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1.2 Agenda

ORGANISATION FOR ECONOMIC . RFSTRISTED
CO~OPERATTON AKD IIVELOPMENT ==
Paris, 16th July 1979

NUCLEAR ENERGY AGENCY
Or. Engl.

SEN/NEACRP/A(79)2
NORIFICATION OF MEETING

STEERTNG COIMMITTEE: FOR NUGLEAR ENERGY

Twenty-Second Meetlng of the
NEA COMMITTEE ON REACTOR FHYSICS

_ . As agreed at the 21st Meetlng, the 22nd Meetlng of
the NEA Committee on Reactor Physics will be held at OECD
Headquarters, Chfteau de la Muette, 2 rue André Pascal Paris 16,
from 18t to 5th October 1979.

After consultation with the Chairman of the Committee,
the following provisional agenda is proposed 3

Part A : Executive Sessions

1. a. Participants in the Meetlng'a
b. Committee membership )

2. Adoptlon of the Summary Record of the 21st Meetlng

e Adoptlon of the agenda of the Meetlng

4, . Completion of actions arlg;ng frqm prgvlpus mqetings

5. Activities of other bodies,of interest to NEACRP

6. Report .of the NEACRP observer on the 21st Meeting of NEANDC
7. Distribution of NEACRP documents

8. Report on the renewal of the mandate of NEMCRP~~

9. Report of Worklng Group discussions on NEA Data Baﬁk
.. activities in computer program. exchange :

10, Azrengements for the 23rd Mee‘h:.ng of the Committee
1M, Othe“ bu51ness

12.  Election of Committee officers



‘ SEN/NEACRP/A(79)2 . -2 -

Part B : Technical Sessions

1.

2

L

5.

New Toplcs -

e

1.1 ISOtOPlC correlatlons for fuel exposure history
determinations

1.2 Crztlcallty .problems in.sborage and transportatlon
in 'out of plle' fuel

1.3 Blankets‘- neutron deep penetratlon problems
1ot Mascellaneous topics

Topics carrled over .from prev1ous meetzngs

2671 Heterogeneous cores, 1nclud1ng safety related FBR
problems .

2.2 Power peaking .
2.3 Fuel cycles

National Programmes

Review of recent activities and natidnal:nrqéraﬁmeS

Benchmgrks

4.1 Detalled review of concluslons from the LMFBR Benchmark
Argonne National Laboratory, 1978 —

4.2 Summary of Hydrogen‘entry'benchmaﬁk'

4.3 Specification of multi-dimensionsl’ kineties benchmark

4.4 Proposal for noise ‘analysis benchmark in cormnection -
with SMORN ITI .

=

General .

5,1 nghllghts of recent meetlngs of 1nterest Yo, NEACRP

- Speclallsts' Meeting on Homogenisation Studles, Iugano,
Sw;tzerland 1978 .

- International Symposmum on Fast Reactor Phy51cs,
Aix en Provence, September 1979

- NEANDC Specialists® Meeting on :the cross -sections of
the Heavier Plutonium Isotopes and Americium Isotopes,
Brookhaven Natlonal Laborstory, USA. November 1978

- mragsactlnlde Nuclear Data, IAEA[NEANDC Cadarache, May
197 .



2.2 8

- Brd Specialists® Meeting on Reactor Moise (SMCRW III)
October 1981, Tokyo

pecialistes® meetings plsnned or

proposed

- Spec.:t.alzstse Meetlng on Galculatlon of 3-dimensional
rating distributions in operating reactors. Paris,
November 26=-28 1979

- NEANDC Specialists!® Meetlng on the Cross Sections of
Fission Product Nuclel, Bologna, Italy. December
12-14 1979
- NEANDC Specialists?! Meeting on the Capture Cross Sections .
of Important Fissile and Fertile Isotopes, Argonne
‘National Laboratory, USA. 1980
- IAEA/ENS Topical Meeting on Numerical Methods, 1981
5.3 Progress with the NEACRP Bock on the Status of Fast
Reactor Physics’

- Hotel Accommodation

Partlczpants are asked to contact Dr..P.D. Johnston, NEACRP
Secretariat, OECD Nuclear Energy Agency, 33 Boulevard Suchet,
Paris 16, as soon as possible. (Telex 630663 AEN NEA)



1.3 B # B #®

1.

Isotopic correlations for fuel exposure history

determinations

A-365

A-366

L-234

L-232

A-386

A-377

A-371

A-372

A-358

Experimental evidence of isopic correlations

L. Koch

Isotopic correlation techniques - A review.

H. Kilisters/M. marzo

Etudes de correlations isotopiques pour des appli-
cations aux fontionnements des reacteurs et des
usines de retraitement. M. Darrouzet, A. Giacometti
Determination of Pu accumulated in irradiated fuels
by non-destructive isotopic correlation technigque
H. Tsuruta, T. Suzaki, S. Matsuura

Isotopic correlations in irradiated nuclear fuels.
C. Foggi Euratom Ispra

Isotope correlations and measurements in the U.S.
P.J. Persiani

Requirements for fission-product nuclear data
related with reactor fuel characterization.

L. Leenders, et al

“Burnothéque“ A valuable standard for accurate
burn-up determination by non-destructive examination.
H. Adachi, J. Basselier, L. Leenders

Some correlations between isotopes of Nd, U, Pu and

burnup parameters for the FBR irradiated fuel.
S. Nakayama et al




Creticality problems in storage and transportation in

'out of pile' fuel.

L-237

L-236

A-359

A-370
1-2490
A-391

A-390

Criticality analysis for storage and shipping of
nuclear fuel elements outside of reactors.

G. Ermumcu, et al

The experimental results from CRISTO qualification
fo the predicted crticality of fuel storages.

C. Golinelli, et al

Criticality computation using the Monte-Carlo Code
KENO-4 with a new multi-group constants library

Y. Naito, et al

Calculation of the multiplication factor of a PWR
spent fuel storage configuration. G. Minsart

KEMA : Calculations for compact storage racks for
PWR fuel. W.J. Oosterkamp

Standardized safety analysis of nuclear fuel shipping
containers. Robert M. Westfall and Leslie M. Petrie

Out-of-Pile criticality studies (US).

Blankets : neutron deep penetration problems

A-385

A-376

Notes on U.S. Fast Reactor Blanket and Shield
interface studies.
LMFBR reactivity surveillance using ex-core detectors

M.J. Lineberry, S. G. Carpenter, C.L. Beck

Miscellaneous tonics

A-392

Progress Report of the Dutch Nuclear Data project for

fast reactors covering the period April 78/Sept. 79.




A-393

A-394

L-241

A-388

A-389

A-387

The investigation of control rod physics problems

in the large power fast reactor mock-up.

U.A. Kdzanskii, et al.

Nuclear data and precisions of actinide build-up
calculation in fast reactors.

0.D. Bakumenko, et al.

An appraisal of the NEA Collaborative programme of
uncertainty analysis and shielding benchmark ex-
periments October 1979. J. Butler and H. Rief
Preliminary version of the EURLIB variance-co-
variance matrices M.C.G. Hall

Contribution to the IAEA/NEA Programme of uncertainty
analyses in generic reactors - A sodium-cooled fast
reactor. M.C.G. Hall

A simple comparison of adjusted data sets for
iron~based on measurements in ASPIS and in the cores

of fast reactor criticals. M.C.G. Hall

Heterogeneous cores, including safety related FBR problems

A-369

A-380

A-357

Critical experiments in a zero-power fast reactor
lattice with breeder zones of thorium and uranium.
U. Schmocker, EIR, et al.

Neutronic problems related to the heterogeneous
core concept safety : studies devoted to the sodium
effect. JC Cabrillat, P. Hammer

A study on the potential safety advantage of

heterogenous LMFBRs (I) K. Miyagi et al




Power peaking

I-235

A-356

Work on gamma thermomenter in CEA, A. Bonnemay et al

Power peaking and its design margin of JOYO, F. Yosino

Fuel cycles

L-233

1-238

A-395

L-239

A-374

Long term uranium demand and supply in Canada
M.F. Duret

Neutronic characteristics of a 1200 MWe fuelled
with (Tho2 - 233 U) 0,
Benchmark experiments related to actinide production
in thermal reactors : Experiments in the VENUS
critical facility. De. Raedt, Leenders, Minsart,
SCK/CEN, Mol.

Preliminary study of the sub~assembly reshuffling

in fast breeders. JC Cabrillat

Fast reactor fuel cycle studies. Y.I. Chang,

C.E. Till

Detailed review of conclusions from the LMFBR Benchmark,

Argonne National Laboratory, 1978.

8-1

A~364

Proceedings of the NEACRP/IAEA Specialists Meeting
on the International Comparison Calculation of a
Large Sodium-Cooled Fast Breedor Reactor at Argonne

National lLaboratory on February 7-92, 1978.

