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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 23018:2022(E)

Group-averaged neutron and gamma-ray cross sections for
radiation protection and shielding calculations for nuclear
reactors

1 Scope

This|document provides guidance in the preparation, verification, and validation of grohip-averaged
neutron and gamma-ray cross sections for the energy range and materials of importanee(in radiation
prot¢ction and shielding calculations for nuclear reactors?), see also Annex A.

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, enly the edition cited [applies. For
unddted references, the latest edition of the referenced document (ificluding any amendmenpts) applies.

ISO 12749-5, Nuclear energy, nuclear technologies, and radiolegical protection — Vocabulary — Part 5:
Nuclgar reactors

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12749-5 and the following
apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available-at-https://www.electropedia.org/

31
cross-section processing.code
computer code that cenverts evaluated nuclear data in a specified format and procedure|into a form
that |s appropriatedor-tse in applications

Note[1 to entry: A cross-section processing code performs calculations such as resonance refonstruction,
Doppler broadening, and multigroup averaging.

3.2
ENDF/B
United States of America evaluated nuclear data file (3.3) prepared and reviewed by subject matter
experts that is coordinated and maintained by CSEWG and NNDC at Brookhaven National Laboratory

3.3
evaluated nuclear data file
nuclear reaction database stored using a specified format and procedure

EXAMPLE ENDF/BI2], JEFF[3], and JENDLI4.

1) This edition is based on ANSI/ANS-6.1.2-2013[1],

©1S0 2022 - All rights reserved 1
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experimental benchmark
experiment for which conclusions can be drawn as to the accuracies of computational models and the
underlying nuclear data

Note 1 to entry: An experimental benchmark contains the following:

a complete description of the conditions under which the experiment took place, including input data such

as reactor geometry, material compositions, core power distribution, relevant material temperatures, and

experim

Note 2 to ent
to integral qu
such as time-

3.5
group-aver
cross sectio

3.6

JEFF
evaluated n
participatin|

3.7
JENDL
Japanese ev

and shielding calculations, and other applications

3.8
neutron an
cross sectio

ental conditions specified in sufficient detail to model or to replicate the experiment;

measured data and their associated uncertainties.

'y: An experimental benchmark can provide “integral” or “differential” metrics; "integral \pe
antities such as reaction rates, while “differential” provides energy-dependent spectralinform
of-flight measurements.

aged cross section
h averaged over energy groups (intervals) as weighted by specified fiihctions

Liclear data file (3.3) produced via an international cellaboration of NEA Data
I countries

1luated nuclear data file (3.3) for fast breeder reactors, thermal reactors, fusion neutr

d gamma-ray cross section
h for the interactions of neutrons.afid gamma-rays with matter, including cross sectiqg

tains
ation

Bank

bnics

n for

the secondary emission of neutron and gamma-ray as well as cross section for the effects of neytron

and gamma

3.9
numerical |
specificatio}
sources) ang
dependence
of a specifie

ray on materials (e.g. heating or helium generation)

benchmark

1 of a set of input quantities (e.g. composition and geometry of bulk material and radi
| of reference caleulated output quantities relevant to the benchmark (e.g. spatial and eq
of neutron or{gamma-ray fluence profiles) in detail sufficient to determine the accur
d computatiomral method when applied to modelling of the same input specifications

htion

ergy
acies

4 Abbreyiations and acronyms

CSEWG €rossSectionEvatuatiomrWorking Group

KERMA Kinetic Energy Released per unit Mass

LWR Light Water Reactor

NEA Nuclear Energy Agency

NNDC National Nuclear Data Center

OECD Organisation for Economic Co-operation and Development

ORNL Oak Ridge National Laboratory

RSICC Radiation Safety Information Computational Center
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5 Preparation of group-averaged neutron and gamma-ray cross sections

5.1 Evaluated nuclear data files

Evaluated nuclear data files shall be derived from documented and reviewed information, including
basic experimental data, nuclear models, and systematics. The evaluated microscopic cross sections
shall be expressed as unique physical parameters and piecewise-continuous functions of incident
particle energy, of secondary particle energy, and of secondary particle angle with respect to the
incident particle direction. The evaluation shall be in sufficient detail for shielding applications, shall be

reviewed and documented, and should be tested against benchmark experiments.

5.2
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validity, recommended procedure conformation, and physics content (e.g. using ENDF Util
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Checking of evaluated nuclear data files

e processing an evaluated nuclear data file, it should be checked for format-confor

RMA values are computed for response functions, cross-section processing-code outpy
matics limits from the total momentum conservation) should be andlysed to av]
lation problemslel.

Energy ranges and materials of importance

pvaluated nuclear data files should cover energy ranges)(+/10-> eV to ~20 MeV for n
bV to ~30 MeV for gamma-rays), and materials (shield materials as well as other materi
hlculation of radiation sources) of importance in radiation protection and shielding cal
ar reactors.

