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HRP Integrated Research Plan (IRP) - Revision D
y . Space Radiation (SR)

Risk of Acute or Late Central Nervous System Affects from Radiation Exposure ;
Integrated Risk Assessment
Task Name 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 | 2025

1|2|3|4|1 |2\3|4|1 \2|3\4|1 |2|3\4|1 |2|3|4\1 |2|3|4|1 |2|3\4|1 \2\3\4|1 \2|3|4|1 |2|3|4\1 |2\3|4|1 2—|—|4|1 \2\3\4|1 |2|3|4\1 |2|3|4|1 |2|3|4|1 [2]3]4

ISS and other vehicles o ‘ ‘ ‘ . ‘ ‘ ‘ ‘ . N o ‘ . ‘ ‘ 1
; I b 3 c d I I ‘e I f: g

Aa: 6 Crew Capablllty, AD: Shuttle Retlréd Ac: EFT1 Ad: MPCV CDR; Ae EM1; Af: EM2 Ag: Ehd of US Co}‘nmltment td 1SS . . | . . .

| 1 1 1 . 1 ISS as Mars analog 1 . 1 . . . | | i

. | . < :] ’ - ’ ' ' : - § [:A | . . . |

Space Radiation (SR) 3 3 : : E 3 3 3 : E 3 3 3 E 3 3 3
Risk of Acute and Late Central Nervous System Effects ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
from Radiation Exposure | | | | . | | | | . | | | . | | |
Integration of Research Results i | . . . i | | . . | | i . | | i
CNS Risk Projections: CNS Risk Model Development V1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

and CNS PEL# 1 Update . | . . . . | | . . . . | . . . |
Integration of Research Results from Gaps ' ' ! ! ! ' ' "G ! ! ' ' ' ! ' ' '

' ' ' ' ' ' ¢ . . A Full descrlptlon of model with supportlng research report ' ' '

Independent review of acute and late CNS research results ! ! ! ! ! ! ! ! ! DA&M ' ! ! ! ! ! !

including NSCOR, NRA and DOE Low Dose . . . . . . . . ( : 4 Final Report (|”f0”'”53t|0n to GEPS 182) . . .

Updates to CNS PELs | | . . . . | | . . DA&M . | . . . |

. | . . . . | | . . 4 . | . . . |

1 ' ' ' ! ' ! ! . Recommended CNS PEL#1 updates | . . | |

. . . . | Does ewdence suggest updates to CNS PELs are necessary7 Is there sufficient data to proceed with risk model development7 .

! ! ! ! ' Recommend PEL update. Proceed with model development | Yes " No — continue gap research ' ! ! !

CNS Model updates/Final Verification | | | | . | | | . . | DA&M | . | . |

: : : : . : : ! CNS risk model V1 beta releaseH Baseline CNS Risk Model V1.0 | : :

CNS Risk Projections: CNS Risk Model V2.0 and CNS . . . . . | | | | . | 1 | . | | |
PEL#2 Update : : : : : : : : : : : : : : : : :
Integration of Research Results from Gaps . | . . . . | | . . . . G | . . . |

. | . . . | | | | . | Lﬁ FuII description of model with supportin

Independent Review (includes synergies with other spacefligt : : : : . : : : : . : : : DA&M 3 3 1

. | . . . . | | . . . . . . A  Final Report |
Updates to CNS PELs : : : : . : : : : . : 12b: Information from Gap 8 synergies assessment in support of

, , ' ' ' . I Information from Gaps 1,2, 3,5,6 in support of PEL#2 update Recommeded CNw

: ! ! ! : : ! ! ! : : : 2a DAGM  2b 4 : :
I?oes evidence suggest t]pdates to CNS PEL and Risk Modei

. , ' ' ' . I I ' ' . . Proceed with updates. Yes 1 @ No — continue gaw

CNS Model updates/Final Verification } ! ! ! f } ! ! ! 5 } } ! 5 | DAGM ! !
\ . ' ' ) \ . . ' ) \ \ . ) f CNS Risk
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Space Radiation (SR)

E HRP Integrated Research Plan (IRP) - Revision D
N 4 Risk of Acute and Late Central Nervous System Effects from Radiation Exposure

