tele-
medicine, education and Earth observations from space. Vaccine development re-
search, station-generated images that assist with disaster relief and farming, and
education programs that inspire future scientists, engineers and space explorers
highlight just some of the many examples of research that can benefit humanity.

ISS crews are conducting human medical research to develop knowledge in the
areas of: clinical medicine, human physiology, cardiovascular research, bone and
muscle health, neurovestibular medicine, diagnostic instruments and sensors, ad-
vanced ultrasound, exercise and pharmacological countermeasures, food and nutri-
tion, immunology and infection, exercise systems, and human behavior and perform-
ance. Many investigations conducted aboard ISS will have direct application to ter-
restrial medicine. For example, the growing senior population may benefit from ex-
periments in the areas of bone and muscle health, immunology, and from the devel-
opment of advanced diagnostic systems.

The transition from the ISS assembly and spares pre-positioning phase is now al-
lowing NASA to focus directly on increasing the utilization of ISS laboratories,
testbeds and observatory sites. Through the conclusion of ISS Expedition 28 in Octo-
ber 2011, approximately 1,250 research investigations were performed that involved
1,309 principal investigators (PIs) from 63 countries around the world. Of these,
U.S. PIs under NASA sponsorship conducted 475 investigations (38 percent of the
total). Expeditions 29 to 32, which cover the period from October 2011-September
2012, included 259 total investigations. In other words, approximately 20 percent as
many investigations were performed in these two post-assembly Expeditions as had
been achieved in the prior 28 Expeditions combined. An impressive range of sci-
entific research, technology demonstrations and educational outreach is underway.
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In the area of scientific research, recent highlights include:

e The Monitor of All-sky X-ray Image (MAXI) instrument, a highly sensitive X-
ray slit camera externally-mounted for monitoring more than 1,000 X-ray
sources in space, including black holes and neutron stars, made the first obser-
vation, along with the Swift spacecraft, of a relativistic X-ray burst from a
super-massive black hole destroying a star and creating a jet of X-rays. The re-
search teams co-published their results in Nature, 476: 421-424 August 2011.

e The Alpha Magnetic Spectrometer (AMS) cosmic-ray particle physics experi-
ment was installed and began science operations on May 19, 2011. AMS has re-
corded to date the passage of over 13 billion cosmic ray particle events origi-
nating from elsewhere in our Milky Way galaxy. The U.S. Department-of-En-
ergy-sponsored collaboration across North America, Europe, and Asia is actively
analyzing these cosmic-ray particle data for potential new physics and astron-
omy discoveries. The AMS Payload Operations Control Center is located at
CERN, in Switzerland, which conveniently allows coordination with the ground-
based Large Hadron Collider high-energy particle accelerator research activity.

e Flame tests conducted by Principal Investigator Marshall B. Long, Ph.D. of Yale
University in Connecticut during the Structure and Liftoff In Combustion Ex-
periment (SLICE) yielded stable lifted flames that can be simpler to numeri-
cally model. SLICE investigates the nature of flames under microgravity condi-
tions and the results could lead to improvements in technologies that aim to re-
duce pollution emissions and improve burning efficiency for a wide variety of
industries.

e Fluid physics experiments conducted by Portland State University in Oregon
have led to a greater understanding of capillary flow phenomena and subse-
quent production of open-source code for modeling the behavior of fluids in
space.

o Research on self-ordering systems (published in Nature, 478: 225-228 October
13, 2011), demonstrates mechanisms relevant to self-replication in primitive
chemical environments. Colloidal systems for studying the behavior of self-as-
sembling materials for photonic technologies are being used by Proctor and
Gamble to develop more stable, concentrated products.

e Flight research conducted in the field of vaccine development for bacterial
pathogens, such as salmonella and methicillin-resistant staphylococcus aureus
(MRSA), has been completed for the first target drug candidate. This work was
sponsored by a private firm, Astrogenetix, in cooperation with a leading sci-
entist from the Veterans Administration (VA). The team is at the stage where
additional funding is required to conduct ground-based pre-clinical trials prior
to submitting an application for an investigational new drug (IND) with the
Food and Drug Administration. Both the firm and VA are pursuing further
funding to advance to the next stage.

e Space Act Agreements were signed with the Arizona State University Bio-De-
sign Institute to conduct experiments initially focusing on the development of
vaccines.

In the area of technology development and demonstration, recent highlights in-
clude:

e The same technology that went into building the Canadarm2 and Dextre (the
Canadian robots that assembled, service, and maintain the ISS) was adapted
to produce the world’s first robot capable of performing brain surgery—
neuroArm™—on a patient while the patient undergoes magnetic resonance im-
aging. This technology has since been licensed to a private, publicly-traded med-
ical device manufacturer who will produce a two-armed version that allows sur-
geons to see three-dimensional images, “feel” tissue, and apply pressure during
neurosurgical operations.

e The Robotic Refueling Mission (RRM) began operations March 7-9, 2012, and
continued operations from June 19-22, 2012, marking an important milestone
in satellite-servicing technology. RRM is designed to demonstrate technologies,
tools, and techniques needed to robotically service and refuel satellites in orbit
that were not designed for on-orbit servicing. During the gas fittings removal
task, robot tele-operators at Johnson Space Center directed Dextre to retrieve
tools and go through the tasks required to cut safety wires and remove rep-
resentative fittings located on the RRM module on board ISS. These fittings are
used on many spacecraft for filling fluids and gases prior to launch. Future
RRM operations will demonstrate robotic satellite refueling, including opening
fill valves, transferring fluid, and other servicing tasks.
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e Robonaut 2 (R2) was launched to ISS on February 24, 2011. This dexterous
humanoid robot was developed in partnership with General Motors. It is de-
signed to duplicate the manipulation capabilities of a human so that it can han-
dle tools and assist astronauts in performing tasks in space, or help workers
build cars on the assembly line. Like Dextre, R2 will be tele-operated from the
ground, and it will test a different way to grip and manipulate objects with its
human-like, five-digit hands.

e The Multi-User System for Earth Sensing (MUSES) platform started develop-
ment to provide a commercially managed platform for Earth observation instru-
ments. The platform provides high accuracy pointing capabilities. It can hold up
to four separate instruments at once including visible, near infrared, and
hyperspectral instruments. Instruments can be changed out robotically as new
technologies and new instruments are developed.

In the area of educational outreach, recent highlights include:

e Literally thousands of two-minute video submissions were received in areas of
physics or biology from more than 80 countries for the first YouTube Space Lab
global contest sponsored by YouTube, Lenovo Computers, and Space Adven-
tures, Inc. in cooperation with NASA, the European Space Agency, and the
Japan Aerospace Exploration Agency . This educational project challenges 14—
18-year-olds to design a science experiment that can be performed in space. The
top two experiments will be conducted on ISS.

e The Program also conducts experiments that involve student participation. One
example is the Synchronized Position Hold, Engage, Reorient, Experimental
Satellites (SPHERES) facility. SPHERES are three bowling-ball sized spherical
satellites that are used inside the Station to test telerobotics operations in addi-
tion to spacecraft formation flight, autonomous rendezvous and docking maneu-
vers. NASA, along with the Defense Advanced Research Projects Agency with
implementation by the Massachusetts Institute of Technology, have co-spon-
sored three “Zero Robotics SPHERES Challenge” competitions for high school
and middle school students from the U.S. and abroad. The competitions chal-
lenge students to write software code, which is uploaded to the robots on ISS,
and the SPHERES satellites then execute the instructions, such as formation
flight and close proximity operations. Student finalists were able to watch their
flight program live on NASA-TV.

e Astronauts aboard ISS participate in educational downlinks with schools, and
engage in communicating with people around the world using “ham” radio.

A National Laboratory in Orbit

In the NASA Authorization Act of 2005 (P.L. 109-155), Congress designated the
U.S. segment of the ISS as a National Laboratory, and directed the Agency to seek
to increase the utilization of the ISS by other Federal entities and the private sec-
tor. NASA has made solid strides in its effort to engage other organizations in the
ISS program. Subsequently, in the NASA Authorization Act of 2010 (P.L. 111-267),
Congress directed that the Agency enter into a cooperative agreement with a not-
for-profit organization to manage the activities of the ISS National Laboratory. To
this end, NASA issued a cooperative agreement notice on February 14, 2011, and
on August 31, 2011, the Agency finalized a cooperative agreement with the Center
for the Advancement of Science in Space (CASIS) to manage the portion of the ISS
that operates as a U.S. National Laboratory. The CASIS organization is located in
the Space Life Sciences Laboratory at Kennedy Space Center in Florida. The inde-
pendent, nonprofit research management organization will help ensure the Station’s
unique capabilities are available to the broadest possible cross-section of U.S. sci-
entific, technological, and industrial communities.

CASIS will develop and manage a varied R&D portfolio based on U.S. national
needs for basic and applied research; establish a marketplace to facilitate matching
research pathways with qualified funding sources; and stimulate interest in using
the national lab for research and technology demonstrations and as a platform for
science, technology, engineering and mathematics education. The goal is to support,
promote and accelerate innovations and new discoveries in science, engineering, and
technology that will improve life on Earth.

The transition of the National Laboratory management function to CASIS is pro-
gressing. Earlier this year, NASA, with the help of the Office of Science and Tech-
nology Policy, put out a request for candidates for the permanent board that will
guide CASIS’ efforts in this groundbreaking enterprise. NASA is working with
CASIS’ interim Board of Directors to identify and evaluate a diverse group of out-
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standing individuals for that board, and the Agency is also in the process of
transitioning existing National Laboratory agreement holders to CASIS.

To help facilitate U.S. National Laboratory opportunities aboard Station, on June
26, 2012, CASIS launched its first solicitation for proposals. Through this solicita-
tion, CASIS aims to enable next-generation research in the area of protein crys-
tallization and life science breakthroughs. The current request for proposals calls for
crystallography investigations—studies using three-dimensional structures of pro-
tein molecules.

NASA’s National Laboratory partners can use the unique microgravity environ-
ment of space and the advanced research facilities aboard Station to enable inves-
tigations that may give them the edge in the global competition to develop valuable,
high technology products and services. Furthermore, the demand for access to the
ISS will support the providers of commercial crew and cargo systems. Both of these
aspects of the U.S. segment of ISS as a National Laboratory will help establish and
demonstrate the market for research in LEO beyond the requirements of NASA.

International Partnership Progress

The ISS Multilateral Coordination Board (MCB) and Heads-of-Agency (HOA) met
in Quebec City, Canada, February 28 and March 1, 2012, to discuss future plans
for the ISS, progress on utilization, and potential contributions to future human ex-
ploration missions. The International Partners reported progress on identifying po-
tential technology demonstrations that could be conducted on the ISS. These dem-
onstrations correlate closely with the recent report issued by the National Research
Council, Aeronautics and Space Engineering Board on NASA Space Technologies
and Priorities.

In addition, the MCB and HOA released two documents related to ISS utilization:

e “ISS Utilization Statistics,” Fall 2011 (inaugural issue), which documents the
number and thematic areas of research being conducted by each partner.

o “ISS Benefits for Humanity,” which launches a new international web portal de-
scribing achievements of the ISS partnership in the areas of human health,
Earth observation and disaster response, and education.

Copies of both documents are available at: http:/ /www.nasa.gov/mission pages/
station [ research [index.html

Conclusion

We have many challenges and opportunities ahead as we continue to sustain and
productively utilize the ISS. These include training the next generation of scientists,
engineers, and technologists for greater challenges as human presence is extended
further into the solar system. This mission pull drives us to develop innovative solu-
tions that benefit humans on the Earth today. We have two extraordinary assets
that have never before existed in the history of human space exploration—an experi-
enced international partnership encompassing Canada, Europe, Japan, Russia, and
the U.S., and a permanently crewed, full-service space station in low-Earth orbit.
Our ability to continue working together as a global team, while making the best
applied use of our assets, will pace the future progress of space exploration and ex-
pansion of benefits on Earth.

Great nations explore in order to advance. Throughout history, nations have pro-
gressed and benefited from exploration. Exploration drives technological break-
throughs and scientific discoveries that benefit society; without exploration, the
cycle of innovation and advancement is broken. This innovation is well documented
in the U.S. patent record. In the past 30 years, the U.S. Patent and Trademark Of-
fice has granted over 818 microgravity-related patents, and in the past decade over
587 further applications have been filed. The same holds true for Space Station,
where 1,722 patents have been granted and 1,107 applications are pending, and for
the Space Shuttle, where 2,384 patents have been granted and 1,285 applications
remain pending. These 7,903 patent actions are historic evidence of the promise for
the future.

The ISS has now entered its intensive research phase, and this phase will con-
tinue through at least 2020. Station will continue to meet NASA’s mission objective
to prepare for the next steps in human space exploration—steps which will take as-
tronauts beyond LEO to destinations such as near-Earth asteroids, and eventually,
Mars. The ISS is NASA’s only long-duration flight analog for future human deep
space missions, and it provides an invaluable laboratory for research with direct ap-
plication to the exploration requirements that address human risks associated with
deep space missions. It is the only space-based multinational research and tech-
nology test-bed available to identify and quantify risks to human health and per-
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formance, identify and validate potential risk mitigation techniques, and develop
countermeasures for future human exploration.

The ISS Partnership has transformed exploration from an effort for the advance-
ment of individual nations, to an endeavor committed to the advancement of hu-
mankind. Closer to home, NASA’s National Laboratory partners can use the unique
microgravity environment of space and the advanced research facilities aboard Sta-
tion to enable investigations that may give them the edge in the global competition
to develop valuable, high technology products and services. Furthermore, the de-
mand for access to the ISS will support the providers of commercial crew and cargo
systems. Both of these aspects of the U.S. segment of ISS as a National Laboratory
will help establish and demonstrate the market for research in LEO beyond the re-
quirements of NASA.

NASA appreciates this Committee’s ongoing support of the ISS as we work to-
gether to support this amazing facility that yields remarkable results and benefits
for the world.

Mr. Chairman, I would be happy to respond to any question you or the other
Members of the Committee may have.

Senator NELSON. Thank you, Mr. Gerstenmaier.
Mr. Reiter?

STATEMENT OF THOMAS REITER, DIRECTOR, HUMAN
SPACEFLIGHT AND OPERATIONS, EUROPEAN SPACE AGENCY

Mr. REITER. Dear Mr. Chairman, dear members of the Com-
mittee——

Senator NELSON. Don’t worry about those bells.

Mr. REITER. OK.

S Senator NELSON. That is what is going on over on the floor of the
enate.

Mr. REITER. All right. It is also great opportunity and honor for
me to testify before you today and present the European Space
Agency’s role and capabilities on ISS.

The successful utilization of ISS is of highest priority for the Eu-
ropean Space Agency and for the European ISS partners. ISS is a
unique platform for scientific research and technology development.

It is in full recognition of the extraordinary utilization opportuni-
ties of the ISS that Europe decided to engage as a full and very
active partner in this unparalleled international cooperation to-
gether with the United States, with Russia, with Japan, and Can-
ada. Europe, working through the European Space Agency, devel-
oped and operates two key elements: the Columbus laboratory,
which you see here in the front side on the left, and the Automated
Transfer Vehicle.

Columbus is a multi-function laboratory, which is shared with
NASA and the other partners, and it is equipped with 10 inter-
changeable payload racks containing an advanced number of re-
search instruments.

The second key element, the ATV, Automated Transfer Vehicle,
which is able to deliver more than 7 metric tons of cargo to the ISS.
One of these vehicles is currently docked to the International Space
Station until mid of September, and two more of these vehicles
about to come next year and in 2014.

Apart from cargo delivery, ATV is providing fuel for maintaining
attitude control and giving boost to the station and also gas, water,
and other supply articles.

