SUBGROUP 6 . DELAYED NEUTRON AN%’) REACTOR FUNDAMENTAL KINETICS
STATUS REP(?RT , Dec. 1694

A FILIF

- CONTEXT

1.1, The S$/G.6 activities started in 1990 in regard to :

- the states of current unceniaintics and needs (Ref) 1, dec. 1990y,

~  the persistent difficulties o improve the current ;mcxsm m both DN data {ex. g vg (U238} £ 7%,
vg (Pu239) (Th) 1+ 6 %...), and induced reactor kinetic parameters {ex. g feff for fast reactors

5 9%}, despite the important world-wide effort aver more than ~ 35 years,

~ the necessity to concentrate, co-ordinate and cncourage the scarce teams (experts and facihitics) vet
acting in this ficld,

« the possibility of drasticaly umprove the efiicimcv of these activities by working out a strategy
(Ref. 2, may 1990) aiming to wross cormslate the cumrent and/or mwiy proposed
Measurements/Modelling/Evaluations €‘vi"vi§.€} on the thres specific lovels involved, 1.4

Jdevel 1 individal precursors i .
*differennal®
Jevel 2 aggregate of precursors) —

level 3:*integral®, on fission nuclear reactors

The fevels 1/2 are linked by the summation techmqae whilst the levels 2/3 by sophisticated techniques
related to reactor kinctics.

1.2. Following this “three fevels MM&EY, sevemi new activities were started during 19921993
{Sex annexe 13, principaly

- Level 1: Studsvick (G. Rudstam) : FY for ‘1’233, 11233, Th232.

-~ Level 2

Jniv. of Birmingham Dyvnamitron (D, Weavsr & M. Kellett {full time, thesis)) — vy {En} for
U235 and U238,
FLNP in Dubna-Russia IBR-2 pulsed rncmr {Furman & coworkers whose one person full time}
~» Vg for U235, Pu239, Np237, Am and O,

- Level 3 : Cadarache (Masurca facility - 36?@3315&‘?‘; program} |

Several teams from 6 countries (France, Italy, UK, Russia, USA, Japan} are participaling on
MMEE at this level, many people are involved, whose one in full time ({thesis : H. Pang). The
principal contributions are © A. D'Angelo (ENEA), Dulin (Obninsk), A, Filip (CEA}, coordinator
{general and for the theoreticalianalysis part), B. Franklin (UKAEA), HF. Pang (Univ. of Pekin,
thesis, full time), M, Martini (voordinator fr the experimental part) (ENEA), 1. Pierre {CEA),
T. Sakurai (JAERD, G. Spriges (Los Alamas).



P2

I3, Related to 1.2/lsvel 3, 8 new i_mportg_;nt program {(FCA-Befh), rcomplementary  fa
Masurca/Berenice is under preparation in 3@3:} (JAERY Tokai-Mura)

The experimental campaign {on 3 cores) will cover 2,5 years | from oot 1995 {0 mars 1997 (an extract
of the program in anngxe 2}, -

The preliminary studies are under way in Japan {T. S,akzxrm} and France (A Filip & HF. Pang).
it is foresesn to the same international cooperation as for Maserca/Berenice program.
Note that the results of BERENICE program can't_be fully exploited, ti in ternus of realiable

uformation on DN data {v,), beeause of the withdrawal of one of the complementary 3 cores indtialy
plammed (for giving way 10 CAPRA {(Pe bumers} &iat;:d BOW program).

1.4, Emerging priovities from the new fuel cycle stratesies {Pu burners, actinides transmutation)

- QOutstanding need | MOX seatem @ the corrent %mcerzain’iies in vy for Pa239 {Th), U238, Pu241
{ti+ 6%, 7 %, 10 %, respectively) induce + 7 % uncertainty in foff)

-~ More precise needs for the higher actinides are m%be specified by the users.

H-BECENT ACHIEVEMENTS
$1.1. Tochnical sids
- Levsll:

Measurement {Studsvick) of FY for U232, U238 (this last with final interpretation). Importance |
better modelling of vy caloulation/extrapolation by summation.

