ANSI/ANS-6.6.1-1987 (R1998)

ANSI/ANS-6.6.1-1987 (R1998)

American Nuclear Society

calculation and measurement of direct and scattered
gamma radiation from LWR nuclear power plants

an American National Standard

WITHDRAWN

August 8, 2015
ANSI/ANS-6.6.1-1987

REAFFIRMED

March 5, 2007
ANSI/ANS-6.6.1-1987 (R2007)

No longer being maintained as an
American National Standard. This
standard may contain outdated
material or may have been
superseded by another standard.
Please contact the ANS Standards
Administrator for details.

published by the

American Nuclear Society

555 North Kensington Avenue
La Grange Park, lllinois 60526 USA




ANSI/ANS-6.6.1-1987 (R1998)
Revision of
ANSI/ANS-6.6.1-1979

American National Standard

for Calculation and Measurement of Direct and Scattered
Gamma Radiation from LWR Nuclear Power Plants

Secretariat
American Nuclear Society

Prepared by the

American Nuclear Society
Standards Committee
Working Group ANS-6.6.1

Published by the

American Nuclear Society

555 North Kensington Avenue

La Grange Park, Illinois 60526 USA

Approved June 24, 1987; Reaffirmed January 9, 1998
by the
American National Standards Institute, Inc.



American
National
Standard

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 the procedures of the Standards Commit-
tee of the American Nuclear Society; these procedures are accredited by the
American National Standards Institute, Inc., as meeting the criteria for Amer-
ican National Standards. The consensus committee that approved the stan-
dard was balanced to assure 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.

Published by

American Nuclear Society
555 North Kensington Avenue, La Grange Park, Illinois 60526 USA

Copyright © 1987 by American Nuclear Society.

Any part of this standard may be quoted. Credit lines should read “Extracted from
American National Standard ANSI/ANS-6.6.1-1987 with permission of the publisher,
the American Nuclear Society.” Reproduction prohibited under copyright convention
unless written permission is granted by the American Nuclear Society.

Printed in the United States of America



Foreword

(This Foreword is not a part of American National Standard for Calculation and Measurement of Direct and
Gamma Radiation from LWR Nuclear Power Plants, ANSI/ANS-6.6.1-1987.)

In mid 1973, a need for a standard on this subject was identified by D. K. Trubey,
chairman of ANS-6. The proposed standard had been listed among those having a high
priority by the Atomic Energy Commission Directorate of Regulatory Standards. The
project was assigned by the NTAB Executive Committee in September 1973. Work-
ing Group ANS-6.6 was formed and E. A. Warman was appointed chairman in
September 1973. The first meeting of the working group was held in November 1973.
Twelve subsequent meetings were held from February 1974 through June 1978.

The first working draft was completed in June 1975. A revised working draft was
distributed for initial review by ANS-6 chairmen in June 1976. The completed Draft 1
was submitted to ANS-6 for ballot in September 1977. This draft was unanimously
approved in subsequent balloting by ANS-6 subcommittee chairmen, with the sole
negative ballot being changed to affirmative after resolution of comments. A reorgan-
ized working group, ANS-6.6.1, was established in 1984 to reconsider the status of
the standard. In December 1985, that working group recommended reaffirmation of
the standard with minor editorial changes.

In preparing this standard, the working group decided to provide a series of reference
calculations with which a radiation analyst should compare results obtained by the
method he elected to use in a given application. Comparison with the results of these
reference calculations is intended to provide some assurance that the methods being
considered by the user of this standard produce results which are in reasonable agree-
ment with those of other methods. These reference calculations are intentionally
simplistic to make this comparison effort easier to accomplish.

This standard addresses contained sources of direct and scattered radiation and
specifically excludes effluent releases and accident sources. Measurements at some
operating plants, which have no local shielding to reduce reactor cavity/nozzle inspec-
tion port streaming, have indicated that localized streaming can be measurable out-
side the containment. Such localized streaming effects are not addressed in this
standard.

