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Chair
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ational Aeronautics and Space Administration
Washington, DC 20546

Dear~
Enclosed is NASA's response to a recommendation from the 2014 First Quarterly
Meeting of the Aerospace Safety Advisory Panel (ASAP). Please contact me if the AS AP
would like further background on the information provided in the enclosure.
I look forward to receiving continued advice from the ASAP that results from your
important fact-finding and quarterly meetings.
Sincerely,

Charles F. Bolden, Jr.
Administrator
Enclosure:
2014-01-01 - Radiation Risk Decision on Deep Space Mission

Aerospace Safety Advisory Panel Recommendation
Tracking Number 2014-01-01
Radiation Risk Decision on Deep Space Mission

Finding:
Deep space journeys of a year and planetary missions of three years are considered high risk for
health issues. Long-term radiation is a problematic issue. The current NASA standard allows an
increase of three percent in the chance of fatal cancer above the baseline risk faced by the
general public. Current assessments indicate that an astronaut can spend about 250 to 500 days in
orbit without exceeding this risk, depending on solar activity at the time. Long-term flights
exceed this timeframe. The NASA team estimate is that it is unlikely that NASA will be able to
radiation shield much more than what is being done now. They currently estimate that with what
we know today, long-term missions could increase the chance of fatal cancer anywhere from 5 to
21 percent above baseline.
Recommendation:
The ASAP recommends that (1) NASA continue to seek mitigations for the radiation risk and (2)
establish an appropriate decision milestone point by which to determine acceptability for this risk
to inform the decision about a deep space mission. This risk choice should be made before
NASA decides to go forward with the investment in a future long-term mission.
Rationale:
This risk can have a profound impact on mission choices beyond Low Earth Orbit (LEO). The
conundrum we want to avoid is spending billions on a planetary mission and then concluding
that a risk as high as a one in five risk of death from the single radiation hazard is unacceptable.
NASA Response:
NASA concurs with ASAP Recommendation 2014-01-01 Radiation Risk Decision on Deep
Space Mission.
Recommendation (1): The ASAP recommends that NASA continue to seek mitigations for
the radiation risk.

