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Overview of nuclear data
processing




What Is nuclear data processing?

[Example of processing]
AN UCIGar data proceSS|ng / Evaluated Nuclear Data

JENDL, ENDF/ B, [JEF

generates cross section (XS) >

libraries for particle transport [ NuctearbataProcessing ——
d é:/ 104 Total XS of 25U (2936K) ]

codes. § 10

ANot just a converter ® 182

Alt performs many processes. §1o 157 107 160 107 107 105

i i : Incident Neutron Energy (eV
A Linearization, Resonance gy (eV)

reconstruction, Dopp|'f D Iy G ebiudor]
ANJOY (LANL) and PREPRO / Cross Section 2

(XS) Library

(IAEA) are well-known in the \ 4
world.

Transport Codes
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Status of nuclear data processing system

development

ADevelopment of nuclear data processing system has
been started in many institutes.
ATo process their own nuclear data library

ATo handle new nuclear data format GNDS
A GNDS: Generalized Nuclear Data Structure

[Nuclear data Jorocessmg system development in the world]
bt . HJ""‘\-\ w v

f%\ 2 jJ GRUCON FUDGE
[ cALENDF FUDGE
;J (CEA) (Kurchatov) (| ruler fh '(LLNL)

B AY

g : (C'AE) 1 NJOY
ig/zl PREPRO (IAEA) %ﬁ/ LANL
N

f\ GALILEE (CEA) = ,f/ Existing code

| GAIA(IRSN) FRENDY : N g

g . NECP-Atlas JAEA ew code
Y@l Ao %7 | ( Xi Baatong Uni) (—) ________________ Available code

Ref. D . Br own, AThe New Evaluated Nucl dNDC(NDS-0685.



Evaluated nuclear
data file

XS library generation for
continuous energy MC codes

AMany Monte Carlo (MC) codes use
ACE file.

AMCNP, PHITS, Serpent2, OpenMC,
SuperMC, &

ACurrent version of FRENDY does not
Implement Heating XS calculation
function.

AKERMA kinetic energy release in materials
ADPA displacement per atom

pd

v

Resonance reconstruction
(Linearization)

v

Doppler broadening

v

Gas production XS
calculation

v

Heating XS calculation
(KERMA, DPA)

v

Probability table
generation

v

ACE file generation

v

ACE file

~
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Evaluated nuclear
XS library generation for / datif"e /

multi-group calculation codes (| Resonance reconstruction

(Linearization)

v
AMany processes are identical to Doppler 'C‘I"’ade”‘r‘g
the XS library for continuous Gas production XS
energy MC codes. | > < calculation
AProcessing of thermal scattering law _ v _
data | ired to consider U Heating XS calculation
ala IS require P (KERMA, DPA)
scattering. v
Probability table
generation
Multi-group file generation | N * _______ 1

‘1' : Processing of thermal

|
. . \ scattering law data |
/ Multi-group XS file / ! I — :




Development of FRENDY




Development of nuclear data processing

system FRENDY

AJAEA started developing a new nuclear data
processing system FRENDY in 2013.
AFRom Evaluated Nuclear Data librarY to any application

ATo process nuclear data | ib
application code users with simple input file.

AFRENDY Version 2 was released in 2022.
Ahttps://rpg.jaea.go.jp/main/en/program_frendy/

k-

Nuclear dat - :
] Ntucll_lte)ar p‘igf:ss?r?ga Neutronics
ata liprary cvstern calculation codes
JEN"‘ y MVP, PHITS

FRENDY
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#7.17.1

Features of FRENDY

AUtilization of modern programming techniques
AC++, BoostTest library, Git
Almprovement of quality and reliability

AConsideration of maintainability, modularity, and
flexibility
AEncapsulate all classes
AMinimize the function of module
AMaintain the independence of each module

AProcessing methods of FRENDY are similar to
NJOY.

Ref K. Tada, et. al ., nDevelopment of nucldear
Nucl. Sci. Technol. (2023). (https://doi.org/10.1080/00223131.2023.2278600)



https://doi.org/10.1080/00223131.2023.2278600

#7.17.1

Structure of FRENDY

AModularity is carefully considered.

AModules of FRENDY can be used other calculation codes by
adding only a few lines.

