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Outline

= Translation from GNDS data to ACE format
= |ntegral testing with ENDF/B-VIII.0
= Status: LLNL pulsed spheres

. . VAN g%
Lawrence Livermore National Laboratory AN



Generalized Nuclear Data Structure

= |nitially, LLNL wanted to
replace its own ENDL
format

= GNDS international
effort under
OECD/NEA/WPEC/SG3
8, SG43 (2017-2020)
and EG-GNDS

= Adapted to both
evaluated and
processed data

slide based on slide from D. Brown/F. Malvagi

Motivation: to easily share evaluated and processed data across institutions

within a modern framework



GNDS: from evaluated nuclear data to transport simulations

Nuclear
Evaluations FUDGE GNDS
Library GNDS Processed
in native format > Translator Evaluations > processProtare.py Library
« ENDF-6 (Heated, CE, MG)
« ENDL
* GNDS Translation/Processing

Radiation Transport Codes l
e ADRDA(sn R

simulation GIDI AP

MCGIDI API
results I
Mercury (Monte Carlo) « Reads data
Samples data
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FUDGE: For Updating Data and Generating Evaluation

= FUDGE toolkit, now Na23(n,el)

« Python 2.7 with extension in C and C++ to handle

computationally expensive tasks (->soon conversion tc 10
3.6)

- Translate LLNL ENDL and ENDF-6 to GNDS, and
GNDS to ENDF-6

- Manage, manipulate, view, check and process GNDS
data

10!

Cross section (b)

10°

1073 1072 1071 10° 10t
Incident energy (MeV)

Pu239(n,2n)

= LLNL production code for managing and
processing Nuclear Data

- Point of contact: Caleb Mattoon

= Open source: released under BSD license

6 8 10 12 14 16 18 20
Incident energy (MeV)

= Download fudge via http://www.nndc.bnl.gov/endf/codes/FUDGE/index.html
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Status of Translation/Processing of ENDF to GNDS

= Translation of the following ENDF sub-libraries
Note that the definition for nfy and sfy is not finalized in GNDS

neutrons protons deuterons tritons
helium3s gammas photoat standards
electrons decay atomic_relax thermal_scatt
nfy sfy alphas

= FUDGE handles all properly formatted ENDF-6 formatted files
In ENDF/B-VII.1, VIII.O
Except for new data format for fission in ENDF/B-VIII.O

= Processing of the following ENDF sub-libraries

neutrons protons deuterons tritons
gammas helium3 photoat alphas

= FUDGE can translate GNDS data to ACE format for use in MCNP

TO DO LIST (partial)
« Thermal scattering laws
 URR probability tables

) ) TVYAT 37
Lawrence Livermore National Laboratory ° VA A

LLNL-PRES-XXXXXX rity Administration



ing to ACE format

FUDGE process

Comparison: Benchmarks against keffl, keff2 results
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GIDI & MCGIDI: General Interaction Data Interface

MCGIDI version 3: Monte Carlo GIDI

GIDI version 3

C++ API to read GNDS files for
transport codes

Can get data at any level in GNDS
structure

Multi-group collapsing
— For vectors and matrices
— Transport correction

Calculates multi-group energy
deposition

Complete for neutrons, photons and
charged particles

= Open Source will be released

soon under BSD license

Point of contact: Bret Beck

Lawrence Livermore National Laboratory

C++ API to store and sample for Monte Carlo
transport codes

Uses GIDI to read data, then puts it into better
form for optimal MC sampling

Handles point-wise cross sections and pdf/cdf
distributions

Supports GPUs

Will sample a reaction for a protare and outgoing
distribution

Angular biasing
multi-group support for cross sections

Currently working on:

— point-wise energy deposition

— fixed-grid support for cross sections,
deposition energy, etc.
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GIDI & MCGIDI: General Interaction Data Interface

GIDI version 3

= Open Source will be released
soon under BSD license

transport codes

Can get data at any level in GNDS

structure

= MCGIDI version 3: Monte Carlo GIDI
C++ API to read GNDS files for « C++APIto

store and sample for Monte Carlo

transport codes

Uses GIDI to read data, then puts it into better

form for optimal MC sampling

Multi-group collapsing - Handles point-wise cross sections and pdf/cdf

— For vectors and matrices

distributions

— Transport correction * Supports GPUs

Calculates multi-group energy

deposition

Complete for neu
charged particles

distribution

Anniilar hia

- Will sample a reaction for a protare and outgoing

TO DO LIST (partial)
« Thermal scattering laws
* URR probability tables

Sing

support for cross sections

brking on:

