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Overview

* Necessity of full-scale simulations
 ADVANTG

* Automatic mesh adaptivity
— Macromaterials
— Deterministic mesh refinement
— Weight-window coarsening

* ITER prompt dose rate
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Full-scale simulations R
* Optimizing design and reducing
cost critical for ITER

* Minimizing approximations by
adding more details

* Enabling full 3-D simulations

through better computers and 14 orders of magnitude
better mode“ng methods prompt dose rate attenuation
Dose ACICUIT Time
(uSv/hr) unce(g;:unty (day) Speed up
Requires 393 years
% : >
MC(no CADIS)| 4.8 76.7% 610.0 1 0 reach R =5%
MC (CADIS) 2.7 3.8% 8.6 29,000

Nearly impossible without hybrid
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ADVANTG (AutomateD VAriaNce reducTion Generator)

|
* Generates variance reduction parameters for il =

continuous-energy MCNPS5 simulations

Counts source particle

* Implements the CADIS method for accelerating
single-tally estimates

* Implements FW-CADIS for obtaining relatively Pulse-height spectrum in portal Nal detectors
uniform uncertainties across:

* multiple tally cells (e.g., multiple detectors)

* mesh tallies (over part or all of the problem)

* Is compatible with:

* all MCNP geometry features

* F1 (surface-average current), F2 (surface-average Neutron fluxes throughout ITER facility
flux), F4 (cell-average flux), F6 (cell-average energy-
deposition), and F8 (cell-average pulse-height)
tallies, with or without tally multipliers

* OQOutputs biasing parameters in a format directly
readable by unmodified MCNP installations

* OQOutputs material map, fluxes, and weights in Silo-

format for visualization using Vislt Prompt dose rates throughout Times Square

Will be released through RSICC before tutorial in summer meeting
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ADVANTG solves very difficult problems

Geometry mapping

Very complicated

geometry

Flux
processing

-1.302-£03
0,00

1.265+04 .
7T 482403

But needs some improvements
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Automatic adaptivity
ADVANTG flowchart

1. Improve mesh

— Macromaterials (MM) approach
* Decrease geometry discretization errors
— Deterministic mesh refinement

e Efficient mesh with same number of

cells
2. Allow more refinement Very complicated | « MM
— WW coarsening geometry o
* Decouple deterministic and WW grids ) Det?:ensl?]lsnc
* Small but efficient WW structure refinement
Multiple GB WW and

source biasing

<€
 WW coarsening
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More accurate fluxes with macromaterials (MM)

fuel
concrete

B steel

Cell center (CC) . g MM CC (fine)
70%103 cell _ 70x10°cell B 560x10° cell

Scale: f————— 100.0 cm

Spent fuel shipping cask

Denovo results

. . . Dose Rate
Calculation |Time (min) (uSv/hr)
cC 7.6 7.2 » Better answer with MM
MM 8.3 59 * No time penalty
CC (fine) 62.5 3.6 > Reference

MM decreases geometry descretization errors
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Better figure of merit (FOM) with MM

Concrete shield with steel rebar
Denovo models

LR TN S S L L L
EBEE S L L L L g—p—
‘ * * * . - . _ L | L | L | L |
e N .
e L L L
* * * * _ - - - L] L L]
CC MM Non uniform grid (CC)
D;‘::ZO D:f:i;a(tleoger R Monaco Normalized
(min) uSv/hr)/Ci time (min) FOM
18.01 2.5 0.3% 185.24 | 1.00 #0.8%
MM: 23 18.22 2.5 0.2% 185.18 | 2.08 +0.6%
MM: 33 18.72 2.5 0.2% 183.99 | 1.77 +0.6%
MM: 43 17.65 2.5 0.2% 187.97 | 2.00 +0.6%
. o |MM:s: 18.34 2.5 0.2% 181.16 | 1.94 +0.6%
S D —r
L::: LIpliE 17.12 2.5 0.2% 188.03 | 1.67 +0.6%

MM increases FOM for free
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Deterministic mesh refinement

e Goal Dispersion factor calculation
— Automatically capture geometric details Materials\Cells| Cell 1 [Cell 2|Cell 3|Cell 4
vacuum 0.2510.33|0.50| 1.00
([ J
MM data Mat 1 0.25 [ 0.33 | 0.50 | 0.00
— Materials fractions stored in 1-D vector Mat 2 0.25 | 0.33 | 0.00 | 0.00
. Mat 3 0.25 | 0.00 | 0.00 | 0.00
* Heterogeneity parameter o 0.00 | 0.17 [0.29 | 0.50
Omax ™0 0.50 { 0.33 | 0.21 | 0.00
— hijk = (Omax — ik )Vijk
* Block heterogeneity parameter
* ¢ = standard deviation of materials & yp
fractions — Denovo only allows continuous mesh

Omax — Oijk
— Dispersion factor H; = Z hijn
* Vijk = Volume of cell ijk !
H; = zik hijk

Hj, =2,_hijk
ij
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More accurate fluxes with automatic mesh

Neutron dose rate outside shipping cask

100

Shipping cask model

¢ Uniform
B Automatic
P — —Monaco 5 orde_rs of
10 ¢ magnitude
[ attenuation
L 2
e}
" ¢

|
2
.

