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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.

Full document details: 25/30475278 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/25-30475278-dc
http://www.avadocuments.com/doc/25-30475278-dc

DRAFT
International
Standard

ISO/DIS 18075

ISO/TC 85/SC 6

Reactor technology - Power reactor

analysis - Steady-state neutronics Secretariat: DIN

methods Voting begins on:
2025-07-17

ICS: 2712010

Voting terminates on:
2025-10-09

THIS DOCUMENT IS A DRAFT CIRCULATED
FOR COMMENTS AND APPROVAL. IT

IS THEREFORE SUBJECT TO CHANGE

AND MAY NOT BE REFERRED TO AS AN
INTERNATIONAL STANDARD UNTIL
PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL,
TECHNOLOGICAL, COMMERCIAL AND
USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
This document is circulated as received from the committee secretariat. BE CONSIDERED IN THE LIGHT OF THEIR
POTENTIAL TO BECOME STANDARDS TO
WHICH REFERENCE MAY BE MADE IN
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED

TO SUBMIT, WITH THEIR COMMENTS,
NOTIFICATION OF ANY RELEVANT PATENT
RIGHTS OF WHICH THEY ARE AWARE AND TO
PROVIDE SUPPORTING DOCUMENTATION.

ocuments

Document Sharing Hub

Reference number © 1SO 2025
ISO/DIS 18075:2025(en)

Full document details: 25/30475278 DC


http://www.avadocuments.com/doc/25-30475278-dc
http://www.avadocuments.com/doc/25-30475278-dc

ISO/DIS 18075:2025(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2025

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

Documents
© IS0 2025 - All rights reserved Document Sharing Hub
ii
Full document details: 25/30475278 DC


https://www.iso.org
http://www.avadocuments.com/doc/25-30475278-dc
http://www.avadocuments.com/doc/25-30475278-dc

ISO/DIS 18075:2025(en)

Contents Page
Foreword
Introduction
1
2
3
5 MeEthOAS OFf CAICUIATION. ...
5.1 GENETAL..ooi e
5.2 Conditions to be considered
5.3 Multi-group cross sections.............
5.3.1  Basicdata...ns
5.3.2  Preparation of multi-group CONSTANTS ... 7
5.3.3 System dependent spectrum CalCUlations. ... 7
5.3.4  Choice of Cell and SUPEICEIL ...t 7
5.3.5  Cell @NVITONIMEIIE .o 8
5.3.6  CalcUulation MO . ...t 8
54  Collapse to few-groups and spatial homogeniZation. ... 8
5.5 Calculation of reactivity, reaction rates, and neutron flux distributions ... 9
D50 T  MOALS e
5.5.2  Uncertainties and aSSUMPLIOIIS ..o
5.6 Calculation of reaction rates in reactor components.
5.7 DePletion CalCUIATIONS ...
5.8 COIMIMOI PIACTICES vt
5.8.1 General ...
5.8.2 PWR core physics methods.......
5.8.3 BWR core physics methods......
5.8.4 LMR core physics methods......
5.8.5 PHWR core physics methods
5.8.6  HTGR core physics METROAS . ...
6 Verification and validation of the calculation system
6.1 OVEIVIEW ....ooooviioiiicnisssiieeeess s
6.2 Verification ...
6.2.1  General ...
0.2.2 U @S TIIIZ ootk
6.2.3  INEEGIAL LESTITIG oo
6.3 Validation
0.3.1  OVEIVIBW oot
0.3.2 U TOSEIMEZ .o
6.3.3 Integral testing ...
6.3.4 Code to code comparisons
6.4 Biases and uncertainties
7 DIOCUIMEIIEATION ... 23
8 SUMMATY Of T@QUETE@IMEIIES .........cccoeeieee et 24
Annex A (informative) Computer Codes in COmMMON US ... 25
BIDLEOGIAPIY ...t 32

Documents
© IS0 2025 - All rights reserved Document Sharing Hub
iii
Full document details: 25/30475278 DC


http://www.avadocuments.com/doc/25-30475278-dc
http://www.avadocuments.com/doc/25-30475278-dc

ISO/DIS 18075:2025(en)

Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following URL:
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear Energy, Nuclear Technologies,
and Radiological Protection, Subcommittee SC 6, Reactor Technology. This document is based on a standard
developed by the American Nuclear Society (ANS) of which the current version is ANSI/ANS-19.3-2022[21,

The main changes compared to the previous edition are as follows:
— addition of new terms in Clause 3;

— figures slightly revised;

— 5.8.5 was amended so that CANDU is only an example;

— Correction of internal references;

— Table A.1 corrected;

— editorial amendments in the whole document;

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The design and operation of nuclear reactors require knowledge of the conditions under which a reactor
will be critical, as well as the degree of subcriticality or supercriticality when these conditions change. In
addition, knowledge is required of the spatial distribution of neutron reaction rates in reactor components
as a prerequisite, for example, for inferring proper power and temperature distributions to ensure the
satisfaction of thermal-limit and safety-limit requirements. Both reaction-rate spatial distributions and
reactivity can be and have been measured by suitable experimental techniques, either in mock-ups or in
the operating reactors themselves. These quantities can also be calculated by various techniques. Available
reactor experimental data have been used to validate the steady-state neutronic calculations within
reasonable margins. As more accurate nuclear cross sections and improved calculation methods have
become available, steady-state neutronic calculations have been utilized extensively for nuclear fuel and
core designs and analyses and thus have become increasingly important.
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DRAFT International Standard ISO/DIS 18075:2025(en)

Reactor technology - Power reactor analysis - Steady-state
neutronics methods

1 Scope

This document provides guidance for performing and validating the sequence of steady-state calculations
leading to prediction in all types of operating commercial nuclear reactors, of the following:

— reaction-rate spatial distributions;

— reactivity;

— change of nuclide compositions with time.

