
K< CucL WAT'*

K. co Qp
/ k- 2A ~ bORNUFTR 5970

Contract Program or Embrittlement Data Base and Dosimetry,

Project Title: Evaluation Program

Subject of this Document: Ninth Intemational Symposium on Reactor
Dosimetry; Reactor Vessel Dosimetry. Benchmark
for Commercial VVER-440 Plants Meeting.

Type ofDocument: ORNL Foreign Trip Report

Authors: F.B.K. Kam, I. Remec

Date ofDocument: October 23,1996

Responsible NRC Individual C. J. Fairbanks (301-415 6719)
and NRC Office or Division: Division of Engineering Technology,

Office of Nuclear Regulatory Research

.

Prepared for the
U.S. Nuclear Regulatory Commission

Washington, DC 20555
UnderInteragency Agreement DOE 1886-8616-4W

NRC JCN No. W6164

h0)
OAK RIDGENATIONAL LABORATORY

Oak Ridge, TN 37831-6151 x
managed by 0|

LOCKHEED MARTIN ENERGY RESEARCH CORP.
for the

U.S. Department of Energy
under contract DE-AC05-960R22464.

- Il|| I|||iIlli || ,use.

ETA "B28" M18|b a g gg1SCUh
citou ,

i



.. .

e

CAK CCCE NATIONAL LAD;MATORY
g usaato ey tocsosso wmq sessmov mt:AncM oomP.

post omes aos acos, OAK moot isNNt66st sm Maas

| ORNL
'

FOREIGN TRIP REPORT
ORNL/FTR-5970

DATL t h II,1996

$URIECT Repet af Fenip Trevel of F.BX Kasa, Censuham, and Igor Renasc, Amsene tieff Member 1,
't,- _ Physiss & Emensures

1th CL Oliver

FROM: F. IL K. Kam and L Rasmas

PURPOtt 11w pnssary pimpses of this tnp was to saammer the USNRC sensess vdeb the Russima Ramsarsh Coast,
Karehstov hmemme (RRC-KI) reishes to the assus and tusshs of the Ranmar Vaamst Desir.'1ery humeusses
for Casumarosal VVER440 Plases. A massadery paupase was to eneksir a workshop en the Denssary
Aaposes of Asummand Vessels and pneus two papers at the Nash honrassiensi sympanhan en a-
Desussary

Sites Venhed: 9/2496 Palase ofCuleme Preps,Cands Republes(CZ)
99 llM Binda Plass,CZ
9/12 1396 Nasiser Rensereb bessene Rar,CZ

Abstrue. F.BK Kmm so<hamed whh Dr. A hryukey of RRC-K! the wakshop en the Deshasary Aspesas of
Amassied Vesselt The issues addresend at the workshap dank whh the lang irrednessa Fas, the asuspissuand
power 4ime hisaary, the lask of nauwen Ausene sesmanra, and asumen spessumt h preendwo of tekiss
tassplease and eenymes has the buur surfase of the RPV was pnyssed h samhed of meshiumi omreshes
freen the meal sarepass and usag the "Nb(a.n'f"% rensassa to shesis the ihas and Susase values ist
namented RPV was pas forwent However, this indusspee is rolesively eiyssene. Dr Zarnsky of RRC-K!
amid that uses samens umaheds to sharesasnee the desumary of tbs survedisass proyessa in V)TR 1000
toestore beamend that the preisumary remhs were very ddisress has the desipi values and fresa previous
evoluaanssa, and the soevabastnam of the survedisass tout neutu assy be mands&

At the Nash benrusessmal Sympasame en Ransnar Desasey I. Ramns premmesd a paper esamlad *0sk
Rides Naniemal laboressey Embnetimens Desa Base and Dessesey Evehasassa Proyeni' and a resur
aniusd summhanseus Numeen and Osamma Spennem A4usanov h poner was decland by en learnabsmal
proyesi esammene en han in Pomer samen A r% * w wash kasemmiasmal symp we en Reamer
Demaway was of ensaism tesimusal value.1) me,aray of papers and enemamme adeemed desmussy ensayan,
tressport " ' . reenteen damage . _ ' . pressee vessel aussalsr's sac, and wee of duas innarest ist
the werk in the NRC sysumered 'Enhnnieman Dana Base and rhm Evenustana Proyem'

