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What is RPS-DETe

An efficient and accurate simulation tool for estimating
radiation effects to people, electronics and materials
produced by radioisotope power systems (RPS)
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Turns Out Radioisotope Power Systems Emit Radiation

Gamma Flux Neutron Flux

Spacecraft
design
Cassini Spacecratft
Occupational Instrument
scenarios noise
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Geometry Library
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RPS-DET Structure

ORIGEN
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Project Development

EX RPS-DET — O
Help Options

| Introduction ] 1)Project  2)Input Geometry | 3) Input Source | 4) Input Execution l 5) Output Analysis |

Please load a saved project (left) or begin a new project (right)

Loading Saved Project Beginning New Project

Load A Saved Project to Analyze Begin A New Project

@ Enter New Project Title: | Mission to Mars (NO SPECIAL CHARACTERS)

Ly

This is @ project with three simulations of an MMRTG, on the surface of
e . Mars for 27 years. Plutonium assay is representative of default Pu-238
S = & 6 Enter New Description: with high neutron emission rate. (NO SPECIAL CHARACTERS)
e : Clear Save...
Clea Load
Instructions Instructions
1) Press the "Load..." bution to search for a previously saved RPS-DET project 1) Enter a title for the project you are about to create
2) If a valid project is selected, the title, description, source-term, and project date will appear 2) Enter a description of the project you are about to create
3) If the desired project is loaded, proceed to the next tab 3) If you are satisfied with the title and description press the "Save..." button and continue to the next tab
4) If the desired project did not load, press the "Clear” button and repeat from Step 1 4) If you are not satisfied with the title and description, press "Clear" and repeat from Step 1
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RPS-DET
Help Options

Geometry Selection

\ Introduction | 1) Project | 2) Input Geometry
Input Design

Assign number of simulations and geometries

Select and "Save" RPS and environments for

1-3 simulation choices. If allowed in a given

environment, you may also rotate the RPS in
the environment as well.

To re-define a simulation, press "Clear”, then
"Save" the new selections.

Visualize a selected combination of RPS,
environments, and rotations by pressing the
"Render Geometry" button.

When all simulations are selected and saved,
press the "Confirm Selected Geometries”
button and proceed fo the next tab.

z

|sim1 |sm2 |sm3 |
Simulation 2

RPS

Environment

Rotate RPS about Y-axis (degrees): E’
[ Save ] 6 | Clear |

3) Input Source | 4) Input Execution ] 5) Output Analysis ]

Select RPS

~ Radioisotope Power Systems (RPS)
~ Current

Multi Mission Radioisotope Thermoelectric Generator (MM

~ Historic

General Purpose Heat Source Radioisotope Thermoelectri

~ Concept/Future

Advanced Stirling Radioisotope Generator (ASRG)

~ Modular Stirling (vertical GPHS stack)
4 GPHS Modular Stirling
8 GPHS Modular Stirling
12 GPHS Modular Stirling
16 GPHS Modular Stirling

Select Environment

~ Earth
On concrete pad
Suspended 1m above concrete pad
Suspended in Earth atmosphere
» Inside 10°x10'x10' concrete room
Inside shipping container
~ Spacecraft and Space
Suspended in vacuum
Inside aeroshell with cruise-stage (similar to MSL)

‘ Render Geometry ‘

‘ Confirm Selected Geometries ‘

On deep spaﬁprobe (similar to Cassini)

On deep spat:éI probe (similar to New Horizons)
On deep space probe (similar to Voyager)

» Moon

» Mars

RPS Photograph/Drawing

Environment Photograph/D...

RPS-DET Environment Ren...

RPS Specifications

Title/Name: | Multi-Mission Radioisotope Thermoelectric Generator (MMR1

Historic Missions:

MSL (11/26/2011), Mars 2020 (TBD/2020)

Nominal Thermal Output at Beginning of Life (W):
Nominal Electrical Output at Beginning of Life (W):
Conversion Efficiency (%):

Nominal PuO2 Mass (kg):

Number of GPHS:

Dimensions (fin tip-to-tip or width [cm]):
Dimensions (height [cm]):

Approximate System Mass (kg):

Environmental Specifications

Title/Name:

Planet/Moon: Earth

Surrounding material(s):

Material composition:

Density of surrounding materials (g/cc):

Atmospheric pressure (atm):

1.892
108
~24
43
8
65
69.0
450

Inside the 9904 shipping container

Concrete, steel, water, and air

[Ca3Si05,H20] [FeC].[H20],[N2,02,C02]

[2.300],[7.920],[1.000][0.001]



Source Term Selection

ORIGEN is calculating source term...
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Simulation Execution

EX RPS-DET
Help Options

| Introduction | 1) Project ] 2)Input Geometry | 3) Input Source | 4) Input Execution

Simulation 1

RPS Selection
Multi Mission Radioisotope Thermoelectric Generator (MMRTG)

Environment Selection
Inside shipping container

Fuel Age Start Fuel Age Finish Total Duration
1 N/A N/A

Select simulation limits (See manual for recommendations)

