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New Attila4dMC Workflow for Complex CAD | OV

Attila/Attila4MC

Increasingly, our users are receiving extremely complicated CAD assemblies with short
analysis turnaround constraints.
Thousands of CAD parts, many small tolerance interferences.
Analysis results needed asap to support design.
Limited time for CAD cleanup or simplification:
CAD cleanup is a poor use of assessor time and expertise, and can require days or weeks of user time
User time is much better spent analyzing results and improving radiation protection designs.
We have developed 3 new capabillities to enable a streamlined MCNP workflow from
extremely complex CAD models
The New Attila4MC Mesh Generator (v10.3)
Cottonwood - CADIS/FW-CADIS Variance Reduction on Discontiguous Meshes (Early Summer Release)
Cottonwood available now in beta - Contact support@silverfirsoftware.com to request a license
FMESH to Tecplot — Solution Visualization for Complex Background Regions (v10.3)

(R silver Fir
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The New Attila4dMC Mesh Generator GUI

Maximum Edge Length Controls
Upper Bound (cm) fault (262.5) &

Lower Bound (cm) jult (65.625) 5

1

AAMBB Size Ratio |0.25

Parts to Mesh |All

) AttiladMC Mesh Generator: ICF-DemoModel [Project: AttiladMCProject-FENDL31d-CG]

Default Curvature Refinement

Maximum d / h 0.020
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Use Crv Ref For All Parts [
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Attila/Attila4MC

Volume Analytics

Instance
Number

Part name

Godiva-Sphere 1

Surface Area Analytics

Instance
Number

Part name

Godiva-Sphere 1

Mesh Element Analytics

Instance
Number

Part name

Godiva-Sphere 1

Model
Volume [cm”3]
2.797512e403

Model Surface
Area [cm™2]

9.601346e+02

Number of elements

50806

Mesh
Volume [cm”™3]
2.7946692+03

Mesh Surface
Area [cm™2]

9.596022e+02

Difference [cm”™3]

-2.843037e+00

Difference [cm™2]

-5.324034e-01

Average element
volume [cm™3]

5.500667e-02

Relative
Difference [%]

-0.101e27

Relative
Difference [%]

-0.055451
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The New Attila4dMC Mesh Generator | OV

Attila/Attila4MC
Developed to minimize the time and effort required to take complex CAD models and

generate a mesh for Monte Carlo calculations:

Requires much less CAD cleanup and simplification

Robust — will not tferminate when a part fails to mesh
Failed parts can be re-meshed then joined in with rest of the model

Options to mesh only selected parts, rather than an entire assembly

Optional filtering of small parts

Tolerant of CAD interferences

Automatically outputs mesh vs CAD Surface/Volume analytics

Modular for rapid design iterations

Global and part level controls, includes curvature refinement at the part level

Automatically identifies and fixes problematic part interferences for MCNP when two
meshed bodies in the same MCNP pseudo-cell touch or overlap

@ Silver Fir Development partially funded through a Phase | DOE SBIR
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Example - The New Attila4dMC Mesh Generator &

CAD assembly provided by Elena Donegani at the European Spallation Source gilo s itadhiC
R. Garoby et al., 2018 Phys. Scr. 93 014001
https.//iopscience.iop.org/article/10.1088/1402-4896/aa?bff

400MB Parasolid model, 6,822 parts. No CAD cleanup or simplification performed



https://iopscience.iop.org/article/10.1088/1402-4896/aa9bff

Example - The New Aftila4dMC Mesh Generator | VY

Mesh Generation Time: 1 hour 39 minutes on a é core laptop (ho CAD cleanup performed) Attila/Attila4MC

15 failed parts out of 6,822 — Users can decide if failed parts should be remeshed or can be ignored

8%,

Computational Mesh: ~7 million elements.
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FMESH Processor for Visualizing Background Regions | VY

Provides Solution Visualization in Background Regions with no Tetrahedral Mesh Attila/Attila4MC
|ldeal for detailed models where not possible to mesh background region(s)

FMESH Tally option in Custom Reports Tab
FMESH results automatically converted to Tecplot, along with computational mesh
See Training Video on 10.3 Training Page of www.attilasupport.com

Computational Mesh FMESH Solution Visualized Alongside
(Air Regions Not Meshed) Computational Model

e
g
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Fornax — Activation Solver for Attila and MCNP \ Y'Y

Attila/Attila4MC
GUI driven activation and shutdown dose rate calculation (SDDR) workflow for both Attila and MCNP

Although Fornax previously existed for Afttila, the workflow has been significantly simplified and
streamlined, and support of MCNP is new.