ENDF-6 Endf6Parser s Endf6 ThermalScattering
format /Writer Converter DataProcessor
Resonance NuclearData [T T T T T T I
Reconstructor Object CovarianceData I
! I Processor :
L & e e e e e e o |
DopplerBroader AceDataGenerator | _ _ _ _ _ ________
I . I
——— / J \ HeatingCross |
asProduction . I SectionGenerator |
CrossSection AceDataObJeCt L & e e e e e e o I
Calculator $
_ Implemented
AceDataParser/Writer
UnresolvedResonance module
DataProcessor $

( ACE format C i-_: NOtdierlemented
- - mMoauie
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Advantage for using

original nuclear data object

AFRENDY has original format of the nuclear data for
efficient management.

ANuclearDataObiject class

AMinimizing the impact by the change of nuclear data
format

ADeveloper and users are not necessary to consider the nuclear
data format.
AConsideration of a new data format GNDS

A GNDS format can be addressed if another set of parser, writer and
converter classes are implemented.

ENDF-6 Endf6Parser s Endf6 : B _GFld_S_ jﬁ:_(gnas_P;r;e_r -: t” GNDS 1~
format /\Writer Converter I Converter ;L I/\Writer Y format

-— - —K e I S S — ~

Resonance T i) '

Reconstructor NuclearData |,__—» ThermalScattering
Obiect DataProcessor
DopplerBroader J
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Input format of FRENDY

AFRENDY treats two types of the input formats.
AFRENDY original input format

ANJOY compatible
ARECONR, BROADR, GASPR, PURR, UNRESR, THERMR,
GROUPR, MATXSR, MODER

ASimple and easy input data

AThe simplest input: Nuclear data file name and processing
mode are only required for the processing.
AFRENDY has recommended parameters in the source code.
AUser can also change (override) parameters.



#7.17.1

Input format of
FRENDY and NJOY

Alnput parameters of
FRENDY consi
dat a nammeot a
datao

AComment line is similar to
C/C++.
All~ or [* ~*/
Alnput format of FRENDY

IS easy to understand.

AThis input format is suitable
for beginners.

[Sample input of FRENDY]

ace _fast_mode // Processing mode
nucl_file_name U235.dat
ace_file_name U235.ace

temp 296.0
[Sample input of NJOY]
gl  OT /wfkd NP UT
20 21 / input(tape20), output(tape21)
'r)indf pe for JENRL-4 U235' /identifier for PENDF
oP28 / mat
1.00e-03 0.00 [ err, temp
0 /
broadr / command
20 21 22 / endf, pendf(in), pendf(out)
9228 1 / mat, temp no
1.00e-03 -5.0E+2 [ err, thnmax
296.0 [ temp
0 /
gaspr / command
20 22 23 / endf, pendf(in), pendf(out)
purr / command
20 23 25 / endf, pendf(in), pendf(out)
9228 1 10 20 500 / mat, temp no, sig no, bin no, lad no
296.0 / temp
1E10 1.0E6 1E4 1E3 300 100 35 10 1.0 0.1 /sig zero
0 /
acer / command

20 25 0 30 31 / nendf, npend, ngend, nace, ndir
1 1 10.30 / iopt(fast), iprint(max), itype, suffix
'ACE file for JENDL-4 U235' / descriptive character

9228 296.0 / mat, temp

11 / newfor(yes), iopp(yes)

111 / thin(1), thin(2), thin(3)

stop /




#7.17.1

Release of FRENDY

AFRENDY was released from our website.
Ahttps://rpg.jaea.go.jp/main/en/program_frendy/

@ Hekoee

AOpen-source software =
A2-Clause BSD license

APresentations of FRENDY training course e

and exercise are also found in this website. s

AManual of FRENDY
AJAEA-Data/Code 2022-009 I

A https://jopss.jaea.go.jp/pdfdata/JAEA-Data-Code-2022-009.pdf
AThere are many sample input files in this manual.

apo)H/ereq-vivi
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#7.17.1

Development of FRENDY Ver. 2

AFRENDY Ver. 1 only generates ACE file.

