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A REVIEW OF NASA’S PLANS FOR THE
INTERNATIONAL SPACE STATION AND
FUTURE ACTIVITIES IN LOW EARTH ORBIT

WEDNESDAY, JULY 10, 2019

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON SPACE AND AERONAUTICS,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
Washington, D.C.

The Subcommittee met, pursuant to notice, at 10:03 a.m., in
room 2318 of the Rayburn House Office Building, Hon. Kendra
Horn [Chairwoman of the Subcommittee] presiding.
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SUBCOMMITTEE ON SPACE AND AERONAUTICS
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES

HEARING CHARTER

“A Review of NASA’s Plans for the International Space Station and Future
Activities in Low Earth Orbit”

July 10, 2019
10:00 AM.
2318 Rayburn House Office Building

PURPOSE

The purpose of the hearing is to examine NASA’s plans for the International Space Station and
future activities in low Earth orbit, and associated issues.

WITNESSES

o Mr. William Gerstenmaier, Associate Administrator, Human Exploration and Operations
Mission Directorate, National Aeronautics and Space Administration

« The Honorable Paul Martin, Inspector General, National Acronautics and Space
Administration

e Mr. Eric Stallmer, President, Commercial Spaceflight Federation

o Professor Joanne Irene Gabrynowicz, Emerita, University of Mississippi, Editor-in-
Chief, Emerita, Journal of Space Law

OVERARCHING QUESTIONS

o What are the key challenges for the current and near-term operations and utilization of
the International Space Station?

s What are the options for transition of the International Space Station and its activities to
an alternative model of operation or to a commercial space station, and to what extent is
NASA exploring those options?

o What are the key questions and issues regarding NASA’s low Earth orbit development
plan?

o What are the implications of NASA’s plans for the International Space Station and low
Earth orbit for enabling the human exploration of deep space?

BACKGROUND

The International Space Station (ISS) is the world's only crewed orbiting space laboratory. The
U.S.-led ISS partnership is governed by an intergovernmental agreement and includes Japan,

1
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Canada, Russia, and several countries in the European Space Agency. The first module of the
ISS, the Russian-built, but NASA-owned, Functional Cargo Block node (Zarya), was launched in
1998 to provide power, storage, propulsion, and station keeping for the ISS. That same year, the
U.S. launched the Unity module, providing environmental control, life support, and docking
ports allowing other modules to be added. Russia launched the Zveda Service Module in 2000,
which provided crew living quarters. Human occupation of the ISS began in 2000. Crew have
occupied the ISS continuously since then, allowing the U.S. and Russia to acquire nearly 20
years of continuous human operations in low Earth orbit (LEO). Other ISS partners, including
Europe and Japan, have launched additional modules and facilities to support the ISS and to
carry out research, Assembly of the ISS was completed in July 2011.

Since 2011, NASA’s focus has been on utilization of the ISS for research and technology
demonstrations. Congress designated the U.S. segment of the ISS as a national laboratory in the
NASA Authorization Act of 2005.! The 1SS National Laboratory has access to 50 percent of ISS
resources {(e.g., crew time, power, and cargo transportation) and encourages utilization of the ISS
by private entities and other Federal government agencies. Congress authorized extensions of
ISS operations in 2010 and 2017 through at least 2024. U.S. taxpayers have invested
approximately $87 billion in the development, assembly, and operations of the ISS.?

International Space Station Transition Report

The NASA Transition Authorization Act of 2017 directed NASA to work with its partners and
stakeholders to “develop a plan to transition in a step-wise approach from the current regime
that relies heavily on NASA sponsorship to a regime where NASA could be one of many
customers of a low Earth orbit non-governmental human space flight enterprise.”

In March 2018, NASA issued an International Space Station Transition report detailing its plans
for low-Earth orbit beyond 2024, including the potential for ending direct U.S. financial support
for the ISS in 2025 and for transitioning NASA's low-Earth orbit activities to commercial

platforms.* The report states that the ISS is expected to be structurally sound until at least 2028.

The ISS Transition report states that “fafn on-orbit platform like the ISS is necessary to mitigate
22 of the 33 human health risks in the portfolio identified by NASA's Human Research Program
in support of current and future deep space missions. NASA is also using the ISS as a testbed to
fill eritical gaps in technologies that will be needed for long-duration deep space missions.”

The Transition report further states that “NASA 's vision for LEO is a sustained commercial LEO
human space flight marketplace where NASA is one of many customers.” That vision is one in
which privately-owned or operated platforms and associated crew and cargo transportation
capabilities to low Earth orbit are supported by commercial revenue. The ISS Transition report

! Pub. L. No. 109-1535, “National Aeronautics and Space Administration Authorization Act of 2005,” December 30,
2005.

2NASA OIG, “Nasa’s Management of the Center for the Advancement of Science in Space”, IG-18-010, January
11,2018,

3 Pub. L. No. 115-10, “National Aeronautics and Space Administration Transition Authorization Act of 2017,”
March 21, 2017.

4 NASA, “International Space Station Transition Report”, March 30, 2018.
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notes that NASA’s Commercial Resupply Services, Commercial Crew Program, and the ISS
National Laboratory are helping enable this vision.

The report laid out the following principles to ensure access to LEO:

“Continuity among NASA’s LEO, deep space exploration, and development and
research activities and missions toward expanding human presence into the solar
system,

Expanding U.S. human spaceflight leadership in LEO and deep space exploration,
including continuity of the relationship with our current ISS international partners;
Increase platform options in LEO to enable more ISS transition pathways, security
through redundant capabilities, and industrial capability that can support NASA's deep
space exploration needs;

Spur vibrant commercial activity in LEO;

Maintaining critical human spaceflight knowledge and expertise within the Government
in areas such as astronaut health and performance, life support, safety, and critical
operational ground and crew experience;

Continuing to return benefits to humanity through Government-sponsored basic and
applied on-orbit research;

Continuing Government-sponsored access to LEO research facilities that enable other
Government agencies, academia, and private industry to increase U.S. industrial
competitiveness and provide goods and services to U.S. citizens; and

Continuing to reduce the Government's long-term costs through private industry
partnerships and competitive acquisition strategies.”

The plan identified that the options for the eventual future of the ISS include “transitioning the
operations of the ISS platform to private industry, augmenting it with privately developed
modules, combining portions of the ISS with a new private platform, or deploying a new free-
Aying platform and de-orbiting the ISS.”

In trying to project the future landscape of LEOQ, NASA’s ISS Transition Plan notes a low degree
of certainty that private industry will have sufficient capabilities “fo satisfy NASA's needs and
requirements” and “whether or not a viable commercial market [will have] matured in LEO that
is not dependent on Government support.”

In June 2019, as part of its plans for transition of the ISS and its activities to low Earth orbit
market in which NASA is one of many customers, NASA released three documents:

NASA Plan for Commercial LEO Development “fo achieve a robust low-Earth orbit
economy from which NASA can purchase services as one of many customers”;

NASA Interim Directive: Use of International Space Station (ISS) for Commercial and
Marketing Activities, which describes the activities that will be allowed by private
entities on the ISS; and
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« A pricing policy, which sets the cost for ISS resource utilization, including, for example,
power, trash disposal, crew time, stowage, and crew supplies, by private companies.

FY 2020 President’s Budget Request for LEQ and Spaceflight Operations

Budget Authority {in § millions) réc:':f; | FY2021 FY202 FY2023 FY 20
Ttermational Space Stahon JECER TS 1H5E 326 L7
Space Trapsportation 21458 18541 18145 17462  [7172
Space and Flight Support (SFS) 910.3 8919 9057 Sl18 9143
o ial LEO Develog 00 1750 000 2SO 2550
Total Budget Ty B@E DA 4385 83
Change Fom FY 2018

Perventage change fiom FY 2019

In the Administration’s Fiscal Year (FY) 2019 budget request, NASA proposed “to end direct
Federal funding for the ISS in 2025.” The FY 2020 budget request no longer specifies a date,
though it continues to support the goal where NASA is one of many customers of a commercial
LEO marketplace. The Administration’s FY 2020 budget proposal requests nearly $4.3 billion
for LEO and Spaceflight Operations. The budget lines for the International Space Station and
Space Transportation comprise the proposed budget ISS-related operations, maintenance,
research, and crew and cargo transportation.

» International Space Station includes the Systems Operations and Maintenance and ISS
Research, including funding for the 1SS National Lab and NASA’s research programs.

» Space Transportation contains the cost of both the Commercial Crew Program and the
Crew and Cargo Program to the ISS and includes crew seats bought from Russian
Roscosmos State Corporation.

s The Space and Flight Support (SFS) budget line funds Space Communications
Networks and Support.

¢ The Commercial LEOQ Development line funds NASA’s efforts to transition its
presence in LEO to that of one customer among many in commercially owned and
operated regime.

NASA Inspector General Report on the Management of Utilization of the ISS

In July 2018, NASA’s Office of the Inspector General (OIG) released the results of an audit of
the ISS to assess NASA’s progress in maximizing the utilization of the 1SS.> The audit focused
on NASA’s use of the ISS to accomplish its human exploration objectives and evaluated options
and challenges associated with transitioning the ISS to commercial operation. The audit found
that “each year the Station remains operational costs NASA roughly half of the Agency’s annual
human spaceflight budget--an outlay that may limit funding for development of systems needed
to visit the Moon and other destinations beyond low Earth orbit.”

5 NASA OIG, “Nasa’s Management and Utilization of the International Space Station”, 1G-18-021, July 30, 2018.
4
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In order to ensure that NASA is positioned to complete its critical human health research and
technology demonstration projects and to provide a safe transition and disposition of the ISS, the
report had the following recommendations:

1. “To the extent practicable, establish plans for additional one-year missions to the ISS;

2. Ensure development of a contingency plan for each human health risk not scheduled to
be mitigated prior to 2024, such as identification of alternate testing platforms, impact of
health risks for astronauts, and impact to the mitigation schedule;

3. Develop a contingency plan for each exploration-enabling technology demonstration not
scheduled to be fully tested by 2024, such as identification of alternate testing platforms,
impact to technical risk of exploration systems, and impact to the technology
demonstration schedule;

4. Complete all end-of-mission critical systems and open work related to nominal and
contingency deorbit operations;

5. Develop options for obtaining supplemental emergency deorbit propellant support from
U.S. commercial vehicles.”

NASA agreed with the recommendations and described planned corrective actions to the OIG.

NASA Inspector General reports on the Management of Non-NASA Research on the ISS

Pursuant to the NASA Authorization Act of 2010, in 2011, NASA awarded a 10-year
Cooperative Research and Development Agreement (CRADA) to the Center for the
Advancement of Science in Space (CASIS), a non-profit organization, to manage non-NASA
research on the ISS.® In 2017, NASA extended the CRADA to September 2024. The agreement
is worth a total of $196 million over the 2011-2024 period.

According to the FY 2018 ISS National Lab Annual Report “185 new-to-space users in the areas
of life sciences, physical sciences, technology development, and remote sensing have been
awarded the opportunity to conduct investigations onboard the ISS National Lab. In total, 241
projects have been directly sourced by the ISS National Lab (135 of which represent commercial
users), and dozens of other projects sourced by commercial partners and education programs
have also been added to the ISS National Lab manifest.”” Additionally, CASIS attracted more
than $150 million in non-NASA funding from FY 2012 through FY 2018.

NASA OIG audits have found that CASIS has experienced challenges in expanding non-NASA
users of the ISS. A 2018 OIG report® found that CASIS “has underperformed on tasks important
to achieving NASA's goal of building a commercial space economy in low Earth orbit.” As a
result, “CASIS has not fully met a majority of the goals and expectations set out by NASA. Of the
nine performance categories we assessed, CASIS met expectations in only two: research
pathways and science, technology, engineering, and mathematics (STEM) education.” CASIS
also “failed to ensure a balanced portfolio of research projects from theoretical to basic to

6 Pub. L. No. 111-267, “National Aeronautics and Space Administration Authorization Act of 2010,” October 11,
2010.

7 ]SS National Lab: FY18 Annual Report”, https:/ar2018.issnationallab.org/
5
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applied research as required by the cooperative agreement. CASIS failed to meet expectations in
... utilization of crew time for National Lab research and outreach.”

Additionally, the OIG found that “NASA failed to actively oversee CASIS’s technical
performance and ... has not developed an overall strategy identifying the achievements or
outcomes expected from CASIS through the end of its cooperative agreement nor has the Agency
provided guidance or set expectations for CASIS’s performance.”

The OIG made seven recommendations to the Associate Administrator for Human Exploration
and Operations (HEO) to improve the effectiveness of the CRADA with CASIS. They also
recommended that the Associate Administrator of HEO develop a performance plan for CASIS,
evaluate them semiannually, and ensure that the plans include metrics and targets for each
category. NASA concurred or partially concurred on all recommendations, but took exception
with the OIG’s methodology to assess CASIS’s performance and with the OIG’s assessment
being partially based off CASIS’s ability to attract external funding. While NASA concurred
with the OIG’s recommendation to “establish goals for CASIS raising non-NASA funds to offset
operating expenses”, the OIG says that NASA’s comments are unresponsive. Therefore, this
recommendation remained unresolved.

Commercialization of the ISS and LEQ

In 2017, the Institute for Defense Analyses Science and Technology Policy Institute (STPI)
published a NASA-sponsored study, “Market Analysis of a Privately Owned and Operated Space
Station”.® In the report, STPI identified 21 activities that could generate revenue on a commercial
space station in LEO. These activities fell into five categories:

o “Human habitat or destination for private space flight participants or government
astronquts

o Activities supporting the satellite sector, especially on-orbit assembly of satellites

e Manufacturing products and services for use in space and on Earth, specifically high-
grade silicon carbide and exotic fiber optic cable

e Research and development (R&D), testing, and Earth observation

® Media, advertising, and education”

The report found that “/t/he low estimate for total annualized revenues from activities conducted
on a space station is 3528 million; and the high estimate is 31,255 million”, but with the caveat
that “/t] hese revenues are highly uncertain and based on extrapolations of current views since
they are for revenues 10 years from 2016.” However, according to the report, “Venture
capitalists whom [STPI] interviewed noted that the projections of revenues and costs are so
uncertain that they would have no interest in financing a space station until projected revenues
[from these activities show signs of materializing.”

8 Institute for Defense Analyses Science and Technology Policy Institute, “Market Analysis of a Privately Owned
and Operated Space Station”, March 2017,
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STPI found that “if is unlikely that a commercially owned and operated space station will be
economically viable by 2025 1t then identified three ways that the federal government might
participate in an at least partially commercialized space station:

¢ Public-private partnership: The federal government acts as an investor to a space station
owner and operator, which may or may not be a commercial entity.

* Advance purchase or lease agreements: The federal government purchases services before
the station is fully ready at prices below the future market rate.

e Direct purchases: The federal government purchases services after the space station is ready
at market rate.

Spacesuits

NASA astronauts use spacesuits, officially called Extravehicular Mobility Units (EMUs), to
carry out space walks. The EMUs currently in use to support U.S. crew on ISS space walks were
developed more than 40 years ago and are well past their 15-year design life.?

In 2017, the NASA OIG conducted an audit of NASA’s management of current spacesuits and
development of the next generation of spacesuits.” As of 2017, NASA had spent more than $200
million on developing new spacesuits despite remaining “years away from having a flight-ready
spacesuit capable of replacing the EMU or suitable for use on future exploration missions.” The
OIG found that “only 11 of the 18 original EMU Primary Life Support System units — a
backpack-like structure that performs a variety of functions required to keep an astronaut alive
during a spacewalk — are still in use, raising concerns that the inventory may not be adequate to
last through the planned retirement of the ISS. Given these issues, NASA will be challenged to
continue to support ISS needs with the current fleet of EMUs through 2024, a challenge that will
escalate significantly if Station operations are extended to 2028.”" A major impediment to
NASA'’s spacesuit development that is cited in the OIG report is the lack of a formal plan and
specific destinations for future NASA missions. Different mission profiles (e.g., low Earth orbit,
the Moon, and Mars) require different spacesuits.

The OIG recommended that NASA:

“(1) develop and implement a formal plan for design, production, and testing of the nexi-
generation extravehicular activity (EVA) spacesuits in accordance with the exploration goals of
the Agency, crew needs, and the planned retirement of the ISS in 2024,

(2) conduct a trade study comparing the cost of maintaining the current EMU spacesuit and
developing and testing a next-generation spacesuit; and

(3) apply lessons learned from operations of existing EVA and launch, entry, and abort spacesuit
systems to the design of future exploration spacesuit systems to ensure mitigation of non-life-
threatening health risks or other injuries that could impair mission objectives.”

NASA concurred with the IG’s recommendations and described corrective actions it would take
to the OIG.

® NASA OIG, “Nasa’s Management and Development of Spacesuits”, 1G-17-018, April 26, 2017,
7
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Chairwoman HORN. This hearing will come to order.

Without objection, the Chair is authorized to declare recess at
any time.

Good morning, everyone, and welcome to our panel of distin-
guished witnesses. I appreciate you being here, and I look forward
to our discussion today.

And before I begin with my opening statement, I do want to ac-
knowledge the panel and say thank you for your testimony, but to
express, just to be clear, that we didn’t receive the testimony from
NASA (National Aeronautics and Space Administration) and from
Mr. Stallmer until late yesterday evening, which, in the future—
I understand we all have a lot going on, but it really makes it easi-
er for us to—or helpful for us to prepare for this if we’re able to
review the testimony further in advance. So I'll just make a request
to all of you that hopefully we can expedite that more in the future
so we're not cramming the night before. And as a lifelong procrasti-
nator, I understand, but if you all could help us out with that, it
would be very, very much appreciated because we’ve got some very
important issues to tackle here today.

So to begin, beginning our hearing on “A Review of NASA’s Plans
for the International Space Station and the Future of Activities in
Low Earth Orbit.”

For nearly 20 years, the International Space Station (ISS) has
expanded our understanding of what it means to live and work in
space. Our investment in the ISS has enabled scientific research,
development, and technology demonstrations from DNA sequencing
to advanced technology for water purification worldwide, and much
more. More importantly, we haven’t done this alone. The ISS is a
shining example of international cooperation, as well as innovative
relationships for transportation services and expanded partner use
of the ISS National Laboratory.

I want to acknowledge the NASA, international, and commercial
partners who continue to ensure the safe and productive operation
of the ISS. As the Aerospace Safety Advisory Panel noted, the ISS
program deals with “the challenges of operating in the space envi-
ronment in such a way to make it seem normal business.” That’s
quite an accomplishment. However, there is nothing normal about
operating in human spaceflight. I know you all are aware of that.
And aging spacesuits and delays in the availability of U.S. commer-
cial crew transportation services are just a few of the risks that
need to be addressed looking forward at ISS.

In addition to dealing with these and other near-term challenges
involved in sustaining the ISS, we also need to look at what lies
ahead. While NASA has affirmed the integrity of the ISS structure
through at least 2028, the lifetime of the laboratory is finite. What
will come next? How will NASA and the Nation ensure that the ob-
jectives for ISS are sustained following the end of ISS operations,
whenever that occurs? And what are the steps that are needed to
occur such that we can have confidence in avoiding the gap be-
tween the ISS and a future low-Earth orbit (LEO) facility?

NASA’s International Space Station Transition Report identifies
options, including “transitioning the ISS platform to private indus-
try, augmenting it with privately developed modules, combining
portions of the ISS with a new private platform, or deploying a new
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free-flying platform and deorbiting the ISS.” I'm looking forward to
learning more about these and other approaches because when and
how we transition NASA’s activities in low-Earth orbit from the
ISS to an alternative platform or operating module is critical.

NASA has made clear its plans to transition from a government-
owned and operated ISS “to a regime where NASA is one of many
customers purchasing services from a LEO nongovernmental
human space flight enterprise.” This leaves a number of important
and urgent questions that must be addressed: Who are those other
customers? What does NASA’s vision mean? In terms of NASA’s
commercial LEO development plan, what is the value proposition
for the U.S. taxpayer? What level of investment is the private sec-
tor willing to make? Are NASA’s planned investments in stimu-
lating a commercial market demand and supply in LEO going to
ensure a smooth transition and prevent a gap in NASA’s ISS and
low-Earth orbit activities?

The challenge here is in the balance of risk and reward. Under
this plan, the commercial entities aren’t the ones assuming the
bulk of the risk; that falls to NASA. And yet the potential benefits
to the government and taxpayer are uncertain at best.

The question then is what the U.S. taxpayer will be on the hook
to fund. With no near-term market other than NASA, there is a
real question about the cost to the taxpayer. NASA currently pays
more than $3 billion a year to operate the International Space Sta-
tion, a worthwhile investment. But on top of that, NASA’s plans to
fund the development of one or more commercial space stations,
subsidize commercial activity on the ISS, and purchase services
from future commercial space stations call into question whether
this plan will save NASA money that it can apply to the moon pro-
gram or if it will end up costing us more, not less, over the next
decade. I look forward to getting more into the details.

NASA’s plan may result in impacts to ISS research and tech-
nology development that is needed to enable human exploration of
the moon, Mars, and more, which is why these issues are so crit-
ical. We also need to understand the potential implications of the
plan for ISS and international partnership on which NASA intends
to build its future human space exploration.

In closing, the low-Earth orbit and microgravity environment
may in time support a commercially viable market. NASA has al-
ready taken initiatives to support commercial space through its de-
velopment of commercial cargo services, commercial crew capabili-
ties, and enabling research and development in low-Earth orbit.
While NASA’s interest in finding innovative approaches and stimu-
lating a commercial market in low-Earth orbit are well-intended,
we need to be responsible with the taxpayers’ investment in the
ISS as a national and international asset, and we need to carefully
consider how we ensure a successful transition of our ISS activities
going forward.

[The prepared statement of Chairwoman Horn follows:]

Good morning, and welcome to our distinguished panel of witnesses. I appreciate
your being here, and I look forward to our discussion.

For nearly twenty years, the International Space Station has expanded our under-
standing of what it means to live and work in space. Our investments in the ISS

have enabled scientific research, development, and technology demonstrations from
DNA sequencing to advanced technology for water purification, now used worldwide.
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More importantly, we haven’t done it alone. The ISS is a shining example of inter-
national cooperation as well as innovative relationships for transportation services
and expanded partner users of the ISS National laboratory.

I want to acknowledge the NASA, international, and commercial partners who
continue to ensure the safe and productive operation of the ISS. As the Aerospace
Safety Advisory Panel noted, the ISS Program deals with “the challenges of oper-
ating in the space environment in such a way as to make it seem ‘normal’ business.”

However, there is nothing normal about human spaceflight. Aging spacesuits and
delays in the availability of U.S. commercial crew transportation services are just
a few of the risks that need to be addressed.

In addition to dealing with these and other near term challenges involved in sus-
taining the ISS, we must also look to what lies ahead.

While NASA has affirmed the integrity of the ISS structure through at least 2028,
the lifetime of the laboratory is finite. What will come next? How will NASA and
the nation ensure that the objectives for the ISS are sustained following the end
of ISS operations, whenever that occurs? What are the steps that need to occur such
that we can have confidence in avoiding a gap between the ISS and a future low
Earth orbit facility?

NASA’s International Space Station Transition Report identifies options, includ-
ing “transitioning the ISS platform to private industry, augmenting it with privately
developed modules, combining portions of the ISS with a new private platform, or
deploying a new free-flying platform and de-orbiting the ISS.”

I'm looking forward to learning more about these, and any other approaches, be-
cause when and how we transition NASA’s activities in low Earth orbit from the
ISS to an alternative platform or operating model is critical.

NASA has made clear its plans to transition from a government-owned and oper-
ated ISS “to a regime where NASA is one of many customers purchasing services
from a LEO non-governmental human space flight enterprise.”

This leaves a number of important and urgent questions that must be addressed.

e Who are those other customers? What does NASA’s vision mean?

e In terms of NASA’s commercial LEO development plan, what is the value prop-
osition for the U.S. taxpayer?

e What level of investment is the private sector willing to make?

e Are NASA’s planned investments in stimulating commercial market demand
and supply in LEO going to ensure a smooth transition and prevent a gap in
NASA’s ISS and low Earth orbit activities?

The challenge here is the balance of risk and reward. Under this plan the com-
mercial entities aren’t the ones assuming the bulk of the risk, that falls to NASA
yet the potential benefits to the Government and taxpayer are uncertain at best.
The question is what the U.S. taxpayer will be on the hook to fund. With no near-
term market other than NASA, there is a real question about the cost to the U.S.
taxpayer.

NASA currently pays more than $3 billion a year to operate the ISS. On top of
that, NASA plans to fund the development of one or more commercial space sta-
tions, subsidize commercial activity on the ISS, and purchase services from future
commercial space stations.

Will this plan save NASA money that it can apply to its Moon program, or will
it end up costing NASA more, not less, over the next decade? I look forward to get-
ting the details.

NASA’s plan, may result in impacts on the ISS research and technology develop-
ment that is needed to enable human exploration of the Moon and Mars and more.

We also need to understand the potential implications of the plan for the ISS
international partnership on which NASA intends to build its future human explo-
ration plans?

In closing, the low-Earth orbit and microgravity environment may in time support
a viable commercial market. NASA has already taken initiatives to support commer-
cial space through its development of commercial cargo services, commercial crew
capabilities, and enabling research and development in low Earth orbit. While
NASA’s interest in finding innovative approaches to stimulating a commercial mar-
ket in low Earth orbit are well intended, we need to be responsible with the tax-
payers’ investment in the ISS as a national and international asset, and we need
to carefully consider how we ensure a successful transition of our ISS activities
going forward.

Chairwoman HORN. And now I will turn to Ranking Member Mr.
Babin for your opening statement.
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Mr. BABIN. Thank you, Madam Chair. I appreciate it. I want to
say thank you to our distinguished witnesses here today. And also,
I'd like to extend a welcome to several folks that are up here from
my district from Johnson Space Center (JSC). If you would stand
if you're out there from Johnson Space Center. Oh, man, we’ve got
half the room. OK. I knew there were some familiar faces out
there, but I wanted to say welcome. I hope you’re learning a lot up
here about legislation and some of the activities that we’re going
to talk about today are right in their bailiwick is some of their re-
sponsibilities, so thank you for being up here.

But anyway, thank you, Chairwoman Horn, for holding this
hearing. The International Space Station is one of humanity’s high-
est technological achievements. As an internationally built and op-
erated orbiting laboratory, the ISS conducts critical research that
helps us both on Earth and in space. As a multinational project,
this engineering marvel illustrates the power of U.S. leadership on
the frontiers of this exploration.

NASA has worked very hard to conquer the challenges of low-
Earth orbit. We have learned how the human body reacts to the
microgravity environment, and we’re still learning, I might say.
And we have grown food, crystalized proteins, we’ve launched sat-
ellites, we've conducted scientific observations of the Earth and the
stars above.

During the 115th Congress, I introduced the Leading Human
Spaceflight Act, which, among other provisions, would extend the
authorization of the ISS from 2024 to 2030. And I would note that
this extension would not simply swap out dates. Rather, my bill
would also call for an earlier termination of Federal support for the
ISS if a commercial alternative is in place prior to 2030. It is vital
to not only our leadership in space but also our national security
that America maintain a continual, uninterrupted human presence
in low-Earth orbit.

I look forward to working with my colleagues on both sides of the
aisle to ensure that we prevent another damaging capability gap
like the one we experienced at the conclusion of our Space Shuttle
program.

All of that being said, it is very important to note that our finan-
cial resources for space activities are limited, and any decision on
ISS extension will result in some tradeoffs. NASA has previously
estimated that the ISS will cost taxpayers between $3 and $4 bil-
lion annually through 2024, roughly half of NASA’s total human
spaceflight budget. Each dollar spent on transportation to, and
maintenance of, the ISS is a dollar that is not being spent on explo-
ration beyond low-Earth orbit, whether it is to the moon, to Mars,
or other destinations. Numerous reports from the National Acad-
emies and the NASA Inspector General have concluded that an ex-
tension of the ISS could result in a multiyear delay to future deep-
space missions.

So I proudly represent the Johnson Space Center, which man-
ages both the ISS and the Orion programs, so I am especially
aware of the trades that we have to make between low-Earth orbit
and deep space exploration.

Aside from today’s discussion of the ISS, we will also hear from
our witnesses about ongoing efforts to increase commercial activi-
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ties in low-Earth orbit. NASA has engaged in a lot of work over the
last 3 years to examine potential markets and the capacity for
them. They’ve commissioned think-tank studies, sought input from
industry, and researched the various architectures at length. This
work informed their recent announcement on ISS commercializa-
tion last month. Our witnesses today will share their thoughts on
how NASA can continue to work with industry to find opportuni-
ties to develop more commercial markets in low-Earth orbit.

Section 303 of the 2017 NASA Transition Authorization Act di-
rected NASA to conduct a transition report for ISS where NASA
would be “one of many customers of a low-Earth orbit commercial
human space flight enterprise.” A future where NASA is able to act
as a customer and purchase a variety of services will allow the
agency to focus on more ambitious deep-space missions, and I look
very much forward to hearing from our witnesses how this Com-
mittee can help make this step happen. And allowing NASA to
serve as a customer rather than a developer of basic services is a
very fiscally responsible move that will benefit the taxpayer and in-
dustry alike.

I want to thank today’s witnesses for being with us, and I look
forward to your discussion. And with that, I yield back, Madam
Chair.

[The prepared statement of Mr. Babin follows:]

Thank you for holding this hearing, Chairwoman Horn.

The International Space Station is one of humanity’s highest technological
achievements. As an internationally built and operated orbiting laboratory, the ISS
conducts critical research that helps us both on Earth and in space. As a multi-na-
tional project, this engineering marvel illustrates the power of U.S. leadership on
the frontiers of exploration.

NASA has worked hard to conquer the challenges of low-Earth orbit. We have
learned how the human body reacts to the microgravity environment. We have
grown food, crystalized proteins, launched satellites, and conducted scientific obser-
vations of the Earth and stars above.

