STP 1398

Reactor Dosimetry:
Radiation Metrology
and Assessment

John G. Williams, David W. Vehar, Frank H. Ruddy,
and David M. Gilliam, editors

ASTM Stock Number: STP1398

ASTM

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

Printed in the U.S.A.




Contents

In Memoriam
Overview

History

WORKSHOP SUMMARIES

Summary of Workshop Meetings

KEYNOTE ADDRESSES
Why Do We Need Dosimetry?—gr. GERARD AND S. M. ZARTTSKY *

ASTM Standards for Reactor Dosimetry and Pressure Vessel Surveillance—
P. J. GRIFFIN ;

Developments in Reactor Dosimetry in Japan—1. kiMmura

DosiMETRY FOR POWER REACTOR SURVEILLANCE

French PWR Vessel Surveillance Program Dosimetry: Experience Feedback
from More than 2 Hundred Capsules—b. BERETZ, C. BRILLAUD,
C. DESTOUCHES, AND S. SAILLET

Reactor Pressure Vessel Neutron Dosimetry Assessments for UK PWR Plant—
D. A. THORNTON, T. A. LEWIS, J. R. MOSSOP, C. J. PAGE, AND S. A. HADDOCK

Assessment of Neutron Fluence Uncertainty and its Impact on Safety Issues—
E. P. LIPPINCOTT

Review of Problems and Requirements in VVER Reactor-Type Pressure Vessel
Dosimetry—s. M. ZARITSKY, P. A. PLATONOV, Y. A. NIKOLAEV, B. OSMERA,
AND V. VALENTA

xvii

11

19

29

38

46

53




Overview of the Surveillance Dosimetry Activities in Ukraine—v. N. BUKANOV,
V. L. DYEMOKHIN, V. I. GAVRILJUK, O. V. GRYTSENKO, O. V. NEDYELIN, AND
E. G. VASYLYEVA

Improved Evaluation of the Atucha-I Ex-Vessel Dosimetry—A. F. ALBORNOZ,
H. BLAUMANN, E. M. LOPASSO, A. BLANCO, G. GENNUSO, AND O. SERRA

Reactor Dosimetry in the Surveillance Program of Kozloduy NPP Reactor
Pressure Vessels—K. D. ILIEVA, S. I. BELOUSOV, T. G. APOSTOLOV, AND

M. MONEV

Evaluation of the Reactor Dosimetry Results Obtained During the First Ten

Years of the RPV Surveillance Program at the NPP Paks—E. M. ZSOLNAY,

E. J. SZONDI, AND F. OSZVALD

Neutron Dosimetry for VVER Reactor Pressure Vessels in the Czech
Republic—M. BRUMOVSKY, O. ERBEN, J. HOGEL, AND B. OSMERA

Analysis of Pressure Vessel Surveillance Dosimetry Inserted into Korean
PWR—cC.-s. GIL, J.-D. KIM, AND J. CHANG

Integrity Assessment for Aging Reactor Vessel of Japan’s First Generation
PWR Plants—T. SATO, A. KUSUKI, AND S. SHIOTA

Measurement of Neutron Flux Distribution for Decommissioning in Tokai
Power Station—M. SHIRIKAWA, T. YAMAMOTO, AND M. NAKAZAWA

Impact of the ENDF/B-VI Cross Sections on the RPV Fluence
Determination—I1. REMEC

Factors Affecting Predicted Neutron Dose Rates to Steel Pressure Vessels of
Magnox Plant—bD. A. THORNTON

The Attenuation of Neutron Dose Rates through the Steel Pressure Vessels of
Magnox Power Plants—A. L. FLETCHER, J. R. MOSSOP, AND C. J. PAGE

Assessment of Activation of Concrete Wall for Decommissioning of Nuclear
Power Plants—T. MATSUMURA, T. HATTORI, AND T. KAWABE

Use of SSTRs and a Multi-Component Shield Assembly to Measure Radiation
Penetrating the Reactor Biological Shield in the Presence of Radiation
Streaming from Other Sources—A. H. FERO

