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Foreword 

The IAEA Specialists' Meeting on Radiation Embrittlement of Nuclear Reactor Pres- 
sure Vessel Steels was held at Balatonf~red, Hungary on 26-29 Sept. 1990. The meeting, 
jointly sponsored by ASTM and the Internationl Atomic Energy Agency (IAEA) Interna- 
tional Working Group on Plant Life Management, was hosted by the Nuclear Power Plant- 
PAKS, the Institute of Atomic Energy Research (Budapest), and the Hungarian Atomic 
Energy Commission. Lendell E. Steele, Consulting Professional Nuclear Engineer, served 
as chairman of the symposium and editor of the resulting publication. 



Contents 

Overview 

NATIONAL PERSPECTIVES 

Radiation Stability of WWER-440 Vessel Materials--AMIR D. AMAYEV, 
ALEXANDER M. KRYUKOV, VLADIMIR I. LEVIT, AND 
MIKHA1L A. SOKOLOV 

Management of Neutron Radiation Embrittlement: A View from the United 
States--TIMOTHY J. GRIESBACH AND WILLIAM L. SERVER 

Radiation Embrittlement of Spanish Nuclear Reactor Pressure Vessel Steels-- 
JUAN BROS, ANTONIO BALLESTEROS, AND ANDRES LOPEZ 

30 

39 

SURVEILLANCE PROGRAMS AND THEIR RESULTS 

Analysis of the Surveillance Results at Paks Nuclear Power P lan t - -  
FERENC OSZVALD AND PETER TRAMPUS 

Surveillance of WWER-440/C Reactor Pressure Vessels--MILAN BRUMOVSKY 
AND TOMA~ PAV 

Surveillance Data on Neutron Embrittlement of Modern Low-Sensitivity Steel-- 
MITJA NAJZER, BOGDAN GLUMAC, A L E N K A  LOOSE, IGOR REMEC, AND 

AUREL TRANDAFIR 

A Utility Perspective on Management of Reactor Pressure Vessel Embrit t lement--  
JAMES S. PERRIN 

Utilization of Reactor Pressure Vessel Surveillance Data in Support of Aging 
Management--THOMAS R. MAGER 

An Overview of Radiation Embrittlement Modeling for Reactor Vessel Steelsm 
WAYNE A. PAV1N1CH, TIMOTHY J. GRIESBACH, AND WILLIAM L. SERVER 

B&W Owners Group Master Integrated Reactor Vessel Surveillance Program--  
STEPHEN FYFITCH, LEONARD B. GROSS, ARTHUR L. LOWE, JR., 

KENNETH E. MOORE, AND KENNETH K. YOON 

Study by Positron Annihilation of Neutron Damage in a Pressurized Water Reactor 
(PWR) Pressure Vessel Steel After a 13-Year Irradiation in the CHOOZ A 
Reactor Surveillance Program--JEAN CLAUDE VAN DUYSEN, 
JOSSELINE BOURGOIN, PIERRE MOSER, AND CHRISTIAN JANOT 

49 

57 

71 

79 

87 

99 

l l8  

132 



Surveillance Dosimetry of the French 900-MW Pressurized Water Reactors 
(PWRs): Results, Uncertainties, and Reactor Series Effects-- 
RAOUL LLORET 

Analysis of the Results from the Surveillance Specimen Program for Reactor 
Pressure Vessels on Nuclear Power Plant V-2 in Jasiovsk~ Bohunice-- 
I~UDOV[T KUP~A AND PETER BElqO 

139 

147 

FRACTURE APPROACHES 

Fracture Properties of Irradiated A533B,Cl.I, A508,CI.3, and 15Ch2NMFAA 
Reactor Pressure Vessel S t e e I - - R A D | M  HAVEL, MIROSLAV VACEK. AND 

MILAN BRUMOVSKY 

Radiation Embrittlement and Annealing Recovery of CrNiMoV Pressure Vessel 
Steels with Different Copper and Phosphorus Content--MIROSLAV VACEK, 
PETR NOVOSAD, AND RADIM HAVEL 