Task Name 2009 [ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

1]2[3]4[1]2]3[4[1]2[3[4[1]2]3[4[1]2[3[4[1]2]3[4[1]2[3[4[1[2[3]4[1]2[3[4[1[2[3]4[1]2]3[4[1[2[3]4[1]2]3[4[1]2[34[1]2]3[4[1]2[3][4[1][2]3]4
ISS and other vehicles o 1 o . o o . | L 1 E o 1 1 1 .
: - - - R - : . - ; = | | . .
a . . b . ‘c d . | e . f, g | . . .
Aa: 6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment to ISS | . . .
3 : L 3 3 IS as Mars analog 3 o 3 : 3 E
Space Radiation (SR) 3 : E E 3 3 : 3 : 3 3 3 3 : 3 E
Risk of Acute and Late Central Nervous System Effects 1 1 ! ! 1 1 1 1 1 1 1 1 1 : : .
from Radiation Exposure ! : ' ' : ! : ! : : ! : ! : : '
CNS - 1: Is there a significant probability that space
radiation would lead to immediate or acute functional 1 : . . 1 1 : 1 : 1 1 1 1 1 1 !
changes in the CNS during a long-term space mission ; : ' ' ; ; : ; : ; ; ; ; : ; '
and if so what are the mechanisms of change? Are there 1 1 ! ! 1 1 1 1 1 1 1 1 1 : : .
threshold doses for these effects? : : . . : : : : : : : : : : : !
Ground Based Research at NSRL - Phase | Acute CNS i . . . | | | | | | | i | . i .
NSCOR and NRA Research Aa: N$COR Res{aarch final :report; Ab:: Animal pe:rformance:data for Fé; Ac: NSCOR Reseérch final répon
G . ' \ )
L ) ‘ ‘ :
! a b | 8: BHP d Ad: Animal performance data for p, He, Si..., ! ! |
Evaluation of research results 1 : 1 : . DA&M . . . . .

I ' . . . 18: BHP; 12a: receive final report from Independent Revie Data updates to RAP: 12b: PEL#1; 12c: Risk Model V1.0

| . . . . | . | . . 82a2b2c | | . . .
| . . . . | . Does evidence suggest Acute CNS effects are probable during mission? . .
| . . . . | . | | Stop—No . | Yes, | | | .
Implement Phase Il of ground based research; increase research efforts on CMs (Gap 4) and Gaps 5&65
Ground based Research at NSRL- Phase Il Acute CNS ! ! : : 3 ! ! ! ! 3 ! 3 ! G 3 :
' ' ' ' ' Data updates to RAP: 12a: CNS PEL#2 update; 12b: CNS Risk Model V2.0{¥‘\ . : -
| . . . . | . | . . | | 2a2b . | .
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)

Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

Task Name

ISS and other vehicles

Space Radiation (SR)

Risk of Acute and Late Central Nervous System Effects
from Radiation Exposure

CNS - 2: Is there a significant probability that space
radiation exposures would lead to long-term or late
degenerative CNS risks if so what are the mechanisms
of change?

Ground Based Research to determine probability and
mechanisms of late degenerative changes - Phase | Late
CNS

NRA and DOE Low Dose Rate Research

Evaluation of Research Results

Ground Based Research to determine probability and
mechanisms of late degenerative changes - Phase Il Late
CNS

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
1|2\3\4|1|2\3\4|1|2|3|4|1|2|3|4|1|2\3|4|1|2\3\4|1|2|3|4|1|2|3|4|1|2|3|4|1|2\3\4|1|2|3|4|1|2|3|4|1\2|3|4|1|2\3\4|1|2\3\4|1|2|3|4|1\2|3|4|
a : b : : C d : : : e : f: 9!

Aa: GCrew Capablllty, 'Ab: Shuttle Retlred Ac: EFT1 Ad: MPCV CDR Ae: EM1 Af: EM2 Ag: End of US Commltment to ISS

ISS as Mars analog

< e
~ (3
Lifeépan data for Fe G Li‘fespan animal data for p, He,‘Si...
a . : ! ! ! . b
. : DA&M . .
18: BHP 12a: receive ﬂnal report from Independent Review Data updates to RAP: TZb PEL#1 t2c: R|sk ModeIV
. i . 2a 2b, 20 . .