Apart from Columbus and the ATV, Europe has also contributed
to other elements, equipment, and design skills. For example, the
DMS-R, the data management system, which has been a key part
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in the station’s “brain,” so to say. Two of three nodes that link sta-
tion components, a dome-like structure with panoramic windows
called the cupola, allowing astronauts to operate the station
Robotic Manipulator System and other equipment.

And inside U.S. Destiny research module, various laboratory
equipment like the material science rack and freezer units.

Europe also provides members of the ISS crew. Since 2001, 18
European astronauts have lived and worked onboard ISS. And one
of my colleagues from Europe, Dutch astronaut Andre Kuipers, just
returned a few days ago, together with Don Pettit, from a half year
work onboard the station.

Europe’s participation in the ISS program means that through-
out ESA’s member states, thousands of Europe’s scientists and en-
gineers at hundreds of universities and high-technology companies
are working on the frontier of 21st century science and engineer-
ing. ESA has implemented a broad portfolio of research activities,
covering fundamental science, applied research, as well as human
exploration preparation and technology development.

To date, ESA has performed more than 200 experiments onboard
ISS. And since the deployment of the Columbus laboratory in Feb-
ruary 2008, increasingly long duration experiments—at an average
of 30 to 40 per year—have also been implemented.

Examples have already been given in the areas of human physi-
ology and fundamental physics. Let me just give one additional ex-
ample from the area of material sciences, which we have just con-
cluded a project investigating processes for the development of new
lightweight alloys. And these new lightweight alloys are now used
for turbine blades in aircraft engines in an industry valued some
2 billion Euros over the next coming years.

Many of the fundamental and applied research projects con-
ducted within the FEuropean Program for Life and Physical
Sciences, called ELIPS, are creating a growing knowledge basis to
improve production processes and to create new products, such as
medical equipment, casting technologies, and other miniaturized
sensors and devices.

Of course, the ISS also offers outstanding opportunities as test
bed for Human Exploration preparation beyond low-Earth orbit.
Apart from already ongoing or planned scientific and technological
investigations, ESA supports challenging new ideas to pave the
way for human exploration beyond low-Earth orbit. The joint im-
plementation of these activities by the whole ISS partnership will
allow rapid progress for the preparation of future human explo-
ration missions.

The European Program for Life and Physical Sciences in Space
involves some 1,500 scientists in almost 150 projects included in
the research pool of ISS experiments.

Now besides the significance of the ISS for science, applications,
and technology, its utilization opportunities and the astronauts
working on the station are a strong inspiration for the young gen-
erations to consider a science, technology, engineering, and mathe-
matics education. In this context, ESA carries out education activi-
ties on the ISS in close collaboration with our partners.

The continuous efforts of the ISS partners for the global pro-
motion of the ISS accomplishments with dedicated publications of
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the ISS Program Science Forum and public events like the recent
ISS Symposium, which took place in Berlin, highlight the value of
the International Space Station and the strength of its inter-
national partnership in the public.

Now, in conclusion, the successful and optimal utilization of the
ISS is important to the European Space Agency in order to dem-
onstrate to its member states the return of investment. ESA has
already reaped considerable benefits from the scientific research,
applications, technology demonstrations, and education activities
performed on the International Space Station, and more are ex-
pected to be realized in the continuation of ISS utilization in the
years to come.

I would, therefore, like to underline an extremely important di-
mension of this international partnership in the ISS program: the
excellent and highly valued cooperation between ESA and NASA.
Forging such an international partnership and working together as
partners is often referred to as one of the biggest achievements of
the ISS program.

It is the international partnership that brought the ISS and its
unique utilization opportunities into existence, and we will also
need an international partnership, probably even a wider one than
the one for ISS, when aiming at the next steps for human explo-
ration.

Sorry for extending a little bit the 5 minutes. Thank you very
much, and I am ready to answer your questions.

[The prepared statement of Mr. Reiter follows:]

PREPARED STATEMENT OF THOMAS REITER, DIRECTOR, HUMAN SPACEFLIGHT AND
OPERATIONS, EUROPEAN SPACE AGENCY

Mr. Chairman and Members of the Committee, thank you for the honour and the
opportunity to testify before you today and present the European Space Agency’s
role and capabilities on ISS, in particular with respect to its utilisation for scientific
research, applications, technology development and education purposes. The success-
ful utilisation of the ISS is of highest priority for the European Space Agency and
for the European ISS partners.

The European Space Agency’s Role and Capabilities on ISS

The International Space Station (ISS) is a unique scientific and technology plat-
form in space, which continuously allows researchers from all over the world to put
their talents to work on innovative experiments that could not be done here on
Earth. Weightlessness, as well as other properties of the space environment, are in-
fluencing a huge variety of physical, chemical and biological processes. Low-Earth
orbit is therefore an ideal environment for research in a wide spectrum of dis-
ciplines, as well as an excellent area for preparing future human exploration of
space. The domains for utilisation are many and diverse: from fundamental physics
to human physiology, from new alloys to growth processes in plants, from astro-
physics to demonstration of space technologies and services. It is in full recognition
of the extraordinary utilisation opportunities of the ISS that Europe decided to en-
gage as a full and very active partner in this unique and unparalleled international
cooperation undertaking together with the United States, Russia, Japan and Can-
ada.

Europe, working through ESA, developed and operates two key elements of the
Sliation: the European Columbus laboratory and the Automated Transfer Vehicle
(ATV).

The European Columbus laboratory is one of the key ISS research capabilities,
which ESA shares with NASA. Equipped with 10 interchangeable payload racks,
Columbus is a multi-function laboratory with an advanced suite of research instru-
ments, namely for fluid physics, materials science and biology and especially for
human research. On its four external platforms with different orientations it also
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provides unique external exposure and observation accommodation capabilities for
unpressurized payloads.

Europe’s second biggest contribution is the Automated Transfer Vehicle (ATV), a
vast versatile cargo supply vessel lifted into orbit by the Ariane-5 launcher with full
autonomous rendezvous and docking capabilities to ISS. The ATV carries up to 7
tonnes of cargo including provisions, scientific payloads and rocket propellant. Once
docked, the craft can use its engines to boost the Station higher in its orbit, counter-
acting the drag from the Earth’s atmosphere. After the first ATV, Jules Verne in
2008, Johannes Kepler was flown in 2011 and the third one, Edoardo Amaldi was
launched to the ISS on 23 March 2012 and will still remain docked until the end
of September. The fourth and fifth ATV’s are already in preparation for launch in
2013 and 2014.

Apart from Columbus and the ATV, Europe’s scientists and engineers are also
Cﬁntrébsuting other elements, equipment and design skills across many elements of
the ISS.

Among these elements, the DMS-R data management system, which has been a
key part of the Station’s ’brain’ since its July 2000 launch aboard the Russian
Zvezda Service Module.

Europe built also two of the three nodes that link Station components, as well as
the Cupola—a dome-like structure that is the crew’s panoramic window on space
and a control room for astronauts operating the Station Robotic Manipulator Sys-
tems and other equipment.

In fact, European technology plays an important part in many Station sections.
Inside the United States Destiny research module, for instance, Europe has mount-
ed, among other equipment, a specialized material science rack and freezer units.
The Japanese Experiment Module also hosts one of the three MELFI freezers, which
ESA has developed for NASA, as the cold stowage sample preservation reservoir on
ISS, which is jointly used by the whole ISS partnership in conjunction with NASA’s
smart cold transportation assets.

Europe also provides members of the ISS-crew. European astronauts have flown
in space since 1983, and since 1998 the European Astronaut Centre in Cologne has
concentrated on training men and women for future ISS missions. The first Euro-
pean to serve a tour of duty on the ISS, went on mission to the ISS in April 2001
on the Space Shuttle. Since then 18European astronauts have lived and worked on
board the ISS as team members of fully integrated ISS crews.

The astronauts on the ISS will always be part of a much larger scientific team
on Earth which is closely following the crew activities on ISS. The European user
community is very active and therefore the corresponding ISS utilisation demand
is very high. The current European research plan of selected flight experiments al-
ready lasts until 2017 and the next Announcements of Opportunity will be solicited
in due time.

In fact the European mission control centres—the Columbus Control Centre
(COL-CC) in Oberpfaffenhofen, Germany and the ATV Control Centre (ATV-CC) in
Toulouse, France—direct onboard experiments and the European ATV missions,
sharing Station command with the United States and Russia.

Nine European User Support and Operation Centres (USOCs) are based in na-
tional centres distributed throughout Europe. These centres are responsible for the
use and implementation of European payloads on board the ISS and support the
user community on the ground. The USOC activities also extend to investigations,
gvhich are done with European research equipment in ISS modules beyond Colum-

us.

Right now, Europe’s participation in the ISS means that throughout ESA’s Mem-
ber States, thousands of Europe’s best scientists and engineers at hundreds of uni-
versities and high-technology companies are working on the leading edge of 21st-
Century science and engineering. And the European ISS team is fully embedded in
the international ISS partnership, which allows to exploit many synergies and in-
valuable experiences.

Scientific and Technological Objectives and Accomplishments to Date
ESA—through its research programmes on board the ISS—has implemented a

broad portfolio of research activities, in fundamental science, applied research as

well as human exploration preparation and technology, addressing the following key

research areas:

Fundamental Physics

Atmospheric and Environmental Research

Materials Sciences

Physics of Fluids and Combustion
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o Astrobiology

e Cell, Developmental and Plant Biology
e Human Physiology and Performance

e Astrophysics

e Technology Testing

More than 200 experiments have been performed so far by ESA on board the ISS:
short duration experiments before the assembly of the Columbus laboratory to the
ISS, making use of Soyuz “Taxi-flights” under agreements with Russia, and since
2006 with NASA in the Destiny lab in the frame of the so-called “Early Utilisation
Agreement” and also making use of Russian resources. Since the deployment of the
Columbus laboratory in February 2008 increasingly long duration experiments—at
an average of 30 to 40 per year—have also been implemented.

A very good example of the tangible benefits of the research on board ISS is the
already successfully concluded IMPRESS project, a material sciences research
project the results of which were actually instrumental to develop new light-weight
alloys; these new light-weight alloys are now used for aircraft engines turbine
blades, in an industry valued some 2 Billion Euro over the next 10 years. The space
part of this research project has been performed with furnaces and electromagnetic
levitation facilities on parabolic flights and short-duration Sounding Rocket mis-
sions. Now ESA’s Material Science Laboratory (MSL), which is operated with NASA
in the Destiny module under a bilateral cooperation agreement in the Materials
Science Research Rack (MSRR-1), and soon also the unique Electro Magnetic
Levitator (EML) in Columbus offer such capabilities for institutional and industrial
users on board the Station. This will allow the optimum directional solidification of
alloys in MSL and complementary container-less high-precision measurement of
thermo-physical properties on a large variety of alloys which is essential for ad-
vanced casting processes and materials features.

Also the joint operation of the European developed ISS facilities Microgravity
Science Glovebox (MSG), European Modular Cultivation System (EMCS), Pul-
monary Function System (PFS) for a large suite of investigations with fluids, biol-
ogy, human research and again the MELFI freezers for samples preservation are
invaluable assets on ISS space for advanced experimentation by our increasingly de-
manding user communities.

Furthermore, many of the fundamental and applied research projects conducted
within the European programme for Life and Physical Sciences in Space (ELIPS)
create the growing knowledge basis for new products and improved processes, such
as medical equipment, casting technologies, miniaturised sensors and devices.

In future an ensemble of high-precision atomic clocks (ACES) on ISS will dem-
onstrate, in combination with the world best ground reference clocks, advancements
in frequency and time measurements for navigation, improving navigational accu-
racy.

The ISS offers outstanding opportunities as test-bed for Human Exploration prep-
aration beyond LEO. Apart from already on-going or planned scientific and techno-
logical investigations, ESA also fully supports the challenging ideas, which are
under detailed elaboration by the International Expert Working Group (IEWG)
teams under the leadership of NASA. The joint implementation of these activities
by the whole ISS partnership will allow rapid progress and outstanding accomplish-
megts on ISS for the preparation of future Human Exploration missions beyond
LEO.

The European programme for Life and Physical Sciences in Space, ELIPS, in-
volves some 1500 scientists in almost 150 projects included in the research pool of
ISS experiments. ELIPS includes a large and diverse group of industrial users inter-
ested in application-oriented research and industrial R&D; industrial R&D is often
implemented in combination with the objectives and expertise of institutional re-
searchers from academia. Hence, the continued utilisation of ISS and Low-Earth
Orbit creates economic opportunities that stimulates both the academic and indus-
trial sector and is providing for a variety of socio-economic benefits on Earth. ESA
is making every effort, in full coordination with ISS international partners and
through dedicated Announcements of Opportunities, to attract the best ISS
utilisation proposals, including those from international research teams beyond the
borders of Europe. Corresponding to the diversified user needs, ESA is following an
approach that enables utilisation opportunities across the entire spectrum of
utilisation fields.

Besides the significance of the ISS for science, applications and technology dem-
onstrations, the ISS, its utilisation opportunities and the astronauts working on the
Station are a strong inspiration for the young generations to consider a Science,
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Technology, Engineering and Mathematics (STEM) education. In this context, ESA
carries out education activities on the ISS in close collaboration with NASA.

The continuous efforts of NASA for the global promotion of the ISS accomplish-
ments with dedicated publications of the ISS Programme Science Forum and public
events like the recent ISS Symposium in Berlin highlight the value of the Inter-
?ational Space Station and the strength of its international partnership to the pub-
ic.

Optimisation of ISS Utilisation and Potential Improvements

In order to optimize the science yield of ISS, the establishment of an internation-
ally coordinated ISS research plan and joint science opportunities’ solicitations are
sought. The optimisation of the ISS utilisation can be accomplished making use of
the well-established international working groups in life and physical sciences
(ISLSWG and IMSPG) and pooling research objectives and flight resources. ESA has
currently identified more than 20 joint ISS experiments with NASA and in total
more than 50 with all the ISS partners. The shared use of unique on-orbit research
infrastructure is of high importance to allow optimum and efficient experimentation
on ISS according to terrestrial laboratories standards, despite the additional
spaceflight challenges. In general most of the ISS research originates from earth-
bound problems. Hence a very solid anticipated terrestrial research programme is
instrumental for defining and reaching challenging utilisation objectives on ISS,
which are also of major impact in terms of Earth benefits. This close link even ap-
plies to a lot of the research and technology objectives for Human Exploration prep-
aration on ISS. A thorough preparation of ISS experiments on ground or short-dura-
tion precursor flight opportunities (drop towers, parabolic flights, sounding rockets)
is of great scientific and technical importance.

Conclusions

The successful and optimal utilisation of the ISS is important to ESA; ESA has
already reaped considerable benefits from the scientific research, applications, tech-
nology demonstrations and education activities performed on the International
Space Station, and more are expected to be realised in the continuation of the ISS
utilisation in the years to come.

To conclude, I would like to take this opportunity to underline a highly visible-
and highly important dimension of the international partnership in the ISS pro-
gramme: the excellent and highly valued cooperation between ESA-NASA. The forg-
ing of such an international partnership and getting experience in working together
as partners is often referred to as one of the biggest achievements of the ISS pro-
gramme. It is the international partnership that brought the ISS and its unique
utilisation opportunities into existence and fruition. We will also need an inter-
national partnership, probably even a wider one than for the ISS, when aiming at
the next steps of human space exploration.

Mr. Chairman, I would be happy to respond to any question you or the other
Members of the Committee may have.

Thank you.

Senator NELSON. This is the first time that we have had a rep-
resentative of the European Space Agency in a decade testify in
front of this committee. So, Mr. Reiter, we appreciate that very
much.

How many days were you in space?

Mr. REITER. In total, 350. I flew to the Russian Space Station
MIR in 1995 for 179 days, and the ISS in 2006 for 171 days. So
350.

Senator NELSON. Very good.

Mr. Royston, tell us about CASIS at the Kennedy Space Center,
how you are preparing the experiments to go to the station.

