
www.astm.org

ISBN: 978-0-8031-5523-7

Stock #: STP1513

J
A

I      E
ffe

c
ts

 o
f R

a
d

ia
tio

n
 o

n
 N

u
c

le
a

r M
a

te
ria

ls
 a

n
d

 th
e

 N
u

c
le

a
r F

u
e

l C
y
c

le
: 2

4
th

 V
o

lu
m

e
S

T
P

 1
5

1
3

B
u

s
b

y
 | H

a
n

s
o

n

Journal of ASTM International
Selected Technical Papers  

STP 1513

Effects of Radiation 
on Nuclear Materials and 

the Nuclear Fuel Cycle

24th Volume

Guest Editors

Jeremy T. Busby

Brady Hanson



Journal of ASTM International
Selected Technical Papers STP1513
Effects of Radiation on Nuclear Materials
and the Nuclear Fuel Cycle:
24th Volume

JAI Guest Editors:
Jeremy T. Busby
Brady D. Hanson

ASTM International
100 Barr Harbor Drive
PO Box C700
West Conshohocken, PA 19428-2959

Printed in the U.S.A.

ASTM Stock #: STP1513



Library of Congress Cataloging-in-Publication Data

ISBN: 978-0-8031-3425-6
ISSN: 1050 7515

Copyright © 2010 ASTM INTERNATIONAL, West Conshohocken, PA. All rights
reserved. This material may not be reproduced or copied, in whole or in part, in any printed,
mechanical, electronic, film, or other distribution and storage media, without the
written consent of the publisher.

Journal of ASTM International „JAI… Scope
The JAI is a multi-disciplinary forum to serve the international scientific and engineering
community through the timely publication of the results of original research and
critical review articles in the physical and life sciences and engineering technologies.
These peer-reviewed papers cover diverse topics relevant to the science and research that
establish the foundation for standards development within ASTM International.

Photocopy Rights
Authorization to photocopy items for internal, personal, or educational classroom use, or
the internal, personal, or educational classroom use of specific clients, is granted by
ASTM International provided that the appropriate fee is paid to ASTM International, 100
Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9634; online: http://www.astm.org/copyright.

The Society is not responsible, as a body, for the statements and opinions expressed in
this publication. ASTM International does not endorse any products represented in this
publication.

Peer Review Policy
Each paper published in this volume was evaluated by two peer reviewers and at least
one editor. The authors addressed all of the reviewers’ comments to the satisfaction of both
the technical editor(s) and the ASTM International Committee on Publications.

The quality of the papers in this publication reflects not only the obvious efforts of the
authors and the technical editor(s), but also the work of the peer reviewers. In keeping with
long-standing publication practices, ASTM International maintains the anonymity of
the peer reviewers. The ASTM International Committee on Publications acknowledges
with appreciation their dedication and contribution of time and effort on behalf of
ASTM International.

Citation of Papers
When citing papers from this publication, the appropriate citation includes the paper
authors, “paper title”, J. ASTM Intl., volume and number, Paper doi, ASTM International,
West Conshohocken, PA, Paper, year listed in the footnote of the paper. A citation is
provided as a footnote on page one of each paper.

Printed in Baltimore, MD
May, 2010



Foreword

THIS COMPILATION OF THE JOURNAL OF ASTM INTERNATIONAL
(JAI), STP1513, on Effects of Radiation on Nuclear Materials and the
Nuclear Fuel Cycle: 24th Volume, contains only the papers published in JAI
that were presented at a symposium in Denver, CO from June 24–26,
2008 and sponsored by ASTM Committees E10 on Nuclear Technology and
its Applications and C26 on the Nuclear Fuel Cycle.

The JAI Guest Editors are Jeremy T. Busby, Materials Science and
Technology, Oak Ridge National Laboratory, Oak Ridge, TN, and Brady D.
Hanson, Radiochemical Science and Engineering, Pacific Northwest
National Laboratory, Richland, WA.
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Overview
The Effects of Radiation on Materials series began in 1956 with a meeting
jointly sponsored by the E-10 Committee (called the Committee on Radioiso-
topes and Radiation Effects at the time) and the Atomic Industrial Forum.
In 1960, this symposium transitioned to its current format under the E-10
Committee and, for the past 44 years, this symposium has been an interna-
tional forum. In this most recent meeting, over half of the presentations
originated outside the United States with lead authors from eleven different
countries. These proceedings reflect that international scope.

The 24th Symposium on the Effects of Radiation on Materials marked
the first joint sponsorship between the E-10 and C-26 Committees. The ex-
panded meeting scope was well received as the broader view provided an
opportunity to examine radiation damage for the entire fuel cycle.

These proceedings continue the long-established strength and depth of
the Effects of Radiation on Materials series. Papers on radiation effects in
reactor pressure vessel steels are again an integral component with specific
topics ranging from surveillance programs around the world to detailed
characterization of irradiated microstructures. Radiation effects in oxide-
dispersion strengthened alloys and austenitic stainless steels are also in-
cluded with several papers highlighting renewed interest in non-uniform
deformation in these steels. The balance of the papers covers a diverse set of
radiation-effects topics, ranging from modeling helium bubbles to finite-
element modeling of fuel bundles.

The editors wish to express our gratitude to all of the reviewers, who are
a vital component in a publication of this quality. The ASTM staff also
played a key role in the production of these proceedings. Finally, and most
importantly, we would like to thank the symposium presenters and authors
for their participation and dedication to this series.

Jeremy T. Busby
Oak Ridge National Laboratory

Brady D. Hanson
Pacific Northwest National Laboratory
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