R Ol -
Monaco R = 2.1‘@- ol ui "

01 - Automatically refined mesh

1.E+4 D E+5 4.E+5 6.E+5 8.E+5 with 7.7x10° cell
Number of mesh cells

Neutron Dose Rate (uSv/hr)

« Denovo starts converging at half number of mesh
elements with automatic refinement

« <27 % difference between Denovo and Monaco
(exact geometry) with automatic refinement

Better (AUtOMatic) deterministic models
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Weight-window (WW) coarsening reduces size of
WWINP without collapsing important regions

MC model Neutron Neutron
W 7 weights ~ weights

. —==  Coarse

— 2.583%=-05

l 1.062- 06

Neutron Neutron Neutron

weights weights weights

-— 2.587 ' 1.150=+05 . -— 029211 WW
... Average wu  Uniformly —exms COArsening

B Adjoint

B Collapsed
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Minor (to no) decrease in FOM

4,549
W Total neutron

Response _umessflUX (N/fcm2-sec
=Total neutron figx

e L 40310

orders of

YAuI00,

: M}:’Z{ Y .
5130 15 "~ magnitude
20 l attenuation
5.352e-20
Number of N i FOM . .
_ space-energy| Neutron flux ormalized F( WW coarsening FOM vs collapsing degree
Calculation cells (nfom?-sec) (deterministic P T ———
Correction) 1.3E+6 8.9E+4 1.9E+4 7.3E+3 3.2E+3 1.7E+3 1.0E+3 7.2E+2
(Thousands) __4.0E+5 - . ‘ : ; : ‘
o)
o i [
Analog n/a 16.00 +48.56% | 1.00 + 56% | £ "¢
8 3.0E+5 L 2 .
Coarse 20 1091 = 1.73% | 3.15E+03 + 3.2% Ez.sas ---------- ® ----‘--EQ_M-E)-f-f-IO_e__C_a_S_?
E 5 oes
Fine 2531 |10.85 £+ 0.19% | 2.52E+05 + 1.0% | & "
= 1.5E+45 - 3
Average 20 10.89 + 0.21% | 2.06E+05 + 1.0% | 2 10z+s ¢ * .
[
Uniform 20 1088 + 0.20%|2.19E+05 + 1.0% | £°°
O 0.0E+0 f | | } | I |
WW coarsening 19 10.90 + 0.18% | 2.70E+05 % 1.0% BT g fator e Ee e

Adaptive collapsing has 86 times higher
FOM for fixed map size

WW coarsening enables substantial size reduction
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ITER global prompt dose rate
calculation

MCNP model

* Necessary for

— Personnel accessibility 1 24035 Com
— Occupational safety
— Guide possible design changes

* Only analyzed by coupling 1-D
with 3-D analyses*

— Ignore important details
* Ports effect

-1.502-+03
.01

1.262+04 .
5 1.685+03

* ITER-IO Nuclear Analysis Report (2004) 19,945 lines of geometry

(cells + surfaces) cards
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FW-CADIS increases regions with MC answers

Prompt dose rate maps

Answers
in 25.8%

Central — l - /7 "1. d
plane ‘

it Sl W T b
ST LT

Answers i
iNn95.6% N1

0° plane

10 days FW-CADIS

w .
& Answers in

o

Dose rates

Ports
plugs in
VvV

N

MSv/hr

1.000e+15
[ 1.000e+11

1.000e+07

[ 1000.
0.1000

2.7 times
more
regions

%
I

plrsRmE AR R Ry
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Fraction of voxels
o o o o o o
- N [X) =S o »

(=]

0%

Effect of MM and deterministic refinement

CDF of mesh tally R, 10 days MCNP runs

—MM
——Uniform

—Analog

— Automatic refinement

-

20%

40% 60%
Relative uncertainty

80%

100%

All deterministic models
- 7.9 million cell

— 67 groups
WW file
- 6.5GB
Time
Time (hr)

S e 5 e | 1
Uniform 0.6 195.2 240.5
MM 16.6 15147 [2405
Automatic 141 2226 240.5

FOM (normalized to analog)

Fraction of "
Case nonzero T
voxels
Uniform 95.5% 7.2
MM 97.5% 9.1
Automatic 98.3% 111

94% increase in MC FOM and (more importantly) 2.8% (74,000

mesh elements) increase in fraction of voxels with MC scores
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Where is the 2-3% difference in nonzero voxels?

