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FINAL REPORT

a, 1, Contract Number: 2081/R1/PR

233

™
~

itle of I'roject: "luclear Data Eveluation for Fa",

in the Trazacvork of the IALA-LIDS Coordinate:d Hesearch

Progranrie on the Intercounarison of Dvaluations of

Actinide Hevuvtron lueclear hate,

9}
- —

TIT. Trnstitute were resarroh is beins camried (ut:

Institute of Nueclear Tower Feacter:, |

»

e

testl - Pomanina

IV, Chief scicntific invecti~atcr: 3.Vasiliu

¥, Tilae period covorasd: 1080 - 19351
B Lesceription of researel, carricc out:

In the lack of exierimcntal data (available ouly for

total cross secti in ELFOX library) manv of the ncutron

on
. - 9 . . . .
nuclear cata for “33Pa have beer estinzted usirc thecretical

models /1,
h

The eveluated datz have teon tynical for INDN/E litrery,

140

znd cf interest in reector calculaifens,

The data have been coopared with the symilar evaluations

from japonese JLILL lLibrarv,

contract are




- ThLe descav data have beern evaluated based on EMNDST lybrary and

reference /2/, and <the mean cnersies per decay <€k?7and <£;q)have
been estimated based on England /3/ and Peich /4/ considerations.

Fo
7

- The total, elastic and radiative capture cregcs scctions for

thermal and resolved resonance rante, have been calculated using

[S]

the evaluated Preit-¥izner-8ingle-level parancters, usinT the
prozram ETRES, up to 38,5 eV and the total cross section hes been
compared with experimental values.,

The relevant relerence: used for resonanae parasceters have
been those of Simpson /%/ and liarris /6/, as well as nlil.-325
conpilation /7/.

Using the evaluated resolved resonance paramneters and
Gyulassy®s considerations /8/, we estimated the averazed parameters fowo

unresclved resonance cnerry rence (38,5 eV - 10 KeV),

. ' Elastic, capturc and totazl hackszround corrections have
’ been included in the {ile 3 to ascure the continuities hetveen
resonance reglion and fast smooth cross section rerion.

The preogrem AVELR/S5E-3 hos been used to calgculate the total,
elastic and capture cross sectiuns on this erersy ranzc.

The cross sections in the fast encr-v rarce have hzen

evaluated usins thecretical nodels,

- Total and clzstic

0

rcos sections have been estimated using, sohs

cptical and statistical rodels up to 2 'fe¥ by the cede ELIESE /97

The

(¢}
O
[

upled channel theory has been used ebove 2 lieV using

the program JUPITOR /10/,

The compound micleus contributions heve teen taken inte

acccunt up to & “le¥.




/ .
The optical potential parameters used are based on
Madland-Ycuns’s Systematics for actinide nuclei /11/.

Their method to adjusle the sphericel coptical pavraseters

to be used in coupled channecl calculations for this mass
a7
or ““9pa,

i

-

has been also adonted F

{
1

firet 17
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- Inelastic cross sections have heen cemputed for the
zs for the continuui

excited levels /12/ uv to (,356&1 eV, a5 well
region above this enersy, using the veopram RELITSH,

~
B

- Tissien oross cooll cvalucted bsscd on Lonn?

systenatice /13/ usin; the deuser-Tespach stletistical nodel ur to
R) znd cvaroration model above 3 ieV

3 eV {w ith prozran JIASTIN
(with proaw—an STAT(0)).
The threshcius for the scecond ond thiro seion crances ‘

have been considercd 6,2 TeV and 12,717 1eV respectively,

The figsion cross section acopted in the renre of the
. ! i ) o - .
first platecau, is 0.9 bn according to Pelrens and liowcrten

systematics /1%/ up to 11 eV,
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Alsco, at 1,5 M7, a value of 77%,2 mb

rent to Von Sunten®s value /187 of 775+190 mh,

density nodel

used,
trhewe 3 eV we adortted and above 18 T,
thore obtainel from censistency.
2 have been computeld

~ The (n, 2n) ard

olds at 6,517 'leV arl

mop ey

by prezram STAT

=
o]
‘-I.
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12,079 eV resvectively, vsinz Gilbert and Cameron’s paraseters /1E/,

~ Tie avera—=e nunlter of neutirons jper fis

N

ion, hes been estirated

using llowerton®?s systenatics /17/, and his semienpirical formulsa,
which takes into account the contributione of (n, n’f) and (n,2nl)

Drocasres,

- Dlastic ancular distriltutions of secondorv neutrons have heen

eveluated by optical and statigticszl nodels, from 10 KeV up to
20 eV, belleow 10 ¥eV beein-+ isotroric,

The calculated values have becn Fitted Ly Lerendre nsolyno-
mials usinz the vrorren SAD/1%/. The transformation natrix froa

01 to LAE pelerence svetem is riven als »

= The inelsctic anzular distrilutions of feconcary neutrons have

heen assunaed to be isotropic,

- The cneray distributions of Secondery neutrens from (n, n*)
reactions, have been obitained in the framework of evavoration

model /18/ usin; the density level paraneter evaluated by bacl-

shifted Fewmil cacs model /2C/.