Group-averaging techniques

General

ated nuclear data files shall be averaged over energy groups by numerical techniques
icantly degrade the accuracy.ofthe evaluated nuclear data files for the application
hting functions and energy.group structures should be appropriate for the application
ging process should be €artied out by tested, verified, and validated computer cod
documented and reviewed.

Fine-group structures

adeq|
wou

be insensitive to the weighting functions used for specific applications.

5.4.3

wumber and €nergy boundaries of fine energy groups shall be specified in detail suffig
ate accuracy for radiation protection and shielding calculations, even if the number o
d impaese'significant computation time, memory, and hard disk space requirements. /

ation, data

H?y Codesl2]).

Its (showing
oid KERMA

cutrons and
als required
rulations for

that do not
of interest.
. The group-
bs that have

ient to yield
Ffine groups
\ fine-group
ure derived

ture‘shall be used to determine the sufficiency of a coarser collapsed-group struct
that-fine-group structure. The fine-group structure shall accommodate weighting f

Pointwise weighting function

nctions that

eture should

The pointwise weighting function applied to the calculation of averaging neutron and gamma-ray
cross sections for an isotope of interest should be representative of the spectrum for the energy range
and application of interest. If the fine-group structure contains sufficiently small groups, the shape
of the weighting function within a fine group will not be important. If the weighting function does
not explicitly account for resonance effects, energy self-shielding calculations, such as Bondarenko
factorslZl, shall be used to correct cross sections in resonance regions.
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5.4.4 Self-shielding treatment

Self-shielding effects can be very significant in deep-penetration problems. If systems containing pure
iron or other structural materials are of interest and Bondarenko factors are used, Bondarenko data at
sufficiently low-background cross sections (i.e. low dilution), such as 0,1 b or lower, should be provided.
Studies have shown that insufficient self-shielding correction of the scattering matrix can cause a
noticeable effect in some casesl8l. Most available shielding libraries do not currently treat these effects.

5.4.5 Collapsed-group cross sections

A set of group-averaged neutron and gamma-ray cross sections for practical shielding analysis shall be
obtained by[the collapse of a fine-group set to a smaller number of groups. The fine-group set shall(Lhave
been prepared in accordance with 5.4.2, 5.4.3, and 5.4.4. Collapsing from the fine groups to the e¢arse
groups shal] be performed with a fine-group weighting function appropriate to the shield cenfigurption
to which thie collapsed-group set is to be applied. The number of the collapsed energy, groupd and
the group boundaries should represent a balance between the objectives of avoiding impragtical
computing fequirements and yielding acceptable accuracy in the shielding analysjs.’Examples of|fine-
to-coarse gioup averaging techniques are scalar flux weighting, consistent Pyl2};and bi-linear adjoint
weighting[19].

5.5 Upscattering cross sections

The thermal energy range (e.g. energies less than 5 eV) of a fine-group cross-section library should
include upsdattering cross sections. Upscattering cross sections previde more accurate thermal flyence
rate calculations compared to cross-section sets that do not include upscattering. The inclusipn of
upscattering cross sections will also improve the accuracy of photon production from thermal neugrons
in a coupled|neutron and gamma-ray calculation.

In collapsed-group cross section sets, upscattering\cross sections should be retained if thgrmal
neutrons cqntribute to the results of the analysis)In order to decrease the computational time in
treating upgcattering cross sections, an upscatteting truncation method may be used. For upscattering
truncation, the ANISN method should be used;“which preserves the cross-section balance in erergy
groups1l, The accuracy of a calculation using the ANISN method of upcattering truncation should be
verified by gomparing with a calculationtusing a cross section set that contains upscattering.

5.6 Legendre order of scattering

The order of scattering crossséctions for both neutrons and gamma-rays should be available as P, or
higher ordey for nuclides with/atomic numbers 1 through 29 and P; for the remainder of the nuclides. A
minimum of a P; Legendfe expansion of the scattering cross section shall be used in particle trangport
calculationsf12]. The order of Legendre polynomials also depends on the geometry of the problem.

6 Verifidation and validation of cross sections

6.1 Verification of cross-section sets

The choice of energy group structure, the averaging technique employed, and the choice of weighting
function should be verified by the calculation of appropriate numerical benchmarks. Differences
should be considered acceptable based on the energy group structure and weighting functions used
in preparation of the fine-group and coarse-group cross-section set. The analyses performed for
numerical benchmarking shall be documented in sufficient detail to allow an experienced shielding
analyst to duplicate the results. The results of collapsed-group calculations shall be compared with fine-
group results to determine the adequacy of the coarse-group structure and weighting function used
in the collapse. If the differences between the fine-group results and the collapsed-group results are
considered to be unacceptable, the coarse-group energy structure shall be refined until the differences
are acceptable.

4 © IS0 2022 - All rights reserved
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6.2 Validation of cross-section sets

The fine-group and coarse-group cross sections shall be used in calculations of appropriate
experimental benchmarks. The experimental benchmarks shall conform to formats approved by
national or international bodies such as CSEWG, OECD/NEA/Nuclear Data Bank, or the Sigma Advisory
Committee in Atomic Energy Society of Japan. The agreement between the experimental and the
calculated metrics shall be documented.