Investigations related to the international comparison

calculations of a large sodium-cooled fast breeder

reactor. C. Broeders

—12—



10.

11.

A-383 Comments on the draft Proceedings of the NEACRP/IAEA
Specialists Meeting on the international comparison
calculation of a large sodium-cooled fast breeder
reactor. M. Nakagawa

A-375 Analysis of radial fission rate distributions in

ZPPR cores. P.J. Collins, ANL

Specification of multi-dimensional kinetics benchmark.

A-367 Kinetic Benchmark, Munich 1975. H. Kusters

Proposal for noise analysis benchmark in connection with

- SMORN III.

A-384 Proposal for the third specialists meeting on ::.
reactor noise (SMORN III) - submission to NEACRP

22nd meeting. Y. Kuroda et al

NEA NDC B %

A-363 Report on the 21lst Meeting of NEANDC by the NEACRP
observer. J. Debrue

A-362 Statement from Dr. Chrien (NEANDC): Exchange of
evaluated nuclear data files between NEA Member
countries

A-360 Report to the NEA Nuclear Data Committee
September 1979 Sub-committee on technical activities

of the NEANDC




12, # © ft

A-361

A-379

A-378

12-1

A-368

A-373

A-382

Summary of NEACRP views on actinide production and

'burn—up. J. Hirota et al

Experimental studies of large conventional LMFBR
cores at ZPPR. M.J. Lineberry, et al.
Experimental studies of 350 MW(e)

Heterogeneous LMFBR cores at ZPPR. P.J. Collins,

et al
H3Y9EHHUE XAPAKTEPHUCTHK PA3MHOXAIOIN U YPAHOBOU

CPEIH CK »=]

NEACRP Specialists Meeting on 3-dimensional rating
distributions in operating reactors. Proposed
participants at 27.9.79.

NEACRP monograph : "Current status of fast reactor
Physics" Reactor coefficients". Argonne National
Laboratory

Définition des caracteristiques d'un milieu de

référence & combustible oxyde d'uranium enerichi
et A Kw= 1 3 partir des mesures realisées au CEA
J. Bouchard, M. Darrouzet, L. Martin Deidier
DRAFT

CHAPTER FOR NEACRP BOOX

—14—
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1.4
1.

KPPy 72RO 10) short summary

Sumnary of the Discussion on Isotopic Correlations (8 papers)

The topic has been discussed for the first time on NEACRP.
The technique is used frecuently in the chemical analysis of spent
fuel and it relates istopic ratios (concentrations, activities) es
Pu/U, Cs134/Cs137 or other ratios of actinides and fission products
with burn-up (or depletion) or to each other. Much experimental .
evidence is available ; some of these correlations are linear over
a wide range of burn-up, but it has to be stated clearly that there
is no physical reason for linearity. The assumption of linearity can
lead to erroneous conclusions, -especially 1f11near1ty ig used for
interpolation and extrapolation of experimental results.

The field of application can be manifold : _

1. . Consistency checks of analytical data obtained by isotope
dilution technigues on active feed solution samples from
the reprocessing plant.

2. ‘Independent checks on burn—up determination. . _
% Determination of the Pu content in the dissolution process.
4. Dynamic inventory determinatién in é reprocessing plant.
5. Non~-destructive determination of Pu content and burndup
spent fuel. ‘ _
6. Verification of the analytical data by safeguards iﬁspectors,'
e Check and location of fuel failures by meanS‘of‘fission

product monitoring.

The most important application of isotopic correlation might
be in the field of safeguards. The present uncertainty of chemical
and Dhy31cal measurements on the content of fissile material in -
spent fuel is gbout 1% and it is unllkcly tkat it cax be improved
much further to an accuracy which would be needed to get a reliable
detection of diverted material (less than 0.1%). It was felt that
isotopic correlations cannot by themselves be a replacement of the
usual measurements in safeguards applications,but that many independead
correlations might narrow the uncertalnty'margln and that possibly
systematic errors in the chem;cal determination of the fissile conteznd
can be eliminated. .

A validatbion énd improvement of the at present mainly
empirical approach of isotopic correlations can be based only on a
thorough check of reactor physics calculations with experiments
and a complete understanding of the sensitivity of the correlations
to possible influences from the in-pile performance and out-of-pile
conditions of reactdr fuel. The special purpose of application is

- important in these sensitivity studies. It was felt that the . -

theoretical exploration of the isotopic correlation technique at
present has not gone so far as to resolve the various conditions



for a relizsble appllcatlon for various nurposes. A religble uncer-'
tainty margin of the various measurements is strongly requxred ‘

As an ultimate alm it is to be discovered what type of
correlations are insensitive to local in-pile effects, and what
type is even insensitive to reactor types (e.g. BWR, PWR). Co
It has to be wvalidated what approximation +to =2 rlgorous reactor
physics calculation is adequate for the various application
areas in order to have a fast and sufficiently accurate theoretlcal
method to make the isotopic correlation technique a valuable tool :
in fuel cycle analysis. -

The Committee expressed the oplnlon that thls toplc should'f
be followed up and further results brought forward at the next '
meeting. . :

(H. xtusters)
_50100?9 ’
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QEI Crit ty prohlems in fuel storasae and trs ﬂ”nor+"13::"

X J .

. The subject spsas 2 wide variety of act1v1t1 in

out—of—nlav fuel studies, a common feature be'ng the 1nteresu
in validation - #nd possidly standardization - of relatively =
simple methods for the calculations of fuel arrays and solutions.
A large number of soundly vased guidelines for criticality
safety limits and controls is availsble in thn open llterature,
as 1ndlcgted 1n a bnort U.5. paper.

- _ Safetv—Oﬂlenpea eriticality .caleculations of heterogensous .
,systﬂms were contribubted by Delgﬂam, France and Japsn: these
studies are encouraged sud supported by utilities, in view of
the economic incentive rolated to the optinization ¢f the fuel
quantﬂtleg that can be stored in a 31 gle pool. ' :

L The nnrformancea of dif fu51on, trqnsnovt and bﬂoad-
LBTOUR, - ‘Few-history Hlonte Carlo codes have been intercompared

-gnd - comparsd with experiments apd "exact" iMonte Carlc solutions,
No ‘large discrepancies have been obs served in the results yieldea
by different aDDfOlea?C nethods. &till, the treatsent of strong
heterOQEﬁelt es or complicated gmometrles i3 a problem in standevd
,methods, and the groucmxunfe Car10 approach is much favoured in

' Bome counbrles.' KEro IV 19 oL part:cular*v wide ‘usege.

_ Gritlcal experiments with test regions of XKoo= 1 have
'been carried cut in France and others are plaJned in The near
- future; typical experimental accuries of 0.5% in Ko - with
gome n03510111u1es of reducing them by a factor of 2., were
quoted Comparisons with calculations could be made on the
basis of- simpler subcriticel neasurements, tuf it was agreed: C
that crltlcal experiments are more suitable to suppl} audltlondlfv
lnformatlon 1n tne code valid tion phase.

G/E valuns for hvuerogeneous aTrays are dlfflcult to . -
‘assess at opresent: very few M"sd-hoc" experiments ere nvallab¢65_}
and the optimizat tion. of adequate calculaticnal schemes is still =
in nrograsse It was suggested, however, that accuracies of '
about 0.5% shouléd be well within reach. The implementation
at 0gk Ridge cf the moéular system SCALE for criticality and
sghielding calculations of shipping containers, was reported ,
by the U. 8. It is snticivated that NRC will make it availeble
on request. Weed for standardization in this area was recog- .
nized, and SCALE is a blpnlflcanm step in this direction. The
-addltlon cf heat transfer znd structural integrity mcdules - L
vwhich is plasnned - would prov1de & reference integrated packege
-able to handls any problem envisageable in fuel transportatlon.._ﬁ



: 3; Blankets : Neutron deep-penetration problems

This subject includes a number of related but separate topices.
- These include ‘ ' o

a) calculation of U.238 fission rates through the
blankets -

b) calculation of gamma-ray heat generation throughf‘
the blanket and blanket-shield interface; :

c) location of reactivity - control monitors;

d) prediction of starting fluxes for shielding
calculations: and :

e) study of wltimate shielding maberials.
7 (Lw/wu.iﬁ’-vq, . op .

it was genmerally agreed that transport calculations en transport-

corrected calculations can give adéquate accuracy for U.238

- fission rates, with a value of * 3% (1 0-) suggested by Campbell

for MNMOZART or BIZET agssemblies using 84 or Sg.. There remains

a desire for simpler methods of cdlculation and the use of a

modified diffusion coefficient is pursued in France. Gamma-ray

heating is handled less well and further study is required.