Studies by J. Blachot, R. Mills, F. Storrer show that ¥4 by summation is a very officient test
about the accuracy of FY data (paper submztigd for publication to ANE}

- Level 2

Calibrating of Birmingham facility for vg (Us, Uy} measurement. Very encouraging results, A

paper by Kellett, Weaver and Filip was pressoied at the conf. on Nucl Data Techn

Gazhnburg, May 1994 (REf 33 However an mczd,,zzt {damage of a Fis.ch} is to deplore (Repont
in annexe 3},

Reconstruction of the rotating reflecior of ‘ihfz {BR-2 reactor at Dobna and the construction and

calibration of filtering/counting svsiem with sgtisfactory preliminary resulis (Report in snnexe 4).

However great difficulties, both financial and technical are encountered {sez later).

~» Birmingham and Dubna teams work in coaceré {see Memorandum in annexe 5},
The thesis of M. Kellett devoted 1o vy (U233, U238 {Eu)) measurements 13 in good progress
{achicvement in 1996},



level 3.

The reference core (R2) experimental results in Berenice program are fully analysed and the
reliability of accurate {+3 %} vy extraction from Peff (integral) measurements successfully
demonstrated. So the cross~correlated {global} interpratation of the information from both level 2
and 3, resulting in a significant reduction of the uncertainty in vg {UR) and vd (Pud} is
anticipated. A paper by Filip, D'Angelo, ?ang was accepted for preseniation at the ANS conf. in
Portland {may 1993} (Ref 4}

The experimental campaign on the sscond, 25 % Pu loaded, Maswrva/Berenice core (Zong 2) ia
achieved and the analysisfinterpretation (for vy extraction) in good progress. However the full
interpretation (vd (UB)vd (Pu 9) separation) needs a complementary measurements on highly
Pu23Y enriched (> 60 %) core. The JAERI, FCA-Reff project aims st mesting this gosl
{see § 1.3). The first core {100 % Py} will be built in oct, 1993,

The thesis of HLF. Pang devoted to the Berenice experiments in terms of vy exiraction is in final
stage of writing ("soutenance” for end of M'uch 1994).

112, Qrgmﬁzaﬁ@na} zide
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Diirest cooperation Dubna/Birmingham 15 cszabi;qh‘,é {reciprocsl visits, work sharing) {see
memorandum in annene 33,

An official agreement CEA/Dubna (JINR), mciuﬁmg french financial support is in final stage {ready
for signature).

An agreement NEA/Dubna (with financial suppoift) is underway.

A meeting on Berenice program advancement/results was organised at Cadarache (3-7 oct 1994).
The satisfactory resulis obtained was uuﬁmed and recommandations for the JAERIFCA Peff
project discussed {annexe 6}, _

I - DIFFICULTIES, LACK OF PROGRESS

-

-

Delay in Birmingham project due to F.Ch. mcidcéi {see § 2.1R.2).

Delav in Dubna project principaly due to lack si‘ funds — action ; concluds the processes of funds
transfer from MEA.

Lack of sufficient "manpower” to susure very pood preparation and successfull achiovement of
Japangse Peff project mamecly by insuring the strict complementarity/consistency with
MASURCA/BEREMICE program and fully exploiting of the acquired experience in Berenice
campaign of experiment/anslysis > action : necessity of & men x months experts in neutyonics, with
experience in BERENICE/S.G 69 activities.




IV - CONCLUDBING REMINDER OF {}i}TSTﬁﬁi}iNG REALIZATIONS

~ Very important experimental aned related :izearaf:m&’amwlvs:s qeiivities, are achievediin progress/

planned 5 laboratories, within international pamcapatwn tfrom 8 countries). This lvng starnding
wark, covering 3 1o § years, concerns

2 vampaigns of integral, an zero power regctor, measuremenis, covering 6 critical assemblies
(three on MASURCA {Cadarache} and three on FCA (JAERI) —» covering more than S vears,

3 compaigns of differential measuremenis n accelerssor or reactor beam ; (Suudsvick,
Birmingham, Dubna} —» covering 5 o 6 years,

~ Many scientists involved whase 3 full time for xeévemf {2 10 4} years each. Two Ph. D. thesis are in
preparation (M. Kellets, Birmingham) or achieved (H F. Pang in Cadarache).