DOSIMETRY FOR TEST REACTORS AND ACCELERATOR SOURCES
Spectral Unfolding of Mixed Proton/Neutron Fluences in the LANSCE

Irradiation Environment—M. R. JAMES, S. A. MALOY, W. F. SOMMER,
P. D. FERGUSON, M. M. FOWLER, G. E. MUELLER, R. K. CORZINE

61

69

71

85

93

101

108

116

124

132

140

148

156

167




Neuti'on Beam Characterization at the Finnish BNCT Facility—Measurements
and Calculations—Tr. SEREN, 1. AUTERINEN, P. KOTILUOTO, AND T. SEPPALA

Establishment of Fe-Filtered Neutron Beam Facility and Measurement of the
Filtered Neutrons—kK. KOBAYASHI, T. YOSHIMOTO, Y. FUJITA, M. UTSURO,
AND H. UTSUMI )

Design and Characterization of a Facility for Fast Neutron Irradiation of
Semiconductors at Penn State—B. PETROVIC, A. ABOU-ZAID, A. HAGHIGHAT,
AND T. H. DAUBENSPECK

Comprehensive Nuclear Fuel Dosimetry Program in the OSIRIS Reactor—
A. ALBERMAN, C. MORIN, L. MARCHAND, AND A. MARCAULT

Dosimetry of a GeV Proton-Driven Spallation Neutron Field by the Activation
Method—yY. KASUGAI, H. TAKADA, AND Y. IKEDA '

The Irradiation Characteristics of the KUR Heavy Water Facility—Neutron
Energy Spectra for Several Irradiation Modes—T. KOBAYASHI,
Y. SAKURAI, AND K. KOBAYASHI

Radiation Dosimetry at the BNL High Flux Beam Reactor and Medical
Research Reactor—nN. E. HOLDEN, J.-P. HU, D. D. GREENBERG,
R. N. RECINIELLO, K. FARRELL, AND L. R. GREENWOOD

Measurement of Neutron Spectrum at HANARO—uU. HONG, H. D. KANG,
C. G. SEO, AND Y. H. KANG

Combining Measurements and 3D Neutron Transport Calculations—A
Powerful Tool in Detailed Neutron Dosimetry and Damage Analysis—w.
P. VOORBRAAK, W. E. FREUDENREICH, AND D. J, KETEMA

Characterization of Neutron Field for Stainless Steel Irradiation Experiments
in JMTR—s. SHIMAKAWA, Y. NAGAO, AND K. FUJIKI

Assessment of the Fission Power Level in Fuel Rods Irradiated in the High
Flux Materials Testing Reactor BR2 with the Aid of Fluence Dosimetry
and Comparison with Other Methods—c. DE RAEDT, E. MALAMBU,

S. BODART, M. WEBER, AND M. WILLEKENS

Local Changes of a Neutron Spectrum in the Fast Reactor BOR-60 for
Extension of Research Tasks—a. I. TELLIN, G. A. SHIMANSKY, AND
1. V. YAKOVLEVA

Improvement of Reactor Dosimetry for Irradiation Tests in the Experimental
Fast Reactor JOYO—T. SEKINE, T. AOYAMA, A. YOSHIDA, AND S. SUZUKI

175

183

191

199

207

215

223

231

236

244

252

260

268




Estimation of Low Level Neutron Doses Based on Neutron Spectra in the
Vicinity of a Nuclear Reactor—I. URABE, H. SAGAWA, Y. OGAWA,
T. OHSAWA, K. KOBAYASHI, T. YOSHIMOTO, AND T. TSUJIMOTO

Conceptunal Neutronics Design of “Neutron Factory” as a Future Plan on
Neutron Source in Kyoto University Research Reactor Institute
(KURRI)—s. SHIROYA, H. UNESAKI, Y. KAWASE, H. MORIYAMA, AND
M. INOUE