 The response of remotely-located reactivity monitors depends strongl;
upon control-rod positions, ete. However, it was observed widely
that results from the modified source-multiplication technique

can be interpreted adequately using diffusion theory even to shutdowe
~ levels of the order of 25 & suberitical.

Por deer penetration nf nentrons irto shielding meterials, the
source term may be obtained from diffusion theory or from the
discrete~ordinates calculations used to predict the attemuation.
Interest was expressed in examining alternative shielding materials,
especially graphite and borated graphite. The reduced shield
weight could greatly impact reactor seismic problems.

Measurement programs continue in several countries and further
results may be anticipated. Therefore, the Committee will retain
this subject for a’future meeting with the time of the next
discussion to be determined. - .



4. Summary of’shielding"

+ . In this session G. Cempbell from Winfrith rresented ihree .
pepers by M.C.G. Hall on a "Preliminary version of the EURLIB :
Variance-co-variznce Hatrices", on "4 simple conparison of
adjusted data scis for iron based meassurements in ASPIS and in
the case of fast reactor criticals" and on "Uncertainiy analysis

in a typical sodium-cooled fast reactor",

These papers dealing with uncertainty analysis and data%
adjustment in iron and sodium deep penetration problems were
follovwed by a status report on the NEA collsborative program on
the seme item ("The NEA collaborative prograzme of uncertainty
analysis and shielding benchmsrk experiments") compiled by J.,
Butler and presented by H. Rief, S

~ . It could be shown that substantial progress in achieving
the objectives identified by the 1973 NEACRP could be made. In
particular, 6 shielding benchmarks were performed or were close
to completion, new methods for miltidinensional sensitivity
analysis and for data adjustment applicable to large numbers
of energy groups and simultaneously to several experiments have
been developed and tested. Unfortunately, the compilation of a
new data request list for shielding is hampered by the lack of
uncertainty assignments for the available data files. o

. In an attempt to overcome these difficulties, M.C.G. Hall:
constructed out of the ORNL 15 group covariance matrix by poly-
nominal interpolations in a "background" approach a coarse variance—
covariance matrix for the 100 group EURLIB structure. With this

he could meet the target accuracy for certain iron quentities in

the analysis of a generic sodium cooled FBR design. He also

obtained promising results in a data adjustment calculation of ASPIS,

On the basis of these recent achievements, the NEACRP
was asked to sponsor a specialist meeting on shielding benchwark .
énalysis and related topics in spring 1980. : _ -

: The proposal got general approvals the counittee recommendedy
however, to confine the proposed agenda as much as possible and .
to hold the meeting in late 1980, to give partidipants more time
for preparing the meeting. In a further proposal it was suggested -
(¥. Maienschein) and agreed that participants should receive 6
months prior to the meeting detesiled information on the different
benchmark experiments, in particular ASPIS and EURACOS, to allow
them to test their methods., It vwas also understood that it might
be possible to obtain ENDF/B5 co-variance files for a few selected
materials in the frame of this action. .

The meeting will be organized in Paris by P. Hammer in o
collaboration with J,. Butler, H. Rief, and G. Hehm, together with
- & Japanese and a U.S. corresponding member to be nominated by
Dr. Hirota and F, Maienschein respectively.

H. Rief
4th October, 1979,



5. Heterogeneous.Cares, including Safety Related Problems

1. . The intersst in heterogeneous fast reacter cores stems from
the. ability of swch cores fto improve the performance of Fast reactors.
In particular they offer the prospect of : '

(i) much lower reactivity given on loss of sodium;
(ii) dimproved breeding characteristics;
(iii) reduced radiztion damage.

2. On the other hand, the disadvantages of this type of system
lie in ¢

. (i) the reduced Doppler coefficient of reactivity;

(ii) oproblems relating %o the thermal cycling of the above:
core structure due to the presence of blanket regions
within the core.

P Until the Aix meeting little evperimental evidence was available
to substantiate the claims for heterogerneous core performance.

4. Even now, safety studles for heterogeneous cores remain to be
completed so that the overall effects of reduced sodium void reactlvlﬁyﬁ
on the one hand and reduced Doppler reactivity on the other remain to
be evaluzted. The lack of safety related results is probably due ito the
need to extend some of the safety codes to deal properly with the
detailed description of the core w1th the added compllcatlon of 1nme“nal
breeder regions. : : o
S. Turning to the exﬂer-mental validation of cores. of he*erogeeeoas !
designs, there were at Alx valuable contributions from Japan, ths L.A./

- Debene BIZET programme in Zebra, thée U.S. SPPR programme, and from

the French Pre-Racine programme in Mazurca. -

6. Of these programmes, only the BIZET programme had~es i%ts objective:
the study of the proverities of reactors approaching the size of a cozmer-
cial station; the other studies were of a more fundamental type or
related to smaller systems. Even so the BIZET programme had not attempta
to mock-up the design of heterogeneous fast reactor favoured at preseng -
by the U.K, -and German design companies PNC and Interatom. . Instead it -
had studied separately the properties of a core with’ :

firstly - distributed 1slands of fe‘tlle materlal within a
' large fissile zone ’

and secondly - a re-arrangement of thege islands to create a large -
central breeder zone surrounded by fissile materiszi,
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-

The favoured- PHC and Interatom dee:qn comprises a combinat E ol
these concepts with a fairly large central breeder region, Powaz
flattening in the simple enrichment fissile annulus 5 achieved
by interrupted rings of fertile material or 1elande

7. - The FCA prograume in Japen had had as its main objectﬁv
"a basic phyelcs study of the properties of a core with a centrel
blanket zone of varying thickness from 20 cm to 40 cm, surrounaea .
by fissile material axially and radially.

8., - The U.S. contribution presented the enaly31s of the _ _
multiring cores characteristics of the CRBR but w1th more refined
analytical methods.

2. In the French Pre-Racine Drogramme, a central breeder
zone had been studied with the emphasis on sodium voiding o
characteristics relative to those of a conventional design. A&
feature of the work was the influence of the Pu 240 content of
the fuel on sodium voiding in the range from 8 to %2 :

10. The detalled analysee of the BIZET results are not yet -
complete dbut the following general conclu51ons can be drawn frem -
-the heterogeneous core svuales repor*ed. _

(i) Introduction of relatively thin blanket regiocns - such
as the FCA central blanket or the “island" core of
BIZET or the multirings of the ZPPR core causes the
sodium voiding reactivity to incresse in the blanket
regions, and to decrease in the core by apprcy1mate ¥
the same amount. Thus, if such blanket regions are
assumed not to lose sodium, then there is a small dut

- useful reduction in sodium voiding react1v1ty brought
about by thelr presence.

(ii) To effect a suoe+ant1al redactlon ir sodium v01d1ng

~ reactivity, it is necessary to introduce a relatively
large breeder region such as the large central island
of the BZD BIZET core. The leakage of neutrons into
this blanket region 51gn1;1cantly enhances the nega**ver
contribution to sodium v01a1n react1v:1.tye _

The BIZET work had shown that if this central blanket
region is too large, the annulus core becomes neu-
tronically de-coupled and undesirably sensitive in
its power distribution to small perturbations in the
core, such as control rod movements or changes in
material composition. For this reason a core with
reduced central breeder size had also been studied.in
the BIZET programme which showed improved power
stability, yet retained most of the desired reduced
sodium voiding characteristics.
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(iii) The proverties of heterogeneous cores are not at
+this stege predicted with the same accuracy as
corventionsl cores, -and many of the analyses have
pointed to the incressed imgortance of transuncri
corrections to diffusion sclutions and the need to

improve the prediction of neutron streamln" from
both pin and plate calls.

(iv) The Pre-Racine work has shown that the sodiunm voiding
reagtiyity_increases‘w;th Pu 240 content but the
varlatlon is well Dredlctedt”_ VARAVAL TV AT

(v) The interaction effects of control rods is 51gn1flcantly

more pronouvnced in the central breeder héterogeneous
design than in conventional cores, but these elifects
have not proved d1¢chu1 to predict by diffusion
theory° .

'(vi) Plutonium build up in the central blanket resgions
has only a very small effesct con the sodium v01d1nb
performance.

- (vii) Predictions of the gamma-ray contribution to internal
breecder power in heterogeneous ccres by Monte Cerle
nethods are in good agreement with the TLD- measurements

q\ carried out in the BIZET Progranme.
11, \T At thée Aix meeting, & paver describing the aims of the
French<Raciiy programme in MASURCA was presented. One of the naim
features of this programme is the experimental parametric study .
of the influence of the position and size of breeder rings on
such properties as the radial power form factor and sodium
voiding reactivity.

