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La zh& ceatre or the sore coi^i-.urt.tio-i-31^3-35

sal assembly' 3^.>2 the jaeutron spsctrua iias De

troD recoil count-er -'t;ite.>i<SI-'-

vor.i-r.sl7- ana .the Z£il kcsseaiiorf*

2iis cLl r e s u l t s liave .been coa-jared •,t>etr«.!e&a:";."eacii--:p1iS;3aBr:--U: *s
and with, the r e s u l t s cf' calcuia-feions in order to

rQliaoil:l*5r of .Site ii
.. I I.

and to aheci: aiiTereat dafeâ  sets,

Is t;eaeriii fcixc i s rauiier

i s oae of tJae i%e&lii.&6ions of tlie '.ic ca -

oCxtuiiZO. Jjaerefore our aeasureic^sts could »e

ie ei-periietus at ossiaie »

speotraai dcT;n to energies of, about 2 £eV.- Siiatf

r e - t i i e £>Ci£Sii— •

able vitii re^crfl • to the results :• to &s

subaitted uivtil no

T-.bis of GOit-.g- t̂s

2- ^Oi3ii

of sx_,.erias
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2ns British AtOiiic i&ergy Authority UlLffiA suggested series'.'•of.:!

aaasure.ae.ats in. au interne, tioa&l. £raae .-.to be carried-i.bttt-'JRt-'a..

urs ffi system characterised'by sL"I. :1a '1573''-i3»ysusar:;;. r;

iaariaed results of British, 1'rench.aad VJest̂ efsari.

have bees, presented on the fast reactor ccnferencei ia ,5?oi?t) t/̂ f/.

turned out that ^ = 1 is-reached for an..«raniuis "enrich?-:Jf

t of 5»5ci.'i* lae aodsratian of the fission neutrons. is sainly .

caused ny inelastic scattering la uraaiuQ.and .the. resai-tias'fast

spectrua is -comparatively hard.~Sherefore,such' systems

called SCHL2Z0 or siaply SCHS.2Z0. 2b.e results .of •.measure-

of neutron spectrua, reaction rates" and reacti-rities.-are

presented in a ..es

report /3/. •

French report /2/ and ic..a."British

SGHS2S0 i-epresents & calibration" which

ced easily at different places.. -2he results of 'Fr.eii'cJi-=ead-' -^est^
. V * • ' * ' " * ! | " " - - " ; ' —."" " . • * * - .

jeraan measureaents of the neutron spectrius. by means :of.prx>toa,

recoil counters do not aĝ ree too goodj partly ti
y • froa e*oh otiier and fron calcula'CiaiiE.. Lloreover the

iovs rĉ y l i a i t s of the.Irench Cabout 1u keTT)-and. -especialiy.

cf the -.ves&geraan (.about 40 keVJieasureuients are-Vc.pt'-lw^nough;.
' ' ' ' ' • Z^^62% 'the strong decrease of 'the

could.not ue caught and estimated, therefore ioiat-•ne_atroa-~*ps*--.

true -aessureaents using proton recoil -couauer spectrpaetbbs* cier :•

veloped is. the D£".JS and in the GD2 have been carried "•OTit>s.t:s1 -••

systsc at — s.$ • core

the fas? orluical assestbl̂ * KFS-I.

9~".-:



quantifying the compositione and dinensionB, in particular the plutonium

r -•299.-

2. Conetruetica of BPS-35

cross-sectioa cf the couplete.assembly i s presented I s '

is tes t soae - that ^eans tae.-S3rf;?RZ0. system i t s e l f -.sis

v enlarged. Ihe volume of.the SFS-35 testsoae saoua.vs';1»o.i.

alnost .35^ 1, whereas the testsoaes of. the .<-est^«3ntea"'S1E2&6;

and the Frsnch UZ i? have of

alaost respectively. Bat.lit SPS-35'

nuclei is somewhat lov.'sr, because in pellets t/ere-

instead of n the other-asseziblies. 3!b6

nuclei i s given i a xable *i« 2he difference of l^e.^aucleass'Biea^

s i t i e s of Pe, ITi and £1 i s caused *oy .the

ura&iuci p la te le t s tthe rods, .is.' the: case'

respectively) as:'e aoated" by i?i aad covered by

whereas the pel le ts ere "arranged^ tubes«"_

5h.s eleaeatary cel l .of the -BFS-3^-"'tessaabi©>'is

of two natural uraaiun pellets'.(, thic^aess of ,1'J«6'J'J

'srj?iched uranium pel le t - (saricaaeat 3SjSt ;tiiic]aies6

'Sh£ e l c e l l . of

i s given as a pasksge of two- astRiral ur'aniua p e l l e t s

o^s snricLeci uranium pellet; t 90.̂ , tbiclasss'