The document provides the following:

a) guidance for the selection of computational methods;

b) criteria for verification and validation of calculation methods used by reactor core analysts;
c) criteria for evaluation of accuracy and range of applicability of data and methods;

d) requirements for documentation of the preceding.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviations
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 Terms

3.1.1

application-dependent multigroup

discrete energy-group structure that is intermediate between the application-independent multigroup
structure and a few-group structure

Note 1 to entry: The application-dependent multigroup structure can be such that the group constants are dependent
on reactor composition through an estimated neutron energy spectrum. An application dependent multigroup data
setis one type of averaged data set.

3.1.2

application-independent multigroup

discrete energy-group structure that is sufficiently detailed that the group constants may be considered as
being independent of reactor composition, geometry, or spectrum for a wide range of reactor analysis

Note 1 to entry: The application-independent multigroup structure can be employed directly in reactor-design
spectrum calculations, or it can be employed to generate group constants in an application-dependent multigroup
structure. An application-independent multigroup data set is one type of averaged data set.
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3.1.3

averaged data set

data set prepared by averaging an evaluated data set or a processed continuous-energy data set with a
specified weighting function over a specified energy group structure

Note 1 to entry: The group structure and weighting functions may be selected to be application dependent or
application independent, e.g, light water reactors (LWRs), are dealt with in ANSI/ANS 19.1 2019[1]

3.14

cell

supercell

one or more reactor components with associated coolant (and possibly additional moderator and structural
material) that, for computational purposes, are assumed to form a spatially repeating array in the reactor

Note 1 to entry: The simplest example of a cell is the “pin cell” in which a single fuel rod or pin is surrounded by coolant
(e.g. light water, heavy water, or sodium). Another example is a bundle of fuel rods cooled by heavy water within a
housing, surrounded by a heavy water moderator space.

Note 2 to entry: More complex geometric configurations are also used for some applications. These are often referred
to as “supercells”, or sometimes “(fuel) assembly cells”, although the exact definition of the term varies greatly
between reactor types and is even somewhat subjectively defined for a particular reactor type. Supercells, in the
context of this document, represent more complex “cell” configurations that involve a collection of contiguous cells
forming an assumed repeating array within the reactor, or augmented cells incorporating additional regions to serve
as a computational artifice, e.g. to account for significant spectrum effects due to compositions outside the cell, or cell
configurations including a reactivity device in addition to fuel, coolant, moderator and poison.

3.1.5
collapse
method by which a many energy group set of cross sections is reduced to fewer energy groups

3.1.6

data set (or dataset)

collection of microscopic cross sections and nuclear constants encompassing the range of materials and
reaction processes needed for the application area of interest.

3.1.7

dilution cross section

cross section, which refers to a background cross section that represents the effects of other isotopes in a
material, particularly in the context of self-shielding in nuclear reactions

3.1.8

evaluated data set

data set that is completely and uniquely specified over the ranges of energy and angles important to reactor
calculations

Note 1 to entry: Such a data set is based upon available information (experimental measurement results and nuclear
theories) and employs a judgment as to the best physical description of the interaction processes. An evaluated data
set is intended to be independent of reactor composition, geometries, energy group structures, and spectra.

3.1.9
experimental data
any experimentally measured quantity or quantities

Note 1 to entry: As such itis applied herein to both differential cross-section measurements and integral measurements
(e.g. control-rod worth) obtained from reactor experiments or operations.

3.1.10
few-group
energy-group (typically two-group) structure that is adopted for a particular application

Note 1 to entry: The few-group constants for a region are dependent on a specific reactor composition and geometry
through a calculated energy spectrum, and are also dependent on other conditions such as pressure, temperature,
Xenon concentration, void fraction, etc.
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3.1.11

fine group

energy group structure (typically hundreds of groups for LWR, thousands for LFMR) that is adopted for a
particular application.

Note 1 to entry: The fine-group constants are dependent on temperature.

3.1.12
lattice
normally refers to an array of cells

3.1.13

lumped pseudo fission product

fictitious fission product that is used in depletion calculations to represent a combination of certain minor
fission products that are not tracked in an explicit fission product model

Note 1 to entry: A lumped pseudo fission product is characterized by effective neutron cross sections and decay
constants.

3.1.14

methods of calculation

mathematical equations, approximations, assumptions, associated numerical parameters, and calculational
procedures that yield the calculated results

Note 1 to entry: When more than one step is involved in the calculation, the entire sequence of steps comprises the
“calculation method”.

