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NASA Space Radiation Risk Tools

NSCR: NASA Space Cancer Risk

Projection of cancer risk from exposure to space radiation

ARRBOD: Acute Radiation Risk and BRYNTRN (Baryon Transport) Organ Dose
Organ dose projection and acute radiation risk calculation from

exposure to SPE (solar particle event)

GERMcode: GCR (Galactic Cosmic Ray) Event-based Risk Model (GERM) code
Basic physical and biophysical properties for an ion beam, and

Biophysical and radiobiological properties for a beam transport to the target
in the NSRL (NASA Space Radiation Laboratory) beam line

RITRACKS: Relativistic lon TRACKS

Simulation of heavy ion and d-ray tracks in biomolecules

NASARTI: NASA Radiation Track Image

Modeling of the effects of space radiation on human cells and tissue

by incorporating a physical model of tracks, cell nucleus, and DNA damage foci with
image segmentation for the automated count



NASA Space Cancer Risk (NSCR) v1.0
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Acute Radiation Risk and BRYNTRN Organ Dose (ARRBOD) v2.0
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GCR Event=based Risk Model (GERM) v1.1
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RITRACKS v3.0

Input
parameters

Preparation

Parallel
processing

Calculations

Post-simulation
processing

S

Radiation: Type of particle,

Energy, Fluence

Medium: Irradiated surface,

Length

v

Preparation of simulation
Cross sections: Electrons, lons, Photons, Neutrons, DNA

Chemistry: Reaction rate constants and radii

v

v

-Create directory 1
-Execute calculation
(random numbers

sequence 1) on CPU 1

-Create directory 2
-Execute calculation
(random numbers
sequence 2) on CPU 2

v

Initialize particles for transport

v

Stack of

Particles
left ?

Y Particles

Version 3 Version 4 (in Version 5
(actual) progress) (planned)
Targets: Water, Nuclei,
Spheres/cylinders (TPIC),
» DNA, Tissue models
Output
v
/Radiation track
structure
| - Radiolytic species
7 - Energy deposition
events
-Create directory N

-Execute calculation
(random numbers
sequence N) on CPU N

v

\ particles S;

transport
routines

Data collection and averaging

Creation of
secondary
particles

-

~

/Dosimetry

- Radial dose

- Voxel dose

- Target dose

- Tissue models

/
\

/DNA damage
- Nuclei (DSBs)

- Direct effect
- Indirect effect

-

N\




NASA Radiation Track Image (NASARTI) v3.0
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Build a cell nucleus:

- Outline the
membrane

- Use random walks
for chromosomes

- Impose loops and
domains

Insert particle tracks or
X-rays and gamma rays:
- Randomly
distributed tracks

Generate DSBs:
- Count DNA
fragments

Image processing
and segmentation

Analyze an image:

- Threshold pixels

- Identify objects

- Colocolize objects
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graphically:

= Use OpenGL or TIFF

to visualize
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Model

Build a cell matrix:

- Use segmentation
algorithm

- Impose bci:ndary
conditions

- Define a cube of
physical space

Insert particle tracks or
X-rays and gamma rays:
- Randomly
distributed tracks

Generate apoptotic
cells:

- Analyze cell death
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