— point-wise energy deposition

« Point of contact: Bret Beck

Lawrence Livermore National Laboratory

— fixed-grid support for cross sections,
deposition energy, etc.
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Testing ENDF/B libraries in GNDS format

= Two ENDF libraries were translated and processed with FUDGE
into GNDS format

— ENDF/B-VII.1
— ENDF/B-VIII.O

= V&V with LLNL Codes

Code Code Type Run mode | Data Benchmark tests Cross-
Format/API sections

Mercury  Monte Carlo Batch GNDS/ Criticality: 123 fast assemblies ~ Continuous
GIDI/ Reaction ratios: 3 assemblies Energy
MCGIDI 16 Pulsed spheres
Ardra Deterministic Interactive  GNDS/ Criticality:79 assemblies Multigroup:
Sn GIDI 230 groups

= Results were compared to MCNP6 - ENDF/B-VII.1 and VIII.0 results
(2017)
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107 fast benchmarks

ENDF/B-VIII.O

1.002

1 1
o | 1
L RECSE |
1 4
_e
4 |
Is L}
la 1
1 e 1
el 1
w-_ o
1 el
T 9
O 1
ol !
[ R T
1 el
1 e 1
| @ 1
1 e 1
1 o,...F.,b
1 I
.-
1oy 1
o- T !
. 1 1
. 1 1
e | 1
‘. |
ﬂP 1
1% 1
L]
[ 1
1 o 1
1 Ted
1 e[ 1
1 L) 1
1 o 1
1 4%
_R,i 1
1
o- - A" .\y+
i 1
_.«\ 1
1_-e 1
o,\\,_ 1
e« 1
';—: 1
_H 1
(A 1
1 o !
1 -
- 1
1 e 1
1 e 1
1 ec 1
1 d 1
»
LY !
1 o |
1 _ ¢’ 1
oo =TT I
R S| 1
“re 1
1® 1
_o,a 1
1 1
e 1
1 o 1
1 @ 1
1 e 1
1 e 1
1 e 1
1 w 1
1 1
[ ]
[ S
1 o 1
1 o 1
1 ° 1
1 o 1
1 L
1 L
1 ®
1 9
Lo
1 ,o_
1 ol
1 1"
1 e
_.\-\ 1
1 1
(]
[ 1
[ L}
1 ° 1
1 e 4_
1 e
1T
L4 |
SRMBS KN S SN L | S ——
wn - wn - wn (2] n
i o o (<} (=)} ]
o o [=] (2] (2] (o2}
S - Qe ] o ]
i - o o
n_zo_\,_x\b:o._mEv_

0.998

SdNd
9 SBINH
Y0INN
TAWH
€ AW
(&2
T ZAW
STINH
93INd
OT4Nd
€1 ¥84NH
€04NN
904NN
SEINH
0Z4Wd
TrdNd
204NN
¥Z ¥8INH
S 6L4NH
T 6LANH
¥ 6L4NH
U ¥BINH
T 6L4NH
e83INd
S S84NH
9Z4Wd
SINI
874N
€ S8INH
L Y8INH
SZANd
ZE4Nd
6T ¥84WH
TU ¥84IAH
YTINd
OZIWH
YOINH
T LSANH
T LSINH
SEINd
T Y8INH
0T ¥84IH
E4WH
6 vBINH
17 vBINH
8 v8INH
07 vBIWH
9 TrdNH
€Z4Nd
OE4Wd
S TY4AH
€ TrdAH
6TINH
¥ TrAAH
¥ ¥8INH
¥ SBIAH
Op4Nd
9 VBINH
7 S8INH
8T Y8IWH
T S8INH
LU vBINH
S ¥8INH
97 vBIWH
T 4NN
LLHANN
€ VBINH
6TINd
TLHNN
8T LAANW
g LN
v LW
YT LHNN
€T LAWN
9 LW
LT 4NN
17 4NN
8TINd
9T ¥84WH
T LANN
ST LN
6 LAWW
OT” 4NN
T TrdNH
TU AN
61 LINN
S AW
€ LN
€T 4NN
07 4NN
9T 4NN
T LANN
T TrdNH
TANd
T4Wd
04NN
T4WH
64AIN
OT4WIW
6Z4Nd
TZINd
TINN
ST ¥84NH
T ¥8INH
6€4Nd
64Wd
T ¥8INH

©
O
o
@)
i)
(V)]
(q0]
G
NN~
o
i
S~
(@)
(0.0)
| -
O
G
IS
L
()
2
L
G
@)
5
()]
LN
=
-
ot
=
Q
| -
(qv]
c
-z
Vs
()
z
O
S~
=
| -
>
@)
| -
Q
=

assemblies

National Nuclear Security Administration

I VA =g
NN

11

Lawrence Livermore National Laboratory

LLNL-PRES-XXXXXX



Bare assemblies: Godiva, Jezebel, Jezebel240....