5^£ E E ) i a betwsea* • -•• ; "" . —'•^•.~

•Lie 3?S~35 testzioae. approsiaetes -the atoaic ursjriua

of t2i<? ideal SCHSSSO closely, .but because of .3he.

32-c. the clilutici: sj Al tb.& va2,ue of i is slighily Seicw

3. Methods o? «:nje?iasiital aad-.calcul&tional iteo
' • * • ' • ' . - ' • ' . . «

a. s o e n t r u a • ; ;•.•••...:_•:;'. . '." - •

of.'..

I-ifr •A<?u'iro2.-.s.5ectra£ h a s oeers



i or eacn or tne basic Heterogeneous cells using 2000 group tMijp aaw L.?J

-:.3oo -

of protoa recoil proportional couater spectrometers created-at' ''•'.]

PHI Obaiask aad at 2±*Z Kosseadorf. 2aese spectrometers here:a!-' ••..

ready besa applied durias joint aeasureneats at earlier BF3-eoa- -

figurations /4/« J&cve 1.4 UeV spectrua measurements--aew;?oe_ea. J ;:

carried out; using the Obninsk sciatiila^icr. aetfcod*' (Etlibea2--;- •.•' ".•::

l

^ s apparatus and the svaluatioa. aethod of the Bosscaikiif^speer" ;'•

tro&gusr ia\re alreadj;' been published /5».'^/. ". ": :•••'•".; •:.;:-*>T-:":.;,'. •'*•""»',

CylincLr.-cai (P2I Obninskj, ZfK. HosseadcrTy E S T;ell as" spaeriaal: " • •

I-I Losseadorf) counters have been used* The aeasureaense .fcooi: -.-

place in tas ceatral chaaael at 'half "of tlis1 testsoas.'2he

pov;er level-was caarac»erized by slight sabcritiaali^j'' (.about

cents) aad source iiultipiioatioa. Eae aeasuriag series

OUT; vd.t& She specferoaeter tre described -La ta"ale,2;"

the s iiS aad oata _correspond to Hhash:

in preceding BITS reports /•?/.
• - • • • ? • : . . . - " - : .

la Qost cases the calculations re+er to the 26 gronp'.ji32Î

i'eat group sets hare beea used, aitroElly £BB5-63-s

and JL33^-72 / a , 9, as well as :iAi3ir-. / 1 2 / . 'She Eosce.a- ,'

dc.:.'f c£..i.cu_Latiazis are caaracteriiiec "07 rua iaaea ta l aode

asta sets v.>ere uses* Obaiasiz celculaticaa are

account; .the v.<hcle critical asisezibly "inaludias'

?.r a.t\d t aoass ic oaediseasioael

the {̂ rs A33IT—70 v;as'

s oos::t3arstively coarse sabdivisioa does.not'reacii-;Sh'e\-

-calculation ass beer, carried-out a as •aethoa .-;

v.«:- cciucsd *ros the-

i!i-iS calculation prograas* is .-called SSC the

cdcclabioas data froa the KEDi.E auclear dc.~e library



In the thermal comparison technique, C8 and F9 in Zebra were

• -.-i 3 0 1 -.-=;*

4i Ees*dlT«s -arid d i scuss ion .

2is r e s u l t s aZ HosseiicLorf mefasiirecseais*:visiaE"py--

ij^irical couriers iaave been presented*in isble-3j.&s:,T»e22/da

fine internals ( <iu. •« '» 05 >';'afi :.ths :-eT£ilua1:iori~proce'tticre -sis,

also sv-s -ii up to group fluxes rggaffdiing'.tiae
.. Y I - - . . - : • ] , ^ . - . • ^ -:•

2h<? Uossesdarf iaeasursaents cover- tiie .ensrgy .iaua^e 1£i£'«'!i2Qtf,

s Hcssexiaorf results-Jaave. been-estrapolsteei'ab *o

r,-lTia; a f i t•*ji_--» - — J a c

A9"ii'-72)« si-Sain «ii£ sparry teT '(AE3H graapis

th. asesu?easnts iiave" .besa related'-to

•She se-^se o* equal Tlus ia.'feegr&l; t i e

cj

C-^.i ara
A t

2b.s asraalised • rssuits

~e, in

tlae letiisx-.^y.r

3 in. a l

is 'presented

so&is- n f iig*

ateii-'pbisss"of

i - . • a i » >

ID.