During the 115th Congress, I introduced the Leading Human Spaceflight Act
which, among other provisions, would extend the authorization of ISS from 2024 to
2030. I would note that this extension would not simply swap out dates. Rather,
my bill would also call for an earlier termination of federal support for ISS if a com-
mercial alternative is in place prior to 2030. It is vital to—not only our leadership
in space—but also our national security that America maintain a continual, uninter-
rupted human presence in low Earth orbit. I look forward to working with my col-
leagues on both sides of the dais to ensure we prevent another damaging capability
gap like the one we experienced at the conclusion of the Space Shuttle program.

All of that being said, it is important to note that our financial resources for space
activities are limited and any decision on ISS extension will result in tradeoffs.
NASA has previously estimated that the ISS will cost taxpayers between three and
four billion dollars annually through 2024—roughly half of NASA’s total human
spaceflight budget.

Each dollar spent on transportation to—and maintenance of—ISS is a dollar not
spent on exploration beyond low earth orbit, whether it is to the Moon, Mars, or
other destinations. Numerous reports from the National Academies and the NASA
Inspector General have concluded that an extension of the ISS could result in a
multi-year delay to future deep-space missions.

I proudly represent the Johnson Space Center, which manages both the ISS and
Orion programs, so I am especially aware of the trades we have to make between
low Earth orbit and deep space exploration.

Aside from today’s discussion of ISS, we will also hear from our witnesses about
ongoing efforts to increase commercial activities in low-Earth orbit. NASA has en-
gaged in a lot of work over the last three years to examine potential markets and
the capacity for. They’ve commissioned think-tank studies, sought input from indus-
try, and researched the various architectures at length. This work informed their
recent announcement on ISS Commercialization last month. Our witnesses today
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will share their thoughts on how NASA can continue to work with industry to find
opportunities to develop more commercial markets in low-Earth orbit.

Section 303 of the 2017 NASA Transition Authorization Act directed NASA to con-
duct a transition report for ISS where NASA would be “one of many customers of
a low-Earth orbit commercial human space flight enterprise.” A future where NASA
is able to act as a customer and purchase a variety of services will allow the agency
to focus on more ambitious deep-space missions and I look forward to hearing from
our witnesses how this Committee can help take this step. Allowing NASA to serve
as a customer rather than a developer of basic services is a fiscally responsible move
that will benefit the taxpayer and industry alike.

I want to thank today’s witnesses for being with us, and I look forward to our

discussion.
I yield back.

Chairwoman HORN. Thank you, Ranking Member.

And the Chair now recognizes the Chairwoman of the Full Com-
mittee, Ms. Johnson, for her opening statement.

Chairwoman JOHNSON. Thank you very much, Chairwoman Horn
and Ranking Member Babin, for holding this hearing to consider
NASA'’s plans for the International Space Station and future activi-
ties in low-Earth orbit.

As T have noted in the past, the International Space Station is
the largest and most complex science and engineering project ever
carried out in space. It plays a critical role in carrying out human
health and technological research that is essential if we are to suc-
cessfully send astronauts to Mars and back. The ISS also serves as
a laboratory for fundamental and applied science, as well as an ob-
servation platform for astronomical, environmental, and
heliophysics research. It has been an enduring example of inter-
national cooperation in space, and it continues to inspire young
people to excel and to provide opportunities for classrooms across
our Nation to interact with our astronauts through live commu-
nication downlinks.

Yet the ISS is a limited resource with a limited lifetime, and we
need to make sure that we make the best use of it while we have
it. And to me, that means making sure that its highest priority is
carrying out the research and engineering testbed activities that
can only be done in ISS. That is the lens through which I will be
looking at NASA’s proposals for ISS commercial activities.

I support efforts to create a vibrant commercial space economy
in low-Earth orbit, but ultimately it is the private sector that will
determine whether or not that will happen. Private investment will
be needed, not government subsidies, if LEO commercialization is
to be sustainable over the long term. I believe that the jury is still
out as to whether that will happen.

In the meantime, the International Space Station has a limited
lifetime, limited crew size, and limited research capabilities. As I
said earlier, we need to ensure that those resources are focused on
those tasks that can only be done by ISS and that are a high pri-
ority. As a result, we will be taking a close look at NASA’s pro-
posed commercialization initiative to see whether it meets that
standard. At this point, 'm not convinced that it does. For exam-
ple, 'm skeptical that sending wealthy space tourists to ISS is the
best or even a good use of taxpayers-funded facility.

NASA keeps saying that there are unanswered human health re-
search questions that can only be addressed on the ISS; questions
that need to be answered if we are to reduce the risk of sending
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humans to Mars. If that is the case, our focus should be on sending
additional crew members or researchers to the station, not well-
heeled individuals seeking an exotic vacation.

We have much to discuss today, and I look forward to hearing
from our witnesses. I welcome our witnesses. Thank you, and I
yield back.

[The prepared statement of Chairwoman Johnson follows:]

Thank you, Chairwoman Horn, for holding this hearing to consider NASA’s plans
for the International Space Station and future activities in low Earth orbit.

As T have noted in the past, the International Space Station is the largest and
most complex science and engineering project ever carried out in space. It plays a
critical role in carrying out the human health and technological research that is es-
sential if we are to successfully send our astronauts to Mars and back. The ISS also
serves as a laboratory for fundamental and applied science as well as an observation
platform for astronomical, environmental, and heliophysics research. It has been an
enduring example of international cooperation in space, and it continues to inspire
our young people to excel and to provide opportunities for classrooms across our na-
tion to interact with our astronauts through live communication downlinks.

Yet the ISS is a limited resource with a limited lifetime, and we need to make
sure that we make the best use of it while we have it. And to me, that means mak-
ing sure that its highest priority is carrying out the research and engineering
testbed activities that can only be done on the ISS. That is the lens through which
I will be looking at NASA’s proposals for ISS commercial activities. I support efforts
to create a vibrant commercial space economy in low Earth orbit, but ultimately it
is the private sector that will determine whether or not that happens. Private in-
vestment will be needed, not government subsidies, if LEO commercialization is to
be sustainable over the long term. And I think that the jury is still out as to wheth-
er that will happen.

In the meantime, the International Space Station has a limited lifetime, limited
crew size, and limited research capabilities. As I said earlier, we need to ensure that
those resources are focused on those tasks that can only be done on the ISS and
that are of highest priority. As a result, I will be taking a close look at NASA’s pro-
posed commercialization initiative to see whether it meets that standard. At this
point, I am not convinced it does. For example, I am skeptical that sending wealthy
space tourists to the ISS is the best-or even a good-use of that taxpayer-funded facil-
ity. NASA keeps saying there are unanswered human health research questions
that can only be addressed on the ISS, questions that need to be answered if we
are to reduce the risks ofsending humans to Mars. If that is the case, our focus
should be on sending additional crew members or researchers to the Station, not
well heeled individuals seeking an exotic vacation.

Well, we have much to discuss today, and I look forward to hearing from our wit-
nesses. Thank you, and I yield back.

Chairwoman HORN. Thank you, Madam Chairwoman.

And if there are Members who wish to submit additional opening
statements, your statements will be added to the record at this
point.

And let me extend my warm welcome as well again to the wit-
nesses. We have a distinguished panel today, and clearly we have
a lot to discuss as we’re moving into this next phase to address con-
cerns as we move forward to prevent, as my colleague said, a capa-
bility gap in this important endeavor.

I'll begin by introducing our witnesses today. Our first witness,
Mr. William Gerstenmaier, is no stranger to appearing before this
Committee, and we’re glad to have you here today—Associate Ad-
ministrator for the Human Exploration and Operations Mission Di-
rectorate at NASA. Prior to his current position, Mr. Gerstenmaier
served as the Manager for the International Space Station pro-
gram. He also served as the Associate Administrator for the Space
Operations Mission Directorate during the completion of the space
station. Mr. Gerstenmaier holds a bachelor of science in aero-
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nautical engineering from Purdue University and a master of
science degree in mechanical engineering from the University of
Toledo. He is becoming a regular when it comes to testifying before
us and clearly has expertise related to ISS. And we are glad to see
you again, and we appreciate you being here as we consider these
important issues. So welcome, Mr. Gerstenmaier.

Our next witness, Mr. Paul Martin, Inspector General for the
National Aeronautics and Space Administration. Mr. Martin has
been NASA Inspector General since Senate confirmation in 2009.
Prior to his appointment at NASA, he served as the Deputy Inspec-
tor General in the Department of Justice. He also spent 13 years
at the U.S. Sentencing Commission, including 6 years as the Com-
mission’s Deputy Staff Director. Mr. Martin received a B.A. in jour-
nalism from Pennsylvania State University and a juris doctorate
from Georgetown University Law Center. We look forward to your
testimony today, Mr. Martin, and we’re glad that you’re here, so
welcome.

Our next witness is Mr. Eric Stallmer. Mr. Stallmer is the Presi-
dent of the Commercial Spaceflight Federation, CSF, and has much
experience in the commercial space sector. CSF is a trade organiza-
tion dedicated to promoting the development of commercial
spaceflight and was recently appointed to the National Space Coun-
cil User Advisory Group. Before working at the Commercial
Spaceflight Federation, Mr. Stallmer served as the Vice President
of Government Relations for Analytical Graphics, Incorporated. Mr.
Stallmer has a bachelor’s degree in political science and history
from Mount Saint Mary College and a master’s in Public adminis-
tration from George Mason University.

Mr. Stallmer also testified yesterday before our colleagues in the
Senate, and so you’ve had a long 2 days but we’re glad you're join-
ing us today and appreciate your willingness to do back-to-back
hearings in 24 hours, so welcome. Glad to have you here.

And our last witness is Professor Joanne Irene Gabrynowicz. Did
I get it right? Excellent. I know Gerst. I just want to make sure
I get it right. So Professor Gabrynowicz is a Professor Emerita of
Space Law and Director of the National Center for Remote Sens-
ing, Air, and Space Law at the University of Mississippi Law Cen-
ter. Professor Gabrynowicz is also the Editor-in-Chief Emerita of
the Journal of Space Law. In addition, she is the Director of the
International Institute of Space Law (IISL) and is an official ob-
server for the IISL to the U.N. Committee on the Peaceful Uses of
Outer Space. She received her bachelor’s from City University of
New York and earned her juris doctorate from the Cardozo School
of Law. Welcome, Professor Gabrynowicz.

As our witnesses, you should all know that each of you will have
5 minutes for your spoken testimony, and your written testimony
will be included in the record for this hearing. When you've com-
pleted your spoken testimony, we’ll begin with questions, and each
Member will have 5 minutes of questions.

And since you’ve been through this drill many times before, Mr.
Gerstenmaier, we'll start with you.
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TESTIMONY OF MR. WILLIAM H. GERSTENMAIER,
ASSOCIATE ADMINISTRATOR, HUMAN EXPLORATION
AND OPERATIONS MISSION DIRECTORATE, NASA

Mr. GERSTENMAIER. Thank you very much.

ISS is the most amazing and productive space research facility
ever constructed by humankind. ISS is accomplishing more than
previously envisioned. For example, ISS’ role in CubeSat,
CubeSatellite deployment and development, was unanticipated.
Who would’ve thought that ISS and its relatively low altitude
would be seen as the go-to CubeSat deployment platform. The
CubeSat lifetime is on the order of months at the altitude of the
space station. The lifetime constraint would seem to reduce
CubeSat developers’ desire to use the space station.

The cost of access to ISS and the ability of crews to interact with
the satellites prior to deployment made ISS a great research plat-
form for CubeSats. As of today, 250 CubeSats have been deployed
from the ISS. ISS has played a pivotal role in the development of
the CubeSat market.

ISS also played a strong role in lowering launch costs. Cargo
transportation to allow—to ISS allowed for new competition to
enter the launch market. ISS cargo with relaxed launch reliability
requirements allowed new competition in launch vehicles and
helped bring commercial satellite launch back to the U.S. soil.
Cslgarly, this role for ISS was not envisioned at the beginning of
ISS.

Last, the ISS international partnership has allowed the ISS team
to set interoperability standards for the rest of the world to follow.
The international docking standards allow anyone building to the
standard to dock with the ISS. The standard does not dictate de-
sign but allows for docking. There are now standards for life sup-
port, power, data, and avionics. The ISS team is setting standards
for the rest of the world to follow in human spaceflight. These
standards will be used for our lunar activity.

Today’s hearing discussing future plans for the ISS is very time-
ly. Just as the activities that I mentioned have surprised us and
the benefits from ISS, I think the upcoming years of ISS operations
offer the chance to see ISS contribute in ways not yet envisioned
or imagined.

The area that I would like to discuss in my opening remarks is
the ISS activity associated with creating a commercial market for
low-Earth orbit activities. Several weeks ago, NASA announced a
plan to utilize ISS to explore market development in low-Earth
orbit. Previously, NASA asked commercial industry for their ideas
to commercialize low-Earth orbit, and, based on the input from 12
studies and 12 companies, NASA developed a plan. That plan com-
prises five key areas.

First, to establish ISS commercial use and pricing policy. That
allows the commercial companies to understand where they can
use ISS and how much it will cost.

S’é‘he second point was to enable private astronaut missions to the
ISS.

The third point was to initiate a process of commercial develop-

ment of low-Earth orbit destinations. This means allowing the
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docking port to be used on ISS for commercial activities and also
investing—investigating new free-flying platforms.

Fourth, we were seeking out and pursuing opportunities to stim-
ulate demand.

And fifth, we’ve been quantifying NASA’s long-term needs for ac-
tivities in low-Earth orbit. With this data, commercial companies
should be able to build a business plan and determine ways to gen-
erate revenue from low-Earth orbit.

NASA can enable U.S. industry to see the benefits and opportu-
nities in low-Earth orbit spaceflight. However, the results will only
come from the private sector investing and taking risk. All compa-
nies investing in low-Earth orbit will not be successful. It is critical
that NASA create the right environment for these potential low-
Earth orbit entrepreneurs. The ultimate goal is for NASA to be-
come one of many customers for activities in low-Earth orbit. Being
one of many customers will lower cost for NASA and allow us to
more effectively use the dollars that we have been provided. I
stress that the burden of creating this new market will be on the
private sector and not on NASA.

Again, thank you for the opportunity to be here today, and I look
forward to your questions.

[The prepared statement of Mr. Gerstenmaier follows:]
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Chairwoman Horn and Members of the Subcommittee, thank you for the opportunity to appear before you
today to discuss the future of the International Space Station (ISS) and NASA’s long-term vision for use
of low-Earth orbit (LEO).

NASA will send the first woman and the next man to the South Pole of the Moon by 2024 and develop a
sustainable human presence on the Moon by 2028. We have designated this program “Artemis” —~
Apollo’s twin sister and goddess of the Moon in Greek mythology.

NASA’s Artemis program will build a sustainable, open architecture that returns humanity to our nearest
neighbor. We are building for the long term, and this time are going to the Moon to stay. We are
designing an open, durable, reusable architecture that will support deep space exploration for decades to
come. Sustainability requires reusable systems and partnerships from across the commercial sector and
around the world.

The Agency is incentivizing speed and drawing on commercial and international partners as it looks to
land humans on the Moon within five years. NASA is completing development of both the Orion
spacecraft that will carry humans to lunar orbit, and the Space Launch System (SLS) rocket that will
launch Orion. We are pressing forward toward the Artemis 1 mission, an uncrewed test flight of Orion
and SLS as an integrated system around the Moon. This will be followed by the Arternis 2 mission that
will be the first test flight with human crew to the lunar vicinity aboard SLS and Orion. Then, the
Artemis 3 mission will send the first crew to the funar surface.

Critical to this sustainable strategy are the Gateway, an outpost that will orbit the Moon and support
missions to the lunar surface, commercial human lander services, and reusable infrastructure on the lunar
surface. Artemis 3 will utilize on the Gateway and use commercial human landing services that depart
from this outpost. On May 23, 2019, NASA awarded a contract for the first element of the Gateway, the
power and propulsion element (PPE). The PPE will use solar-electric propulsion to give us access to
more of the lunar surface than ever before. On May 16, 2019, NASA announced the selection of 11
companies to conduct studies and produce prototypes of human landers for its Artemis lunar exploration
program. These studies and prototypes will provide critical data needed to inform requirements for the
Artemis 3 hardware.
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As the Artemis program develops this sustainable deep space exploration architecture, we will continue to
draw on ISS capabilities to develop the knowledge and technology required to support missions to the
Moon and ultimately to Mars. ISS is supporting development of more efficient life support systems,
approaches to managing the health risks of deep space travel, and enhanced understanding of other critical
systems for human spaceflight. At the same time, the transition to a vibrant, sustainable LEO economy
has the potential to make increasing contributions to exploration by engaging the broader economy.

The ISS currently serves as a unique platform to prepare for human exploration beyond LEQO, promotes
U.S. economic activity in space, and accelerates innovative research and technology development.
Equally important, under the leadership of the United States, the ISS contributes to America’s
preeminence around the world in space and technological innovation. Since its inception over 30 years
ago, the ISS partnership has been a model of peaceful international cooperation. The ISS partnership has
developed interoperability standards for human spaceflight that the rest of the world will follow as human
presence is expanded into the solar system. ISS has accomplished many things that were never
envisioned, such as helping to establish a cube satellite market and creating a market for commercial
cargo resupply services that helped underpin the retum of commercial satellite launches to the U.S.
through reduced launch costs. NASA and the U.S. recognize the huge investments that have been made
in ISS and are needed to continue operating it and are looking new ways to leverage the ISS in order to
continue U.S. leadership in LEO; we are transitioning NASA’s LEO activities to a model where the
Agency is one of many customers of a vibrant, U.S.-led, commercial LEO enterprise. The synergy
between industry and Government requirements in this endeavor cannot be overstated. We are partners
with U.S. industry in ensuring American preeminence as the world’s leading spacefaring nation. We will
continue to transition from a Government-led presence in LEO to a private sector model where the
Government is one of many users. The ISS has been and will continue to be a key enabler for that new
dynamic enterprise.

NASA seeks to achieve a continuous U.S. human presence in LEO — both with Government astronauts
and with private citizens — in order to support the utilization of space by U.S. citizens, companies,
academia, and international partners, and to maintain a permanent American foothold on the nearest part
of the space frontier.

Principles for Transitioning LEO

Several key principles are reflected in NASA’s strategy regarding the ISS and the future of LEQ, as well
as NASA’s role as one of many customers of services or capabilities that are provided by private industry
as part of a broader commercial market. The following principles will ensure uninterrupted access to
LEO capabilities and long-term national interests in human space exploration, while supporting national
security objectives, such as a competitive industrial base and U.S. leadership:

e Expanding U.S. human spaceflight leadership in LEO and deep space exploration, including
continuity of the relationships with our ISS international partners;

* Increasing platform options in LEO to enable more ISS transition pathways, security through
redundant capabilities, and industrial capability that can support NASA’s deep space exploration
needs;

¢ Spurring vibrant commercial activity in LEQO;

e Continuing to return benefits to humanity through Government-sponsored basic and applied on-orbit
research;
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¢ Providing continuity among NASA’s LEO, deep space exploration, and development and research
activities and missions toward expanding human presence into the solar system;

o Maintaining critical human spaceflight knowledge and expertise within the Government in areas such
as astronaut health and performance, life support, safety, and critical operational ground and crew
experience;

» Continuing Government-sponsored access to LEO research facilities that enable other Government
agencies, academia, and private industry to increase U.S. industrial competitiveness and provide
goods and services to U.S. citizens; and

+ Continuing to reduce the Government’s long-term costs through private industry partnerships and
competitive acquisition strategies.

NASA'’s vision for LEO is a sustained U.S. commercial human spaceflight marketplace with multiple
privately-owned/operated platforms — human-tended, permanently-crewed, and/or robotic — together with
transportation capabilities for crew and cargo that enable a variety of activities in LEO, where those
platforms and capabilities are sustained to a greater degree than today by commercial revenue. The path
to these future platforms may either initially leverage ISS or be free-flying, or potentially both. This
flexibility allows the private sector to determine how best to meet the market demand rather than have the
Government dictate how to meet this demand.

A robust and eompetitive LEO economy is vital to continued progress in space. The United States is
committed to encouraging and facilitating the growth of the U.S. commercial space sector that supports
U.S. needs, is globally competitive, and advances U.S. leadership in the next generation of new markets
and innovation-driven entrepreneurship. NASA has developed a long-term plan to achieve this goal
where NASA will become one of many customers in LEO. This plan builds on, uses the capabilities of,
and applies the lessons learned from over a decade of work and experience with commercial companies.

In the future, NASA will be able to share the cost of LEO platforms and commercial transportation with
other commercial, Government, and international users. Allowing the Agency to maximize its resources
toward missions beyond LEO, while still utilizing LEO for research, training, and technology
development.

For nearly two decades, NASA has been moving from the purchase of hardware and vehicles to
purchasing services to support the government’s needs in LEO. Initially, NASA experimented with the
purchase of non-essential services for ISS, such as the acquisition of water production capabilities
through United Technologies Corporation. NASA moved on to stimulate the development of critical
cargo delivery systems through the Commercial Orbital Transportation Services Program, which led to
the development and purchase of commercial capabilitics to provide Commercial Resupply Services for
the ISS. This highly successful program resuited in the development of two U.S. cargo delivery
capabilities which have delivered over 70 tons of cargo to ISS over the past seven years, and a third
system is in development. This partnership changed the way NASA does business and strengthened the
American commercial space industry while restoring America’s capability to deliver and return ISS
cargo.

NASA's Commercial Crew Program (CCP) was formed to facilitate the development of a U.S.
commercial crew space transportation capability with the goal of achieving safe, reliable, and cost-
effective access to and from the ISS and LEO. CCP has invested in American companies that are
designing and developing these transportation capabilities, and will soon be launching astronauts to the
ISS for the first time from U.S. soil since the end of the Space Shuttle Program.
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NASA has applied this approach not only to commercial space transportation, but also to purchasing
research capabilities as they became commercially available from companies with their own hardware on
the ISS. There are currently 14 commercial facilities on the ISS developed by 11 U.S. companies. These
research capabilities provide NASA a cost-effective means to expand the research pipeline at reduced
costs, without needing to develop new facilities and capabilities in house. Additional companies are
working to develop more new hardware and state-of-the-art research capabilities.

NASA is preparing to secure the Nation’s long-term presence in LEO by partnering with industry to
continue developing commercial enterprises and capabilities that will stimulate and utilize private demand
while supporting NASA’s long-term needs in LEO. To enable this future, building on the progress made
over the last two decades, NASA has developed and is now implementing a Plan for Commercial LEO
Development.

NASA’s Plan for Commercial LEO Development

NASA is undertaking the Commercial LEO Development program as a focused effort to enable and foster
a commercial space economy in LEO. This effort is intended to stimulate both the supply side of the
economy — the development of commercially-owned and -operated LEO destinations from which NASA
can purchase services, as well as the demand side of the economy — the continued growth of commercial
activities in LEO such that NASA is but one of many users purchasing those services.

NASA entered into agreements with 12 industry partners in FY 2018 to study the commercialization of
LEO and to gain better insight and help inform recommendations for how the program will move forward
with both policy and acquisition efforts. These studies were designed to solicit industry’s
commercialization concepts, business plans and viability for habitable platforms in LEO, whether using
ISS or free-flying, that would enable a commercial marketplace in LEO. The studies also sought to
understand the role of Government and the evolution of ISS in the roadmap to the commercialization of
LEO, including how private demand for commercial LEO services could be stimulated in order to sustain
a long-term LEO marketplace with primarily non-NASA commercial revenue. Insights from the studies
were very helpful in refining NASA’s plan for commercial LEO development.

NASA publicly released its five-part plan for Commercial LEO Development during a press event at
NASDAQ in New York on June 7, 2019, to communicate the exciting potential of the new LEO economy
to new and non-traditional entrants.

The plan includes five near-term activities, detailed below:

1) Establish ISS commercial use and pricing policy;

2) Enable private astronaut missions to ISS;

3) Initiate a process for commercial development of LEO destinations;
4) Seek out and pursue opportunities to stimulate demand;

5) Quantify NASA’s long-term needs for activities in LEO.

It is important to note that NASA released these activities as a package rather than individually. From the
industry studies, we received a variety of ideas. This prompted us to put together a complete package so
that companies could understand the breadth of NASA’s plans and policies for LEO and tailor their work
with a better sense of the overall direction that NASA intends to take. NASA will not be able to ensure
success for all of these companies. Some may start and fail. These companies will be forced to be
innovative and creative and their success will depend on their own strengths. NASA is atternpting to
remove enough risk and create opportunities that allow that some companies to be successful. NASA is
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also mindful of the need to not compete with private companies for limited markets by providing free or
subsidized services that erode their addressable markets.

Establish ISS commercial use and pricing policy. The ISS is a unique orbiting platform that enables
researchers from all over the world to put their talents to work on innovative experiments that can only be
conducted in the space environment, Having proven its capability as a platform for a broad array of
research disciplines as well as technology development, the ISS also provides an opportunity to test new
business relationships. This allows an opportunity to shift from a paradigm of Government-owned and -
operated equipment provided by contractors to commercially provided goods and services, with
Government as a customer.

More than 50 companies already are conducting commercial research and development on the space
station and their results are yielding great promise. This builds on the 14 commercial facilities already
supporting research and development (R&D) on ISS. To go beyond R&D and open new opportunities in
areas such as manufacturing, marketing and tourism, NASA needs to expand the scope of allowable
activities aboard the ISS.

Therefore, NASA has opened the ISS to expanded commercial and marketing opportunities that will
continue the Agency’s efforts to develop a sustainable economy in LEO. This is being done through a
NASA Interim Directive on Use of International Space Station (ISS) for Commercial and Marketing
Activities. The new policy enables commercial manufacturing and production, allows both NASA and
private astronauts to conduct new commercial activities aboard the orbiting laboratory, and sets
commercial prices for the use of U.S. Government resources in pursuit of commercial and marketing
activities aboard the ISS. NASA has set aside five percent of the Agency’s ISS utilization resources to
serve commercial and promotional activities — with no impact to the 50 percent allocation to the ISS
National Laboratory.

With this new policy, U.S. entities will have the ability to pursue the following:

»  Manufacturing, production, transportation, or marketing of commercial resources and goods,
including products intended for commercial sale on Earth;

¢ Inclusion of private astronauts on U.S. Government or commercial missions to the ISS and
associated on-orbit activities, including commercial and marketing activities;

¢ U.S. Government astronauts conducting coordinated and scheduled activities in support of
commercial and marketing activities;

e Purchase resources available for use on the ISS for commercial and marketing activities.

U.S. entities may pursue these activities if they meet any of the following: require the unique
microgravity environment, have a nexus to the NASA mission, or support the development of a
sustainable LEO economy,

NASA has also developed a pricing policy that will be updated approximately every six months. This
allows industry to understand the cost of obtaining services from NASA. Just establishing prices has
created an awareness within NASA of the impact of price on corporate strategy. Learning how the
Agency can more effectively incentivize development of a LEO economy will be critical to the successful
transition to the private sector.

Enable private astronaut missions to ISS. Building a robust cconomy in LEO will depend on routine
and affordable access to space for humans and cargo. NASA has partnered with Boeing and SpaceX
through the Commercial Crew Program to develop the U.S. capability for human access to space.
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NASA’s accommodation of private astronaut missions to the ISS enables an expanded market opportunity
for these commercial service providers. Such missions also expand the scope and amount of commercial
activities that private astronauts can accomplish while their missions are at the ISS. The first private
astronaut mission, using the U.S.-developed spacecraft, could come as early as 2020,

Market studies identified private astronaut missions to ISS as a key element to demonstrate demand and
reduce risk for future commercial destinations in LEO. NASA can accommodate up to two short-duration
private astronaut missions per year to the ISS, if supported by the market.

The commercial entity developing the mission will determine the crew composition and ensure private
astronauts meet NASA’s medical standards, training, and certification procedures to be a member of the
ISS crew. A private astronaut assigned to a mission on the space station will have the ability to fulfill
duties that fall into the approved commercial and marketing activities outlined in the new commercial use
policy.

Initiate a process for commercial development of LEO destinations. In order to meet its long-term
research and technology development needs in LEO in a cost-effective manner, NASA must enable the
development of a robust commercial human spaceflight economy and facilitate new markets in order to
be one of many customers of a broad portfolio of commercial products and services. To enable industry
to catalyze new markets, NASA will partner with U.S. industry for the development of commercial
destinations in LEOQ, either using the ISS or by going directly to a free-flying platform.

NASA is offering commercial use of the ISS Node 2 (Harmony) forward port and associated ISS services
to enable development, launch, and operations of one or more commercial destination elements. On June
21,2019, NASA released Appendix I to the Next Space Technologies for Exploration Partnerships
(NextSTEP-2) Broad Agency Announcement (BAA) to request proposals from U.S. commercial entities
to enter into a public-private partnership with NASA. The goal is to develop commercial markets in one
or more habitable commercial elements attached to the space station. Successful ventures will leverage
the capabilities of the ISS to stimulate demand and catalyze new markets, leading to a transition to a long-
term, sustainable, commercial, human spaceflight enterprise in LEO where NASA is one of many
customers. NASA seeks commercial destinations that provide a diverse portfolio of products and services
that meet both NASA and non-NASA needs, but do not rely heavily on continued NASA purchase of
services in the long term.

In July, NASA plans to release a synopsis for Appendix K to the NextSTEP-2 BAA to enable additional
partnerships for development and spaceflight demonstrations of free-flying commercial destinations in
LEO. NASA intends to acquire services from the commercial destinations that are produced through
Appendix I and K partnerships through a future competitive solicitation. NASA expects that it will
remain a major customer of commercial space stations until the Agency’s goal of being one of many
customers is realized.

Seek out and pursue opportunities to stimulate demand. If NASA is to achieve its goal of becoming
one of many customers of future commercial destinations in a robust LEO economy, the Agency must
partner with industry to catalyze and nurture the development of sustainable, scalable, and profitable non-
NASA demand for services in LEOQ. NASA is taking a multi-pronged approach, including using NASA
Research Announcements (NRA) and the NextSTEP-2 BAA,

NASA has expanded the ISS Utilization NRA to request proposals from U.S. industry for commercial
concepts with a focus on the areas of in-space manufacturing and regenerative medicine/bioengineering,
and will also consider other fields that may lead to a scalable, financially self-sustaining demand for LEO
capabilities. Successful ventures will further mature concepts with potential for scalability, such as
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returning high-value items for terrestrial use, capturing sizeable markets or creating new markets, and
disrupting existing technologies by taking advantage of the ISS, and eventually follow-on human-rated
destinations in LEO.

