MRS SYMPOSIUM PROCEEDINGS

Volume 1518 ¢ 2012 MRS Fall Meeting

Scientific Basis for Nuclear Waste
Management XXXVI

EDITORS

Neil Hyatt
Kevin M. Fox
Kazuya Ildemitsu
Christophe Poinssot
Karl R. Whittle

A publication of the

CAMBRIDGE IR | A



https://doi.org/10.1557/opl.2013.974

Scientific Basis for Nuclear Waste
Management XXXVI

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

MATERIALS RESEARCH SOCIETY
SYMPOSIUM PROCEEDINGS VOLUME 1518

Scientific Basis for Nuclear Waste
Management XXXVI

Symposium held November 25-30, 2012, Boston, Massachusetts, U.S.A.

EDITORS

Neil Hyatt
The University of Sheffield
Sheffield, U.K.

Kevin M. Fox

Savannah River National Laboratory
Aiken, South Carolina, U.S.A.

Kazuya Idemitsu
Kyushu University
Fukuoka, Japan

Christophe Poinssot
French Nuclear and Alternative Energies Commission
Bagnols sur Ceze, France

Karl R. Whittle
The University of Sheffield
Sheffield, U.K.

M|R|S

Materials Research Society
Warrendale, Pennsylvania

CAMBRIDGE

UNIVERSITY PRESS

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, Sao Paulo, Delhi, Mexico City

Cambridge University Press
32 Avenue of the Americas, New York, NY 10013-2473, USA

www.cambridge.org
Information on this title: www.cambridge.org/9781605114958

Materials Research Society
506 Keystone Drive, Warrendale, PA 15086
http://www.mrs.org

© Materials Research Society 2013

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

This book has been registered with Copyright Clearance Center, Inc.
For further information please contact the Copyright Clearance Center,
Salem, Massachusetts.

First published 2013

Sponsor:  AFOSR/AOARD (Air Force Office of Scientific Research/Asian
Office of Aerospace Research and Development) “AFOSR/AOARD
support is not intended to express or imply endorsement by the

U.S. Federal Government”

CODEN: MRSPDH

ISBN: 978-1-60511-495-8 Hardback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party Internet Web sites referred to

in this publication and does not guarantee that any content on such Web sites
is, or will remain, accurate or appropriate.

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

CONTENTS

Preface ..... ..ot i i i i ittt e xi
Acknowledgments. . ........tiiiiiiiitii ittt xiii
Materials Research Society Symposium Proceedings................ XV

GLASS WASTEFORMS 1

The Use of High Durability Alumino-borosilicate Glass for

the Encapsulation of High Temperature Reactor (HTR) Fuel.......... 3
Paul G. Heath, Martin C. Stennett, Owen J. McGann,
Russell J. Hand, and Neil C. Hyatt

Long-term Aqueous Alteration Kinetics of an Alpha-doped

SONG68 borosilicate glass. . . ...ttt 9
Magaly Tribet, Séverine Rolland, Sylvain Peuget,
Magali Magnin, Véronique Broudic, Arne Janssen,
Thierry Wiss, Christophe Jégou, and Pierre Toulhoat

Corrosion and Alteration of Lead Borate Glass in Bentonite

Equilibrated Water. . . ........oi ittt ittt 15
Atsushi Mukunoki, Tamotsu Chiba, Takahiro Kikuchi,
Tomofumi Sakuragi, Hitoshi Owada,
and Toshihiro Kogure

Vitrification of High Molybdenum Feeds in the Presence

of Reprocessing Waste Liquor . . . . ...ttt nnnnnns 21
Rick Short, Barbara Dunnett, Nick Gribble, Hannah Steel,
and Carl James Steele

The Effect of y-radiation on Mechanical Properties of

Model UK Nuclear Waste Glasses . . .. ....coviiiitiiiiiineeeenn. 41
Owen J. McGann, Amy S. Gandy, Paul A. Bingham,
Russell J. Hand, and Neil C. Hyatt

Structural Characterization and Analysis of Glasses in the
AlzO3-B203-F€203-N320-Si02 System ........................... 47
S.V. Stefanovsky, B.S. Nikonov, B.I. Omelyanenko,
K.M. Fox, and J.C. Marra

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

Infrared and Raman Spectroscopic Study of Glasses in the

Al,03-B,0;5-Fe,03-Na,0-Si0, System .........................

S.V. Stefanovsky, K.M. Fox, and J.C. Marra

XAFS Study of Fe K Edge in Al,05-B,05-Fe,03-Na,0-Si0, Glasses . . .

S.V. Stefanovsky, A.A. Shiryaev,
Y.V. Zubavichus, K.M. Fox, and J.C. Marra

CERAMIC WASTEFORMS - BETA DECAY

Thermal Conversion of Cs-exchanged IONSIV IE-911 into a

Novel Caesium Ceramic Wasteform by Hot Isostatic Pressing . ... ..

