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American Designation of this document as an American National Standard attests that
National the principles of openness and due process have been followed in the approval

procedure and that a consensus of those directly and materially affected by
Standard the standard has been achieved.

This standard was developed under procedures of the Standards Committee of
the American Nuclear Society; these procedures are accredited by the Amer-
ican National Standards Institute, Inc., as meeting the criteria for American
National Standards. The consensus committee that approved the standard
was balanced to ensure that competent, concerned, and varied interests have
had an opportunity to participate.

An American National Standard is intended to aid industry, consumers, gov-
ernmental agencies, and general interest groups. Its use is entirely voluntary.
The existence of an American National Standard, in and of itself, does not
preclude anyone from manufacturing, marketing, purchasing, or using prod-
ucts, processes, or procedures not conforming to the standard.

By publication of this standard, the American Nuclear Society does not insure
anyone utilizing the standard against liability allegedly arising from or after
its use. The content of this standard reflects acceptable practice at the time of
its approval and publication. Changes, if any, occurring through developments
in the state of the art, may be considered at the time that the standard is
subjected to periodic review. It may be reaffirmed, revised, or withdrawn at
any time in accordance with established procedures. Users of this standard
are cautioned to determine the validity of copies in their possession and to
establish that they are of the latest issue.

The American Nuclear Society accepts no responsibility for interpretations of
this standard made by any individual or by any ad hoc group of individuals.
Requests for interpretation should be sent to the Standards Department at
Society Headquarters. Action will be taken to provide appropriate response in
accordance with established procedures that ensure consensus on the
interpretation.

Comments on this standard are encouraged and should be sent to Society
Headquarters.
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statements (i.e., “shall,” “should,” and “may,” respectively) in American National
Standards that are developed and approved by ANS. Responses to inquiries will
be provided according to the Policy Manual for the ANS Standards Committee.
Nonrelevant inquiries or those concerning unrelated subjects will be returned
with appropriate explanation. ANS does not develop case interpretations of
requirements in a standard that are applicable to only a specific design, oper-
ation, facility, or other unique situation and therefore is not intended for generic
application.

Responses to inquiries on standards are published in ANS’s magazine, Nuclear
News, and are available publicly on the ANS Web site or by contacting the ANS
standards administrator.

Inquiry Inquiry requests must include the following:

Format (1) the name, company name if applicable, mailing address, and telephone

number of the inquirer;

(2) reference to the applicable standard edition, section, paragraph, figure,
and/or table;
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(4) the inquiry stated in a clear, concise manner;

(5) a proposed reply, if the inquirer is in a position to offer one.
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American Nuclear Society
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555 N. Kensington Avenue
La Grange Park, IL 60526

or standards@ans.org



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.

Foreword (This Foreword is not a part of American National Standard “Steady-State Neutronics
Methods for Power Reactor Analysis,” ANSI/ANS-19.3-2011.)

The intent of this American National Standard is to provide guidance for devel-
oping, validating, and utilizing steady-state neutronics methods to calculate
neutron reaction-rate spatial distributions, power distributions, and effective
neutron multiplication constants of nuclear power reactors and to provide guide-
lines by which the adequacy of design calculations may be demonstrated. This
standard recognizes the diversity of the calculation procedures employed in
reactor design. Consequently, the major thrusts of this standard are in the areas
of methodology, verification, validation, and documentation. This standard is
intended to cover reactor physics calculations for the entire nuclear industry,
from fast to thermal power reactors. Since many different kinds of neutronics
methods have been utilized for analyzing power reactors, and each has its own
validation requirements for accuracy, it is necessary that this standard be of a
general nature. Furthermore, this standard does not endorse or exclude the
application of any methodology that has been adequately verified, validated,
tested, and demonstrated to yield reliable reactor physics parameters.

For illustrative purposes, a list of computer codes currently being used through-
out the nuclear industry is presented in the Appendix. This Appendix, however,
is not part of the standard.

Compliance with the intent of this standard can be demonstrated for an intended
area of applicability of the calculation system used, if the following requirements
are met:

(1) Selection of models and methods

(a) consideration of reactor configuration, composition, and all conditions
of operation that significantly affect the calculated quantities and justifi-
cation for the resultant model approximations,

(b) preparation of multigroup cross sections and other parameters, if em-
ployed, in conformance with ANSI/ANS-19.1-2002 (R2011), “Nuclear Data
Sets for Reactor Design Calculations,” through the use of an application-
dependent energy spectrum estimate,

(¢) justification of geometric and neutronic transport approximations uti-
lized in the spectrum calculation,

(d) inclusion of all important space and energy effects in the calculation
utilized for the generation of few-group cross sections, if these are employed,

(e) demonstration of capability, as required by the application, to retrieve
required neutron reaction rates in the physical reactor components from
the computations and to justify any assumptions that need to be made in
order to perform this retrieval,

(f) justification of the spectrum calculation interval used in nuclide deple-
tion calculations and justification that the numerical integration time step
is sufficiently small to ensure numerical stability and accuracy appropri-
ate to the application;

(2) Calculation system verification and validation

Establish degree of agreement between results obtained with the system
being verified with results of experiments or of calculations using a more
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accurate model, over the intended area of applicability for the system being
verified;

(3) Evaluation of accuracy

The accuracy and range of applicability of data and methods should be evalu-
ated by establishment of biases and uncertainties, with degree of confidence,
for the calculations that include allowance for uncertainties in the comparison
data;

(4) Documentation.