GUI driven activation solver that fracks the population of isotopes created through neutron activation
and decay

Uses the well-known Rigorous 2-Step (R2S) process for shutdown dose rate calculations (SDDR)
See Training Videos on 10.3 Training Page of www.attilasupport.com
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Fornax — Activation Solver for Attila and MCNP

Streamlined calculation process for both Attila and MCNP

Can be performed entirely through the GUI (command line also available)
Step 1: Run neutron flux calculation in either deterministic Attila or MCNP
Step 2: Define activation parameters and run Fornax

Regions to activate
Time steps (options to save gam

ctivation sources after each time step)

\ 1Y

Attila/Attila4MC

Enable Activation
Fornax [ata File: SFSW-Fornax-r2 [project]
Time steps Constant Flux Shape™® Regions: Allow Nonburnable
Step size Normalization Step Generate Keep Update Burn regions
(days) (p/s) results source moments function @ 22: Mat-1-Steel_Tube [Mat-1-Ste...
1 3 7000000000 Delete Data false false <none:> 0 23: Mat-1-
2 0.0416667 0 Save Data false false <none> Walls_Around_Water_Gap [Mat-...
24: Mat-2-Cylinder_Water_Gap
= e
3 0458333 0 Save Data false false <none ] 0 [Mat-2-Cylinder Water Gap]
4 0.166667 0 Save Data false false <none: o 25: Mat-2-Plastic_Hose(Water)
L - \
5 0.166667 0 Save Data false false <none> (Mat-2-Plastic_Hose(Water)]
@ 26: Mat-2-PlasticWater [Mat-2-
6 0.166667 0 Save Data true false <none:x PlasticWater]
71 0 Save Data false false <none: ) 27: Mat-2-Water-Gap_Forward
Mat-2-Water-Gap_Forward
g 1 0 Save Data false false <none:> Ma ater ap__ orward]
» 28: Mat-2-Water-Pipe_Tapered
g 1 0 Save Data false false <nonex = [Mat-2-Water-Pipe_Tapered]




Fornax — Activation Solver for Attila and MCNP

Attila/Attila4MC

Silver Fir Software

File generated at: 10:58:44

Region 1 - Pin:

Quanfity=[atomsf

Rank Isotopé

1 cl4 5.0126088533E+18
2 H3 3.7802211577E+15
3 U238 2.7595073958E+23
4 U236 9.5644203197E+20
5 Bel0 5.5361586353E+18
€ U234 4.2643111507E+17

Total: 2.7691816059E+23

Reglbn 2 - Clad:

Rank. Quanfity.[atomsT

Isotope

1 Zr95 1.2579691681E+20
2 Nb95 4.7493641421E+19
3 Nb95-01 8.111700538¢6E+16
4 Y91 8.0391386741E+17
5 Srg89 4.8150567513E+17
3 Y90 4.2487689221E+14
7 Zr89 1.3316596698E+13
8 MoS9 4.83263888%96E+12
9 Tc99-01 4.2582342592E+11
10 Sro0 1.3677622560E+16

Total: 1.7467121586E+20

Region 3 - Water 2:

Quanfity:[atomsi

5.5918325583E+19
1.3888326851E+4+19
6.9806652435E419

Rank: Isotopé
1
2

cl4
Total:

14 May 2024 +01:00%Z
Regionwise activity report edit Isotopic-Activity

Activity
[Bg]
1.9315700157E+07
6.7393251990E+06
1.3565627635E+06
8.9700168048E+05
8.0529142153E+04
3.8152138280E+04
2.8427271081E+07

Activity
[Bg]
1.5761031921E+13
1.0889071094E+13
1.8026708083E+11
1.1022780029E+11
7.6397701955E+10
1.2772236097E+09
3.2699774178E+07
1.4114443319E407
1.3648358409E+07
1.0391025614E+07
2.7018343675E+413