VY - PERSPECTIVE

The full 8G/6 MMEE, program cureenily in p;agrew program achievement is foreseen by 997,

Sa, to ure the success of this program the 5:3"0?;{; necessity of SG/G perenniality wwil the end of
1997 is vital
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JAPAN ATOMIC ENERG Y RESEARCH INSTITUTE
TOKAT RESEARCH ESTABLISHMENT
FAST REACTOR PHYSICS LAB.
TOKALMURA NAKA-GUN IBARAKI-KEN 319-11

Date : Nov. 11, 1994  No. of pages : § (this page included)
To:  Dr. A Philip f

DER / SPRC / LEPH

CEN CADARACHE Fax No,: +33-42.25.48-49
From ¢ 1. Sakuras : internal coples |

Tel No.:+ 81-29L-82-8334

Fax No.: + B1-202.82-6181 T. Muksiyama

Eomail : SAKURAL@FCAO0. TOKALJAERLGOJP

SUBJECT ; Informutions of FCA- 8 e%‘f COres

‘Thank you very much for i&é& valuable discussions at the last S eff
meeting in Cadarache. Endosed, g:ekré&e find informations of FCA- 8 off cores,

which can be used to make your plan, M§.§’ you need the 'E-mailed’ core compositinn

™

data, send your mailing address o us. Please transfer these informations {o

M, Martini and J. Plerre.
I would appreciate it if ymsés;smiﬁi inform us Fax number of Dr. G,

Spprigs.

We are looking forward to i’;‘iﬁtfﬁi collaboration at FCA,

Yours sincerely,

. Soboral)
Takeshi Sakurai



A proposal of the g@@gi‘amemary
NEA/NSC program for j eff benchmark
experiments at FCA, JAERI

Presented at {jada%’achﬁ
on October 8~ 7, 1994

T. Sakurai, T. Mukaiyama, 5, Gkﬁajiz&a and T, Osugi

Fast Beacior Physics Laé%mmi&ry
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura Naka-gun i&émmki»km
319-11 Japan

Tel, 81-292-82-5334
Fax. 81-292-82-6181

Abstruct

A proposal of the complementary ?;FEA,»’?\?SQ program for ZGeff
benchmark experiments at FCA, fast critical ii"aciiiiy of Japan Atomic Energy
Research Institute(JAERD, is described, "i‘é%zree cores dedicated for JBeff
experiments are planned in the program. gﬁxperémenig at the first core

witl start in October, 1995,
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Cylindrical geometry of the FCA- g off cores are shown i Fig.L.

&3.960m

AR AR AR
.MM.._@(.

Control rod (/R
region™
g3 9, Enriched L §]
and siainiess steel

~34.8cm Hor33cm
{Re)

{a) Pure ?ﬁ core

/K region /R region

55.88cm I

38 4cm

m32 Fom ?zmzﬁcm
(Fc)

(©) 93% enriched U core

~35.4CM ﬁeaﬁscm
(R} |

(b) 25% enriched Pu cmfe

Fig.1 Cylindrical geometry of the FCA- B eff cores
« Position of C/R in radial %iireﬁiian is under pptimization at present.




4. Time schedule

1994/ Decem ber{end)

1995/ March

1995/0ctober
i E%éﬁ?&bmary

1996/ March
= 1996/ July

1996/September ~
~ 1997 March

K
f G S &
Nt “ Vi ;p A

Deadline of ;

- proposal for participation in experiments
in FCA XIX-1 core,

- plan of cach participants experiments and
exg}s&rimmmi instruments,

- proposal for participation in the first
me&iizﬁg,

First meeéis;g in Tokai/ JAERT, Japan
| {or Cadarache, France)