Tzu-Yu Chen, Joseph A. Hriljac, Amy S. Gandy,
Martin C. Stennett, Neil C. Hyatt, and Ewan. R. Maddrell

Aging Studies of Pu-238 and -239 Containing Calcium Phosphate

Ceramic Waste-forms. . . ......o ittt iiinneneeneneeneanenns

Shirley K. Fong, Brian L. Metcalfe, Randall D. Scheele,
and Denis M. Strachan

Development of the Synthetic Rock Technique for the
Immobilization of Iodine: Kinetics of the Alumina Matrix

Dissolution under High Alkaline Conditions ....................

Hideaki Miyakawa, Tomofumi Sakuragi, Hitoshi Owada,
Osamu Kato, and Kaoru Masuda

A Study on Iodine Release Behavior from Iodine-immobilizing

Cement Solid . ....... .ttt iniineneeneeneneeneanenns

Yoshiko Haruguchi, Shinichi Higuchi, Masamichi Obata,
Tomofumi Sakuragi, Ryota Takahashi, and Hitoshi Owada

Towards a Silicate Matrix for the Immobilisation of Halide-rich

Y aStS &t vttt it itieieeeeeeaeeeeseoenencacasasasanennas

M.R. Gilbert

Decontamination of Molten Salt Wastes for Pyrochemical

Reprocessing of Nuclear Fuels . . ........... ... i,

Martin C. Stennett, Matthew L. Hand, and Neil C. Hyatt

Thermodynamic Modeling and Experimental Tests of Irradiated

Graphite Molten Salt Decontamination ........................

Olga Karlina, Michael Ojovan, Galina Pavlova,
and Vsevolod Klimov

vi

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

TECHNETIUM SOLUTIONS

Ceramic Immobilisation Options for Technetium .................
Martin C. Stennett, Daniel J. Backhouse, Colin L. Freeman,
and Neil C. Hyatt

Technetium Incorporation into C14 and C15 Laves Intermetallic

Edgar C. Buck, Alan L. Schemer-Kohrn,
and Jonathan B. Wierschke

Technetium-99m Transport and Immobilisation in Porous Media:
Development of a Novel Nuclear Imaging Technique ..............
Claire L. Corkhill, Jonathan W. Bridge, Philip Hillel,
Laura J. Gardner, Steven A. Banwart, and Neil C. Hyatt

SPENT NUCLEAR FUEL

Modelling the Activation of H, on Spent Fuel Surface and
Inhibiting Effect of UO, Dissolution. . . ................. ... ...,
L. Duro, O. Riba, A. Martinez-Esparza, and J. Bruno

Corrosion Study of SIMFUEL in Aerated Carbonate Solution
Containing Calcium and Silicate . ................ i,
Hundal Jung, Tae Ahn, Roberto Pabalan, and David Pickett

Effects of Matrix Composition on Instant Release Fractions

from High Burn-up Nuclear Fuel. . ............. ... ..ot
Olivia Roth, Jeanett Low, Michael Granfors,
and Kastriot Spahiu

Reducing the Uncertainty of Nuclear Fuel Dissolution: An
Investigation of UO, analogue CeO, ........cciviiiiiiinennnns
Claire L. Corkhill, Daniel J. Bailey, Stephanie M. Thornber,
Martin C. Stennett, and Neil C. Hyatt

Research and Development on Cementation of Liquid Radioactive

Waste (LRW) Resulting from Spent Nuclear Fuel Reprocessing

in the Experimental Demonstration Center (EDC) of Mountain

Chemical Combine. ........ ..ottt iiiiinnnnnns
A.V. Lebedeva, L.P. Sukhanov, and O.A. Ustinov

vii

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

WASTE REPOSITORIES

NMR Study of Interlayer and Non-interlayer Porewater in
Water-saturated Bentonite and Montmorillonite. ................. 167
Torbjorn Carlsson, Arto Muurinen, and Andrew Root

Long-term Corrosion of Zircaloy-4 and Zircaloy-2 by Continuous
Hydrogen Measurement under Repository Condition . ............. 173
Tomofumi Sakuragi, Hideaki Miyakawa,
Tsutomu Nishimura, and Tsuyoshi Tateishi

Radioelement Solubilities in SR-Site, the Influence of Variability

and Uncertainty . ..........iuiiiiiiiiiiiiiiiieennneennnnnns 179
Christina Greis Dahlberg, Patrik Sellin, Mireia Grivé,
Lara Duro, and Kastriot Spahiu

Glass-iron-clay Interactions in a Radioactive Waste Geological

Disposal: A Multiscale Approach............... ... i 185
Diane Rébiscoul, Emilien Burger, Florence Bruguier,
Nicole Godon, Jean-Louis Chouchan, Jean-Pierre Mestre,
Pierre Frugier, Jean-Eric Lartigue, and Stephane Gin