(@) Number of particles (#) 1000008 | gave en =

dependent |
. 2
() Runtime (minutes) 650.0 s

Incorrect () Correct

Start Simulation 1 Stop Simulation 1

Simulation 1 Information
Simulation started:

Simulation start:

Estimated finish:

5) Output Analysis |

Please confirm that your project is correct and assign simulation time/particle limits

Simulation 2

RPS Selection
Multi Mission Radioisotope Thermoelectric Generator (MMRTG)

Environment Selection
On deep space probe (similar to Cassini)

Fuel Age Start Fuel Age Finish
1 N/A N/A

Select simulation limits (See manual for recommendations)

(@) Number of particles (#) 1.00E+06 | ["Save energy

dependent O

. fl ?
() Runtime (minutes) sl

Incorrect C’ Correct

Start Simulation 2 Stop Simulation 2

Simulation 2 Information
Simulation started:
Simulation start:

Estimated finish:

Total Duration

Simulation 3
RPS Selection
12 GPHS Modular Stirling
Environment Selection

On deep space probe (similar to Voyager)

Fuel Age Start Fuel Age Finish Total Duration
1 N/A N/A

Select simulation limits (See manual for recommendations)
(e) Number of particles (#) 1.00E+06 SRREET
dependent ]

. 2
() Runtime (minutes) 60.0 LInGE

Incorrect () Correct

Start Simulation 3 Stop Simulation 3

Simulation 3 Information
Simulation started:
Simulation start:

Estimated finish:



Output Analysis

EX RPS-DET — O
Help Options
Introduction | 1) Project | 2)Input Geometry | 3)Input Source  4) Input Execution  5) Output Analysis
Information about the project
Load a finished project (_rpsdet file) Mission to Jupiter This mission will involve terrestrial, transit, and orbital scenarios for an MMRTG starting at 5yr old fuel
Title Notes
’ Load... ‘
Date of RPS-DET File Creation: | 07-Nov-2019 Number of Simulations (1-3): &
Simulation 1 Select a Simulation Choose Application to Visualize Geometry and/or Resulis

RPS Selection: | Multi Mission Radioisotope Thermoelectric Generator (MMRTG)
Mesh View is the easiest way fo view and interact with single tally results

Environment Selection: | Inside shipping container in 2D, with the lowest resolution of geometry information.
Select a tally result to view in the menu below.

Rotation (degrees):| 0 Start year: 1 Stop year:| N/A Simulation 1
(080 ) Y £ | FquIF[::fnce | Response (SI) Response (English) Custom

Runtime (hrs): | 0 Number of particles (#): 0 Photon Air Exposure (R/nr o R)

Simulation Date: | 07-Nov-2019 17-14-08 Neutron Kerma in Silicon (rad(Si)/nr or rad(Si))

Simulation 2

RPS Selection: | Multi Mission Radioisotope Thermoelectric Generator (MMRTG) M es h Vi e

Environment Selection:| On deep space probe (similar to Cassini)

5 ; ) _ Simulation 2
Rotation (degrees): 0 Start year: 1 Stop year: N/A Fulcrum will allow you to view and interact with the multiple tally results in
] . . 2D, with a higher resolution of geometry information. This will load your
Runtime (min): | 1.12 Number of particles (#): | 1.00E+05 input file into Fulcrum where tallies can be overlaid and inspected.
Simulation Date: | 07-Nov-2019 17:25:36
Simulation 3

RES Sclection:(JIZCEH SN (NS TN Keno 3D will not allow visualization of the tally results but will allow 3D

s S o visualization of the geometry and materials. This will load your input file
Environment Selection:| On deep space probe (similar to Voyager) into Keno 3D where the geometry can be rendered (no tallies).

Rotation (degrees): 0 Start year: 1 Stop year: N/A Simulation 3

Runtime (min): | 1.2633 Number of particles (#): 1.00E+05 Keno 3D

Simulation Date: | 07-Nov-2019 17:31:35
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Current Users:

« Oak Ridge National Laboratory
(ORNL)

« [daho National Laboratory (INL)
 NASA Jet Propulsion Laboratory (JPL)

« Johns Hopkins Applied Physics
Laboratory (JHU-APL)

* Ball Aerospace
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RIDGE
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e ...more to comel

%.0AK RIDGE Link: https://rps.nasa.gov/resources/rps DET/\



https://rps.nasa.gov/resources/rps_DET/
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Data Visualization Developments

Developing methods for coupling SCALE/MAVRIC radiation

MAVRIC
Simulation

(-inp)
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Paraview Blender

Used to convert contour
data to native Unreal
Engine format

Used to convert point-
cloud data to con’rour
data

transport results with Unreal Engine

Native
Landscapes

S—

Unreal
Engine

Combines all
data for
cinematic
presentation



Experimental videos...

Gamma Flux Neutron Flux

»
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Promotional video...
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Thank You

Michael B. R. Smith

smithmb@ornl.gov
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