BENCHMARKS AND INTERCOMPARISONS

Results from the NIST Round Robin Test of Fissionable Dosimeters in a
Reactor Leakage Spectrum—). M. ADAMS

New NEA Benchmarks for Calculating Fast Neutron Fluence in the Rector
Pressure Vessel—G. HEHN AND B. C. NA

Database for WWER-1000 Reactor Pressure Vessel IAEA Regional Project
RER 4/017—B. 0SMERA, V. LYSSAKOV, F. CVACHOVEC, F. HUDEC, B. JANSKY,
1. MIKUS, E. NOVAK, S. POSTA, Z. TURZIK, M. HORT, V. KRYSL, V. SMUTNY,
S. ZARITSKY, N. ALEKSEEV, M. GUREVITCH, A. EGOROV, E. BRODKIN, K. ILIEVA,
S. BELOUSOV, J. KOVBASENSKO, A. URITANI, T. MISAWA, C. MORI

Balakovo-3 Ex-vessel Exercise: Intercomparison of Results—G. 1. BORODKIN,
O. M. KOVALEVICH, H.-U. BARZ, B. BOHMER, 1. STEPHAN, H. AIT ABDERRAHIM,
W. P. VOORBRAAK, J. HOGEL, E. POLKE, W. SCHWEIGHOFER, T. O. SEREN,
A. V. BORODIN, V. I. VIKHROV, V. V. LICHADEEV, N. V. MARKINA,
E. I. GRIGORIEV, V. S. TROSHIN, 1. PENEV, AND L. KINOVA

Re-analysis of the Experimental Leakage Neutron Spectrum from a Silicon
Spherical Shell with Incident 14 MeV Neutrons using Different and
Modified Neutron Cross Section Libraries—c. ICHIHARA, S. A. HAYASHI,
L. KIMURA, J. YAMAMOTO, AND A. TAKAHASHI

Monte Carlo Calculations of Neutron Fluence Spectra, Activation
Measurements, Uncertainty Analysis and Spectrum Adjustment for the
KORPUS Dosimetry Benchmark—=H.-U. BARZ, B. BOEHMER, J. KONHEISER,
AND 1. STEPHAN

Actual and Potential Measurements of Fission-Rate Ratios in the NIST Iron
Sphere—-rR. L. PEREL, J. ]. WAGSCHAL, AND Y. YEIVIN

Adjustment of the *5U Fission Spectrum—p. J. GRIFFIN AND J. G. WILLIAMS

Analysis of the ORNL PCA Benchmark Using TORT and BUGLE-96—
A. H. FERO, S. L. ANDERSON, AND G. K. ROBERTS

276

284

295

303

312

320

328

336

344

352

360




Development of Calibration Fields of Intermediate Neutrons by Using Several
Sources—N. TAKEDA, K. KUDO, M. FUJISHIRO, K. OKAMOTO, K. KOBAYASHI,
AND T. YOSHIMOTO

A Study on 14 MeV Neutron Beam Characteristics and its Applications—
H. SAKANE, Y. UNO, F. MAEKAWA, Y. KASUGAI, C. KONNO, J. KANEKO, AND
Y. IKEDA

Cross SECTIONS AND NUCLEAR DaTa

Integral Assessment of the Revised JENDL Dosimetry File—k. KOBAYASHI,
“T. IGUCHI, S. IWASAKI, T. AOYAMA, S. SHIMAKAWA, Y. IKEDA, N. ODANO,
K. SAKURAIL K. SHIBATA, T. NAKAGAWA, AND M. NAKAZAWA

High Energy Neutron Activation Cross Sections—r. NAKAMURA, E. KIM,
Y. UWAMINO, N. NAKAO, AND S. TANAKA

SPALLDOS: New Neutron Metrology Cross-Section Library for Use at
Spallation Neutron Sources—k. 7. SZONDI, E. M. ZSOLNAY, F. HEGEDUS, AND
L. TOBLER

Integral Testing of Spallation Cross Sections for Neutron Dosimetry at 113
and 256 MeV—L. R. GREENWOOD .