The travaises patisapsand in the mastsag of the Rommer Vessel Dessustry Bandussak far Comusarenal
VVER440 Plases at Ptsen, Espammber 9-11.1996 and at Rom, sapeamber 12 13, 1996. The USNRC has a
emarus wah RRC KI w%h wal povide ey '" handenerk desa for du vanfsamisen of ams
calouisassaal W to praina pnamme vemel (PV) thamuss in de V\TR440 maclast power plases. Several
of the older V\TR440 reasesre are met egapped with surveillense espades. RRC.KI will provide three
topical repens and a final report of the thne headsmark soskups $w unsre of easiang aparatang V)TR440
runsaan All rendes of the proyta to dose are pivse in Apposes D,
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| REPORT OF FOREIGN TRAVEL

INTRODUCTION

The purpose of this trip was two fold: 1 - F. B. K. Kam was invited to co-chair a workshop on the
Dosimetry Aspects of Annealed Vessels and I. Remec was invited to present two papers at the Ninth
International Symposium on Reactor Dosimetry; and 2 the travelers participated in a meeting of
the Reactor Vessel Dosimetry Benchmarks for Commercial VVER 440 Plants to discuss in detail

the various aspects of the USNRC dosimetry benchmark contract with the RRC-Kl. The participants
in the contract were from the Nuclear Research Institute (NRI) and Skoda, Czech Republic, t' e-

Institute of Nuclear Research and Nuclear Energy (INRNE), Bulgaria, and RRC KI, Russia. The
end result of this contract will be three topical reports detailing the specifications, calculational and
aperimental results, and uncertainties of the three benchmarks (Mockup 1, Mockup 2, and Mockup
3) for a VVER-440 nuclear power plant (NPP). A final report will be written to document the final
results of the three mockups, the conformity of the benchmarks to an actual VVER 440 NPP, and
recommendations to users in validating their calculational methods.

SUMMARY OF DISCUSSIONS

NINTH INTERNATIONAL SYMPOSIUM ON REACTOR DOSIMETRY

Approximately 150 participants from 17 nations attended the conference. The list of the Sessions
and Workshops is given in the Appendix B.

The poster by I. Remec, entitled " Simultaneous Neutron and Gamma Spectrum Adjustment" was
declared the best poster in Poster Session A " Techniques " (see Appendix E) by the Intemational
Program Committee. The poster presented an extension of the spectrum adjustment procedure to
allow simultaneous neutron and gamma spectrum adjustment. The feasibility of this technique was
demonstrated in the analysis of Oak Ridge High Flux Isotope Reactor dosimetry experiments.
Conditions in which gamma rays may contribute considerably to radiation damage in steels were
discussed. Beryllium helium accumulation fluence monitors (HAFMs) were found to be good
monitors in gamma fields ofintensities high enough to contribute to steel embrittlement. The use of
3"Np,2"U and'Be HAFM as gamma dosimeters was proposed for high-dose irradiations in high-
energy, t'.,,h intensity gamma fields.

I. Remec also presented the paper entitled " Oak Ridge National Laboratory Embrittlement Data
Base and Dosimetry Evaluation Program," prepared by J. V. Pace III, I. Remec, J. A. Wang and J.E.
White, in the oral session D " Damage Correlation and Exposure Parameters." The paper presented
an overview of the U.S. Nuclear Regulatory Commission sponsored program, carried out at ORNL,
with the objective to develop, maintain, and upgrade computerized data bases, calculational
procedures, and standards relating to reactor pressure vessel (RPV) fluence spectra determinations
and embrittlement assessments.

1
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In the following some interesting presentations and discussions from the symposium are
summarized.

In the session " Damage Correlation and Exposure Parameters" D. E. Alexander (Ar6 - Md~9 N
' ' ' '

Laboratory, U.S.) presented a paper entitled "The Role of Gamma Rays and Freely Migrating 1
Defects in Reactor Pressure Vessel Embrittlement," which discussed the role of gamma rays in .

,

embrittlement prediction. Lively discussion that followed showed that this subject is of great interest g'
to the community. Due to the lack of time the discussion was continued later in the workshop .

-

" Radiation Damage," where about one hour was spent on debating the importance of gamma rays
in the PV embrittlement prediction.