3.1.15
multigroup
more than a few groups, can be hundreds or thousands of energy groups

3.1.16

probability table parameters

parameters for a probability table that is used to process cross sections in the unresolved resonance
energy range

3.1.17
processed continuous-energy data set
data set prepared by expansion or compaction of an evaluated data set using specified algorithms

Note 1 to entry: Such a data set is intended to be independent of reactor composition, geometries, and spectra.

3.1.18

quasi-steady state condition

evolution of reactivity and flux is sufficiently low between two time intervals such that we can consider that
the core is under a succession of static states.

3.1.19

reaction rate

rate at which neutrons interact with nuclei at a point in the reactor, a volume of the phase space or as an
integral over the reactor, according to the context

EXAMPLE The reaction rate for absorption, scattering, and fission.
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3.1.20
reactivity
reactivity means the quantity (1 minus the eigenvalue, A, of the steady-state neutron balance equation),
written as
M® =LA FO
where
0] is the neutron flux;
F is the neutron fission yield operator; and
M is the scattering, absorption, and leakage operator.

Note 1 to entry: The effective multiplication factor k. is the inverse of A. Reactivity is a unitless, pure number. It is,
however, often written in terms of smaller “units”, such as milli-k = 0,001, pcm = 0,000 01 = 105 or “dollars” (and
cents), where 1 dollar is taken as the value of the delayed neutron fraction in the system of interest.

3.1.21

time-average model (CANDU)

time-average cell-homogenized few-group macroscopic cross sections at each bundle location in the core are
calculated as flux-weighted quantities over the fluence range experienced by the fuel during its residence at
that specific location

Note 1 to entry: Consequently, the flux, fluence range, and macroscopic cross sections at each location are linked
together and depend on the individual refueling rate of the channel in which the fuel bundle resides. The resulting self-
consistency problem is solved iteratively to determine all the results of the time-average model.

Note 2 to entry: The CANada Deuterium Uranium (CANDU) reactor time-average model is also known as the
equilibrium-core model.

3.1.22

ultrafine group

energy group structure (typically ten thousand energy groups) that may allow to explicitly describe the
resolved resonances

Note 1 to entry: The ultrafine-group constants can be dependent on temperature when they include narrow-resonance
reactions.

3.1.23

experimental validation

process of determining the degree to which a model is an accurate representation of the real world from the
perspective of the intended uses of the model

3.1.24

numerical validation

process of determining the degree to which a model is accurate by comparison to a previously validated
code system

3.1.25

verification

process of determining that a model implementation accurately represents the developer’s conceptual
description of the model and the solution to the model
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3.2 Abbreviations

BWR boiling water reactor

CANDU CANada Deuterium Uranium (reactor)
HTGR high temperature gas cooled reactor
LMR liquid metal reactor

LWR light water reactor

PHWR pressurized heavy water reactor
PWR pressurized water reactor

4 Relation to other standards
The following American National Standards are related to this document:

— Nuclear Data Sets for Reactor Design Calculations, ANSI/ANS-19.1-2019,[1 defines the criteria to be
employed in the preparation of application-independent cross-section data files from experimental data
and theoretical models. This document covers subsequent space and energy averaging processes that
may be employed to prepare cross sections for use in the representation of the core and its environment,
and the subsequent calculation of the spatial distribution of neutron reaction rates in the core and of the
core reactivity. There may be many ways of carrying out the space and energy averaging to obtain few-
group cross sections, and no unique path for the preparation or use of cross sections employed in design
calculations is defined, required, or recommended by this standard.

— A Guide for Acquisition and Documentation of Reference Power Reactor Physics Measurements for Nuclear
Analysis Verification, ANSI/ANS-19.4-2017 (R2022) [3]; and Requirements for Reference Reactor Physics
Measurements, ANSI/ANS 19.5-1995; W2005[4],

Validation of calculation systems requires comparison with available experimental results. The preceding
standards contain criteria for performing and documenting such experiments, in order to be most useful for
this purpose.

— Determination of Thermal Energy Deposition Rates in Nuclear Reactors, ANSI/ANS 19.3.4-2002 R2017,[2]
provides criteria for the establishment of the thermal energy deposition rate distribution within a
nuclear reactor core. Since the accuracy with which this can be done is dominated by the accuracy with
which neutron reaction rates can be calculated, ANSI/ANS-19.3.4-2002; R2017 is closely related to ANSI/
ANS-19.3-2022.

— Quality Assurance Program Requirements for Nuclear Facility Applications, ANSI/ASME-NQA 1 2022.[6]
This standard deals with quality assurance, including that for computer programs.

— Verification and Validation of Non-Safety Related Scientific and Engineering Computer Programs for
the Nuclear Industry, ANSI/ANS-10.4-2008 (R2021).[2] This standard deals with requirements for
verifying and validating computer codes, such as those used for neutronics calculations.

— Accommodating User Needs in Scientific and Engineering Computer Software, ANSI/ANS-10.5-2006; R2021.
[10] This standard deals with methods to respond to users’ requirements in computer programs.
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