12. In the design-study papers in the follow1ng sessions of

the Aix meeting, the range of objectives sought in hetercgerecus
designs became evident. Tke Interatom paper had been seeking a
design with low wvoiding characteristics which had been achieved

by the relatlve¢y large central breeder region surrounded by a
fissile region with broken rings or islands of fertile material.

In the U.S. work, which had been aiming at cores with less than

218 sodium voiding reactivity, the.size of the central breeder islami.
seemed somewhat smaller and if this were increased, then the 238
obaectlve may be more easily attained. _

13, Those designers whose principal 1nterest lzy in 1mproved
breeding characteristics - and these were mainly in Russisan con- L
tributions - the advantages of high density fuel in the breeder
regions were mentioned, such as carbide and metal. ttention was .
drawn to the need to minimize the fissile loading $o achieve, low -
uranium ore consumption, which may be a more useful measure of
overall breeding performance.

14. The overall impression, however, was that the presently
favoured designs for heterogenous cores were not very dissimilar
and only varied in the size of the central breeder region sand in
the nunber and arrangement of the relatively thin surroundlng
breeder regions.

.
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15. - There was géﬁeial agreément that there is little

interest in axially hetercgereous cores of the "parfait" design.

CGGO_ Campbell ; o
4th October, 1979.



6.

Power Fr=Xing - Surmary

The only paper on the Agenda, Power peaking and its
design margin in JOYO, was presented by Dr. Inoue. The
paper included comparisons belween experiment and theory.
Dr. Acskew drew att$ntion to data on both channel to channel
power prediction (Z2% RMS) and ring to ring power as deter-
mined by PIE on AGR fuel.

Several members expressed disappoiniment that

restrictions on publication prevented a full appreciation

of the state of the art on power peaking and on associated
problems - such as the gquestion of optimal axial distribu-
tion of Gadolinia in control rods for BWR - which was known
to be the subject of studies in several member ccuntries.
This was especially unfortunate because of the important
role of power peaking margins in operational safety studies.

In~-core measurements were a potential component of
such assessments. Only one paper, Work on gammy thermometry
in CEA, was presented, by Dr. Bouchard. To date, the neutron
component of heating of the thermometer had not been deter-
mined. The wpaper showed the lag to be expected following
power ckanges in the reactor due to the large delayed contribu-

tion to gamma flux. r. Lskew said that self-powered detectors-

were being studied in the SGiVWR.

In discussion, the point was made that some additional
information was expected %o be vprovided in contributions to
the spzcialists mreting on 3%-D rating distributiones to be
held in November 1979. The problems of relating psak pin
powers to measurements in the assembly would also te dis-
cusced. C

In view of this, it was proposed that the topic be

raised again in the 1980 meeting-to allow further time for
contrivutions and for the resulis of the specialisis meeting
to bte evaluated

The suggested specialists meeting on in-~core instru-
mentation should therefore be postponed until 1981 so that-
a better appreciation of the significance of the problem,
and a more precise definition of the scope of the meeting,
would be possible.

J.R., Askew :
4th GCctober. 1979,
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7. Fuel cveles

General fuel cycles papers were described briefly to the
participants. In general, they fall into two categories, those
dealing with different reactor design and operating characteristics
and those dealing with reactor strategies (scenarios) using
variance reactor types.

The possibility of wusing only a sgingle o
enrichment for equilibrium operation of FBR's inward radial
shuffling of fuel has been investigated by M. Cabrillat for two
and three region cores. In this study it was found that this.

. shuffling scheme cannot provide simultaneously a good power form
factor and a maximum DPA lower than the present limits. However,

3 region cores provide more uniform discharge burnup distributionss,
better form factors and higher breeding gains than 2 region cores.

From the operation of the Venus reactor in Belgium over
a period of ten years which contains a core of mixed oxide fuel,
- 1t has been possible to deduce from the reactivity changes
associated with decay of Pu-241 and growth of Am-241 the half- i
life of Pu241 and the effective cross section of Am-241 in a typical
PWR spectrum. The Japanese have made similar measurements.

The use of thorium fuel in a typical fast breeder :
reactor is of interest to INFCE studies. France (and many other

- countries) have studied this proseibility. Their results in

comaon with others show that although using thorium leads to a lower
void coefficient and lower fission product absorption, the breeding
gain is significantly reduced and the doubling time increased.

A number of improvements can be made but the large reduction in
breeding gain is most significant if the breeder is to produce
fissile uwaterial. : : S

Some management methods to reduce uranium consumption in
IWR's have been investigated in Finland and it 'appeared feasible teo
expect reductions in fuel costs and mined uranium requirements of
frgm 20-30%. This estimate appears somewhat higher than other
estimates.

. i _

A rather complefe weport on some American studies for
INFCE, covering design and performance characteristics of a variety
of fast breeder reactorsas well as reactor strategies involving
these and other reactor types optimised.to minimise uranium con-
sumption, was provided to participants. .

A report on the longterm uranium supply and demand

situation in Canada suggested that development of fuel cycle
technology is urgently required.




8. Summary of the Discussion on the IMFBR - Benchmark

A draft of the proceedings of the ANL Specialists®
Meeting had been distributed prior to the NEACRP meeting. Among
- the discrepancies of major concern are the

- prediction of radial power distribution
- éontrol rod worth calculations |

To c¢larify the situation, at ANL an analysis of the
fission rate measurements on ZPPR has been made, resulting in a 1% -
statistical uncertainty. Calculations of the radial fission rate
distribution indicated a C/E difference of 2-4 % on the basis of
ENDF/B-IV data. The UK experience on the large all-plutonium
assembly BIZET confirmed the UK basis FGLS in calculating the
radial fission rate distribution ; no large differences in the
German basis KFK-INR was observed in these experiments with the
U.K. results. _

" Pherefore there is no resolution of the discrepancy on
radial power distribution at the present time. :

On the discrepancy in control rod worth calculations

- the discussion concentrated first on theoretical methods used.
As was presented by the U.K., the proper description of flux
perturbation in control rods was able to remove the observed
discrepancy with iucreasing B10 content., Because neither Na
nor B data had been adjusted in the "adjusted group sets”, there
is a need to look in more detail into the precision of these
data. BSome experiments-on .far-off C/E values might also indicate
some experimental errors. - . o

' Tt was also indicated that there are differences to be
expected by applying different processing. codes to the same data
file as seen from the HEDL/ANL contributions.

: The topic of control rod worth discrepancy in the
benchmark solutions will be followed up by the Committee.

In a further coptribution from Germany on the K eff
discrepancy between adjusted.and non-adjusted sets, it was shown
that small differences from adjusted and non-adjusted data are all
of the same si%m and are accumulating. :

In the discussion which followed it was felt that improve-
ments in differential data measurements to that accuracy which is
needed %o resolve the situation are hardly to be expected in the
near future. In predicting the physics characteristics of a fast
reactor, the possibility of using bias factors derived from
experience in critical assemblies or adjusted data sets can be
used for project work. But it is essential to keep non-adjusted
dati files and group data sets for further improvements to be
included. :

H. Klisters
.._-27__.




1.5 OECD- NEA#H summary record

ORGANISATION FOR ECONOMIC RESTRICTED
CO~OPERATION AND DEVELOPIMENT
Parig, 30th October 1979

NUCLEAR ENERGY AGENCY

SEN/NEACRP/M(79)1
NEACRP-~ 396 LU

Or. Engl.

STEEERING COMMITTEE FOR NUCLEAR ENERGY
NEA COPMI_TTEEON REACTOR PHYSICS

Bummary Record of the_Twent;MSecond Meeting
held at O&CD, Psris, from 18t to 0 er 1979

Deiegates

For Canada 3 - ‘Dr, M. Duret
' ' Atomic Energy of Canada Ltd.
Chalk River
For Japan : ‘ Dr. J. Hirota

JAERI, Tokai-Mura

.Dr. T, Inoue
- Power Reactor and Nuclear Fuel
Development Corporatlon, Tokyo

For the Uhlted States of America 3

Dr. P. Hemnig
U.S. De artment of Energy
Washlng on’ -

Dr. F. Maienschein
Oak Ridge National Laboratory

Dr. C. Till - (Chairman) ;
Argomne National Leaboratory

For the countries of the European Communltles and the
European Commissgion acting together - :

Dr. J. Bouchard o0
Commisseriat & 1'Energie Atomlque .
Cadarache, France ‘

Ir. P. Hammer
Commissariat & 1'Energie Atomique
Cadarache, France

Dy, H. Klisters
Kernforschungszentrum Karlsruhe
F.R. of Genmany o

Dr. J. Debrue -
Centre 4d'Etude de l’Ene“gle NLvléalre
Mol, Belglum

. —28—
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Dr. R. Martinelli _
Comitato Nazionale per 1l'Energia
Nucleare, Casacecia, Italy

Dr. J. Askew
United Kingdom Atomic Energy
" futhority, Winfrith A

Dr. C.G. Campbell
- United Kingdom A%omic Energy
Authority, Winfrith

Dr, H. Rief
CEC, Ispra, Italy

t

For the other European .countries of OECD :
Dr. P. Silvennoinen

(Scientific Secretggg)‘-‘- S
Technical Research Centre of Finlard
Dr. P. Wydler " C
Eidgen¥sches Institut fir

Resaktorforschung, Wilrenlingen
Switzerland .