In the same session A. Alberman (CEA Saclay, France) presented an interesting paper entitled
" Neutron Spectrum Effects and Damage Analysis in Pressure Vessel Steels Irradiations," in which
he discussed the results of the ESTEREL program. The program, which started in 1989 and was
completed in 1995, was designed to derive experimental correlation between steel embrittlement
determined by Charly-V tests and neutron fluence. Irradiations were carried out in the SILOE and

OSIRIS test reactors. Their conclusions that appear to be the most interesting are: (a) in terms of
damage analysis, 4%umv was proved totally irrelevant, %av was proved to be the
most appropriate exposure parameter, and displacements per atom (dpa) did not bring any better
correlation; (b) no spectmm effect on embrittlement in the range met in a PWR (vessel internal
surface, vessel 1/4 thickness, and capsules) has to be taken into account. I. Remec finds these
conclusions surprising and in disagreement with the current practice in U.S. If experimental data
can be obtained from EDF and CEA, he also feels that it would to very informative to re-analyze
them.

In the session " Benchmarks," H. A. Abderrahim (SCK/CEN, Belgium) presented a paper entitled
" WINES: Water Inelastic Neutron Scattering Experimental Study." The authors performed an
experiment to study the fast neutron transport through thick layers of. water. The goal of the
experiment was to provide data for validation of neutron transport codes and nuclear cross section
libraries used for LWR surveillance dosimetry analyses. The neutron source was a SU (enriched
to 93%) fission plate, clad in aluminum and inserted in the neutron beam emerging from the BR1
reactor. Neutrons from the fission plate enter a large water tank in which fission dosimeters and
fission chambers were placed at different distances from the plate, to measure the reaction rates. The

calculations were performed with DORT (discrete ordinates) and TRIPOLI (Monte Carlo) codes
and a variety of transport cross section libraries (based on ENDF/B IV and ENDF/B VI). It was
found that the calculated to-measured reaction rate ratios decreased dramatically at larger (e.g. 25
cm and more) thicknesses of water. Based on preliminary results it was argued that the inelastic
scattering in water is not represented adequately in the existing cross section libmries. In the
discussion the traveler (1. Remec) pointed out the need to take into account the photo fissions in the
reaction rate calcula6 ..u. He suggested that most of the observed discrepancies arise from photo
fissions (which wert not taken into account in the analysis) rather than from deficiencies in the
inelastic scattering cro sections for water.

2
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; In 6: % , clear Data" session K. Kobayashi (Research Reactor Institute, Kyoto University, Japan)
M pnw..ed the paper " Revision of JENDI-3 Dosimetry File;" the main 30 dosimetry cross sections

u * .neir covariances were revie,ed and replaced. The validation was performed through integral tests

7 ,nich were carried out with available standard / reference neutron fields. Generally good agreement
, of expeiimental and measured average cross sessions was obtained with the exception of

"Mn(n.h), "Fe(n,y) and "Zn(n,p) reactions, where large discrepancies (approximately 30%) were

M' . obst. ved. S. A. Badikov (Institute of Physics and Power Engineering, Obminsk, Russia) presented
R the papei Status of Russian Dosimetry File." The RDF file contains 33 cross section and their*

covariances. Evaluations were carried out at the Russian Nuclear Data Center. The cross sections
and covariances ne given in the ENDF/B-6 format (Files 3,30,33) and will be distributed with a
code for covariance information transformation Both dosimetry files could be ofinterest for the
U.S. users, since they include more recent evaluations than ENDF/B-6.

The workshop on " Dosimetry Aspects of Annealed Vessels" was chaired by F.B K. Kam and Dr.
A. Kryukov (RRC KI). 'Ihe list of attendees is given in Appendix C. Specific issues addressed in
the workshop were:

1. the long irradiation time;
2. the complicated power time history; and
3. the lack of neutron fluence monitorsc

The procedure of taking templates and scrapings from the inner surface of the RPV was proposed.
The method of niobium extraction from the steel scrapings and using the "Nb(n n')""Nb reaction
to obtain the flux and fluence values for annealed RPVs was recommended.

The AMES (Ageing Materials Evaluation Studies) project proposal for the investigation of
irradiation variables in RPV steels was suggested. The material aspects of this projo < were
discussed in the Radiation Damage Workshop co-chaired by M. Brumovsky and A. Lowe. It wss
proposed that cooperation between eastern and westem research organizations to investigate the
influences ofirradiation parameters on radiation embrittlement of RPV (PWR and VVER) would
be beneficial to everyone. The materials program was to investigate the effects ofirradiation
temperature, flux level, spectrum, and irradiation time. The overall program combines material and
dosimetry specialists.