STATEMENT OF JAMES D. ROYSTON, INTERIM EXECUTIVE
DIRECTOR, CENTER FOR THE ADVANCEMENT OF SCIENCE
IN SPACE

Mr. RoysTON. All right. First, I would like to thank the Com-
mittee for the opportunity to speak here today. It is a real honor
to sit here on this panel and in this room with those that envi-
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sioned, built, and recently spent time on the International Space
Station.

To our elected officials, I want to thank you for your leadership,
support, and ongoing commitment to this great national asset. I
would especially like to thank Senator Hutchison for your out-
standing service and commitment not only to the ISS, but also to
manned space flight. Your leadership and dedication is why we are
here today, and you will definitely be missed.

I would also like to thank Senator Nelson from my home State
of Florida for all your past, present, and future leadership in space.
And I must acknowledge the junior Senator also from my great
state of Florida, Senator Rubio.

As you are aware, CASIS was formed in response to the direction
provided by this committee regarding independent management of
the National Lab. The CASIS mission has one overarching goal,
and that is to maximize the use of the National Lab. And by doing
so, we need to give our taxpayers the return on investment they
deserve.

This is a challenging task. To achieve this goal, CASIS must
stimulate and open new markets and introduce new users to this
unparalleled asset. We must help all Americans understand why
we go there and how it benefits them, and we must fully utilize
what I believe is the best teaching tool ever created to inspire our
next generation of scientists, mathematicians, and engineers.

In our short existence, CASIS has made great strides in spread-
ing the word about the potential of the National Lab while building
a solid foundation that will guarantee the future success of this or-
ganization. In line with the original vision in our proposal, our staff
has worked urgently to partner with industry, academia, and oth-
ers to ensure that CASIS can be responsive to the needs of poten-
tial users and to maximize utilization.

Our world-class panel of scientists has identified initial avenues
of promising research after poring over more than 135 projects
flown in space to date. We have conducted extensive outreach ac-
tivities, meeting with over 160 companies and organizations from
coast to coast to convince them of the benefits of doing research
and developing products in space.

This ongoing effort also provides us with valuable information on
how industry views space and the barriers to doing business on the
National Lab. We have issued our first funded solicitation for re-
search, with many more to follow. We have taken steps to enhance
the capabilities of the National Lab from an external research plat-
form to new software enhancements. We have assembled an ex-
panding list of hardware and integration experts to assist research-
ers in getting their projects to space.

We have worked with NASA to increase the efficiencies and
speed by which we can get projects from just an idea into orbit. We
have become an enabler of the new commercial space flight indus-
try, and we will build their backlog that will drive the flight rates.

We have enticed new players from nontraditional markets to de-
velop their consumer goods on the National Lab. We have attracted
more than 30 unsolicited project proposals, which are currently
going through our evaluation process. We are working with For-
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tune 100 companies and brand-new startups that see space as truly
a new, emerging market.

We have created product endorsements capable of bringing the
awareness and the wonder of the ISS into people’s living rooms.
And we have established an education program that soon will be
capable of reaching hundreds of thousands of school children in a
very short period of time.

Most importantly, we have met our key milestones that were laid
out for us in our performance plan. And as we transition from our
standup phase to our operational phase, I am excited to tell you
that the permanent Board of Directors, including some of America’s
brightest minds from business and science will soon be announced.

I firmly believe that this Board, along with our new Executive
Director, will exceed the expectations envisioned by this committee
and also by others.

In closing, I believe this is our defining moment. The outpost is
in place. The railroads have been built. History will look back at
this moment as a time when industry and government came to-
gether as true pioneers, and companies invested their own money
to ferry cargo and humans back and forth from this great outpost.

It is our moment, and working together, we can open this new
frontier to all Americans for the benefit of all humankind.

Thank you. And I look forward to your questions.

[The prepared statement of Mr. Royston follows:]

PREPARED STATEMENT OF JAMES D. ROYSTON, INTERIM EXECUTIVE DIRECTOR,
CENTER FOR THE ADVANCEMENT OF SCIENCE IN SPACE

Introduction

Good morning. It’s a privilege to be here before you this morning and I want to
thank the Committee for this opportunity to update the American people about the
performance and accomplishments of the Center for the Advancement of Science in
Space, better known as CASIS, and its role as the manager of the International
Space Station National Laboratory (ISS NL).

The entire CASIS organization is working diligently to establish procedures for
outreach, business development, operations, education and fundraising that will en-
sure we successfully enable companies, academic researchers, students and Federal
agencies to conduct research and development on board Station. These efforts will
produce breakthroughs in science, technology, materials and pharmaceutical drugs
which will provide American taxpayers with a positive return on their investment
while benefitting all humanity.

Because of its unique mission and mandate, CASIS has greater flexibility and can
conduct activities far different than NASA. As Congress intended, CASIS’ status as
an independent and non-profit organization allows for the development of partner-
ships, funding sources, endorsements, and other opportunities that NASA cannot
pursue. CASIS can raise money, advertise, and innovate in ways that open new op-
portunities for ISS utilization.

The CASIS staff shares the Committee’s sense of urgency with regards to maxi-
mizing use of the ISS NL. In the following testimony, I will discuss how CASIS is
developing and pursuing innovative, forward-leaning, and broad strategies to attract
a wide-range of users to ISS NL.

Foundation and Organizational Structure

During its standup phase, CASIS has developed an organizational structure faith-
ful to our proposal, Cooperative Agreement with NASA, and original Reference
Model, but one which is also responsive to the practicalities of implementation and
the realities of the marketplace.

We currently have 27 full-time employees. Staff members bring with them an
array of skills and extensive experience with NASA and the aerospace industry,
R&D, venture capital, media, commercialization, management, and operations. Our
staff has worked with urgency to establish CASIS’ essential functions: business de-
velopment, marketing, education, and operations. We have worked and partnered
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with industry, academia and others to ensure that the CASIS organization can be
responsive to the needs of potential users of the ISS NL. We have conducted exten-
sive outreach activities. All work undertaken thus far has been in an effort to move
the organization forward in an efficient, timely and practical manner in step with
efforts to establish a permanent Board of Directors and executive leadership. We are
confident that the steps taken so far to identify initial research pathways while rais-
ing awareness and developing partnerships satisfy our mandate and will be ap-
proved by a permanent Board of Directors.

The Board of Directors selection process began several months ago when the In-
terim Board contracted with a well-respected executive search firm, Korn/Ferry
International, to conduct an independent, verifiable search for qualified candidates.
Stakeholders, including the leadership of this Committee and its House counterpart,
NASA, and other science-focused Federal agencies, had the opportunity to submit
names of Board candidates. Through a series of evaluations, interviews, and down-
selects, the Interim Board has identified the first group of permanent Board of Di-
rectors candidates, all of whom represent the best American minds in the fields of
scientific research and management from academia, government, and industry. An
announcement of the first set of Board members will be made shortly, with the re-
maining 15-member Board finalized soon thereafter. As envisioned by Congress and
the ISS NL Reference Model, the permanent Board will be made up of world-class
scientists and leaders who will provide CASIS with guidance, expertise, and credi-
bility. They will serve as ambassadors for CASIS and the ISS NL, reaching new
users and supporters through their various networks. Additionally, the initial per-
manent Board members will appoint the permanent Executive Director.

While awaiting the appointment of a permanent board, CASIS has taken steps
to establish a path toward effective utilization in line with Congressional intent, our
Cooperative Agreement with NASA, and other guiding documents. This includes the
appointment early this year of a world-class Interim Chief Scientist and an Interim
Science Collegium comprised of renowned experts to review past life sciences re-
search conducted in space in order to identify initial research pathways. Their effort
resulted in our first solicitation for research in the area of protein crystallization.
This is a well-established area of interest for researchers, but in need of a more sys-
tematic approach than has been taken in the past. The validity of the collegium’s
approach is supported by a recent National Academy of Sciences’ study highlighting
the importance of studying crystal growth without gravitational bias. Protein crys-
tallization in microgravity can validate its scientific worth and unlock the potential
for countless discoveries.

State of Valuation and Prioritization Process

CASIS’ valuation model has been developed in order to best respond to the spe-
cific needs of the ISS NL as well as to meet the requirements of our charter. De-
signed to be a transparent process, it incorporates standard business model ele-
ments with regards to project evaluation and prioritization and has evolved into a
robust methodology, taking into account scientific merit, economic value, readiness,
and operational feasibility.

An interim process was used on multiple test cases, starting with an operational
review to gauge the feasibility of proposals. The Interim Chief Scientist and his
team reviewed projects for scientific merit and impact. The Chief Economist and his
team then assessed projects for value and potential return to the U.S. taxpayer. Our
compliance team scrutinized the legal implications and challenges. Final decisions
were made by the Interim Executive Director with Interim Board approval.

Once a permanent Board of Directors is in place and selects a permanent Execu-
tive Director, the final CASIS Evaluation and Prioritization Framework will be used
on solicited and unsolicited proposals. Under the final methodology, the interim
process expands to include the evaluation of projects by the scientific collegium and
outside industry experts who will score and help prioritize projects using a stand-
ardized set of metrics for the scientific and economic reviews. These metrics will be
posted publicly on the CASIS website. Taking into account the scoring results, the
CASIS science and economic teams will deliver the final recommendations to the
Executive Director, Chief Scientist and Chief Economist, who will then make the
final award and funding decisions. The methodology is designed to adapt to new and
ever-changing market demands. The Framework 1n its entirety is spelled out in Ap-
pendix iii.

Outreach Efforts

The vast majority of Americans, including business leaders and leading scientific
researchers, simply do not know that the ISS NL exists and is open to them for re-
search. To fully realize the potential of the ISS NL, there must be aggressive out-
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reach and education activities to raise awareness of Station and its capabilities.
This has become a top priority for CASIS. Over the last 11 months, we have set
out to establish and develop relationships with new and previous researchers, com-
mercial entities, entrepreneurs, financial partners, philanthropic organizations, edu-
cators, students, and citizen scientists. Since March, CASIS staff has met represent-
atives from over 165 organizations from coast to coast to inform them about the nu-
merous opportunities to use the ISS NL.

In addition, CASIS has supported the Destination Station outreach programs by
participating with NASA on several research panels, Twitter Town Halls, University
presentations, and informational exhibit booths.

Last month, CASIS, in conjunction with the American Astronautical Society
(AAS), was a co-sponsor and active participant in the First Annual ISS Research
and Development Conference conducted in Denver, CO. During this conference,
CASIS also successfully produced and coordinated the first-ever Implementation
Partner Tradeshow, which included over 20 implementation partners exhibiting
their capabilities. This provided a cutting-edge venue for the over 400 attendees,
who could be potential users of the ISS National Lab, to collaborate with established
payload implementation and integration partners, allowing them the opportunity to
gain an understanding of the capabilities available to ensure the success of science
missions.

Over the last six months, CASIS has reached out to hardware providers, flight
and integration specialists and others to create a consolidated directory of imple-
mentation partners to assist ISS NL users to efficiently and effectively get their re-
search into space. The ever-expanding resource is the first of its kind and is avail-
able in hard copy or as a PDF via the CASIS website. It provides technical and con-
tact information useful for ISS NL users and currently lists more than 35 special-
ized companies and organizations The objective is to match users with integration
and hardware partners and in doing so stimulate new investigators and researchers
by making it easier and more cost-effective for to prepare their research for flight.

In June, CASIS announced the creation of the “Space Is In It” seal which the or-
ganization will bestow upon companies that successfully develop commercial prod-
ucts based on research and development, testing or use on the ISS NL. Through the
“Space Is In It” endorsement, CASIS positions Station in the forefront of the general
public’s understanding of our space program. This seal adds marketing value to the
ISS and allows non-traditional users the opportunity to understand the benefits of
science in space. The goal of the seal is to connect Station and the ISS NL research
with consumers, fix ISS awareness more strongly in people’s minds and in pop cul-
ture, and to entice U.S. companies to look more carefully at the value of developing
and researching products on Station. Last month, CASIS announced it would award
the “Space Is In It” seal to any products developed by COBRA PUMA Golf from in-
vestigations on the ISS NL, after the golf manufacturer declared its intention to
conduct materials research on Station with the hopes of creating revolutionary
sporting goods for consumers.

Education Initiatives

While the overlying mission of CASIS is to effectively and fully utilize the ISS,
educating the future engineers and technical professionals of tomorrow about Sta-
tion and careers in space are paramount to maximizing our Nation’s investment.
The CASIS Education Program seeks to use the research CASIS brokers on Station
as a springboard to increase STEM literacy for all students from Kindergarten to
higher education; excite students about STEM careers; support teachers in improv-
ing STEM education; and promote the ISS as a STEM learning platform..

CASIS will work with commercial and academic National Lab users to develop
curricula around their payloads in cases where it makes sense for educational pur-
poses. This aspect of our education mission holds great potential for raising aware-
ness about the ISS, supporting teachers, and teaching students about the practical
uses of space-based research. This will be an on-going focus for CASIS staff. CASIS
will also play a key role in ISS advocacy by developing curricula to excite younger
children about Station science in general.

In June, CASIS has signed an agreement with the Student Spaceflight Experi-
ments Program (SSEP), spearheaded by the National Center for Earth and Space
Education (NCESSC), to sponsor student science projects on Station. In 2013, SSEP
could reach thousands of students and hundreds of communities nationwide. CASIS
will work with NCESSC to enhance the program to expand its outreach.

In another example of the innovative, multi-layer deals CASIS can make, the or-
ganization this year established a partnership with the PGA of America. By
leveraging PGA’s immense network of players, professionals, fans and sponsors,
CASIS can bring attention and relevance to both Station and the space program by
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reaching a whole new audience of children, educators, companies, and decision mak-
ers. The first prong of this strategic cooperation constituted a pilot PGA STEM En-
richment Camp in June at the PGA Center for Golf and Learning. Over five days,
in classroom settings and on a golf course, underprivileged children received instruc-
tion in more than just golf; they learned science, math, and engineering and about
the ISS and the kinds of research that could take place there. They learned about
the physics of golf and how the same principles are used by engineers and astro-
nauts every day. The event was so successful that the PGA is considering rolling
out the program nationally, initially expanding the program to 50 sites next year,
then to 250 the following year and up to 750 in its third year. This pilot program
is model that can be adapted and used by other established organizations to reach
the maximum number of students in the shortest period of time.

Other initiatives that CASIS has put into motion with regard to educational en-
deavors include ‘Story Time From Space’, in which a well-known science children’s
author will write a series of books designed to create awareness about Station,
which will be read by astronauts in front of video cameras on the ISS NL, exciting
young readers about the world in space., . The videos will posted on the CASIS
website and social media platforms. ‘Story Time From Space’ will reach a previously
underserved demographic and connect literacy with STEM concepts. CASIS is work-
ing to finalize this deal by the end of the year.

Operations

The CASIS Operations Director was hired in 2011, and project management staff
positions were filled beginning in January of this year. It is completely staffed, with
six members. All team members have extensive project management and flight
hardware experience from time at space centers, the aerospace industry, and the
transportation sector. Operations staff members are responsible for working with
their clients from project conception to completion. They will use their knowledge
and skills to develop, integrate, and operate projects in order to accomplish the goals
of users and to ensure alignment with the CASIS mission.

The operations directorate has assumed responsibility for all National Lab
projects and payloads scheduled by NASA for current and future ISS Expedition in-
crements. This includes all research, planning and sponsorship efforts. In particular,
CASIS has sponsored research plan updates, assisted with the development of
science missions, and assembled the entire ISS NL research plan for September
2013-March 2014, which has been approved by NASA. CASIS Operations is also
managing flight opportunities in September 2012—September 2013 for unsolicited
projects and the upcoming series of RFPs promoting the utilization of existing ISS
facilities in earth observation and microgravity science.