NASA has released Appendix J to the NextSTEP-2 BAA to request proposals from U.S. entities. NASA
seeks proposals that, if successful, will: strengthen NASA’s insights into opportunities for reducing cost
and technical barriers to enable space market growth; identify actionable recommendations, and lead to a
strong LEO economy with NASA as one of many customers of commercial transportation and
destinations in LEO.

Quantify NASA’s long-term needs for activities in LEQ. On October 26, 2018, NASA released the
white paper Forecasting Future NASA Demand in Low-Earth Orbit. It provided a qualitative description
forecasting the types of research- and exploration-related activities NASA will conduct in the future in
LEO. As the fifth part of NASA’s Plan for Commercial LEO Development, the Agency has updated this
white paper to include a quantification of the demand forecast, representing the type and amount of
services that NASA intends to purchase in the future when those services become available on one or
more commercial destinations. NASA is planning to continue with the following LEO needs and
objectives beyond the life of ISS:

s Maintaining the ISS international partnership and developing new relationships with other
international and domestic participants;
» Conducting regular LEO crewed operations, including short- and long-duration missions:
¢ Enabling operational space proficiency;
¢ Shifling from human health and performance countermeasures development (the ISS portion of
which is expected to be complete by 2024) to validations of integrated long-duration systems,
habitation, operations, and crew isolation;
¢ Developing and demonstrating long-term technology/systems (e.g., life support);
s Conducting space life and physical sciences basic and applied research at current level and
capabilities;
¢ Conducting National-Laboratory-based research and technology development; and
* Providing opportunities for astrophysics, space, and Earth science research.

These long-term requirements, while similar to those of the current ISS Program, could be met with
various types of modules or platforms that do not necessitate a vehicle (or vehicles) as complex as the
ISS. Many of the research activities could be conducted on shorter-duration platforms, similar to the
Space Shuttle, or crew-tended platforms.

Commercial LEO Development will advance the Nation’s goals in LEO and exploration by furthering the
development and maturity of the commercial space market. This will enable private industry to assume
roles that have been traditionally Government-only, by creating new opportunities for economic growth
through new markets and industries in LEO, and potentially yielding long-term cost savings to the
Government by leveraging private industry innovation and commercial market incentives.

Future of the ISS Platform

In recent years, the space station’s retirement date has become a very important topic of discussion.
Although it is likely technically feasible to continue to operate the ISS in the short term with continued
maintenance, there is a very real potential that critical systems could fail or the ISS could suffer a major
damaging impact from orbital debris, bringing the lifetime of the facility to an end. New commercial
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systems or approaches to managing the ISS could potentially significantly reduce the costs of operating in
LEO. These approaches will need to look at creative ways to lower transportation costs, but they will
ultimately make ending direct Government funding for ISS possible. The Administration has challenged
NASA to accomplish this goal by 2025 and we are seeking to do so. We recognize the numerous
difficulties inherent in this challenge, but also the importance of starting along this path. In all
circumstances, NASA is committed that there will be no gap of a U.S. human presence in LEO. As the
private sector develops capability, ISS use will need to be moderated to not compete with the private
sector. This transition will be challenging and require close Government and private sector interaction.
The LEO economy will not reach its full potential if the Federal Government is the sole supplier of, or
demand for, LEO research capabilities. One key will be the private sector creating demand beyond the
needs of the U.S. Government.

The future of the ISS platform will be evaluated using the ISS Transition Principles previously described,
to ensure there is no gap in the availability of a LEO destination to meet NASA’s needs. NASA will
pursue an orderly transition to new commercial destinations in LEO as they become available and
demonstrate their capabilities and ability to meet NASA’s needs. We will continue to discuss decisions
about the future of the ISS across the ISS international partnership.

Conclusion

NASA will continue its mission in LEQ with the ISS to enable exploration, while performing research
that benefits humanity, supporting National Laboratory research by private industry and other
organizations, and working towards reducing operations and maintenance costs. The Agency will create
new opportunities for collaboration with industry on the ISS and develop public-private partnerships for
exploration systems that will extend human presence into the solar system. NASA is working to leverage
commercially-provided services that help enable deep space exploration and private sector expansion in
LEOQ. These services will continue and accelerate the transition of human spaceflight operations in LEO
to commercial partners in support of NASA and non-NASA needs. To support this transition, NASA will
focus on partnerships with commercial industry to develop future commercial destinations and stimulate
growth of demand for services from those destinations, as well as meeting Government requirements in
LEO.

NASA looks forward to working with Congressional stakeholders, researchers, private industry, and our
ISS international partners on the future of the ISS and LEO, to ensure that the U.S. maintains its human
spaceflight leadership.
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WILLIAM H. GERSTENMAIER
ASSOCIATE ADMINISTRATOR FOR
HUMAN EXPLORATION AND OPERATIONS

Witliam H. Gerstenmaier is the associate administrator for
the Human Exploration and Operations Mission Directorate
at NASA Headquarters in Washington, DC. in this position,
Mr. Gerstenmaier provides strategic direction for all aspects
of NASA's human exploration of space and cross-agency
space support functions of space communications and
space launch vehicles. He provides programmatic direction
for the continued operation and utilization of the Internationai
Space Station, development of the Space Launch System
and Orion spacecraft, and is providing strategic guidance
and direction for the commercial crew and cargo programs
that will provide logistics and crew transportation for the
International Space Station.

Mr. Gerstenmaier began his NASA career in 1977 at the
then Lewis Research Center in Cleveland, Ohio, performing
aeronautical research. He was involved with the wind tunnel
tests that were used to develop the calibration curves for the air data probes used during entry on the
Space Shutile.

Beginning in 1988, Mr. Gerstenmaier headed the Orbital Maneuvering Vehicle (OMV) Operations Office,
Systems Division at the Johnson Space Center. He was responsible for all aspects of OMV operations at
Johnson, including development of a ground control center and training facility for OMV, operations
support to vehicle development, and personnel and procedures development to support OMV operations.
Subsequently he headed the Space Shuttie/Space Station Freedom Assembly Operations Office,
Operations Division. He was responsible for resolving technical assembly issues and developing
assembly strategies.

Mr. Gerstenmaier also served as Shuttie/Mir Program operations manager. In this role, he was the
primary interface to the Russian Space Agency for operational issues, negotiating all protocols used in
support of operations during the Shuttie/Mir missions. In addition, he supported NASA 2 operations in
Russia, from January through September 1896 including responsibility for daily activities, as weli as the
health and safety of the NASA crewmember on space station Mir. He scheduled science activities, public
affairs activities, monitored Mir systems, and communicated with the NASA astronaut on Mir.

in 1998, Mr. Gerstenmaier was named manager, Space Shuttie Program Integration, responsible for the
overall management, integration, and operations of the Space Shuttle Program. This included
development and operations of all Space Shuttle elements, including the orbiter, external tank, solid
rocket boosters, and Space Shuttle main engines, as well as the facllities required to support ground
processing and flight operations.

In December 2000, Mr. Gerstenmaier was named deputy manager, international Space Station Program
and two years later became manager. He was responsible for the day-to-day management, development,
integration, and operation of the international Space Station. This included the design, manufacture,
testing, and delivery of complex space flight hardware and software, and for its integration with the
elements from the International Partners into a fuily functional and operating international Space Station.

Named associate administrator for the Space Operations Mission Directorate in 2005, Mr. Gerstenmaier
directed the safe completion of the last 21 Space Shuttle missions that witnessed assembly complete of
the International Space Station. During this time, he provided programmatic direction for the integration
and operation of the International Space Station, space communications, and space launch vehicles.
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in 2011, Mr. Gerstenmaier was named to his current position as associate administrator for the Human
Exploration and Operations Mission Directorate.

Mr. Gerstenmaier received a bachelor of science in aeronautical engineering from Purdue University in
1977 and a master of science degree in mechanical engineering from the University of Toledo in 1981. In
1992 and 1993, he completed course work for a doctorate in dynamics and control with emphasis in
propulsion at Purdue University.

Mr. Gerstenmaier is the recipient of numerous awards, including three NASA Certificates of
Commendation, two NASA Exceptional Service Medals, a Senior NASA Qutstanding Leadership Medal,
the Meritorious Executive Presidential Rank Award, and Distinguished Executive Presidential Rank
Award. He also was honored with an Outstanding Aerospace Engineer Award from Purdue University.
Additionally, he was twice honored by Aviation Week and Space Technology for outstanding achievement
in the field of space. His other awards include; the AIAA International Cooperation Award; the National
Space Club Astronautics Engineer Award; National Space Club Von Braun Award; the Federation of
Galaxy Explorers Space Leadership Award; AlAA international Award; the AIAA Fellow; Purdue
University Distinguished Alumni Award; and honored at Purdue as an Old Master in the Old Masters
Program; recipient of the Rotary National Award for Space Achievement's National Space Trophy; Space
Transportation Leadership Award; the AIAA von Braun Award for Excellence in Space Program
Management; and the AIAA von Karman Lectureship in Astronautics.

He is married to the former Marsha Ann Johnson. They have two children.

October 2015



29

Chairwoman HORN. Thank you, Mr. Gerstenmaier. Mr. Martin.

TESTIMONY OF THE HON. PAUL K. MARTIN,
INSPECTOR GENERAL, NASA

Mr. MARTIN. Chairwoman Horn, Ranking Member Babin, and
Members of the Subcommittee, over the past 5 years, the Office of
Inspector General has issued 13 reports related to the Inter-
national Space Station, including reviews of NASA’s efforts to
maximize onboard research, manage the $17 billion in contracts
with private companies to fly cargo and crew, and maintain inter-
national partnerships that fund almost one-quarter of the station’s
annual expenses. My testimony today is informed by these past re-
views, in particular, an audit we issued last July that assessed
NASA’s utilization of the ISS.

For the past 21 years, the ISS has served as a unique platform
for humans to experience living in space while conducting research
in a microgravity environment. But while a unique platform, it’s
also an expensive platform that costs NASA between $3 to $4 bil-
lion annually or about half its human space flight budget.

In my remarks this morning, I offer three observations based on
our oversight work. Observation one: NASA’s current plans for a
more incremental approach to ISS commercialization appear more
realistic than its previous approach that set a hard deadline of Oc-
tober 2025 to end direct Federal funding for the station. That said,
we continue to question whether a sufficient business case exists
under which private companies can create a self-sustaining and
profit-making business using the ISS independent of significant
government funding in the short or midterm. From our perspective,
it is unlikely that a private entity would assume the station’s oper-
ating cost, currently $1.2 billion annually, to enable NASA to
achieve its stated goal of, quote, “becoming one of many customers
of a commercial LEO platform.”

Observation two: Structurally, it appears the service life of the
ISS could safely be extended to at least 2028 if not beyond. How-
ever, the larger challenge may be the yearly expense of operating
the station past 2024, an expense that may impact NASA’s ability
to fund other priorities. Unless the agency receives a substantial
and sustained appropriations increase, it will be hard-pressed to
continue supporting ISS operations under its current model while
also funding initiatives such as the Gateway, lunar landers, new
spacesuits, and other technologies required for a moon landing.

Observation three: Last month, NASA announced an interim di-
rective outlining use of the ISS for commercial and marketing ac-
tivities. To help companies develop business plans, NASA also pub-
lished a pricing policy under which it plans to charge private astro-
nauts around %1 million for a month-long stay on the ISS or about
$35,000 per day. While NASA acknowledges these prices are sub-
stantially subsidized and represent only a small portion of the
agency’s actual cost, the initiative is one approach NASA is under-
taking to foster a commercial market in low-Earth orbit. The likeli-
hood of success of this effort remains unclear for a variety of rea-
sons, not the least of which is uncertainty about when routine com-
mercial crew flights to the ISS will begin and how much a seat will
cost a private astronaut.
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In conclusion, one positive benefit of the Administration’s FY
2019 plan to end direct Federal funding of the ISS after 2024 was
that it helped focus the conversation about the station’s future.
Whether the final decision is extension, increased commercializa-
tion, retirement, or some combination of these options, the sooner
the Administration and Congress agree on a definitive path for-
ward for the ISS, the better NASA will be able to maximize use
of the station and make additional plans to commercialize low-
Earth orbit. Thank you.

[The prepared statement of Mr. Martin follows:]
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Chairwoman Horn, Ranking Member Babin, and Members of the Subcommittee:

The Office of Inspector General (O1G) is committed to providing independent, aggressive, and objective
oversight of NASA. We welcome this oppertunity to discuss the Agency’s challenges and opportunities
for fully utilizing the International Space Station {ISS or Station) at least through 2024 while spurring
commercialization activities in low Earth orbit.?

Over the past 5 years, the OIG has issued 13 reports related to the ISS, including reviews on NASA’s
efforts to maximize research, extend its operations, manage contracts with private companies to fly
cargo and crew to the Station, and maintain internationa! partnerships that fund close to one-quarter of
the Station’s annual expenses. My testimony today is informed by each of these past reports, but
primarily draws on our July 2018 audit examining NASA’s plans for maximizing ISS utilization, including
extension of 1SS operations beyond the end of fiscal year {FY} 2024 and the necessity to safely dispose of
the Station once it is no longer in use.? in that report, we also touched on the Administration’s stated
goal of transitioning the 1SS to private operation beginning in FY 2025 and raised concerns about the
significant challenges NASA faced in stimulating adequate private sector interest in this endeavor.

For the past 21 years, the 1SS has served as a platform for humans to learn about living and working in
space. NASA’s original vision was that astronauts living on the Station would conduct biological and
materials research, demonstrate American leadership in space, forge international cooperation, and
lead efforts to commercialize low Earth orbit. To its credit, the Agency has accomplished many of these
goals over the past two decades. NASA has sponsored research aboard the 1SS in the areas of life and
physical sciences; human health; astrophysics; Earth sciences; space science; and commercial research
and development for pharmaceuticals, materials, manufacturing, and consumer products. The ISS has
also been used in disaster response on Earth by providing near real-time mapping support for recovery
and humanitarian aid efforts. However, all of these achievements have come at a cost of $3 to 54 billion
annually or about half of the Agency’s human space flight budget.® Moreover, any decision regarding
extending NASA’s activities in low Earth orbit needs to be considered in tandem with the Agency’s
efforts to achieve a lunar landing mission by 2024.%

Against this backdrop, the President’s FY 2020 budget request for NASA envisions new commercial
capabilities on the 1SS by 2025 as well as new commercial facilities and platforms in low Earth orbit.
Further, NASA recently announced plans to host private astronauts on the ISS and provide a range of
capabilities for private researchers beginning as soon as 2020. These developments are a marked
change from the proposal in NASA’s FY 2019 budget request to end direct federal funding for the 1SS
beginning in 2025 and provide a more incremental approach to commercializing 1SS operations. Inour
luly 2018 report, we found the Station will require significant federal funding beyond 2025 to continue

The IS5 is currently authorized to continue operations through September 30, 2024. Legislation introduced in the Senate
would extend that authorization through 2030.

NASA OIG, NASA’s Management and Utilization of the International Space Station (1G-18-021, July 30, 2018).

w

In the President’s FY 2020 budget request, the 1S5 budget included approximately $1.8 billion for crew and cargo
transportation, $1.1 billion for systems operations and maintenance, and $353 million for research.

&

In March 2019, the Vice President stated that the Administration was committed to anding humans on the Moon by 2024,

4 years sooner than planned in the President’s FY 2020 budget request. in May 2019, NASA submitted a budget amendment
requesting an increase of $1.6 hillion above the President’s initial $21 billion FY 2020 budget request for the Agency as a
“down payment” to meet that goal. Designated the Artemis Program, in June 2019 the Administrator said NASA would need
$20 to $30 billion in addition to current Agency appropriations over the next 5 years—an average of an additional

$4 to $6 billion per year—to put the first woman and next man on the Moon by 2024,

NASA Office of Inspector General 1
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operations and maintenance given the current limited commercial market interested in assuming the
ISS's operational costs. Although we have yet to review in-depth the Agency’s new plans, the approach
appears more realistic by seeking to maximize utilization of the 1SS under the current government-
funded model while providing incremental opportunities for commercialization. We plan to examine
NASA’s evolving strategies for ISS commercialization as the Agency further develops its plans.

Continuing Utilization of the ISS

In March 2017, Congress directed NASA to submit an ISS Transition Report detailing the impact that
extending the service fife of the ISS beyond 2024 would have on its deep space exploration capabilities.®
Although the ISS is currently authorized to operate through September 2024, several legislative
proposals would extend Station operations through at least 2030.5 NASA is close to completing its
evaluation of the feasibility of extending the Station’s service life through at least 2028 with The Boeing
Company {Boeing), NASA’s prime I5S contractor, certifying to date all major U.S. structural elements to
2028 with the exception of an external stowage platform and six truss segments, which the Agency
expects to be completed by late December 2019. In addition, Boeing assessed and cleared to 2028
critical operational capabilities including electrical power, environmental control and fife support, and
thermal control. As NASA noted in its Transition Report, based on structural integrity analyses the

1SS platform has significant structural life well beyond 2028 and many of its modules, particularly those
taunched in the latter years of ISS assembly, are likely to have structural life well into the 2030s.

Our july 2018 audit highlighted the significant funding required to operate and maintain the Station as
one of the biggest challenges to continuing ISS operations past 2024, at least under the current funding
model.” Congress directed the Agency to include in its ISS Transition Report “the impact on deep space
exploration capabilities, including a crewed mission to Mars in the 2030s, if the preferred service life of
the ISS is extended beyond 2024 and NASA maintains a flat budget profile.”® Despite this directive, the
ISS Transition Report is silent on this issue. Nonetheless, in previous work we have found that extension
of the Station’s service life beyond 2024 will continue to require $3 to $4 billion per year. This amount is
currently about half of NASA’s annual human space flight budget and therefore directly impacts the
Agency’s ability to fund components NASA has deemed necessary for its deep space exploration goals
including the Space Launch System, Orion Multi-Purpose Crew Vehicle, Lunar Gateway, lunar landers,
and spacesuit development unless NASA receives a marked and sustained increase in funding.®

National Aeronautics and Space Administration Transition Authorization Act of 2017, Pub. L. No. 115-10, 131 Stat. 28 {2017).

£y

S1U.S.C. § 70907(a}(3). In February 2019, the Senate Committee on Commaerce, Science, and Transportation introduced

S. 584, Advancing Human Spaceflight Act, which would authorize the ISS through 2030, direct NASA to develop a next-
generation spacesuit to enable human exploration beyond low Earth orbit, and establish the goal of a permanent human
presence beyond Earth as national policy. In March 2019, the Committee also introduced S. 918, Space Frontier Act of 2019,
which would also authorize the ISS through 2030 and includes a provision to streamline and update regulation of commercial
space launch services and commercial satellite remote sensing.

1G-18-021.
Pub. L. No. 115-10 § 303 (c), 131 5tat. 28,

~

o

©

The Lunar Gateway is envisioned as a small space station in orbit around the Moon that will contain living quarters for
astronauts, a laboratory for science and research, and ports for visiting spacecraft in support of both human and robotic
missions, NASA sees the Gateway as the home base for astronaut expeditions on the Moon and future human missions to
Mars. NASA plans to build a scaled-down version of the Gateway in time for a 2024 Moon landing consisting of a Power and
Propulsion Element (scheduled to faunch in 2022) and a small living space with science and operational capabilities.

NASA Office of Inspector General
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Balanced against the expense, an extension to 2028 or beyond would enable NASA to continue critical
on-orbit research into human health risks and demonstrate the technologies that will be required for
future missions to the Moon and Mars. At this time, NASA forecasts that research for at least 6 of 20
human health risks requiring the ISS for testing and 2 of 37 technology gaps will not be completed by the
end of September 2024 when the Station’s current authorization to operate expires. in addition,
research into 2 other human health risks and 2 additional technology gaps is not scheduled to be
completed until sometime in 2024, meaning that even minor schedule slippage could push completion
past the end of that fiscal year.

While NASA may be able to find alternative, ground-based or Lunar Gateway testing options for certain
health risks and technology demonstrations, Agency officials have stressed that research into other
areas will continue to require the Station’s unique, long-duration microgravity environment. In

July 2018, we reported that although NASA has generally met or exceeded its goal of 35 hours per week
dedicated to research aboard the IS5, the amount of crew time available for research continues to be a
major factor limiting greater utilization on-orbit given that many investigations require participation by
the crew in some capacity, particularly human health research.”® If the remaining health risks and
technology demonstrations cannot be fully tested on the IS5, NASA may have to accept higher levels of
risk than planned for future exploration missions.

Delays in commencement of commercial crew transportation capabilities likely will result in significant
decreases in research conducted on the 1S5.%* if commercial transportation is delayed beyond February
2020, there is a risk the U.S. portion of the 1SS could be forced to operate with only 2 crew members or
possibly just a single crew member beginning in April. This reduction in crew will significantly decrease
the amount of on-board scientific research because Station crew will need to focus mainly on visiting
spacecraft operations and ISS maintenance. NASA has several key technology demonstrations planned
for 2020 required for deep space exploration including water processing and fire containment, research
that could be compromised by a reduction in crew. To help mitigate the risk of limited crew availability,
the Agency is implementing a recommendation from our July 2018 report to develop plans for
additional one-year astronaut missions to the 155,

in April 2017, we reported on NASA’s development of new spacesuits, another key technology
demonstration project that will utilize the Station’s microgravity environment.? The Shuttle-era
spacesuits NASA astronauts currently use on the Station need to be replaced due to aging and attrition,
and the Agency expects a demonstration unit of the replacement suits to be delivered to the ISS for
testing in 2023. Our 2017 report highlighted a number of current spacesuit design inadequacies and

©1G-18-021.

1 Since NASA's Space Shuttle was retired in 2011, the Russian Soyuz spacecraft has been the only vehicle capable of
transporting crew to the 1SS. NASA's contract for seats on the Soyuz to transport U.S. astronauts to the 1SS ensures access to
the Station through early 2020. As the Government Accountability Office {GAO) reported in January 2018, delays in the
development and certification of commercial crew vehicles could result in these vehicles not being available to ferry crew to
the 1SS before NASA’s current contract for Soyuz seats ends. Therefore, if commercial crew providers are not ready by that
time and NASA is unable to purchase additional Soyuz seats, NASA could face a gap in its access to the ISS thereby limiting
crew availability. GAQ, NASA Commercial Crew Program: Continued Delays Pose Risks for Uninterrupted Access to the
Internationol Space Station {GAO-18-3177, January 17, 2018},

12 NASA OIG, NASA’s Manag and Develop of Spacesuits {IG-17-018, April 26, 2017).
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health risks that NASA continues to manage, including the limited number of sizes available.”® This issue
was brought to the forefront 4 months ago when NASA planned, but was not able to execute, its first
all-female spacewalk because both women required the same size hard upper torso but only one such
unit was available. The replacement spacesuits are designed to address many of the inadequacies and
health risks posed by the current spacesuit and are planned for use on the IS5, Lunar Gateway, and
ultimately in support of a Moon landing.

Research managed by the Center for the Advancement of Science in Space (CASIS) also contributes to
NASA’s ability to fully utilize the ISS. Since August 2011, CASIS has managed non-NASA research
activities—those performed by commercial companies, academia, and other government and non-
government entities—on the U.S. portion of the ISS known as the National Laboratory (National Lab).
NASA initially awarded CASIS a 10-year, $136 million cooperative agreement to manage, develop, and
stimulate interest and use of the National Lab. In July 2017, the Agency extended the CASIS cooperative
agreement to September 2024, increasing its total cost to $196 million.

However, since 2013 we have raised concerns about CASIS’s performance and its ability to spur

ISS research; specifically, we found that fostering a commercial interest in 1SS-based research and
recruiting users for the National Lab has proven to be a significant challenge for CASIS.* In particular,
CASIS had difficulty attracting commercial companies because 1SS research costs were significantly
higher than ground-based research. In January 2018, we reported that CASIS had not met a majority of
the expectations set out in its cooperative agreement with NASA and the organization had
underperformed on tasks important to achieving NASA’s goal of building a commercial space economy
in low Earth orbit.”® In that report, we also found that NASA shared responsibility for CASIS’s failure to
meet expectations because the Agency did not actively oversee the organization’s technical
performance and generally aliowed CASIS to operate independently.

In the 18 months since we issued our January 2018 report, NASA and CASIS have reported improvement
in both oversight and performance. Specifically, in support of closing six of the seven recommendations
from that audit, CASIS increased staffing in areas critical to business development; implemented an
on-line Implementation Partner Portal; and made improvements to the implementations partner
selection process to improve transparency, fair and open competition, and protection of partner
proprietary data. NASA also has established measurable metrics in the CASIS annual program plan and
provided CASIS management with constructive, regular feedback. in its FY 2018 Annual Report, CASIS
reported a record year including $150 million in external, non-NASA funding to support its portfolio,

a 50-percent increase over FY 2017, and the strongest year for growing its research and development
portfolio by selecting 50 new projects. However, as NASA reiterated in its June 2019 feedback to

CASIS, sustained focus on exceeding metrics, increasing available seed funds, managing administrative
costs, finding and developing new users for the National Lab, and improving mechanisms to foster
business-to-business relationships are required to expand commercialization in low Earth orbit and
maximize utility of the 1SS,

12 Developed beginning in 1974 and first flown in 1981, the spacesuits currently aboard the ISS were originally designed for the
Space Shuttle Program during a time when the astronaut corps was not as diverse in size as they are now, Over the last
40 years, each suit has been partially redesigned and completely refurbished multiple times, but the sizes available inciude
only medium, large, and extra-large.

12 NASA OIG, NASA’s Efforts to Maximize Research on the International Spoce Station {1G-13-019, july 8, 2013),
15 NASA OIG, NASA’s Management of the Center for the Advancement of Science in Space (1G-18-010, January 11, 2018).
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Commercialization Efforts on the ISS and in Low Earth Orbit

In addition to its work with CASIS, NASA has taken several concrete steps over the past decade to meet
its goal of increasing commercialization of the 1SS and low Earth orbit, the largest of which is supporting
the commercial launch market by introducing competition and developing new domestic capabilities. In
April 2018, we reported that through 2017 NASA had awarded $17.8 billion towards development of
commercial launch vehicles and spacecraft to deliver cargo and crew to and from the 1SS through
2024.%% This funding—more than $9 billion for cargo delivery and over $8 billion for development of a
crew transportation capability to deliver astronauts to the ISS—helped pay for development of two
faunch vehicles, four spacecraft for cargo deliveries, and two spacecraft for crew transportation. These
cargo and crew transportation efforts represent NASA’s most significant investment in the
commercialization of low Earth orbit.

As part of NASA’s vision to commercialize ISS activities and low Earth orbit, the Agency is considering a
range of options to subsidize commercial partners to foster development of a private market while
maintaining funding to the ISS. These options include augmenting the Station with privately developed
modules, combining portions of the current platform with a new private platform, and deploying an
entirely new free-flying platform that will allow NASA to retire and deorbit the ISS. NASA also recently
announced a commercialization policy to allow private astronauts and commercial and marketing
activities on the 1SS.77 In addition, NASA is assessing whether its long-term research requirements,
which are similar to those of the current ISS Program, could be met with platforms or modules that do
not require a vehicle as complex and expensive to maintain as the ISS. In this way, NASA’s vision
presents a more measured and incremental approach to commercialization that matches the responses
the Agency received from private companies to last year's request for commercialization studies, all of
which indicated the commercial market needed substantial government support to be viable in the
short-term.

In May 2018, before the Senate Subcommittee on Space, Science, and Competitiveness, | testified that
NASA's then-plan to privatize the 1SS by the beginning of FY 2025 remained a controversial and highly
debatable proposition, particularly with regard to the feasibility of fostering increased commercial
activity in low Earth orbit by that time.’® Specifically, we questioned whether a sufficient business case
exists under which private companies can create a self-sustaining and profit-making business
independent of significant government funding. In particular, | stated that it is unlikely a private entity
or entities would assume the Station’s annual operating costs, which was projected at $1.2 billion in
2024.*° Such a business case requires robust demand for commercial market activities like space
tourism, satellite servicing, manufacturing of goods, and research and development, ail of which have
yet to materialize.

16 This does not include ali cargo transportation costs through 2024, As of December 2017, NASA had to purchase at least
10 more missions to meet minimum order requirements, which in turn will increase the Agency’s funding beyond $20 billion
when those task orders are awarded. NASA OIG, Audit of Commercial Resupply Services to the International Space Station
(1G-18-016, April 26, 2018).

17 See Introduction to ISS Commercial Use Policy, https://www.nasa.gov/leo-economy/commercial-use/introduction-to-polic
{accessed July 3, 2019).

18 Examining the Future of the International Space Station. Before the Senate Subcommittee on Space, Science, and
Competitiveness, 115th Congress (2018} (statement of NASA Inspector General Paul Martin).

19 NASA's FY 2020 budget forecasts $983.1 milfion will be needed in 2024 for Station operations.
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Last month, NASA announced a new interim directive outlining use of the ISS for commercial and
marketing activities.?® The directive addresses manufacturing of goods on the I5S for commercial sale on
Earth, hosting private astronauts on the Station, and allowing NASA astronauts to support commercial
activities on the Station by allocating up to 5 percent of Station resources for these commercialization
efforts. To reduce uncertainty and allow companies to develop business plans, NASA also published a
pricing policy for delivery of cargo to and from the Station and the cost of resources available to private
astronauts while on the 1SS, For example, cargo prices range between $6,000 and $18,000 per kilogram
round trip while NASA plans to charge around $1 million for a one-month stay or about $35,000 per day
to host a private astronaut. This hosting cost does not include the expense of transporting the private
astronaut to and from the 1SS on a commercial launch vehicle. NASA acknowledges these prices are
substantially subsidized—representing a small portion of NASA’s actual costs—but are another effort to
foster a commercial market in low Earth orbit.