Modem methods to characterize the dosimetry of the surveillance programs were discussed. Dr. S.
Zaritsky presented the results of the new fluence evaluations in the surveillance capsules of the
VVER 1000 reactors where the capsules are locaud in the region of high neutron flux gradients. The
results obtained were very different from the design values and from previous evaluations. The
results are only preliminary due to the complexity of the task. However, he indicated that the
reevaluation of the surveillance test results may be needed for all VVER 1000 units. He proposed
the following step.:

-experimental modeling and measurements of the radiation environment for the VVER 1000
surveillance capsules at the mock up (LR-0 reactor) to validate the calculational methods and data;

3
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1 -experimental investigations of the temperature and neutron fields in the surveillance upsules of

| operating NPP VVER 1000s;

j -use of more sophisticated calculational methods and codes (e.g. Monte Carlo);
-more accurate calculations taking into account the irradiation history and control rods movements;

4

j -use of the "Nb(n,n')""Nb monitor as a reference reaction in the fluence evaluation in the

] surveillance capsules.
i

j la the workshop ' LWR Surveillance," chaired by S. Anderson (Nuclear Engiaeoring Consultant,

! U.S.) and C. Garat (Framstome, France), considerable attention was given to the uncertainties of the

i dosimetry measurements and transport calculations. Tlw workshop participants agreed that the
uncertainties of the measured activities are genwally in the range 5 10%, and the uncertainties of the:

fast flux in the capsules and in the pressure vessels, obtained from the transport miculations, are'

approximately 15 20%.-

In the workshop " Adjustment, libs. and uncertainties," chaired by B. Bohmer (FZ Rossendorf e. v., |

Germany) and J. J. Wagschal (Racah Institute of Physics, Jerusalem, Israel) the discussion of
neutron spectrum adjustment procedures stressed the advantage of the adjustment over the other
procedures used to analyse dosimetry results. Adjustment not only provides the best-esti.ve values
of the irradiation parameters, but also reduces their uncertainties. As a major obstacle for more
widespread use of spectrum adjustment methods, the generation of the covariance matrix of the
calculated spectrum was identi6ed. 'Ihe traveler (L Remec) concluded that contributions towards the
solution of this problem are needed within the reactor dosimetry community.

.

Another recommendation that was repeated several times was that the iron displacement cross-
section in the ASTM standards should be updated with ENDF/B VI data.

An unresolved issue appears to be the disagreement be: ween the calculations and measurements of
the garmna fields; as reported by several participants the measurements are approximately 2 times
higher than the calculations.

,

The Ninthlntemational Symposium on Reactor Dosimetry was of excellent technical value, and this
series is expected to remain the most important in the field of reactor dosimetry. The majority of
papers and discussions at the workshops were of direct interest for the work in the NRC sponsored
" Embrittlement Data Base and Dosimetry Evaluation Program."

Mr. B. Osmera from Nuclear Research Institute (NRI) Rez, Czech Republic, invited L Remec to visit
NRI Roz and tour the Light Water Zero Power Reactor (LR-0). The visit was made aAer the end of
the conference, on Friday aAemoon, September 6. LR-0 is an experimental reactor with maximum
power of SkW, dedicated to investigations of the neutronic characteristics of VVER type reactor
lattices and shieldir.g. The core consists of shortened (1250 mm active length) VVER-1000 or
VVER-440 fuel assemblies with 8"U enrichments 1.6 4.4 %. At the LR-0 reactor the VVER-440

'

and VVER 1000 mock up experiments were performed. In these experiments the neutron spectra
at the PV surveillance capsule location, inner surface of the PV,1/3 thickness and 2/3 thickness of
the PV, and at the outer surface of the PV wwe measured. Measured spectra can be used to check

4
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the calculational procedures and cross section libraries used to calculate the neutron spectra at the
PVs of VVERs. The preparation of the benchmark based on VVER 440 mockup experiments was
jiscussed in the second meeting and is described in this trip report. B. Janski and M. Marek, both
from NRI Raz, also showed and explained the assemblies used to produce the reference neutron
fields, based on "Cf sources, used in NRI Rez.8

I. Remoc was invited to participate in two informal meetings organized by A. Haghighat and B.
Petrovic (both of Penn State University, U.S.), held <= Tuesday, September 3, and Thursday,
September 5,1996, aAer the conference sessions. At the first meeting " Neutron Fluence Estimation
in VVERs", representatives from NRI Roz and Skoda (Czech Republic) were presented. The second
meeting ' Formation of PTS (Particle Transport Simulation) Group," had more participants (from,

'

Argentina, Germany, Mexico, Czech Republic, and Finland). The organizers (A. Haghighat and B.
Petrovic) were trying to identify areas in which they could provide technical assistance to other
countries in the field of PV neutron fluence determination.1. Romec gathered from the discussion
that little response from other countries is to be expected on this initiative.