With regards to fulfilling future increments as required by our Cooperative Agree-
ment, we are ahead of schedule. CASIS has identified and developed payloads that
will be flown on Increment 37/38, well ahead of the Increment 39/40 time-frame set
in our Annual Performance Plan (APP). During Increment 37/38, we are working
towards flying 5 to 6 payloads consisting of unsolicited projects that are currently
being vetted through our evaluation process. Additionally, we plan to deliver the
Windows on Earth software at the end of this year during Increment 35/36. These
Xlissions will serve to validate CASIS’ processes and capabilities, as required by the

PP.

The operations division has also worked with NASA to transition all National Lab
projects to CASIS, with the exception of two due to extenuating circumstances. As
part of this effort, CASIS adopted the commitments of the existing Space Act Agree-
ments and entered into new Memorandums of Agreement with existing National
Lab partners to ensure a continuation of project support and other commitments
within CASIS’s ability to support.

Under a MOA signed with Bioserve, CASIS has tasked the company with devel-
oping a commercial rodent research model in cooperation with NASA Ames and Pro-
fessor Ted Batemen, a leader in the field of space-based rodent research. Our goal
of flying a proof-of-concept mission in the Fall 2013 cuts in half the time it would
normally take to develop and deploy such a concept. Along with establishing ground
and on-orbit processes, this initiative will include the demonstration of on-orbit
analysis capability, which has never been available to researchers before. Pursuant
to this case, we will fly an off-the shelf bone density scanner, which is being hard-
ened for use in space, to develop new means for future osteoporosis research.

The importance of developing a long-term, robust animal research platform cannot
be underestimated; it was deemed important by a recent decadal survey as well as
the CASIS interim science collegium as key to utilization and maximization of re-
turn on investment. The brand new opportunities for research this initiative will
provide are essential to developing new business for the National Lab; several phar-
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maceutical companies have expressed serious interest and a willingness to use the
ISS NL, and are eagerly awaiting the successful accomplishment of milestones. This
project will also benefit NASA, in that it will be able to utilize this innovative meth-
od and hardware for exploration focused research.

Moving forward, this effort will greatly expand the ability of NASA and commer-
cial users to conduct life sciences research in ways that have never been done be-
fore. This will enable ISS NL users to move from limited fundamental research to
applied research, product development, and ultimately, commercial realization.

Another example of the successful transition of projects from NASA to CASIS is
the MOA with NanoRacks. Through this agreement, CASIS has reserved space on
the first commercial platform available for researchers outside the ISS in the ex-
treme environments of space. CASIS will be issuing a formal solicitation for pro-
posals to use this one-of-a-kind platform for anything from earth observation to ma-
terials research and biological sciences.

This opportunity enables NanoRacks, the provider of sophisticated shoe-box sized
space research hardware, to begin design and fabrication of the external platform
pallet and be ready for flight in early 2013—almost a year ahead of schedule. By
enabling NanoRacks to extend their “NanoLabs” outside Station, CASIS is helping
to bring a whole new generation of researchers to the ISS. The deal also fulfills part
of the CASIS mission to enhance capabilities of the ISS NL.

Challenges

As a new organization, CASIS recognizes the inherent obstacles encountered in
standing up a new and unique entity. Similar operations typically encounter grow-
ing pains. CASIS management must endeavor to maintain independence from
NASA, while creating a new way of doing business on the ISS NL. In such cir-
cumstances it is not uncommon to see management changes and executive turnover.
CASIS was no exception in this regard.

In February 2012, Dr. Jeanne Becker, the CASIS Executive Director, announced
her resignation citing the pressures that she felt at the head of the organization.
New management stepped in to get the organization on track and to keep it moving
forward. Since Dr. Becker’s resignation, CASIS has been developing the initiatives
started under Dr. Becker and executing our mandate.

As we have sought to implement the Cooperative Agreement, we have encoun-
tered several challenges. As with any engineering project or standup business, there
were many issues that Congress, NASA, CASIS and our guiding documents failed
to anticipate or address prior to implementation. Given the fact that this concept
is brand new and that our mission is to develop and establish innovative ways to
promote the ISS NL, challenges were expected.

CASIS is currently working with NASA regarding the handling of Intellectual
Property and Data Rights, the resolution of which is essential to securing commit-
ments from commercial users. CASIS continues to work with NASA to find resolu-
tions to these and other critical questions, while understanding our role to establish
new pathways and maintain independence from NASA.

How to best capture unsolicited proposals is an area that is continuing to evolve.

Because unsolicited proposals will by their very nature address topics CASIS
might not be pursuing through a formal solicitation process, we set out to develop
a fair, streamlined process that aligns with overall goals and organizational struc-
ture. As with the formal solicitation review process, this method takes into account
market realities, resources, and scientific merit. Several unsolicited proposals are
currently moving through the pipeline as test cases for CASIS procedures and cri-
teria.

Through significant promotion and outreach efforts, CASIS has and will continue
to receive many unsolicited proposals from academic and commercial investigators
hoping to utilize the ISS NL. Many have their own funds and are only seeking
CASIS’ support with transportation, payload integration and/or hardware/experi-
ment design. This unsolicited interest has driven the CASIS Valuation and
Prioritization Framework to evolve so that we do not disenfranchise potential users
of the ISS NL. History has shown that people have unique and powerful ideas, and
CASIS has created a process that will capture, evaluate and prioritize all unsolicited
commercial and academic proposals to conduct science on the ISS NL.

Conclusion

Over the past 11 months, CASIS has seen its share of negative press, in par-
ticular, with the resignation of our Executive Director. Since that time-frame how-
ever, CASIS has continued to move forward, effectively promoting the ISS NL ag-
gressively and passionately. Through any struggles that might have been perceived,
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CASIS has continued to meet or surpass all milestones established for the organiza-
tion during its first year.

CASIS is now moving from its standup phase to become a fully-operational orga-
nization. From our first RFP to announcing partnerships with non-traditional users,
CASIS has been making tremendous strides towards maximizing the use of the ISS
NL. Our staff continues to engage potential users of Station, developing and evolv-
ing our processes which will further identify research opportunities, and with our
new Board of Directors nearly in place, the future for CASIS and the ISS NL is un-
questionably bright.

The entire CASIS team believes Station is the next emerging market and we plan
to promote the world’s greatest engineering achievement as a mechanism to create
beyond what was previously thought possible. Time is quickly passing, and CASIS
will continue to be aggressive in our efforts to bring users on board Station, creating
breakthroughs that will benefit humankind
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P | CAsis valuation and Priorifization Fram:

STIMULATING DEMAND
SOLICITED PROPOSALS:

are responses to CASIS RFP relegses diven by portfolio

Prooosclls to utiize the 155 Notional Lab ("NLU) fall into two

categories: Solicited and Unsolicited. Solicited proposals

objectives and research pathways approved by the CASIS
Board of Directors ("BOD"). Unsolicited proposals are a result
of promotion of the 155 NL and focused CASIS cutreach led by
the CASIS Business Development (“BD") team. These outreach
efforts allow both academic and commercial investigators
to redlize that CASIS can facilitate access to the microgravity
environment provided by the 155 NL.

Solicited Proposal Valuation and Prioritization Process:

1. Chisf Sclentist ("C5") ond the Sciance Collegium ("SC”) will fis! develop overal
paorffolio objectives (basic research va. applied reseach] and suggest ieseaich
pathways (biosc ces vi, matedal science va earfh obsanvafion, efc.). The SC
will consis! of vatious ocodemic and commetcial experts in thel iespective fields.

2. The CASS Economic feam iviews the parfiolio objecives and research pathways
Idermfiad by the CS and SC. The Ecanomic: faarm may ulize nelationships with indusiny.
leading extemal consullants depanding on the industy (e.g. Mckinsey & Co., Bain &
Co, Bosion Consuling Group, #ic. | ko recormimend changes o e pofiolo chiecives
ondior reseach pathways If cppiopicte. Some key aeos of considenson include
0 ket size, () time 1o bansialion of banalits o Amedcaon iapoyes, [§) polenial
custorme feedback, and (M sclentfic mert os determined by the 5C.

3. Chief Econamist ['CE") ond C5 sign off on reseaich pathways and porficlio
objectives. I is he responsibility of the CE and CS 1o presen reseatch and parialio
objecives fo the CASIS Board of Direcions ["BODS). The BOD will then ailfe appiove
of dsappiove hese objectives and pathways, In addiion, the BOD may suggest
changes 1o fendet pattiways consstent with e CASES mission

4. Upon BOD approval, execufion jokes ploce Micugh he CASIS Business
Development *B0°) team. BD develops o foctical execufion plan for each defined
vatfica markel sagment, using he Board mermbers as well as the economic learm,
scienfific leam. communicaions feam, and exdenal consullants 1o help stimulate
demand, The execulion plon may include attending Indusiy  conderencos,
communicating dincly 1o industry associations, potentiol comimerciol cusiomers
and key meseaichars in o gven fedd ond releasing focused solicliafions.

CASIS will use funds to:
= i) offes gianls thiough soliclialions,

= (il match investigaios funding and

1 = (iii) cieate enhancements to curment 155 ML copacity and ground copabiliies.
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The Cpeations feam will crganize its comments info an Operations Appendix to the propaosal. The Appencix will provide ciucial
Input for priciitization (e.g.. time frame and budgel) and will identity logistical challengas in the proposals in aeas where new-
fo-spoce Ivestigatons will polentially be daficient. This funchion serves fo support the new space investigaton so hat appropriale

consideiations ce made in hell pioposals. as well as fo preven! experienced space Investigators from scofng highet in the iater
teunds of eview [Theteby supporting the CASIS goal to atfroct new users).

Oy proposals that demonshate operafional feasibiiily wil pass this iound of review ond advance 1o sclentific evaluation, The
decision of the Oparations eview s final and nol subject to oppea,

SCIENTIFIC EVALUATION: Using the scoring nibilc below. on external panel of sublect matter experts in the RFP torget fleld,
assambled by CASIS, wil evaludie proposals which possed e Operations review, Thei evaluation will consider both the original
pioposal and any addiional Information provided in the Operations Appendic

DESCRIPTIVE FEATURES POTENTIAL FOR SELECTION

S0-100 EXCELLENT: A fhotough, comprehensive and compelling Top pricily for salechion,
proposal of excephional mei that fully responds o the objectives
of e RFF as documented by sevesal major shengths: no majes
waaknesses and only very minor weaknesses, if any.

B0-89 VERY GOOD: A competent proposal of high meit that fully Sacond pricity for sefection,
1esponds 1o the cbjectves of the RFE as documentad by one bamng issues of funding
of mole major shenghs and no majol weaknesses: shengths avallabiity o

substanticlly outwelgh any minor weoknesses, plogramimanic priorities.
70-79 GOOD: A competent pioposal that replesents a credible May be selected as funds

response to the RFP as documented by no majorn weaknasses; parmit accondng fo

shengihs and weaknesses on the whole ae In balance, but progiarmimatic phorties,

striangths somewhal cutweigh weaknesses,

50-459 FAIR: A proposal that nominally responds to the RER In which May ba selected after ievigons
one of make majorn weaknasses, In combination with any minct as funds peirmil accoding o
weaknesses, cleardy oulbalance any sfengihs. progrommatic pricities.

-4 POOR: A proposal with several major weaknesses of weoknesses Nt selactable egardiess of
hat constiute fatal faws. programmatic: pricitkes of

avalablity of funds.

Mincr waokness: an easly oddresmsable weakness that does not substantioly lssen mentimeact.
Migjor waoiness: o weokness ihaf sveraly Imits mantimoocd,
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FAIL PASS

Reviewers will score the following categories on a 0-100 scale and
will average individual scores to produce an overall meritlimpact score:
Significance R AlA: I successiul, the results will hove raped sclentific, commercial and

hurmanitarian impact and significant sclentific, commercial and humaniforian pofential, The results could
ew ine of space ieseasch with shong scient

cessiul, the esults will advance
the leading edge of the fisld. Negative esulls wil have significant impact within e research area. It
successiul, fhe results will influence brood fiekds of study, The resecrch builds on @ foundation of existing
space of giound esearch 1o baing he pattway closer to commercial oppication,

Investigators i RITERLA: The investigatorns) has the financial stabiity 1o complate a project, The
Investigatons) hos documented success In the field of study (03 demonstiated by stong putication record
commercial success, patents of technology iImplementation mesutting from RED). The investigatons) has o
stong publication record or demonstated success in R&D (os measwed by commercial success, patents
inclogy implementation resulling from sclentific ressarch). If the applicant ks a new invastigatons), o
one in the eary stages of an independent corees, the investigators) has appropriate experence and haining
of has parnesed with o qualiied colnvestigator, If the project (s colloboative (@.g.. multipée nstibul
coinvestigators), he investigators have complementary and integeate : their leadesship approach,

of fec

W Of

QoveInance and oiganizc | struchure are appropriate for the project,

Innovation - The poject i innovative with iespect to multidisciplinany integration
and novelly of lopic of approach, The project’s resulls, i successiul, will challenge
commeicial practice paradigms. The project’s concepls, appeoaches, instrurmentatic
new 1o mose than one field of research. The project improves of suggests a new application of thaoaticaol
conceplts of apploaches,

sunent research of

# interventions are

Appreach - RSICR A The scientific meil of the proposal is sound. The ploposed project fits
the CASIS mission, satishing the overall objective of fhe RFP and both the short- and long-term objectives
of CASIS, The proposal explains the hypotheses of the requiled elements of the ploposed technology
demenshiation, Including wel-defined giound confrols. The project requiles the space envitonment for
advancement with respect fo fime and'or capabilty, The project's potential problems, afemative shategles
and benchmarks for success are presented (may efer o Opatations Appendi.

The investigatorfs) has access fo cucial ground technology and
scessary Tor prefight work and ground confrols. The proposal contains compelling and well-
developed preiminary work. The project will benefit from the space emvironment, The investigatons) has
demonstiated understanding of how dala collection, analyss and inferpralation must be approached on
ther basis of the unique condifions of the spoce anvironmment (Mmay feded o Operations Appendi)
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INTANGIBLES EVA

Reviewers will evaluate three key categories:

LUATION

Greater Good 1o Soclely - it i A The overall potential fod impact on the LS. soclety s of
significant value, The project odvances discovery ond undestonding while promcting feaching, fraining
and leaming. The proposed project bioodens the participation of undenepiesentad groups. The project
Increases theoughput of the supply chain—innovations affecting hurmans, animals, plants, climate and ‘
IB50Uces now of In the fulure (e.g.. Tewer deaths, fewer sicknesses, healfhier ivestock, o moe abundont

tood supply, the protection of endangered plant o animal species, reduced pollution, Improved ground
enaigy aficiency). Pioject success will beget fulee piojects of intangible o tangible vaue. The project
addresas an important problem of a cifica bomier 1o prograss in the feld,

U.5. Leadership in Space - HETCRS/CRITERA: The success of the project will change the concapls,
mehods, lechnologies, featments, seivices of interventions that dive the rek W fhedcd. Potential endsts for
significant intenational imeact, The project advances the CASIS mission to balance a diverse poiffclio of
research disciplines and stoges. The project enhances awaenass among potential Intenational Space ‘
Station consMuency groups legarding e advantages of perfoiming sclence i space (l.e., it wil promate
Inferest in using the National Lab). The project shows how space station technology confiibautes to products

and sendces levenue and relaled lax ievenus iom profits [Le. it demonshates vaue 1o the public).