Production of a Dosimetry Cross Section Set Up to 50 MeV—F. MAEKAWA,
U. VON MOLLENDORFF, P. P. H. WILSON, M. WADA, AND Y. IKEDA

Neutron and Non-neutron Nuclear Data for Radiation Dosimetry—
N. E. HOLDEN

New Measurements of the H(n,n)H Angular Distribution—r. B. BATEMAN,
N. BOUKHAROUBA, C. E. BRIENT, A. D. CARLSON, S. M. GRIMES, R. C. HAIGHT,
T. N. MASSEY, O. A. WASSON

Fission Cross Section Measurements of Th-229 and Pa-231 Using Linac-
Driven Lead Slowing-Down Spectrometer—x. KOBAYASHI, S. YAMAMOTO,
T. KAL H. J. CHO, H. YAMANA, Y. FUIITA, T. MITSUGASHIRA, AND 1. KIMURA

Measurement of Differential Neutron-Induced Charged-Particle Emission
Cross Sections for 5-75 MeV Neutrons—u. BABA, T. SANAMI, Y. NAUCHI,
¥. HIRASAWA, N. HIRAKAWA, H. NAKASHIMA, S. MEIGO, S. TANAKA

Fast Neutron Yields Generated from Deuteron Break-up in Low Energy
Reactions of Light Nuclei—p. BEM, V. BURJAN, F. CVACHOVEC, M. GoTZ,
V. KROHA, E. Y. NIKOLSKII, E. SIMECKOVA, J. STURSA, AND J. VINCOUR

367

375

385

393

401

409

417

425

431

439

447

455




Measurement of the Neutron Capture Cross-sections for Dy and Hf between
0.001 eV and 50 keV Using Total Energy Absorption Detector—H. y. cHo,
K. KOBAYASHI, S. YAMAMOTO, Y. FUNTA, G. N. KIM, J. H. CHANG, AND '
S. K. KO _

CALCULATIONS AND ADJUSTMENT METHODS

Modeling of BWR for Neutron and Gamma Fields Using PENTRAN™ —
V. KECUKBOYACI, A. HAGHIGHAT, G. E. SIODEN, AND B. PETROVIC

Activity Determination with High Precision for Component Disposal—e. POLKE

PV-Surveillance Dosimetry and Adjustment: Review of Several Significant
Oral Laws—R. L. PEREL, J. J. WAGSCHAL, AND Y. YEIVIN

Physically Constrained Adjustment of Calculated Neutron Spectra for
Dosimetry and Vessel Locations—j. G. WILLIAMS AND P. J. GRIFFIN

Algorithm and Computer Code of Group Neutron Spectra Transformation—
G. A. SHIMANSKY, A. I. TELLIN, AND M. I. GUREVICH

Improved Covariance Analysis and Spectrum Adjustment for VVER-1000
Pressure Vessel Fluences—B. BOEHMER, G. 1. BORODKIN, AND
G. N. MANTUROV

A Parametrized Approach for Unfolding the Neutron Flux Spectrum—
Y.-Q. WANG, K. KOBAYASHI, Z.-H. LI, AND I. KIMURA ’

Accuracy and Parallel Performance of PENTRAN™ Using the VENUS-3
Benchmark Experiment—A. HAGHIGHAT, H. A. ABDERRAHIM, AND
G. E. STODEN

Three Dimensional Neutron Analysis in the Baffle-Former Area of PWR
Plant—H. KITAGAWA, N. YAMAGIWA, AND K. YAMASHITA

MCBEND-A Fluence Modeling Tool—G. A. WRIGHT, E. SHUTTLEWORTH,
P. COWAN, L J. CURL, AND C. G. MATTSSON

Performance of ASMCNP™ for Calculation of 3-D Neutron Flux Distribution
in a BWR Core Shroud—a. HAGHIGHAT, H. HIRUTA, AND B. PETROVIC