FCA XIX-1 core

FCA }&§X~=2 core

FCA MXMS Core

ge needs 2 weeks and core characterization

needs 2~ 3 months in cach cope period,
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Report on the Prosress of the Delaved Nentron Measurements at the University
of Birminghum, Decpmber 1994,

Mark A, Kellets and Dr David B, Weaver

The work to date has concentrated in two main areas, The first in the
experimental calibration of the deteciors and the scoond in the Monte Carlo modelling
of & proposed new higher efficiency dutector for delayved nzuiron counting,

The calibration work inchaded that of the De Pangher Long Counter held by
the University, This veas done using a cabibrated AmF source brrowed from the
Wational Physical Laboratory (NPL). The calibration of this detector using an AmvLi

somren o alen decirnd inee this sonees Bac an snerov anectrom similsar 1o thet of
defaved neutrans. It is boped such a source can be borrowed from the NPL in the nesr

future, :

Much time has also been spent on cross-calilvating the twe U-238 Gayther
fission chambers for use in the calibration of the actual detector to be used in the
monitoring of the livadiating flux. The aim was to cross-calibrate the chamber of lesser
mass with the oneg of higher mass and which had previously been used in the
fternational Inter-Comparison of Flucnce Rate Measurements dutailed by Gayther
{(Metrologia, vol. 27, 1990} Originslly Birmingham were 1o bold the tesser chamber
for use throughout the current project 1o continually cross check the actual detestor
being used i the flux monitoring. However, in the cvent, both sets of the chambers
were sold by ABA Harwell to PTB in Germany and so the main set was retursed in
August and forwarded to PTR, with the lesser set returned to Harwell in November. it
is intended that the lesser chamber will be made availeble for our use again befure the
enid of the projoct, but i is not rertain as 1o whether this will be financially viable.

Whilat at Birmingham the Gavther chambers have been used 1o cross-cabbrate
the sctual flat plate fssion chamber to he used in the delayed neutron measurements.
However see addendum o this report. :

The Monte Carlo modelling, using the MONP cade, bas concentrated on the
design of a high efficiency neatron couster based arcund buron ti-flucride (BE3}
tubes in & moderating assembly. Birmingham currently holds a ressonable stoek of
such tubes which can be used for the duration of the project.

A eylindrical piece of high demsity polvethylene (34 oo long and 20 om
dimmeter) has been propared #5 the moderatur, based on the results of the Monte Caslo
simulations though there is stilf further Monte Carlo modelling required to finalise the
exact details of the asscmbly. Tt is intended that the detestor will use mainly BE3 tubes
of the 12EB4Q specification, but thyee 3JTEBT0s are also to be included in the design
{The 12EB40 spacifies the following mformation about the tube: 12 5 the leogrh of the
setive volume in centimetres, EB defines boron 90% cnriched in B- 10 and the 40 18 the
BF3 pas pressure in oo Hy. Simitarly for the I1EBRT0. Both tube designs have a 2.54
om outside dinmeter.} f

This new detectar will be run with all the 12E840s multiplexed through one
preamphifier/amplifier and all the 31EB70s through a second one.

The detector will be wsed instead of the long counter for maost of the delayed
nentron counting, but using the long counter as a vomparator for cross-calibration
purposes. Further lubes may be added 1oty andd obtnn an approximate 4% geometry,
but this depends an the availablity of more whes.



In May of this year Mark attended the 4th International Conference on Nuclear
Data and Its Applications in Gatlinburg, USA and presented 3 paper i ong of the
poster sessions and was fortunate enpugh 10 cotlect the award for "HBest Student
Paper”.
After & brief return to Birmingham he then travelled 1o the Frask Laboratory of

Neutron Physics, at the Joint Instituts for ruclear Research, Dubna, Russis. He spent
most of g bwd SN0 & OHT WERK VISH WSLUSsINE Oy BrIVIVual sap@ husiual prudds s,