Does eV|dence suggest that CNS late effects are probable (Alzhe|mer dementla etc)
Stop «— No ‘.‘ + Yes l
Implement Phase 1l ofground based research increase research efforts on CMs (Gap 4) and Gaps 586

G

Data updates to RAP: TZa CNS PEL#1 update sz CNS Rlsk Model V1.0 4}{\
: 2a 2b

HRP IRP Revision D
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2025

2024

[ 2023

1[2[3[4[1]2[3]4[1[2]3]4[1]2[3]4

2022

2020 | 2021

2019

2018

2017

2015 | 2016

2014

HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)
[ 2010 | 2011 2012

1]2[3[4[1]2[3]4[1[2[3[4[1]2[3]4[1]2[3[4]1]2]3[4[1]2[3]4[1[2]3[4[1]2[3]4[1]2[3]4[1]2]3][4[1]2][3]4[1]2]3]4

2009

Ae: EM1'

Ad: MPCV CDR;

R

a
Aa:

~Yes |

DA&M

Stop < No ¢
Proceed with clinical Study in Astronauts. Continue ground research Gaps 5 & 6

es to RAP: PEL#HA‘

12: Data updat

Risk of Acute or Late Central Nervous System Affects from Radiation Exposure
2013

Task Name

ISS and other vehicles

Ground Based Research on individual susceptibility to

CNS risks

CNS risks? Does individual susceptibility modify possible
Clinical Study and Research

CNS - 3: How does individual susceptibility including
hereditary pre-disposition (Alzheimer's, Parkinson's, apoE)
and prior CNS injury (concussion or other) alter significant
threshold doses?

Risk of Acute and Late Central Nervous System Effects

from Radiation Exposure

Space Radiation (SR)
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)

Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

2009 | 2010 | 2011 [ 2012 [ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 |

1[2[3]4[1]2[3]4[1]2[3[4[1]2]34[1]2]3]4[1]2]3]4[1]2[3]4]|1]2[3]4[1]2[3]4[1]2[3[4[1]2]3]4[1]2]3]4[1]2]3]4]1]2[3]4]1]2[3]4]1]2[3]4[1]2[3[4[1]2[3[4[1]2]3[4[1]2]3]4]1]2]3]4]1]2[3]4]

n

G .

<
&
=
w
B | s I
<
=
w

a
Aa

M

12a:

Task Name

Ground based research to identify most effective CM for SPE

countermeasures to mitigate CNS risks? By what mechanisms
(acute effects) and SPE + GCR (late effects)

CNS - 4: What are the most effective biomedical or dietary
are the countermeasures likely to work?

Risk of Acute and Late Central Nervous System Effects

from Radiation Exposure

ISS and other vehicles
Space Radiation (SR)

Ground based research to identify most effective CM for SPE+GCR

(late effects)
Continued research for SPE + GCR countermeasure
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Space Radiation (SR)

E HRP Integrated Research Plan (IRP) - Revision D
N 4 Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

Task Name 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 | 2022 2023 2024 | 2025
1|2\3\4|1\2|3|4|1|2|3|4|1|2|3|4|1|2|3|4|1|2\3|4|1\2|3|4|1|2|3\4|1|2|3|4|1|2|3|4|1|2\3\4|1\2|3|4|1|2|3\4|1|2|3|4|1|2|3|4|1|2|3|4l1|2\3|4
ISS and other vehicles o . o . o o . ‘ o . N o

a . b ‘c d . | e . f, g

Aa: ‘6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR Ae: EM1 Af: EM2 Ag End of US Oomm|tment to ISS
IéS as Mars‘analog

< s

Space Radiation (SR)

Risk of Acute and Late Central Nervous System Effects
from Radiation Exposure

CNS - 5: How can new knowledge and data from molecular,
cellular, tissue and animal models of acute CNS risks or
clinical human data, including altered motor and cognitive
function and behavioral changes be used to estimate acute
CNS risks to astronauts f

Research to develop models for acute CNS risk assessment -

al

4+ Data updates to RAP: Risk Model V1.0
| | | ) | |
1 1 " DA&M ‘ 1
12: Models and Data: Receive Input from Gaps 1, 2, 3, 14: PEL #1 update

From Gap 1 Demsmn Pomt |
Stop«—No ' Yes | | .
Acute CNS nsks are probable dunng mission then continue with Phase Il
Research to develop models for acute CNS risk assessment - Increased ' ' ' ' ' e :
effort Phase II. 1 1

12: Data updates to RAP: Risk Model V2.0 - ‘

. . L2
| DA&M

¢4: PEL #2 update

low level of effort through 2018 decision point. (Phase 1) (

Gab 3 Decision Point: Evidence suggests individual sensmwty is major factor

' ' Stop < No:© + Yes | ' '
| | contmue Phase 1] ground research | .
Research to develop models for acute CNS risk assessment - Increased | | . . . G .
effort Phase ll. 1 1 1 Dk
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HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)
Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

Space Radiation (SR)

Risk of Acute and Late Central Nervous
System Effects from Radiation Exposure

CNS - 6: How can new knowledge and data
from molecular, cellular, tissue and animal
models of late CNS risks or clinical human date
be used to estimate late CNS risks to astronauts
from GCR and SPE?