AMany capabilities are prepared after FRENDY Ver. 1.
ANeutron induced multi-group cross section generation

APerturbation of ACE file for uncertainty quantification
AThis function was implemented in FRENDY Ver.1.01.001.

AModification of evaluated nuclear data file
AUncertainty quantification for probability tables
Almprovement of input checker to reduce input errors

AFRENDY version 2 was released including these
functions in Jan. 2022.



Features of new functions
IN FRENDY Version 2
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Multi-group XS generation

AFRENDY/MG" is used for a
multi-group XS files.
AFRENDY/MG generates multi-group

XS files from ACE files.

AFRENDY/MG can also generate a
multi-group XS library from the existing
ACE library.

ANJOY input is also available for
multi-group XS file generation.

Alnput of GROUPR and MATXSR
modules are available.

* A. Yamamot o, K. Tad a-grouf.
neutron cross section generation capability for FRENDY
nucl ear dat a pr dlucleSisTechmypl., 2021
https://doi.org/10.1080/00223131.2021.1921631
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Major capabilities of multi-group generation

AOutput format of multi-group cross sections
AGENDF and MATXS

AAngular/energy distributions
ALAW=3, 4,7, 9, 11, 44, 61, and 66 in ACE file
AAIll nuclides in JENDL-4.0, -5, ENDF/B-V, B-VII.1, B-VIII.O,
JEFF-3.3, and TENDL-2019, -2021 are available.
ACalculation function of multi-group photoatomic
cross section, KERMA factors, and group-to-group
photon scattering matrix is not implemented.
AGAMINR of NJOY
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New functions of multi-group generation

ABack-ground cross-section set can be
automatically set with minimum number of
background cross-sections”.

AA compound of different isotope can be specified
to explicitly consider the resonance interference
effect.

AFor example, U-235, U-238, and O-16 in UO.,.

AANy energy grid points can be used for ultra-fine
group slowing down calculation.

*) A. Yamamoto, T. Endo, K. Tada, AnAdaptive
generation of effective multi-gr oup cross sections i n FRENDY
J. Nucl. Sci. Technol., 2021. https://doi.org/10.1080/00223131.2021.1944930



https://doi.org/10.1080/00223131.2021.1944930
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Resonance up-scattering correction (RUC)

ACalculation of elastic scattering cross section and
scattering kernel using O K scattering cross section

data generated by FRENDY.
AMixed nuclide is also available to explicitly consider the

resonance interference effect.

AFor example, U-235 with RUC, U-238 with RUC, and O-16 without
RUC in UO,.

ASample input files to use RUC are found in the FRENDY
manual.
ANeutronics calculation codes can consider RUC
without any modification.
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Comparison of XS with and without RUC

ALarger differences are found at the large
resonances below 100 eV.

<Comparison of cross section with and without RUC (U-238, MT=102)>

1.0&"‘02 F T LI | T LI | T T T LI | T T T T T LA | T T -E +1.0
[ - &)
2 1.0e+01 } . {+05 2
c C ] <
o =
3 - g
© 1.0e+00 } 0.0 o
) - a
7,
o - 5
O 1.0e-01} . 05 2
3 with reso upscat 3
without reso upscat ~
I le l
1.0e-02 ' ' - - — - -1.0

1.0e- 05 1. Oe 04 1. Oe 03 1. Oe 02 1 Oe- 01 1 0e+00 1. 0e+01 1 0e+02 1 0e+03
Incident Neutron Energy [eV]
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Multigroup generation of secondary gamma

spectrum

AFRENDY results show good agreement with NJOY
results.

AAll nuclides in JENDL-4.0, JENDL-5, ENDF/B-VII.1,
ENDF/B-VIII.O, JEFF-3.3, and TENDL-2018 are available.

Secondary gamma spectrum of Fe-56 from J5
(MT=102, Ein=13.840-14.191MeV, vitamin-j 429)
1.E-03

1.E-04
1.E-05
1.E-06 _I

1.E-07 — _FRENDY

1.E-08 - --NJOY2016.65
1.E-09 |

1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Outgoing energy [eV]
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2D Interpolation scheme of FRENDY

AENDF-6 format recommends using unit base
iInterpolation for 2D interpolation.