While all of these actions are positive steps, the effectiveness of NASA’s current plan to commercialize
1SS operations while continuing to provide substantial Agency funding remains to be seen, particularly
with regard to the feasibility of fostering increased commercial activity in low Earth orbit. Specificaily,
the new commercialization policy does not have performance metrics to evaluate how effectively NASA
is nurturing commercial markets, although the Agency did agree with a recommendation we submitted
during our review of the interim directive to add language establishing future metrics. Further,
additional clarity may be needed on how to manage commercial mission and private astronaut requests
and how their activities could impact commercial crew and cargo missions and crew capacity on the 1SS,
For example, the policy does not address pricing for commercial enterprises that may require shorter or
longer timeframes than a 30-day mission. While the policy represents a more realistic and incremental
approach than the original plan envisioned by the Agency’s FY 2019 budget request, the bottom line
remains that NASA has struggled over the past 20 years to stimulate commercial interest on the IS5,
Moreover, commercial entities have not developed a successful business case for manufacturing and
other commercial activities in low Earth orbit, at least in the short or mid-term.

ISS International Partnerships Beyond 2024

Lastly, any discussion of the future of the 1SS needs to consider the level of support from NASA’s current
international partners—Russia’s Roscosmos space agency, the European Space Agency (ESA), the
Canadian Space Agency, and Japan Aerospace Exploration Agency—whose continued participation
hinges on issues ranging from international politics to differing space exploration goals. For example,
the outlook for Russia’s continued involvement with the ISS is uncertain given the current state of
relations between the two countries. Russia’s role is critical to sustaining 1SS operations because it
controls the Station’s propulsion system and propellant and is currently the only partner capable of
providing crew transportation to and from the 1SS, In addition, NASA’s exemption from the Iran,

North Korea, Syria Nonproliferation Act (INKSNA) for 1SS efforts expires on December 31, 2020, and
failure to extend the Agency’s waiver would prohibit NASA from paying Roscosmos for services

20 NASA interim Directive 8600.121, Use of International Space Station (155} for Commercial and Marketing Activities
(fune 6, 2019).
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performed on the Station after that point.* Consequently, approval from Congress to further extend
the exemption is required in order to maintain ISS operations as currently structured into the future.

The participation of NASA’s other current international partners is also unsettied at this time given their
desire to consider exploration missions beyond the ISS. For example, ESA has announced its intent to
partner with NASA on the Lunar Gateway and other lunar activities. However, ESA and several other
space agencies have also expressed interest in working with the Chinese Space Agency aboard its space
station planned for operation in 2022.22 Given that NASA’s current international partners are
responsible for 23 percent of the Station’s shared annual costs, the loss of one or more of these space
agencies could have a significant impact on NASA's ability to sustain ISS operations past 2024.

Ultimately at some point, whether in an emergency or because its useful life has ended, NASA will need
to decommission and deorbit the Station. Ideally, this will occur via a controlied, destructive reentry
into the Earth’s atmosphere. NASA estimates a controlled reentry of the 1SS will take up to 3 years to
execute and cost approximately $950 million. However, the Agency has not completed the necessary
tasks to execute such a deorbit. InJanuary 2017, NASA completed a draft plan to address various
deorbit scenarios and received and dispositioned comments from Roscosmos. As of July 20189, the
Agency has received technical concurrence from ali partners and is awaiting final Russian space agency
programmatic concurrence. Although NASA engineers continue to work on the technical details of
deorbit scenarios, the Agency presently does not have the capability to ensure a controlled deorbit of
the 1SS in the event of an emergency.

Conclusion

As NASA turns its attention to returning humans to the Moon by 2024, concrete plans for the future of
the ISS need to be resolved. Whether it be extension, increased commercialization, or retirement, the
timing of each of these decisions has a cascading effect on the funding NASA will be able to dedicate for
space flight operations in fow Earth orbit, its ambitions for establishing a permanent presence on the
Moon, and ultimately sending humans to Mars. The sooner NASA, the Administration, and Congress
agree on a definitive path forward for the future of the 1SS, the better NASA will be able to plan the
future of on-board research and commercialization in low Earth orbit.

2 The lran Nonproliferation Act of 2000, Pub. L. No. 106-178, 114 Stat. 38 {2000} discouraged U.S. dealings with states that
would proliferate nuclear materials to Iran and required the President to report payments made to Russia in connection with
the [SS. The Iran Nonproliferation Amendments Act of 2005, Pub, L. No. 109-112, 119 Stat. 2366 (2005) amended the Iran
Nonproliferation Act of 2000 to allow for unreported payments to Russia until 2016 for obligations under the Agreement
Concerning Cooperation on the Civil International Space Station, signed on January 29, 1998, and entered into force
March 27, 2001. The 2005 Act was also amended to apply to Syria as well as Iran. The North Korea Nonproliferation Act of
2006, Pub. L. No. 108-353, 120 Stat. 2015 (2006} amended this legislation to include North Korea and renamed the statute
accordingly [hereinafter INKSNA]. The Space Exploration Sustainabifity Act, Pub. L. No. 112-273 {2013) amended INKSNA to
extend NASA's exemption from reporting payments to Russia in connection with the ISS untii 2020.

2 | March 2019, China announced it would begin construction of a new space station able to host up to three astronauts.
in June 2019, the United Nations Office for Quter Space Affairs announced that 9 experiments had been selected for
implementation aboard the Chinese space station representing work from 17 member states.
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Chairwoman HORN. Thank you, Mr. Martin. Mr. Stallmer, you're
recognized for 5 minutes.

TESTIMONY OF MR. ERIC W. STALLMER,
PRESIDENT, COMMERCIAL SPACEFLIGHT FEDERATION

Mr. STALLMER. Thank you so much.

Chairwoman Horn, Ranking Member Babin, and distinguished
Members of the Subcommittee, thank you for inviting the Commer-
cial Spaceflight Federation to discuss our members’ views on the
state of the U.S. commercial space industry. We also appreciate the
opportunity to review NASA’s plans for the International Space
Station and examine future activities in low-Earth orbit.

In addition to NASA’s utilization of the ISS, the United States
now has a vibrant, highly capable commercial space sector that is
beginning to maximize the utility of the ISS and is demonstrating
a growing LEO economy. As we look to the future in which the gov-
ernment is one of many customers, it needs to be reduced—it needs
to reduce the burdens on the system and moves at the speed of
business.

Because of NASA’s foresight and cultivation of this industry,
American companies support space exploration and national secu-
rity needs today in addition to the commercial marketplace. Unlike
when the first pieces of the ISS were being launched into LEO, we
now have an exciting and diverse commercial marketplace, one
which NASA can partner to achieve its goals. Twenty years after
Americans launched the first module of ISS, the current Adminis-
tration, NASA, and Congress have established a national commit-
ment to ensure American leadership in low-Earth orbit to establish
a permanent human presence in low-Earth orbit and enable the de-
velopment of a commercial and industrial ecosystem.

Long-term, sustainable human presence and commercial activity
in LEO requires an integrated effort. This includes stimulating
greater demand for space-based industrial R&D and spaceflight
products and services to LEO, the development of commercial space
stations and space habitats, and routine transportation of astro-
nauts and cargo to and from LEO. Public-private partnerships with
f)olmmercial companies are fundamental to developing these capa-

ilities.

As you look to ensure America’s leadership in space, you must
ensure we—this includes rapid innovation. Last month, NASA re-
leased guidance for its LEO economy initiative. CSF commends Ad-
ministrator Bridenstine and the entire NASA team for recognizing
the success of the commercial industry, incorporating best prac-
tices, and updating objectives to accelerate the development of
these important capabilities.

As NASA works to implement this initiative, we recommend the
following few ideas:

e Encourage NASA to adopt the best elements of its successful
efforts to commercialize space such as the Commercial Orbital
Transportation Services, COTS, program and the Commercial
Crew Program.

e Maintain competition throughout the life of a program to en-
courage innovation and cost reduction. Multiple providers offer
redundant capabilities in the event of delays or challenges.
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e Support of a complete utilization of the ISS through at least
2028 in a timely, seamless transition process toward commer-
cial space stations to ensure that the U.S. maintains a contin-
uous human presence in low-Earth orbit.

e Provide certainty and predictability by communicating a clear
plan for the transition to commercial systems. That means that
if NASA is going to charge for ISS-related services, those
prices should change infrequently and with substantive ad-
vance notice.

e And resist the temptation to try to make money now at the ex-
pense of future LEO market expansion. This would be the very
definition of killing the goose that lays the golden eggs.

Regularly engage with industry, which NASA does a great job
with, to understand and incorporate new commercial capabilities as
they evolve as opposed to requesting the business—requesting that
business fit within NASA’s plans.

Grant users complete control over intellectual property developed
on ISS and avoid competing with private industry.

We are ready to take the next step with NASA, and we look for-
ward to continuing to work with this Committee to establish a per-
manent human presence in low-Earth orbit and enable the develop-
ment of strong commercial ecosystem.

Chairwoman Horn, Ranking Member Babin, I really—and Mem-
bers of the Committee, I really appreciate the invitation to testify
before you today, and I thank you for your attention. I look forward
to all your questions.

[The prepared statement of Mr. Stallmer follows:]
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Chairwoman Horn, Ranking Member Babin, and distinguished members of the Subcommittee—thank
you for inviting the Commercial Spaceflight Federation (CSF) to discuss our members’ views on the state
of the U.S. commercial space industry. We also appreciate the opportunity to review NASA’s plans for
the International Space Station (ISS) and and examine future activities in low-Earth orbit (LEO). In
addition to NASA’s utilization of the ISS, the United States now has a vibrant, highly capable
commercial space sector that is beginning to maximize the utility of ISS and demonstrating a growing
LEO economy and demand for operations in LEO, and ultimately closing more business cases. As we
look to the future, and transition to a new paradigm in which the Government is one of many customers,
the Government needs to reduce burdens on the system by moving at the speed of business.

CSF is the leading national trade association for the commercial space industry, with more than 85
member companies and organizations across the United States. Founded in 2006, CSF is focused on
laying the foundation for a sustainable space economy and democratizing access to space for scientists,
students, civilians, and businesses. CSF members are responsible for the creation of thousands of high-
tech U.S. jobs driven by billions of dollars in investment. Through the promotion of technology
innovation, CSF members are guiding the expansion of Earth’s economic sphere, bolstering U.S.
leadership in aerospace, and inspiring America’s next generation of engineers, scientists, and explorers.

NASA has embarked on an ambitious effort to commercialize low-Earth orbit (LEO), to establish a long-
term presence on the surface of the Moon, and to send astronauts to Mars. These bold commitments
should be commended. Over the last two decades, NASA has fostered a nascent domestic spaceflight
industry into becoming a highly diverse and capable portfolio of companies. NASA has invested in
private development, used its purchasing power to serve as an anchor customer, and enabled private
companies to develop, own, and operate their own human spaceflight hardware to serve both public and
private needs. Because of the agency’s foresight and meticulous cultivation of this industry, American
companies support the critical space exploration and national security needs today, in addition to the
commercial marketplace. Unlike when the first modules of the ISS were being launched and assembled in
low-Earth orbit, NASA now has a vibrant and diverse commercial marketplace with which it can partner
with to achieve its objectives.

Policymakers have recognized the benefits of these kinds of partnerships since the earliest days of the
space program. The National Aeronautics and Space Act of 1958 outlines one of NASA’s core missions
is: “[t]o seek and encourage, to the maximum extent possible, the fullest commercial use of space.”
National Space Policies from both Democratic and Republican administrations have stressed the
importance of the commercial space sector. And Space Policy Directives 1, 2, and 3, each issued over the
past two years, take further steps to strengthen the partnership between Government and industry and to
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remove barriets to industry growth. And, under your leadership, this Subcommittee has taken important
steps to facilitate commercial space industry development.

Today, I will outline CSF’s perspectives as to how we all can collectively advance our Nation’s space
goals through innovative, strategic partnerships with American industry.

1. The ISS Teday: A Vibrant, Highly Capable Commercial Space Sector

The International Space Station (ISS) is one of the greatest achievements of our time and an unqualified
success by any measure. It is an engineering marvel, built and operated in concert with our partners
around the world. It is a treasured national laboratory, contributing to key research breakthroughs in
science, and it represents the longest ever sustained human presence in space. It is the foundation of
humanity’s voyage to the stars, and increasingly, a port for commercial activity. In the more than 18 years
of crewed operation on the ISS, thousands of researchers on the ground in more than 100 countries have
conducted more than 2,500 experiments in microgravity, and with operational cargo flights and, soon,
crew flights achieving a steady flight cadence that number will continue to grow.

Thanks in large part to NASA’s leadership, pathfinding, and partnerships with the private sector in the
decades since, a broad and dynamic space industry has emerged. Since 2000, investors have supported
375 private space companies with nearly $19 billion of private capital” As NASA continues to drive the
frontier outward with groundbreaking research in space, the commercial sector is making space affordable
and accessible to everyone.

Today, the United States is enjoying a renaissance in space, with commercial space enterprises playing a
leading role. American companies continue to make significant progress driving commercial and
industrial use from ISS and LEO. Allow me to update the Subcommittce on the commercial space
industry’s recent major milestones:

« A growing number of companies are restoring and expanding America’s human spaceflight
capabilities. This yecar SpaceX—in close partnership with NASA—will launch American
astronauts to space in an all-American system, ending the country’s drought on orbital human
spaceflight capability left by the retirement of the Space Shuttle in 2011. Already, SpaceX and
NASA conducted a successful flight qualification mission of the Crew Dragon spacecraft in
March. Virgin Galactic and Blue Origin have flown over two dozen NASA Flight Opportunities
Program technology development payloads across these test flights, affording researchers robust
and cost-effective access to the valuable microgravity environment. Meanwhile, both companies
plan to fly spaceflight participants to space for revenue by the end of the year.

* Sierra Nevada Corporation’s (SNC) Dream Chaser spacecraft—in an uncrewed cargo
configuration—passed a key milestone in its development to be the third commercial cargo
vehicle for the International Space Station.

*  Maxar Technologies is Jooking at feasibility of habitable space platforms for building commercial
satellites and how they might unlock new capabilities and business paradigms.

* NanoRacks is the single largest private investor on the International Space Station. The company
has invested $40 million of private capital and its investments continue to grow. Most recently
NanoRacks made significant strides in building a new airlock to attach to the ISS, which will be
the first permanent commercial structure on the ISS since its construction. The airlock is slated to
launch to the ISS in 2020 and NanoRacks has already signed commercial contracts for its use, A
couple quick numbers. NanoRacks has launched nearly 800 payloads to the ISS, including 243

P NASA. Available at: https://sp .comy/international-experi lected-to-fly i

2
Proprictary Data, Space Angels, September 30, 2018.
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satellites. Those numbers include payloads from 34 countries over 35 total launches and over $50
million of revenue.

The ISS National Lab is a key driver of private activity on board the ISS. Acting as a space
integrator, ISS National Lab has more than tripled direct NASA funding through external, non-
NASA funding to support a robust industrial R&D portfolio that benefits life on earth. Private
sector projects accounted for more than 70 percent of the 74 payloads delivered to the ISS
National Lab in FY18. ISS National Lab has directly funded commercial implementation
partners, such as NanoRacks and Made In Space, to the tune of over $30 million in order to
support users” R&D work. 15 of the 16 commercial facilities on board the ISS were launched by
the ISS National Lab. Finally, the ISS National Lab has launched over 360 R&D payloads to the
I8S.

Axiom and Bigelow are developing commercial space habitats, and each has made major
technical progress over the past year.

Made In Space has developed and demonstrated the ability to manufacture a wide variety of
materials and objects in microgravity. These include spaceworthy 3D printable materials, exotic,
low loss, high bandwidth optical fiber. These technologies have the potential to disrupt billion
dollar industries in telecommunications and satellite manufacturing. Made In Space is also
developing several other payloads that will demonstrate the proof of potential of manufacturing
high strength, high value metal objects in microgravity, ceramics, industrial crystals, and other
materials. Made In Space has more than ten manufacturing payloads in operation or in
development for the ISS.

TechShot will launch the first-ever 3D printer capable of manufacturing human tissue in the
microgravity condition of space. These innovations will also provide improved models of disease
that could help scientists uncover the mechanisms behind a wide range of conditions affecting
people on Earth.

Space Tango designs, builds and operates facilities on the ISS to support R&D and manufacturing
of technology and biomedical applications in microgravity. Space Tango’s first platform,
TangoLab-1, was installed on the ISS in August of 2016 with a second facility installed on the
SpaceX CRS-12 mission in August of 2017. In November 2018, Space Tango unveiled plans for
its ST-42 scalable manufacturing platform which is envisioned as an autonomous free-flying
facility for on-orbit manufacturing of technology and biomedical products with flights beginning
in the mid-2020s.

Arizona State University has worked closely with NASA over the life of the International Space
Station (ISS) to study the effect of the microgravity environment of spaceflight on microbial
responses, especially those that are important for causing infectious disease in astronauts and
biofouling spacecraft environmental life support systems, These critical factors will not only
enable NASA to send humans beyond low Earth orbit (LEO) and travel to deep space, they also
provide innovative concepts with potential for translation back to Earth to benefit the general
public.

These recent achievements are just a few of many by the commercial industry, and they set the stage for
even greater accomplishments the rest of this year and beyond for a broad set of stakeholders.

II. Maximizing use of the International Space Station and Transitioning to Commercialization and

Industrialization

20 years after Americans launched Unity, the first of three node modules of the ISS, President Trump,
NASA and Congress have established a national commitment to ensure American leadership in low-Earth
orbit—not just as a quick pass-through to cislunar space and the Moon, but to establish a permanent
human presence in low-Earth orbit and enable the development of a sustainable commercial and industrial
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ecosystem. This will foundation provide the spaceflight community a valuable proving ground for
NASA’s goal of being one of many customers for commercial services and capabilities in LEO,

This ambitious objective should be applauded and, if executed appropriately, will serve to reinforce
American leadership in space as international competitors like China focus their own efforts in low-Earth
orbit. In June 2019, China announced that 17 nations will fly nine experiments on the Chinese Space
Station.” The Chinese Space Station will provide external platforms for experimental payloads and 16
experiment racks that can support 11 disciplines such as space medicine, life science, and microgravity
physics and material science. Opening up the Chinese Space Station to international participation is part
of a wider effort by China to demonstrate its own technological growth while diminishing the perception
of American superiority. It seeks to strengthen its own diplomatic ties with various nations by offering
new opportunities to stimulate their space technology and science sectors without the United States.” To
retain its leadership in space ecxploration, the United States must ensure it remains the premiere
spacefaring nation in low-Earth orbit—and American private industry is here to help.

Long-term, sustainable human presence and commercial activity in LEO requires an integrated effort that
includes stimulating greater demand for space-based industrial R&D, and spaceflight products and
services in LEQ; the development of commercial space stations and space habitats, and routine
transportation of astronauts and cargo to and from LEO. Public-private partnerships with commercial
companies arc fundamental to developing these capabilities. NASA’s fiscal year 2020 budget request and
Low Earth Orbit Economy initiative prudently highlight partnerships with commercial providers as a key
tenet of this strategy.

Undeniably, NASA and its partners have conducted incredible, groundbreaking work aboard the
International Space Station, and the Nation now proudly has the longest continuous human presence in
space in history. As we consider our options for the future, we should look to build upon these
achievements by leveraging the capabilities provided by a new commercial revolution in space. CSF
companies are proud to be playing a role in this new era.

H1. The Future of Low-Earth Orbit

As this Subcommittee looks to how best ensure the country’s ongoing leadership in space, it must
carefully review commercial LEO efforts to ensure responsible use of finite taxpayer dollars and to
encourage, rather than hamper, rapid innovation.

Last month, NASA released guidance for its Low Earth Orbit Economy initiative. These plans and
policies include pricing for facilities and resources that may be accessed on a reimbursable basis by
commercial entities onboard the ISS; an announcement of opportunity and associated costs to fly private
astronauts; calling for proposals on opportunities to stimulate demand, a commercial use policy for the
ISS, and other initiatives. CSF commends Administrator Jim Bridenstine and the entire NASA team for
recognizing the success of the commercial industry, incorporating best practices learned from the
agency’s years of partnership with private companies, and updating its strategic objectives to accelerate
additional development of these important capabilities.

As NASA works to implement its Low Earth Orbit Economy initiative and expand human presence in
space, CSF recommends the following:

China Daily, *17 nations to join China’s space station,” June 2019. Available at: http://www.china.org.co/china/2019-
06/13/content_74883265.htm
* Space News, “International experiments selected to fly on Chinese space station,” June 2019, Available at: hutps://spacenews.com/international-
experi fected-to-fly hi p: tation/
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Encourage NASA to adopt the best elements of its successful efforts to commercialize space,
such as the Commercial Orbital Transportation Services (COTS) program and the Commercial
Crew program. Whereas traditional cost-plus contracts can perversely incentivize companies to
run over budget and behind schedule, NASA properly structured its commercial partnerships to
develop new space capabilities at a rapid pace by implementing milestone-based agreements for
development and firm-fixed-price contracting for services.

o The COTS Program to develop uncrewed cargo resupply capabilities has been a clear
success for NASA. A 2017 NASA Cost Analysis review of the program was direct in its
assessment of the benefits of true public-private partnerships: “the COTS development
and later the operational Commercial Resupply Services (CRS) are significant advances
in affordability by any measure.”

o NASA’s Aerospace Safety Advisory Panel (ASAP), the most conservative and safety-
focused group within the agency, identified the commercial, competitive structure used
under the Commercial Crew program as a preferred model for NASA’s future
development activities for human spaceflight systems, particularly in NASA’s return to
the Moon.?

Maintain competition throughout a program’s life, instead of just during the bidding process, to
encourage ongoing innovation and cost-reduction. Multiple operational providers also offer
redundant capabilities to assure NASA’s access to space in the event of delays or technical
challenges with one system.

Support the full and complete utilization of the ISS through at least 2028, and a timely, seamless
transition process towards commercial space stations to ensure that the United States maintains a
continuous crewed presence in LEO. Continued industrial research and development activities on
the ISS in the immediate term will identify new markets or new applications in space and inform
future platform development.

One of the most important things that the Government can do for the LEO economy is to provide
certainty and predictability in the LEO marketplace by developing and communicating a clear
plan for the transition to commercial systems. It also means that if NASA is going to charge for
ISS-related services, those prices should change infrequently and with substantial advance notice.
Above all, NASA must resist the temptation to try to make money now, at the expense of future
LEO market expansion: this would be the very definition of “killing the goose that lays the
golden eggs.” The ISS was created for non-economic reasons, and it should not now have to be
justified entirely on its near-term economic value.

Regularly engage with industry to understand and continually incorporate new commercial
capabilities as they evolve, as opposed to requesting that business fit into solely within NASA’s
plans.

Support uses of the ISS that are based on scalable business models, and then support the scale-up
of those models with consistent and plentiful access to upmass, operations, and downmass.

Invest in “proof of potential” payloads and business models to identify potential markets for LEO
commercialization.

Grant users complete control over intellectual property developed on the ISS.

Avoid competition with private industry. Simply put, the domestic commercial industry will not
mature if the world’s largest and best funded space agency is competing with it. As a key
example, NASA should not provide “free” space transportation to countries that are not already
participants in the ISS program. These countries would otherwise commercially procure seats to
space for their astronauts on American suborbital and orbital spaceflight systems.

5

Zapata, Edgar. An A of Cost Imp in the NASA COTS/CRS Program and Implications for Future NASA Missions.
American Institute of Aeronautics and Astronautics, 23 Oct. 2017, https://ntrs.nasa. hi feasi.ntrs.nasa.gov/20170008895.pdf, pp. 1.
* https://sp fety-panel-call to-apply ial ! for-artemis/.
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+  Support the increased use of ISS as a destination for private astronauts, as well as support for new
commercial LEO platforms.

*  Stress the importance of short-duration, “sortie” missions to the ISS. These missions, lasting one
to two weeks in length, offer NASA the opportunity to conduct more frequent missions to space,
promising greater scientific discovery and more opportunities for the astronaut corps to go to
space than the current six month rotation missions allow. To reduce costs to the taxpayer, NASA
should purchase seats on commercial missions to ISS to allow for a mixed NASA / commercial
crew on these missions. Not only would this mission architecture better support NASA’s
objectives, it would also support the development of a marketplace for private passenger
transportation to space.

* Establish a national microgravity policy initiative, informed by a Microgravity Decadal Survey.
Microgravity research will stimulate the next technological and economic changes for the United
States. As policy has recognized the importance of investment in artificial intelligence, similar
policy needs to be established should foster the pursuit of innovation, technology development,
and discovery where public.

*  Microgravity Decadal Survey — microgravity research and development is critical to American
leadership, discovery, exploration, and the development of the space economy. NASA, the
National Science Foundation (NSF), and the National Institute of Health (NIH), should jointly
fund the National Academies of Sciences, Engineering, and Medicine to carry out a microgravity
decadal survey.

¢ Enhance utilization of the Flight Opportunities Program (FOP) for suborbital microgravity
research. The Flight Opportunities Program enables low-cost access to environments where
cutting edge research and development can be conducted. The Flight Opportunities Program is a
key component of a microgravity R&D pipeline that contributes to the development of a robust
low Earth orbit ecosystem. This pipeline can be strengthened by broadening the Flight
Opportunities Program user community to include universities and academia, by allowing basic
and applied science payloads to fly in addition to technology development payloads, and by
enabling principal investigators (PIs) to fly alongside and tend to their payloads during flight,

*  Assume a long-term view of LEO commercialization and avoid “taxing” early commercial efforts
as a means to fund ISS operations or deep space in the short term.

With the technological advancements and increased knowledge achieved through decades of work by
NASA in deep space, including Mars, the United States is now well-positioned to build upon and surpass
our past achievements in space. With NASA resources and expertise, coupled with American ingenuity,
the principles of free enterprise, and the benefits of competition, the United States can do more in space
than has ever been accomplished previously. We just need to appropriately recognize and leverage our
advantages.

At long last, as we approach the half-century mark of the Apollo 11 mission, we are seeing the
commercial sector investing in a broad swath of activities in partnership with NASA, from LEO to the
Moon and beyond. We must further and accelerate this momentum, and CSF members know that
anything is possible when you unleash the full innovative capacity of American industry.

We are ready to take the next step with NASA, and we look forward to continuing to work with this
Committee to establish a permanent human presence in low-Earth orbit and enable the development of a
strong commercial ecosystem. Chairwoman Horn, Ranking Member Babin, | appreciate your invitation to
testify before the Committee today. Thank you for your attention, and I look forward to your questions.

6of6
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Eric W. Stallmer

Eric Stallmer is the President of the Commercial Spaceflight Federation.

CSF is the largest trade organization dedicated to promoting the development
of commercial spaceflight, pursuing ever-higher levels of safety and sharing
best practices and expertise throughout the industry. Under Stallmer’s
leadership, CSF has worked tirelessly to craft the modern Commercial Space
Launch Act, as well as to promote innovation as a national policy to spur the
economy and create high technology jobs. In addition, CSF works to develop
industry standards and encourages further growth in the commercial
spaceflight industry.

Stallmer has been recently appointed to the National Space Council Users’
Advisory Group (UAG), where he has provided testimony at the 2nd National
Space Council meeting. He serves as co~chair of the Federal Aviation
Administration (FAA) Airspace Integration Aviation Rulemaking Committee
(ARC) and is a member of the Space Launch and Reentry ARC and the Spaceport
ARC. Stallmer is also a member of the FAA’s Commercial Space Transportation
Advisory Committee (COMSTAC).

Stallmer constantly promotes the industry and CSF member companies
through his outreach to high-ranking government officials and high-profile
media outlets. His professional comments have been featured in The
Washington Post, Wall Street Journal, Bloomberg, NBC Today Show, ABC
News, CBS News Radio, Fox News, The BBC, CNBC, SpaceNews and many more.
Stallmer also promotes the mission of CSF through participation at multiple
industry conferences throughout the year.

Stallmer has testified before both the House Committee on Science, Space, and
Technology as well as the Senate Commerce committee. He recently testified at
a hearing titled, “The Commercial Space Launch Industry: Small Satellite
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Opportunities and Challenges.” There he encouraged Congress to support
policies that will facilitate growth and innovation in the industry, and
maintain the American space sector’s competitive leadership. He has served on
numerous industry affiliated boards including

the Future Space Leaders Foundation and is the former Chairman of the
Washington Space Business Roundtable.

Before working at CSF, Stallmer served as the Vice President of Government
Relations at Analytical Graphics Inc. (AGI). Stallmer joined AGI in 2002. While
there, Stallmer oversaw all Washington Operations and represented AGI's
commercial off-the-shelf products and technology to defense, intelligence,
Congress and civil government sectors within the aerospace industry.

Stallmer came to AGI from The Space Transportation Association (STA), a
non-profit, industry trade organization providing government representation
to companies with a vested interest in the U.S space launch industry. Prior to
that, Stallmer worked on Capitol Hill in the office of then Congressman Tom
Coburn.

For more than two and half decades, Stallmer has served as an Officer in the
United States Army and Army Reserves. He was awarded the Bronze Star Medal
for meritorious service while engaged in combat operations during Operation
Iraqgi Freedom. He has served as an Adjunct Professor of Military Science at
Georgetown University and is currently assigned to the Pentagon in the Office
of the Deputy Chief of Staff Army for Logistics, G-4.

Stallmer earned a Master of Arts Degree in Public Administration from George
Mason University and a Bachelor of Arts Degree in Political Science and History
from Mount Saint Mary College. He and his wife Amy live in McLean, Virginia
with their three children, Charlie, Billy and Catherine.
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Chairwoman HORN. Thank you very much, Mr. Stallmer. Pro-
fessor Gabrynowicz.

TESTIMONY OF DR. JOANNE IRENE GABRYNOWICZ,
EMERITA UNIVERSITY OF MISSISSIPPI,
EDITOR-IN-CHIEF EMERITA, JOURNAL OF SPACE LAW

Dr. GABRYNOWICZ. Thank you. Chairwoman Horn, Ranking
Member Babin, Members of the Subcommittee, thank you for giv-
ing me the opportunity to address NASA’s Plans for the Inter-
national Space Station and Future Activities in low-Earth orbit. I
am delighted to respond. My full statement has been submitted for
the record.

This statement addresses two points of space law that are par-
ticularly germane to plans to develop low-Earth orbit and the sta-
tion. They speak directly to U.S. national interests, and there is a
brief conclusion.