Economic and Human Capital Development - 7 i ERA: The benelils of the proposed
projact to socialy include job and wealth creation, s well as improved quality of life, knowledge, skil
seits and sustainability. The project bridges basic science with indushial R&D applications. Project s
wil enhance fhe infioshuciue for spoce-based reseaich and education (e.g. faciities, insfrumentation, ‘
reatwaorks and parfneiships). The results will be dissaminated broadly 1o enhance scienfific and technological
undedstanding. enabding developments in sclence by allowing resedchers 1o bulld on each ofher's work

and providing confent for educational curcula,

Cass 4

REGULATORY REVIEW: After the economic evaludtion, the CASIS Compliance tearm will ieview meritcrious projects, providing
notes regarding potential problems fof the Tollowing areas: data infegiity, risk liabiity, ethics and reseaich integiity, regulatory
compliance and conflicts of infarest,

PRIORITIZATION AND AWARD DETERMINATION: The ED. CE and 5 will perform the final peorfizaion and award
deteimination, inifiating discussions with memisers of the Project Selection Ponels and CASIS managementlevel stalf as necessary,

Evocutve — e The ED. CE and C$ will meet and review the eligible projects, relative fo the

Sciantist enfire NL resaaech portfolio, on the basis of

Diraclor Economist
L’ A/ L juca ] They wil consider esimated codt and fimeline

dongsde scoes and cormiments flom all ieview steps.

Final
Pricaiization The ED, CE and C5 will analyze the Opeiations Appaendix to ploposals fo
& Mweaic
Datesmination ensule suficient fociily copacily and on-boad resowmces in the given

inctement. Basad on the Taciliy and rescuice requitements known al The

tirme of priciitization, they wil categorize and organize payloads accordingly,
consulting CASIS Operations stalf as necessary for clarification, If all eligible projects tall within the ovaliable CASIS esources
ond taclity capociy, then prioitzation, for fhis pupose, would not be necessary, If unioreseen changes fo avallable resources
ocour, CASIS wil lepriodtize the pavoods.
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Specific projects the C5 and CE kenfify as qualified opportunities fall into the same ey
that are subrmitted thiough hoditicnal scicitations, including (1) an Operations Evaluation, (i) Sch
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Evaluation

snomic Evaluation with extemal review panel, and (iv) the final seiection ponel

All unsolicited profects must meet minimum elgibility requiements such as
[
funding). and (i) an ogeasment with an implemeantation pariner. Prioited

rendiness for an in

ement, ({] secured funding (including CASS giant

»osals with sutficient funding will odvar

falls 1o the CASIE Operations team
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al planning.
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For qualfied projects that lock e necessary funding for advancement,
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potential financiol partnerships
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Senator NELSON. Thank you so much.

I am going to turn first to Senator Hutchison, and I would like,
in the course of the discussion, if you all would bring out what is
going on on the development of the vaccines, an up-to-date report.

Senator Hutchison?

Senator HUTCHISON. First of all, Mr. Royston, thank you for the
report. Because we are anxiously awaiting the appointment of the
board so that we can see the CASIS get up and go and really start
showing results. And I think the board membership will be crucial,
and I am encouraged that you are saying it will be leading sci-
entists, as well as people in business.

Dr. Pettit, I would like to ask you, if you identified any areas—
and of course, Mr. Reiter, I would like for you to jump in as well
on this area where the ability to perform valuable research aboard
the Space Station could be improved. Are there any specific sugges-
tions on what we could add or what more would be effective on the
Space Station for the basic research?

Dr. PETTIT. Senator, currently, I believe the rate-limiting re-
source for doing scientific research on Space Station is the avail-
ability of crew time. We have an amazing infrastructure that is
currently just getting going with the commercialization of space, for
bringing supplies to Space Station, where we have more scientific
apparatus on Space Station, more equipment waiting to be used,
more science experiments in the queue than we have crew time in
the USOS segment with three crew members that we could spend
working on this.

And currently, crew members are working about 13 to 14 hours
a day. And out of that, we can get about 6.5 hours of mission pro-
grammatic work done.

And you may wonder why we work 13, 14 hours a day, we only
get 6.5 hours of program work done. That is because we are in a
frontier, a harsh frontier, and we spend 13, 14 hours a day just to
keep the machinery going and keep it possible for human beings
to be there. And you will find this is commensurate with other
frontiers that are harsh on the surface of Earth.

If you go to Antarctica, which I had the opportunity to go and
participate in the Antarctic search for meteorite expeditions that is
jointly funded by National Science Foundation and NASA, we were
looking for meteorites on the glaciers maybe 200 miles from the
South Pole, living in Scott tents, which have changed very little
from the design that Scott used when he did his expeditions.

We would spend 13 to 14 hours a day working in this Antarctic
environment to enable about 6 hours of actually mission work gath-
ering meteorites. And we would spend time working on our snow-
mobiles. We would spend time just trying to chip at the ice so we
could make water, drying your gear, all these—shoveling snow so
your tents wouldn’t get buried by the sastrugi. And we would work
13, 14 hours a day just to enable the 6 hours of on-the-mission
work.

I think if you look at deep sea, people living in the deep sea
doing work, saturated conditions on platforms, it is difficult to put
human beings in a harsh environment and have them work more
than about 6 hours of on-the-mission work.
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And so, what we find in Space Station is commensurate with
what we find on Earth in these harsh environments, and you reach
a limit with a crew of three of how many hours can you work and
still keep your mind, still keep your wits, and still get enough sleep
so that you can respond to contingency situations? And so, cur-
rently, our ability to do the engineering and organization to get sci-
entific equipment up and the ideas behind the science experiments,
there is no shortage of that. It is crew time.

Senator HUTCHISON. So we need to get seven people in that sta-
tion. That is good.

Mr. Reiter, did you have anything to add?

Mr. REITER. Yes, thank you, Senator Hutchison.

I believe considering the fact that we have almost just
transitioned from a buildup phase of the ISS to a quasi steady-
state operation, it is a little bit early maybe to really say if we al-
ready are utilizing the station in an optimum way.

Don has just mentioned we have given parameters, assets. Crew
time is one of them. Up and download and scientific facilities that
have been mentioned. And I think the next years will show where
there are further areas of improvement.

Now from a programmatic point of view, I can imagine that, for
example, in the coordination, in the international coordination of
research subjects, there is space for optimizing the processes. And
in fact, ESA has currently identified more than 20 joint experi-
ments together with NASA and in total more than 50 with all the
ISS other partners, and the shared use of this unique orbit re-
search infrastructure and the assets is of high importance and will
help us to see where there is area for optimization.

In addition, I have to say, of course, looking at the internal proc-
esses, there are certainly areas where I will look into the future.
For example, one of the remarks I am receiving from the scientific
community in Europe is that the turnaround time maybe can be
improved.

This is motivated by comparing it to the time of the Spacelab,
which was flying a couple of years ago onboard the Shuttle. And
I will look into the possibility if we can indeed decrease the time
from the moment where the scientists are proposing their experi-
ments until they hold the results in their hands.

Also I think in a structural way we are using multiuser facilities,
big facilities in the various modules, and I will see if this is the
right balance with these huge multiuser facilities, compared to
small experimental hardware which is dedicated to single experi-
ments. If we can optimize that in order to improve or to increase
the scientific outcome, but that will need some time of this steady-
state operation that we have just entered.

Senator HUTCHISON. Thank you very much.

I will have another round, but let us let everybody go.

Senator NELSON. OK.

Senator HUTCHISON. And I like your virus issue. You need to
cover that.

Senator NELSON. Yes. As a matter of fact, I want to ask you
about that. But I just want to point out that since we were talking
about Sally Ride, that the American astronaut on the station now,
Sunita Williams, will become the second female commander of the
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Space Station crew, coming this September. The first female Space
Station commander was Peggy Whitson, who is presently the Chief
Head of the Astronaut Office.

So, again, we see these women pioneering. I thought it was also
in the number of comments that had been made to the press about
Sally that one of the most interesting was from the first female
commander of the Space Shuttle, Eileen Collins. So, with that
backdrop, we proceed.

Would you all—before I turn to Senator Rubio, would you all
share with us, whoever, about the advances on the vaccines?

Mr. GERSTENMAIER. I can do that a little bit. We have learned
that almost all bacteria and viruses in space mutate into a large,
different gene strain. And we have flown salmonella several times
on the Shuttle.

Senator HUTCHISON. I couldn’t quite understand. Did you say
large and different?

Mr. GERSTENMAIER. Yes. Different, and they mutate——

Senator HUTCHISON. They mutate? OK.

Mr. GERSTENMAIER.—to various strengths of the various bacteria
and viruses. So, for example, salmonella, you fly it up and you get
back a whole variety of different salmonella than you would typi-
cally see here on the ground. Some are stronger, some are weaker.

Then what we have been able to do or what the investigators
have been able to do is they return these samples to the ground.
They then learn which genes turn on the strength of the sal-
monella, which genes potentially turn it off. Then they can geneti-
cally engineer a strain of salmonella that is strong enough to give
the human an immune reaction, but not strong enough to actually
give you the disease, and that is the basis of the vaccine.

So they have done enough trials on orbit that this looks very
promising. The same thing can occur for viruses. So flu, you could
potentially engineer a flu vaccine ahead of time with a very quick
turnaround.

Again, it is still conceptual, and we don’t understand why bac-
teria and viruses perform this way in space. The company is close
to taking this into FDA trials. We have done almost enough work
to go complete that activity and take it into trials. I believe they
would still like to fly a few more samples to space to get some more
material back and then maybe do a little more research before they
prepare the final package that goes to FDA.

We are still discussing with them exactly how they are going to
work that out in the future. But this is one very promising area
where we don’t know exactly the reason that this occurs in space.
But if you give it to a creative industry, they are able to take this
phenomena and then apply it in a way that is tremendously bene-
ficial to us here on the Earth.

So I think this area of research in virus and vaccines has a lot
of interest to us. Arizona State is also looking very hard at trying
to understand why this occurs. So they are looking at it from kind
of the pure research side. What is unique about the properties of
microgravity that causes these viruses and bacteria to behave in
this unique way? So very promising.

Senator HUTCHISON. That is going to be essential because you
can’t manufacture enough up there to bring back very easily. So
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that is really going to make a difference if they can figure out what
that cause is.

Mr. GERSTENMAIER. And the advantage is once you understand
which genes are turned on and turned off, then you can manufac-
ture this vaccine on the Earth. So it no longer requires you to go
to space.

So you just use space to essentially spark your creativity about
which genes are effective in making the virus stronger or weaker,
and then that can be used on the ground then to actually generate
the vaccine.

Senator NELSON. What about the vaccine for the raging bacteria
MRSA?

Mr. GERSTENMAIER. It does the same exact phenomena as the
others, and we believe a similar strategy can be developed for the
MRSA, the resistant bacteria that is a tremendous problem to us
in hospitals. So, again, we are working with some companies to go
take a look at that as well.

Senator HUTCHISON. Could I just pursue this for one second and
ask you if you have got vaccines, and can it also apply to cancers?
And can you grow cancer cells and look at a mutation and deter-
mine if there is a vaccine or an antidote for that?

Mr. GERSTENMAIER. It is not as clear in the cancer case, but we
have some researchers that proposed some investigations along the
cancer line. But what we have done is we have flown a variety of
both bacteria and viruses to space to confirm that it is there.

We have not done enough research in the cancer area to under-
stand if there is a connection in there. We could get some of the
actual researchers to come, give you some information specifically.

[The information requested follows:]

Clarification on vaccine development in space

The increased pathogenicity in microgravity comes from changes in gene expres-
sion (which genes turn off and on), but there is no mutation involved—microorga-
nisms have the same genes before, during, and after flight. There is no connection
between bacterial virulence and cancer.

Arizona State University (ASU) assisted with the discovery on pathogenicity
changes in space, but is not participating in on-orbit Salmonella or MRSA vaccine
development. ASU may do some additional spaceflight studies in the future to see
if they can improve a vaccine for pneumonia that is in clinical trials.

Astrogenetix has not applied for Investigational New Drug Approval from the
Food and Drug Administration (FDA). Additional flight work may be required before
they apply—and this could be years away—depending upon what the company be-
lieves is required to ensure a positive finding from the FDA.

Senator HUTCHISON. Yes, because I know they have done breast
cancer cell growth in space. And if they could do the same for that,
that would be a medical breakthrough of phenomenal proportions.

Well, thank you.

Senator NELSON. Mr. Royston, what is CASIS doing to manage
this kind of research?

Mr. ROYSTON. Good question, Senator.

I think with this—and Mr. Gerstenmaier did a good job of ex-
plaining what some of the areas are being looked at and what has
been done. One of the things that I see CASIS really providing a
real baseline to is with our, as you will see soon, the Board that
is coming on, let alone our scientific collegia that is made up of
some of the brightest minds out there in biotechnology, materials
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technology, but especially in the bio areas, that we can take and
baseline all this work.

Because as a nonprofit, we are not trying to get new research
money and we are not trying to be somewhat biased within our re-
search. We need to be able to gather that, put it together, and that
is what we have started doing so that we can then pass that on
to researchers that are looking at areas of either antigenicity, mus-
cle wasting, or osteoporosis.

But we will have gathered that up and put real facts around the
science and be able to say this is the baseline by which you can
build on.

Senator NELSON. Senator Rubio, before I turn to you, this
prompts another question I have got to ask the two of you that
have been in space for so long. What we are finding in the annual
physical exams is bone loss. What has been your experience with
this since, I would assume, that the bone loss would be directly
proportional to the amount of days in space?

Dr. PETTIT. Senator, bone loss is something that we are starting
to get a handle on, and we have an empirical remedy. I won’t call
it a solution, an empirical remedy that if you exercise in the right
way, and in some respects a 6-month trip to Space Station is like
spending 6 months in health camp in terms of the amount of exer-
cise that we do. We found that this keeps the bone density at bay.

It doesn’t prevent it, but it keeps it in a manageable category.
And again, we don’t know why. It is an empirical remedy. We are
working on what the fundamental cause of this is.

And I liken this state to where scurvy was around 1750 when
some British surgeon found out that if you suck on citrus, you keep
scurvy at bay. They didn’t know why. It took another 150 years be-
fore we even discovered vitamins and the idea that small amounts
of organic compounds are essential in maintaining human health
and then the fundamental cause of scurvy through lack of Vitamin
C.

It is the combination of, first, an empirical solution, which allows
the seaman to go out and not get this disease and eventually cou-
pled with the basic understanding, and it is a basic understanding
that allows all the people that stay on the continent that don’t go
on these voyages to benefit from this information, which is literally
pried from the souls of those who explore.

And this is what we are doing right now with the bone density
loss. We don’t know why. We need to continue the effort so that
we understand fundamentally what is going on because we have
got this gravity knob, which we can now tweak and experiment on
human beings as well as other creatures. And this allows us to dis-
sect out new pearls from the human physiology. And we have got
this empirical solution that will allow us to continue to explore
space, but we need to understand the fundamentals, and that is
what will bring the benefit to everybody that stayed firmly planted
on this planet.

Senator NELSON. Of course, osteoporosis is a real problem here
on Earth.

Senator Rubio?
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Senator RuBio. Thank you.

It is actually along the lines of what you have already been ask-
ing. So I will just continue it. You know, one of the things that we
face a challenge with today when you talk to the everyday man or
woman on the street is, well, why are we spending all this money
at this time in our history on these things when we have so many
other needs?

And I think one of the answers to the question is what you have
been talking about today, is all these innovations that are only pos-
sible in that setting. So we have talked about vaccines. You talked
about bone loss, another. What other kinds of—and I think this is
for the whole panel—what other kinds of advances, whether it is
for commercial and consumer application or health applications,
what other kinds of exciting things are happening up there in that
setting that justify these expenditures which allows us to get peo-
plelzl %Xcited about space travel internationally, but also domesti-
cally?

Dr. PETTIT. I will punch the button on the microphone again.

If you look at fire, fire and its either discovery or learning how
to tame fire is what literally brought us out of the cave and allows
us to have our civilization in terms of what we know now. Fire
gives us our electricity. Fire allows us to have vehicles, airplanes,
and cars and machines. It literally turn the wheels of our civiliza-
tion.