The enerpy distributions for (n,2n) and (n, 3n) were esti-

Ve

mated by Le Couteur’s neutron cascade theory in the framswork of

The energy distribution for fission neutrons was evaluated

usinz the Terrel’s formula /21/,
C, Pesults oltained

The final set of evaluated data has been cxpressed in

. - - \ -5 . .
EHDT/B format, for the enersy rangse 10~VeV - 20 “eV and has hoen

prlicd on maznetic tape to IATA - Huclear Data Secticon.




[4ad

ad. Concluding dravn

A general conclusion is that the 233pa interactions are
poov represented in the literature by experimental data,

.1 these circumstances, this eveluation was based mairly
on Theoretical calculatiors, but we hope that it will ke useful
for preliminery calculations of Th-U nuclear energy systems,

The increasing inportance of Th-i nuclear reactor alter-
233y,

native makes it desirable that neutron interactions be

much more in the attention of the experimnentalists,

futhors: 3,7asiliu, S,tateescu, S.Rapcanv, 7.Avriseanu, d,Clodaru,

1. Drégan, T,Stadnicov, 0,Rujoreanu,
Title: PFuclear data evaluation for Ta-233

——— ety
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ate Lvaluation for Pa-233

Ecsearch Institute: Institute of uclear Yower Fesclcrs

Piteszti ~ Tomaniz

Chief Selentific Tnvestitater @ S,.Vesiliu

Perics of Contreei:r 1280-1941,

Seiertific RBack-round and Fope cf Froiject:

!
Un@!(z. Zc.’c'l
To supply to scientific cornunitty theVolzluated reutron

nuclear cata for the actiiide nuelei lLaced on exrverimentzl data

and on nuclear rcaction theoreticel nodels (particulariy for Po-232),

Fxperimental method: o

Pesu14s oltained: A new file cortainins the evaluated neutron cdata
233pa has been oblained in FHDE/D format, which contains:
- decay cata
-~ Ereitt-Wisner Sinzle Tevel resonznce paraneters
- total, elastic, inelastic (total and pertial for excited
levels and cortinuum) radiative capture, fission, (n,2n),
and (n,3n) cross sccticns
- angular distributions of secondary neutronz and transformation
matrix froa C1 to LADZ system
- enerzy distributions of secondarv neutrcns
.= averaze numnber of reutrons ealtted ver fission,
The <cata have been checked arainst the physicel consistency
and forrat correctness, and scme of then, compered with JLUDL-1

evaluation ,




Conclusicns

The increasing importance of Th-U nuclear reactor alter-

native, makes desirable that 283p,s peutron interactions to be much

2]

more in the attention of the experimentalists

¢

The reported results can be considered as an ctep of

N
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. . 3
knowledre regardlny neutrcn nuclear deta of Fa,

Paners Published on "ork Done unier the Contract

Niclear Data Ivaluation for Pa-232, by:
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G ,Vasiliu, 3,4z
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teescu, S,Rfneanu, V.Avriceanu,
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1 ,Ciodaru, | dpan, T,Stadnicov, 0,RBujoreanu,
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“ pul:lizhed as:
TARA-TMDC (R01) - 12, L+8p, 1931,
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ntract nunbhsr: 20031/RB

II. Titls of Project: M"iuclear Data Evaluation for Th-232%, in

the framnework of the IARA-NDS Coordinated Fesearch Progravime
en the Interconparison of Tvaluations of Actinide Neutron
Nuclear Data.

ITT, Institute vers »eseorah is hein- carri.d out:

Inetitute of Nuclear Power Reactore,

IV, Chicf meientific investipator: 3.Vasiliu

b. Lesceiption of resesreh carricd out

The typlcal neutron nuclear date for Th-232 have been
evaluated based on EXTOR date base, as well as theorstical modcls,
-5 )
for 107Y ¥ - 20 MeV energy range.

The final data set includes the data reported in referencs

/1/ and veviewed in 1920 and 1§21,
The evaluated date perforied under this contract are

as felleows:

The dacay data are rased onp DMDSF library end ¥apstra

cata l?/.

The fission yield data for fission nculrens specimum

- adopted fron Meek and Bider /3/.