He also gave a semnar on my work 3 many of the physicists from the laboratory. He
continues (o be in contacs with mersbers of the nucless fission group via e-maik

i.ixt of Contgels:

i) D H. Klein, PTB, Karlerphe, Genmany. Tel 4% 331 3892 7200.
FAX: 49 531 5R2 8292
i) D3 W. Furman, FLMB, JINR, Dubne, Russig, FAX: 7095 216 5083
{E-mail: furman@nisond fine dobna su)

i} D M. Coates, ABEA Hareadl, Dideot, Oxon Tel 0238 433902
FAX: 0235 432793
1w} Dr M. Sowerby, AEA Harwell, Dideat, Qron {(Now retired.}

There was an unfortunase accident 7 days ago whes a new sample holder on
the sanple shufller (a compressed air powered swinging arm sssembly) struck the
fission chamber which appears to have been damaged beyond repair and can no longer
be used. This s 2 very great problem at the moment 45 we are not yet sure wiiether we
have a suitable alternative chamber to use and even il one can be abtained it would still
require re-calibrating. This would reguine more work with the Gayther chatbers than
wauld have been necessary for checking the continued validity of the previous
calibration. :

However, it is known that the damaged shamber was supphied by Centronics in
1977 Lo Birningham as one of 4 pair and 1 5 hoped that the other chamber can be
facated and used as a replacement. This would still require calibration, preferably with
the Gayther chambers, althpugh it may be possible to produce a cross-calibration, vig
the long coumer, with the now dumaged dotector, rom previous work, This swould
only be 8 valid option for a chamber of very similar characteristics 1o the one damaged,
¢.g. the other detector of the pair. Hence the original calibration against the Gayther
chambers could be spplied with & measurcd adjustment facter found from the long
counter comparison work, This is assuming that obiaining the Gayther chambers ig
impracticable or that the time scalea are oot suitabde.

We are surrently unaure of which de{%ei:mr will be used f the other detector of
the pair canmot be Jocated, aithough we do have the possibility of usiog 2 15235
chamber horrowed from Harwell, This would require extensive calibration and H 1S
preferable to not use U-233 due to the problems of the much higher crosaesection &t
lower energies which leads 1o problems with the room yeturs and seattgred neutron
fuxes. Whilst these can be measured and taken into account it fzads to more
correction factors bemng required than is degirable
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These results and relaiod problems have beer disrugsig during the
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During the visit of D Mark Keliet frorm Bismingham niversity of
United Kingdom { Jurse 1884 iy bna sTrTIe pramiems Wite cuiined
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A constant soientifi saytacts and (oo of oo Ul e
maitained with the coordinaior of ihe Bth subgrowp Dr. A FlID,

o s Wt Burman

7

4 : |

o




A 77 .
ARG

Frank Laboratory of Mentron PhyRics

Tt Institate {or Nuglowr iiwﬁ‘iﬁc??

g»g,iﬁ? p"g‘w&ﬁ RAOSCOW Z’L&,li}ii. 141880, ﬁiﬁ?ﬁé RUBSIA

TELEX, 911621 DUBMA SU FALHEAR T 1 Lh0NS PHONE 7L085.924.39148
N Fenall a&wxsm{ﬁf}hﬁ?i g dubse

FACSIMILE

To: Dr. A, Filip
FAX Mo (33)42.25 4849
From:Dir. W1 Furman

Wurnber of pages, bwhding this. {opy %;; raait followmg Yew 11 Nol il

S

in suditional w “Roport on Delayed Moutron Y ield Investigations
the framework of 6th subgrpup of NEANDC i Prank Laboratory of
neutron %"_%z}esza.ss, JINE, E.}uirsz;si.. Russaia, 1994°

A new {Am+LE) neution seures was made 1@& PR (Obminsk} for provessmg
the calibration of the neutron deteotor and fin determming s effuaency ol
rogisirations of neutiums, This SOULC will be recieved mooew future, The
(AT L) newiton source has @ peuyon xgmmms very shse o the (o
delayed neutroms spouinan. '

Agreernent gbowt the detenntuation of the ;‘:;si{-z;xéf}.f cof thiw sonee with an
accuracy of 2-3% by the Merology Radisnion comter VNIFTRIE (Mendeleeve
Moscow region) was concluded. We bope this job will be finshed before the
start of thee TBR-2 reactor with #s new reflectsr o Murch, 1995,