The first point is that the U.S. Government is internationally re-
sponsible for the activities of its nongovernmental space actors in
perpetuity. The second point is that the legal obligations of the
U.S. Government continue in force even after the transfer of sta-
tion elements to nongovernmental commercial activities.

Regarding the first point that the United States has inter-
national responsibility for its nongovernmental space actors, Article
6 of the Outer Space Treaty provides that states, parties shall bear
international responsibility for activities carried on by nongovern-
mental entities. It is crucial that article 6 of the Outer Space Trea-
ty become central to the plans for commercial LEO development.

What constitutes responsibility is part of a growing body of law
that has strengthened and matured in recent years. The United
States Government and, through it, the United States taxpayer,
will ultimately be responsible if it is deemed necessary because of
events—will ultimately be deemed responsible for reparation if it
is deemed necessary because of events arising from U.S. non-
governmental activities.

The government’s responsibility exists in perpetuity. With-
drawing from or altering the Outer Space Treaty can change this,
but that is an option that is not favored either by the space indus-
try itself or by the United States Department of State.

A risk-sharing regime has been established for launching and re-
entry services. An analogous risk-sharing regime should be devel-
oped for all stages of the planned U.S. exploration roadmap in
which nongovernmental actors will be part of the roadmap space
activities.

The second legal point is that the United States’ space station
obligations remain in force even after transfer of station elements
to nongovernmental commercial entities. The IGA, the Inter-
national Space Station Intergovernmental Agreement, is a remark-
able space law achievement. It has governed space station coopera-
tion for 15 states over 3 decades, and it is described in more depth
in my statement.

An essential feature of the International Space Station Agree-
ment is that the transfer of ownership shall—and I quote, “The
transfer of ownership shall not affect the rights and obligations of
the parties,” end quote. Therefore, if the space station transition
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will include, quote, “transfer of all or parts of the station itself to
commercial entities, including exercise of ownership or equipment,”
end quote, then the United States will still have the same rights
and obligations that were in force prior to the transfer.

Changing post-transfer obligations will require at a minimum re-
negotiating post-transfer rights and obligations among space sta-
tion partners. This moves the issue of U.S. post-transfer obligations
more into the realm of politics than law, increasing uncertainty re-
garding the degree, the nature, and the duration of U.S. obliga-
tions.

In conclusion, there are legal and economic forces at play that
can expose the United States Government and the U.S. taxpayer
to substantial, recurring, long-term obligations that can result in
hard-to-quantify financial obligations. Development of low-Earth
orbit and the station is beginning at a time when the current value
of the space economy is being questioned, when recent U.S. na-
tional space law increasingly places more of the cost of industry
risk-taking onto the U.S. taxpayer, and when recently enacted U.S.
national space law has created an uncertain legal environment by
the use of illusory language that is mostly aspirational and repet-
itive and creates little black-letter law. It is in the U.S. national
interest for the Subcommittee to consider these forces going for-
ward.

Thank you for your work to develop the law of space.

[The prepared statement of Dr. Gabrynowicz follows:]
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Subcommittee on Space and Aeronautics of the Committee on Science,
Space, and Technology United States House of Representatives

July 10, 2019

Chairwoman Horn, Ranking Member Babin, Members of the Committee:
Thank you for giving me the opportunity to address A Review of NASA’s Plans
for the International Space Station and Future Activities In Low Earth Orbit, | am
delighted to respond. | thank the Subcommittee for giving me this opportunity.

This statement addresses two points of space law that are particularly
germane to plans to develop commercial low Earth orbit (LEO), including the
International Space Station (ISS). They speak directly to U.S. national interests.

There is a brief conclusion.

The first point is that the US Government is internationally responsible for
the activities of its nongovernmental space actors in perpetuity.'

The second point is that the legal obligations of the U.S. Government
continue in force even after the transfer of its /SS elements to nongovernmental

commercial entities.?

! Treaty on Principles Governing the Activities of States in the Exploration and
Outer Space Treaty]. Art. VI

2 Agreement Among the Government of Canada, Governments of the Member
States of the European Space Agency, the Government of Japan, the
Government of the Russian Federation, and the Government of The United
States of America Concerning Cooperation on the Civil International Space
Station, Jan. 29, 1998, T.l.A.S. No. 12927, State Dep’t No. 01-52, 2001 WL 679938
[hereinafter IGA].
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L The United States is Internationally Responsible for Its
Nongovernmental Space Actors.

1. Art. Vi of the Outer Space Treaty

Article VI states that the “activities of non-governmental entities in outer

space...shall require authorization and continuing supervision.”

Art. VI is the legal source for recognizing nongovernmental actors as
legitimate space actors. During Outer Space Treaty negotiations, it was the
position of the Soviet Union that only States could be legitimate space actors.
The U.S., of course, did not agree and took the position that private entities were
also legitimate space actors. The compromise between the two positions was “to
require authorization and continuing supervision” of nongovernmental space
actors. To assure that nongovernmental space entities acted in accord with the
law, Art. VI also provides that “States Parties...shall bear international

responsibility for...activities...carried on...by non-governmental entities.™

It is crucial that Art. VI of the Outer Space Treaty is central to plans for
commercial LEO development. What constitutes “responsibility” is part of a
growing body of law that has strengthened and matured in recent years.® The
United States Government—and through it—the U.S. taxpayer—will ultimately be
responsible for reparation if it is deemed necessary because of events arising
from U.S. nongovernmental space activities.

The Government's responsibility exists in perpetuity. Withdrawing from, or
altering the terms of, the Outer Space Treaty can change this but that is an
option not favored by the space industry® or the U.S. State Department.”

j Outer Space Treaty, supra note 1.

Id.
5 James Crawford, Jacqueline Peel, Simon Olieson, The ILC’s Articles on
Responsibility of States for Internationally Wrongful Acts: Completion of the
Second Reading, 12 EJIL 963 (2001).
® Reopening the American Frontier: Exploring How the Outer Space Treaty Will
Impact American Commerce and Settlement in Space, Before the S. Comm. on
Commerce, Science and Transportation Subcommittee on Space, Science, and
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A risk sharing regime has been established for launch and reentry
services. In it, a provider “shall obtain liability insurance or demonstrate financial
responsibility in amounts to compensate for the maximum probable loss from
claims” and the NASA Administrator “...shall prescribe taking into account the
availability, cost, and terms of liability insurance, any contract between [NASA]
and a provider may provide that the United States will indemnify the provider
against successful claims”.® An analogous risk sharing regime should be
developed for all stages of the planned human exploration roadmap in which
nongovernmental actors will be part of the roadmap’s space activities.®

L United States ISS Obligations Remain in Force Even After
Transfer of its /SS Elements to Nongovernmental Commercial

Entities.
1. The International Space Station Intergovernmental
Agreement

The IGA is a remarkable space law achievement. It has governed ISS
cooperation for 15 States over three decades. It has undergone three iterations,
first serving Cold War relationships, then meeting the opportunities presented by
the fall of the Soviet Bloc, and now in the globalization era. It also facilitates
some of Congress’ most important policies and purposes for the U.S. space

Competiveness, 1156 Cong., (2017); Marcia Smith, Congress Looking at
Additional Measures o Facilitate Commercial Space, (May 30, 2017, 12:00 AM),
“the Senate hearing...focused on...has the 50-year-old OST been so overtaken
by events that the United States should withdraw from or seek to renegotiate it.
None of the witnesses supported either of those courses of

action.” https://spacepolicyonline.com/news/congress-looking-at-additional-
measures-to-facilitate-commercial-space/

" The Next Fifty Years of the Outer Space Treaty, Remarks by Brian J. Eagan,
Legal Advisor, U.S. State Department, (Dec. 7, 2016), “the Outer Space Treaty
serves a constitutional role in the international legal framework for outer
space...If the preparations for future space activities underway in the United
States and other nations are any indication, the Treaty will serve this function
well into its second half century and beyond.” https://2009-

2017 .state.gov/s/l/releases/remarks/264963.htm

® National Aeronautics and Space Administration Transition Authorization Act of
2017, 51 USC § 20148; and Commercial Space Launch Activities § 50915

51 USC §20302
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program, that activities in space should be devoted to: peaceful purposes for the
benefit of all humankind; the expansion of human knowledge; and, cooperation
by the U.S. with nations and groups of nations'®

The IGA is part of a three-tier legal framework that includes memoranda of
understanding (MOUs), implementing arrangements and, other formal
arrangements. It is based on and incorporates the space treaties and addresses
4 bodies of law: jurisdiction, torts, intellectual property, and criminal jurisdiction.

An essential feature of the IGA is that “[tlhe transfer of ownership...shall
not affect the rights and obligations of the Partners.” This is equally applicable to
the MOUs and implementing agreements."" Therefore, if the ISS transition will

include “transfer of all or parts of the ISS itself to commercial entities”'?

including
ownership, or “exercise of ownership or equipment”' then the United States will
still have the same rights and obligations that were in force prior to the transfer.
Changing post-transfer obligations will require, at a minimum, renegotiating post-
transfer rights and obligations among the /SS Partners. This moves the issue of
U.S. post-transfer obligations more into to the realm of politics than law,
increasing uncertainty regarding the degree, the nature, and duration of U.S.

obligations.

Hl. Conclusion

There are legal and economic forces at play that can expose the U.S.
Government and the U.S. taxpayer to substantial, reoccurring, long-term
obligations that can result in hard to quantify financial obligations. Development
of LEO and the ISS is beginning at a time when the current value of the space

economy is being questioned;' when recent U.S. national space law increasingly

P L. 111-314 § 20102 (Dec. 18 2010)

" IGA, supra note 2, Article 6.3.

'2 Forecasting Future NASA Demand in Low-Earth Orbit: Revision Two —
Quantifying Demand, pg. 1.

S1GA, supra note 2, Article 6.7.

" Examining the Future of the International Space Station: Hearing Before the S.
Subcomm. on Space, Science, and Competitiveness, 115th Cong. 2 (2018)
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places more of the cost of industry risk-taking onto the U.S. taxpayer;'® and,
when recently enacted U.S. national space law has created an uncertain legal
environment by the use of illusory language that is mostly aspirational and
repetitive and creates little black-letter law."® It is in the U.S. national interest for

(statement of Pail K. Martin, Inspector General National Aeronautics and Space
Administration). “[I]t is questionable whether a sufficient business case exists
under which private companies can create a self-sustaining and profit-making
business independent of significant Government funding...Candidly, the scant
commercial interest shown in the Station over its nearly 20 years of operation
gives us pause about the Agency’s current plan.” at 2
hitps://oig.nasa.gov/docs/CT-18-001.pdf , and,

STP! Questions $1 Trillion Space Economy Claims, By Marcia Smith,
June 5, 2019 11:19 pm hitps://spacepolicyonline.com/news/stpi-questions-1-
trillion-space-economy-claims/ ; and,

How Big is the Space Economy?,
hitps://www.nesdis.noaa.gov/ICRSRA/pdf/ACCRES Lal June 2019 Final.pdf, a
>Amanda Robert, Commercial Spaceflight Industry Faces uncertain legal,
regulatory environment, Legal Newsline, (June 5, 2017)
hitp://legalnewsline.com/stories/511121527-commercial-spaceflight-industry-
faces-uncertain-legal-regulatory-environment “Linda Lipsen, chief executive
officer of the American Association for Justice, [said] in a statement before the
bill's passage that it would force victims and taxpayers to pay the costs of any
private space travel crash or disaster. The bill jeopardizes both civilians on the
ground and the passengers, whose right to hold anyone accountable would be
eliminated,” quoting Linda Lipsen, regarding the Commercial Space Launch
Competitiveness Act which “extends the indemnification regime and learning
period”.

'® Together, the U.S. national space law statutes enacted since 2015 contain few
provisions that actually authorize, require, or prohibit action. They do contain
numerous findings, reaffirmations, and Sense of Congress provisions, none of
which make law.

Regarding Sense of Congress resolutions, “A ‘sense of resolution is not
legally binding because it is not presented to the President for his signature.
Even if a ‘sense of provision' is incorporated into a bill that becomes law, such
provisions merely express the opinion of Congress or of the relevant chamber.
They have no formal effect on public policy and have no force of law.”
(emphasis added). Christopher M. Davis, Cong. Research Serv. 98-825, “Sense
of” Resolutions and Provisions”, (2016).

For example, The National Aeronautics and Space Administration
Transition Authorization Act of 2017 contains approximately 33 Sense of
Congress provisions; 16 findings; and, 4 reaffirmations. The use of these non-law
making provisions is a subject well worth its own paper.
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places more of the cost of industry risk-taking onto the U.S. taxpayer;15 and,
when recently enacted U.S. national space law has created an uncertain legal
environment by the use of illusory language that is mostly aspirational and
repetitive and creates little black-letter law." It is in the U.S. national interest for
the Subcommittee to consider these forces going forward. Thank you for your

work to develop the law of space.

(statement of Pail K. Martin, Inspector General National Aeronautics and Space
Administration). “[i]t is questionable whether a sufficient business case exists
under which private companies can create a self-sustaining and profit-making
business independent of significant Government funding...Candidly, the scant
commercial interest shown in the Station over its nearly 20 years of operation
gives us pause about the Agency’s current plan.” at 2
https://oig.nasa.gov/docs/CT-18-001.pdf , and,

STPI Questions $1 Trillion Space Economy Claims, By Marcia Smith,
June 5, 2019 11:19 pm https://spacepolicyonline com/news/stpi-questions-1-
trillion-space-economy-claims/ ; and,

How Big is the Space Economy?,
https://www.nesdis.noaa.gov/CRSRA/pdff/ACCRES Lal June 2019 Finalpdf a
*Amanda Robert, Commercial Spaceflight Industry Faces uncertain legal,
regulatory environment, Legal Newsline, (June 5, 2017)
http:/legalnewsline.com/stories/511121527-commercial-spaceflight-industry-
faces-uncertain-legal-regulatory-environment “Linda Lipsen, chief executive
officer of the American Association for Justice, [said] in a statement before the
bill's passage that it would force victims and taxpayers to pay the costs of any
private space travel crash or disaster. ‘The bill jeopardizes both civilians on the
ground and the passengers, whose right to hold anyone accountable would be
eliminated,” quoting Linda Lipsen, regarding the Commercial Space Launch
Competitiveness Act which “extends the indemnification regime and learning
period”.

'® Together, the U.S. national space law statutes enacted since 2015 contain few
provisions that actually authorize, require, or prohibit action. They do contain
numerous findings, reaffirmations, and Sense of Congress provisions, none of
which make law.

Regarding Sense of Congress resolutions, “A ‘sense of resolution is not
legally binding because it is not presented to the President for his signature.
Even if a ‘sense of provision’ is incorporated into a bill that becomes law, such
provisions merely express the opinion of Congress or of the relevant chamber.
They have no formal effect on public policy and have no force of law.”
(emphasis added). Christopher M. Davis, Cong. Research Serv. 98-825, “Sense
of’ Resolutions and Provisions”, (2016).

For example, The National Aeronautics and Space Administration
Transition Authorization Act of 2017 contains approximately 33 Sense of
Congress provisions; 16 findings; and, 4 reaffirmations. The use of these non-law
making provisions is a subject well worth its own paper.
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Center and the Editor-in-Chief Emerita, Journal of Space Law. She managed a faculty
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the Harbin Institute of Technology School of Law, the China University of Political
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Chairwoman HORN. Thank you, Dr. Gabrynowicz.

And before we move into questions, I'm going to take a moment
of personal privilege to recognize two young women that are here
today who I think are attending their second hearing in 2 days.
And as we talk about these important issues, we have Elsa and
Phaedra Curry, who I know have grown up in this area, that we
talk about the importance of investing in the future and inspiring
future generations, so I just want to take a moment—go ahead and
stand up and say hello. Yes. This could be our next generation of
scientists.

OK. Now at this point we’ll begin our first round of questions.

So clearly there are many issues that we have to tackle, and it’s
important that as we’re looking forward, we take all of these things
into account about how we do this in a way that is sustainable,
that is fiscally responsible, that encourages economic development,
that allows NASA to move to a new iteration of what it means for
us to explore and do science in space. So I'm going to try and get
through a number of questions as quickly as possible because I
think we'’ve got a lot of important issues to tackle.

So, Mr. Gerstenmaier, I would like to start with you because
when we’re considering this transition and how we’re going to en-
sure that our national interests and activities in low-Earth orbit
can continue without, as Ranking Member Babin put it, a capabili-
ties gap, I think that’s one of the major questions that we have to
face, as well as the legal issues in how we make that transition.
There are many questions that need to be answered. I'm going to
run through a few of them and I will submit some for the record
but highlight a couple just to set the stage.

One, what are the costs to NASA and international partners of
NASA’s proposal to transition its ISS activities to potential com-
mercial space station?

Two, have you carried out a cost-benefit analysis of all of the po-
tential options for an ISS transition, including a NASA-developed
smaller follow-on platform to handle NASA and international part-
ner research?

Three, did you carry out a market analysis of commercial activity
in low-Earth orbit?

Four, what is the value proposition for the U.S. taxpayer of
NASA’s planned investments in stimulating commercial LEO mar-
ket supply and demand?

Five, how much is the commercial sector willing to invest? Who
would own a commercial platform and who would own the data
from NASA research conducted on a commercial space station?
How much money would the commercial plan save as compared to
NASA’s current ISS expenditures, and when would those savings
be realized?

And finally, what is the plan B if commercial platforms or alter-
native models of ISS operations don’t prove feasible either tech-
nically or financially? So those are the stage setting.

I'd ask, Mr. Gerstenmaier, if you would address if you've carried
out a cost-benefit analysis and if you know how much the commer-
cial sector is willing to invest.

And, Mr. Stallmer, I'd ask that second question of you to follow
on.
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Mr. GERSTENMAIER. So the way we’re kind of approaching this is
last month we’ve—first of all, we spent 1 year asking the commer-
cial sector what their interests were in low-Earth orbit and what
they needed from NASA to understand the environment. And what
we got clearly from those 12 studies was there was lots of uncer-
tainty about what was available, what the constructs were, what
they could do on station, how much it would cost, those kind of
things. So what we did a month ago is we tried to define for them
all these key parameters that they said they needed through these
studies. So we gave them the five things I described to you that
they have available. Now it’s up to them to see if they can put to-
gether a business plan, generate revenue from that, where they see
the market potential.

We define what NASA’s long-term needs are, what NASA needs
to spend annually for space station activities in the future. So we
believe we've given the private sector now all the parameters they
need to give us back a business plan, and then we can start to
begin to answer that series of questions that you asked us about
cost-benefit and analysis, et cetera.

So we’ve done our part. We've identified what’s available, what
we need, how much it will cost to find the constraints. It’s now up
to the private sector to give us back business plans that we can
then start evaluating to turn that back around into cost-benefit
analysis type of activities you described.

Chairwoman HORN. Thank you. Mr. Stallmer?

Mr. STALLMER. From a commercial perspective since 2000, right
around the time that the space station was—became functional, the
private sector has invested $20 billion, and much of that invest-
ment has gone to low-Earth orbit. As we’re projecting on what the
rate of return will be for the shuttle given NASA’s investment cost,
the global space community right now, the worldwide figures I
think are—range anywhere from $360 to $380 billion of the global
space economy.

Within the next decade, several major institutions, Goldman
Sachs, J.P. Morgan—or, I'm sorry, Morgan Stanley and others have
projected that the commercial marketplace or the global space mar-
ketplace, which is all of space, to be a $1 trillion business. So, you
know, short of the business plans that—I don’t have them in hand
to present to NASA right now, but the companies that are working
with the International Space Station on the International Space
Station are projecting this I think into the future.

But I think the most important thing is the stability of knowing
that the station will be there, beyond—it’s hard to do a business
plan for something that may not exist and how do you project out?
So if we're talking about, you know, the space station going away
in 2024, well, that’s 4 1/2 years from now. If we can do 2028 or be-
yond I think makes for a better case for investment.

Chairwoman HORN. Thank you very much. Professor
Gabrynowicz, I think you’ve hit on a couple of very important
points, and I just want to reiterate and ask a question about your
observation regarding the legal challenges in the next generation
of what we’re looking at and that the development of LEO and ISS
is beginning at a time when the current value of the space economy
is being questioned. But to get to the last part of it right at the
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heart where the risk and reward and the liability lies, that the
space law has created and the movement has created an uncertain
legal environment that there’s very little black-letter law.

And so my question to you is, what do you see as an effective
pathway to addressing those issues and creating an effective and
enforceable body of law?

Dr. GABrRYNOWICZ. Well, to begin with, if we have black-letter
law, it is law that actually authorizes, requires, or prohibits action.
What we have had since about 2014, 2015 are a number of statutes
that rely on reaffirmations and sense-of-Congress provisions. None
of these create law. There’s a pattern in these statutes where
there’s a congressional finding or the sense of Congress, and then
the requirement is to produce a study and to bring it back to the
relevant committee, and so there’s a lot of activity going back-and-
forth—regarding studies that are intended for future action, but
most of these statutes don’t actually authorize, prohibit, or source
action. And if one were to go over these statutes, you'd see large
chunks of numbered pages that are simply opinions and not law.
Even a sense-of-Congress provision, even if it’s incorporated into a
bill, it does not create law. And I don’t remember the numbers now,
but I've gone through these statutes, and a number of them have
15, 20 sense-of-Congress provisions in one bill.

Chairwoman HORN. Thank you very much. I have many more
questions, but we're going to pass the time, so turn it over to Rank-
ing Member Babin for his.

Mr. BABIN. NASA just released details highlighting its plans for
the low-Earth orbit commercialization. The intent of the plan is to
facilitate private-sector use of low-Earth orbit to offset the govern-
ment’s costs on LEO so that NASA can focus on deep space explo-
ration. And the focus of the plan appears to be focused on selling
access to the ISS.

And, Mr. Gerstenmaier, will this offset NASA’s costs for ISS
transportation and operations, and if so, by how much? And if not,
then why decrease NASA’s utilization?

Mr. GERSTENMAIER. Yes, so the intent is not to lower NASA’s
cost for this activity. The idea is to essentially allow the commer-
cial sector to experiment with revenue-generating activities on
board station. And for that we want to recoup some of the cost as-
sociated with the activities for which they’re using on station, and
that was the pricing policy that we placed for them. It’s not an ab-
solute pricing policy, but gives them an idea of how to build a plan.
And the idea is then can they then look at—from that determine
were there a private station on their own that they built could be
used, and then that’s something NASA could then acquire services
from in the future.

Mr. BABIN. OK.

Mr. GERSTENMAIER. So the purpose of that was to allow them to
essentially experiment with revenue-generating options and con-
cepts moving forward, and we didn’t take things away. We made
available to them 5 percent of the available time on ISS, and that
5 percent we can remove from our other activities and move for-
ward so we still protect our basic research, we still protect the fun-
damental research needed for exploration and human health and
other aspects.
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Mr. BaBIN. OK. Will revenue derived from the ISS commer-
cialization plan go back to the Treasury or will it stay with NASA?
And what oversight will Congress and the taxpayer have on funds
derived from the taxpayers’ significant investment in the ISS?

Mr. GERSTENMAIER. Again, our focus really isn’t on capturing
revenue.

Mr. BABIN. OK.

Mr. GERSTENMAIER. The intent is to allow them to experi-
ment——

Mr. BABIN. Sure.

Mr. GERSTENMAIER [continuing]. And then later in the future
where they now have their space station to serve other purposes
other than the government’s purpose, then we’re one user of many.
Then we’re buying from a larger service, and that lowers our cost
for future activities. But the intent is not to generate revenue from
ISS.

Mr. BaBIN. I understand. And, Mr. Martin, recent reports from
your office have highlighted the need to develop new spacesuits
both for future use in the microgravity environment of LEO for
extravehicular operations and for future deep space missions and
surface operations. Our current extravehicular mobility units were
designed in the late 1970s, but astronauts have nearly drowned
from water leaking into their helmets, and the current astronaut
corps would very much benefit from a larger variety of suit sizes.

Future spacesuits for surface operations were postponed years
ago after a contract protest and deferments under the previous Ad-
ministration. How important is the ISS for NASA’s testing of the
next generation of spacesuits?

Mr. MARTIN. It’s critical. It’s critical for testing the EMUs
(Extravehicular Mobility Units)——

Mr. BABIN. OK.

Mr. MARTIN [continuing]. And I think NASA has a plan to get
the next—it’s called the xEMU suit up on station by 2023.

Mr. BABIN. OK. Great, thank you. Good news.

And then, Mr. Stallmer, recent IG (Inspector General) reports
and a report from the Science and Technology Policy Institute were
pessimistic about the potential of the private sector offsetting gov-
ernment’s funding in LEO. Can you comment on the private sec-
tor’s perspective of LEO commercialization, and is this something
that the private sector could provide private capital for or does the
private sector see this as another opportunity for more government
money?

Mr. STALLMER. Yes, I saw that report, and I somewhat disagree
with the assessment, the pessimism of what markets are there. As
we were talking about offsets, I don’t think the station was de-
signed as this economic engine, you know, for—in low-Earth orbit.
It started off as a scientific platform. But I do see the investment
that the private-sector community is making.

For instance, the Space Angels network, which is—started off as
a small group of small investors into space making minimal—
smaller investments is now over 200 individual investors that are
investing in these companies that are going to be doing work on
the International Space Station.
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So I don’t see a trend of companies coming up to the Hill to ask
for more and more money for the station. I think it’s what we're
looking for is stable policies that we know that we can work within
the boundaries of the space station. So

Mr. BABIN. Excellent. Thank you. Thank you very much.

And, Dr. Gabrynowicz, NASA’s plans allow for private astronauts
on the ISS. Current law allows for government astronauts under
the current statute. What is a private astronaut under the current
statute, and what are the differences in these names from a prac-
tical perspective and also from a legal perspective?

Dr. GABRYNOWICZ. Thank you. Well, as the designations indicate,
a government astronaut is an employee of the Federal Government,
and as such, there are legal rights and privileges that astronauts
have as well as restrictions. It’s roughly analogous to being a mem-
ber of the military. You have certain rights and obligations that a
civilian does not have. A private astronaut would not be a govern-
ment employee. Their relationship would be based on for whom
they work or if they work for themselves, at whose direction are
they taking instruction. Are they acting as an agent for an entity?
And therefore that person’s rights and obligations are going to
arise from that relationship.

But then there’s the additional overlay that if you have a pri-
vate-sector astronaut who is a nongovernmental actor, then ulti-
mately the United States is responsible for that astronaut anyway.
There’s that additional overlay.

And I just want to give you a little background as to why that
responsibility exists because it’s very important to the United
States’ values. When the Outer Space Treaty was being negotiated,
it was the position of the Soviet Union that only nation-states were
legitimate space actors. And of course the United States couldn’t
agree to that and said no, private entities are also legitimate state
actors.

Well, a compromise was made between the Soviet and the Amer-
ican position, and that compromise was that nongovernmental
space actors will be authorized and continually supervised by the
Nation that is party to the treaty. So that supervision, that author-
ization is the source of the right of the private sector to be in space.

And the flipside of that coin is because they have to be author-
ized and continually supervised, they are—the United States is
internationally responsible for them. So that responsibility goes
hand-in-hand with American values of private activity.

Mr. BABIN. Absolutely. Thank you. Very fascinating. I appreciate
it. I yield back.

Chairwoman HORN. Thank you very much. And thank you, Dr.
Babin. I think one of the things that is clear from the questions
from me is that you ask many of the remaining questions I had
that are very important, although there are more that—these are
clearly very much a bipartisan issue in the best interest of NASA.

And the Chair recognizes Chairwoman Johnson for 5 minutes.

Chairwoman JOHNSON. Thank you very much.

In line with the questioning that just happened, Professor

Dr. GABRYNOWICZ. Joanne.

Chairwoman JOHNSON [continuing]. Gabrynowicz, as we consider
the Administration’s proposal for the ISS commercialization, I was
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struck by your statement that there are legal and economic forces
at play that can expose the U.S. Government and the U.S. taxpayer
to substantial recurring and long-term obligations that can result
in hard-to-quantify financial obligations. What do you think are the
most significant potential financial obligations that need to be con-
sidered before we sign off on NASA’s commercialization proposals?
And what legal risk are we should be concerned that the U.S. Gov-
ernment might be assuming?

Dr. GaBRYNOWICZ. OK. The—I cannot speak to what are the
most significant risks. Those are engineering and science questions.
And I would have to direct you to speak to the engineers and the
scientists who would tell you where the risk is, what can go wrong
in terms of science and engineering.

In terms of what the United States would be responsible for,
again, this is why it’s unknown. This is all going to be very fact-
dependent on what happens when, where, and what the results
are. As I'm sure you're aware, the elements in—of the space station
are registered by the nations who put them in there, so if you're
in the American—one of the American modules and you go to the
Japanese module, you're going from a place where U.S. national
law applies to a place where Japanese law applies. They're like lit-
tle tiny embassies. Well, not so tiny; they’re pretty big.

But it’s going to be very—they make great hypothetical questions
on my exams because it’s very fact-dependent as to what the U.S.
has to be prepared for. But the bottom line is there must be the
awareness that under the Outer Space Treaty the United States is
internationally responsible for whatever that fact pattern may
arise to be. And under the International Space Station Agreement,
the obligations will continue after transfer unless there is a new
agreement reached with the partners that supersedes the current
International Space Station Agreement.

Chairwoman JOHNSON. Thank you very much. Mr. Gerstenmaier,
reducing the risk of human missions to Mars and other destina-
tions have long been a prime justification for continuing operations
for the ISS. Mr. Martin’s prepared testimony notes that there are
a series of human health risks and technology gaps required for fu-
ture missions to the moon and to Mars that will not be completed
on the ISS by the mid-2020s. At the same time, NASA’s low-Earth
orbit commercial development plans propose providing commercial
entities access to NASA’s available crew time, power, and other re-
sources that otherwise could be used to make progress on the
human health and technology research.

Given the limited life of the ISS, how do you justify using
NASA’s constrained ISS resources to try to stimulate commercial
activities such as space tourism and marketing rather than using
these resources to reduce the risk of human missions to Mars?