•c" t t . &i£r

far each £»-ou.p auafcar i pphs

•"c — *; "5 i o piv-*!i tie. cazr.ussa'r.a iag ' ^ 1 -

^ _ - >

7J la

is" acno



teeea suaaer- of "•^'/^ SJSC. ead of 19/6 « tiuit as gas slsr-'.d'arias^ ;:,

e- c«asTirsiaeuts at HF&^jp iniuae. "1976.:~:.-the" electrcci^-^a^igh'i:. '-the-

ific^iaiaatioii sceae of

hao^cd slightly. -She

of. th® .Brosaadbtf .spectrojei^sr.' ibfi4 'bHB'ea^-^'^

dnit-estej3dias;t(he7:.iS^^8e:'jpb^

u. _



l

F8/F5 values with an rms error of + k% and F5/F9 values with an ins error

been replaced by a-rsal

v -events so-aesvhat aiffereatly .in:.the case of high •counting;

She results of repeated epectrua -measurements a*, the Xossehacrf .•'=

fast system SEG-2 in autumn of t>hQ;jeaxBi1S76 aft&M377jeho<.i;'-thatr

1

tiais
. : . . . . . • . : : .

iias been overcoas'.lsiJace saaaer " 977 '^j;rfr

a a-g'-aiscriaiaatioa sceae including,an.aaalcsaoui divi^oa''

unit /16/. . •. • .....•'•. •:-.", v . . . ' ".: • ' " • • . . - • < : . " ' ' , . - : v - : - ^ . ; " *

I t snould bs pointed out that the. agreement Qf.£p.£reeniiQE

ai results v/itii calculo-tions'usin£ group sets i3BH-;70'. end.

as v.reli w^tn t i e K3C procedure ".is rather-good«

calculation enables.a;detailed

sc'a more'."3'iruc—;'

of" spectra.:

i s shown in f ig . 4. Above 20 JssV .fcae agreement',.be.tgean• the,

and the 1130 calculation shows a

pression. Of' course the 550 calculation dsj
. . • • . . " - . • • . " " • • ' . . . " . . - • ' • • • • ; - • • -

tured specurus because a Eanoothias/Anvtaae scasel of

ta l energy resolution wa^'ao"tcc«c^i9d'"oau«' -''-I•;•;-'^*-r"'{

Be3ow £0 ke7 tae already. aentic>ne(ief feet/appears the t

sendorf ezperisient delivers

-iioa^

ITSC calculation has bs&n carried out without talijig:.'into-.eco

ttsrefore no structure can be seen at '2*5 JceT-and-15*5"

&L sssonanses vicsseas tne iBeasursaent sco7.'s 4t point of tin-

f lesion-at about .15 ksV. Segarding the Aiyreaansjacs ^at-'^

the. measureiieni;' shows- too :st:roife;:a- struciarre-i»esause tee

tiling; v;as not• stzffIcieat. for' suca/id-*• ensr-

tendency of deviations 'between esperiaent snd ITSS csl'qals*

:5elovj-2C seV taa£s2st'ood.fsfaa-& .•cilsulax-ioicl

polr-.t at

cf' the f

i'or the '

library ua^d "ftver%et.-over .eaargy-

c m iz.to -accoujit eajr o2x»cte .sff«e«.; in-t ie region b^

unresolved resonances cf causes an 'overestiaafc-oa.- ;o£-:



•-• 3 0 4 ; -

U absorption. Purthermore-In future'ttie applicatiaa"

iaaued i n e l a s t i c scatcerinfr; cross sections (Kĵ AC-"3--SSiGDBry:.-

/•I?/) should lead to an increased .neutron f2£ction,.j^;ii»'.ioisr:'..