AFRENDY uses MCE for MCE divides into N

2D interpolation. : equal volume areas.
AMethod of Corresponding /\174

Energy , N ot
AMCE is identical to unit )

\ |
base interpolation when E \ . T~

the number of divisions N o
s 1. \

Initial Energy

*
Figure 2: Interpolation between Two-Dimensional Panels. )

*) A.Trkovet al .-6 FBENDERt Ma203228-2018-INBH (2018).
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Difference of 2D interpolation scheme

ADifference was found in the secondary gamma
spectrum between the unit base and MCE.
AClose to threshold energy.

AWe think that MCE shows a reasonable distribution.

ADefault number of Secondary gamma spectrum of Fe-56 from J5
divisions in ERENDY is 2. (MT=22, Ein=12.5-12.8MeV, vitamin-j 429)

1.E-04 ——unit base
A Gamma spectrum does not  mce=2
change even if the number  1.E-06 Mee=F e
of divisions is increased.
1.E-08 ~
A
A
1.E-10
1.E-12
1.0E+05 1.0E+06 1.0E+07

Outgoing energy [eV]
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Calculation of thermal neutron scattering

Cross section

ANJQOY uses 118 fixed energy grid points.

AThese fixed energy grid points are insufficient for
neutronics calculation.

AFRENDY used the incident energy grid points of
the corresponding nuclide.
AVery large processed data size

AOptimization of the number of incident energy
grid points is required to reduce the data size.

ALinearization function is newly added for thermal
scattering law data processing.

AFrom FRENDY Ver. 2.02

26
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Comparison of thermal neutron scattering

Cross section

ANJOY only calculates the incoherent inelastic XS on 118
energy grids.

A Other energy grids are interpolated using the 5" order Lagrange
Interpolation.

AThe fixed energy grid is not appropriate for a material of
which the cross section is oscillated.

A This difference may have impact on the TRIGA reactor.

<Incoherent melastlc scattering XS (H in ZrH, 400 K)>
100¢ ;o +1%-
leference at Iow ;

energy region is :

{ observed in many I )

materials. N o

) - -1

L / )

| - =
FRENDY ——

NJOY99 ——

11 Dif. L L " 1%

1.0E-5 10E4 10E3 1.0E-2 1.0E-1 1.0E+O
Incident neutron energy [eV]

[b]
*\

O~

e
——
-——

—_ =
e
I
-——
-——
J—
p——
-——

,—

/

Cross section
)
'R
66 A0CN/
(66AOCN-AANIYH)

o
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Impact of number of energy grids on k-eff

Alnvestigation of appropriate tolerance value for
linearization.
A Criticality benchmarks which contain H in ZrH were selected.
ALarge differences between FRENDY and NJOY were

found.

AThe tolerance value for linearization should be less than or equal
to 0.05%.

AFRENDY uses a default tolerance value of 0.02%.

<Relative difference of k-eff in each criticality benchmark>

Fixed 118 Old Tolerance value
energy grnid FRENDY 01006 0.05%| 0.02%
HCM-3-1 -0.037%  0.003% 0.013% 0.002% | 0.002%

ICT-3-132 0.026% -0.002% -0.009% -0.001% | -0.006%
ICT-3-133 0.021%  0.001% -0.012% -0.004% | -0.005%
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Comparison of incident energy grid points

AThe number of incident
energy grld points IS <Comparison of the number of incident

very small even if neutron energies in each tolerance value> .
: Old Tolerance value

gol)ezroa/nce value Is FRENDY 0.10% 0.05%)| 0.02%
: 0. Al-27 2,773 173 234 330
Alncident energy grid F_e-56 9,775 174 238 345
points and data size of Be_ln BeO 10,272 186 261 387

. Din RO 559 166 208 280

the ACE file are reduced Hin HO s00 157 104 o4
by more than 80% for Hin ZrH 500 207 423| 653
many materials when OinBeO 10,243 185 256| 381
the tolerance value is Oin HO 512 152  176| 225
0.02%. 0Oin UQ 3,958 178 246| 352
Uin UQ 4626 170 230 326
Zrin ZrH 3378 172 235 336|
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Uncertainty quantification for probability

tables

AFRENDY Ver. 1 requires number of ladders as an
Input parameter to calculate probability table.
AAn optimal number of ladders has not been investigated.
AProbability table is important to consider self-shielding effect
In unresolved resonance region.
AFRENDY Ver. 2 calculates statistical uncertainty of
probability table.