- Dr. G, Velaxrde S
Junta. de Energia Nuclear
Madrid, Spain

Nuclear Energy Agency : Mr. J. Rosén -
: o Dr. P. Johnston (8ecretary)
i Dr. D. Johnson. R
Obsérvers : . Dr. E. Fort (NEANDC)

For Technical Sessions: Dr. Ju Kazanskii (IAEA)
' Pr. V. Esimenko (IAEA)

According to a well-established rotation the Belgian -
participant was representing the three BeNeLux countries and the
Finnish participant was representing Demmark, Finland, Norway
and Sweden. :

_ Apologies for =bsence were. received from Dr. Khodarev, an.
IAEA observer. _ .

The meeting was opened by Mr. Rosén on behalf of the
Director General of NEA, S

Executive Session

1. Committee membership .

Dr. Martinelli replaced Dr. Farinelli as the Italian
representative .in the delegation from the European Communities,
and Dr. P. Wydler replaced Dr. Richmond as delegate from Switzer-
land. The Committee expressed their thanks to Dr. Richmond for
his work as Scientific Secretary end welcomed the offer by
Dr. Silvennoinen to take over this task.
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2. Summary record of the 21st Meeting

The summary record was accepted unchanged.
3. Agenda for the Meeting /SEN/NEACRP/A(79)27

The agenda was adopted without modification.

4. Actions from

previous meetin

‘ At a meeting of some members of NEACRP with the bureau
of the Data Bank Management Committee to discuss computer progrem
exchange, a recommendation was made that selected new codgs of
European and Japanese origin should be presented at a seminar
in the Argonne National Laboratory, USA. Preparations for such -
a pregentation in February 1980 were described by Mr. Rosén, and
welcomed by the Committee. _ :

No report was availsble on the activities of the IAEA
International Working Group on Reactor Radiation Measurements,
and the Committee renewed its request that a review should be
sought for presentation at its next meeting.

Other actions from previous meetings were completed or
were no longer relevant. As in previous meetings the actions
concerning preparation of the Committee's sponsored book on-
Fast Reactor Physics were discussed separately. ‘ :

5. Activities of other bodies of interest to NEACRP
NEA Data Bank | |

A report on activities in computer program exchange -
- and nuclear data compilation and distribution was presented by
Mr. Rosén /SEN/DATA(79)5/. The Committee also visited the Data
Bank for one afternoon where a presentetion was made of other
activities of the NEA in Reactor Safety, Waste Management and
Fuel Cycle studies. : SRR L

n_the Safety

of Nuclear Installations (CSNI)

Committee o

~~ Preparations for a third Specialists' Meeting on Reactor
Noise (SMORN III) have continued, with the planned venue in
Tokyo in late 1981. An organising committee has been appointed
by NEACRP, but the Committee also wished to have a representative
from CSNI to coordinate the session devoted to reactor safety
aspects of reactor noise.’ o : o S

During the presentation to NEACRP of Reactor Safety -
activities in NEA, the Committee pointed out that a proposed
benchmark exercise oncriticality in 'out of pile! fuel corres-
pondéd closely to the NEACRP discussions on this topic. Closer
cooperation of NEACRP and CSNI in this field was recommended.
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IAEA Division of Advanced Nuclear Power Technology

Although no report on activities was available, the
Committee had made a number of contacts during the past year with
a view to co-sponsorship of specialists' meetings on 3-~Dimensional
Rating Distribution Calculations, and on "In-Core® Measurements.
Such cooperation on speciglists! meetings and in benchmark exer-
cises is expected to continue. 4&s at the previous meeting, two
technical observers from TAEA participated in the technical °
discussions of the Couumittee. - : ~ ‘

ar Data Committee

. A meport on the TwentymFirst;meéting of NEANDC (BCMN, @eels
Belgium, September 1979) was presented by Dr. Debrue. .

A detailed review of the list of high priority requests
for nuclear data had been made by the technical activities sub-
committee of NEANDC. This 1ist originated with NEACRP, but had
increased in size as more countries contributed their requests.
The NEACRP supported the efforts made by NEANDC to restrict the
list to a manageasble size, but recognised the difficulties in’
reconciling different request priority criteria. The nembers:
of NEACRP were asked to review carefully the requests in the list.

A statement from NEANDC was presented to the Committee
expressing concern sbout restrictions on the release of the new
evaluated nuclear data file, ENDF/B-V, outside the USA and
Canada., Some particular parts of this file have however been
distributed and the previous version ENDF/B-IV is now fully
available as a reference file. The Committee acknowledged the
concern of NEANDC, but did not feel thet any immediate action .
was appropriate. L : o S S

A major Furopean conference on nucisar data for. technology
to be held in BCMW, Geel, in 1981, was being suppqr?qd by HIENDG._

' The Committee drew attention to the fact that the practice
of holding such large, general conferences atb three-yearly inter-
vals in each major area (Europe, the USA snd USSR) meent that -
they were effectively an annual event., This was contrasted with
the slow rate at which items on the request list could be satis-
fied by measurement, and it was noted that many of the items of
interest in reactor application were also the subject of specia-
list meetings.

. NEACRP did not seek to comment upon the value of such. - -
meetings to data measurers, but wished to draw attention to the
' faet that its members did not anticipate being gle to make a .
significant new contribution to a meeting in 1981, and: would be
synpathetic to an attémpt to channel participation by users of
puclear data into meetings on a longer time cycle.
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7. Distribution of NEACRP documents

No changes to the established distribution philosophy
were made.

8. Renewal of the mandate of NEACRP

The Committee took note of the renewal of its mandate for
a further four-year period. The terms of reference were distri-
buted as NE(79)7.

9. Recent meetings of interest to NEACRP

Specialists?! Meeting on Homogenisation Studies, Ingano,
Bwitzerland, November 1978. '

Internationél Symposium on Fast Reactor Physics, Aix-én-
Provence, France; 24th-28th Septembor 1979.

, This meeting, co-sponsored with IAEA, was reviewed by
Dr. Campbell. Of particular importance to the Committee were the
contributions on heterogeneous cores in fast reactors. This
topic would be discussed again at the next meeting of NEACRP,

NEANDC Specialists' Meeting on the Cross-Secticns of
Higher Mass Plutonium and Americium Isotopes, BNL, USA,
December 1978. o :

The proceedings of this meeting had been distributed as
NEANDC=L-116.

10. Future meetings of interest to NEACRP =

NEACRP Specialists' Meeting on Calculation of 3-Dimensional
Rating Distributions in Operating Reactors, Paris, :
26-28 November 1979 _ ,

The preparations for this meeting were well ‘advanced.
The emphasis had been placed on comparison of coarse mesh calcu-
lations with data from operating reactors, and the Committee
welcomed the active participation of nuclear power plant opera-
ting compsnies. _ -

Third Specialists’ Meeting on Reactor Noise (SMORN III),
Tokyo, late 1981. -

A proposed programme was presented to the Committee on
behalf of the local orgenisers. European and USA nominees for
the international organising committee would comment on this
programme snd a meeting wouldbe organised for more detailed
Planning in 1980, The emphasis of the meeting was on the applica-
tions of reactor noise analysis, and a comparison of enalyses of
a well specified noise recording would be reviewed in one session
of the Specialists' Meeting. :
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ANS/ENS/IAEA Meeting on Advances in Mathematical Methods
for solution of Nuclear Engineering Problems.

The Committee expressed the wish that one of its members
participate in the selection of contributions to this meeting.
Although the subject scope was very large, some aspects were of
'%§E8§§St to the specific reactor physics problems studied in

Specialists' Meeting on Fast Reactor Shieldinmg, Paris,
late 1980.