R

PE W Funoan
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Frank 1.aboratory o‘é‘ Neatron Physics
' "ﬁ Jevtng fustifute for Nuci?}ar fescarch
Maseow region, 141980, Dubna, RUSSIA

TELEX: 911021 DURNA 5L TADIFAX '};’43’5»‘6--23“65()85 SEOME TL005.924.39 14
gl aksenov@inp! Ljinr dubna su

FACSIMILE

To: D, A Filip
FAX No: (3342 254849
FromeDdr, W Purman

Mumbsr of pages, including thie Capy in mail following: Yes O Mo

: 6 Juby 1994
Memorandum

PBuring the visit of the veseasch s&écnéﬁst Mr, Mark Kellett at the Frank
faboratory of Meutron Physics (FLNE), JINR, Dubna, Russia

{. In a seminar given by Mr. Mark A. Kellett he outlined the work i
progress eoncerning the new measurement of the total delayed neutron yield
fram the fast fission of U238, The seminar was attended with much mierest.

2. fn Prof, Zamvatnin's group Mr. Mark A. Ketlett was informed of all
the work carried out i delayed neutron measurement uysing the IBR-2 as a
pulsed neutron source. E

3. During the discussions it was planned 10 increase  future
collaboration between the University of Birmingham and PLNEP 1 the
measurement of delayed noutron yields,
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i compuction il this v Walter L 'Furman {(Deputy Dhrecior of
FEMPY and Prof Ywn 5 Jamyatnm { Hlead of the Nuclear Fission gronpy)
invited My Mark A Bellest and Do EV}zwiaE B Weaver to take part
supertmental measurements which will be performed in 1993 when the 1BR.Z
will nent be i operation :

4. Mr. Mark AL Kellett supports the idea of possible exchange of
physicisie, vvidvod i doebiyed peutron investigtions, equipment amd samples
bepweon the twe institutions., :

Al proon expwensend their spacial thanks to D Alexandre Filip, co-

avdinater of the lnteenational Ua.oparation Prajoet Subgroup 6 (Dalay

MNewtron Bench  marking), who supports these  measurements and  the
intemational collaboration between Dubaa and Birmingham.

Detailed MNotes i}ﬁ Discussion.

1}y FLNP invites Mr Mark A Kellent and Dr David R, Weaver to take part
i Pu-219 and Np-237 delayed neatron yield measwoments at 1BR-2 pulsed
Reastor and to the 7th Schnol on Neutron Physies, Dubua, 13-30 Sepiomber
1995, '

2} It was Notad that jeint offorts are required in ordlr obigin g
calibration of the effivwenvy of the detector, either by

. e < N : ‘- . P Ot »
a) Fhe lean of well cdibrted neutron sources from the NPL, UK, or from

Institute of Motrolopy, Mendelesvo, Mossow Regind, Rugsia, if posihle;

t} sonte Carhe vsdafling by using a codo in Dubna or MUND w
Binminghan :

o) Produstion of an identical long conter 10 the ane used 10 Birmingham.

Remarks, ; _

Point a} s the moxt desirable, but is the most expensive and f:izii‘i’i«:::ﬁt £
organse, whereas b} s casier b achieve, but the results will be vwitiim the
Sy of the model vaod and o} iﬁa?suiﬁfg‘: the prohlems gven iy A,
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4} The possible oxchuange of @:qz;ép:m;}m aml samples has been discusgad,
fa particutsr, the exchanpe of a large high purtty Np-237 sample, which will
be prepared in Russia with impurity fevels of about Pt g 10 2335 and Pa-
239, The mass of this sample i3 snll under discussion.

5y It 1a sdeairable o discuss the possibility of fature long term
measurements of dolayed neatron parmmeters for the minor actimdes,

63 I waonld b vory desiiabie 1o a‘iés&:z%s& with 131 Alexandre Pilip
(Cadarache) all the techaival, sviontific snd financial problems ansing from
thege discussions. :
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