The intent of this standard is to require the individual to (a) give careful
consideration to those physical and numerical effects that may contribute to the
validity of results; (b) document the reasons for selecting a specific calculation
path; and (c) validate the calculation system used over the intended range of
applicability by testing it against appropriate experiments, numerical bench-
marks, and/or previously validated methods.

The requirement for documentation is a crucial part of this standard and will
provide an auditable path. Areas omitted due to proprietary consideration shall
be noted where possible.

The most important ways in which this revision differs from its earlier version,
ANSI/ANS-19.3-2005, are as follows:

(1) The passages on common practices for pressurized water reactors, boiling
water reactors, and liquid metal reactors have been revised to reflect the
significant advances in reactor physics methods and computer codes made
since the last revision. New passages have been added for heavy water reactor
and high-temperature gas-cooled reactor methods;

(2) The Appendix, including the list of commonly used computer codes, has
been updated. This revision reflects rapid development in two areas, namely,

(a) significant advances in reactor physics methods and calculation proce-
dures as a result of a rapidly increasing experience base of operating power
reactors,

(b) computer hardware and operating software developments that have
permitted many traditional approximate methods to be replaced, with
increased performance and user productivity as a result.

This standard might reference documents and other standards that have been
superseded or withdrawn at the time the standard is applied. A statement
has been included in Sec. 9, “References,” that provides guidance on the use of
references.

This standard does not incorporate the concepts of generating risk-informed
insights, performance-based requirements, or a graded approach to quality as-
surance. The user is advised that one or more of these techniques could enhance
the application of this standard.

This standard for reactor physics calculations will undergo review and revision
within 5 years. Suggestions for the improvement of this standard will be
welcome. They should be sent to the attention of the Standards Department,
American Nuclear Society, 555 N. Kensington Avenue, La Grange Park, IL
60526.

— 11—



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.

This standard was developed and later revised by Working Group ANS-19.3 of
the American Nuclear Society, which at the time of this revision had the partici-
pation of the following members:

B. Rouben, 12 & 1 Consulting

S. Baker, Transware Enterprises, Inc.

R.-T. Chiang, AREVA NP

D. M. Cokinos, Brookhaven National Laboratory
R. J. Ellis, Oak Ridge National Laboratory

D. R. Harris, Rensselaer Polytechnic Institute

G. Hobson, AREVA NP

K. Kozier, Atomic Energy of Canada Limited

R. D. Mosteller, Los Alamos National Laboratory
E. Nichita, University of Ontario Institute of Technology
S. Palmtag, Global Nuclear Fuel

C. T. Rombough, CTR Technical Services

W. Shen, Atomic Energy of Canada Limited

R. R. St. Clair, Duke Energy

S. B. Thomas, Duke Power

P. Yarsky, U.S. Nuclear Regulatory Commission

The membership of Subcommittee ANS-19 at the time of its review and approval
of this standard was the following:

D. M. Cokinos (Chair), Brookhaven National Laboratory
C. T. Rombough (Secretary), CTR Technical Services, Inc.

A. Attard, U.S. Nuclear Regulatory Commission

S. Baker, Transware Enterprises, Inc.

W. H. Bell, South Carolina Electric & Gas Company

R.-T. Chiang, AREVA NP

D. J. Diamond, Brookhaven National Laboratory

I. Gauld, Oak Ridge National Laboratory

J. Katakura, Japan Atomic Energy Research Institute

R. Little, Los Alamos National Laboratory

L. Lois, U.S. Nuclear Regulatory Commission (retired)

R. McKnight, Argonne National Laboratory

R. D. Mosteller, Los Alamos National Laboratory

B. Rouben, 12 & 1 Consulting

E. Sartori, Organisation for Economic Co-operation and Development/Nuclear Energy Agency
(retired)

A. Weitzberg, retired

Consensus Committee N17, Research Reactors, Reactor Physics, Radiation Shield-
ing, and Computational Methods, had the following membership at the time it
reviewed and approved this standard:

T. M. Raby (Chair), National Institute of Standards and Technology
A. Weitzberg (Vice Chair), Individual

S. L. Anderson, Westinghouse
W. H. Bell, American Institute of Chemical Engineers
(Alt. R. D. Zimmerman, American Institute of Chemical Engineers)
R. R. Brey, Health Physzcs Society
R. E. Carter, Individual
. M. Cokinos, Brookhaven National Laboratory
. Corradini, National Council on Radiation Protection and Measurement
. Grimes, Individual
. Hertel, Georgia Institute of Technology
eysel McMaster University
. Hutmaker, Jr., U.S. Department of Energy
. Kadak, Massachusetts Institute of Technology
. Kopp, Individual
P M Madden, U.S. Nuclear Regulatory Commission
(Alt. A. Adams, Jr., U.S. Nuclear Regulatory Commission)
J. F. Miller, Institute of Electrical and Electronics Engineers

r»gozwgc
mmmr

—1iii —



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.

