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Foreword

The Tenth International Symposium on Effects of Radiation on Materials
was held in Savannah, Georgia, 3-5 June 1980. The symposium was spon-
sored by the American Society for Testing and Materials through its Com-
mittee E-10 on Nuclear Technology and Applications. David Kramer,
Rockwell International, presided as chairman of the symposium with H. R.
Brager, Westinghouse Hanford Company, and J. S. Perrin, Battelle Colum-
bus Laboratories, as cochairmen. David Kramer, H. R. Brager, and J. S.
Perrin are editors of this publication.



Related
ASTM Publications

Effects of Radiation on Structural Materials, STP 683 (1979), $58.50,
04-683000-35

Irradiation Effects on the Microstructural and Properties of Metals, STP 611
(1978), $49.00, 04-611000-35

Properties of Reactor Structural Alloys After Neutron or Particle Irradiation,
STP 570 (1976), $59.50, 04-570000-35

Effects of Radiation on Substructure and Mechanical Properties of Metals
and Alloys, STP 529 (1973) $49.50, 04-529000-35

Irradiation Effects on Structural Alloys for Nuclear Reactor Applications,
STP 484 (1971), $49.25, 04-484000-35

Analysis of Reactor Vessel Radiation Effects Surveillance Programs, STP
481 (1970), $26.00, 04-481000-35

Nuclear Reactor Energy Spectra, DS 52 (1974), $26.00, 05-052000-35
Manual of Coating Work for Light-Water Nuclear Power Primary Contain-

ment and Other Safety-Related Facilities—First Edition (1979),
$57.50, 03-401079-14



A Note of Appreciation
to Reviewers

This publication is made possible by the authors and, also, the unheralded
efforts of the reviewers. This body of technical experts whose dedication,
sacrifice of time and effort, and collective wisdom in reviewing the papers
must be acknowledged. The quality level of ASTM publications is a direct
function of their respected opinions. On behalf of ASTM we acknowledge
with appreciation their contribution.

ASTM Committee on Publications



Editorial Staff

Jane B. Wheeler, Managing Editor
Helen M. Hoersch, Senior Associate Editor
Helen P. Mahy, Senior Assistant Editor
Allan S. Kleinberg, Assistant Editor



Contents

Introduction

THERMAL REACTOR VESSELS

Apparent Embrittlement Saturation and Radiation Mechanisms
of Reactor Pressure Vessel Steels—D. PACHUR

Radiation Embrittlement of 2 PWR Vessel Steel: Effects of
Impurities and Nickel Content—c. GUIONNET, Y. ROBIN,
C. FLAVIER, A. LEFORT, D. GROS, AND R. PERDREAU

Correlation Between Microhardness, Tensile Properties, and
Notch Ductility of Irradiated Ferritic Steels—73. F. MANCUSO,
J. A. SPITZNAGEL, R. P. SHOGAN, AND J. R. HOLLAND

Irradiation Surveillance Program as Applied in Switzerland—
D. H. NJO AND T. VARGA

Experimental Investigation of Multicycle Irradiation and Annealing
Effects on Notch Ductility of A533-B Weld Deposits—
J. R. HAWTHORNE, H. E. WATSON, AND F. J. LOSS

J-R Curve Characterization of A533-B Weld Metal with Irradiation
and Postirradiation Annealing—F. 7. LOSS, B. H. MENKE,
R. A. GRAY, JR., J. R. HAWTHORNE, AND H. E. WATSON

Influence of Neutron Irradiation on Mechanical Properties of
Steels Under Impulsive Loading—). BUCHAR AND z. BILEK

Fatigue Crack Growth Rates of Irradiated Pressure Vessel Steels
in Simulated Nuclear Coolant Environment—w. H. CULLEN,
H. E. WATSON, R. E. TAYLOR, AND K. TORRONEN

SoLip Rap1oAcCTIVE WASTE

Significance of Radiation Effects in Solid Radioactive Waste—
P. H. PERMAR AND W. R. MCDONELL

20

38

49

76

92

102

115



FuNDAMENTAL STUDIES

An Internally Consistent Model for Radiation-Induced Void
Swelling—F. A. NICHOLS AND Y. Y. LIU

Radiation-Enhanced Diffusion in Face-Centered Cubic
Materials—WOLFGANG SCHULE

Positron Lifetime Studies of Electron-Irradiated Copper—
T. D. HADNAGY, J. G. BYRNE, AND G. R. MILLER

Simulation of Short-Term Annealing of Displacement Cascades
in Face-Centered Cubic Metals—H. L. HEINISCH,
D. G. DORAN, AND D. M. SCHWARTZ

High-Density Equation of State for Helium and Its Application
to Bubbles in Solids—w. G. WOLFER

Applications of the Theory of Cavity Growth to Dual-Ion
Swelling Experiments—M. R. HAYNS AND L. K. MANSUR

MECHANICAL PROPERTIES

Ductility Loss of Ion-Irradiated Zircaloy-2 in lodine Environment—
M. SHIMADA, M. TERASAWA, S. YAMAMOTO, H. KAMEI,
AND K. KOIZUMI

Radiation Hardening in Neutron-Irradiated Molybdenum and
Its Alloys—M. TANAKA, K. FUKAYA, K. FUKAI,
AND K. SHIRAISHI

Fracture Resistance of HT-9 After Irradiation at Elevated
Temperature—F. A. SMIDT, JR., J. R. HAWTHORNE,
AND V. PROVENZANO

Tensile, Creep, and Fatigue Properties of Low-Fluence
Neutron-Irradiated Welded Joints DIN 1.4948—
M. L. DE VRIES AND B. VAN DER SCHAAF