REACTOR VESSEL DOSIMETRY BENCHMARK FOR COMMERCIAL VVER 440
PLANTS

This project covers six major tasks:

1. Benchmarks Specifications;
2. Calculational Model Definition;
3. Transport Calculations;
4. Sensitivity Analysis;
5. Experimental Data and Comparison with Calculations; and
6. Documentation of three topical reports and one final report.

There are three benchmark configurations; mockup 1, mockup 2, and mockup 3. The format and
specifications for mockup I were discussed in a previous meeting. All required data are to be
included in order that one can perform transport calculation .. without additional information. Fuel
element parameters (fuel diameter, density, and thickness of cladding), axial reflectors details in the
upper and lower components of the fuel assemblies, basket and barrel details, material composition
and densities, and geometry were included in topical report 1. The travelers indicated that the source
distribution, axial profile of the fuel, and an Institute report number are not specified. S. Zaritsky
provided the axial profile to the participants and it will be added to the report later. The other two
items were added to the topical report (UJV 10746-R) during our meetings in Rez, September 12 13,
1996.

'Ihe calculational model definition was modified to take into account the upper and lower reflectors
in homogenized form. The cosine axial source distribution with averaged extrapolated length of
14.1 m was adopted, and the experimental axial source distribution was distributed to all
participants on diskette. This diskette has not been checked by the travelers.

5
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Calculations were performed using the S,P. multigroup approximation. Skoda performed a 2 D
calculation, RRC KI performed a 3 D synthesis calculation, and INRNE used their own code,
ASINT, to syathesize their results. The BUGLE 93 cross section library was used by all three
participants. The task was to compare each of the methods and codes. Skoda calculated the
pin to pin source distribution using the MOBY DICK code for use by the participants. A more
sophisticated pin to pin source distribution was calculated by V. Krysi of Skoda to distribute to the j
participants at the meeting. In addition to BUGLE 93, Skoda and INRNE used the BGL-440 cross
sections generated from the VITAMIN B6 using VVER-440 spectra. INRNE also used the cross
section set FLUNG to calculate the fluence above 0.5 MeV and 1.0 MeV. In all the calculations,
the fission spectrum in BUGLE-93 was used. The calculations were normalized at each experimental
point by the integral of the spectra from 100 kev to 10 MeV. The group fluxes and fluences above
specified energies were calculated behind the barrel, in front of the PV,1/3 thickness into the PV,
2/3 thickness into the PV. and behind the PV.

Sensitivity analyses were performed by Skoda and INRNE to inv Sgate the following effects:

1. insertion of the displacing tank and experimental tube parameters (dimension effects);
2. the water gap thickness (* 2mm);
3. the air gap thickness between the LR-0 vessel and the PV model (65+ 10 mm);
4. the water gap thickness between core and basket;
5. the thickness of the steel of out-of-core components (* 2 mm);
6. the source distribution; pin to-pin vs. assemble-to-assembly;
7. the use of different data libraries; and
8. the scattering anisotropy; P, vs. P,.

Calculations were compared with pre.'s .inary experimental data in the 47 energy group structure of
BUGLE-93. Preliminary results show good agreement between Skoda and RRC KL -The results
ofINRNE are being compared with those of other participants. The experimental and calculational

'

source distributions have been compared by Skoda and the results are reported in topical report 1.
It is anticipated that the data format needed for comparisons will be formalized at the next meeting.
The results of the comparisons are given in the first three reports in Appendix D.

The next meeting of the participants is scheduled during the first week of December 1996. A
tentative copy of the agenda for this meeting is listed in Appendix F.