Limitations on future missions that will travel beyond LEO and last for long durations exist in
order to protect the health of the crew. Today, limits are set in order to not exceed NASA's
astronaut standard career exposure limit (e.g. , 3 percent Risk of Exposure-Induced Death (REID)
for fatal cancer at a 95th percent confidence level). With recent evidence suggesting that
degenerative cardiovascular effects may be non-detelministic, a combined percentage REID
from both cancer and cardiovascular disease is being considered. Combined cancer and
cardiovascular crew risks for Mars Design Reference Missions have an estimated mean value of
5 percent REID, with a 2.5- to 3-fold uncertainty, pushing values at the 95 th confidence interval
towards 15 percent. This is 5 times greater than the current standard .
NASA is investing in and looking for solutions in many areas to resolve this problem, which
likely rely on an integrated mitigation strategy across biological and physical countermeasures.
Investments are being made by a number of NASA programs. Additionally, final crew selection
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will involve operational monitoring, dosimetry, and decisions to reduce exposures. Examples of
our investments include technologies in risk assessment modeling, radiation prediction, space
weather forecasting, and radiation protection systems including materials and shielding designs.
Operational strategies and biological/pharmacological countermeasures that mitigate the effects
of continuous radiation exposure are also being developed. Current belief is that biological
solutions still remain the largest potential contributor to mitigating this risk, with the greatest
challenge being protection against galactic cosmic radiation.
The Human Research Program (HRP) Space Radiation Element is focused on quantifying and
mitigating radiation health risks from a biological perspective as well as providing space
radiation transport codes and design tools for shield material selection and design optimization.
HRP funds ground-based research at the NASA Space Radiation Laboratory (NSRL). NSRL
was developed in collaboration with the Brookhaven National Laboratory to conduct research
using simulated high-charge and high-energy (HZE) particles found in space. Research includes
risk characterization and mechanistic studies at animal, tissue, and cellular levels. These are
aimed at understanding and mitigating the effects of HZE particle radiation on biological
systems for the major radiation risks of cancer, degenerative tissue (cardiovascular) diseases, and
acute and late central nervous system effects. Mitigation efforts are focused on accurate risk
quantification, individual sensitivity, identification of biomarkers, and development of biological
countermeasures. Research results are incorporated into risk models used to assess exposure
limits and to derive design requirements. HRP also sponsors research on the role of genetic and
epigenetic factors on indi vidual susceptibility to radiation induced diseases, which can inform
future individualized risk assessments supporting a more informed crew consent and selection
process. As research matures, greater emphasis will be placed on the identification of
countermeasures tailored to provide risk reduction for the late effects from low-dose rate and
heavy ion exposures. Lastly, HRP is supporting studies and analysis that are expected to lead to
validation of biomarkers for future individualized risk assessment, early disease detection, and
prognostic monitoring related to disease endpoints.
In addition to biological research, NASA is investing in technology advancements. The National
Research Council (NRC) has identified space radiation technology development as one of the 16
high priority areas for space technology investment. It is one also of the highest-priority
technology areas for human spaceflight in the report, and is one of the top 8 ( core) technology
investment priorities in the Strategic Space Technology Investment Plan.
NASA' s Advanced Explorations Systems (AES) program develops prototype systems and
demonstrates key capabilities to reduce the risk and costs of future human spaceflight missions.
Radiation exposure is one of the top areas of interest by AES with RadWorks/Radiation Sensors
as one of its projects. This project focuses on flight demonstration of advanced, miniaturized
radiation measurement technologies for future human exploration missions, including the
International Space Station; Exploration Flight Test 1 (EFT-I); Exploration Mission 1 (EM-I);
and EM-2. Solar Particle Events shelter concepts were developed involving reconfigurable
logistics and a water wall concept for shielding the crews' quarters. Prototypes for the concepts
have been built and set aside until needed for habitat design effolis.
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Solar (and energetic storm particle) radiation typically is of short duration but can be of high
intensity. Its sudden, transient nature requires better solar particle instrument technology and
more advanced space weather modeling capabilities to enable improved radiation prediction.
This type of radiation can be quite manageable with shielding and advanced warning. Therefore,
early detection can effectively lead to better mitigation.
NASA set a priority to invest in technologies such as improved particle sensors and radiation risk
assessment models to better understand and predict radiation events and the effects of radiation
exposure. With respect to radiation shielding, currently NASA ' s technology investment is
limited to basic research and low-technology readiness level investments to find the required
solutions for our future long-duration human missions.
On March 27, 2013, the NASA Technology Executive Council (NTEC) members evaluated the
portfolio and Agency priorities and signed a decision memorandum that addressed the overall
need for radiation technologies. It was decided that NASA should conduct a study that will
determine the appropriate strategy for technologies that provide the following capabilities:
detecting radiation exposure, predicting its effects, mitigating its effects, preventing radiation
exposure (e.g., shielding), and providing countermeasures to decrease the negative impact once
radiation exposure has occurred. The study is underway, and the results of the study will be
presented at the April NTEC meeting and incorporated into the Fiscal Year 2014 technology
roadmap update (to be concluded in December 2014) and the Strategic Technology Investment
Plan update (to be concluded in Fiscal Year 2015).
Recommendation (2): The ASAP recommends that NASA establish an appropriate decision
milestone point by which to determine acceptability for this risk to inform the decision
about a deep space mission. This risk choice should be made before NASA decides to go
forward with the investment in a future long-term mission.
NASA Response:
The Office of the Chief Health and Medical Officer engaged the Institute of Medicine (10M) to
conduct a study to examine policy and ethical issues relevant to crew health standards for
exploration space missions. The study "Health Standards for Long Duration and Exploration
Spaceflight: Ethics Plinciples, Responsibilities, and Decision Framework" was released on
April 2, 2014. The study provides a framework of ethical principles that can help guide
decision-making associated with implementing health standards for exploration class space
missions when existing standards cannot be fully met, or the level of knowledge of a given
condition is sufficiently limited that an adequate standard cannot be developed, for the mission.
The results of this study are directly applicable to the current ASAP recommendation. NASA
will brief the ASAP on the results of the study and NASA's plan forward to implement the study
in six months.