Bare Critical Assemblies

e benchmark  -#Mercurye8.0 -a~MCNPe8.0
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...Adding Ardra results

Bare Critical Assemblies
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Fe

Fe
e benchmark 0 Mercurye7.1 ® Mercury e8.0
A MCNP e7.1 A MCNP e8.0
1.006 -
1.003 - -
O i
> 1 -
= i
8 1
= i
L0997 4 & o = o
x -
0.994 -
0.991 1— . . . . . . _—
A N % &
% xS 9 & I B | A
& b & \Q & & & &
N Q\@‘ N S

, _ TR T 232
Lawrence Livermore National Laboratory VA A

LLNL-PRES-XXXXXX tional Nuclear Security Administration



Pb and Cu

Pb Cu
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Reaction ratios

= ENDF/B-VIII.O library
= Mercury/GNDS — MCNP6.2/ACE ~

= Reaction rates are normalized by 23°U(n,f)

Benchmark Reaction Ratio 233U(n,f) 238U(n,f) 237Np(n,f) 239Pu(n,f) Simulated k.4

Godiva Mercury 1.5793 0.1583 0.8314 1.3844 1.00016 +/-0.00010
MCNP 1.5793 0.1583 0.8318 1.3846 1.00009 +/-0.00008
Mercury/MCNP 1.0000 1.0001 0.9995 0.9998

Jezebel Mercury 1.5660 0.2120 0.9772 1.4275 0.99986 +/-0.00010
MCNP 1.5560 0.2121 0.9770 1.4273 1.00073 +/-0.00008
Mercury/MCNP 1.0064 0.9997 1.0002 1.0001

Flattop25 Mercury 1.5776 0.1450 0.7737 1.3621 1.00115 +/-0.00010
MCNP 1.5664 0.1451 0.7735 1.3622 1.00082 +/-0.00009
Mercury/MCNP 1.0072 0.9990 1.0003 0.9999

We are still investigating possible sources of differences for U233(n,f) in Jezebel and Flattop25.
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TOF experiment — LLNL pulsed spheres

LLNL Pulsed Sphere: Al (1990)

ENDL2009.3
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We have implemented angular biasing in MCGIDI and tested with LLNL's library in GNDS for 16

LLNL pulsed spheres.
Different models - Testing ENDF/B-VIII.0 in GNDS format is next
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TOF experiment — LLNL pulsed spheres
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Summary

= LLNL implemented the GNDS format
for evaluated and processed nuclear
data

= FUDGE Processing

— significantly faster compared to previous tools

— Recently added: GNDS to ACE translator (n
sub-library, outgoing n)

= GIDI/MCGIDI APls

— Recently added: multi group (group collapsing) ;
angular biasing model (MCNP)

ENDF/B
VII.1
VIII.O

Benchmark
simulations
results

FUDGE GNDS

Evalua
tions

Radiation Transport
ADRDA (Sn)
Mercury (MC)

GNDS

Processed
Library
(Heated,

Translation/Processing

Codes

(o

« MCGIDI i
API

= The process was tested on ENDF/B-VIII.0 and VII.1 libraries and
compared to MCNPG6 results published in ENDF/B-VIII.O release paper

Lawrence Livermore National Laboratory
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Future work

= FUDGE Processing

- Unresolved resonance region probability tables
« Neutron thermal scattering laws

« Multi-band (Sn and Monte Carlo)

- GNDS to NDI, etc.

= GIDI/ MCGIDI

- Unresolved resonance region probability tables
« Neutron thermal scattering laws

- Hybrid angular biasing model (more memory, better statistics)

= CODES: ARDRA & Mercury
« Multi-band

= Kiwi - creates realizations for Uncertainty Quantification
« Include Kiwi in FUDGE
- Update for GNDS data
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