www.DLR.de ¢ Chart1 > 18th WRMISS > D. Matthia > 9. 2013

Calculation of Radiation Exposure Levels in Low
Earth Orbit and Beyond

Daniel Matthia, Alankrita Mrigakshi, Thomas Berger, and
Gunther Reitz

Radiation Biology Department
Institute of Aerospace Medicine
German Aerospace Center (DLR)

<aovY ‘w' for T@morrow

%%




www.DLR.de ¢ Chart2 > 18th WRMISS > D. Matthia > 9. 2013

Outline

- GCR model comparison, particle fluxes / dose rate estimates
- Badhwar-O‘Neill 2011 model

- Estimates of the radiation exposure
- Interplanetary space
- ISS orbit
- Solar minimum / DOSIS / DOSIS 3D
- Implementation of COLUMBUS shielding distribution
- GCR / trapped protons, organ dose rates

- Shielding dependence of organ doses for spherical shielding
geometry
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Temporal variation in GCR flux (17th WRMISS)
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GCR exposure in interplanetary space

(17th WRMISS)
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GCR exposure in interplanetary space
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GCR exposure in interplanetary space | 10g/cm?Al:
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GCR exposure in low Earth orbit (17th WRMISS)
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GCR exposure in LEO
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GCR exposure in LEO - shielding dependency
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Summary of model comparison

- During solar minimum/GCR maximum 2009:

- Interplanetary space:
differences = 25% (without BON2011), 1.15 -1.42 mSv/d

— BON2011/BON2010 = 1.35

— BON2011/DLR = 1.1
10 g/cm? Al shielding — -15% in dose equivalent rate

- Low Earth Orbit
differences = 20% (without BON2011), 0.2 — 0.24 mSv/d

— BON2011/BON2010 = 1.3

— BON2011/DLR = 1.1
10 g/cm? Al shielding — -5% in dose equivalent rate

- 2012: Differences reduced: <10% (interplanetary space); =15% (LEO)

i DLR
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Radiation exposure at the ISS orbit
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GCR and trapped protons radiation exposure
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Solar minimum, Dez. 2009 (17th WRMISS)
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Columbus shielding distribution
N. Stoffle et al., 17th WRMISS (2012)
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GCR radiation eposure on ISS [ il e
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GCR and trapped protons radiation exposure
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Columbus shielding distribution
N. Stoffle et al., 17th WRMISS (2012)
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Construction of shielding geometry
from cumulative distribution function CDF
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Radiation exposure on ISS, trapped protons + GCR
Dec. 2009 (max. GCR intensity)

target sphere: 5 cm radius

Target

5cm H,O sphere

Experiment:

DOSIS DOSTEL 1*
DOSIS DOSTEL 2*

NASA TEPCS

*Burmeister et al., 17th WRMISS (2012)
8Semones et al., 14th WRMISS (2009)

i DLR
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Radiation exposure on ISS, trapped protons + GCR
Dec. 2009 (max. GCR intensity)

for organ dose calculation, target sphere: 20 cm radius

Target

20 cm H,O sphere

Experiment:

DOSIS DOSTEL 1*
DOSIS DOSTEL 2*

NASA TEPCS

*Burmeister et al., 17th WRMISS (2012)
8Semones et al., 14th WRMISS (2009)
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Mean shielding in a water sphere with radius 20 cm
Isotropic irradiation — Positions in the sphere corresponding to average
shielding of selected organs of the male ICRP phantom
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Radiation exposure on ISS, trapped protons + GCR
Dec. 2009 (max. GCR intensity)
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Radiation exposure on ISS, trapped protons + GCR
Dec. 2009 (max. GCR intensity)
Organ dose vs. shielding
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Comparison of different shielding geometries

l/ isotropic irradiation
h

- Spherical shielding
shielding thickness:

1 g/cm? — 100 g/cm?

- Planar shielding: < box thickness

targets at different depths

a) pencil beam —>

b) cosine —
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Comparison of different shielding geometries
Box of 20 g/cm? Aluminium

-Solar minimum
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Comparison of different shielding geometries
Box of 100 g/cm? Aluminium

-Solar minimum
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Comparison of different shielding geometries
Box of 200 g/cm? Aluminium
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Summary

Dose estimates are strongly dependent on GCR model:
- Solar minimum:
35% differences (interplanetary space)
30% differences (LEO)

With DLR model: good agreement with measurements for 2009

Organ dose equivalent rates in Columbus (ICRP male/female phantoms):
0.28 mSv/d (bladder) — 0.54 mSv/d (skin) (meas. 0.45% — 0.52" mSv/d)

Spherical shielding geometry (LEO, GCR + trp. p.):
- Calculated organ dose rates decrease up to 30 — 50 g/cm?, increase
above

Different shielding geometries not comparable

i DLR

Thank you for your attentlon ;Burmeister o al, 1710 WRMISS (2012




	Calculation of Radiation Exposure Levels in Low Earth Orbit and Beyond
	Outline
	Temporal variation in GCR flux (17th WRMISS) 
	GCR exposure in interplanetary space�(17th WRMISS)
	GCR exposure in interplanetary space
	GCR exposure in interplanetary space�
	GCR exposure in low Earth orbit (17th WRMISS)
	GCR exposure in LEO
	GCR exposure in LEO - shielding dependency
	Summary of model comparison
	Radiation exposure at the ISS orbit
	GCR radiation eposure on ISS�Dec. 2009 (max. GCR intensity)
	GCR and trapped protons radiation exposure �Dec. 2009 (max. GCR intensity), AP8min, 350 km
	Solar minimum, Dez. 2009 (17th WRMISS)�Ap8-min 400 km, 25 g/cm2 Aluminum�Absorbed Dose�
	Columbus shielding distribution�N. Stoffle et al., 17th WRMISS (2012)
	GCR radiation eposure on ISS�Dec. 2009 (max. GCR intensity)
	GCR and trapped protons radiation exposure �Dec. 2009 (max. GCR intensity), AP8min, 350 km
	Columbus shielding distribution�N. Stoffle et al., 17th WRMISS (2012)
	Construction of shielding geometry�from cumulative distribution function CDF
	Radiation exposure on ISS, trapped protons + GCR�Dec. 2009 (max. GCR intensity)�target sphere: 5 cm radius
	Radiation exposure on ISS, trapped protons + GCR�Dec. 2009 (max. GCR intensity)�for organ dose calculation, target sphere: 20 cm radius
	Mean shielding in a water sphere with radius 20 cm�Isotropic irradiation – Positions in the sphere corresponding to average shielding of selected organs of the male ICRP phantom
	Radiation exposure on ISS, trapped protons + GCR�Dec. 2009 (max. GCR intensity)
	Radiation exposure on ISS, trapped protons + GCR�Dec. 2009 (max. GCR intensity)�Organ dose vs. shielding
	Comparison of different shielding geometries
	Comparison of different shielding geometries�Box of 20 g/cm2 Aluminium
	Comparison of different shielding geometries�Box of 100 g/cm2 Aluminium
	Comparison of different shielding geometries�Box of 200 g/cm2 Aluminium
	Summary