T. J. Myers, National Institute of Standards and Technology
(Alt. S. H. Weiss, National Institute of Standards and Technology)
D. S. OKelly, National Institute of Standards and Technology
J. E. Olhoeft, Individual
R. E. Pevey, University of Tennessee—Knoxville
C. T. Rombough, CTR Technical Services, Inc.
T. R. Schmidt, Sandia National Laboratories
A. O. Smetana, Savannah River National Laboratory
R. Tsukimura, Aerotest Operations
A. R. Veca, General Atomics

—1v —



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.

Contents Section Page
1 Introduction ...........o oot e 1
1T o= 1
3 Definitions . .......o i e 1

3.1 Limitations ........... ..t e 1
3.2 Glossary of terms ........... .. e 1
3.8 ACTOM YIS .ottt e 3
4 Relation to other standards ........ ... ... .. .. . 3
5 Methods of calculation .......... ... . ... . 4
5.1 General . ... 4
5.2 Conditions to be considered .............. .. ... . ... .. . ... 4
5.3 Multigroup cross sections ...............oiuiiiiiininenmnanennnnns 5
5.4 System-dependent spectrum calculations ......................... 5
5.5 Collapse to few groups ..........c..iiiiiiiiii i 6
5.6 Calculation of reactivity, reaction rate, and neutron flux
distributions ........ ... 6
5.7 Calculation of reaction rates in reactor components ............... 8
5.8 Depletion calculations ........... ... ... ... i 8
5.9 Common PractiCes . ...........c.uiuiiminn et 9
6 Verification and validation of the calculation system ................... 15
6.1  OVeIVIBW ..ottt e e e 15
6.2 Verification ............ .0 e 15
6.3 Validation ........... ... 16
6.4 Biases and uncertainties ............. .. i 17
7 Documentation ........... ... 18
8 Summary of requirements ........... ... ... .. 18
9 References ...........iiiiiiii e 19
Appendix
Computer Codes in Common Use ...............ciiiiiiiiinnnnnnan.. 20
Figures
Figure 1 General flow of data for PWR physics calculations ........... 10
Figure 2 General flow of data for BWR physics calculations .......... 10
Figure 3 General flow of data for LMR physics calculations ........... 11
Figure 4 General flow of data for HWR (CANDU) physics
calculations ......... ... . . 13
Figure 5 General flow of data for HTGR physics calculations ......... 14



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.



https://webstore.ansi.org/Standards/ANSI/ANSIANS192011R2017?source=preview

This is a preview of "ANSI/ANS-19.3-2011 (...". Click here to purchase the full version from the ANSI store.

Steady-State Neutronics Methods
for Power Reactor Analysis

1 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 pre-
requisite, for example, for inferring proper
power and temperature distributions to en-
sure 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 tech-
niques, 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 calcula-
tions within reasonable margins. As more
accurate nuclear cross sections and more sig-
nificantly improved calculation methods are
available, steady-state neutronic calculations
have been utilized extensively for nuclear fuel
and core designs and analyses and thus be-
come increasingly important.

2 Scope

This standard provides guidance for perform-
ing and validating the sequence of steady-state
calculations leading to prediction—in all types
of operating commercial nuclear reactors—of
the following:

(1) reaction-rate spatial distributions;

(2) reactivity;

(3) change of nuclide compositions with time.
The standard provides the following:

(1) guidance for the selection of computa-
tional methods;

(2) criteria for verification and validation of
calculation methods used by reactor core
analysts;

(8) criteria for evaluation of accuracy and
range of applicability of data and methods;

(4) requirements for documentation of the
preceding.

Note that the use of mixed uranium-plutonium
oxide (MOX) fuel has been taken as out of scope
for this revision of the standard. It will be taken
into account in the next revision.

3 Definitions

3.1 Limitations

The following definitions are of a restricted
nature for the purpose of this standard. Other
specialized terms are defined in Glossary of
Terms in Nuclear Science and Technology [1]Y
and in the definition sections of standards spec-
ified in Sec. 9, “References.”

3.2 Glossary of terms

application-dependent multigroup: A dis-
crete energy group structure that is inter-
mediate between the application-independent
multigroup structure and a few-group struc-
ture. The application-dependent multigroup
structure may be such that the group con-
stants are dependent on reactor composition
through an estimated neutron energy spec-
trum. An application-dependent multigroup data
set is one type of averaged data set.

application-independent multigroup: A
discrete energy group structure that is suffi-
ciently detailed that the group constants
may be considered as being independent of
reactor composition, geometry, or spectrum for
a wide range of reactor analysis. The application-
independent multigroup structure may be
employed directly in reactor design spectrum

D Numbers in brackets refer to corresponding numbers in Sec. 9, “References.”
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