AProduct of probability table and total XS is considered as
target of statistical uncertainty of probability table.

AUser can generate probability <Example of ladder
table with optimal number of ipseudo resonance structure)>
ladders. 1 A A }W
AThis function is also contributed to *[] I A Y

reduce the total processing time.  “[] /T T 1 1/ \ /U 1] |re.
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Calculation time of probabillity table In
each energy grid (U235 from J-40)

AOptimal number of ladders is
different in each energy grid.
ACriteria of statistical error : 5%

(default value)

ALadder number optimization
effectively reduces
generation time of probability
table.

ANumber of ladders becomes
smaller when incident energy is
Increased.

A Calculation time to generate
one ladder becomes longer
when incident energy is
Increased.

Incident

energy ladders
[eV]

500 80
563 60
850 60
1110 50
1300 30
4250 30
6500 30
13000 40
26900 60
30000 40
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ACE file perturbation tool

Almplementation of a random sampling tool to perturb
cross section and fission spectrum of ACE file".

AUser sets reaction type, energy region, and amount of
perturbation.

ACross section and fission spectrum are randomly perturbed
using random sampling mode.

AThis tool is available from FRENDY Ver. 1.01.001.

A [Example of [Example of random sampllng (*H, (n )}

Cross section perturbation] o) 1.0E- 3§ i i—
S - [ o—|
£= O | 05— |]
0 5 o
)] o 1.0E-4} 8 |
%) '~ @ : r—
o N n
O N o
S~ O 1.0E-5 ' -
T~ S 1.0E+5 1.0E+6 1.0E+7
Incident neutron energy Incident neutron energy [eV]
*) K. Tada, et al ., nDevelopment ofJ.NacCEBci.f il e

Technol., 60, pp.624-631 (2023). https://doi.org/10.1080/00223131.2022.2130463
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#7.17.1

ENDF modification function
AThis function removes, adds, exchanges specified

MF/MT data.

remove '

MF=1
MF=2, MT=151
MF=3, MT=1
MF=6

MF=1

MF=2, MT=151

MF=3, MT=1

MF=3, MT=2

MF=6

' add

MF=1

MF=2, MT=151

MF=3, MT=1

MF=3, MT=2

MF=3, MT=102

MF=6

The modified evaluated
nuclear data file must be

checked carefully since
FRENDY does not check
the new file.

‘ exchange

MF=1
MF=2, MT=151
MF=3, MT=1
MF=3, MT=2
MF=6
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Linearization function of TAB1 data

ANJOY uses the first interpolation scheme for multiple
Interpolation schemes in some MF data.

AThis process is not applicable when multiple interpolation
schemes are used in the TAB1 data.

AFRENDY linearizes TAB1 data to handle multiple interpolation

schemes.
A Differences were found between FRENDY and NJOY.
ALinearization function of Secondary energy distribution
TABL data was prepared as g o 200 MSTEOL
a tool of FRENDY. 3.E+06 A
ASuch interpolation problem is © 3E+06 // % DA
solved if the TAB1 data are “; 2.E+06 7 /X\
linearized before the nuclear LW 2E&+06
data processing. 9 1.E+06 /AN
5.E+05 // L‘& \
0.E+00 e::::"::':=::::::::::::::::::::::::::,

0.00 020 040 0.60 0.80
Secondary energ
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Input checker functions to reduce Input errors

AFRENDY automatically checks input parameters
and processing results.
AFRENDY reads nuclear data files and sets recommended
values.
Alnput parameters are compared to recommended values.

AProcessing results are also used to verify input parameters.

AThese functions help many users

o generate correct inpUt file. 1;) Incoh-Inela XS of Hin CH2 >

AThese functions are also available
for NJOY input format.

AFRENDY is also used as the input
checker of NJOY.

Cross section [b]

=
o

1.E-05 1.E-03 1.E-01 1.E+01
Incident Neutron Energy [eV]



Input format of FRENDY




#7.17.1

Basics of FRENDY Input format

AFirst line must be processing mode.