Development of 3D MCNP-Based BWR Fluence Computational Software
Package: MF3D—R.-T. CHIANG AND S. SITARAMAN

BWR Neutron Fluence Computations using MF3D—s. SITARAMAN,
R.-T. CHIANG, R. M. KRUGER, A. L. JENKINS, K. ASANO, AND K. KOYABU

462

470

478
486
494

502

508

516

524

532

540

549

557

564




Dévelopment of Induced Activity Estimation Method for PWR Containment—
M. NAKATA AND T. MURAMATSU

DAMAGE CORRELATIONS AND DAMAGE DOSIMETRY

Comparative Analysis of DPA Processed from Current Evaluated Nucléar
Data Libraries—i. CHANG, C.-S. GIL, Y. S. CHO. AND J.-D. KIM

JENDL PKA/KERMA File for IFMIF Project—T. FUKAHORL, S. CHIBA,
K. SHIBATA, Y. IKEDA, T. ARUGA, Y. WATANABE, T. MURATA, N. YAMANO,
AND M. KAWAI

| A Study of Displacement Cross Section in Medium-Energy Region—x. 1Ga,
' H. TAKADA, AND Y. IKEDA

Radiation Hardening in BWR Core Shrouds: Relative Roles of Neutron and
Gamma Irradiation—7J. KWON AND A. T. MOTTA

Correlating Radiation Exposure with Embrittlement: Comparative Studies of
Electron- and Neutron-Irradiated Pressure Vessel Alloys—
D. E. ALEXANDER, B. J. KESTEL, L. E. REHN, G. R. ODETTE, G. E. LUCAS,
D. KLINGENSMITH, D, GRAGG, S. SEIFERT, AND P. R. JEMIAN

The PKA Energy Spectrum Analysis of Defect Structures in Neutron
Irradiated Metals—t. yosHuE, x. XU, Q. XU, s. YANAGITA, AND Y. SATOH

A Comparison of the NRT Displacement Model and Primary Damage
Formation Observed in Molecular Dynamics Cascade Simulations—
R. E. STOLLER AND L. R. GREENWOOD

Fusion Neutron Irradiation Effects on Some Electronic Devices—rT. DA,
Y. TANIMURA, E. SATO, AND T. TANAKA

Projects AMES Dosimetry and MADAM. Results and Future Activities—
A. BALLESTEROS AND L. DEBARBERIS

U.S. NRC Embrittlement Data Base (EDB)>—1. A. WANG, J. V. PACE, IiI, AND
T. M. ROSSEEL

ExPERIMENTAL TECHNIQUES

Measurement of Eigenvalue Separation in Coupled-Core Systems Using
Optical Fiber with Scintillator—#. UNESAKY, S. SHIROYA, K. HASHIMOTO,
T. HORIGUCHI, T. TAKEDA, T. YAMAMOTO, T. KITADA, O. AIZAWA, AND
1. YAMAMOTO

572

583

591

599 -

607

617

625

633

641

649

657

667




Selective and Prompt Self-Powered Neutron Detectors for Characterization of
Mixed Radiation Fields in Reactors—c. BLANDIN AND s. BREAUD

Neutron and Gamma Ray Dosimetry in Spent-Fuel Radiation Environments
Using Silicon Carbide Semiconductor Radiation Detectors—aA. r. DULLOO,
F. H. RUDDY, J. G. SEIDEL, T. FLINCHBAUGH, C. DAVISON, AND
T. DAUBENSPECK

Retrospective Fast Neutron Dosinietry of Nuclear Power Plants by Means of
Scraping Samples Using the *Nb(n,n")**™Nb Reaction—J. VAN AARLE,
1. GUENTHER, F. HEGEDUES, AND F. GABLER '

A Novel Neutron Spectrometer with Response of Wide Energy Range—
A. URITANL, Y. MAKIHARA, S. YAMAGUCHI, 1. KAWARABAYASHI, T. IGUCHI,
C. MORI, H. TOYOKAWA, N. TAKEDA, K. KUDO, O. SATO, AND §. IWAI