Fire has—and from a scientific point of view, we don’t call it fire.
We call it combustion. It has a strong gravitational factor to look-
ing at what is going on in combustion, and we learn empirically
that heat rises, right? We learn that from fire. Fire goes up.

Space Station now offers us the ability to dissect deeper down
into what the processes are in combustion that literally turn the
wheels of our society by looking at it in an environment free from
gravity, free from the gravitational driven convection. And this al-
lows us to look at things and figure out what is going on at a level
that you could never see without taking it to space.

And one experiment that I worked on on Space Station this last
mission was looking at solid air combustion and looking at it under
lower convection, lower differential velocities between the air and
the fuel that was being burned than what is possible on Earth be-
cause of the convection.

And what we found is that things are more flammable than what
we thought. That here on Earth if you lower the convection to a
certain point, the flame goes out. But in microgravity environment,
we found that the combustion will continue at a state of lower con-
vection than what we can actually go to here on Earth.

And what the effect of that will be in terms of turning our wheels
in our civilization, I don’t know. but it is one small, little step, in-
crenﬁental step in learning more about how this combustion process
works.

Mr. RoysToN. Well, Senator, I will just add that when we look
at it again as trying to develop new pathways and develop new
kinds of markets, if you will, for certain things, we kind of look at
it in, I would say, almost four areas. We talked about life science.
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And in life science, I think there are just a vast number of things
that we can do in life science.

We talked about muscle wasting, osteoporosis, and tissue genera-
tion. Diagnostics, I think, are really going to bloom in that area.

Then we move over into material science. I think there are some
very unique things that we will see in the future in the areas of
material science. Nano alignments, crystallization, different things
that we can do by taking that gravity factor out.

And then we move over into physical science and some others.
But one thing that sometimes gets forgotten, and I look at it almost
as kind of a satellite guy, we have constructed basically the largest,
most powerful spacecraft up there ever imagined. So with that sit-
ting up there, we can do some really amazing things in Earth ob-
servation.

We can put new instruments up there almost immediately, and
we are working on some of those now with companies. This is a ve-
hicle that passes almost all land mass every few days, and it is
great platform to do Earth observation.

So there is a plethora of things that are really there, and I think
it is for us to kind of compartmentalize them, put them out, and
then get out to those industries that can really utilize them.

Mr. REITER. Senator Rubio, I had last Saturday a 2-hour inter-
view on a Saturday morning radio show where I got a lot of phone
calls that I had to answer that were exactly related to the question
that you were just asking. Why are we spending so much money
for that?

And as Don just did, I think there is a lot of justification. Living
in a world without gravity allows us to look into processes that
help us to understand how life is functioning, and into a lot of
physical process and that, in turn, creates certainly tangible bene-
fits for society.

However, in that I would like to add here, if we only look at
those direct tangible benefits, I think we leave out an important as-
pect, and that is the fact that gaining knowledge, gaining insight
into the surrounding is a benefit by itself, even if it is not imme-
diately connected to, let us say, a utilization here on ground.

The aspect of exploration which Don described is one of these ex-
amples. If we fascinate our young people to get engaged in these
STEM topics, I think that is also a benefit, which is maybe not di-
rectly tangible as maybe creating new materials or new drugs or
vaccines that help us to fight diseases. But I think we always need
to have the view on these overall benefits, the tangible and not the
tangible ones.

And last, not least, I think the cooperation, the international co-
operation, as I also stated before, is an important aspect of space
flight. Working together in space is a very valuable asset.

Thank you.

Mr. GERSTENMAIER. Just add quickly, any physical phenomena
that we have that has a little g in it, the gravity vector, when you
take it to space and you remove that gravity, you get a different
insight into that physical phenomena. And then that allows re-
searchers and companies to potentially exploit that benefit like we
have been discussing here in new ways we can’t imagine.
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But it is tough to predict exactly where those breakthroughs are
and exactly how they are going to pay back. But if they start, you
gould potentially start a whole new industry that never existed be-

ore.

The other thing it does, I think, to Thomas’s point, the intangible
benefits, one thing is the creativity aspect. If you look at these stu-
dent experiments that are flying up on the Japanese vehicle, the
one student’s experiment was to take a jumping spider and fly it
into space.

And this spider knows how to jump from one spot to another
based on the gravity that affects the spider. So he knows exactly
how to jump on his prey. What will happen in zero gravity where
he no longer has that gravity?

Will this spider now learn and adapt to jump in a different direc-
tion as the humans do after a while? When they first get on space,
they see these guys bump around. But then after a couple of days,
they are honed in on the zero g phenomena, and they can float
pretty effortlessly. Will the spider do that?

But what was interesting is this student in his own creativity,
he imagined what this would be like, and he thought about a phys-
}cal P)henomena, a physical insect, and said, well, how will that per-

orm?

And that creativity and that ingenuity and that excitement in
this student is just an amazing thing going forward. So how do you
quantify that as being worthwhile?

Senator RuB10. What did the spider do?

Mr. GERSTENMAIER. We don’t know.

Senator RuBio. Oh, OK.

[Laughter.]

Mr. GERSTENMAIER. Spider news this fall, when he actually—
Sunita will do the experiment. But that is the point. It is this in-
quisitive nature that really brings out the best in us and can really
compel a nation to be exceptional.

Senator RUBIO. Let us know about the spider when that hap-
pens. Now I am dying to know.

Mr. GERSTENMAIER. Will do.

Senator RUBIO. Thank you. Thank you. Those are great answers.

Senator NELSON. Senator Boozman?

Senator BoozZMAN. Thank you, Mr. Chairman.

Mr. Gerstenmaier, one of the things that comes up a little bit,
we have lost American access to the Space Station using our Space
Shuttle orbiters. I guess the question is have we lost a significant
barter/able asset that perhaps will diminish the amount of research
that we will be able to accomplish in the next 8 or 10 years?

And from where we stand today, will our research be increasing?
Our capacity, will it be increasing or decreasing as time goes by?

Mr. GERSTENMAIER. I think, as we have discussed earlier, from
a cargo standpoint, we have a pretty good ability to get cargo to
Space Station. And we have the HTV, the Japanese cargo vehicle,
which is on its way to station. We have the ATV, which is from the
European Space Agency, currently attached.

We saw the SpaceX demonstration this year. They are going to
schedule to fly again possibly this fall in the October timeframe.
Then Orbital is working on their cargo vehicle. Its demonstration
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flight should be probably by the end of this year, probably in the
December timeframe.

So we see we have a pretty robust with multiple vehicles that
can carry cargo to station. That is important from a researcher to
make sure that their research experiments get to space and get to
Space Station.

On the crew side, we have the Soyuz vehicle. We would like to
get a redundant capability for that as soon as we can. That is the
basis of our U.S. commercial crew transportation activity. We need
to bring that online as soon as we can to have a redundant way
of getting crew to space.

I am not concerned about the Russians’ ability to do that. It is
just our environment is very tough. You know, when we had the
Columbia tragedy, the Soyuz was able to back up our transpor-
tation and was able to keep this continuous crew string that Sen-
ator Nelson talked about possible onboard Space Station. So we
were able to use that Soyuz vehicle during that time.

Right now, we are essentially single string, with one way to get
crew to orbit, the Russian Soyuz. We would like to get our U.S.
crew transportation system online as soon as we can, and we are
fv‘vorking that as fast as we can. Hopefully, by 2015, 2016 time-
rame.

Senator BoozMAN. Very good. Thank you.

Let me ask you guys, and again, whoever would like to comment.
But as a scientist and then just as a citizen, we have talked about
the spider. We have talked about bone loss. I am an optometrist,
an eye doctor, and interested because I know there has been some
visual things that have gone on.

But all of this research is going on up there and down here. I
guess my question would be what excites you the most about spe-
cific areas that we are doing that you see the most potential in the
future? If you had to pick a thing, what would it be?

Dr. PETTIT. I think one of the most exciting parts of going into
a frontier are the pages of the book that don’t have any writing on
them yet because you don’t even know enough to know should this
be the exciting part? Should this be the significant part?

And certainly, you bring up the idea of these eye maladies where
about 20 percent of the people living for long duration time on
Space Station come back with these wrinkles on your retina, and
there is a name. I think they call them choroidal folds, these tech-
nical names. You know how engineers and scientists, they like to
talk tech.

But what they really are, are wrinkles on your retina. And de-
pending on where they go, they can impact your vision. And we
currently haven’t a clue as to why they form. There are certain
mechanisms for these wrinkles forming with people on the ground
that have to do with elevated intracranial pressure, again, another
term for just saying the pressure in your brain.

And we have just learned that these wrinkles can form on sta-
tion crew members that have low to normal intracranial pressure.
So thoughts on why these things form, we haven’t a clue now.

And another thing that makes this really fascinating is that they
are predominantly in the right eye. So why is it just the right eye.
Sometimes the left eye, but mostly the right eye. And it is like a



44

Sherlock Holmes story. These are little nuggets. These are little
clues scattered about which tell us something about the human
physiology.

And again, the pages of this particular chapter have not even
been written because we are currently in the process of writing
them. The answers are clearly not in the back of the book. And
when you go into a frontier, it doesn’t get any better than this.

Senator BoOozZMAN. Mr. Royston?

Mr. ROYSTON. Yes, Senator. I would add to that one of our chal-
lenges is, and I think all of us in this room agree, is time, right?
So we are looking at how we can get success as fast as possible.

So, one, it continues to show everybody that we need to keep this
great outpost going. We need to continue the research. But for us
and for my organization, one of the things we try to kind of bubble
up to the top are those things that we think can have the earliest
impacts.

And we mentioned osteoporosis, and one of the things there is it
is a good example of a known. We know there is bone loss in space.
So in order to test osteoporotic drugs, you need bone loss.

And typically, to get that, you have to test older patients that
have other problems, have other things. Where if we are able to go
into space and I have an animal model there that is still in good
health, but their bone loss goes down by 80 percent, that is an un-
believable test bed to be able to look at drugs and rapidly do either
first-fail scenarios or be able to determine what is going to work
and what isn’t.

Now, as we talked about with either virulents or some of the
other things, I think it is taking the knowns that we have, with
protein crystal growth being another one. We know that we can
grow better proteins. We can do better crystallization because we
have taken the vector out, that gravity vector, as Bill mentioned.
But our goal is to really look at the knowns that we have up there
in parallel with the unknowns.

So we are trying to use what we know is current capability and
things that are going to work with the fundamental science of why
is it happening, and what is it doing? So from our perspective, it
is a balancing act. We want to get moving on the things we know
will make a good research test bed and development, but also don’t
forget the fundamental science and the whys that are happening.

Senator BOOZMAN. Yes. I think it really important in the sense
that one of the things that you all have to do a good job as compo-
nents of the agency is being able to relate what the positive things
that are going on. And certainly, we as members that are very sup-
portive, the Committee, have to do a good job of being able to relate
to the public. The fact that we are spending a lot of money, but this
is the—these are the very positive side effects that we are getting
as a result of that.

So thank you, Mr. Chairman.

Senator HUTCHISON. Mr. Chairman?

Senator NELSON. Senator Hutchison, of course.

Senator HUTCHISON. Can I ask one quick question? Because I
have got to go, but I wanted to ask Mr. Gerstenmaier a two-
pronged question. Number one, is there the possibility of extending
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the life safely of the Space Station beyond 2020? And if so, is it
being considered?

And the second part of the question is, I am fascinated by this
NASA picture on the Earth observation issues that have been men-
tioned by several of our astronauts and researchers, and the impor-
tance of being able to see the Earth for river plumes, for flood
depth, for earthquakes or rather volcanoes that we don’t feel yet,
but you can see it from space, managing fisheries, oil spills. All
those things.

Can we put an orbiting satellite up with cameras that could do
what the Space Station does? Or are we in need of having another
capability to do these observations?

Mr. GERSTENMAIER. I will try to do both of these, and then these
guys can fill in a little bit. The first one, beyond 2020, we are look-
ing technically to make sure that there is not any problems with
extending Space Station. So we are looking at physical system
seals, rotary joints, those kind of things, major components.

What is the life-limiting factor for Space Station? And we are
doing that with our partners, taking a look at that. And we think
we can, from a physical standpoint, station can be operable prob-
ably to 2028. We are still looking at structural life and other
things. So we have done those investigations.

I think it is important to us at this point to really focus on, as
these guys have discussed earlier, of utilizing station and showing
some benefit and return back. And if we can do that in the next
couple years, then I think the discussion about do we continue be-
yond 2020 becomes a little bit of an easier discussion.

So at this kind of juncture of where we are transitioning from,
from assembly to research, I think we need to get a little bit more
of this research under our belts and to make the systems proven
a little bit that we can then sell those to our governments and folks
to move forward to extend station.

To the other question about Earth observation, I think station is
a tremendous platform to do technology development. So if you
have potentially a new sensor that it is maybe not mature enough
to actually put on a dedicated satellite, you could fly it very easily
to station, mount it on station, get some quick results from it, and
determine that, hey, this is really a good device to go use.

And then after you determine that, then you could go put it on
a dedicated satellite. We have done that with a couple. We have
the ISRV, which is essentially a telescope that will be set in the
window observation facility. It is on HTV. It will look for disaster
areas. It is part of the severe network, where you can call up for
a disaster. You can get location information.

There is also, I think, the HICO-RAIDS experiment, which may
have been the pictures you were showing to me there.

Senator HUTCHISON. It is.

Mr. GERSTENMAIER. Yes, that is a hyperspectral spectrometer
that was developed by the Naval Research Laboratory. That was
a very quick demonstration to see what could be done onboard
Space Station with a quick device to get up and see what kind of
information they could get out of it.

It has actually operated for much longer than they anticipated,
but it is a good test bed for those quick kind of tests to make sure
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that the equipment or the device you want to fly is really the right
device to fly.

Senator HUTCHISON. Thank you very much.

Dr. PETTIT. If I could add a couple of words? Oftentimes, it takes
a human being in the loop to figure out what it is you really want
to measure in the first place. And for example, you could put a sat-
ellite platform in orbit, and you know that you shouldn’t look at the
direct reflection of the sun off the ocean—that is called sun glint—
because it could burn out your detector.

Now you put an astronaut on orbit, and sometimes they don’t
have the kind of common sense that you would think they should
have. And we will go ahead and look at the sun glint off the ocean
because, wow, it is neat. And then all of a sudden, you could see
some structure off the surface of the ocean. Because of the way the
lighting is coming directly from the sun, you can see things that
nobody knew was there before because, of course, you don’t take a
detector on a satellite and let it look at a direct reflection from the
sun.

And once you make that discovery, then you could optimize a sat-
ellite platform for making that observation. And it could collect
more data, possibly better data than what the human being could
have made in the first place. But it takes a human being some-
where in the loop to realize that you can look outside of where your
initial design was made by people on the ground who have never
been in space.

Senator HUTCHISON. So important. That is so important because
we do have people who say, oh, we can do all of this so much more
efficiently with no people, and just machines. But that is one very
good testimonial.

Dr. PETTIT. One thing to say about that. In space, there is no
issue with machines, robots, and human beings working together.
We work together hand and end effector in space, no issues.

Where I find the conflict really occurs is here on the Earth. So,
in space, astronauts love robots because it allows us

Senator HUTCHISON. And in that 4 square miles in Washington,
D.C.

[Laughter.]

Dr. PETTIT. Yes.

Senator HUTCHISON. Thank you very much.

Mr. REITER. Senator, if I may add just a short comment also?
From the European point of view, we have launched an announce-
ment of opportunity exactly in this regime last year, asking in the
Earth observation community if there is, indeed, some interest to
use ISS as a platform for Earth observation.

And we received, indeed, a lot of replies, more than 80, if I re-
member correctly. And all very valuable replies, which were in sup-
port of using the ISS for Earth observation.