© IS0 2022 - All rights reserved 5
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Annex A
(informative)

Information on group-averaged neutron and gamma-ray cross
section verification, validation, libraries, and generation

A1 Exan|lple of numerical benchmark guidelines

ORNL-RSICR5[L3] provides guidelines for a numerical benchmark so that it is reproducible drid confains
sufficient dqcumentation.

A.2 Examples of experimental benchmarks

Examples off appropriate experimental benchmarks are the ORNL Pool CriticalMssembly benchmapk[14]
[15], H. B. Robinson Unit 2 in-vessel and ex-vessel neutron dosimetry(benchmarkll¢l, and Venus
benchmarkg[1Zl. Experience demonstrates that +20% agreement betwéen measured and calcujated
reaction ratps can be achieved for reactor pressure vessel surveillance ‘eapsule dosimetry.

A.3 Examples of group-averaged cross-section libraries
Examples of group-averaged cross-section libraries that have been developed are as follows:

a) VITAMIN-B7: A fine-group (coupled 199-neutron=-and 42-gamma-ray-group) cross-section library
based dn ENDF/B-VIIL.O for radiation transport’applications; generated at ORNL; distributgd by
RSICC afs DLC-245 and NEA as DLC-0245/Q2H8t;

b) BUGLE-B7: A coarse-group (coupled 47-neutron- and 20-gamma-ray-group) cross-section libhrary
based on ENDF/B-VIIL.0 for LWR shielding and pressure vessel dosimetry applications; data were
collapsed from VITAMIN-B7; genérated at ORNL; distributed by RSICC as DLC-245 and NEA as|DLC-
0245/02018];

c) ENDF/B-VI.8-based and.ENDF/B-VII.0O-based coupled 200-neutron and 47-gamma-ray-group
cross-s¢ction libraries:“Cross-section data sets created for radiation transport applications;
nuclides were processed using the AMPX code system; data sets were generated by ORNL[19];

d) VITAMIN-B6 (RSIGC) / ZZ-VITAMIN-B6 (NEA): A fine-group (coupled 199-neutron- and 42-garhma-
ray-grolip) craess-section library based on ENDF/B-VI.3 for radiation transport applications;
nuclides were processed with NJOY 94 or NJOY91.94m and the AMPX code system; distribut¢d by
RSICC as D1.C-184 and NEA as DLC-0184/01[201;

e) BUGLE-96 (RSICC) / ZZ-BUGLE-96 (NEA): A coarse-group (coupled 47-neutron- and 20-gamma-
ray-group) cross-section library based on ENDF/B-VIL.3 for LWR and pressure vessel dosimetry
applications; data were collapsed from VITAMIN-B6; distributed by RSICC as DLC-185 and NEA as
DLC-0185/01[201;

f) ZZ-VITJEFF32.BOLIB (NEA): A coupled 199-neutron- and 42-gamma-ray-group pseudo-problem-
independent cross-section library in AMPX format for nuclear fission applications based on JEFF-
3.2, processed through the NJOY2012.53 nuclear data processing system and the ENEA-Bologna
2007 revision of the ORNL SCAMPI nuclear data processing system in the VITAMIN-B6 energy
group structure using the same methodology and calculation procedures; distributed by NEA as
NEA-1891/01;

6 © IS0 2022 - All rights reserved
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g) VITENEA-E (RSICC) / ZZ-VITENEA-E (NEA): A coupled 174-neutron and 38-gamma-ray-multigroup
cross-section library in AMPX format for multidimensional radiation transport calculations
and dose evaluation based on ENDF/B-VI processed using the NJOY-SMILER-SCALE sequence;
distributed by RSICC as DLC-240 and NEA as NEA-1702/01;

h) MATXS11 (RSICC) / ZZ-MATXS11 (NEA): An 80-neutron- and 24-gamma-ray-group cross-section
library from ENDF/B-VI in MATXS format processed with NJOY91.91, useful for most high-energy
calculations, including coupled neutron-photon heating calculations in fusion blanket systems and
the analysis of fast reactor cores; distributed by RSICC as DLC-177 and NEA as DLC-0177/01;

i) MATXSLIB]33 (RSICC)/ZZ MATXSLIB]33 (NEA) A]ENDL 3. 3 based 175 neutron- and 42-gamma-
: M oreHT : ratrsport codes;

i 1str1buted by RSICC as DLC-258 and NEA as NEA 1707/04

A.4 | Problem- and objective-specific group-averaged cross sections

In cages where a publicly available cross-section library does not provide satisfactory results, problem-
and ¢bjective-specific group structures and libraries should be generated¢An‘example of a methodology
for problem- and objective-specific group structure generation is the Contributon and Pointwise Cross
Section Driven methodology[211[22],

A.5 | Group-averaged cross-section library generation flowchart

Figure A.1 shows the flowchart to generate a group-averaged cross-section library.

©1S0 2022 - All rights reserved 7
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Figiire A.1 — Flowchart for generation of a group-averaged cross-section library
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