Mr. GERSTENMAIER. We are very focused on reducing the risk as-
sociated with Mars both technically and also from a human physi-
ology standpoint. That is our primary focus. We’re spending a lot
of research time on both of those activities. But what we’ve done
is we've created this 5 percent piece beyond that of which we can
allow this experimentation and commercialization. We think that’s
important because then at some point this station will wear out.
We've identified a long-term need for us to do this technology de-
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velopment and research in the future. We're going to need some
other facility to do that. What we’d like to do is not be in the posi-
tion where NASA and the U.S. Government have to build that fa-
cility. We would like to be able to use a private facility. So we
think this small portion at a the time being available to prepare
for that future allows us to ensure that we can keep a research fa-
cility in low-Earth orbit to investigate the technology into human
factors we need to get ready to go to Mars.

Chairwoman JOHNSON. Thank you very much. My time is ex-
pired.

Chairwoman HORN. Thank you, Madam Chairwoman. The Chair
now recognizes the Full Committee Ranking Member Lucas for 5
minutes of questions.

Mr. Lucas. Thank you, Madam Chair.

Mr. Gerstenmaier, let’s step back and look at a broader perspec-
tive. NASA recently released summaries of the private sector’s low-
Earth orbit commercialization plans. Did NASA learn anything
from these studies that it did not expect? Were you surprised by
anything?

Mr. GERSTENMAIER. Yes. I think the takeaway that we saw from
the plans was the diversity and the options of what the companies
thought. For revenue generation, what they thought the cost would
be associated, there were a lot of differing opinions from their per-
spective of what they saw the benefits of space research were. So
I think the diversity of the responses we got surprised us. We
thought they would be more aligned in one specific area, so that’s
why we pursued this five-point plan

Mr. Lucas. So I assume that was a pleasant surprise then?

Mr. GERSTENMAIER. It’s interesting because—but it’s hard for us
now to pick then a concrete path to go forward from those studies.

Mr. Lucas. Along that line, Mr. Gerstenmaier, in 2015 we saw
reports that the Russians intended to detach their modules in 2024
to form their own habitat in low-Earth orbit. If in the event this
were to happen, how should the U.S. engage its international part-
ners? And along with that, would a Russian departure from the
ISS require further U.S. investment in ISS to keep it running with-
out a Russian segment?

Mr. GERSTENMAIER. I think that’s an interesting hypothetical dis-
cussion. There’s lots of dependencies between the Russian segment
and the U.S. segment. We provide power to them, we provide—ap-
proximately 1,000 commands a day to go through USS—U.S. as-
sets, and those are Russian commands going to their side. So I
think in reality we’re going to have to stay together as an inter-
national partnership whether we really want to or not. And we can
talk about things hypothetically, but in reality we’re part of the
international partnership that needs to work together, and we’ll
continue to work together in the future.

Mr. LucaAs. So we're hooked at the hip then? That makes sense.

Mr. Stallmer, does maintaining a presence in low-Earth orbit
necessarily mean the presence must be a NASA presence or could
American companies maintain that presence? And along that line,
does maintaining any sort of crew presence in low-Earth orbit nec-
essarily mean maintaining a presence on the ISS in particular?
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Mr. STALLMER. Sir, I think it’s both. I think that NASA should
retain a permanent presence in low-Earth orbit, but I think there’s
also a commercial element as we’re seeing private-sector habitats
being developed and potentially private space stations being devel-
oped. I think you can’t have it both ways. I think the commercial
sector will provide services, and I think NASA eventually will be
a customer of those services. So I think it’s a good balance that we
have to look forward to.

Mr. Lucas. Thank you. And, Madam Chair, using my precious
time precisely, I now yield back the balance.

Chairwoman HORN. Thank you, Mr. Ranking Member. The Chair
now recognizes Mr. Crist for 5 minutes.

Mr. CrisT. Thank you, Madam Chair. And thank you, panelists,
for being with us today.

I think we can all agree that performing research in microgravity
is critical to achieving scientific and technological advances, which
is why I support an extension of space station operations beyond
2024. However, there will eventually come a time when the station
is no longer usable simply because it has reached its operational
lifespan.

Mr. Gerstenmaier—and I apologize if I mispronounced it—when
this occurs, what do you envision for the future of microgravity re-
search? Specifically, do you see the need for some sort of national
space-based lab to support research and development beyond the
useful life of the space station?

Mr. GERSTENMAIER. Yes, in the plans we provided to commercial
industry, we identify what we believe is NASA’s long-term needs
for space research. And included in that is a continuation of doing
research for NASA’s needs, both technology development and also
microgravity research.

Mr. CrisT. Thank you. Again to you if you don’t mind, I assume
that increased commercialization of low-Earth orbit will result in
additional traffic to and from the station. Can you discuss NASA’s
plan for space traffic management under a commercialized low-
Earth orbit situation?

Mr. GERSTENMAIER. Even today, we have a visiting vehicle speci-
fication that essentially defines the operating environment around
space station. So we have certain zones where vehicles can transit
and come into, but they need authority to come into those, so
there’s a very methodical approach of how we do vehicle traffic
management in a way almost similar to an airport here terrestri-
ally but it’s around space station. I propose we would use that
same kind of thing in the future for another space station or the
space station as it moves forward. But it’s becoming a very busy
environment for us, and the monitoring and activities of the folks
at the Johnson Space Center are critical for those——

Mr. CriST. Thank you, sir. Mr. Stallmer, as you know, NASA an-
nounced last month that it will allow two flights to the space sta-
tion each year for private astronauts. Do you believe it’s feasible
to begin these flights with an all-commercial astronaut crew, or
would it be better to start with missions that include both NASA
and private astronauts to help build and establish this market?

Mr. STALLMER. I think it would be the latter. I think using
NASA astronauts as well as commercial astronauts is a prudent
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approach. I think we’re seeing in many different markets—Ilater
this year, we’re going to see Virgin Galactic and Blue Origin large
commercial astronauts in a suborbital fashion. And of course with
the Commercial Crew Program coming online I think it’s going to
increase the access to utilization of the space station. I think it’s
a great way of NASA leaning forward to try to greater utilize the
International Space Station for commercial astronauts and the
science they can do.

I think if you look at it from a research perspective, if the private
company pays for that astronaut to go up to the International
Space Station and conduct studies, I think that’s part of the eco-
nomic engine that we’re looking to develop from generating more
revenue from the space station. So I think it’s a very prudent ap-
proach by NASA.

Mr. CrisT. Thank you. And then my last question for any of the
panelists, what in your opinion can NASA do to help encourage a
commercial astronaut transportation market? If you have an opin-
ion.

Mr. STALLMER. For NASA to encourage the greater utilization of
commercial astronauts?

Mr. CRrIST. Yes, sir.

Mr. STALLMER. I think it’s—to highlight the opportunities for the
science that is up there. I think when we see some of the break-
through technologies—and NASA has done a great job of show-
casing the breakthrough technologies that have been developed on
the International Space Station. But if companies can see this as
a platform for research, whether it be pharmaceutical research or,
as the Australians were talking about, having—to be able to con-
sume beer in space, you know, and they’re working on that dili-
gently, or if it’s just the technology to hit a golf ball 10 yards fur-
ther I think, you know, understanding the technology that micro-
gravity offers, it’s limitless on what we can do. So I think as NASA
and the partnership with commercial sector I think working to-
gether to promote that and the possibilities, I think that’s what’s
going to really encourage this market to grow.

Mr. MARTIN. I guess a note of caution just to point out that
any—at least the initial steps of commercialization of low-Earth
orbit is heavily subsidized by NASA, so the figures, the cost figures
that NASA put out, the $35,000 a day for an astronaut or $1 mil-
lion for a 1-month stay, that’s extremely heavily subsidized almost
as a loss leader to get—to entice and encourage the market.

Mr. GERSTENMAIER. There’s a few interesting biological things
that we’ve seen on station I think that have tremendous benefit.
One is a lab—it’s called essentially lab on a chip or biology on a
chip. It turns out that, for whatever reason, some functions happen
faster in space like immune system degradation, et cetera, so
there’s an idea that you can actually take liver cells, which are
used to determine whether a pharmaceutical product will be toxic
to you or not, in the microgravity environment because those proc-
esses are speeded up, it would typically take a year to get results
on the Earth, can occur in several months on station. So we think
there’s a huge benefit potentially for pharmaceutical companies to
bring drugs to market faster by doing this lab-on-a-chip kind of
technology on station.
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We're also looking at 3-D printing of organs in space. Because
there’s no gravity, you don’t have to have any material to make the
organs actually resist gravity, so now you could actually print es-
sentially organs of much larger size. So the idea is for us to expose
the private sector to these interesting innovative ideas that are
transformative and then let them take that through their ingenuity
and innovativeness and then turn that into a marketable product
to move forward. But those are some of the aspects that are very
intriguing.

Mr. CrisT. Thank you. I yield back, Madam Chair. Thank you.

Chairwoman HORN. Thank you, Mr. Crist. The Chair now recog-
nizes Mr. Brooks for 5 minutes.

Mr. BROOKS. Mr. Stallmer, the national lab is a key driver of pri-
vate activity on board the International Space Station. What set-
backs have you seen or experienced that have held back the com-
mercialization of low-Earth orbit, ISS activities?

Mr. STALLMER. I wouldn’t say setbacks per se, and I'm sure oth-
ers can speak to technical setbacks that they may have had. I see
more of opportunities. I think from a timeline perspective certainly
the funding questions and the timeline with the extension, stream-
lining some of the policies that we’re looking at in some of the
space policy directives on streamlining policies, that’s been slower
than we would hope for.

But from a more optimistic perspective, I see the progress that
commercial industry has made. When I—one of the reports was
cited that were pessimistic of the growth of, you know, on commer-
cial industry. I also read a report about 10 years ago that was pes-
simistic about reusable launch vehicles, and 5 years later we had
reusable launch vehicles. And now we have over 22 vehicles that
were launched and reentered the Earth’s atmosphere, and we're
reusing them again, reducing the cost to access to space.

I see the growth in industry from what companies do—startup
companies, whether it be electric propulsion, you know, for sat-
ellite—small satellite boost or the things, you know, that are going
on in the space station, companies like Techshot and Space Tango
about this manufacturing human cells and things of that nature.

So will there be setbacks and have there been? Absolutely, and
there’s different timetables. And I think we’re moving at an aggres-
sive pace, but I think we need to as a Nation. I think we—for 50
years, as we celebrate Apollo, you know, next week and what we’ve
done over the past 50—what we did 50 years ago, I think it’s a lit-
tle disappointing what we’ve done in the last 50 years, not—the
space station is a remarkable modern marvel, and I'm not knocking
that at all, but I think as a Nation we can do better. I think we
can do a lot better. And I think—and I know the commercial sector
will be helping do that.

Mr. BROOKS. This is a question for any who wish to opine on it.
In your judgment, either in percentage terms or dollar terms, how
much of a taxpayer subsidy is there for commercialization at the
International Space Station?

Mr. MARTIN. Over the past 12 to 14 years NASA has invested ap-
proximately $17 billion to help the commercialization of both cargo
transportation and crew transportation. That does not mean that
the companies involved in both of those enterprises also don’t have
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skin in the game. They have significant resources but $17 billion
investment in that. As we’ve all indicated, it costs upwards of $3
to $4 billion per year to maintain and operate the station, so, as
you can see, significant subsidies.

Mr. BROOKS. My hometown is Huntsville, Alabama. We like to
call ourselves the birthplace of the American space program. And,
as such, I've heard projections but rather optimistic on occasion
that we’re just around the corner from having commercialization of
space that does not involve much in the way of taxpayer subsidies
either by our country or others as the case may be with a joint fa-
cility like the International Space Station. What needs to be done
to truly make commercialization a solely private venture? Is there
anything Congress can do where we can eliminate these taxpayer
subsidies of these private efforts?

Mr. STALLMER. I think when you categorize it as subsidies I'd
like to look at more of the advancements that the government as-
sistance has created. And, as we see, you know, for instance, on the
commercial cargo program, with the government—you know, the
investment that the government has made on that program coupled
with the investment of these private companies, we now have two
fully capable launch vehicles that are providing routine access and
routine, you know, resupply to the International Space Station.

So to put a price tag on that investment, well, now we have, you
know, these two vibrant companies that are providing services, as
well as a—that we’re going to see cargo with Boeing and SpaceX
later—I'm sorry, crew with Boeing and SpaceX later this year. The
U.S. dominates the global commercial marketplace now. You could
not say that 10 years ago where we had less than 10 percent of the
global market.

So now the U.S. industry, on launch, on small sat, on spacecraft,
we are the dominant leader. So whatever that number of invest-
ment that the government has made I think it has paid, you know,
tremendous dividends to the American public, and I think it will
continue to pay that with the investment that we have in the Inter-
national Space Station.

Mr. BROOKS. Thank you, Madam Chair. I yield back.

Chairwoman HORN. Thank you, Mr. Brooks. The Chair now rec-
ognizes Congresswoman Hill for 5 minutes.

Ms. HiLL. Thank you so much, Madam Chair.

Mr. Gerstenmaier, earlier this year, NASA and partners work to
upgrade the batteries on the International Space Station to provide
greater efficiency and power to the growing number of users on the
station, as well as to prepare for continued upgrades in the years
ahead. This is just the latest example of ongoing efforts that have
been made to continue to improve ISS based on new technologies
and grow its capabilities. What other efforts is NASA taking to im-
prove power, life support systems, and other elements to ensure
that ISS continues to support astronauts and science needs for the
years ahead?

Mr. GERSTENMAIER. Today, we're actually testing the next gen-
eration of life support systems that will be used potentially on jour-
neys to Mars, so theyre much more efficient from a water-use
standpoint, recycling carbon dioxide. We've also just recently in-
creased the bandwidth coming down from space station to 600
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megabits per second. That is now the standard every day, and
we've increased the number of video channels coming down so we
can do more interactive and virtual-reality activities with space
station. So those are some of the examples of the improvements.
And we have more battery upgrades coming this fall.

Ms. HiLL. Great, thank you. Also, Mr. Gerstenmaier, as you
know, the Senate has voted repeatedly to extend the ISS through
at least 2030, and the majority of the House voted for a similar
provision last year. As this issue comes up again in the new Con-
gress, how important is certainty of ISS extension to you, our inter-
national partners, and other users as they plan for crewed missions
and experiments in the years ahead?

Mr. GERSTENMAIER. We just had a discussion on how we could
help commercial industry transfer or take over more of the role in
low-Earth orbit. I think that’s very difficult to predict exactly when
that’s going to occur. I think that timeframe is going to be hard.
It’s going to take longer to create a new economy than I think
we’ve envisioned, so I think we need to be careful we don’t set an
arbitrary or artificial deadline. We need to essentially provide some
certainty so industry and the commercial sector can understand
what’s coming in the future, they can plan for that, and then they
can move forward. So I think getting a plan of how that moves for-
ward and when that occurs, then we have a chance of envisioning
this world where the commercial sector is taking a larger portion
of the cost associated with low-Earth orbit.

Ms. HiLL. And right now, we don’t have that certainty or that
plan of transition?

Mr. GERSTENMAIER. No, we have varying numbers depending on
where we talk, between what Congress says, the Administration
says, what NASA’s plans are, et cetera, I think some certainty
about that. But again, not setting an arbitrary deadline but maybe
more setting criteria such that we don’t create this gap that was
talked about earlier.

Ms. HiLL. Right.

Mr. GERSTENMAIER. The gap would be unacceptable, but we need
some plan to do that.

Ms. HiLL. Right. And, Mr. Martin and Mr. Gerstenmaier, I un-
derstand that NASA and partners have already worked to certify
the ISS for use through at least 2028, and these studies indicated
that its lifespan could extend well into the 2030s. Can you talk
about the status of these studies and what other steps NASA is
taking to ensure that ISS can be extended and healthy for many
years?

Mr. GERSTENMAIER. We've done the structural studies through
2028. We've done other studies. These improvements I talked to
you about earlier, those are all part of essentially allowing us to
do more with station. These life support systems we’re checking for
the future, actually allows us to have more crew on board station.

The thing that we’ve got to weigh again is, you know, we are
spending money in low-Earth orbit that we could be spending in
deep space, so we need to make sure that we have the right bal-
ance between those two moving forward.

Mr. MARTIN. And I guess I would emphasize that these are op-
portunity costs. If you continue the station for any number of years
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past 2024, that is approximately $3 to $4 billion you don’t have
available to pursue other exploration goals such as lander develop-
ments, such as Gateway, such as preparing and bending metal for
moving to Mars, so it is a—it’s a choice. No one disputes that the
ISS is just a critical element up there, but it’s a question—again,
absent substantial and sustained funding increase for NASA.

Ms. HiLL. Got it. Well, thank you all so much. I really appreciate
it, and I yield back.

Ms. HorN. Thank you. Thank you, Congresswoman Hill. The
Chair now recognizes Mr. Posey for 5 minutes.

Mr. Posty. Thank you, Madam Chair.

Mr. Gerstenmaier, what are the main cost drivers for the $3 to
$4 billion operational cost of the ISS?

Mr. GERSTENMAIER. The major cost driver is crew and cargo
transportation to and from ISS, and it’s about the $1.8 billion of
the $3 billion that——

Mr. Posey. OK. Which factors affect the shelf life of the ISS?

Mr. GERSTENMAIER. Again, I think we’ve been doing a pretty re-
markable job of maintaining station and upgrading systems and
components through use of our crews and astronauts and engineer-
ing expertise. There are some components structurally that may
wear out over time, and we need to watch those and monitor those,
but we’re actively tracking those and then looking on a

Mr. Posey. What kind of components would they be?

Mr. GERSTENMAIER. They’'d be some of the truss elements, some
of the large structural pieces. Solar rays will need to be replaced
at some point and augmented, and we have plans to do that.

Mr. Posey. OK. Could the ISS be mothballed?

Mr. GERSTENMAIER. Space station is designed to be crew oper-
ated, and so a lot of the systems really require a crew presence on
board station, so essentially shutting station down and removing
crew for an extended period of time would make it very difficult to
ensure that we could bring the station back up when crew came
forward or crew were available in the future. So it’s not easy to es-
sentially stop operations without the crew. We need to keep the
crew presence on board station to keep the vehicle maintained.

Mr. Posey. Would it be feasible even remotely to relocate the
ISS, say, to an orbit around the moon?

Mr. GERSTENMAIER. We've looked at that. It’s attractive but
physically it just doesn’t seem practical. The amount of energy to
do that isn’t there. The number of orbits if you even have low pro-
pulsion, you’d have to circle through the Van Allen belts multiple
times over multiple months. And then by the time you get there,
it’s not physically possible to maneuver large pieces of station. You
might be able to deconstruct and use small pieces of station, but
generally, you're probably going to want to use those small pieces
in the same roughly inclination orbit that space station is in today.

Mr. Posey. OK. Mr. Martin, you mentioned that we’ve invested
about $17 billion in the ISS.

Mr. MARTIN. Seventeen billion in commercial cargo and crew
transportation.

Mr. Posey. OK.
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Mr. MARTIN. Significantly more in the ISS, upwards—the num-
ber is—what you’re counting, but it could be $80 to $100 billion
over the 21-year life of the station.

l\gr.o Posey. OK. What kind of investments have our partners
made?

Mr. MARTIN. The international partners pay for approximately
23 percent of annual station costs.

Mr. Posey. OK. Mr. Stallmer, from an industry perspective, how
has t‘];le public-private partnership benefited the ISS and LEO mis-
sions?

Mr. STALLMER. I think it’s greatly contributed. Companies like
NanoRacks has invested $40 million. I think they’re one of the
larger investors on the International Space Station creating—they
will be developing their own airlock for the International Space
Station. I think that’s going to be delivered in 2020, in that time-
frame. So I think they’re—you know, again, when you talk about—
the numbers that Mr. Martin is talking about, yes, it is a large con-
tribution, but I think it’s what the vision of NASA is. Was NASA
designed to be, you know, an economic driver or was it designed
to be an agency for exploration? And I think we've got to look at
what our priorities are and what NASA’s priorities are in working
with the commercial sector on this. And I think the partnership
with—that NASA has had over the past 2 decades working with
the commercial industry, the information sharing and the service
sharing that we’ve had, I think it’s only going to grow, so I'm very
optimistic about that.

Mr. Posey. How do you think the relationship could be im-
proved?

Mr. STALLMER. The—I think just the communication on the pric-
ing, the stability on pricing, as they’ve recently released. I think—
I think greater access—I think once we’re able to launch American
astronauts from American soil on American vehicles, I think that
that type of partnership that’s going to open up of having routine
access to space I think we’re going to see a lot more opportunities.

I was inspired by Scott Kelly’s book Endurance and what it took
for a year on the space station and the challenges that they had
and routine challenges, just regular preventive maintenance they
need to do. And I think having this commercial access and not
being dependent on a foreign nation to provide our astronauts ac-
cess to space at, you know, rather large rates and the cost savings
that will have, I think is going to greatly enhance the capabilities
that the commercial sector and NASA can greater partner with.
But I think we have a very good partnership, and I think Mr.
Gerstenmaier’s leadership has been outstanding on that front.

Mr. Posey. Thank you. Thank you, Madam Chair.

Chairwoman HORN. Thank you. Thank you. The Chair recognizes
Mr. Olson.

Mr. OLSON. I thank the Chair, and welcome to our four expert
witnesses.

One thing we all agree upon, the activities of the ISS must keep
going and expand in the future. We can’t go back one step back.
We can’t do that. The question is without its future be the ISS,
some expansion, some new experiment platform, maybe something
here on the moon or something based on the moon? We avoid
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human debris fields for sure, but that’s very expensive. And so, re-
gardless, the International Space Station has been a great asset.

I want to remind everybody what this space station has done.
Every single day since November 2, 2000, we’ve had a human being
in orbit on the International Space Station 230 miles above our
planet. And in fact our two honored guests over there, these two
amazing ladies weren’t born when the station went into orbit and
became active, but we’re here to make sure you have a space sta-
tion or something like that to go to when you walk on the moon
or walk on Mars and wave to us and say, hey, Energy Committee
there, Science, Space, and Technology Committee, I'm on Mars, I'm
on the moon.

We all know, too, the ISS has done great wonders, great experi-
ments we can’t do here on Earth. A couple of examples, the Alpha
Magnetic Spectrometer, AMS, it’s been up there since 2013, and it
may have discovered the start of dark matter. As you all know,
most of our universe is dark matter, and that’s a huge benefit for
human life.

Also, as you guys talked about, the benefits for human health
that we’ve learned through the International Space Station, for ex-
ample, learning how to deal with muscle atrophy, also bone density
loss and fluid shifts and just what we've learned, we've learned
that Scott Kelly can now call his twin or could call his twin Mark
shrimp for a few weeks because Scott was 2 weeks taller than
Mark when he came back home after almost 1 year in space.

I want to talk about going forward and making sure we keep this
in International Space Station. That means we have a plan to stop
fly or something by 2024 right now that could be extended. I want
to ask the question of all of you starting with you, Gerst. How are
our international partners engaged in this—do they want us to ex-
tend it, how long, what will they pay? I mean, again, we've got
Japan, China, Russia, America, including the Republic of Texas,
European Space Agency, Belgium, Denmark, France, Germany,
Italy, Netherlands, Norway, Spain, Sweden, Switzerland, United
Kingdom, all these nations are involved right now in the Space
Station. How are they going forward with our plans? Do they want
to go to 2024, longer, and what will they put up to help us go make
those things happen?

Mr. GERSTENMAIER. I think in general the international partner-
ship wants to continue using station. They see it still as a resource
that has plenty of life in the future, and they want to continue to
use it.

There’s a European ministerial at the end of this year, in Novem-
ber of this year, and at that time we should see a formal position
from the European Space Agency (ESA) about their position of
using station beyond 2024.

Mr. OLSON. Mr. Martin?

Mr. MARTIN. Again, just a caution, every space agency, like every
government, has a limited budget, so ESA’s budget, while signifi-
cant and important to maintenance of the International Space Sta-
tion, is much, much smaller than NASA’s. I've—from what I've
read, they’'ve shown some interest in being part of a Chinese—a
planned Chinese space station set to launch and begin construction
in 2022. I just don’t know that their budget is large enough to con-
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tinue their current commitment to the ISS past 2024, as well as
partake in perhaps the Artemis mission with the U.S. or the Chi-
nese space station activities.

Mr. OLsON. Mr. Stallmer?

Mr. STALLMER. The United States is the global leader in space,
and I think we need to continue to be that way. I think the inter-
national partnerships that we have on the space station are critical
and most necessary, and I think we should continue to engage our
global partners. But do keep in mind when you walk around the
United States, the Republic of Texas, all over the world you see
people wearing NASA T-shirts. It’s a brand. You don’t see people
wearing other space agency—the Polish Space Agency or anything
else, T-shirts. So I think that’s critical to keep in mind. The leader-
ship that NASA provides the world is imperative.

Mr. OLSON. And not to butcher your name, but Dr. G, any com-
ments on——

Dr. GaBRYNOWICZ. That’s what my students call me. Please feel
free.

And as a Gabrynowicz, I do not like you dissing the Polish Space
Agency.

Mr. STALLMER. I only do that because they’re one of the newest
space agencies around, and I don’t know——

Dr. GaABrRYNOWICZ. OK.

Mr. STALLMER [continuing]. What their logo is, but I'm fully sup-
portive of the Polish Space Agency and all global space agencies,
except for two.

Dr. GABRYNOWICZ. OK. Coming from a space law perspective, the
reason why we have the Outer Space Treaty and other treaties is
because the world faced its worst fears at the time, placing nuclear
weapons in space. And people forget that the Outer Space Treaty
prohibits putting nuclear weapons in space, which makes it one of
the most important treaties of the 20th century.

But the treaty also provides for our highest aspirations—that
space is dedicated to peaceful purposes for all humankind. When
the space station was first proposed by President Reagan, it was
the height of the cold war. The Soviet Union was our enemy, and
then a funny thing happened on the way to the space station. The
cold war came to an end and the Soviet Union became the Rus-
sians and the Russians became a partner, and now here we are in
the era of globalization. And we’ve had a space station for 30 years
in which we have learned how to work together with one another.
And each country that is in that station is making a commitment—
financially, technologically, and otherwise—that, relative to their
assets, is just as great as what the United States provides.

And I would point out that Canadarm is a fantastic example of
that. The Canadarm in terms of dollars is a relatively smaller con-
tribution than some of the other bigger elements, but we would not
have a space station without the Canadarm. So I think we need to
think of the space station in terms of quality as well as quantity,
and the quality of the relationships we have with 15 other nations
through the International Space Station Agreement is not to be un-
derstated.

Mr. OLSON. I'm aware of my time, Chairwoman. I thank you so
much. I want to remind you, though, there’s a special countdown
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happening right now around Johnson Space Center in Houston,
Texas. It’'s T minus 94 days and counting until the Texas
Longhorns repeat and beat the Oklahoma Sooners. They boom
them in Dallas, Texas. I yield back.

Chairwoman HORN. I think you’re being overly optimistic. And
let’s just be clear, it’s OU-Texas, not Texas-OU for all of the Texans
in the room.

See what you started, Mr. Stallmer, you know, Polish Space
Agency. Of course, Mr. Olson, thank you. Thank you very much.

The Chair recognizes Mr. Waltz. Hopefully, the Floridian won’t
cause quite as many problems as our Texan over here.

Mr. WaALTZ. Well, I do have to say thank you, Madam Chair. And
we've heard a lot about Alabama is the home of space and the Re-
public of Texas, but I think we all know where space DNA really
resides, which is in Florida and excited to celebrate the 50th anni-
versary of Apollo 11 coming up.

So a lot of discussion today around the international aspects of
the ISS. I am very focused also as a Member of the Armed Services
Committee on what the Chinese in particular are doing in space.
I think it is always worth remembering and reminding that the
Chinese military is behind every major component of what the Chi-
nese are doing in space, whether that’s in their new space station
or if they have manned research station on the moon. I put re-
search in air quotes—on the moon. And that basically everything
that NASA has done going forward or looking backward has not
been in the same type of competitive and potentially hostile envi-
ronment that we will look at going forward.

So I think we all agree that American and NASA leadership in
space must continue. We must maintain a low-Earth orbit. And
please interject if you disagree that we must maintain LEO and we
must maintain a presence and particularly if it’s a competitive
space going forward.

But the disconnect seems like the white elephant in the room is
whether this plan will actually work with commercialization and
whether it will work in the timeline. And I'm hearing from the In-
spector General some skepticism. Is that fair to say, that the plan
will actually work to be able to take on that O&M budget of oper-
ating the space station in the timeline proposed?

Mr. MARTIN. Skepticism is in an Inspector General’s job descrip-
tion.

Mr. WALTZ. Sure. I know it’s built-in.

Mr. MARTIN. It is. It’s a real concern. The $1.2 billion operation
and maintenance annual cost of maintaining station.

Mr. WaLTZ. Right.

Mr. MARTIN. Correct.

Mr. WALTZ. So President Reagan put forward a plan approxi-
mately 10 years in advance. What is NASA’s plan B? I've heard
you ask when are we going to see that plan B that if the figures
don’t work and the private sector can’t take it on, what’s the deci-
sion point to extend beyond 2024, and then what’s the decision
point to extend beyond 2028 or to have a new platform in place?
Mr. Gerstenmaier?
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Mr. GERSTENMAIER. We have some time to decide for the new
platform in place. That’s not an immediate problem. I think we
need to

Mr. WALTZ. What is the time, is it 6 years then? If it’s not 10,
then is it 5 years, 6 years? In the military we forecast, right?
What’s that decision point?

Mr. GERSTENMAIER. It’s probably about 6 years out or so, so that
would probably be 2030 kind of lifetime and then back that up 6
years.

Mr. WALTZ. Assuming the 4-year extension?

Mr. GERSTENMAIER. Yes.

Mr. WALTZ. OK.

Mr. GERSTENMAIER. Yes. And so—but I think the more important
thing is we need some stability and understanding for the commer-
cial sector so they can plan. I think it’s also probably not appro-
priate to assume that the private sector is going to take over all
the cost of the capability we have in low-Earth orbit, but we can
reduce that cost by using the private sector where we’re now—
we're not the only agency taking people to space. The private sector
is doing that on their own through private astronaut missions, et
cetera. So we're one of many customers. That reduces our cost some
amount. How much we reduce that cost is important to us. We
don’t—I don’t think we can predict that, but we need to try to drive
to that situation.