Research to develop models for late CNS risk
assessment - Low level of effort through 2018
decision point. Phase |

Research to develop models for late CNS risk
assessment - Increased effort Phase Il

Research to develop models for late CNS risk
assessment - Increased effort Phase lll

Task Name 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
1|2|3|4|1|2|3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4
ISS and other vehicles ‘ o ‘ A . ‘ ‘ ]
a : b ! e do ! ! e : f; g

Aa:: 6 Crew Céjpability; Afb: Shuttle Retired; A:c: EFT1; Aid: MPCV ¢DR; Ae: EM1; Af: EMZ; Ag: Eind of US O:ommitmen:t to ISS

ISS as Mars‘analog

@ Data updates to RAP: Rlsk Model V1. 0

| | . | DA&M .
12: Models and Data Recelve Input from Gaps1 2,3, 14: PEL #1 update

Does ewdence support development of Iate CNS r|sk model?
Develop model < Yes . No |

continue with Phase Il research

| 12: Data updates to RAP: Risk Model V1.0 4
DAGM

PEL #2 update

Gap 3 Decision Pomt Evidence suggests |nd|V|duaI sensmwty is maJor factor
Stop <~ No ~ —Yes | :
continue Phase Il g ound research
| | . G

. . 1

HRP IRP Revision D
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a

HRP Integrated Research Plan (IRP) - Revision D
Space Radiation (SR)
Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

Task Name

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ISS and other vehicles

Space Radiation (SR)

Risk of Acute and Late Central Nervous
System Effects from Radiation Exposure

CNS — 7: What are the best shielding
approaches to protect against CNS risks, and
are shielding approaches for CNS and cancer
risks synergistic?

Develop Systems Biology Model to interpolate on
ion type, rate, and crew factors

1]2[3[4[1]2[3]4[1]2[3[4[1]2]34[1]2[3[4[1]2][3]4[1]2]3]4[1]2[3]4]1]2]3]4[1]2[3[4]1]2]3]4[1]2[3[4[1]2]3]4[1]2[3[4[1]2]3]4[1]2[3][4[1]2]3]4

a | b | ' c d | | le | f. g |
Aa: 6 Crew Capability; A b: Shutfle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment to ISS

ISS as Mars‘analog

Late CNS rlsks are probable L2a Yes from Gap 2 . If No — Stop |
InlelduaI ussceptlblllty rlsks are probable'7 12b Yes from Gap 3 de0|5|on pomt

System biology models to assess late CNS : 1 ! G 1
risks 9 5
2a | | . | |
Inclusion of individual susceptibility factors ; 3 G
s 1
2b ;
Shielding Assessment for CNS 1 1 . 1 1 DA&M
15: Informing Mission Ops: CNS shielding nent
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Space Radiation (SR)

HRP Integrated Research Plan (IRP) - Revision D
" y Risk of Acute or Late Central Nervous System Affects from Radiation Exposure

Task Name 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
1|2|3|4|1|2|3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4|1\2\3|4|1|2|3\4|1|2|3\4|1|2|3|4
ISS and other vehicles ! o ‘ A . ‘ ‘ ]
a : b ! pcdy ! ! e : f. g

Aa:36 Crew Calpability; Ab: Shuttle F:{etired; Af;: EFT1; Alnz MPCV C,"DR; Ae: EM1; Af: EMZ; Ag: Eleld of US Cbmmitmenf to ISS

ISS as Mars analog

Space Radiation (SR)

Risk of Acute and Late Central Nervous
System Effects from Radiation Exposure

CNS - 8: Are there significant CNS risks
from combined space radiation and other
physiological or space flight factors (e.g.,
sleep deprivation, psychological,
microgravity, immune-endocrine systems or
other)?

Conduct ground based research to © G: NRA RO1 Research
understand influence of other spaceflight ( ‘ x ‘ ; ‘
stressors on CNS risks from space radiation
exposure

: 18: Information exchénge with BHP

Independent Review of CNS Synergies

Assessment NCRP Commentary . DAZM
' : ' ' ' : Final Report
Do spacéﬂight facto}s modify éNS risk?
. . lYes ' No— Stop
! ' ' ' ' ' Increase research efforts on synergles ' '
Combined SR and HHC Research Studies 1 . 1 1 : . ‘ ! G: NRA RO1 Research
. . | | 18: Information exchange W|th BHP 0 ' S ' !
' ' ' ' ' 8 '
Independent Review of CNS Synergies :
Assessment NCRP Update Review
HRP IRP Revision D 8of 8 For NASA Internal Use Only
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