Activity
[Bg]
9.9690405658E+10
5.3517592335E4+07
9.9743923250E4+10

Attila Shared Memory Parallel Radiation Transport Solver

Activity Density
[Bg/cm™3]
9.9821908055E+05
3.4828263790E+05
7.0106018599E+04
4.6356289725E+04
4.1616780952E+03
1.9716703037E+03
1.4€90973752E+06

Activity Density
[Bq/cm”3]
3.7787807814E+12
2.6107054908E+12
4.3219871895E+10
2.6427628305E+10
1.8316704727E+10
3.06220306e77E+08
7.8399230990E+06
3.3840034982E+06
3.2722574711E+06
2.4912967684E4+06
6.4777736849E+12

Activity Density
[Bg/cm”3]

1.2703724740E+07
6.8198414612E403
1.2710544582E407

Specific Activity
[Bg/g]
9.1079158211E4+04
3.1777883330E+04
6.3965889693E+03
4.2296244664E403
3.7971838551E+02
1.7989845619E+02
1.3404287182E+05

Specific Activity
[Bg/g]

.8080729873E+11
.0127143954E+411
.6429937323E+09
.0619872641E+09
.8153196519E+09
.7066765573E+07
.2050142151E+06
.2012912216E405
.0295350074E405
.8291804423E405
.9564871670E+11

WL 01 O s DD s Oy s U

Specific Activity
[Ba/g]

1.2730087340E+07
6.8339939050E4+03
1.2736921334E4+07

% Total

.947756
.707244
.772045
.155425
.283281
.134210

% Total

.334508
.302475
. 667202
. 407974
.282762
.004727
.000121
.000052
.000051
.000038

% Total

99.946331
0.

053655

% Cumulative
67.947756
91.655000
96.427045
99.582471
99.865752
99.999961
99.999961

% Cumulative
58.334508
98.636983
99.304185
99.712158
99.994920
99.999648
99.999769
99.999821
99.999871
99.999910
99.999910

% Cumulative
99.946331
99.999986
99.999986
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Fornax - FNG Activation Benchmark ‘ ’

Attila/Attila4MC

Benchmark to validate accuracy of dose-rate calculations after shut-down in representative ITER
shielding conditions (ITER Task T-426)

https://www.oecd-nea.org/science/wprs/shielding/sinbad/fng dose/fngdos-a.htm

S f Perspex FNG Activation Benchmark
B Stainless steel AlISI1-316 3.00E-06
2.50E-06
Cavity

2.00E-06

Streaming channel

j— Neutron source

1.50E-06

100 em

1.00E-06

¢ G-M dose rate meter {1st campaign) | (.

- TLD ! activation foils {(1st campaign)

0.00E+00

(") Dose rate meter (2nd campaign) 0 20 30 40
5 Gamma SPEFtrDmEter Experiment (Sv/hr) MCNP (Sv/hr)
2247 cm—~ (Z2nd campaign) Attila - ICRP 116 (Sv/hr) Attila - ANSI 1977 (Sv/hr)

Experimental Setup Shutdown Dose Rate Results


https://www.oecd-nea.org/science/wprs/shielding/sinbad/fng_dose/fngdos-a.htm

Fornax - FNG Activation Benchmark
Attila/AttiladMC

Neutron flux and activation calculations performed using SFSW-FENDL31d-FG cross sections and
SFW-Fornax-r1 dataset

~220k tetrahedral elements
Neutron calculation performed with 175 neutron groups (no collapse)
Activation calculation time ~13 minutes