And in fact, we have on the Columbus module, we have a sensor
installed, a sensor that receives the identification signals from
ships. And that is the classic application where you design the sen-
sor, optimize it, and then bring it in future on satellites in an opti-
mized way.
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And I think that is a good example how, indeed, the Inter-
national Space Station, in addition to the examples that Bill and
Don just gave, can be used in the area of observation.

Senator HUTCHISON. Thank you very much. Thank you, Mr.
Chairman.

Senator NELSON. As you have to leave, Senator Hutchison, I am
going to follow up asking about some things on cancer that you
raised, and we will get that information to you.

Years ago, in the very beginning of the protein crystal growth,
which CASIS, Mr. Royston, is now directing a number of those ex-
periments. Originally, and when I participated in this experiment,
it was actually proposed by the Comprehensive Cancer Center at
the University of Alabama at Birmingham.

And that over the years has morphed into the protein crystallog-
raphy center. And I would be curious from that very first experi-
ment of which we had some dramatic results.

You take away the influence of gravity in growing protein crys-
tals. They grew much larger and, at first blush, much more pure.
The idea by the cancer center at UAB was, well, if you can then
back on Earth determine the molecular structure of the protein,
you could manipulate it to then do what you wanted with regard
to cancer research.

Now this protein crystallography has been going on for years,
and you are directing some of it right now, Mr. Royston. What has
happened since January 1986 on this?

Mr. RoYSTON. And Senator, by no means am I an expert in this
area. So I will—I will do my best to convey from the science team,
and some of the people that flew with you and worked with you
have still been involved. I think it is an area, if we had more
biotech representation here, we would hear that it is still an ongo-
ing methodology by which a lot of drugs are looked at.

Again, I think in the past, if we looked at the work there, it was
somewhat sporadic. There were different types of equipment that
were being looked at, being used. The Japanese have continued
over the years to continue that research.

What our goal is, and we have just put a solicitation out, is to
really look at the different methods, look at the different hardware
that can be used. NASA has a project that is going on and we are
partnering with to be able to, I don’t want to say once and for all,
but really look at this objectively, to be able to look at different
ways to crystallize proteins and the methods by which we can look
at them eventually on orbit, but also bring them back down in a
way that we can get them into the right equipment areas or the
right labs that can then look at them and use them for what they
are for.

But I think we have heard it clearly, talking to large pharma,
bio-tech companies. They are very interested in this. I think finally
now that we have station, everything is built, where we have a
solid platform up there, good transportation capability back and
forth, I think we will see protein crystallization is one of the areas
that will grow on orbit, no doubt.

Senator NELSON. Mr. Gerstenmaier, we worry about space debris
and, from time to time, have to worry about lifting the orbit of the
station in order to avoid space debris. Tell us about that.



48

Mr. GERSTENMAIER. We have some shielding on the outside of
station that protects us from fairly small particles. Then there are
the large objects that we can track, we can determine that they
may come close to Space Station. We have a box that when we de-
termine they will come inside that box, we actually can do a ma-
neuver and maneuver Space Station to avoid a collision with those
larger objects.

And then there is another class in between that we really can’t
track yet, and they are actually larger than our shields. And we
are at risk from those objects. We have protected the station as
best we could. It has the best protection system of any spacecraft
we have flown on the outside.

We are continuing to improve that. We have made changes to
both the Soyuz and the Progress vehicle. There will be a Russian
EVA in August to actually add some more shielding to the Russian
segment, which will help with debris protection.

We also put onboard recently software. It used to take us about
3 days to get ready to do a debris avoidance maneuver. That soft-
ware now 1s resident onboard, and we should be able to do a ma-
neuver much quicker. We are working with our Russian colleagues
to actually get the details of how we could do that.

So, therefore, we could get identified from our tracking assets
that there is an object that is going to come very close to station,
and we should be able to maneuver in a very short period of time.
So we are actively trying to improve the debris protection on sta-
tion, both from a physical be able to move it standpoint and also
improve the shielding onboard station.

Senator NELSON. And I can’t help but point out that debris is
getting to be a problem in space, and the Chinese really added to
the debris. When they did their ASAT test, it added tens of thou-
sands of particles at sufficiently high altitude that it is going to
take a long time for gravity to pull those items back to Earth.

And of course, that is what we and the other space-faring nations
have to worry about, and we try to track these, as Mr.
Gerstenmaier said.

Mr. Royston, let me ask you what is CASIS doing to reduce the
time it takes to identify and fund research opportunities and get
those experiments up to the station?

Mr. RoysTON. That is a great question, Senator. As you know,
and I think everybody in this room knows, businesses and the mar-
ketplace moves at the speed of light today. So if we go to them and
say that, well, 4 years from now we think we can get you on orbit,
and we might be able to do some good stuff, it is not going to work.

So one thing, I definitely want to acknowledge the effort that has
been on Bill’s side, on the NASA side in the Payloads Office, to
transition from their construction phase and now into their oper-
ational phase. And our organization works with the Payloads Office
on a day-to-day basis on how we can streamline those—get more
e}flﬁciency, streamline the processes and procedures by which to do
that.

And then the other thing is CASIS; what we want to be able to
go out into industry and talk about with potential customers is the
fact that we handle all of that for you, that we can be the organiza-
tion which allows you to think of the National Lab as just another
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lab. It is a lab like going from here in Washington down to Raleigh
to do some experiments.

You don’t have to worry about rockets and all kinds of different
paperwork and science advisory panels and everything else. We are
there to do that for you, and I think we are making real progress
in that. And I think that is really our key, again, to attracting
some of the big market that we want to bring into the National
Lab, is to show them that it isn’t painful to get up there.

It might be 300 miles away, and it might be vertical, but it is
not a big deal. It is a great laboratory. There is great opportunity,
and we will hold your hand and get you there painlessly.

Senator NELSON. Since we were talking about bone density loss,
why don’t you tell us about you are getting ready to fly a bone den-
sity scanner, and how does that play into the future osteoporosis
research?

Mr. RoysTON. Well, we are not quite ready to fly it yet. We are
doing a study right now with reards to what are the best designs
to be able to put a small bone scanner up there. So if we look at
osteoporosis research, for instance, and we have an animal model
that we are going to look at and be able to experiment with. One
of our concerns, and I think we know it, as far as transportation—
and we are coming online with other options—is down mass. How
can we get things back to Earth?

And I think what the real focus in the short term needs to be
is how we can do things on orbit and get the data that we need.
That is a perfect example of why we need to have a small bone
scanner up there. So we are watching the effects of the osteoporosis
drugs on a day-to-day basis without being able to bring specimens
back or being able to do that.

And I think that is really key not only as a bone scanner, but
other equipment, whether it is the crystallography, Senator, as you
mentioned, that we could do some determination or some review of
the data or the crystals on orbit without waiting for the time it
takes to get them back down to Earth.

Dr. PETTIT. And Senator, I would like to add that it is important
to be able to collect more data points, particularly on human physi-
ology, than preflight and post flight because there is a lot that hap-
pens in between, and we have no data. And we are working on im-
proving that.

This bone scanner would allow us one more way to poke and
pummel astronauts on orbit to extract more nuggets of information
from their physiology. And we are also working on getting ad-
vanced eye diagnostics on orbit, too, again to try to crack this prob-
lem of what is happening? What is causing the wrinkles in the
eyes? When do they form?

Do they form right away, or do they form toward the end of your
mission? We don’t know. And the only way we are going to find out
the history of what happens when you get on orbit is to have these
advanced diagnostic techniques that have been packaged from big
laboratories and big centers on Earth somehow shrunk down,
somehow that can work in the confines of this orbital frontier.

And then we can use these instruments to collect data from the
astronauts on orbit, and one side benefit to this is every time we
can an advanced piece of equipment, medical diagnostics that we
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can use on Space Station, there shows up numerous places on
Earth where this same technology can be applied to remote places
that will help diagnose and correct ailments for people that never
leave the planet.

Senator NELSON. You know, we have come a long way. Mr.
Gerstenmaier, remember when we flew John Glenn 50 years ago?
We did not know what was going to happen to the human eyeball.
And it has been rather extraordinary, our ability to experience
space.

Final question for Dr. Pettit and Mr. Reiter. What do you think
we can do to raise the awareness of this unique structure that is
out there that the public does not have much awareness of?

Dr. PETTIT. One way is through education of our students be-
cause the students are the future of this country. And they have—
they have the wherewithal to take us to the next phase, and we
don’t want them to forget about what it means to fly in space and
do this exploration.

And when I talk to students, I like to ask, “How many of you
would like to do my job?” And you would be amazed at how many
want to do this. And I think you could say that there are more stu-
dents that want to become an astronaut and fly in space than want
to become President of the United States.

And I think that is a good thing because we need them, we need
the students in science and engineering and technology, and they
need to have a strong foundation of math in order to work in those
fields. And what would break my heart would be to talk to students
and say we no longer can fly in space. We don’t do that anymore.
And that, that would break my heart.

And we need to make sure that we can talk to the next genera-
tion and wind them up and point them in the right direction and
let them carry the fire.

Senator NELSON. And I can pretty well tell you we will.

Mr. Reiter?

Mr. REITER. I can only support what Don has just mentioned. 1
think that these occasions where we directly tie in pupils from all
over the world in experiments onboard the Space Station really
show a remarkable effect. And Bill gave some experiments of the
spider that is now on orbit, becoming the astrospider. And Don
gave some experiments.

Andre Kuipers, who was in orbit together with Don, he had some
dedicated school experiments where there was a direct link, a live
link to the station, and that was then disseminated in the schools
not only in the Netherlands, but I think across the world.

And there are beautiful examples. I just had beginning of the
year the opportunity to attend an event which was dedicated to a
U.S. experiment, SPHERES it is called, where you can bring devel-
oped software for little satellites that are flying with carbon dioxide
cartridges, and you can let university students develop guidance,
navigation, control algorithms, and that found a great interest all
across the world.

So I think here also there is a fantastic opportunity to work to-
gether, and I think also in bringing these experiences into school-
books can steer the interest of our young generation in space, in
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exploration, and steer this what is I believe in our genes to be curi-
ous, to see what is beyond the horizon.

Thank you.

Senator NELSON. Thank you.

Senator Boozman?

Senator BoOOZMAN. No questions.

Senator NELSON. Gentlemen, thank you. A most informative ses-
sion.

Thank you, and the meeting is adjourned.

[Whereupon, at 11:40 a.m., the hearing was adjourned.]






APPENDIX

PREPARED STATEMENT OF HON. JOHN D. ROCKEFELLER IV,
U.S. SENATOR FROM WEST VIRGINIA

Assembly of the International Space Station was completed last year. It took five
space agencies from around the world to build it. While this by itself is quite an
achievement, our attention has shifted from the construction phase to maximizing
the scientific return on this investment. At its core, the space station is a laboratory
and a classroom—a scientific and educational asset available not only to NASA, but
to all Americans and the international community for research, discovery, and edu-
cation. We have already seen important discoveries and progress from research con-
ducted on the space station—such as studies of treatments for debilitating diseases
like osteoporosis, creation of new materials that the automotive and aerospace in-
dustries are interested in using, development of vaccines that may one day prevent
deadly infections, and fundamental studies of the nature of our universe.

The availability of half of the U.S. portion of the station for national lab managed
research opens up the microgravity environment to private companies to test and
develop new products and services for use on Earth. A constant American presence
on the space station also presents a unique opportunity to inspire our children’s in-
terest in science, technology, engineering, and mathematics—the so-called STEM
fields. We know how critically important STEM skills are for jobs of the twenty-first
century, whether it is in advanced manufacturing, pharmaceuticals development,
new computing technologies, or designing the next generation of spacecraft.

Astronauts on the space station reach students around the world. Elementary
school children can talk to and interact with astronauts via communication links
through NASA, asking questions and watching the astronauts conduct experiments
live 220 miles above the Earth. Just a few months ago here in Washington, D.C.,
I met with the student finalists from the YouTube Space Lab Challenge, an inter-
national contest for high school students to design an in-space science experiment.
More than 2000 project ideas were submitted from students in more than 80 coun-
tries. Experiments from the two winning teams—one from Michigan and one from
Egypt—Ilifted off for the space station just last Friday on board a Japanese robotic
cargo spacecraft that is scheduled to berth with the space station this Friday. The
students’ experiments will be conducted by a NASA astronaut onboard the station.
This is an unparalleled opportunity for these aspiring young scientists that I hope
will encourage them and their peers to continue to pursue degrees and careers in
science and engineering.

Our time with the International Space Station is limited and I want to see this
nation look back on our investment as both a great achievement and a stepping
stone toward our continued scientific leadership, both here on Earth and in space.
I look forward to the testimony from our witnesses today and to their perspectives
on how we make the most of this unique national asset.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. BIiLL NELSON TO
DoNALD R. PETTIT

Maximizing ISS Utilization

Question. Now that construction of the space station is complete, the goal has
shifted to getting the most out of the station’s research capacity. What metrics
would tell us we are doing a good job maximizing productivity of the station?

Answer. As Mr. Gerstenmaier reports in his answer to Senator Nelson’s question,
NASA tracks many metrics that show different dimensions of the productivity of the
International Space Station (ISS). Monthly productivity metrics are collected on
such metrics as numbers of investigations and investigators, science disciplines ac-
commodated, facility occupancy, dedicated research crew time, numbers of countries
involved, numbers of students reached, and numbers of scientific publications.

(53)
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From my perspective as an ISS astronaut, I would offer the following for consider-
ation on utilization metrics for the ISS, which could be the basis for future improve-
ments in monitoring and defining ISS progress.

The International Space Station is a diverse laboratory in a harsh frontier envi-
ronment where defining a single metric for success is difficult if not counter-
productive. There are three distinct categories I believe are worthy of a metric to
evaluate progress and each should be considered when it is appropriate to do so.
One is for a mission covering a particular six person crew, another is for an annual
review for the Space Station as a whole, and a third is for internal metrics devel-
oped as administrative/operational tools to aide in the allocation of crew time and
resources.

For a particular mission covering a six month period where nine individuals ro-
tate to maintain a six person crew, the metrics should be based on the following:
crew health, vehicle health, and completing the required work. Crew health covers
the safety and well being of the crew, including following prescribed counter-
measures and maintaining professional positive attitudes towards crewmates and
mission control. Vehicle health is a divided responsibility between mission control
and crew. Repair and maintenance of systems and research apparatus is essential
to sustaining an operating vehicle in a harsh environment where logistic for spare
parts and limited crew time can complicate matters. Vigilance by both crew and
mission control is required to extend the useable life for vehicle thus creating an
efficient safe environment where the mission work can be completed. The crew is
part of a large international team that includes their crewmates as well as the con-
trol centers scattered over many countries. Being able to work together as a team
is essential to mission success. Completing the required work is self-explanatory and
includes completing the research objectives defined.

An annual review for the Space Station as a whole includes research accomplish-
ments as well as the overall state of the vehicle health. Accomplishments include
both advances in scientific research as well as engineering research (engineering re-
search includes prototype spacecraft systems operating in space using Space Station
as a test platform). This evaluation should use the time-tested practice of external
review for proposed projects and peer review when the final papers are published
(this is currently being done for research on Space Station). This review process will
ensure high quality ideas, projects, and final technical publications are maintained.
The overall state of the vehicle should be reviewed on an annual basis to track fac-
tors affecting the long-term health and lifetime of the stack.

Universities and National Laboratories (such as Los Alamos National Laboratory
where I worked for 12 years) rely on similar peer review to maintain high quality
research and use peer reviewed publications, citation indexes (how often a paper is
cited by others working in the field), and patents as a part of the evaluation metric.

It is essential to realize that it takes years to bring research to fruition whether
at universities, national laboratories, or now, Space Station. Patience must be exer-
cised when evaluating the research returns on a new endeavor (Space Station was
just completed and placed in a full operational state last year).

