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Outline 

  Why studying the radiation doses for interplanetary 
travels? 

  Missions on the Moon and Mars Schedule 

  Missons Analysis with SPENVIS 

  DREADCode: Main Features, Inputs and Outputs 

  Comparison between SPENVIS and DREADCode 
Results 



Moon 
by 2020 

Mars 
range 2030-2040 

Asteroids 
after 2020 

 tecnical and scientific purposes 
 logistic and resource 
exlpoitation 
know-how development 

 tecnical and scientific 
purposes 
know-how utilization 

 resources exploitation 
know-how development 
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Missions to the Moon and Mars - Schedules and Generic 
Trajectories 
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Coordinates Generator 

In both cases we can split the overall journey in segments: 
• maneveurs in LEO 
• interplanetary travel 
• permanence on the surface 

How to set it on SPENVIS? 

 circolar orbit in LEO (407 km altitude) 
 eliptical orbit approx or near Earth 
interplanetary orbit option 
 approx the Moon as satellite orbiting 
around Earth (Moon case) 
 MEREM tool-package (outpost) and 
near Earth interplanetary orbit option 
(mother-ship) 
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Radiation Sources 

ESP total fluence 
ESP worst case event 
JPL model  

 LEO orbit 
 
 SEP events 
 
 GCR + ACR 

Trapped Belts, AP-8 and AE-8 models 

ESP model, more conservative 

Nymmik model, at solar 
minimum 

Radiation Effects 
Two tools used: 
 
 SHIELDOSE-2 (only dose) 
 MULASSIS (Effective Dose and Ambient Dose Equivalent) 

Mission on Mars - Phase 2 - Outpost Total Mission on the Moon – Slab Geometry 
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How to evaluate the 
radiation risks? 

We need to define a physical quantities to represent radiation effects 
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in order to consider different particles damages 
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in order to consider different tissues radio-sensitivity 
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Main features: 
 
• particles data from satellites (+ Nymmik model for GCRs and ACRs) 
 
• (almost) real-time input particles data 
 
• based on the Bethe-Bloch’s equation for the stopping power, fast 
computation 
 
• only HZE particles 

DREADCode - Dose and Radiation Effects 
Assessment Distribution Code 

http://www.spaceweather.eu/biological_effects 
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Main DREADCode’s output 

fluence-to-effective-dose coefficients 

Sato et al. coefficients 
(ICRP publication 103) 

ICRP publication 116 

Computation run according to the definition in ICRP publication 103 
 
The dose equivalent at a point in a radiation field that would be produced by 
the corresponding expanded and aligned field in the ICRU sphere at a depth of 
10 mm on the radius vector opposing the direction of the aligned field 
 

ICRU sphere = 30 cm diameter sphere with 1 g/cc density composed by 76.2% O, 11.1% 
C, 10.1% H and 2.6% N, in order to simulate the human tissue’s behavior 
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D.F. Smart and M.A. Shea, Comment on Estimating the Solar 
Proton Environmen that May Affect Mars Missions, Adv. Space 
Res., 31, 45-50, 2003, doi: 10.1016/S0273-1177(02)00655-5 

SPENVIS website, www.spenvis.oma.be 

ISO turns out to be the 
most conservative option 
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Comparison with results obtained from                        and conclusions 

SPENVIS 

Effective Dose 
[mSv] 

Ambient Dose 
Equivalent 

[mSv] 

Moon mission 323.6 4731 

Mars mission 
(surface) 

1459 1170 

Mars mission 
(orbiting) 

1049 1145 

DREADCode 

Effective Dose 
[mSv] 

Ambient Dose 
Equivalent 

[mSv] 

Moon mission 294.91 2250.425 

Mars mission 1066.09 3691.542 

  
 mission to Mars without considering the 
atmosphere, high computational costs 

o similar values in similar conditions 
 
 Ambient Dose Equivalent is computed 
running the code inside the ICRU-sphere 

o slightly different results compare to 
SPENVIS (fluence-to-dose coeff.) 
o strongly dependent on conditions and 
how is computed (i.g., wR for protons 
recently from 5 to 2) 
 

 Higher value for the mission to Mars 
o longer permanence, despite greater 
shields thicknesses 
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