energy c a r t of the spectrum. . ' . .'"'• ••.."•"" '. -'. v."»--̂ -- -j >*«:&•£,:' r

Beicrc; -ia ijis range of ioaol-red-.- resoiaaieitfi j

are && yet. Anotcer•

a l s o no t S7@la.22e, because at.,EFS-35 no s p e c t r e 'me««are«ei^VJawr©;>,,.^''-

besa cscried o-at usinf; the tiae. of -fligfat'laethod.

t o

P037 t h e "«3».»»1O

ke7) in table 5 fioEsendorf esperisents ^are

cases cf calculations which showed good: agreement

• s - ' . " • • . • " • * • " * • / • .^;: ^ r . , .

:It-

be seen tiaat in groups 12 and 13 range • > - - . ,

•ph.e

that below 20 iceV cniy

considerably

:tJae -:neutroas-:^are

1U l:elT only Isss than 1^.:it.is th03?0Jiehly ,:sstififjiiog-

13 the deviation, between, iiossendarf;'e^periiaeat

tioc is not larger than, a factor '2«'" • '." • • •

Comparing ths Eocsendori' esperia'ent et '3F3-35

r;6"at UK 5 it; can.be estiaated .and nov;
iJTerent realiaatiOjas of tiie SCEE2S0 conoei)tiaa'cosid.;tkel--.

yfered to in ppi.Se of tne soneciiai? deviating_

and In fig.' 5 bottt'"aea»ureasKts
• ' •

-so each otjasr ±u. the ener^ raage 10

22i6 optical impression' of tne agreement of. •botH;spectoa.":i&:2a-tiie2?

atiaflying .if" one noglecus tiis circusstan^e .tJaat tiis'.-Dil'

ig dips tiifeec.srvjj' r

alastic. r scatteringvcf '.Pe •and'

L _

^ an for

ta.l>le "3. Sis .data of.-ths tnird :cbiuan-."siiow t

i-—.-_ •» .1
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' • • • • •

&t the two systeos deviate hsrdiy no re from" each other ".tha 1
spondlag calculations* I i this' sense i t is justified ths;:A:

laexitE -a.5 iS'S"35 &&£• tit IJ.S j HiuLlyi-lIS to- refer to

a =;co5 a£x*e«;2ieiit' has besa reached. . -. .. •'

5. Conclusioxis

hiti'.srtc esistisg systems t-y the .fact shst ^1 i s u^ed Jiaet?*̂ ;̂";,'*•&

of stainless steel as uaavoidable dilution QateriiiC-Eiaevis^iit^i:--^
^ -

eace on

\7eea 1C i s ? and 3o iceV as bsfoM,

£pp.

wh.er& the lethsssy flas specsraa

by almost three orders of magnitude.

2i=.E arid evaluaSiag is ref inod

iov- eiî i'S? z*anr;c ae^. be; fosiad ou«. .So i'-fX ths carried

I*."

r-rv

•1 ""! .

;>.,>-?« -.'vc : •-. »

;:.'•"..• T'"'"'• "Ji* H '

/ / , ?;r%:-VV3;H*£v\^y.fv

- 3 1 9 -

Sentron Spectra in BFS Fast Critical Assemblies



L __

Darrouaetj J.P. Chaudat;, E.A. .Fischer, G'.'-.
. • • • • ; • - . . . • • - . . . . .

:.. Soholtyssek, Studies of.'TJult /••^"-•X
. • . • • - . . • . - .

Assemblies 2SBSA;Sii, ,

3* Ho Burbid^e

c, i iS i -S 3SS, 1973

I-.?« i^ e t sJ. , (.G r̂ap 'Ss Tor Jucleer

et ale, l

c* -£ OQDfevetae iie

7ol« 2a p.- *»£•?•

v j / L .7 6

Sycp&siass as. Sc^ts

ii-;Eeic-iA!i~Safeai':--



/12/

/'U/

II. Huscfclie,

sciLTielle Ee&Jrfecren i n elner-

P ^ Die

" ; - • ; " • - I '

/"Jo/

Iluclear JOXSL F i l e KKyJUL, KPsL. 33u,

G. Jourd&a etr a l . , Pijysics Tnveet i^a^icrs of.Soaiua'Oas
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corresponding F9 Taloe is averaged O T W the piutoniw* in the eell.
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