Investigation on the Impact Strength and Toughness of A533 Grade B Composition 
Weld Metal Using Small Specimens--THOMAS VARGA AND QIAN CHU LIU 

163 

172 

183 

APPLIED RESEARCH 

Influence of Specimen Orientation on the Upper Shelf Energy and Transition 
Temperature Shift of Reactor Pressure Vessel Steel Base Metal--  
CHR1STOF LE1TZ, EGON N. KLAUSNITZER, AND GEORG HOFMANN 

Mechanical and Nondestructive Testing of Irradiated Half Charpy Specimens-- 
FERENC GILLEMOT. FERENC OSZWALD, AND GYORGY POZSGAY 

Radiation Embrittlement of Soviet 1000-MW Pressurized Water Reactor Vessel 
Steel 15KH2NMFAA--OLEG M. VISHKAREV. YU. I. ZVEZDIN. 

V. K. SHAMARDIN, AND G. A. TULYAKOV 

Radiation Effects on the Mechanical Properties of SA 508 CI.3 Forging-- 
PIETRO P. MILELLA, ALFREDO PINI. AND CHARLES W~ MARSCHALL 

Irradiation Response of the IAEA CRP-3 Material FFA Measured by Fracture 
Toughness S p e c i m e n s - - M A T T I  VALO. KIM WALLIN. KARI TORRONEN, AND 

RALF AHLSTRAND 

Analysis of Radiation Embrittlement Results from a French Forging Examined in 
the Second Phase of an IAEA-Coordinated Research Program--  
PIERRE E. SOULAT, BERNARD HOUSS1N, PIERRE BOCQUET, AND MICHEL 

BETHMONT 

197 

209 

218 

227 

238 

249 



FUNDAMENTAL RESEARCH 

Interactions of Defects with Dislocations in Reactor Pressure Vessel Steels-- 
ALAIN MUNIER, ROBERT SCHALLER, OLIVIER MERCIER, AND 

W. B. WAEBER 

Influence of Phosphorus on Thermal and Neutron Embrittlement of Pressure 
Vessel S t e e l s ~ P I E R R E  E. SOULAT, DOMINIQUE MIANNAY, AND 

HI~LI~NE HOROWITZ 

Influence of Neutron Irradiation on the Microstructure and Mechanical Properties 
of 15Kh2MFA SteeI--TOMA~ PAy, JAN KO~[K, AND ELI~KA KEILOVA 

269 

283 

300 

AMELIORATION OF EFFECTS 

Neutron Fluence Management to Optimize Pressure Vessel Lifetime-- 
J. C. LEFEBVRE, P. LEROY, C. RIEG, H. SCHAEFFER, J. C. N1MAL, AND 

RAOUL LLORET 

Evaluation of the Recovery Annealing of the Reactor Pressure Vessel of NPP Nord 
(Greifswald) Units 1 and 2 by Means of Subsize Impact Specimens-- 
RALF AHLSTRAND, EGON N. KLAUSNITZER, DIETER LANGE, CHRISTOF 

LEITZ, DIETER PASTOR, AND MATTI VALO 

Irradiation and Annealing Behavior of 15Kh2MFA Reactor Pressure Vessel Steel-- 
KLAUS POPP, UWE BERGMANN, FRANK BERGNER, ECKHARD HAMPE, 

WOLF-DIETRICH LEONHARDT, HANS-PETER SCHUTZLER, AND HANS- 

WERNER VIEHRIG 

Recovery of the Transition Temperature of Irradiated WWER-440 Vessel Metal by 
A n n e a l i n g - - A M I R  D. AMAYEV, ALEXANDER M. KRYUKOV, AND 

MIKHAIL A. SOKOLOV 

Thermal Annealing of the Reactor Pressure Vessel NPP Unit 2 in Jaslovsk6 
Bohunice for Its Radiation Embrittlement Regeneration--LUDOViT KUP(~A 

AND ~TEFAN ~EP~EK 

Sensitivity Analysis of Thermal and Stress Fields in the Core Belt of a Pressurized 
Water R e a c t o r - - B O G D A N  GLUMAC AND MITJA NAJZER 

Index 

311 

321 

344 

369 

380 

389 

403 