Fornax - FNG Activation Benchmark

Reaction Rate Comparisons and Solution Plots

\ 1Y

Attila/Attila4MC

Ni58-(n,p)Co-58 Ni58-(n,2n)
Foil E MCNP-Fispact Attila A/E A/M E/M Foil E MCNP-Fispact Attila A/E A/M E/M
1| 2.15E-05 2.20E-05 1.94E-05 9.00E-01 | 8.81E-01 | 9.79E-01 1| 2.84E-06 2.60E-06 2.19E-06 7.70E-01 | 8.42E-01 | 1.09E+00
2| 5.19E-06 5.51E-06 5.10E-06 9.83E-01 | 9.26E-01 | 9.42E-01 2| 3.94E-07 3.95E-07 3.54E-07 9.00E-01 | 8.98E-01 | 9.98E-01
3| 4.13E-06 4.56E-06 4.10E-06 9.94E-01 | 9.00E-01 | 9.06E-01 3| 2.07E-07 1.91E-07 1.99E-07 9.61E-01 | 1.04E+00 | 1.08E+00
4| 8.48E-06 9.30E-06 8.42E-06 9.93E-01 | 9.06E-01 | 9.12E-01 4| 4.92E-07 4,99E-07 4.87E-07 9.89E-01 | 9.75E-01 | 9.86E-01
5| 7.86E-06 8.31E-06 7.59E-06 9.65E-01 | 9.13E-01 | 9.46E-01 5(4.71E-07 4.28E-07 4.13E-07 8.77E-01 | 9.65E-01 | 1.10E+00
6| 5.15E-06 5.35E-06 4.73E-06 9.18E-01 | 8.84E-01 | 9.64E-01 6| 3.64E-07 3.27E-07 3.08E-07 8.46E-01 | 9.41E-01 | 1.11E+00
X X X
Gamma Dose Rate - pSv/hr - (60 Days Cooling)
Co-60 Isotope Density (60 Days Cooling) E‘ ?g;ggg
W soey ‘ e
1.57E+00 || 7B0E-13 1 4.64E+00
H 3.77E-01 T 1.21E-13 1 1.41E+00
9.08E-02 1.92E-14 8.34E-01
1 2.18E-02 [ 3.06E-15 { 7.28E-01
\ 5.25E-03 || 487E-16 4.77E-01
1 1.33E-03 By 7-75E7 2.86E-01
1 1.04E-03 B 12317 1.29E-01
8.37E-04 | 1.96E-18 [ 3.91E-02 |
6.95E-04 O ] z-gégg 1.19E-02
5.49E-04 : 3.59E-03
1 47E-04 7.90E-21 1.09E-03 |
2.70E-04 I 1.26E-21 3.30E-04
1.49E-04 2.00E-22 1.00E-04 . .
3.59E-05 \ Ny
> G7E06 NOEs: - o
4.99E-07 M\ /AN
1.20E-07 % /\/\ 7

Silver Flr Attila Neutron Flux

SOFTWARE

Co-60 Isotope Density After 60 Days
Cooling

Activation Gamma Dose Rate



Fornax — Generic Tokamak Case Study

Reaction Rate Comparisons and Solution Plots Attila/AttiladMC

~1.2 million tetrahedral mesh elements

2.0E+20 n/s over 1 day, and cooling time of 30 days after final “shot”

Activation calculation time 20 minutes

Gamma shut down dose rate (SDDR) calculation performed with 42 gamma groups
Activity inventory report produced for concrete walls.

Neutron-Flux z Gamma-Dose-Rate (uSv/hr) Z

3;33528?, v 4.79E+07 "
8.92E-09 X 4.20E+06 *
e 3.69E+05

3.24E+04
5.22E+03
4.58E+02
4.02E+01
3.53E+00
3.10E-01

2.72E-02

1.95E-14
1.27E-16
8.28E-19
1.90E-20

1.34E-20
5.40E-21
1.53E-21
1.00E-23

2.39E-03
7.07E-04
1.14E-04
1.00E-05




Combining Solution Fields from Different MCNP Runs

Attila/Attila4MC
Version 10.3 includes two new command line utilities, located in the Attila-10.3.0/mcnp_toolkit/bin

directory:
eeout_processor — converts MCNP eeout files to Tecplot
fmesh_processor — converts MCNP FMESH tallies to Tecplot, along with a selected mesh file

Both ufilities can be used to combine results from separate calculations
For example, visualizing total dose from separate primary neutron + secondary gamma calculations

See Training Video on 10.3 Training Page of www.attilasupport.com

Gamma-Dose-Rate (uSv/hr) Neutron-Dose-Rate_(pSv/hr)

6.00E-05 7.50E-05 z 7.50E-05
1.29E-05 2.01E-05 1.96E-05
2.78E-06 5.36E-06 S.11E-06
6.00E-07 ) 1.43E-06 1.33E-06 )
© 1.29E-07 e X 3.83E-07 b X 3.48E-07 X X