A review of activities in Furope and Japan on analysis of
iron shielding benchmsrk experiments was presented by Dr. Campbell.
One recommendation of this review was that a specialists! meeting -
should be organised in 41980. The Committee endorsed this recom-
mendation and nominated an organising committee under the chair- -
manship of Dr. Hammer. : S

Specialists' Meeting on "In-reactor" Measurements,
late 1981. . ,

It was clear from papers submitted and from discussion .
in the Committee .that significan® work was in progress in a number
of Member countries, but was in several cases still 2t an early
stage. To allow a closer definition of the scope of a specialists’
meeting and to attract the highest quality of contributions, the
Committee decided to schedule the meeting for the second bhalf
of 1981 and to discuss the topic again and decide the location
and topics to be covered at its 1980 meeting. - -

11, Dechnical Discussions

- Isotopic correlstions for fuel exposure
determinations

This topic was discussed for the first time by this
Committee and attracted a large number of contributed papers.
The emphasis was placed on validation and improvement of the
present mainly empiricsl approach to isotopic correlations, .-
based on a thorough check of reactor physics calculations with
experiments to give a complete understanding of the semsitivity
of correlations to possible influences from in-pile power fluctu-
ations and out-~of~pile conditions. e o

Criticality problems in storage and transportation in

The subject spans a wide variety of activities in "out-of-
pile" fuel studies; a common feature was, however, the interest
in validation, and possible standardisation, of relatively simple
methods for calculation of fuel arrays and solutions. FSome
benchmark values for heterogeneous arrays are difficult to assess
at presents and with very few "ad hoc" experiments availsble -
the optimisation of adequate calculationsl schemes is still in
progress. The discussions will be followed up by the Committee
in possible collaboration with similsr studies initiated by CSNI.
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FBR blankets : neutron deep penetration problems

. Two topics were discussed; IMFBR reactivity surveillance
using ex-core detectors, and determination of spectra and flux
for shielding calculations. | '

LIFBR shielding

. benchmark analy

. A review of the NEACRPééﬁbnsored pragramme on shielding
benchmark analysis was presented by Dr. Cempbell. A specialists?
meeting will be held in 1980. :

Heterog y-related

reneous cores : dincluding safed problems
The contributions to the Aix-en-Provence Symposium on
Fast Reactor Physics were reviewed. A detailed summary will be

ineluded in the technical minutes of the meeting.

The Committee felt that lack of publications prevented
a full sppreciation of the state of the art on power pesgking,
but additional information was expected to be made availeble in
contributions to the NEACRP Specialists' Meeting on 3-D Rating
Distribubions, to be held 26~28 November 1979 in Paris.

Fuel cycles

The fuel cycle contributions fell into two categories;
those dealing with alternative reactor designs, and those dealing
with optimisation of existing reactor types. The emphasis in
the latter was on specific short-term strategies but some
reports on studies for INFCE were slso discussed.

National activity reports

The activity reports from each Member country were
sumnarised at the meeting; +the full reports will be included
in a consolidated document reproduced and distributed by the
NEA Secretariat.

12. Technical subjects for the next meetins of NEACRP

© Heterogeneous cores , RY
Neutron penetration
"In-core" instrumentation

O Oriticality problems in "out-of-pile" fuel sbtorage ;g (4
- and transport

Structural materials, reactivity and activation
Pressurized transient studies

'Q Problems in the interpretation and analysis of critical @}L
experiments

Methods of utilisation of information from operating
reactors
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13. Arrangements for the 23rd Meeting;of NEACRP

The meeting will be held at the Idsho Falls Laboratory,
USA, from 22nd to 26th Q§§Q%§§ 1980, :
14, Committee officers Sefbmb% |

Dr. C. Till and Dr. M. Duret were re-elected for a second

year as Chairman and Vice-Chairman respectively. Dr.I.’,Silvennoinen
agreed to take over from Dr. R. Richmond as Scienbific Segretary.
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21 Cadarache Bi%FT
1) B B : 10A8H(A) 10M~168
2) W&E
(79>2f) Mr. Gérard GOURIEVIDIS : Charge des Relations
Exterieures
Mr. J.C. MOUGNIOT : Chef de S.P.N. R
Mr. Philippe HAMMER : Adjoint de S.P.N.R
Mr. J. BOUCHARD : Chef du Serviece, D.R.E
Mr. Loiek MARTIN-DEIDIER : DRE/SEN (Betiment 238)
Mr. PONTIER : Chef de Rapsodie
( B&H ) F ER& CER)
BEER(EWM, BRFHEMNEE)
3) sk XUEER
MASURCA, ERMINE, RAPSODIE il
© MASURCA  heterogeneous core ¥ EEH, ;i\ -iFk 2 2 ton core DEEK
WAS (HD Pu b FLILHI ),
Hammer Ekh FPERICoOV T, BRANEL D 4 HBF P X BWEDOLICHE
ko T\w5, LORERD oo
o Spent fuel ICX% integral exp DEHBEBEX ARKREL koo BILFHRR
DU GEME G BO BB TEBEL o
© Rapsodie BEOME( zz#H2 s AMELF)
o # #%: ®SHEFH--H1
o AFEHEW
(1) “Mesure Iutegrale de la Capture des Produits de Fission dans
ler Reacteurs a Neutrons Rapides”, ORSAY, N° DORDRE 2115
(22 MINERVE, Reacteur Piscine Experimental
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2.2 Crey-Malville (Super-Phenix B®RRHE)
D B B : 10B108B(K) 108~17H
2) H&E
(75~2@) Mr. Jean DECUYPER : Chef du Service Fonctionnement
et Essais, NERSA
Mr. Rence XAUIER-HELENE-MARIEFIERRE; NERSA
Mr. Jean TONNER : Relations publique NOVATOME
( BA&H) H ERK
3 A" FE:
o 4FHiH, NOVATOMER L b —fx#tinisH, ATELIER% R4, NOVATOME
19764y, B4X£10032000FF (#H55MA)

AT ROBD
[Crensot Loire 36 %
CEA : 34 %
<NEYRPIC 15 %
| ALSTHOM ATLANTIQUE 15 %

Staff XM B0 04, =) HLPESHIL high school HETCEBEFOFHIERSE
Bx1 15T %,

NOVATOME responsability of supply

— Reactor Block
Vessels-Internals-Phugs-Dome

— Primary Cireuit
THX-Pumps

— Secondary Circuits
Pumps-Steam Generators

— Associated Auxiliary and Secondary
Cireuits

— Fuel Handling System
Loading , Unloading-Storage-Transfer

— Monitoring and Safeguard System



— Fuel
— Steam condition DEEHDH B, balance of plant 2 NOVATOME o
A3
© Site Workshop %4f1 3 X 042 kKEt,
o 4%k, NERSADAR & hBERRBEA (Site Workshop)

Site Workshop CiX main vessel, core support structure, cooling
baffle, inner vessel, Roof siab, fuel storage B84, rotating plug
o X IFRIEETICE

RABHRTSE—FBLOL I bET Lotk HERERESY B LD, §4F1 274
WXLRENRE LR, EFEHR, FEELRHORMN, REKA> TEFFHRGA
Bty 7 nis gﬁ;ﬁ%ﬂgnao —FBavwboOr—-—7 T2 — 1L 800ton, =
¥V —=+BHHT3000ton, ZDEAL water cool D,

RGBT THERO RE,

380kV 2AMMIZTEOBPILIICEYFTH, WELRGEBRII AL, #
MERKSHTERYT, XEFERES O LEOBHR LS 5 EH

0 Site location I3 KFATED,

Lyon OH, #5 0mD LA 55,
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2.3 NOVATOME #F#:
1 B B : 10A128(£) 10F~16F
2) HEHE
( 779»24) Mr. Jean LEDUC : Direction des Projets &
Mr. Pierre CLAUZON : Chef de la Division Etudes
Generales
Mr. Jean JEGU : Chef du Sorvice coeur et Protection
Mr. Henri NOEL : Chef du Service Surete
Mr. Jacques GOLLION : Inge’nieur en Chef
( BEH)D HERK
3 A" F:
o #fk M1 & ft2 ZE
o K& LMFBR OfF.LREK2WVWT
Pierre Clauzon KK
Chef de la Division Etudes General
Jean Jegu &
Chef du Service Eoeur et Protection
Clauzon £k © Super Phenix [ {EEIIRRIH
© BWMoEH
1800MWe vy FEDS S5ma
CE A TREHHIR
homogeneous core & 'heterogeneous core NEI LA S i,
heterogeneous core @ BAYIX
o BR, DTo&3
© fuel residence time #X QW ELFT5zL
o {EFHRE YA 2 DS
Th 2o
® NOVATOME @ activity K#1T
1500MWe ~Vv o &S5 5m: AP 7 bars