Characterization and Representation of the HPGE Detector Efficiency—
M. H. SPARKS, P. J. GRIFFIN, T. M. FLANDERS, W. W. SALLEE, AND
D. W. VEHAR

Accreditation and Certification in Radioactivity Measurement: Expei‘ience of
the CEA/Reactor Dosimetry Laboratory—.-C. ROYER AND D. BERETZ

A Laser Compton-Scattered Photon Source for Potential Calibration of
" Gamma-Ray Detectors in the Energy Range from 2 to 22 MeV—x. Kupo,
N. TAKEDA, H. OHGAKI, H. TOYOKAWA

Stilbene Neutron Spectrometer with Spreading of a One Parameter Pulse
Shape Discrimination Dynamic Range—F. CVACHOVEC AND B. OSMERA

Use of Reaction *>Nb(n,n’)**™Nb to Determine Neutron Spectra at Outer PV
Surface of WWER-1000 Reactor—o. o. GRITZAY, P. M. RUSINKO, AND
0. G. VASYLYEVA

Experimental Method of Neutron Spectra Determination with Activation
Foils—F. COLOMB, H. CARCREFF, AND C. MORIN ’

s
Qualifying C8/F9 Spectrum Index Measurements by Using Standard Neutron
Fields—K. VAN DER MEER, P. D’HONDT, AND R. VANDEBROEK

Metal Discs as Very Low Thermal Neutron Flux Monitors in Reactor
Environment—n. 5. M. CANET, M. HULT, M. KOHLER, H. A. ABDERRAHIM, AND
D. MARLOYE

Development of a Neutron and Gamma-Ray Flux Distribution Measurement
System with Scintillator and Optical Fiber Combination—c. Mori,
A. URITANI, T. IGUCHI, S. HAYASHI, H. KOBAYASHI, Y. TAKAMI, 1. KIMURA,
M. KATAGIR], AND T. KAKUTA

675

683

691

698

706

714

721

729

737
745

753

761

769




Real-Time Dosimetry Method Using an Imaging Plate—k. sakasay,
M. KATAGIRI, M. KISHIMOTO, AND Y. FUJII :

‘> Appliéation of Accumulative Type ESR-Sensors for Determination of Intensity, '

. Spectral Characteristics and Volume Distribution of Intense Gamma and
- Neutron Fields—aA. F. UsaTYl, V. B. KAJNOV, L. A. SERDYUKOVA, AND
A. Z. KHAMIDOV :

Neutroh Dosimetry Using Diallyl Phthalate Resin—
T. TSURUTA

Development of In-Core Monitoring System using Optical Fiber for Advanced
" Fission Reactor——T. KAKUTA, M. ISHIHARA, T. SHIKAMA, M. NARUI,
' T. SAGAWA, T. ARAI, AND K. HAYASHI
Development and Modeling of Neutron Detectors for In-Core Measurement
Requirements in Nuclear Reactors—c. BLANDIN, G. BIGNAN, A. LEBRUN,
O. POUJADE, H. RECROIX, S. EYMERY, J.-P. TRAPP, AND S. BREAUD
Reduction of Inter-Event Dead Time in Data Acquisition System Simultaneous
Measurement of Neutron Pulse Series in Time and Space—y. KITAMURA,
T. MISAWA, H. UNESAKI, S. SHIROYA, K. ISHITANI, A. URITANI, AND Y. YAMANE -
A System Design for Measuring Boron Concentration in PLWR Cooling
Water—k. oDA, T. KOJIMA, K. NAKAGAWA, T. YAMAUCHI, AND S. OHASHI
APPENDIXES

Appendix I—Symposium Organization

Appendix II—Attendees of Tenth International Symposium on Reactor
Dosimetry ’

Author Index

Subject Index

775

781

789

797

803

811

819

829

831
839

845




