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F d (This Foreword is not a part of American National Standard for Nuclear Criticality Control of Special
OreWOI'Q Actinide Elements, ANSI/ANS-8.15-1981.) '

This standard provides guidance for the prevention of criticality accidents in the
handling, storing, processing and transporting of special actinide elements. Sub-
critical mass limits are provided for fourteen nuclides beginning with 2*’Np and
ending with 251Cf. The standard constitutes an extension of American National
Standard for Nuclear Criticality Safety in Operations With Fissionable Materials
Qutside Reactors, N16.1-1975 (ANS-8.1). The subecritical limits in the standard are in
some cases substantially less than the estimated minimum critical values. This is to
account for uncertainties in calculations. In view of the limited availability of most of
the nuclides in the near term, there was no reason to push the limits to higher values.
The limits are considered adequate for current needs.

In addition, the heat generation from alpha particle decay may in some cases actually
be the more limiting factor that controls the quantity of nuclear material assembled.
This standard was prepared by Work Group ANS-8.15, composed of:

E. D. Clayton, Chairman, Battelle Pacific North- D. R. Smith, Los Alamos National Laboratory

west Laboratories J. T. Thomas, Union Carbide Corporation, Nuclear
J. E. Bigelow, Oak Ridge National Laboratory Division
H. K. Clark, Savannah River Laboratory R. M. Westfall Union Carbide Corporation,
G. E. Hansen, Los Alamos National Laboratory Nuclear Division
C. R. Richey, Battelle Pacific Northwest Labora- F. E. Woltz, Goodyear Atomic Corporation
tories

This standard was prepared under the direction of Subcommittee 8, Fissionable
Materials Outside Reactors, of the Standards Committee of the American Nuclear
Society (ANS). The membership of this Subcommittee at the time of preparation

was:

J. D. McLendon, Chairman, Union Carbide Cor W. G. Morrison, Exxon Nuclear Idaho Company,
poration, Nuclear Division Inc.

E. B. Johnson, Secretary, Oak Ridge National D. R. Smith, Los Alamos National Laboratory
Laboratory J. T. Thomas, Union Carbide Corporation, Nuclear

F. M. Alcorn, Babcock and Wilcox Company Division

H. K. Clark, Savannah River Laboratory G. E. Whitesides, Union Carbide Corporation,

E. D. Clayton, Battelle Pacific Northwest Labora- Nuclear Division
tories F. E. Woltz, Goodyear Atomic Corporation

D. M. Dawson, General Electric Company
N. ll{etz}ach. U. S. Nuclear Regulatory Commis-
sion
The American National Standards Committee N16, Nuclear Criticality Safety, which
reviewed and approved this standard in 1981, had the following membership:

Dixon Callihan, Chairman
E. B. Johnson, Secretary

Organization Representative
Allisd-General Nuclear Services; . ..i v ceviays sviaisnm v e s alaaidi e i VR is e W.R. Waltz
American Institute of Chemical Engineers ........... ... ... .0 ciiiieiuriniiiiin .. A.F.Perge
American Nuclear Society . .................coviien. R B T Dixon Callihan
American Society for Testingand Materials . .................................. -Ricardo Artigas
Atomic Industrial Forum . . ............ ... ... ...... S —— e ————— D. F. Cronin
Exxon NuclearCompany ......................... R R R SR L. E. Hansen
Health PhyaRn SoCioty . »ooues wuiditss sosis saiima e s i e s s F. W. Sanders
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;. S/ Department of EDBrEY oo oiiias saiiin o5 dsie s e v o e e S e R a e Lorin Brinkerhoff
U. S. Nuclear Regulatory Commission .................coouuinieiiniieiineennnn.. R. L. Stevenson
Individual Members ...... .......... ... S S R A R SR s C. L. Brown
E. B. Johnson
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Nuclear Criticality Control of Special Actinide Elements

1. Introduction

The American National Standard for Nuclear
Criticality Safety in Operations with Fission-
able Materials Outside Reactors, N16.1-1975
(ANS-8.1)[1]}, provides single parameter limits
for operations with 233U, 25517, and %°Pu. The
principal interest in criticality safety is in these
isotopes of uranium and plutonium since they
are the most abundant, but there are also other
isotopes of these nuclides and other elements
within the actinide group that are capable of
supporting a chain reaction and that may be en-
countered in sufficient quantities to cause con-
cern. It has been speculated that potential re-
quirements for certain of the synthetic actinide
elements could lead to their production in large,
possibly ton, quantities.2, 3

Pertaining to criticality safety, a key factor is
whether the nuclide contains an odd or even
number of neutrons. Those with odd numbers of

241 242m 243 245,
neutrons, such as 94Pl.l. ps Am, 96Cm, 9‘).Crn,

247 249 251
96Cm. QSCf, and 98Cf, can be expected to have

critical masses in aqueous solutions that are less
than 1 kg, and in certain cases, very much less.

Those with even numbers of neutrons, for example,

237 238 240 242 241 243
93Np. mP‘u. 94P‘u. 94Pu. 95Am. g,ﬁAm and

2;;Cm, can in many cases be made critical, but

the mass required may be kilograms. The effect
of moderation on these nuclides, such as in an
aqueous solution, is to prevent — rather than
enhance — criticality. These nuclides character-
istically exhibit rather sharp thresholds in their
fission cross sections, with little or no prob-
ability for subthreshold fission. As a conse
quence, the value of k, will be reduced if even a
small quantity of hydrogen is mixed uniformly
with the element.

1 Numbers in brackets refer to corresponding numbers in
Section 7, References.

2 See Reference Al in the Bibliography.

3 The physical characteristics of the principal actinide
elements of interest are given in Appendix B.

2. Scope

This standard is applicable to operations with
the following:

2870 2381, 240p.. 241p.. 2421, 2414 . 242m
931NPs g P " Pu, % Pu, “g/Pu, “g-Am, “oc '

243 243 244 245 247 249
95Am. 9BCm, QSCm, Cm, %Cm, 98Ci and

251
Set

Subcritical mass limits are presented for
isolated fissionable units.4 The limits are not ap-
plicable to interacting units.

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
American National Standard Glossary of Terms
in Nuclear Science and Technology, N1.1-1976
(ANS-9). [2]

3.2 Glossary of Terms

fissile nuclide. A nuclide capable of undergoing
fission by interaction with slow neutrons provided
the effective thermal neutron production cross
section, voj, exceeds the effective thermal
neutron absorption cross section, g,. [2]5

shall, should, and may. The word ‘‘shall”’ is used
to denote a requirement, the word “‘should” to
denote a recommendation, and the word ‘‘may"

4 To give further guidance as to where criticality problems
may exist with special actinide elements on which sub-
critical limits are not provided herein, a discussion,
together with a table, is presented in Appendix A.

5 Most actinide nuclides containing an even number of
neutrons are non-fissile, but there may be exceptions,
such as 22U and %*°Pu, which have even numbers of
neutrons and approximately equal thermal capture and
fission cross sections, which perhaps can be made critical
with slow neutrons. Conversely, whereas most nuclides
with an odd number of neutrons are fissile, %7 U, which is
an odd-N nuclide with a very small thermal fission cross
section, cannot be made critical with thermal neutrons.
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