:

,
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Appendix A

TFINERARY

I. Remoc

8/30 9/1 Travel f! rom Oak Ridge, Tennessee, to Prague, Czech Republic

9/26 Ninth International Symposium on Reactor Dosimetry, Prague, CZ

9/6 Visit to Nuclear Research Institute, Rez and retum to Prague

9n-8 Weekend

9/9 11 Travel to Plzen, Czech Republic, firsi session of the meeting on " Reactor
Vessel Dosimetry Benchmark for Commercial VVER-440 Plants", held in hotel
Skoda, Plzen

9/10 11 Reactor Vessel Dosimetry Benchmark Meetings in Plzen, CZ

9/32 13 Reactor Vessel Dosimetry Benchmark Meetings in Rez, CZ
.

9/14-21 Vacation; travel to and vacation in Ljubljana and Nova Gorica, Slovenia

9/22 Travel from Nova Gorica to Trieste, Italy, and to Oak Ridge, Tennessee

(Note: all expenses ofl. Remec for the period 9/14 22 were at no cost

to ORNL and NRC)

F.B.K. Kam

8/30-9/1 Travel from Oak Ridge, TN to Prague, Czech Republic

9/2 6 Ninth Intemational Symposium on Reactor Dosimetry, Prague, CZ

9n-8 Weekend in Prague, CZ (NOTE: all expenses of F, B. K. Kam's stay in Prague,

9/1-7/96 were at no cost to ORNL ano NdC)

'9/9 11 Reactor Vessel Dosimetry Benchmark Meetings in Plzen, CZ

9/12-13 Reactor Vessel Dosimetry Benchmark Meet %gs in Rez, CZ

9/14 Travel fro;n Prague, CZ to Oak Ridge, TN

7
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List cf Sessi:ns and Wcrksh:ps at the 9th International Symposium:n Reactor Dosirnetry

.

Dale | Session Title | EWGRD Ch. ASTM Ch.

Sep.02-06 General Chairman P. D' hondt

Sep.02 05 Symposium Chairman B.Olmera F.H.~'tiddy

Sep.02 Opening P.D'hondt F.H. Ruddy
B.Olmera

Sep 02 Key Note B. Olmera F.H. Ruddy

Sep.02 Oral Sess.Al:RPV smediance & PUM S Zaritski R. Gold

Sep.02 Oral Sess. A2:RPV survedlance & PUM F.Heged0s J.R.Worsham III

Sep.01 Post. Sess. A: Techniquu 1.Hdgel P.J. Griffin

Sep,03 Oral Sess.B: Benchmaru K.Illeva - J.Kimura

Sep.03 Oral Sess.C: Noctur Dau E.Zsolnay K.Kobayashi

Sep.03 Post. Sess.A continued: Tectuuqua M. Hort P.J. Griffin

Sep.04 Oral Sess.D: Damage corniauen & M.Brumovsk A.L.Lowe
Explosure Param.

Sep.05 Oral Sess.E: characternation or H. Ait. D.WNehar
Envronmenu (Exp + Cat) Abderrahim

'

i

B.B6hmer E.P.LippincottSep.05 Post.Sess.g:su ventance. Bench.ANuct. Data
,

Sep.05 Oral Ses F: Desunetry et Ruurca Ructor A.Alberman M.H. Sparks
and Irrad. Exper.

Sep.05 Closing P.D'hondt F.H. Ruddy

B. Olmera

8
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Appendix B Ccntinued
3

v

Workshop Date Workshop Title EWGRD Ch. ASTM Ch.
Number

Workshop General Chairman H.Nolthenius M. Sparks
.

1 . Sep.03 Benchmark S.Zaritsky J. Adams

2 Sep.04 Quality Assurance E.Zsolnay J.W.Rodgers

3 Sep.05 Fussion F.Heged0s Y.lkeda

4 Sep.03 Adjustment. libs and unc. B. Bohmer J.J.Wagschal ;,

5 Sep.04 Mixed field dos. H. Ait C. Heimbach
Abderrahim

6 Sep.05 Annealed vessels A.M.Kryukov F.Kam

7 Sep.03 LWR Surveillance C.Garat S. Anderson

8 Sep.04 Radiation Damage M.Brumovsk9 A.Lowe
,

9 Sep.05 Test and Research Reactors D. Beretz M.Flandera

9
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APPENDIX 11

Agenda for the Workshop on IMs' metry Aspects of Annealed Vessels

September 5,1996

1. Dosimetry and retrodosimetry aspects of templates analpis (before and aller annealing, and -
without annealing)

2. Investigation ofirradiation variables in reactor p cs ure sessel steels

3. Thermometry and dosimetry of surveillance assembhes of VVER.1000

4 The experiment on the working NPP

5. Benchmark formulation

6. Problem areas and future elTorts

4

=
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:$ APPENDIX B

Agenda of the Reactor Vessel Dosimetry Benchmark for
Commercial VVER-440 Plants Meeting

