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Designation of this document as an American National Standard attests that
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
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 It may be reaffirmed, revised, or withdrawn at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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Inquiry The Ameri(.:an Ngclear Society.(ANS) Standards Committee will providg re-
Re que sts sponses to inquiries about requirements, recommendations, and/or permissive

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;

(3) the purposes of the inquiry;

(4) the inquiry stated in a clear, concise manner;

(5) a proposed reply, if the inquirer is in a position to offer one.
Inquiries should be addressed to

American Nuclear Society
ATTN: Standards Administrator
555 N. Kensington Avenue
La Grange Park, IL 60526

or standards@ans.org
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Foreword (This Foreword is not a part of American National Standard “Method for Calculating the
Fractional Release of Volatile Fission Products from Oxide Fuel,” ANSI/ANS-5.4-2011.)

This standard provides a methodology for determining the radioactive fission
product releases from UQO, fuel for use in assessing radiological consequences of
postulated accidents that do not involve significant abrupt power transients
such as in a reactivity-initiated accident (RIA). When used with isotopic yields,
this method will give the so-called “gap activity,” which is the inventory of
volatile fission products that could be available for release from the fuel rod if
the cladding were breached. The standard as developed applies to steady-state
conditions and, therefore, should not be applied to accidents where abrupt tem-
perature increases are experienced resulting in what is sometimes referred to as
“burst release.” The standard can be applied to Condition 1 and 2 transients that
do not result in large fuel temperature increases, i.e., =300 K temperature in-
crease, where significant burst release is possible. The standard does not con-
sider escape-rate coefficients or other transport of fission products from the fuel
rod void space to the reactor coolant or other medium; the standard applies only
to available fission products in the fuel rod void space available for release if
failure is experienced. The standard assumes that no significant fuel oxidation
will be present during the accident because fuel oxidation can significantly
enhance the release. Therefore, the standard does not apply to accidents where
significant fuel oxidation is present.

The volatile and gaseous fission products of primary significance are krypton,
xenon, iodine, and cesium. The radioactive nuclide that contributes the largest to
equivalent dose to individuals is generally 131 for accidents during in-reactor
operation or shortly after reactor operation (e.g., a fuel-handling accident) be-
cause of its dose to the thyroid. These radioactive gaseous and volatile fission
products can be divided into two categories: (a) short-lived radioactive nuclides
(half-life <1 yr) and (b) long-lived radioactive nuclides (half-life >1 yr). This
division is significant because the most important release mechanism involves
thermally activated migration (diffusion) processes that proceed slowly such that
the short-lived nuclides decay appreciably before they are released from the
pellet. Consequently, release calculations for short-lived nuclides must include
their decay rate, whereas for long-lived nuclides, decay does not have to be
considered. The revised new standard is only applicable to the short-lived nu-
clides with half-lives <1 yr.

The ANS-5.4 standard was first implemented in 1982 with Dr. Stan Turner as
chairman of the ANS-5.4 Working Group. The original methodology was based
on the use of the Booth diffusion model [A. H. Booth, CRDC-721 and DCI-17,
Atomic Energy of Canada (1957); A. H. Booth and G. T. Rymer, CRDC-720,
Atomic Energy of Canada (1958); S. D. Beck, BMI-1433, Battelle Columbus
(1960)]. The coefficients to the model were determined from the measured re-
lease data of stable nuclides of xenon and krypton. The coefficients were derived
using the stable nuclide release data because very few release data were avail-
able for the radioactive nuclides. Also, because of the lack of data from the
radioactive 1311, the diffusion of this nuclide was assumed to be a factor of 7
higher than for the xenon and krypton nuclides. The 1982 standard was not
reaffirmed in 1992 because newer data were demonstrating that the assump-
tions used in the earlier standard were overly conservative. Many of the original
working group members were not available to revise the standard at that time;
therefore, a new ANS-5.4 Working Group was formed in 2000 to revise the
standard. In the past this standard had primarily been used to estimate the dose
to operators in the control room due to a fuel-handling accident but could be used
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