AT 165C, H 100em




T #ik homogeneous % heterogeneous C, LI FDOREECERIHE %
LTWfedi, ZDRAT A —F— 3 — A 2B £\, =V y |} &iE Phenix
| 5507 Super-Phenix ® 7 na~, AP O, 7, 5 bars, AT & 160
C fixed TfTo o
® Super-Phenix-§ D45
R A= RN DEEE
~Vvy T, H 100em, AP 5bars, AT 160C, BGO2I1XRKE ¥
I ol I S
(AP% 7 bars RKLTBG¥, 0.241KL 53 RBL Tho#? Pump OF
FEOF LS e )
@ BEMKKESR
Custmer X BR, DTOERIL DB Ehis\,
77y OREFERLCLVESE RT3,
( KW %0 0O RBEEM% Super Phenix [ XD 3 0% FWF»s L 5%5&33‘1«
Tw5,
Super Phenix 1 NSSS 3 mill FF/kWe
Super Phenix 2 #w —30%
F.Descemps EoH8g )
Licd>T, BR, DT iX Super Phenix 3 XiT 4 CikEFEL TV <,
® heterogeneous core W24\ T
Custmer (X BR, DT WHEKAL\:, LM 5T ecomic cycle DAL
D gain B\, BWVER Phenix THM» B2, XiX Super Phenix
1 Xix 241 OFABKEELTCLE > 22D, ( CEAXEHM
DEEICh J.Y.Barre EQOEHSH Y )
® Blanket DEF)
Custmer % Blanket B+ 5BREZL T\ %,
Radial % 15, Zhic SS LA &% e/ Blanket %35 15z &
B #EAH3,
axial X EF&3 Oemh B EE2 0em, TH3 0comic¥% L 5 NOVATOME
FREL T 5Bo (EDFI L1 0om FH20mTL\ELTWS)



@ linear heat rate
Super Phenix 1 ® 450 W/em?* % Super Phenix 2 TiX 530W
KERS D, ChIFAERY » P CTRE EERHP, ChZELHERN, F
BROKEINREL NS5, Super Phenix 3 Tik 600 W om ML E%
RH5EA 5,

Shields
FLOLTFED support grid 2B LV,
lower blanket DE &% AL T\ 5o
upper part ICiX Boron carbide 2 \-3Z & &#EH, LiL, ¥LEH
BHd 5,
X WARDDE 5 b

(® Nuclear caletlation

CEADRBL A0 FTDE £fFo T3,

I

7 -2 CARNAVAL IV 25gr 1 RTH 6gr 2RITDDipp HE
Super Phenix 1 D& ZXAECEADANL o |
” 21X E 55 NOVATOME T %,

design limit

Phenix SP1 - Sp2

© nominal elad taps 650 C 6207C 6507T

(clad #3)
© hot rpot ¥ EFEET 5L 700 700 700
© DPA (clad © fluence)

iZ#x LD nominal 90 127 | 150

{mechanicd design 50
© Burn up

K& LMFBR DO ZE2HE
Henri Noel

Chef du Service Sureté




© HCDARR®E -

HEEORE&D & FTFtORESL F Pn ATWS 2 107 MTikesdRBEL
i

TTTT T TITT

104 3 2 11 &

REDRETCEIRED CREF-TH Y, FEEFX AL, BL,
Common mode failure TF 2 T\t s X, Pump ® mechanical
enertia (X 50 see 4% D, Pony moter #27t & boiling Z#&EE /s
LAY
@ Faulted Plant condition
4 loss all secondary loss
7 one S/A accident
-~ sodium fires (secondary * auxiliary fuel storage)
= leak of the main vessel in normal operation
+# earthquake
~ aireraft crash
b Na-H.O0 SG
= ! Safety Vessl &» DBA
-, &, b Containment Vessel @ DBA
3@ Safety eriteria
draft KL C CEA, EDF, NOVATOME #* comments EEHL TS
BFE. %7 open IR\, RE, BRFEIhLbORHah %,
@ Core ecatcher

Super Phenix 1 LtEEUDLDOBLEBCHEH 5,




© Periodical Inspection
M. Boulinier
Correspondant Phenix in NOVATOME WHHA #.
o NOVATOME oDfFfrk 7 4 v a4
Francois Descamps X

Départ ement Entreprises Generales
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[
| cc CORUR EXS [cm|  manuTENTION [av]  vinrations
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3. “The Breeder Reactor and Euif(;pe” [ o 2 38
1) 8B 1 RAXR, MyyYrr
D HEE : 164E, 1664 BHOBEROANS, ofce (ERPOE EEKE
£ &« RED
D #M: 10814RA(B)~10A17HCK)
D R B (7Fe2F k)
1014(1) Opening remarks, Dr.N. Franklin, Chairman, Nuclear Power Co.
Ltd., Risley
FBRit19 8 04 demonstration KA S cost MiJEH, western europe
12 full scale ® demo plant *EMFIC L% national supply L L TEHLI S
ME D b
(9) Nuclear Fnergy : Resources and Demand Dr. P. Graf, Excutive Vice
President, Head Nuclear Engineering Div., Motor- Columbus Consut-
ing Engineers, Inc., Baden.
197 74 World Energy Conf & INFCE WG5 final report DEMZIH,
{EL, B OE GCFBR © EF % k.
(HE) @ R.D.Smith GCFBR 2°f# low cost ?», BE\WXHERIC easy
74, timescale (LRE\ .
@ Rapin (CEA) thermal reactor (& develop €€ 5&#, LWRZWO X
TG B, EEEERE S o Tt LWREME Pu %83 5. 10~20 FALE
B, FBRERI1 0EL bt s, OB oot TV BHED S, BREM-T
WrER S ) BEHEL G, LiICH, X205, Energy market in Europe X
ECHELV-LBS,
(3 The Uranium-Plutonium Breeder Reactor Fuel Cyecle, Dr. A. Salmon,
Assistant Director, Reprocessing Division, BNFL, Risley
Magnox, AGR, PWR 48504 T 500 ki
UKT@U%%{ .
1995 FBR HAANIE 250 kt
Out of reactor time 4#i main fuel cycle plants, reactor 4,
decay heat (BU, Time #&7% ), Fuel assembly (Super-Phenix, CDFR)

fabrication of fuel assembly, I —nr vy 72 5 4EDEE reprocessing,




waste management, transport ¥ FHEMNADNNE, BHEK thermal

reactor A reprocessing (X UKD international € avalable T5 5 &

FEA TS
YDA FBRMEET A MILWREKBEL TLhRE W

(HZ) ()75 =.
LHERTCBPEREFTER, BEERZ A1 Sy 2 CREFTTCAE, Fvy 74y 7

powder 22H XV v ML THETHH XL\, BT enrichment O3 5 W& NE

XL, isotopie composition 33& 5,
Alternative Nuelear Fuel Cycles and Gas Cooled Breeders, Dr. B.

(4)
Pellaud, Managing Director, General Atomic Europe, Zurich

GCFBRTh o T U233 #4#EL, 2h% HTGR © Advanced converter
reactor WEMT 52 LiCXh High CR% 35253 (M, AXREFRT study »

% )o LMFBR® back up & L T:H%E, HBA (Helium Breeder Associates) #%

1976 KK ISR, fEEH,

(HE%) Th3¥, metal %D reprocessing, multi-reactor system @
cost METHMB Do 1L, utility DAL ELHD fuel cyecle 2 ELEFIFEZIR
out of reactor DEIIIF L LB BhTr ¥,

FOBEEIT LT
() How to build an LMFRBR Power Plant
J. Befre, Directeur des réalisations des chaudieres nucle’aires,

Novatome ( 7 7 > =§&
B, SG7 ¥ main component O

Super -Phenix BfOMERR, Mo EFEK &

Phenix & ®i#\-5H0H,
cladding X ¥ # >~ stabilized 316, transient temp dis BEL < test 74T

biiico SGit INCONELB80O 5% B L4 high chrome & nickel content

alloy, roof slab 24 mBRE, 29mE<, 850ton,

T8Bix19784FE6ATL, X1 980 FEREHEL

Organization NERSA — NOVATOME, NIRA

[ completion of component assembly and installation
1981~1982

mid 1982

Zé"‘/’n‘-)l/ 9
sodium filling
1983

commercial plant ® commissioning




(H%E) @Ox14=oA, HCDA 800 MWsee O -t Ans. zhix1973 4t OFF
i, tOBRSHEOFERLLDY, SRFLHIIE,
(@ Franklin : NOVATOME® 35 > 5 4 —K-5\»C, Ans. ThFN DO maker
T 5o Pz IBRBIL= Y=,
® Franklin : SG Na®® helical coil DEEES DL - Ans. 3000 {BAfr
(25¢ 60m © tube %3 s FHCHE, SG4E)
10/15(6} I AEA Breeder Reactor Activities, Prof, Zheludev I. 8. Deputy
Director General, I1AEA
IWGFROEEBI, BHD demo FBRIZSGRAELKTHLERL Y, BKF»H
D PurFEENLD %5, kT high BG HE
{7} Satety Aspects of LMFBR Design, Dr.R.D. Smith, ehief Technol-~
ogist, UKAEA, Dr.E.C. C. Cobb, Nuclear Power Co. Ltd., Risley
Smith 226X & L CFHE FO&M Y, Cobb KX b plant ROFH, BMDHT
HEHIL LD 4,
2~3 BEBNEHEDLD,
(80 The Status of Breeder Safety, P. Tanguy, Dinecteur de 1 Instetut
de protetion et de sureté pucleaire, CEA
@ FBRX LWR LixEUC, 1 ~4KED barrier, Crey-Malville lecensing
process
(& Fast Breeder Safety assessment lowpressure, secondaryloop Fls,
compaction of core K&, 10O FEE ¢ DBADHER, i b highly ©
hypothetiecal large accidents ¥ & 5_&Cikiv, (LWRF X 4o > 1074
~10"% “reactor year) TMI®Dk3it, 3 o LFEROHW acéid.ent CEB LI
5 R& .
® Design accidents (Category 4)
1 Natural events : #E, air-craft 7t¥ containment
2 loss of normal cooling ecirciuts
external power sources M L-CDHREAED Z &,
-~ leak in the main vessel in operation