Plzen, CZ: September 9-11, 1996
Rez, CZ: September 12-13, 1996

1, Mock ups specincations

2. Cakulational models dennitions for the Mock ups.

3.
Discussion of the preliminary results of the determmistic (DOT) calculations, Mock up No. !

4 Status of the source dennition and calculations

5.
Monte Carlo calculations model dennition, results or the checking of the Mock up No. I

calculational modelin RRC Kl.

6. Status of the experimental data re-evaluation

Comparison of the preliminary results of the Mock up No. I deterministic calculations with
.

7.

the BUGLE 93 group cross sections library

8.
Comparison of the preliminary results obtained with different cross section data libraries
(BUGLE 93, BGL 440, FLUNG)

9
Discussion of the preliminary sensitivity results of Mock up No.1 --(scattering anisotropy,

source dennition, fission spectrum, m:ct gap thickness, air gap thickness, steellayers
thicknesses, etc).

10.
Recommendations and requirements for the Anal calculations and analysis Mock up
No.1.

II.
Recommendations and requi::ments for the calculations and analysis L8~:k ups No. 2

and 3.
,

12.
Dennition of the formats of the calculational and expenmental data presentation, and the
intercomparison schemes for the nnal report.

a
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APPENDIX C

AlTENDilliS

Workshop on Dosimetry Aspects of Annealed Vessels
September S.1996

Name Organiation Country

A. M Kryukov RRC KI Russia
F.B.K.Kam ORNL USA
A. Ballesteros Tecnatom Spain
W. Voorbraak ECN Holland
V. Vikhrov RRC Ki Russia
V. Tsonn OKB Gidropress Russia
V. Komolov Russia
S. N., Shadrintsev

Russia
V.Stary Czech Republic
M. Brumoysky NRI Czech Republic
B. Osmera NRI Czech Republic
A.Lowe USA
M. C. Vicente Spain
P. D'Hondt SCKCEN Belgium
R. de Wouters Tractebel Belgium
G.Hehn Germany
J. Hogel Skoda Czech Republic
K. liieva INRNE Bulgaria
V. Valenta Skoda Czech Republic
T. Petrova INRNE Bulgaria
T. Apostolov INRNE Bulgaria
P. Platonov RRC Ki Russia
S. Zaritsky RRC-K1 Russia
A. Alberman Sarclay France
F. Ruddy Westmghouse USA

12

.

_ _ _ _ _ - - _ _ _ _ _ - _ _ .



APPr.N ulA L
-.

-ATTENDEES
p

Reactor Vessel Dosimetry llenchmarks lbr

Commercial VVER-440 l'lants

Name Organization - I E mail

B. Otmera NRI kel iirkinn cz

i I. Mikut NRI Ret iir@nn.cz

L Kynct NRI Ret iirfctnn cz

F.Kam ORNL Oak lyp;e Ibk@orni nov

1 Remec - ORNL Oak Ridae 17t@orni nov: remeci@ornl.nov

T. Apostolov INRNE Sons tapostolSbacarn send ha

K.D. Ilieva INR1] Sons kritieva//lbtearn acad.br

S.I. Belousov TNRNESona belousov@btearn acad ba

S M. ZaritskY RRC K! Moscow zantsky@stis lose.su

M.I. Gurevich RRC K! Moscow 7antskv@atis klac.su

E.B. Brodkin RRC KI Moscow zaritskv@stis kine su

A L. Etorov RRC K! Moscow zantskvrastis kine su

V. Valenta $KODA vvalenta@iad in skoda cz

1.116tel $KODA ihotel@ind in skoda et

M. lion $KODA mhon@iad in skoda :z

J. liep $KODA ihep@iad in skoda cz

V. Smuiny $KODA vsmutnv@ind in skoda cz

V. Kris! $KODA . tkrislWisd !n skoda cz
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APPENI)lX Dl
i

L 1.lST OF INI ORMATION RECEIVED

i

J. Mikus and 11 Osmera. " Design, ticometr> and Material Compmition ot VVi(R 440
Mockup in I.R 0 Ihperimemal Reacior."'Iopical 1(eport 1. L1.1V 1074611. Nuclear Research
Institute. Ret., C/ech Republic. August 1966