Suitability of Bioapatite as Backfill Material for Nuclear

Waste Isolation. . . ...ttt iiiiineereennnennnnns 191
A.J. Finlay, A.E. Drewicz, D.O. Terry,
D.E. Grandstaff, and Richard D. Ash

Collocation and Integration of Back-End Fuel Cycle Facilities
with the Repository: Implications for Waste Forms. .. ............. 197
Charles Forsberg

Processing and Disposal of Radioactive Waste: Selection
of Technical Solutions. . .. ...... .. .. i, 203
Michael 1. Ojovan and Zoran Drace

Assessment of the Evolution of the Redox Conditions in the

SKB ILW-LLW SFR-1 Repository (Sweden). .. .......ccooveuunnn. 211
L. Duro, C. Doménech, M. Grivé, G. Roman-Ross,
J. Bruno, and K. Kéllstrom

Characterization of Radionuclide Retaining Properties of

Backfill Materials for Near Surface Repositories for Low

and Intermediate Level Radioactive Wastes. . . ................... 217
Elizaveta E. Ostashkina, Galina A. Varlakova,
and Zoya 1. Golubeva

viii

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

Some Experiments on Sorption Behavior of Iodide Ions into
CSH Gel under the Condition Saturated with Saline Groundwater .. .225
Yuichi Niibori, Taihei Funabashi, and Hitoshi Mimura

Sorption Behavior of Nickel and Palladium in the Presence

of NH3(aq)/NHy . oo ittt ittt ittt e iiee e eiieeineaaann 231
Taishi Kobayashi, Takayuki Sasaki, Ken-you Ueda,
and Akira Kitamura

Sensitivity Analysis for the Scenarios on Deterioration or

Loss of Safety Functions Expected in Disposal System Due

to Human Error on Application of Engineering Technology......... 237
Seiji Takeda, Yoshihisa Inoue, and Hideo Kimura

FUKUSHIMA DAICHI

* Decontamination Pilot Projects: Building a Knowledge Base
for Fukushima Environmental Remediation ..................... 245
Kaname Miyahara, Takayuki Tokizawa,
and Shinichi Nakayama

* Research and Development Activities for Cleanup of the
Fukushima Daiichi Nuclear Power Station. . ..................... 257
Toshiki Sasaki, Shuji Kaminishi, Yasuaki Miyamoto,
and Hideyuki Funasaka

Decontamination of School Facilities in Fukushima-city ............ 269
Hideki Yoshikawa, Kazuki lijima, Hiroshi Sasamoto,
Kenso Fujiwara, Seiichiro Mitsui, Akira Kitamura,
Hiroshi Kurikami, Takayuki Tokizawa, Mikazu Yui,
and Shinichi Nakayama

Investigation and Research on Depth Distribution in Soil

of Radionuclides Released by the TEPCO Fukushima

Dai-ichi Nuclear Power Plant Accident .................. ... ... 277
Haruo Sato, Tadafumi Niizato, Kenji Amano,
Shingo Tanaka, and Kazuhiro Aoki

Author Index . ....... ittt eneeeeneeeeneeneanennnns 283

Subject Index . . ...t iiiii ittt ittt ittt 285

*Invited Paper

https://doi.org/10.1557/0pl.2013.974 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2013.974

PREFACE

Symposium LL, Scientific Basis for Nuclear Waste Management XXXVI, was held
November 25-30 at the 2012 MRS Fall Meeting in Boston, Massachusetts.

This Symposium continues to set the research agenda in the field of radioactive
waste management, charting the development of waste processing, conditioning,
packaging and disposal. Symposium XXXVI featured 77 presentations, delivered over
four days during the 2012 MRS Fall Meeting, from participants in Australia, Austria,
Finland, France, Japan, Russia, Spain, Sweden, Switzerland, the United Kingdom, and
United States of America.

A highlight of Symposium XXXVI was the excellent tutorial on “Analysis of
Radioactive Nuclear Materials”, led by Claude Degueldre of the Paul Scherrer Institute
and University of Geneva, Switzerland. Symposium XXXVI featured a special session
devoted to Fukushima Dai-Ici, following the Tohoku Earthquake on March 11, 2011,
reporting on efforts to stabilize the facility and decontaminate affected surroundings,
drawing over a hundred attendees. The Symposium also included sessions reporting on
advances in glass and ceramic wasteforms, conditioning of technetium, management of
spent nuclear fuel, and geological disposal, plus a special joint session with Symposium
HH, on radiation effects in nuclear materials. Each paper in this volume provides
a snapshot of the exciting recent developments in each of these areas and the international
progress toward achieving the safe, timely and cost-effective management and disposal of
radioactive wastes.

Symposium XXXVII will be held in Barcelona in September 2013, chaired by Prof.
Joan de Pablo, and we look forward to meeting participants at this event and future
symposia.

Neil Hyatt

Kevin Fox

Kazuya Idemitsu
Christophe Poinssot
Karl Whittle

August 2013
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