Aace fast _mode Neutron induced ACE file
Aace_tsl_mode ACE file of thermal scattering law data
Aace _dosi_mode Dosimetry ACE file

Amg_neutron_mode : Neutron induced multi-group XS file

AOther lines are free format.
ASetting fAinput data nameo and
AParentheses are used to describe array data, e.g., (1.0 2.0 3.0).

AText data is surrounded by single or double quotation mark, e.g.,
A~0 or O0~0.
A Multiple lines are available for array data and text data.
AComment line is similar to C/C++.

All~ or [* ~*/
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Malin input parameters

ARequired parameters
Anucl_file_name Evaluated nuclear data file name
Anucl_file_name_tsl TSL data file name (TSL only)

AQOther main input parameters

Atemp Temperature (K) (Default: 293.6 K)

Aace_file_name ACE file name (Default: muc |l _f i |l e) name

Aace_dir_file_ name XSDIR file name (Default: i nu c | _ f i dcedir)n a

A suffix_id Suffix ID of ACE file (Default: 00)

Aace label data Comment line of ACE file (one line) (Default: none)

Athlerrr)lal_za_id_name S ( U ,iderftifler of MCNP (TSL only) (Default: ZA
value

AAdditional parameters

Awrite_pendf_probability_table PENDF file name after probability table
generation

Awrite_pendf _tsl PENDF file name after TSL data processing (TSL only)
A PENDF (Point-wise ENDF) file is a processing result of NJOY.
A These PENDF file can be used as input PENDF of NJOY.
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39

Example of FRENDY input (Neutron induced)

ace_fasf[_mode // Procesglng mode —__ First line must be set
nucl_file_name .Jlib/U235.dat processing mode.
temp /* [K] */ 300.0
ace file_name Jace/U235.ace Relative path or
ace_dir_file_name ./xsd/U235.xsdir absolute path
ace label data n 235 from JENDL-4 . 0 O
suffix_id 50

AProcessing conditions of above example

A Evaluated nuclear data file name
A Temperature

A ACE file name

AXSDIR file name

AComment line of ACE file

A Suffix 1D

Jib/U235.dat

300.0 [K]
Jace/U235.ace
Ixsd/U235.xsdir

U-235 from JENDL-4.0
0.50
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Example of FRENDY input (TSL)

ace_tsl_mode // Processing mode -~ First line must be set
nucl_file_name ./lib/HOO1.dat processing mode.
nucl_file_name_tsl .[lib_sab/01 h_in_h2o.txt -
ace label data AHI nH2O f r-4 mO q TSLdatafile name
temp 296.0 — I
ace_file_name Jace_sab/lwtr.ace Temperature prepared in TSL
ace dir_file name  ./xsd_sab/lwtr.xsdir | data file (nucl_file_name_tsl)
suffix id 50 Is only available.

thermal _za id name fAwtro ~—

S ( U ,idertifler of MCNP
(Maximum: 6 characters)

AProcessing conditions of above example
ATSL data file name: ../lib_sab/01 _h_in_h2o.txt
AS (U ,iderttifler of MCNP  Iwtr

Alwtr light water
AThi s name i s u

sed in S(U, b)
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Input format of multi-group generation

Alnput format of multi-group generation is similar to
that of ACE file generation.
ADifference is only processing mode name
AMulti-group file can be generated from ENDF and ACE files

AProcessing of U-235

mg_neutron_mode //Process mode
nucl_file_name ( ../lib/U235.dat ) /ENDF file name

AProcessing of H in H20

mg_neutron_mode /[Process mode
nucl_file_name (../lib/HOO1.dat) /ENDF file name
nucl_file_name_tsl (../lib/01_h_in_h2o.txt)

mg_tsl data type (hh20) //This data type is used for MATXS
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Difference of IWT options

AIWT option affects the angular neutron flux
distribution

AAngular neutron flux distribution may become jagged when
IWT=0 (variable) .

ARecommend option: IWT=2

Alf users want to accurately Example of angular neutron
calculate the angular neutron flux distribution with IWT=0/2
flux distribution. N0 2l wTt=0

AIWT must be 2 for the multi- i i ~

group cross section generation.

ADo not use IWT=1 (constant).