What we need to avoid is we need to avoid the gap, as we dis-
cussed here, especially in light of the Chinese space station, which
could be in orbit, a portion of it even as early as this year or next
year. We need to make sure that we don’t create a gap where we
the U.S. don’t have a facility in low-Earth orbit——

Mr. WALTZ. Absolutely.

Mr. GERSTENMAIER [continuing]. And there’s only the Chinese.

Mr. WALTZ. Absolutely. Hundred percent agree.

Mr. Stallmer, in the time I have remaining, the FAA (Federal
Aviation Administration)—switching tracks here. The FAA recently
released a notice of proposed rulemaking regarding regulatory re-
form for launch and reentry of commercial vehicles. Obviously,
launch is critical to everything we’ve discussed today with projec-
tions of getting up to 50-plus flights by 2021. What are your
thoughts on how industry views the draft rules that are out? What
needs to be addressed moving forward to enable American compa-
nies and private sectors to operate efficiently?

Mr. STALLMER. That’s a great question. In short, we have con-
cerns. We have concerns. There is a directive put out that we’re
going to streamline, you know, the regulatory burden that a lot of
the industry is facing. And I say burden. It’s a burden because it
hasn’t been updated. The—what the launch industry was back in
the mid-'80s is different from what the launch industry is today in
2019. There’s more commercial launch vehicles than ever. We have,
just for NASA alone, four vehicles, you know, that will be servicing
the space station with reusability.

So these issues need to be addressed, and I think with this rule-
making process I think the FAA really needs to hear—especially
the Office of Commercial Space Transportation really needs to hear
what industry has to say on how their industry is being regulated.
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It has to—it can be so—it has to be performance-based rather than
so prescriptive-based. And I think the FAA needs to work more
with industry in understanding what their needs are. And we're
trying to get there. We're trying to get there. We do have a dead-
line of July 30, which is closing in on us.

Mr. WALTZ. Madam Chair, if you’ll indulge me, could you submit
a more fulsome response for the record?

Mr. STALLMER. I certainly can.

Mr. WaLTZ. Thank you.

Mr. STALLMER. I certainly can. Thank you.

Chairwoman HORN. Thank you, Mr. Waltz. Mr. Weber.

Mr. WEBER. Thank you, Madam Chair. And as a card-carrying
member of the Republic of Texas, regarding the Texas and John-
son’s Space Center’s preeminence, let me just say that my col-
leagues can feel free to express their confusion and lack of under-
standing anytime they want to.

And, Madam Chair, without objection, I'd like that read into the
record. I'm just saying.

Mr. Gerstenmaier, when we partner with industry, how do we
ensure that we don’t take jobs away from our NASA facilities? Let
me qualify that. My district, half a mile south of the Johnson Space
Center has thousands of people that work in my district. It’s huge
for us as a country and national security, and I'll talk about that
more. But how do we ensure that we don’t take jobs away from
NASA? And I like to think about the NASA T-shirt by the way. All
you see is NASA T-shirts. Who was that other smaller space agen-
cy?

Mr. STALLMER. I don’t recall.

Mr. WEBER. Oh, you don’t recall? OK. All right. For example,
Boeing is subcontracting back to JSC to handle mission control for
the Starliner missions. My district is home to many of those great
NASA employees who work there, and some 50 percent of the JSC
jobs are tied to ISS. So I think it’s critical that we ensure that the
commercialization of ISS will still model that of the Space Shuttle
and ISS programs where integration, operations, and other activi-
ties? are still done. Did I mention Johnson Space Center is close to
me?

So Mr. Gerstenmaier, how do we ensure that that happens, that
we don’t want those jobs to go away?

Mr. GERSTENMAIER. You know, again, I think the right role for
NASA is to do the long-term research, technology, and exploration,
so the activities around the moon, those kind of things that we
don’t really know how to do, to build the next generation of rocket
engines, to build the next-generation of flight control strategies,
those kind of things of how we operate independently from the
Earth, those are the roles of the government to do that, to establish
that first where doesn’t make sense. We’re building the heavy lift
launch vehicle, as you know, the Space Launch System. There’s not
really a market for that if you look at that. That’s really unique
to what we need to do around the moon and other activities. But
then once that market then comes behind it, then we can use the
private sector.

So I think the role of the civil servants are to do these really
hard research, cutting-edge technology development that don’t
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make sense at all for industry. It’s good for the government to own
that because then we can distribute that to industry as a whole
and they can use that moving forward. So I think there’s a strong
role for the civil servants in the government to continue to do those
research activities.

Mr. WEBER. Well, thank you for that. And, Mr. Martin, you said
the Chinese space station is set to be operable 2022? Was that the
year you said?

Mr. MARTIN. I believe it’s going to be—portions will be in orbit
by 2020, Bill?

Mr. WEBER. Is it 2020?

Mr. MARTIN. Yes.

Mr. WEBER. OK. Mr. Stallmer, I want to fix one thing that you
said in your comments. You said that you think the U.S. needs to
be the leader in space. The USA.

Mr. STALLMER. We—yes, sir.

Mr. WEBER [continuing]. Needs to be the leader in space.

Mr. STALLMER. We are and we need to continue to be

Mr. WEBER. Yes.

Mr. STALLMER [continuing]. Our leadership.

Mr. WEBER. Yes, thank you. I just wanted to point out. And then,
Dr. G, discussing his dissing of the Polish Space Agency:

Mr. STALLMER. It was just noting another space agency

Mr. WEBER. OK.

Mr. STALLMER [continuing]. That does not have T-shirts.

Mr. WEBER. It’s no big deal, Mr. Stallmer. It’s just something
people are going to remember about you for a long time.

Mr. STALLMER. I get hate mail. I get hate mail, I got to tell you.

Mr. WEBER. Yes, welcome to the club.

Mr. STALLMER. Can you strike that from the record, Madam
Chairwoman?

Mr. WEBER. And I appreciate you talking about the international
agreement, no nukes in space, but I do want to point out military
experts know that in any military conflict, whoever occupies the
high ground has the upper hand. There is no higher ground than
space. And so while I appreciate that in the words of nuclear non-
proliferation or in terms of nuclear nonproliferation, I still want the
United States of America to have preeminence in space. I abso-
lutely do.

And I remember a great one-liner from Senator Graham who
said that if the lamb is going to lie down with the lion, we want
America to be the lion. So space is important to us, we want to
have that preeminence and make sure that we maintain that.

A couple of small questions I have in my time left over. Mr.
Gerstenmaier, you said that we had increased the bandwidth some
600 percent did you say?

Mr. GERSTENMAIER. The bandwidth is 600 megabits.

Mr. WEBER. Six hundred megabits. What was it?

1(\1/11". GERSTENMAIER. It was I think about 100 megabits per sec-
ond.

Mr. WEBER. So that’s a substantial increase, so we’re making
progress. OK. Well, I appreciate all of you all being here to testify,
and I will close by saying, Madam Chairwoman, let me wish you
a happy belated birthday yesterday.
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Chairwoman HORN. Thank you. It was actually June, but thank
you.

Mr. WEBER. OK. Madam Chairwoman, would you strike the com-
ments from the record?

Chairwoman HORN. I will be happy to.

Mr. WEBER. OK.

Chairwoman HORN. You got the date right——

Mr. WEBER. OK.

Chairwoman HORN [continuing]. But so very close, and thank
you very much.

Mr. WEBER. Thank you.

Chairwoman HORN. I think we can all point to Mr. Stallmer as
having started the trouble with his comments about the Polish
Space Agency.

I've got a couple more questions. I want to sincerely thank all of
the Members on this Committee and all of the panelists. As you
can tell, this is an issue that is critical. I know it’s not news to any
of you, but it’s also an issue that is critical to all of us, that we
are attempting to ask and frame these important questions about
how we move forward, about how we avoid capability gaps in the
future and in absence of a space station, in the absence of the abil-
ity to do research and exploration in low-Earth orbit.

The issues surrounding certainty and the investment of our tax-
payer dollars and how we get there, where is the role of an emerg-
ing commercial sector and how much we subsidize these priorities
that are critical to all of us, as well as, Dr. Gabrynowicz, the legal
structure and the legal questions that will inevitably face us be-
cause, Mr. Weber, I agree with you, absolutely, we absolutely have
to invest and be intentional about maintaining our investment and
our preeminence in space. It is important for our scientific advance-
ment. It is important for our national security and for our commer-
cial sector and our ability to move forward.

So having said that, I've got just a couple more very quick ques-
tions before we close out this hearing that have been raised for me.
Throughout the questions, I've seen a few themes from all of you
and from all of us, the capability gap in the transition, how we
navigate that and what the extension is, the need for certainty
both from NASA and from the commercial sector for us to plan be-
cause space and complicated issues require ongoing planning, how
we prioritize and where we have to make those hard choices about
the pathway forward, and finally, the risk and the legal structure
and the need to ask all those questions and for us to give author-
izati{on and put that into law on the legal side but also a frame-
work.

So, Mr. Martin, there’s a question that I wanted to ask you
about, the cost and the subsidies for commercial. And so my ques-
tion is what is the percentage of subsidy as a part of the commer-
cial LEO development plan? We've talked about different aspects of
it, but can you speak to the percentage of NASA subsidy?

Mr. MARTIN. You're talking about the newly released

Chairwoman HORN. Yes.

Mr. MARTIN. Eighty-five percent.

Chairwoman HORN. Eighty-five percent, OK. And, Dr.
Gabrynowicz, one additional question. When we’re speaking about
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the U.S. Government responsibilities and legal obligations under
the Outer Space Treaty and looking forward with commercial astro-
nauts and other commercial entities, what level of ownership does
the U.S. Government need to have in order to ensure sufficient
oversight of a commercial space station?

Dr. GABRYNOWICZ. That’s not an answerable question at this
point because the law doesn’t speak in degrees. It speaks in prin-
ciples at this point.

Chairwoman HORN. Could you speak to some of those principles
that need to be taken into consideration or used to create that legal
framework then?

Dr. GaABRYNOWICZ. Well, regarding the Outer Space Treaty is the
principle I raised about international responsibility. That is a prin-
ciple that the United States Government is responsible for its non-
governmental space actors. The degree and kind of responsibility is
going to be defined by what actually happens, and we don’t—these
would be cases of first impression, so we don’t know what it’s going
to be.

Then the other principle is in the International Space Station
Agreement, which says even with the transfer of elements, the obli-
gation of the partners still remains. So, again, that hasn’t been
done yet, so we're going to figure that out as we do it. But the prin-
ciple is already there. Responsibility will continue to be—I'm sorry,
rights and obligations will continue to be in force even after the
transfer of elements.

Chairwoman HORN. Thank you very much. Mr. Gerstenmaier,
would you care to comment?

Mr. GERSTENMAIER. Again, I think her points are valid. I think
it’'s—the rights and ownership responsibility of governments are
important because it cuts the other way, too. If one of the other
international partners want to remove, they can’t remove them-
selves from their rights and responsibilities, so I think it’s a good
benefit both ways.

Another thing we should talk a little bit about at some point is
also the potential and maybe the role of the Commerce Department
in some of these activities as we talk about economic development.
We're not really an economic development agency. We're doing cut-
ting-edge research and exploration. We're doing our best to move
forward, but there may be a role for Commerce in this activity that
should be thought about, as well as potential funding sources.
Maybe it’'s not the burden of NASA to fund all this stuff. Maybe
some of these transportation costs and other things may come from
othlelzr areas of the government, but those should be discussed as
well.

Chairwoman HORN. Thank you for raising that point. Yes, there
are very clearly issues surrounding commercial development in the
Department of Commerce that this Committee and others will need
to tackle moving forward.

So, Mr. Babin, do you have further questions?

Mr. BaBIN. I have no other questions except to say this has been
a great hearing. I've enjoyed listening to the expert answers.
Thank you for having this.

I also want to say thank you to the Johnson Space Center folks
that came up here to visit and get a little continuing education,
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and I'm proud of you for being here and all the great work you do
back home. Thank you. I yield back.

Chairwoman HORN. Thank you, Mr. Babin. And yes, thank you
to all of our civil servants and the work that you've done. And
thank you to our panelists. I agree; this is an important topic, and
your insights were incredibly valuable as we tackle this critical
issue about how we make the transition.

And I want to thank the Committee, as well as all of the wit-
nesses, for your participation and note that the record will remain
open for 2 weeks for additional statements from the Members and
for any additional questions the Committee may ask of the wit-
nesses.

And the witnesses are excused, and the hearing is now ad-
journed.

[Whereupon, at 11:55 a.m., the Subcommittee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Mr. William Gerstenmaier
HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
SUBCOMMITTEE ON SPACE AND AERONAUTICS

A Review of NASA’s Plans for the International Space Station
and Fature Activities in Low Earth Orbit

Questions for the Record to:

Mr. William Gerstenmaier
Submitted by Chairwoman Hern

1. NASA recently released its plan for Commercial LEQ Development.

a. Currently, NASA uses its allocation of crew time for scientific research, exploration
research and techunology, and the human research program. If NASA plans te make 5% of
its utilization availabie for commercial use, which of the above NASA activities will be
reduced, and how does the decrease research time affect the timeline for mitigating human
health risks and technology gaps for human exploration?

A: NASA has opened the ISS to expanded commercial and marketing opportunities to develop a
sustainable economy in low-Earth orbit (LEO), ultimately benefiiting NASA by enabling the
development of providers of services needed to accomplish Agency missions. As part of this effort, the
Agency has set aside five percent of its ISS utilization resources to serve commercial and promotional
activities — with no impact to the 50 percent allocation to the ISS National Laboratory, At the same time,
NASA will continue its mission in LEQ, conducting regular crewed operations; developing and
demonstrating long-term technology/systems; conducting space life and physical sciences basic and
applied research at current levels and capabilities; and providing opportunities for astrophysics, space,
and Earth science research, NASA expects to be able to conduct these additional activities primarily
through crew time efficiencies typically seen on orbit. In addition, it is not uncommon for actual crew
hours available for research to exceed the number of hours planned over the course of a week, so making
some utilization resources available for commercial use does not necessarily mean that other planned
activities cannot be accomplished. NASA will plan the resource usage to minimize impacts on any
ongoing research. NASA plans to continue research and technology development in support of deep
space exploration using I8S and commercial LEO capabilities as they become available.

b. The commercial LEQ development plan states that private astronauts mast meet NASA’s
medical standards, training, and certification procedures to travel to the ISS. How will
these requirements be fulfilled? Will companies reimburse NASA for the full cost of
participating in its astronant training program? Or if the private astronauts are
independently trained, how would NASA verify that they meet the standards?

A: These requirements will be fulfilled through agreements between NASA and the companies
conducting the private astronaut missions. Wherever possible, the companics interested in private
astronaut missions are contracting directly with the same cornpanies that NASA uses for these activities.
Since NASA owns the unique training facilities, and it is not cost effective nor in the Government’s best
interest to work with a commercial company to duplicate these facilities, NASA will support companies
conducting private astronaut missions by making NASA-unigue training facilities available to them on a
reimbursable basis. NASA will require evidence that the private astronauts meet the NASA training
requirements.
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¢ Who on the IS8 would keep track of private sector use of purchased crew time, power
usage, ete.? How is NASA planning to handie this accounting process?

A: The IS8 Program will keep track of private sector activities done on orbit in the same way crew time
is tracked and accounted for with the International Partners to allow for the reconciliation of the agreed-
upon allocations. Private sector activities, which would use various Station resources, would be factored
into and tracked through the standard scheduling process.

2. In March 2018, the NASA Advisory Council recommended that NASA formulate metrics to
guide the transition from &8 NASA-owned and operated International Space Station toa
commercial option. Has NASA developed such metries, and if so, what are they?

A: Inthe ISS Transition Report, released March 30, 2018, NASA identified eight ISS Transition
Principles intended to ensure uninterrupted access to LEO capabilities to enable NASA and the Nation’s
long-term interests in LEO and human spaceflight exploration. These principles are:

s Continuity among NASA’s LEO, deep space exploration, and development and research
activities and missions toward expanding human presence into the solar system;

o FExpanding U.S. human spaceflight leadership in LEO and deep space exploration, including
continuity of the relationship with our current ISS international partners;

s TIncrease platform options in LEO to enable more ISS transition pathways, security through
redundant capabilities, and industrial capability that can support NASA’s deep space exploration
needs;

*  Spur vibrant commercial activity in LEG;

% Maintaining critical human spaceflight knowledge and expertise within the Government in areas
such as astronaut health and performance, life support, safety, and critical operational ground and
crew experience;

o Continuing to return benefits fo humanity through Government-sponsored basic and applied on-
orbit research;

s Continuing Government-sponsored access to LEO research facilities that enable other
Govermment agencies, academia, and private industry to increase U.S. industrial competitiveness
and provide goods and services to U.S. citizens; and

e Continuing to reduce the Government’s long-term costs through private industry partnerships and
competitive acquisition strategies.

In addition, once U.8. entities are able to provide commercial activities or capabilities, NASA intends to
adjust the recently released “NASA Interim Directive (NID) on Use of International Space Station (IS8)
for Comnercial and Marketing Activities,” in whole or in part, as market conditions mature.
Performance metrics for the success of this policy will be established and reported in accordance with
criteria established by the Human Exploration and Operations Mission Directorate.

8. What are the criteria by which the transition would considered a success er a failure, and
when would this determination of the transition be made?

As Please see response to Question #2, above.
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3. Were any international partners on the ISS consulted during the planning process for the
commercial LEQ development plans? If so, what were their reactions? Are any of them
developing their own commercialization plans?

A: Yes. On August 9, 2017, NASA held a workshop in Washington, D.C., o engage 188 stakeholders in
gathering information that may be used in the development of NASA’s future planning activities. The
workshop was attended by individuals from the commercial space sector, researchers, technology
developers, transportation and habitation providers, other federal government agencies, international
pariner agencies, and other interested parties, providing a forum for dialogue with NASA on topics
relevant to space station futore planning. A complete summary of the workshop, including presentations,
can be found here: hitpsy//www nasa.govicontent/international-space-station-stakeholder-workshop

Consistent with the ISS Transition Principles, NASA has continued discussions with the ISS International
Partners to help shape the long-term future of the ISS platform and LEQ, and reviewed the five-part plan
with the Partners prior to its rollout. Consultations with the IS8 Pariners and other stakeholders are
essential to developing an implementation strategy that could result in the day-to-day execution of the ISS
being performed by private industry, Recognizing that there are differences in each Partner’s
organization and approach to commercialization, all of the agencies are united in striving to be innovative
in their industrial partnerships, and actively share information about emerging approaches.

4. Given the uncertainty that a privately owned and operated space station would be economically
viable, is partnering with more countries on the IS8, such as South Korea or India, an option?
What is the legal process for doing so?

A: The IS8 partnership will continue enabling research opportunities for non-partner countries. Such
participants are currently sponsored by an existing ISS partner. To date, over 100 couniries have utilized
the I8S for research or education activities, Any current ISS Partner may propose the participation of
non-Partuers in the 188 Program, either as users or as hardware providers, or both, in accordance with the
provisions of the Intergovernmental Agreement (IGA) and the Memoranda of Understanding (MOUs).

Adding a new “Partner” to the ISS legal framework established among 15 countries would be, at best,
complex and time consuming, as it would require conclusion of 2 new international agreement between
the new countries joining the partnership and all the existing countries currently party to the IGA. The
IS8 pariners have no plans to seek an expanded partnership at this time, given the success of
incorporating nop-partners in ISS activities.

Aside from expanding the ISS parinership, the resulis of the 12 LEO Commercialization studies on the
future of the LEO economy cousistently found that sovereign nations could be an important element of
the customer base for a privately-owned and -operated destination in LEQ. With users from over 100
countries completing educational or scientific activities on ISS, the existing partnership is flexible in
allowing partners fo spousor and benefit from participation of non-pariner entities, Thus, adding official
partners is not & necessary step for broadening the international roarket for I8S aceess.

a. What are the costs and benefits of allowing other countries to join the ISS?

A Please see response to Question #4, above.



87

5, According te a presentation in May of 2019 to the NASA Advisory Council’s Human
Exploration and Operations committee, NASA has contracted with Russia to ensure US crew
presence on the ISS through January of 2020, What is NASA’s plan #f the Commercial Crew
Program is not operational by then? What would be the implications for NASA’s LEQ
Commercial Development plans?

A: The Agency will begin transporting astronauts to the ISS via its U.S. providers as soon a8

possible. Flight test dates for NASA commercial crew providers are currently under review. The last
contracted U.S, On-orbit Segment (USOS) crewmember flying on a Russian Soyuz is currently scheduled
to return from orbit in October 2020. NASA is continuing to monitor the progress of the commercial
crew program and is working to protect options to maintain a U.S. presence on the ISS. NASA isin
contract discussions with Roscosmos for services on a sole source basis for one Soyuz seat and associated
services to the IS8, This transportation would be for one crewmember in the fall of 2020, with a return in
the spring of 2021,

Although Private Astronaut Missions to the ISS are dependent on Commercial Crew becoming
operational, the other facets of the LEO Comumercial Plan are not dependent on this capability. These
include purchase of other IS8 resources for commercial use, development of commercial modules and
platforms, and stimulating sustained non-NASA demand for LEO services.

a. In Mr, Martin’s written testimony, he stated that if the commercial erew program is
delayed beyond February 2028, the U.5. portion of the ISS could be forced to operate with
two or even possibly one crew member, What is your respense to this comment? To what
extent could NASA carry out research activities with such a reduced crew?

A: NASA continues to have confidence in the Commercial Crew partners, will continue to safely operate
the IS8 at an appropriate crew level. While NASA is making every effort to avoid reduced crew on ISS,
should that eventuality occur, NASA will continue to maximize the amount of research that can be
accormplished. However, a substantial impact on research and commercialization activities can be
expected should the USOS crew size be limited to one crewmember. Having a single USOS crew
member on orbit does not support operations required to conduct some exploration-critical science.

6. The 2018 NASA ISS Transition Report lsted four options for the future of the ISS: 1)
transitioning the operation of the IS8 to private industry through public-private partnerships,
2) augmenting the ISS with privately developed modules, 3) combining portions of the ISS with
a new private platform, or 4) beginuing anew with free-flying platforms. The 2019 NASA plan
for commercialization focuses on developing free-flyers and decommissioning the IS8, How did
NABA arrive at this conclusion?

A: NASA’s plans for transitioning LEO to the commercial sector are continuing to evolve. The rceently
released Commercial LEQ Development Plan has been informed by inputs provided by industry via the
12 LEO Commercialization studies provided to the Agency in December of 2018, All four options
identified by the ISS Transition Report are represented in the plan, and continue to be viable options.
Over the last decade, NASA has begun to transition elements of IS8 operation to private industry and will
continue te do so. The port solicitation released as Appendix I to the Next Space Technologies for
Exploration Partoerships-2 (NextSTEP-2) Broad Agency Announcement {BAA) envisions commercial
module(s) attached to the Node 2 forward port of the ISS, with an evolution path to a free flyer.
Appendix K of the NextSTEP-2 BAA envisions commercial destinations that begin directly as free-flyers.
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Both paths, through the port and as free-flyers initially, could potentially use portions of the IS8 ag part of
their concepts. NASA continues o be open to a variety of approaches to transitioning LEQ operations.

2. The 2018 IS8 Transition Report stated that NASA wants to completely transition its LEO
activities to commercial entities by 2028, However, the Commercial LEO Development Flan
is proposing a commereial free-flyer or ISS port module starting around 2025 and is
expecting the transition to be complete by 2030, Does the Commercial LEO Development
Plan supersede the 2018 IS8 Transition Report? When is NASA assuming ISS operations
will cense?

A: Asnoted in the response to Question #5, above, the Commercial LEO Development Plan represents
the Ageney’s approach to LEQ commercialization and is informed by data not available at the time the
initial edition of the IS8 Transition Plan was written (e.g., results of the 12 LEO Commercialization
studies). The Commercial LEO Development Plan is consistent with the 2018 IS8 Transition Report, and
moves it forward with concrete actions and development activities. ¥t should also be noted that the plan,
directed in the NASA Transition Authorization Act of 2017, is a biennial requirement that will be updated
to reflect the evolution of NASA’s efforts.

7. ¥um the April 25 mecting of the Acrospace Safety Advisory Panel, the Panel recommended that
NASA “immediately” {ransition to new space suits for space walks outside of the ISS. A 2017
NASA Inspector General report on spacesuits, “NASA’s Management and Development of
Spacesuits”, states that NASA will be challenged fo support the 188 with spacesuits through
2024, What are NASA’s development plans for new ISS spacesuits?

A: NASA is developing a flexible spacesuit architecture with common core subsystems that can be
meodified to support the needs of specific destinations from low-Earth orbit, to deep space, and to the
lunar surface. NASA intends to demonstrate the core spacesuil technologies and subsysterns applicable to
both ISS-based operations and surface exploration through a series of subsystem demonstrations at 188,
culminating in delivery of a complete suit system for an on-orbit demenstration at ISS prior to the 2024
Tunar mission, ”

a. How are you ensuring that the next generation of spacesuits will support a diverse
astronaut corps in terms of body height and shape, especially between women and men?

A: For the exploration EVA suit, the pressure garment design bas focused on improving fit and
performance for the full range of astronaut sizes and is not uniquely driven by gender, The exploration
pressure garment design and sizing scheme has been validated in over 30 test events with crew. The rear-
entry adjustable upper torse design accommodates crew from the 19 percentile female shoulder breadth
up to 99 percentile male, offering a significant improvement over all previous EVA suit systems and
representing the smallest size ever built.

8. According to a 2018 NASA Inspector General report, “NASA’s Management and Utilization of
the International Space Station”, “at least 6 of 20 human health risks that reguive the ISS for
testing and 4 of 40 technology gaps will not be completed by the end of FY 20247, What is the
current plan te address these health risks and technology gaps, as part of an IS8 transition?
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A: A pumber of the risks that can be addressed using IS8 will have completed on-orbit activities in 2024,
even though the testing and final recommendations from the research will not be complete. However,
there are some risks that will not be fully addressed by the end of 2024, A major requirement of the
ourrent path fo risk reduction is 10 additional IS8 subjects that spend approximately one year each in
space 1o reduce the health and performance risks for Mars missions. These one-year missions are
dependent on commercial crew transportation, and will require about five years to complete from the date
when the first one-year crewmember flies on a commercial vehicle. Government requirements for use of
188 during transition and on possible commercial LEQ platforms were summarized in LEO demand
studies that include the needs that the Human Research Program (HRP) and technology demonstration
activities have for continued LEO testing. NASA’s forecast for Government LEQ demand details the
Agency’s future needs in LEQ.!

NASA continues to prioritize utilization of ISS for testing of technologies critical for exploration of the
Moon and Mars. In FY 2018 and FY 2019, NASA initiated eight in-space demonstrations of technology
critical to enable human habitation in deep space. Research and technology development efforts that have
not been completed by the end of 2024 will be condueted on LEQ platforms — whether they be new
commercial platforms or commercially-operated 188 elements — are available in 2025 and beyond.

a. If the human research risks ave not sufficiently understood and witigated by the time of the
transition to a commercial space station occurs, bow difficult would it be to complete the
research on a commercial platform?

A: NASA intends to conduct needed R&D and technology demonstrations in LEO by competitively
purchasing services from commercially-owned and -operated destinations in LEO. NASA’s quantified
market forecast for such services was released on June 7, 2019, with the rollout of the Commercial LEO
Development Plan, Many currently identified Human Research Program (HRP) hurman health and
performance risks for deep space missions should be sufficiently mitigated by the end of 2024. However,
there will be some exploration risk areas requiring additional roitigation research, validation of
countermeasures for efficacy, and optimization of exploration biomedical systems, that will require
significant efforts and development. Some of these, such as validation of the autonomous exploration
medical system and advanced space radiation environment observation system, can only be conducted in
cislunar space with the Gateway, while others, such as behavioral health and radiation testing, will be able
to use ground-based facilities such as those at Johnson Space Center and Brookhaven National
Laboratory. For those areas requiring or substantially benefitting from LEO, such as operational testing
in microgravity, NASA will need a commercial habitation service that supports a crew presence at a level
sufficient to meet the objectives that are defined in the HRP path to risk reduction. A LEO destination
intended to host NASA human research will likely need to support crew health and safety, acoess to and
from LEQ, and the research capabilities needed to enable the activities identified in HRP risk reduction
plans.

9, A 2018 NASA Inspector General report, “NASA’s Management of the Center for the
Advancement of Science in Space (CASIS)”, found that CASIS has only sncceeded in meeting 2
of its 9 geals: 1) research pathways and science, and 2) STEM education, CASIS failed to meet
expectations in both the utilization of crew time for research and oufreach. In fact, between

1 “Earscasting Future NASA Demand in Low-Harth Orbit: Revision Two ~ Quantifying Demand” available at:

bitpsy/fwww nesa gov/sites/detanly/files/atoms files/forecasting fature pass demand in Jow-
sarth, orbit revision two-guantifving demand Hoks tasped.odf
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2613 and 2017, projects managed by CASIS only used 53% of the allocated crew time. The
report noted that NASA failed to actively oversee CASIS. How has NASA responded to this
management challenge?

A: Among NASA’s comments in response to the Office of Inspector General report, “NASA’s
Management of the Center for the Advancement of Science in Space,” (1G-18-010), the Agency noted
that it would continually develop and modify criteria to measure CASIS” performance; provide formal
feedback on a semiannual basis (along with NASA’s ongoing evaluation of CASIS® performance and
provision of routine feedback through discussions on a weekly and monthly basis); and identify annual
metrics and targets that are quantifiable and track to the requirements of the Cooperative Agreement with
CASIS. All of these efforts have been initiated and are ongoing. During the time period for which the
2018 report was written, 1SS utilization was affected by the loss of two cargo flights which impacted the
CASIS metrics

NASA has converted an independent review team (IRT) to provide assessment on the status of the
cooperative agreement with the CASIS and its ability to meet NASA’s needs over the next five years.
The IRT will produce a final report with observations, findings, concerns, and recommendations,

10. During the question and answer session of the hearing, NASA Inspector General Paunl Martin
said that NASA has invested $17 billion in the Commercial Crew and Cargo programs over the
last 12-14 years. Do vou agree with this level of investment, and if so, what does it include? If
not, why not? How much has NASA invested into the Commercial Crew and Cargo programs
from their inception nntil today? How much more does NAS plan to invest?

