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Foreword

(This Foreword is not a part of American National Standard “Validation of Neutron
Transport Methods for Nuclear Criticality Safety Calculations,” ANSI/ANS-8.24-2007.)

This standard goes beyond ANSI/ANS-8.1-1998; R2007, “Nuclear Criticality Safety
in Operations with Fissionable Materials Outside Reactors,” to provide addi-
tional detail about processes and techniques for the validation of computer-based
neutron transport calculational methods used in nuclear criticality safety analy-
ses. The ANS-8.24 working group has used its experience, results of conferences
on area of applicability and validation, and outside experts to expand on the
concepts identified in ANSI/ANS-8.1-1998; R2007. More detail and method de-
scriptions are provided here. Section 4.3 of ANSI/ANS-8.1-1998; R2007 estab-
lishes the basic criteria for performing validation of calculational methods. This
section contains material that was originally in a separate standard, ANSI/ANS-
8.11-1975 (Withdrawn 1983), “Validation of Calculational Methods for Nuclear
Criticality Safety,” but that was subsumed into ANSI/ANS-8.1-1983; R1988 (With-
drawn in 1998), “Nuclear Criticality Safety in Operations with Fissionable Ma-
terials Outside Reactors.” As there is currently a greater reliance on computer
calculations in criticality safety applications, it was felt that a separate standard
describing the requirements for the validation of computer-based neutron trans-
port methods was again needed.

Criticality safety analysts have indicated the need for additional guidance be-
yond that provided by ANSI/ANS-8.1-1998; R2007. For example, ANSI/ANS-8.1-
1998; R2007 indicates validation shall be performed by comparison to “critical
and exponential experiments” and that the area of applicability for the valida-
tion should be established from this comparison. However, criticality safety
analysts would benefit from requirements and recommendations on establish-
ment of the area of applicability as well as criteria that should be considered in
the extension of the area of applicability, and the use of bias and bias uncertainty
based on comparison to experiments. The existing database of critical experi-
ments was developed largely in a period when the fissile material operations and
technical criteria were different from many of the current and planned opera-
tions involving fissile material. However, as the number of experiments that
focus on current and planned operations has decreased, the industry need to
optimize operations and reduce unnecessary conservatism has increased. Thus,
the scrutiny and importance placed on validation has increased in recent years.
This standard provides requirements and recommendations on proper validation
processes and techniques for computer-based neutron transport calculational
methods to expand on the basic criteria established in ANSI/ANS-8.1-1998;
R2007.

This version of the standard was drafted by Working Group ANS-8.24 of Sub-
committee 8 of the American Nuclear Society. The membership of the working
group at the time of issuance was as follows:

R. D. Busch (Chair), University of New Mexico

. Bullington, Washington Safety Management Solutions, LLC
D. Harmon, Los Alamos National Laboratory

. Hicks, U.S. Department of Energy

D. Kimball, NISYS Corporation

C. Morey, U.S. Nuclear Regulatory Commission

. Parks, Oak Ridge National Laboratory

W. Prichard, Pacific Northwest National Laboratory
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mith, Serco Assurance, United Kingdom
Tayloe, Individual
Tripp, U.S. Nuclear Regulatory Commission

.. Rothleder, U.S. Department of Energy
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F. E. Trumble, Washington Safety Management Solutions, LLC
L. L. Wetzel, BWX Technologies, Inc.

This standard was prepared under the guidance of ANS Subcommittee 8, Fis-
sionable Materials Outside Reactors, which had the following membership at the
time of its approval:

T. P. McLaughlin (Chair), Individual
dJ. A. Schlesser (Secretary), Washington Safety Management Solutions, LLC

F. M. Alcorn, Individual

. D. Felsher, U.S. Nuclear Regulatory Commission
. Garcia, U.S. Department of Energy

Harris, British Nuclear Fuel, PLC

M. Hopper, Oak Ridge National Laboratory

. Kidd, BWX Technologies

. Libby, Pacific Northwest National Laboratory
. Reed, Oak Ridge National Laboratory

T. A. Reilly, Individual

H. Toffer, Fluor Federal Services

G. E. Whitesides, Individual
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Consensus Committee N16, Nuclear Criticality Safety, had the following mem-
bership at the time of its approval of this standard:

C. M. Hopper (Chair), Oak Ridge National Laboratory
R. Knief (Vice-Chair), XE Corporation

G. H. Bidinger, Individual

R. D. Busch, University of New Mexico

R. S. Eby, American Institute of Chemical Engineers
M. A. Galloway, U.S. Nuclear Regulatory Commission
C. D. Manning, AREVA NP

B. McLeod, Institute of Nuclear Materials Management
S. P. Murray, Health Physics Society

R. E. Pevey, University of Tennessee

R. L. Reed, Washington Safety Management Solutions, LLC
B. M. Rothleder, U.S. Department of Energy

W. R. Shackelford, Nuclear Fuel Services, Inc.

R. G. Taylor, Individual

R. M. Westfall, Oak Ridge National Laboratory

L. L. Wetzel, BWX Technologies, Inc.

R. E. Wilson, U.S. Department of Energy
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Validation of Neutron Transport
Methods for Nuclear Criticality
Safety Calculations

1 Introduction

This standard amplifies the basic require-
ments and recommendations for validation as
described in ANSI/ANS-8.1-1998; R2007, “Nu-
clear Criticality Safety in Operations with Fis-
sionable Materials Outside Reactors” [1],Y as
applied to computer-based neutron transport
calculational methods. Requirements and rec-
ommendations for the validation of neutron
transport calculational methods applied to nu-
clear criticality safety analyses are provided in
this standard. In particular, this standard pro-
vides requirements and recommendations for
selecting benchmarks; estimating the bias and
bias uncertainty; selecting appropriate mar-
gins, both within and beyond the benchmark
applicability; and documenting the validation.
To conform with this standard, all operations
shall be performed in accordance with its
requirements.

2 Scope

This standard provides requirements and rec-
ommendations for validation, including es-
tablishing applicability, of neutron transport
calculational methods used in determining crit-
ical or subcritical conditions for nuclear criti-
cality safety analyses.

3 Definitions

3.1 Limitations

The definitions given below 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 [2] and
in Glossary of Nuclear Criticality Terms [3].

3.2 Shall, Should, May

The word “shall” is used to denote a require-
ment; the word “should” is used to denote a
recommendation; and the word “may” is used
to denote permission, neither a requirement
nor a recommendation.

3.3 Glossary of terms
benchmark: An experiment used for validation.

benchmark applicability?: The benchmark
parameters (e.g., material compositions, geom-
etry, neutron energy spectra) and their bound-
ing values from which the bias and bias
uncertainty of a calculational method are
established.

bias: The systematic difference between calcu-
lated results and experimental data. Positive
bias is where the calculated results are greater
than the experimental data.?)

bias uncertainty: The uncertainty that ac-
counts for the combined effects of uncertainties
in the benchmarks, the calculational models of
the benchmarks, and the calculational method.

calculational margin: An allowance for bias
and bias uncertainty plus considerations of un-
certainties related to interpolation, extrapola-
tion, and trending.

calculational method: The mathematical pro-
cedures, equations, approximations, assump-
tions, and associated numerical parameters (e.g.,
cross sections) that yield the calculated results.

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

2) Benchmark applicability embodies the same concept as area of applicability as defined in ANSI/ANS-8.1-

1998; R2007 [1].

3 The sign of the bias is arbitrary. For the purpose of this standard, it has been defined to be positive when
the calculated values exceed the experimental values, but it could be defined otherwise.