AThis option will affect not only
the angular neutron flux
distribution but also k-effective
value.

*)J.L.Conlin, et al . ,-Sg0pnb) nGanp
MCNP, LA-UR-12-00155, LANL (2012).




@y
IFENG option and weight_option

weight_option (0~2) used in FRENDY Is identical
to 1wt option iIn NJOY/ACER module.

Iwt=0 (variable), 1 (constant), 2 (tabulated)
The values of weight_option (iwt) and those of
IFENG are different.

IFENG=0 (discrete), 1 (skewed), 2 (continuous)

h-hZo. 00t 0999167 2.98h2e-08 20220208

100 0 I I 0
0 0 I I 0
(] 0 i i 0
0 0 i i 0
11774842 3 3 3l
0

h00



Future work




#7.17.1

Development of XS output function

Alt outputs X-Y data for gnuplot, Matplotlib, and Excel.

ACross section data and double differential cross section
data from ENDF(PENDF), ACE, and GENDF.

APointwise and multi-group data.
AMulti-group cross section can be generated from pointwise data.
AMulti-group cross section generation using flat or 1/E flux.
AThis function will be released in next update of
FRENDY Ver. 2 (Ver. 2.03).

<Compar|son of p0|ntW|se XS of U 238> <Compar|son of multl group XS of U-238>

1.0e+05 +1.0 1.0e+02 +1.0
g - _
o 1.0e+04 | 1 Sl=Y g
1+05 2 < 1.0e+01 4+05 2
S 1.0e+03 zZ O =
fp—t =~ +— =
4 - Q 2
D 1.0e+02 F 00 B D 1.0e+00 +0.0 O
0 I E (7)) ‘\\_J" a
% 1.0e+01 | B E 8 E

o [ 1-05 = 1.0e-01 4-05
S 1.0e+00 L[ FRENDY —— g O ¢ I 50 upscat —— E
’ NJOY —— E without reso upscat ~

A Dif. —— = Dif. ——
1.0e-01 - . . — 10 1.0e-02 - -1.0
10004 10602 10 +00 10 +02  1.0e+04 10 +06 10e-05 10004 1003 10e-02 10 01 10 400 10 01 10 102 1.0e403

Neutron Energy [eV] Incident Neutron Energy [eV]



#7.17.1

Release of FRENDY Version 3

AFRENDY Ver. 3 will be released including these
functions.

ACalculation function of neutron KERMA factor and DPA
cross section (HEATR of NJOY).
AKERMA: Kinetic Energy Release in Materials
ADPA: Displacement Per Atom

ACalculation function of multi-group covariance matrix
calculation function (ERRORR of NJOY).

ACalculation function of multi-group photoatomic cross
section, KERMA factors, and group-to-group photon
scattering matrix (GAMINR of NJOY).

ATreatment of the GNDS formatted nuclear data file.
AUsing GIDI+ of LLNL
Ahttps://github.com/LLNL/qidiplus



https://github.com/LLNL/gidiplus

Reference Materials




#7.17.1

Random sampling

Covariance matrix of nuclear data iInp/Nddd_000x

102 2.00E+01 6.43E+00 8.78E -01
102 6.43E+00 4.30E+00 8.67E -01
102 4.30E+00 3.00E+00 8.62E -01

\

AUser has to prepare covariance matrix.

AWe are now developing converter from GENDF file of
NJOY/ERROR to input of random sampling tool.

AGeneration of perturbation factors using random
sampling method
ASee n/l frendy 2nlakeypartndbationt factorl s A mp



JAEA 49
Uncertainty quantification using random

sampling method
Godiva (HMF-001)

Geom Sphere
etry Radius: 8.7 cm
Com U-235: 93.71 wt.%
i U-238: 5.27 wt.%
U-234:. 1.02 wt.%
Gadd 1.000  0.001
« MCNPG6.2

« Number of perturbed ACE file: 100
. Covariance data: 56groupcov?.1
(from SCALE®6.2.3) _
. MT=2,4,16,18,102,452, and 1018 Godiva [1]
( MT =45 2 83 ,G6) MT = 1lufcskeBueanscipoc(es)os, organization for

Economic Co-operation and Development-Nuclear
Energy Agency (OECD-NEA) (September 2016).