Central plane

9.
Y
|-
|
L, P
%

Dose rate (uSv/hr)
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WW coarsening

CDF of mesh tally R, 10 days MCNP runs

1

All coarsening times <20 hrs

FOM (normalized to analoq)

0.7 .
é’ 0.6 —No coarsening Case Size of VWV Frrz-tllzoer:oof _L
E —Coarsening 2 file (GB) R2T
5 0.5  coareening 4 voxels
o oarsening
go4 _2°"“r“"f"9 ‘1’6 No coarsening 6.5 98.3% 11.1
0.3 :CZ::::::z 32 Coarsening 2 3.3 98.3% 11.2
0.2 Coarsening 4 1.7 97.8% 9.0
Coarsening 8 0.8 97.5% 8.2
o Coarsening 16 04 97.6% 9.7
00% 20% 40% 60% 80% 100% Coarsening 32 O‘f 97.8% 10.1
Relative uncertainty
Large size Sma” FOM
reduction decrease

« Large reduction in size
« Small (~0.5%) systematic decrease in nonzero regions and (<10%) in FOM

Now we can run 100s of jobs in parallel
without worrying about memory
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Combined effect

(MM+ refinement+ coarsening)

CDF of mesh tally R, 10 days MCNP runs

Small

410 MB WW file

memory

205 MB WW file

MC results in 18.5% more elements and 3.4 efficiency increase

09 09 ﬂ
08 - 08 -
2]
307 307
S o
506 306
Y
005 005
6 5
5 04 —MM+Refinement+Coarsening (7,881K cell) 504 : : |
: 03 | o 03 —MM+Refinement+Coarsening (7,831K cell) |
L 0'2 | —Unlfor_m (deterministic model=486K cell) w 2 | —Uniform (deterministic model=250K cell
0.1 0.1
0 - , , 0- , ,
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Relative uncertainty Relative uncertainty
Fraction of 1 Fraction of "
Case nonzero =37 Case nonzero —
2
voxels voxels R-T
- - o - -
No adaptivity | 81.9% 3.5 No adaptivity | 79.3% 3.0
Adaptivity 97.6% 9.7 Adaptivity 97.8% 10.1
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ITER dose rates with new algorithms

Central _
plane o=

|

Prompt dose ;

0° plane rate maps 2012 [

Dose rates
MSv/hr

1.000e+15
[1000e+11 Diagnostics
ports are very
effective

Ports plugs
in VV

SUNENEERE RN

1.000e+07

[ -
0.1000

OAK
g ifeld

for the U.S. Department of Energy ANS Winter meeting, November 11-15, 2012 National Laboratory

19 Managed by UT-Battelle



Dose rates at back surface of bioshield

Dose rates

MSv/hr
1000.

["'”78 Dose rates along two
001000 lines behind bioshield

300
250
— ﬁ ——Center line
§ 200 }, —20° line
3 150 i
$ 100 i
a
Ports 50 u
openings 0 i .
in VV -1230 -730 -230 270 770 1270

Distance from equatorial plane (cm)

« Factor of 1000 because of ports
« Hybrid averts over-conservative desig
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Reliability of global dose rate calculation

Dose rate at ITER central-plane Dose rate Parameters of HPC Denovo calculation

: MSv/hr 1.34x10°
L 1.000e+15 67
l 1.000e+11 3.62x1015
a0 4.02x104
.1.oooe+o? e _ . = 7.6 hr
. o0 ) 35 years
.. .
=. . oo 1.E408 I?‘ose rates at 4 points
" 1.+07 T ,l,
H = 1.E+06
¥ 2 e
§= ‘m; 1.E+05 B Mesh tally
= = 1.E+04 ¢ Point detector |
» @ 1.E+03 4 Denovo
L o
!_ o 1.E+02
AN 1.E+01 .
1.E+00 "
0 1 2 3 4
% Difference  Point
4 Mesh tally and Pt. Det. | 1%-29% Excellent
Mesh tally and Denovo | 4%-19% agreemen
Pt. Det. and Denovo 5%-25%

OAK
“RIDGE
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