A: NASA has allocated about $19 billion towards commercial crew and cargo to date. This has
supported the completion of two cargo vehicles and the ongoing development of another, ongoing
development of two crew vehicles, and 31 successful cargo flights to the IS8, Of that amount, NASA
contributed $6 billion towards the development of the commercial crew and cargo systems. This is the
amount NASA refers to as “investment” in the systems, and it includes NASA’s share of the commercial
cargo development costs, as well as alil NASA Commercial Crew Program development costs
{Commercial Crew Development [CCDev] phases 1 and 2, the Commercial Crew Integrated Capability
[CCiCap] initiative, Certification Products Coutract [CPC] and Commercial Crew Transportation
Capability [CCtCap]). The remaining amount of $13 billion is the amount NASA has contracted for
services, 1.2, the transportation of cargo and crew to the ISE. This includes the current contract values for
both Commercial Resupply Services (CRS)-1 and CRS-2 cargo contracts, as well as CCtCap crewed
misstons to the ISS. Within the current maxinwim contract value, NASA can still award another

$10 billion under the CRS-2 contracts.

Of the $19 billion NASA has allocated to these programs, $14 billion has been paid to the companies to
date.
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Responses by the Honorable Paul Martin
Questions for the Record
A Review of NASA’s Plans for the international Space Station and Future Activities in Low Earth Orbit
Submitted by Chairwoman Horn

1. Currently, NASA uses its allocation of crew time for scientific research, exploration research and
technology, and the human research program. If NASA plans to make 5% of its utilization
available for commercial use, other NASA activities will have to be reduced. How would this
affect the timeline for mitigating human health risks and technology gaps for human
exploration?

While NASA’s Plan for Commercial LEO Development references making available 5 percent of its
allocation of utilization resources for commercial use, the plan is silent on any affects the
allocation would have on completion of its human health and technology gap research. NASA
expects research for at least 6 of 20 human health risks requiring the International Space Station
(IS5 or Station) for testing and 2 of 37 technology gaps will not be completed by the end of
September 2024 when the Station’s current authorization to operate expires. In addition,
research into 2 other human health risks and 2 additional technology gaps is not scheduled to be
completed until sometime in 2024, meaning that even minor schedule slippage could push
completion past the end of that fiscal year.

a. Would the revenues from selling 5% of ISS utilization go to NASA, or do they go to the
U.S. Treasury?
According to an Agency official, NASA plans to retain the funds because it would use a
Reimbursable Space Act Agreements to conduct these activities.

2. The Aerospace Safety Advisory Panel recommended that NASA "immediately” transition to new
space suits for space walks outside of the ISS. The 2017 NASA Inspector General report, "NASA's
Management and Development of Spacesuits”, states that NASA will be challenged to support
the ISS with spacesuits through 2024. What are NASA's development plans for new 1SS
spacesuits?

NASA has 11 functioning Extravehicular Mobility Units (EMUs — the “old suits”) and will continue
to use these to maintain EVA capability on the ISS for the next several years. The Agency plans
to begin testing its next-generation suit, known as the Exploration EMU (xEMU), on the ISS in
2023.

3. According to a 2018 NASA Inspector General report, "NASA's Management and Utilization of the
International Space Station”, "at least 6 of 20 human health risks that require the ISS for testing
and 4 of 40 technology gaps will not be completed by the end of FY 2024". What is the current
plan to address these health risks and technology gaps as part of an 1SS transition?

NASA has established mitigation plans for addressing outstanding health risks and technology
gaps if its research is not completed by 2024 that include a mix of ground-based tests. NASA
also plans to perform some of this research aboard the Lunar Gateway currently scheduled for
completion in 2026.

a. Iif the human research risks are not sufficiently understood and mitigated by the time of
the transition to a commercial space station occurs, how difficult would it be to
complete the research on a commercial platform?
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NASA’s plans for ISS contingency operations and commercial LEO development currently
do not reference the timing or capabilities of any future commercial platforms, thus
making it difficult to assess their usefulness to the Agency to complete any remaining
human health or technology demonstration research.

4. A 2018 NASA Inspector General report, "NASA's Management of the Center for the

5.

Advancement of Science in Space®, found that CASIS has only succeeded in meeting 2 of its 9
goals: I} research pathways and science, and 2} STEM education. CASIS failed to meet
expectations in both the utilization of crew time for research and outreach. In fact, between
2013 and 2017, projects managed by CASIS only used 53% of the allocated crew time. The
report noted that NASA failed to actively oversee CASIS. How has NASA responded to this
management challenge?

NASA has responded positively to the report and the recommendations by implementing
measurable goals and metrics and providing timely feedback to CASIS using those criterion.
Agency actions in response to all but one of the recommendations have been implemented and
the remaining action is expected to be completed later this year.

a. The same report found that, between 2013 and 2016, CASIS "has underperformed on
tasks important to achieving NASA's goal of building a commercial space economy in low
Earth orbit." How has NASA responded?

The 2018 CASIS annual report shows a growing portfolio of commerciol entities and
projects utilizing the National Laboratory. That said, in August 2019 NASA announced
an independent review to evaluate CASIS’s management of the ISS National Laboratory.

b. How has CASIS's performance been since the 2018 IG report?
Although we have not performed a detailed follow-up audit of their actions, the most
recent CASIS annual report shows improved performance, with CASIS reporting 5150
million in external, non-NASA funding to support its research portfolio, a 50 percent
increase over FY 2017. The report also stated that the group’s outreach efforts reached
more than 2 million students, parents, and educators—nearly doubie all previous years
combined.

In your written testimony, you stated that, if the commercial crew program is delayed beyond
February 2020, the U.S. portion of the 1SS could be forced to operate with two or even possibly
one crew member. To what extent could NASA carry out research activities with such a reduced
crew?

On the U.S. portion of the ISS, a typical work week with a 3-person crew allows each astronaut to
perform roughly 12 hours of scientific research, 6 hours of vehicle traffic operations, and 4 hours
of maintenance, among a variety of other tasks and operations. However, if commercial crew
transportation delays persist and the U.S. segment is left with a single crewmember, that
astronaut will be forced to focus mainly on vehicle traffic operations and ISS maintenance rather
than scientific research. We examine this issue in our forthcoming report on IS5 crew
transportation expected for public release in early foll 2019,



93

Responses by Dr. Joanne Irene Gabrynowicz

Answers to Questions Submitted for the Record by Chairwoman Kendra S.
Horn

Submitted by
Prof. Joanne Irene Gabrynowicz, Emerita

1. NASA has plans to transition the ISS from a government-owned and
operated laboratory to a commercial model in which the ISS, or portions of
it, may be commercially operated or commercially-owned and operated.
What are the legal issues, both domestically and internationally, that this
change may pose? What are the implications for the Intergovernmental
Agreement that governs the ISS partnership?

At the international level there are two major legal poinis:

1. The U.S. Government is internationally responsible for the activities
of its nongovernmental space actors in perpetuity.1 Article VI? of the Quter Space
Treaty states that the “activities of non-governmental entities in outer
space...shall require authorization and continuing supervision.” To assure that
nongovernmental space entities act in accord with the law, Art. Vi also provides
that “States Parties...shall bear international responsibility for...activities...carried
on...by non-governmental entities.™

It is crucial that Art. VI of the Quter Space Treaty is central to plans for
commercial LEO development. What constitutes “responsibility” is part of a
growing body of law that has strengthened and matured in recent years.5 The
United States Government—and through it—the U.S. taxpayer—uwill ultimately be
responsible for reparation if it is deemed necessary because of events arising
from U.S. nongovernmental space activities.

! Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer
Space, including the Moon and Other Celestial Bodies, opened for signature Jan. 27, 1967, 18
U.S.T. 2410, 610 U.N.T.8. 205 [hereinafter

Outer Space Treaty]. Art. VI

2 Art. Vi is the legal source for recognizing nongovernmental actors as legitimate space actors.
During Quter Space Treaty negotiations, it was the position of the Soviet Union that only States
could be legitimate space actors. The U.S,, of course, did not agree and took the position that
private entities were also legitimate space actors. The compromise between the two positions
was “to require authorization and continuing supervision” of nongovernmental space actors.

3 Quter Space Treaty, Art. V1.

4 1d.

S James Crawford, Jacqueline Peel, Simon Olleson, The ILC’s Articles on Responsibility of States
for Internationally Wrongful Acts: Completion of the Second Reading, 12 EJIL 963 (2001).

1
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The Government's responsibility exists in perpetuity. Withdrawing from, or
altering the terms of, the Outer Space Treaty can change this but that is an
option not favored by the space industry® or the U.S. State Department.”

2. Pursuant to the Infernational Space Station Intergovernmental
Agreement {(IGA), United States ISS obligations will remain in force even after
transfer of its ISS elements to nongovernmental commercial entities. The IGA
provides that “[tlhe transfer of ownership...shall not affect the rights and
obligations of the Partners " This is equally applicable to the MOUs and
implementing agreements.® Therefore, if the ISS tranSItton will include “transfer of
all or parts of the ISS itself to commercial entities”® including ownership, or
“exercise of ownership or equipment”'® then the United States will still have the
same rights and obligations that were in force prior to the transfer.

Implications for the IGA

Implications include expecting negotiations among the /SS partners
regarding the long-term effect of the transfers. Additionally, negotiations
regarding United States transfers will have ramifications for analogous plans
under consideration by the Partners. Together, these negotiations have the
potential to change or modify some aspects of the IGA that are currently
unanticipated.

8 Reopening the American Frontier: Expioring How the Quter Space Treaty Will Impact American
Commerce and Settlement in Space, Before the S. Cornm. on Commerce, Science and
Transportation Subcommittee on Space, Science, and Competiveness, 115 Cong., (2017);

Marcia Smith, Congress Looking at Additional Measures to Facilitate Commercial Space, {May 30,
2017, 12:00 AM),

“the Senate hearing...focused on...has the 50-year-old OST been so overtaken by events that
the United States should withdraw from or seek to renegotiate it. None of the witnesses
supported either of those courses of action hitps: //spacepoIicyonline.comlnewslconqress—

" The Next F:fty Years of the Outer Space Treaty, Remarks by Brian J. Eagan, Legal Advisor, U.S.
State Department, (Dec. 7, 2016), “the Outer Space Treaty serves a constitutional role in the
international legal framework for outer space. ..If the preparations for future space activities
underway in the United States and other nations are any indication, the Treaty will serve this
function well into its second half century and beyond.” hitps://2009-

2017 state.gov/s/ifrel fremarks/264963.him

8agreement Among the Government of Canada, Governments of Member States of the European
Space Agency, The Government of Japan, the Government of the Russian Federation, and the
Government of the United States of America Concerning Cooperation on the Civil International
Space Station, [Hereinafter, iGA], Article 6.3. hitps://www state . gov/iwp-

g_gntentluplcads/201 9/02/12927-Multilateral-Space-Space-Station-1.29.1998.pdf

Forecasting Future NASA Demand in Low-Earth Orbit: Revision Two — Quantifying Demand, pg.
1.

*IGA, Article 6.7.
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It must also be noted that The IGA is part of a three-tier legal framework
that includes memoranda of understanding (MOUs), implementing arrangements
and, other formal arrangements. All of these must be taken together to determine
the implications for the IGA in any given situation.

At the domestic level there is one major, overarching legal point:

There currently is an uncertain national space law environment that
includes a regulatory gap for on-orbit activities''. The role and responsibility of
the private sector conducting on-orbit activities is unclear. Further, under the
Outer Space Treaty," the United States is internationally responsible for their
activities. This issue is discussed further under questions 3 and 4.

2, Given the uncertainty that a privately owns [sic] and operated space
station would be economically viable, is partnering with more countries on
the ISS, such as South Korea or India, an option? What are the legai
processes for doing so?

Whether or not it is an option for any given nation to become a Partner in
the ISS is a political question, not a legal question. Therefore the answer would
depend on a number of variables including the political will of the existing
Partners and proposed Partners; the proposed contributions of the proposed
Partner(s); and, the engineering and scientific aspects of integrating the
proposed Partner(s) and contributions into the existing physical infrastructure.

The legal processes of partnering with more countries will depend on the
diplomatic choices made. Possible processes include bilateral and multilateral
negotiations. All diplomatic choices will require following relevant procedures
contained in the /GA; the four bilateral Memoranda of Understanding between
NASA and the other Cooperating Agencies; and, the Implementing Agreements
that have arisen as needed. There is also the precedent of bringing the Russian
Federation, then a non-Partner, into the /GA as a Partner.

in the first iteration of the IGA from 1988 to 1998, the Partners were
Canada, Europe, Japan, and the United States. With the end of the former
U.8.S.R, and the advent of the Russian Federation, the U.S. sought to bring the
Russian Federation into the /1SS /GA. In order to do so, the “prior concurrence”"
of the other Partners was required. In order to facilitate acquiring the other

" National Academies of Sciences, Engineering, and Medicine, Review and Assessment of
Planetary Protection Policy Development Processes, Washington, DC: The National Academies
Press. hitps://dei.org/10.17226/25172, at 86, (2018).
12

Art. V1.
IGA At 6.4.
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Partners’ concurrence, the U.S. and Russia entered into a bilateral Interim
Agreement from 1994 to 1998.™ In the Interim Agreement Russia agreed to fulfill
U.S. obligations under the /GA. However, vis-a-vis the existing Partners, the U.S.
was still legally responsible for its obligations under the IGA. The bilateral interim
language was identical to the IGA muiltilateral language. This arrangement
allowed the U.S. and Russia to demonstrate that Russia could be a viable ISS
partner. it resulted in the 1998 iteration of the /ISS /GA in which the Partners are
now Canada, Europe, Japan, Russia, and the United States.

There is the option of bringing a nation into the /SS as a something other
than a Partner. Brazil and ltaly each participate in the ISS through an
arrangement called a “Side Agreement”. These agreements are ancillary to the
IGA and supplement the broader agreement. Each were catalyzed by different
political and technical motives and the Side Agreements appear to be sui generis.

3. What are the most significant legal risks to NASA’s commercial LEO
development plans? What further questions regarding legal issues and
liabilities need to be asked and answered?

The most significant legal risk is an uncertain and illusory legal regime.
This is explained below in answer 4.

4, In your written testimony, you state, “Development of LEO and the
ISS is beginning at a time...when recent U.S. national space law
increasingly places more of the cost of industry risk-taking onto the U.S.
taxpayer and, when recently enacted U.S. national space law has created
an uncertain legal environment by the use of illusory language that is
mostly aspirational and repetitive and creates little black-letter law.” Can
you expand on your comments? How has risk been shifted to the
taxpayer? How has the “illusory language” created an “uncertain legal
environment”?

The Uncertain Legal Environment

From 2015 to the present numerous space bills have been introduced in
Congress and a number of them have become Federal space laws. Together,
the U.S. national space law statutes enacted since 2015 contain few provisions

“Interim Agreement Between the United States and Russia for the Conduct of Activities Leading
to Russian Partnership in the Detailed Design, Development, Operation and Utilization of the
Permanently Manned Civil Space Station (Signed at Washington June 23, 1984. Entered into
force June 30, 1995).

This followed the Agreement between the United States of America and the Russian
Federation Concerning Cooperation in the Exploration and Use of Quter Space for Peaceful
Purposes of June 17, 1992. hitps://www.princeton edu/~ota/disk1/1995/9546/954610.PDF
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that actually authorize, require, or prohibit action. There is little authentic law to
define rights and obligations and to provide guidance in disputes. They do
contain numerous findings, reaffirmations, and Sense of Congress provisions,
none of which make iaw. This has resulted in a body of “law” that appears to
provide stability and direction but which—in reality—contains precarious
regulatory gaps'° and creates legal uncertainty.

Congress has yet to authorize any Federal agency to exercise jurisdiction
over the on-orbit activities addressed in these laws. They range from lunar
missions to asteroid mining. This has caused a regulatory gap in which the role
and responsibility of the private sector conducting on-orbit activities is unclear®
and for which the United States is internationally responsible under the Quter
Space Treaty."” The single payload review conducted for a planned lunar landing
“‘does not extend to future missions by [the same company] or similar missions
from other entities...[fluture missions may require additional authority...on a
case-by-case basis when the law permits.”'®

Because these laws address so may commercial issues both old and new,
some are characterizing these laws as a major breakthrough for U.S. commercial
space law and activities. However, upon closer examination of the content of
these laws, it is apparent that quantily does not mean quality. They contain a
formula for action that, if all goes as designed, results in a political “machine” that
serves political interests rather than the law.

The formula consists of the generous use of technical legal terms of art
that do not create law; numerous calls for studies and reports on topics and
issues rather than addressing the actual substance of the topics and issues; and
the establishment of advisory committees whose work is to be integrated into the
ongoing research and reporting. The reports are to be sent to specific
Congressional committees for further action. Together this establishes an
interconnected mechanism among agencies, advisory commitiees, and
Congressional committees in which lobbying, advocacy, and the legislative
process become interchangeable.

The Use of lllusory Language

The use of technical legal language that does not create law includes the
use of Findings, Sense of Congress provisions, and Reaffirmations. These are

'® National Academies of Sciences, Engineering, and Medicine, supra note 11, at 86.

:: National Academies of Sciences, Engineering, and Medicine, supra note 11, at 86.
Art. VI

'8 FAA, Fact Sheet—Moon Express Payload Review Determination, August 3, 2016,

https://iwww.faa.gov/news/fact_sheets/news_story.cfm?newsid=20595. Emphasis added.
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legitimate legislative tools. However, in a number of recent space laws and bills,
the cumulative amount of this language in a given law is more than the language
that actually creates law. Some relevant laws and bilis include the U.S.
Commercial Space Launch Competitiveness Act of 2015 (CSLCA)", the National
Aeronautics and Space Administration Transition Authorization Act of 2017
(Transition Act)®°, the American Space Renaissance Act’'(Renaissance Act) and
a bill in process, the Space Frontier Act of 2019.2

“Findings” and “reaffirmations” in a public law state the problems and
principles that the public law's operative sections attempt to address. They are
not operative sections themselves. Courts consult the findings and reaffirmations
of a public law to determine the law's meaning when the operative provisions of
the law are capable of different interpretations. ® Both “findings” and
“reaffirmation” language have been liberally used in recent U.S. Federal space
law.

However, “Sense of Congress” provisions have been the most used
technical term of art that does not make law. As explained by the Library of
Congress, “A ‘sense of resolution is not legally binding because it is not
presented to the President for his signature. Even if a ‘sense of provision’ is
incorporated into a bill that becomes law, such provisions merely express the
opinion of Congress or of the relevant chamber. They have no formal effect on
public policy and have no force of law."*

For example, Sense of Congress provisions appear in the Transition Act
34 times.?® If all of these provisions were removed from the Transition Act, less
than half of the Act would remain. There is even a provision in which “Congress
reaffirms the sense of Congress...””, literally adding one non-substantive layer
over another non-substantive layer. The Sense of Congress provisions apply to
a wide range of important space issues including sustaining national space
commitments; the use of low Earth orbit and the international Space Station; the

P L. 114-90 (2015).

®p1 . 115-10 (2017).

2 H.R. 4945, 114" Congress, (2015-2016).

23 919, 116™ Congress, (2019-2020).

* william N, Eskridge, Jr. et al., Legislation and Statutory Interpretation (2nd Edition), (2008), pp.
280-281.

o Christopher M. Davis, Cong. Research Serv. 98-825, “Sense of” Resolutions and Provisions”,
52016). {Emphasis added.}

® This count excludes the use of the term “Sense of Congress” in titles and prefatory language.
Including these the count comes up to 66.

% Transition Act, supra, note 20 at Sec. 501 (a).
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Commercial Crew Program; transparency; the Space Launch System; human
space exploration; and, asteroids, among others.

There are nine Sense of Congress provisions in the CSLCA.* They apply
to such important topics as launch compestitiveness; space traffic management;
government astronauts; and, U.S. sovereignty. The CSLCA is also a prime
example of substituting studies and reports on issues rather than addressing the
substance of the issues. it calls for 13 reports, 3 studies, 2 reviews, 2 plans, 1
evaluation, and 1 assessment.”® Some are to be produced annually. ® The
majority address space transportation vehicles and services; one report is
regarding asteroid mining; and, one annual report is regarding commercial
remote sensing. Most of them are to be delivered to the Senate Committee on
Commerce, Science, and Transportation and/or the House Committee on
Science, Space, and Technology of the House of Representatives. None of the
studies are funded.>® Some of the studies have been completed and others have
not.

There are 20 Sense of Congress provisions® in the unenacted bill, the
Renaissance Act. The issues they address include satellite architectures for the
Dept. of Defense; strategy for positioning, navigation, and timing for GPS; the
ability of the Space Based Infrared System to generate useful weather data; the
National Geospatial-Intelligence Agency’s use of open-source methods; and,
reorganization of NASA, among others.

The Space Frontier Act of 2019* has five Sense of Congress provisions>*
and shows that the practice of using language that makes no law is
continuing. The provisions address the existing authorities of the Secretary of
Transportation; the terms of fair access to NASA assets and services by the
commercial space industry; and, maintaining a human presence in low Earth
orbit, among others.

# This count excludes the use of the term “Sense of Congress” in titles and prefatory language.
Including these the count comes up to 15.
28Su,ora, note 19, at Sec,, 102, Sec. 105, Sec. 108, Sec. 109, Sec. 110, Sec. 111, Sec. 113, Sec.
115, Sec. 116, Sec. 201, Sec. 202, Sec. 302.
* Supra, note 19, at Sec. 113, Sec. 201, Sec. 202.
2‘1’ H.R. Rep. No. 114-119, at 47 (2015).
This count excludes the use of the term “Sense of Congress” in fitles and prefatory language.
Including these the count comes up to 36.
2 Supra, note 21.
® Supra, note 22.
This count excludes the use of the term “Sense of Congress” in titles and prefatory language.
Including these the count comes up to 10.

7



100

Shifting Risk to the Taxpayer

Taken together, all of these statutes create an uncertain legal environment
at the national level in which there is little or no legal authority or guidance over
circumstances that have the potential to cause harm. The only real certainty is
that the United States will be responsible for the activities of nongovernmental
actors. If that responsibility is determined to include financial reparations, it will
be the U.S. taxpayer who will pay them.

Recent laws and bills also include specific measures that shift the risk for
nongovernmental activities to the taxpayer. The CSLCA “forcel[s] victims and
taxpayers to pay the costs of any private space travel crash or disaster”.* It also
extends Government indemnification to the customers of commercial human
spaceflight providers {(“spaceflight participants”) and prohibits regulating
commercial space travel until 2025.%

The current proposed rule for remote sensing regulations will not require
licensees to obtain insurance for what is called a “low risk category” of
satellites.¥” In lieu of insurance, licensees must “comply with the latest version” of
the still evolving space traffic management practices issued by the U.S.
Government,*® There is no specific mention of whether or not insurance is
required for what is called the high-risk category.>® Not requiring insurance at a
time when evolving space traffic management practices are being “contemplated”
and are in the process of being “updated’, and when “a new approach” must be

% Amanda Robert, Commercial Spaceflight Industry Faces uncertain legal, regulatory
environment, Legal Newsline, (June 5, 2017) htip://legainewsline.com/stories/511121527-
commercial-spaceflight-industry-faces-uncertain-legal-regulatory-environment “Linda Lipsen,
chief executive officer of the American Association for Justice, [said] in a statement before the
bilf's passage that it would force victims and taxpayers to pay the costs of any private space
travel crash or disaster. ‘The bill jeopardizes both civilians on the ground and the passengers,
whose right to hold anyone accountable would be eliminated,” quoting Linda Lipsen, regarding the
Commercial Space Launch Competitiveness Act which “extends the indemnification regime and
learning period”.

% Supra, note 19, § 103.

3 Licensing of Private Remote Sensing Systems, 84 Fed. Reg. 21282 (proposed) (May 14, 2019)
ggo be codified at 15 C.F.R. Part 960).

Space Policy Directive-3, National Space Traffic Management Policy, 6(b)(ii), (June 18,2018),
hitps:/iwww.whitehouse gov/presidential-actions/space-policy-directive-3-national-space-traffic-
management-policy/ [Hereinafter SPD-3).

9 Fed. Reg. supra note 34 at § 860.10, “If the Secretary makes an initial determination that an
application is high-risk, the Secretary shall also make an initial determination of whether the
application should be subject to specific license conditions under § 960.18. The Secretary shall
presume that the standard license conditions are sufficient, unless the application presents a
novel or not previously licensed capability with unforeseen risk to national security or compliance
with international obligations and policies.”

8
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“developec!”40 means the U.S. Government and the U.S. taxpayer will pay for
harm caused by the licensees.

Requiring no insurance and placing all risk on the U.S. Government and
U.S. taxpayer creates fertile conditions for moral hazard. There is no incentive for
a licensee to take action to reasonably decrease or mitigate risk because it will
not bear the cost of the harm that is caused by its actions. This is particularly
applicable in the proposed rule that relies on self-reporting*' and volunteering®?.

it can be expected that a number of licensees will value good corporate
citizenship and act agpropriately. However, experience demonstrates that will not
always be the case.*

5. In your written testimony, you stated that the United States
Government would maintain its obligations over 1SS elements even after
transferring them to commercial industry. Would this also apply to ISS
elements owned and operated by ISS international partners?

Yes. The ISS IGA provides that, “Canada, the European Partner, Russia,
and the United States...and Japan'* have the same rights and obligations
regarding “transfer of ownership of...elements™® as well as “{tlhe exercise of
ownership of elements and equipment.”* Further, “[tlhe addition of evolutionary

0 5pp-3 supra note 35,

“ Fed. Reg. supra note 34 at § 960.15 (a), “the licensee will certify in writing to the Secretary that
each material fact in the license remains accurate.”

*Fed. Reg. supra note 34 at §960.15 (b), (1) (2) (3), “If any material fact in the license is no
longer accurate at the time the certification is due, the licensee must: (1) Provide all accurate
material facts; (2) Explain the reason for any discrepancies between the terms in the license and
the accurate material fact; and (3) Seek guidance from the Secretary on how to correct any errors,
which may include requesting a license modification.”

3 Caleb Henry, FCC Fines Swarm $900,000 for unauthorized smallsat launch, Space News,

(Dec. 20, 2018), "Swarm defied the FCC by launching the satellites after the agency dismissed its

application for an experimental authorization to communicate with the

Epacecraft.% hitps://spacenews.com/fcc-fines-swarm-800000-for-unauthorized-smallsat-launch/
IGA Art. 6.1.

*|GA Art. 6.3. “The transfer of ownership of the elements listed in the Annex or of equipment in

or on the Space Station shall not affect the rights and obligations of the Partners under this

Agreement the MOUs, or implementing arrangements.”

“IGA Art. 6.7. “The exercise of ownership of elements and equipment shall be subject to any

relevant provisions of this Agreement, the MOUs, and implementing arrangements, including

relevant procedural mechanisms established therein.”




102

capabmty shall in no event modify the rights and obligations of any Partner
State.”

a. If NASA transitions to being an anchor tenant on commercial, free
flying modules in low Earth Orbit, to what extent could NASA transfer the
ISS Intergovernmental Agreement to a commercial module? Or is the ISS
Intergovernmental Agreement only applicable to government-owned
elements and spacecraft?

To a degree. it will depend on the nature and purpose of the free fiyer, the
political will to have one, and the ensuing negotiations among the Partners. In
general, only the /GA provisions for station evolution*® and cross-waivers of
liability* “shall apply to any additions of evolutionary capability”.%

The Partners agree “to create an integrated international Space Station”®"
which has an “evolutionary character”.% Further, “it shall be the object of each
Partner to provide, where appropriate, the opportunity to the other Partners to
cooperate in its proposals for additions of evolutionary capability.%®

However, “[tlhe addition of evolutionary ca 5‘Pability shall in no event modify
the rights and obligations of any Partner State.”™* The IGA “sets forth rights and
obligations concerning only the elements listed in the Annex®™...[the IGA] does
not commit any Partner State to participate m or otherwise grant any Partner
rights in, the addition of evolutionary capability.”*®

The Cross-Walver of Liability required by the /GA would apply to the free
flyer's provider.”” The Partners agreed that they, and their “related entities” that is,

“ 1GA Art.14.7. “The addition of evolutionary capability shall in no event modify the rights and
obligations of any Partner State under this Agreement and the MOUs conceming the elements
L:ésted in the Annex, unless the affected Pariner State otherwise agrees.”
IGA Art.14.
“*1GA Art. 186.
O IGA Art. 14.2
Z; IGA Art. 1.2,
IGA Art. 1.4,
2 1GA Art. 14.1
*GA Art, 14.7.
% “The Government of the United States, through NASA, shall provide:
--Space Station infrastructure elements, including a habitation module:
--as user elements, laboratory modules (including basic functional outfitting), and attached
payload accommodation equipment;
--other flight elements to supply the Space Station; and
--m addition to the flight elements above, Space Station-unique ground elements.” IGA Annex 5.
*1GA Art. 14.
7 IGA Art. 16.

10
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the cooperating space agency; contractors; subcontractors; users and customers
at any tier cannot sue the other Partners and their “related entities” for damage
caused to “protected space operations.” "Contractors” and “"subcontractors”
include suppliers of any kind.*® Protected space operations “means all launch
vehicle activities, Space Station activities, and payload activities on Earth, in
outer space, or in transit between Earth and outer space in implementation of
[the IGA], the MOUs, and implementing arrangements.”*®

U.S. national law governs the relationships between and among NASA
and its U.S. contractors; subcontractors; suppliers; users and customers.
Assuming the free flying module is provided by a U.S. nongovernmental
commercial entity, U.S. law would govern the agreement between it and NASA.
The free flyer would have to be registered as a U.S. space object and U.S. law
would apply onboard. The U.S. would be “internationally responsible” for it.%

* IGA Art. 16.2 (b) (3).
% IGA Art. 16 (2) (F).
% Outer Space Treaty, Art. VI

"
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