2.78E-08 1.02E-07 X 9.09E-08
6.00E-09
1.29E-09
2.78E-10
6.00E-11
1.29E-11
2.78E-12
6.00E-13

Total-Dose-Rate_(pSv/hr)

2.37E-08
6.19E-09

2.74E-08
7.32E-09
1.96E-09
5.23E-10
1.40E-10
3.74E-11
1.00E-11

1.62E-09
4.22E-10
1.10E-10
2.87E-11
7.50E-12




MCNP KCODE Support

Attila/Attila4MC
GUI support for MCNP KCODE calculations with SDEF, KSRC, or SRCTP source options

Compliments the Mesh vs CAD volume and surface area comparisons output by the new
Attila4dMC Mesh Generator

KCODE panel automatically appears when user selects K-Eigenvalue as the Calculation Type
See Training Video on 10.3 Training Page of www.attilasupport.com

&b AttiladMC Mesh Generator: Godiva [Project: AttiladMCProject-FENDL31d-CG) e & Input Editor: Godiva-Run1* [Project: AttiladMCProject-FENDL31d-CG] = (Bl g
Maximum Edge Length Controls Default Curvature Refinement Generate Mesh p:;t BMT;E Box Panels KCODE Starting Source
Upper Bound (cm) 1.00 +  Maximumd/h 0.007 2 - General # particles/cycle 5000 2 © SDEF (volumer)
Input Name: Run2 = - - Import Mesh X (cm) [8.741-8.7 Mesh Geomets
p Lower Bound (cm) 0.01 B || rnimum Edge Length (cm) 0.10 z i [T it 'L’;bran Initial ke 10 8 Godiva-Sphere
. . AAMBB Size Ratio default (0.1) 5 Use Crv Ref For All Parts FS
PNNL-15870 revl materials with elemental o IO | CE R [ Import Mesh As... 7 (cm) [8.741-8.7 Material Editor Initial cycle skip 10
values expanded into isotopic cross Parts to Mesh Al - default (1cc) 3 Part Name Modifications... | Advanced... Region Attributes | Total # of cycles 50
sections. MCNP Controls
Part Volume (cd)  Max Edge Length  Use CrvRef CrvMaxd/h  Crv Min Edge  Meshed  Cells | e
B @ Godiva-Sphere 2797.51 default ] default default succeeded 50806

Activation Controls
Custom Reports

Input Description: MCNP Importances

Total Mesh Cells

(©) KSRC (paint source)

X (em) Y (em) Z (em)
Calculation Type: K Eigenvalue - |Neutra| Particle | 0 ¢ 0
Transport Operator: W—
Created: %E_)g\ms
Last Modified: 5/6/2024 12:01:00 PM
RunMCNEI N () SRCTP File

<none>




MCNP Weight Window (WWINP) Processor

/'

Attila/Attila4MC

Provides intuitive Tecplot based visualization of weight windows (WWs) from Coftonwood,

Attila4MC, or any other code

Converts both the ww grid and tetrahedral mesh, allowing the WWs to be visualized alongside the

computational model
See Training Video on 10.3 Training Page of www.attilasupport.com

. CoEputational Model Cottonwood AMR Mesh
Silver Fir

OFTWARE

Weight Window Solution Visualized
Alongside Computational Model



MCNP Pseudo-Cell Based Weight Windows

Attila/Attila4MC

Using the Attila4MC variance reduction solver, users can now choose to output weights
to pseudo cells rather than the weight window grid.

This can be advantageous for cases where model subdivision is required for other
reasons, such as activation calculations.

z z
WW_LOWER_BND_[n][E_1] WW_LOWER_BND_[n][E_1]

0.195 0.195

0.19 0.19

0.185 = v 0.185 = v

0.18 ' — 0.18 ' —

0.175 ;i —_— : 0.175 ;e —_— ,

0.17 e —_—— 0.17 f e

0.165 . 0.165

0.16 | 0.16

0.155 0.155

0.15 0.15

0.145 0.145

0.14 0.14

0.135 0.135

0.13 0.13

0.125 0.125

0.12 0.12

0.115 0.115

0.11 0.11
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Attila/Attila4MC

Domo - Biased Quadrature Sets

Domo is a new biased quadrature set generator

Will be included with Version 11, but a library of commonly used biased quadrature sets has
been created with 10.3