Internal metrics developed as administrative/operational tools are useful to aide
in the allocation of crew time and resources. Such metrics, when taken out of con-
text, may seem ill-fit; however, these were never intended as a means to evaluate
over all Space Station performance. For example, consider maintenance and repair
of a complex vehicle in a harsh environment (this applies to sail boats as well as
to Space Station). If left unchecked, maintenance and repair could expand to take
all available crew time. To ensure that a significant fraction will be available for
mission research, an internal metric has been set to reserve about 1/3 of mission
related crew work hours for research. This metric, as an internal administrative
tool, has caused critical review of all maintenance procedures, resulting in a work-
able compromise where both research and maintenance are completed. The practice
of using such internal metrics needs to be understood and kept separate from the
metrics for evaluating Space Station.

In closing, I believe there are three useful types of metrics for evaluating Space
Station: (1) for the mission metrics of a particular 6 person crew, (2) as an annual
review of Space Station research and vehicle health, and (3) internal metrics used
as administrative tools for allocation of resources and crew time. All three of these
have a different emphasis and are each in turn useful when applied to their par-
ticular situation.
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RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. BILL NELSON TO
WiLLIAM H. GERSTENMAIER

Maximizing ISS Utilization

Question. Now that construction of the space station is complete, the goal has
shifted to getting the most out of the station’s research capacity. What metrics
would tell us we are doing a good job maximizing productivity of the station?

Answer. NASA tracks many metrics that show different dimensions of the produc-
tivity of the International Space Station (ISS). Monthly productivity metrics are col-
lected on such metrics as numbers of investigations and investigators, science dis-
ciplines accommodated, facility occupancy, dedicated research crewtime, numbers of
countries involved, numbers of students reached, and numbers of scientific publica-
tions. For example, the number of scientists participating in ISS research has grown
to over 400 on every Expedition and the number of countries involved in ISS re-
search and education activities during an Expedition is typically over 30. The ISS
is a growing resource for the science community, serving such diverse science dis-
ciplines as biotechnology and biology, human research, physical science, Earth and
space science, technology demonstrations and education. Over 31 million students
in the United States have participated in demonstrations performed by crew-
members aboard the ISS over its lifetime. The ISS is stimulating young people to
ask questions and pursue knowledge. With a careful review and adjustment of crew
commitments, the crew time for research has consistently grown, and now typically
exceeds the minimum requirement of 35 hours per week.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. BIiLL NELSON TO
THOMAS REITER

Maximizing ISS Utilization

Question. Now that construction of the space station is complete, the goal has
shifted to getting the most out of the station’s research capacity. What metrics
would tell us we are doing a good job maximizing productivity of the Station?

Answer. Any metrics (with the objective to compare the ISS “R&D productivity”
with other terrestrial research establishment) is problematic as “routine” R&D on
the ISS faces peculiar constraints and only recently changed from the build-up
phase of ISS to an “steady state utilisation operation”. Furthermore, research is not
the only rationale for the ISS. Nevertheless, e.g., the following (not always quantifi-
able) parameters should be maximized:

e Number and impact of articles in peer-reviewed scientific magazines (remark:
the challenge in interpreting this count comes of the fact that it can take 5-
10 years for a scientific impact to be known, and because today there is no real
bench mark for comparison of what we accomplish in a space-based laboratory
with research that can’t possibly be done elsewhere)

e Number of patents or spin-offs (remark: the challenge in interpreting these
comes of the fact that not all commercial intellectual property is patented or li-
censed, that commercial entities sometimes conceal the space provenance of
their knowledge for competitive advantage)

e Degree of compliance/mapping of ISS utilisation projects with research prior-
ities (as independently defined by scientific community)

e The degree to which we have minimized “turnaround time”, i.e., the time from
the moment a proposal is accepted until the PI holds the data/samples in his/
her hands

o Relevance of ISS utilisation for preparing/demonstrating crucial technologies for
exploration

e Share of crew time spent for utilisation vs. non-utilisation activities (possible
comparison with similar remote research facilities such as Concordia in Ant-
arctic, NEEMO, etc.)

e Number of student internships and thesis, education events, student participa-
tion in science activities, etc. that are related to ISS utilisation

e Number of countries that can use the ISS for R&D (ESA e.g., offers utilisation
opportunities to all EU countries; this is of particular importance for Europe,
where not all European states are member of ESA)

It should be noted that the productivity of the ISS unfolds in many dimensions,
which cannot be all exploited to their maximum at the same time due to limited
resources. For example a simultaneous maximisation of both scientific/institutional
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and industrial/commercial utilisation is not possible. In reality a natural balance
(driven by demand and merits) is considered being more realistic and providing dif-
ferent benefits within the various domains.

NASA and ESA are working closely with the other ISS partners to track all re-
search accomplishments and benefits jointly, and to coordinate our assessments and
metrics of productivity. We look forward to working with NASA on new “science of
science” approaches to address some of the measurement challenges mentioned
above.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. BILL NELSON TO
JAMES D. ROYSTON

Maximizing ISS Utilization

Question 1. Now that construction of the space station is complete, the goal has
shifted to getting the most out of the station’s research capacity. What metrics
would tell us we are doing a good job maximizing productivity of the station?

Answer. CASIS is focused strictly on quality opportunities to utilize Station,
which is why all potential projects are subject to the Valuation and Prioritization
process. This process was designed to identify projects with the most scientific merit
and commercial promise and best return to U.S. taxpayers on their investment.

CASIS currently has over 30 projects under review representing a myriad of re-
search interests. The breadth of both proposed research and sponsoring institutions,
both academic and commercial, serves as a good metric of increasing interest and
forthcoming productivity. Additionally, plans to increase the ISS crew to seven
would boost available crew time from 33 hours to 75 hours per week. This would
greatly increase R & D productivity.

ISS Commercial Research

Question 2. Mr. Royston, what is the status of the transfer of existing National
Laboratory agreements from NASA to CASIS?

Answer. All existing commercial agreements have been transferred to CASIS,
with the exception of two. In accordance with the process established with NASA,
agreements with other Federal agencies are next in line to be transferred to CASIS.

Question 3. Please explain the “extenuating circumstances” you mention in your
written testimony preventing the transition of two projects.

Answer. One SAA is with Astrogenetix, a commercial space-based research com-
pany from Austin, Texas. The original research performed by Astrogenetix on ISS
was in the area of virulence and vaccine target development as part of the initial
NL Pathfinder research program. The transfer agreement has been under review by
Astrogenetix since February 2012, and they have not yet decided if they want to
continue this project.

The other remaining agreement is with Arizona State University’s Bioscience In-
stitute. The Institute’s research in the area of virulence and vaccine development
was part of the initial NL Pathfinder research program. CASIS has worked with
ASU to address questions about the transition and a Memorandum of Under-
standing is currently being negotiated. They requested additional information about
the CASIS Valuation and Project Approval process that was provided to ASU’s legal
department in July 2012. CASIS is confident the transition should take place soon.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. AMY KLOBUCHAR TO
WiLLiAM H. GERSTENMAIER

Question. Mr. Gerstenmaier, we were saddened to hear on Monday of the loss of
the first American female astronaut, Sally Ride, to cancer. She will be remembered
as a courageous pioneer who inspired girls everywhere to be excited about science.
25 years later in 2008, Minnesota native Dr. Karen Nyberg became the 50th woman
to enter outer space and is scheduled to return to the ISS in May of next year. De-
spite such advances, entrance among girls and young women into fields such as
physics and engineering continues to be disproportionately lower than men.

Twenty-nine years after Sally Ride’s first trailblazing mission, what can NASA do
to inspire more women to enter the STEM fields, which are so critical to America’s
continued prosperity?

Answer. We were equally saddened by the loss of Dr. Ride. She was an American
hero, and a role model for generations of girls. NASA has a longstanding education
partnership with Sally Ride Science, and they manage the EarthKam activity for
the Agency, which allows middle school students to study the Earth using a camera
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installed on the International Space Station. We also agree with you that it is im-
portant to continue working to increase the number of women entering the STEM
fields. NASA is taking advantage of its unique resources, including people, assets,
and facilities to further inspire women and girls.

Recent data released this year by the Girl Scouts Research Institute shows that
girls are already interested in math and science. However, they are also interested
in numerous other fields of study, which compete with STEM fields when choosing
majors in college and careers thereafter. A major finding of the study showed that
female mentors in STEM fields and exposure to those fields is important when girls
choose their future paths. As such, NASA is committed to providing mentors and
numerous outreach opportunities to young women and girls. The following are only
a small representation of the varied opportunities NASA offers across the nation,
in hopes of inspiring the next generation of young women and girls to enter and
remain in science, technology, engineering, and math careers.

The referenced Girl Scouts Research Institute Report can be found here: http://
www.girlscouts.org [ research [ publications | stem | generation stem what girls

say.asp
NASA facilitates volunteer opportunities for our STEM employees for the men-
toring of young girls through the following programs:

Aspire 2 Inspire (http:/ /women.nasa.gov [ a2i)

NASA G.I.R.L.S. (http:/ /women.nasa.gov | nasa-g-i-r-1-s)
NASA WISH (http:/ women.nasa.gov | wish)

NASA SISTER (http:/ /women.nasa.gov | outreach-programs)

L]

L]

L]

L]

NASA is committed to allowing our employees to perform outreach activities as
their schedules permit. Many of these outreach activities focus on underrepresented
groups in STEM. For example, through NASA’s Teaching From Space program, the
program targeted female middle school students with the development of a “Women
in STEM” video. In collaboration with NASA Public Affairs Office, Teaching From
Space used the STS-131 mission and the role of crewmember Dottie Metcalf-
Lindenburger, a former classroom teacher turned astronaut, to showcase NASA ca-
reer opportunities for females (http://www.nasa.gov/audience/foreducators/top
nav / materials [ listbytype | Women at NASA.html). NASA also maintains a Speak-
er’s Bureau to provide speakers for public inquiries, often responding to requests to
speak to women and girls.

NASA is committed to communicating the message that STEM is for everyone
using role models young women and girls have in areas outside of STEM fields. One
such example is collaboration with award-winning recording artist Mary J Blige to
encourage young women to pursue exciting experiences and career choices through
studying science, technology, engineering and mathematics. A public service an-
nouncement featuring Associate Administrator for Education and veteran NASA
space shuttle astronaut Leland Melvin and Blige can be viewed here: http://
www.nasa.gov |/ offices [ education [ programs [ national | summer [ media | blige _melvin
.html

NASA is committed to creating opportunities for students in STEM programs at
the Nation’s universities. The Motivating Undergraduates in Science and Tech-
nology (MUST) project awards scholarships and internships to undergraduates pur-
suing degrees in STEM fields. In FY 2010, the MUST project hosted 100 students,
of whom 55 percent were women and 27 percent of the scholars self reported being
the first in their family to attend college.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. MARK WARNER TO
WiLLIAM. H. GERSTENMAIER

Question 1. Mr. Gerstenmaier, with the retirement of the Space Shuttle, the
United States is in need of finding a means to transport cargo and experiments to
and from the International Space Station (ISS). In order to serve this need, the
United States will surely be looking at possible launch sites to serve the ISS. It is
my understanding that the flight trajectory from the NASA Wallops Flight Center
to the ISS has some advantages, and could be viewed as more favorable and effi-
cient than other sites located around the U.S. What do you see as the future of
NASA Wallops in terms of its relationship with the ISS?

Answer. NASA currently has two companies under contract to provide resupply
services to the ISS. One of the two companies, Orbital Sciences Corporation, selected
Wallops Flight Facility (WFF) as its launch location for ten scheduled missions (two
development flights and eight cargo flights). By virtue of Orbital’s selection, WFF
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will be providing integration and testing services and launch operations support for
2-3 launches annually for the duration of Orbital’s existing contract, and potentially
longer.

Question 1a. What benefits does NASA Wallops have in serving the ISS?

Answer. Due to the inclined orbit of ISS, only two established U.S. launch sites
are suitable to support resupply missions, the USAF’s Eastern Range in Florida,
and NASA’s Wallops Flight Facility (WFF) in Virginia. The geometry of the ISS
orbit results in a slight technical advantage for launches conducted from WFF, al-
lowing additional mass to be lifted to the same orbit using a comparable rocket. In
addition, as a NASA facility, WFF offers the opportunity to leverage already-funded
NASA launch range and institutional capabilities, resulting in cost savings. The cur-
rent arrangement of two contractors operating from different launch sites also pro-
vides NASA with increased flexibility and reliability, assuring that critical resupply
needs are not interrupted due to launch range schedule conflicts, a launch vehicle
fleet technical issue, or facility damage resulting from severe weather.

Question 2. Mr. Gerstenmaier, as we have previously discussed, there is a lot of
promise in pharmaceutical research in the microgravity environment of low-Earth
orbit in which the International Space Station operates. Can you provide a status
updat% on your efforts for pharmaceutical research in micro-gravitational environ-
ments?

Answer. The best known of the recent pharmaceutical projects using the ISS—
the vaccine development work of Astrogenetix—has completed flight experiments
needed to identify mutant bacterial strains the company believes will enable the de-
velopment of effective vaccines against Salmonella and methicillin-resistant Staphy-
lococcus aureus infection. Astrogenetix is seeking venture funding to support clinical
trials and further development.

Future ISS-based research in pharmaceutical development will be conducted
through the organization selected in 2011 to manage non-NASA use of the ISS Na-
tional Laboratory, the Center for the Advancement of Science in Space (CASIS). The
initial CASIS Board of Directors includes a cross-section of leaders from several sci-
entific disciplines and pharmaceuticals research. CASIS is currently developing
lines of research identified by a panel of biomedical scientist from a survey of prior
space research as holding significant promise for commercial participation, and the
7-member board recently named will select an additional 8 members with the intent
of including prominent individuals from various industries.

Quesr)tion 2a. Are pharmaceutical companies interested in partnering on this ini-
tiative?

Answer. CASIS, through the science team assembled to steer the development of
its pharmaceutical research plans, has conducted surveys to identify corporate inter-
est in new research thrusts. There is an interest and recognition on the part of in-
dustry of the value of pharmaceutical research in the microgravitational environ-
ment, and the level of corporate interest, and corporate willingness to invest in
space research, is a major factor in selecting new research projects. It does take
time, however, to translate that interest into investment.

Question 2b. What obstacles are you encountering in seeing that this research
gets done?

Answer. Some research projects involve new operational challenges. The upcoming
experiments with mice on the ISS, for example, will be the first experiments on the
ISS with rodents, and the mice will be flying for the first time in a SpaceX Dragon
capsule. Another obstacle is the increasingly cautious investment climate for com-
mercial research and development, including pharmaceutical research. The pharma-
ceutical industry is scaling back its expenditures in basic research, and focusing on
more mature concepts. They’re looking for comprehensive evidence to justify invest-
ments. That is a challenge in an exploratory field like space biology.

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. AMY KLOBUCHAR TO
JAMES D. ROYSTON

Question. Mr. Royston, in your testimony you stated that CASIS is currently
working with NASA regarding the handling of Intellectual Property and Data
Rights. As you said, it is paramount to get this right in order to secure commit-
ments from commercial users. For some of these potential users, the assurance that
their IP is safe and protected could be the difference in deciding whether or not to
conduct research and development on board Station. Ultimately, the IP issue could
very well determine the success CASIS has in its overarching goal of maximizing
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ISS utilization. What is CASIS doing to provide this assurance to companies, that
if they choose to do research with ISS NL their IP is safe and secure?

Answer. CASIS is working with NASA to establish a legal regime that protects
researcher data rights and intellectual property in compliance with applicable Fed-
eral law. Without such guarantees, commercial interests are unlikely to commit to
any significant use of the ISS National Lab. Efforts are ongoing and expectations
are that a solution will be found that will encourage commercial use of station.
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