2

A. Koneenu et al.,"Calculaimnal Results of Skoda for Movtup No 1 and hensilmly
Calculations." Skoda Report AI.8461Dok. Plien. Cecch Repubhc. April 4.1994

3. K. Ilieva and S. Delousm. " Reactor Pressure Vessel Dosimetry Engineenng benchmarks for -
VVER-440 Reactor Type." INRNE, Sofia, Bulgana. September 1996

4

The Detail Sketch of the upper and I.uwer Components of the I uel Assembly and the LowerSupport Structure of LR 0

5

The Two Dimensional Source Distnbution in the Core of Mock up No. I and Comparison
.-

with the Experimental Data Hard Copy and Diskette Distnbuted with Topical Report No1.
.

Calculational Results of RRC Ki for Mock up No. I and Their Companson with
6

Preliminary Expenmental Data

7. Book of Abstracts, 9th International Symposium on Reactor Dosimetry.

8. Papers of the 9th International Symposium on Reactor Dosimetry.
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Appendix E

9 th International Symposium
on

REACTOR DOSIMETRY
'

The International Progranime Committee appreciated
the poster presentated by

I.Remeca

Simultaneous Neutron and Gama |

Spectrum Adjustment

as the best one in the Poster Session A
.
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Appendix F

Agenda .

,

of the Reactor Vessel Dosimetry Benchmark for
Commercial VVER-440 Plants Meeting

kei, December 2 - 7,1996
^

1. Mock ups spacincations

a) Mock up No. 2

B. 05mera, J. Miku!(NRI)
'

b) Mock up No. 3

B. Olmera, J. Mikul(NRJ)
,

c) Specifications checking by the MCU code

M. Gurevich (RRC KI), J. Miku!(NRI)

2. Calculational models definitions and refinements
V. Kryst, V. Smutnf (Skoda)

E. Brodkin, A. Egorov, M. Gurevich, S. Zarittky (RRC KI)*

K. llleva, S. Belousov (INRNE)

F. Kynci(NRI)

3. Results of experimental data evaluations

a) Neutron spectra

B. Olmera (NRI), M. Hort (Skoda) ,

b) In core pin to pin and axial power distributions

J. Mikul, B. Olmcra (NRI)

4. Status of the source calculations, comparison with the experimental results.
,

V. Kryst (Skoda), J. Miku!(NRI)

5. Comparison of the standard synthesis, ASYNT and TORT calculations, comparison with the
experimental data - analysis of the necessity of 3D TORT calculations

s

a) Mock up No.1

b) Mock up No. 2

E. Brodkin, A. Egorov (RRC KI)

S. Belousov (fNRNE)

16
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4 6. Discussion of the Monte Carlo calculations.
J. Kynct, B. Olmera (NRI)

M. Ourevich, S. Zaritsky (RRC KI)

7. Comparison and analysis of the base calculational results and experiments for Mock ups 2 and 3.
V. Smutnf, V. Valenta, M. Hort, J. Hep ($koda)

B. Olmera (NRI)

S. Belousov, K. Ilieva (INRNE)

E. Brodkin, A. Egorov, S. Zaritsky (RRC KI)

8. Conformity analysis

V, Smutnf, V. Valenta, J. Hep ($koda)

B. Olmera (NRI)

S. Belousov, K. Illeva (TNRFE)

E. Brodkin, A. Egorov, S. Zaritsky (RRC KI)

.

.

Recommended participants

RRC Kl: S. Zaritsky, A. Egorov, E. Brodkin, M. Gurevich

INRNE: K. Ilieva, S. Belousov, T. Apostolov

Skoda:
V. Valenta, V. Smutnf, V. Krysi, J. Hep, M. Hort, A. Koncini

NRI: B. Olmera, J. Mikul, J. Kynci
.

ORNL: F.B.K. Kam,I Remec

Time schedule:

Mo, Dec. 02: Arrivals to Act

Topics I and 2

Tu, Dec. 03: Topics 3,4

We, Doc. 04: Topics 5,6

Thu, Dec. 05: Topics 7,8

Fri, Dec. 06: Memorandum

Sat, Dec. 07: Departures

I
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