Particular emphasis is placed on the direct and scattered radiation from N sources
in Boiling Water Reactors (BWRs). This emphasis reflects the fact that analysis and
measurement of radiation associated with N sources at BWRs was identified as a
major area of interest in establishing priority for development of this standard. The
three appendices to the standard are included as examples of the type of measurements
and analyses which have been performed in connection with the N sources at BWRs.
In Appendices 1 and 2, the assumption is made that the observed dose rates are entirely
due to N activity. The net effect of this assumption is to increase the amount of
conservatism in the quantification of the source terms, in that other radiations are
included in the measurements from which the N source terms are developed.

Working Group ANS-6.6.1 of the ANS Standards Committee had the following
membership:

R. E. Faw, Chairman, Kansas State University J. V. Pace III, Martin-Marietta Energy Systems, Inc.
J. A. Broadway, U.S. Environmental Protection J. K. Shultis, Kansas State University
Agency Shiaw-der Su, GA Technologies, Inc.
dJ. Celnik, Stone & Webster Engineering Corporation M. B. Wells, Radiation Research Associates
F. J. Congel, U.S. Nuclear Regulatory Commission N. B. Willoughby, Consultant

K. O’'Brien, U.S. Department of Energy
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Calculation and Measurement of Direct and Scattered
Gamma Radiation from LWR Nuclear Power Plants

1. Scope

This standard defines calculational requirements
and discusses measurement techniques for esti-
mates of dose rates near light water reactor (LWR)
nuclear power plants due to direct and scattered
gamma-rays from contained sources on-site. On-
site locations outside plant buildings and loca-
tions in the offsite unrestricted area are considered.
All sources that contribute significantly to dose
rates are identified and methods for calculating
the source strength of each are discussed. Partic-
ular emphasis is placed on 18N sources as they
are significant sources of direct and scattered
radiation for boiling water reactors (BWRs). The
standard specifically excludes radiation from gas-
eous and liquid effluents. The standard describes
the considerations necessary to compute dose rates,
including component self-shielding, shielding af-
forded by walls and structures, and scattered ra-
diation. The requirements for measurements and
data interpretation of measurements are given.
The standard includes normal operation and shut-
down conditions but does not address accident or
normal operational transient conditions.

2. Applicable Documents

The following documents supplement or support
this standard:

Glossary of Terms in Nuclear Science and
Technology [1].1

American National Standard Guidelines for the
Nuclear Analysis and Design of Concrete Radia-
tion Shielding for Nuclear Power Plants, ANSI/
ANS-6.4-1985 [2].

American National Standard Radioactive Source
Term for Normal Operation of Light Water Reac-
tors, ANSI/ANS-18.1-1984 [3].

INumbers in brackets refer to corresponding numbers in Sec-
tion 8, References.

3. Terms and Definitions

The following terms and definitions are provided
to help to assure uniform understanding of se-
lected terms as they are used in this standard.

A number of terms are used in this standard as
defined in textbooks on the subject of radiation
shielding and radiation detection. They are not
used in any special sense in this standard.

capacity factor. The capacity factor is defined
as the energy actually supplied by a plant in a
given time interval, divided by the product of
the design power and the time interval. The
capacity factor may be used in assessing the
annual absorbed dose, provided the principal
sources are directly related to capacity.

direct gamma rays. The term direct gamma
rays is used to denote those gamma rays which
do not undergo scattering interactions in transit
from the source volume to the receptor location.
It differs from “uncollided gamma rays” in that
scattering internal to distributed sources (such
as a pipe containing radioactive fluid) may be
included in the direct category.

dose rate and absorbed dose. The term dose
is used herein to refer to either exposure (roent-
gens), absorbed dose (rad), dose equivalent (rem),
or dose equivalent index (rem). These latter terms
are specifically defined in Report No. 19 of the
International Commission on Radiation Units
and Measurements (ICRU) [4]. For gamma rays,
to the degree of approximation acceptable, for
practical purposes, and for the purposes of this
standard, the absorbed dose, dose equivalent,
and dose equivalent index may be considered
numerically equivalent.

essentially unshielded. As used in this stan-
dard, essentially unshielded relative to air scat-