Mechanical and Physical Properties of Irradiated Type 348
Stainless Steel—J. M. BEESTON

Tensile Properties of Neutron-Irradiated Nimonic PE16—
R. BAJAJ, R. P. SHOGAN, C. DEFLITCH, R. L. FISH,
M. M. PAXTON, AND M. L. BLEIBERG

145

166

178

191

201

213

233

247

269

285

303

326



Effects of Neutron Irradiation on Fatigue and Creep-Fatigue
Crack Propagation in Type 316 Stainless Steel
at 649°C—p. 5. MICHEL AND H. H. SMITH

State Variable Description of 316 Stainless Steel Postirradiation
Mechanical Properties—G. L. WIRE

A Microstructural Interpretation of the Fluence and Temperature
Dependence of the Mechanical Properties of Irradiated
AISI 316—G. D. JOHNSON, F. A. GARNER, H. R. BRAGER,
AND R. L. FISH

Coarse Slip Processes and Crack Propagation in Irradiated
Stainless Steel—31. A. HORTON AND W. A. JESSER

Dynamic Mechanical Properties of AISI 304L Irradiated
to 2.2 dpa—c. ALBERTINI, A. DEL GRANDE,
AND M. MONTAGNANI

Postirradiation Cladding Strength Under Bijaxial Loading with
an Increasing Temperature Ramp—b. R. DUNCAN
AND C. W. HUNTER

MICROSTRUCTURE AND SWELLING

Microstructural Development in Dual-Ion-Bombarded 316 Stainless
Steel —sUSAN wWOOD, 1. A. SPITZNAGEL, W. J. CHOYKE,
N. J. DOYLE, J. N. MCGRUER, AND J. R. TOWNSEND

Microchemical Evolution of Neutron-Irradiated Stainless
Steel —H. R. BRAGER AND F. A. GARNER

Comparison of High-Fluence Swelling Behavior of Austenitic
Stainless Steels—R. A. WEINER AND A. BOLTAX

Response to Annealing and Reirradiation of AISI 304L Stainless
Steel Following Initial High-Dose Neutron Irradiation
in EBR-II—b. L. PORTER, G. L. MCVAY, AND L. C. WALTERS

Point-Defect Clustering in the Presence of Mobile Helium and
Immobile Traps—B. 0. HALL

Effects of Dose Rate on the Precipitate Distribution in an
Ion-Irradiated Nickel-Aluminum Alloy—1J. A. SPRAGUE,
J. E. WESTMORELAND, F. A, SMIDT, JR., AND P. R. MALMBERG

352

375

393

413

431

443

455

470

484

500

512

528



Swelling in Reactor-Conditioned Nickel-Ion Irradiated Nimonic
PE16—R. BAJAJ, S. DIAMOND, R. W. CHICKERING, AND
M. L. BLEIBERG

Gamma Prime Coarsening and Redistribution in Nimonic
PE16—bp. s. GELLES

Effect of Material Variables on the Irradiation Performance
of Boron Carbide—7. A. BASMAJIAN AND G. W. HOLLENBERG

A Microstructural Explanation for the Low Swelling of Ferritic
Steels—R. BULLOUGH, M. H. WOOD, AND E. A, LITTLE

Irradiation-Induced Precipitation in Binary Palladium-
Refractory Metal Alloys—L. WEAVER AND A. J. ARDELL

Void Swelling in Molybdenum Alloys In Situ Observed by a
High-Voltage Electron Microscope—N. IGATA,
A. KOHYAMA, AND S. NOMURA

A Study of Radiation Damage Produced in Thinned Specimens
of 316 Stainless Steel by Energetic Helium Yons—
L. L. HORTON AND W. A. JESSER

Helium Bubble Growth in Vanadium—s. . TYLER
AND P. J. GOODHEW

CREEP SWELLING BEHAVIOR

Irradiated Materials Measurement Technology—E. R. GILBERT
AND B. A. CHIN

Stress-Enhanced Swelling of Metals During Irradiation—
F. A. GARNER, E. R. GILBERT, AND D. L. PORTER

Effect of Temperature Changes on Swelling and Creep of AISY 316—

F. A. GARNER, E. R. GILBERT, D. S. GELLES, AND J. P. FOSTER

Reduction of Irradiation-Induced Creep and Swelling in AISI 316
by Compositional Modifications—J. F. BATES, R. W. POWELL,
AND E. R. GILBERT

41

562

583

593

610

627

642

654

665

680

698

713



Frank Loop Formation in Irradiated Metals in Response to Applied
and Internal Stresses—D. S. GELLES, F. A. GARNER,
AND H. R. BRAGER 735

SuMMARY

Summary 757

Index 763



TN

Y ) A,
= 4 N o M N o |
e & - A
o S Sy
e o ) RE L R e 10D g
33{::\-\ LA e SRS
o, s g s (L
A R e
N S

e
o

. -f«:s{.
TR

f‘w‘

; y :
3 iV ; AN S Je PR a s g s He X Fieeky FAL]
OBl S B R
IR ot B el ’,:,{'7,‘- 2 = ""’-*ﬁ*‘-’i} ]
§ f@‘%};}{ &?_ ._i_ f 53 ’{ DAL ALy ; LGSR o : e ﬁ}i‘,ﬂf
e e Sl e i
' 95 AR AR O ST 55‘:-2!}?‘,

<
¥

3 s
rED AE
(Jf__ );:}33? g g,;? N

_},,ﬁﬁ

Jf‘
e
ALy oy
ey &