pool-type design D4FH




Melting of a limited number of fuel S/A

1H:ixE 2 52L&, propagate Lt a4 <&,
* SGHTCD Na-HO reaction
~ 'Sodium fires
@ HCDA
shut down system 1, 2 4 auxiliary system
HHAEHCDA, BEA, melt down #E 2 T\ 5,
Crey Marville :- Fmergency DHR, shut down system, cal.of
HCDA #gis - CABLI &
® State of knowledge of Safety issues
AR - FBIFE 2 1 T RSB
fuel cladding integrity : B#F
core coolability : pool type THTH
core monitoring : TMI R <7\, FBRIRW(TC)
containment integrity : XERH
Na =72 2
Na fire
® #im Seattle meeting LU,
(HEE) 1ISI, DHR, 7 "4y, RTELESEH D,
{9) Breeder Programmes ( BI@BESERL )
@® The French-Italian-German-Belgian- Dutch
Construction Programmes, Prof .M. A. Rapin, Directeur délégué
aux applications énergfetiques nucléeaires, CEA
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Schwelzerische Vereinigung fiir Atomenergle (SVA)  Forum Atomigua Européen

International Conference

14 —-17 October 1979

Palace Hotel, Lucerne (Switzerland)

if nuclear power is to play a major role in meeting world energy needs in the long term, clearly thermal
converters must with time be complemented with more advanced reactor systems that conserve uranium
resources, which are huge but not unlimited. This in itself is unquesticned. Disagreement begins with dis.'cus- :
sion of the desirability of the breeder, as well as how fast and how far the introduction of these new reactors
shouid go.

With this conference the Swiss Association for Atomic Energy (SVA) and tha Forum Atomiqua Européden
{(FORATOM) as co-sponsor would like to show the i importance of the breeder for Europs and to deepen and
broaden knowledge on this subject. From a technical and economic point of view, the meeting will presant the
basic facts of fast breeder technology, introduction strategies, commarcial and safety aspects, as well as the
bresder programmes of the-countries activa in this field. Based on this, the participation of alt the important

organisations will enabla a distinguished panel discussion to take place on the fast breeder’s status and the

outlaok for Europs.

The mesting will be of special value to repragsentatives of utilities, industries, enginsering and consulting
companies, as well as autharities with a broad interest in the overail breeder problem. :

27.9.79 ) . —b68—




Programme

Sunday, 14 October 1979

17.00-
- 20.00 Check-in
19.30-~

21.00  Reception

Monday, 16 October 1978
08.30 Check-in

-10.00 Ope‘ning remarks by the chairman of the Confersnce
: Dr. N. Franklin, Chairman, Nuclear Power Co. Ltd., Risley

Why to breed?
10.10 Nuclear Energy: Resources and Demand

(Energy demand forecasts for Europe and the world, possible role of nuclear flSSlOl'I energy, short-
and long-term strategies of breeder intraduction)

Dr. P. Graf, Executive Vice President, Head Nuclear Englnearlng Div., Dr. H. B. Baumberger Vice
President Economics and Develop Planning Div., and K. P. Gibbs, Chief Expert, Nuclear Engineering
Div., Motor-Columbus Consuiting Engmeers, Inc Baden

11.10 Discussion

‘11.30  Tha Uranium-Plutonium Breeder Reactor Fuel Cycla

{Closure of the breeder fuel cycle, reprocessing of fuel and breeding elements, recyclmg of LWR-Pu,
special waste problems, the Pu-nuclear fuel market)

Dr. A. Salmon, Assistant Director, Reprocessing Division, British Nuclear Fuels Ltd., Risley, and
R. H. Alfardice, Deputy Dlrector, Dounreay Nuclear Establishment, Umted Kingdom Atomic Enetgy
Authority, Dounreay .

12.40 Discussion
13.00 Luncheon

1430  Alternative Muclear Fual Cycles and Gas Cooled Brosdayrs

{Th-U-cycle, Th-resources, other cycles, the HTR as near-breeder, HTGBH fusion-fission-hybrid
concepts)

Dr. R. C. Dahlberg, Director, Fuel Engineering D:wslon, General Atomic Co., San Diego, and
Dr. B. Pellaud, Managing Diractor, General Atomic Europe, Zurich

16.16 Discussion -
16.30 Coffea break

Breeder Reacter Technology 1: Construction
16.00 How to Build an LMFBR Power Plant -
(Main components, material questions, industrial aspects)
J. Befrs, Divecteur des réalisations des chaudidres nucléaires, Novatome, Le Plessis-Robinson

1710 Discussion

17.30  End of first conference day




08.00

10.00
10.20.

~10.50

11.50

Tuesday, 16 Cctober 1978

Breeder Reactor Technology li: Safety ‘
Safety Aspects of LMFBR Design

(Inherent safety, engineering design features incorporated to meet safety requirements, built-in
safety features; structural integrity, redundance, inspection)

Dr. E. C. C. Cobb, Nuclear Power Co. Ltd., Risley, and Dr. R. D. Smith, Chief Technologist, Fast
Reactors, United Kingdom Atomic Energy Authority, Risley

Discussion
Coffee braak

The Status of Bresder Safaty

{Main safety features, possible accidents, hypothetic accidents, core melting and sacbndary '
criticality, conventional accidents in LMFBRs)

P. Tanguy, Directéur ‘de I'Institut de protection et de sOreté nucléaire, Commissariat 3 I'énargie
atomique, Fontenay-aux-Roses : : .

Luncheon

Breeder Programmes

- (R & D programmes, present status, plans, non-proliferation and other political considerations—

13.40
-~
14.20

16.00
2

15.40

question time}

The French-italian-German-Belgian-Dutch Construction Proﬁrammes

Prof. M. A. Rapin, Directeur délégué aux applications énergétiques nucléaires, Commissariat &
I'énergie atomique, Paris _ :

The French-German-Belgian-Dutch-Italian Breeder Research and Development
Programmaes : :

Dr. H. H. Hennies, Mitglied des Vorstands, Kernforschungszentrum Karlsruhe GrbH, Karlsruhe

The UK Breeder Programme
J. Moore, Diractor, Fast Reactors, Unitad Kingdom Atomic Energy Authority, Risley

Coffee break Co '

16.10 ¥ Soviet Union

16.40

17.00 |,

17.30
18.30

08.30
10.00
10.30
11.30
11.46

Reapresentative of the State Committee on Atomic Energy, Moscow

Current Status of LMFBR Development in Japan

7. Inoue, Senior Staff Engineer and Head of the Fast Reactor Physics Brancﬁ, Power Reactor & Nu-
clear Fusl Davelopment Corporation, Tokyo . :

Status of U.S. Bresder Prograrmme : ‘ . .
Dr. R. B. Richards, General Manager, Advanced Reactor Systems, General Electric, Sunnyvale

End of second conference day
Evening event '

Waednesday, 17 October 1979

The Breeder Reactor and Europe: Political and Commerecial Aspects

(Panel discussions on the following subjects: the need for breeders—non-proliferation issues—basic
research requirements—international technical cooperation—commercialisation of, the LMFBR -
technique~-how to come down with the bulk investment costs—fuel cycle implamentation)

Panelists: Dr. N. Franklin (chairman); Dr. U. Déunert, Bundesministerium fur Forschung und Tech-
nologie, Bonn, Prof. Dr. H. Grimm, International Atomic Energy Agency, Vienna, M. Rapin;
Dr. A. W. Eitz, Schnell-Briiter-Kernkraftwerksgesallschaft mbH, Essen, R. H. Fillnow, Westinghouse
Electric Corporation, Madison, JJ. Ledue, Novatome, Lo Plessis-Robinson, J. Moors, a. o.

Panel §

Coffes break

Panel i

Closing Remarks by the Chsirman of the Conferance
£nd of Conference