Available in the Downloads page of www.attilasupport.com
Python script (show.py) to visualize biased sets also included

Formats supporting both the Aftila solver and the Cottonwood Variance Reduction
Module

Development funded by Commonwealth Fusion Systems
Clustering of angles (biasing) allowed along user defined vectors

ldeal for capturing narrow streaming passages which are typically challenging for discrete
ordinates methods

Fill resolution (regions outside of biased poles) independently specified

(R silver Fir
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http://www.attilasupport.com/

Domo — Biased Quadrature Sets

Attila/Attila4MC
show.py utility to visualize generated quadrature sets including ordinate weights

Included as part of domo quadrature set library

T11: 102 ordinates/octant
Biased set in X-direction

Full set
First octant

4

" I~

~

A . weight 1

I,

2 S A




Domo — Biased Quadrature Sets

Example Case — 0.5cm diameter duct through 255 cm thick concrete wall A

Monoenergetic neutron source spectrum downstream of fusion tokamak (14.1 MeV source)
Attila solution obtained using biased quadrature set
Attila dose at exit point: 1.09e-13, MCNP dose at exit point: 1.08e-13 (rel error 1%)

Attila Neutron Dose Field
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Domo - Biased Quadrature Sets | OV

Example Case - 5cm diameter duct labyrinth through 260 cm thick concrete wall L

Poly-energetic neutron source spectrum downstream of fusion tokamak (14MeV source)
Attila solution obtained using biased quadrature set
Attila dose at exit point: 8.12e-19, MCNP dose at exit point: 8.62e-19 (rel error 5%)

NeutronDose(gtot) _na

2.07E-09
8.86E-11
3.79E-12
1.62E-13
6.95E-15
2.98E-16
1.27E-17
5.46E-19
2.34E-20
1.00E-21

| N |

Attila Neutron Dose Field

) silverFir
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Other Features | VY

Attila/AttiladMC
Severian (DMP Upgrade) updated with Reprise license manager

Severian updated to read Attila Version 10.3 generated input decks

Severian updated to read latest Tecplot format

Updated contiguous mesh generation libraries for improved robustness

Proper transfer of CAD part names from Parasolid versions written by 2024 SpaceClaim and
SolidWorks Releases (v10.3)

User controllable convergence criteria for quick deterministic design iterations
Updated rit_mesh_editor capability for mesh bumping
Multiple bug fixes (See Release Notes)

(A Silver Fir
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Support Site — Updated 10.3 Training Tutorials

Attila/Attila4MC

Home

> Version 10.3 Training Content Attila/Attila4dMC Version 10.3 Training Content

All new training materials and content for the 10.3 version have been added to the links below. Over the next couple
months, these materials will also be integrated into the other pages, and deprecated content archived in a separate
section. Go to this page first for the newest content.

% Downloads
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Test Problems 4 Getting Started - The New Attila4dMC Mesh Generator

This presentation provides an overview of the New Attila4MC Generator, including instructions on exporting CAD models, preserving CAD

. art names, setting the mesh generation controls, and troubleshooting when a part fails to mesh.
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Known Issues

Getting Started with the New AttiladMC Mesh Generator (Video)
Video Index Video tutorial explaining the basics of the new Attila4MC Mesh Generator.

Example project files attached here: (Project Files).

External Resources

Contact Us When a Part Fails to Mesh - The New Attila4AMC Mesh Generator (Video)

- This video covers the case when one or more parts fail to mesh. Two approaches are covered: (1) remeshing the same CAD model, but with
only the failed part(s) selected for meshing, and (2) Simplifying the failed part in CAD, saving a new parasolid with only that part, then
remeshing. The Join Meshes for MCNP feature is also demonstrated for both approaches.

Modular Mesh Generation for Rapid Design Changes - The New Attila4MC Mesh Generator (Video)

This video discusses the Join Meshes for MCNP feature for facilitating design iterations, meshing large assemblies in a piecewise fashion,
and meshing multiple assemblies with large differences in length scales.
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Transferring CAD Part Names - The New AttiladMC Mesh Generator

This presentation covers techniques to transfer CAD part names into the new Attila4MC mesh generator, including troubleshooting when
CAD part names are not successfully imported.
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