- 2 <

The totel, elastic., and ezvture cress sections in the

-5
thermal range (107% - 10 =V) are bhased on Cocper®*s formula for
elastic and Lundgren®s formula for capture, taking inte account

also the newer weafurenents reported by Little W/,

For tha reselvad resonance rance (10 oV - 4 KeV), from the

nain references /5f - f&/ used, we gselected Breitt-Wigner Single
Level parameters for 374 resonance (231 - s wave resonances and
143 -~ p vave resonances),

In order to take into account the effect of the missing
p~wave resonances, between 3-% KeV, we have included 2lzo for

total and capture cross sections background covreeticnsz into

The unvesolved resonance enercy ranne (B KeV - 50 KeV)

x»

the mean parameters have bLeen estirmated Ffrom resfolved resonance

acgording to Syulassy®s formalism /8/.

The computed radiative capture rescnance integral are

in geod zgreement with experimental values,

For ithe fest enerpy rense (50 KeV? - 20 “MeV) the totel

croes_section  was evaluated bhased on experimental data and

taking into acccunt the comsistency betwe..n partial eross

sections.

'he elastic eross secticns, between 50 XKeV and 0.5

was evaluated from experinental data

~

» between 0,5 MeV and i XV,

tions lhave been adopted,
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Above 4 HeV, the elastic cross secticn was adonted
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The elastic enmulear distributions have been computed

P S TR P e

betuzen 0.5 MeV and 1.2% MeV using a spheriecal optical model
(FLIESE progran) and between 1,25 MeV and 20 MeV uning couple
channel thecovy (JUPTTOR), The parawmcters were taken from Hacuvat/10/.
Ve obtained a pood afrecment with the available experimental angular
distributicns.

Beliow 0.4 ¢V the angular digstributions were assumed

to be isotropic.

. . . . .
The elastic ansular distributions arve given by Legendre

The averase cesinus of the scattering angle for elastic

o

’

- scattering, and average lov~*i Imic enerpy decrement for elastic

seattering have been derived f{ror anpular distributions date

The iueclastic creoss cceticus of 2 excited lovel§

R

included are based on Headtows data /11/3; the level energies have

been taken frem Table of isoctopes /i2/.

The total inelastic crose scetion hes been obtained as

difference betueen the evaluated total cross section and all

the other components.

The ecentinuun inzlastic ercsz secticn has haen obtained

28 diffcrence hetween total inelaestic and zum of the partial

. .
inelastic erose sectione,

The corvesponding angulay distrilutions of the seccndzary

VN

b

heuwtrons have been assumed to be isotropic and also included.




- I -
T B ATECE ¢ sorcticr. wy to TH,S eV far heon eveluatso
Iren oxsrrinental Gata, Above thin enceriy the cvaluated surve hasz

reen eetraolated to cbtain & valus of 0,003 hno oot 20 iev,

aceordins, to refevences J13/7,/71v/,

Vi ditedlon orosy section i@ hasod on o4ferinoentel

includirg tie never meorurenonte of Celvens J15/, Merdlorr /187,

e vl ar aevalunted cate of laadovs /117,

Tre- zveraoe wurler oF peuirons Cer

uedn: the cxrarinertal wabo ad Louert.on’s

bt

e (n,7n) crans meeticrn uas avslun

Cote, and statictliczl pofcl ~ rrecpas 397 TI0D - used zlsc feor ‘
{n,3r) evors section cvaluabien.
G anmulad distributions of secondary ncuitrons for

(1:,2n), (n,3n), fission and continuun inelastic reactions,

assuned to be isotropic, have teen included in the file o,

The encray distr ibutiens of sceondary neuirons Irch

‘le

nalasiic, (n,2n), (n,3n) and fission yrocc#ses were included,
g -
The (n,2n) and (n,3n) scceondary neutrons energy spectra

have heen ineluded eccordin- to

0
[#]

The tempesziure £ the

axwellian proupt neutron fission
spectrum adenrted have been computed using Terrvelts formula /13/.

The evaporation spocotrum teaperatures of the (n,n®)

continuwa secondary neutron bove been derived from Dilz’s level

e

density formula /19/ and systematics.




C. Results obtained

the Final sot of evsluated data has hecn expressced in
b .
LIDF/B foruat, for the energy range 10 “eV = 20 eV and are

surplied on magnetic tope io IALA - Muclear Data Soetion.
232
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!
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It is to be mentionsd that our evaluation on Th

"

distrilutéd throush TALA = Yuclieor Data Sectilon is already
rositively quotted (at MEANDC Spececialists? fecting on Fast

Heutron Scattering on Actinide Iluclel, leld in Yaris, 23-25 Nov

1981), as well as by Antsipov /207,

d. Conelusions dravmn

The evalualed date Tile supplicd as a result of this
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of experimental data availeble and of thcereticol models accure

e, I. Puhlished resuiis

fathors: €.Vasiliu, S.Mateescuy D,Sheorghe, #.Cic Jdaru,

E,Bidescu,; F.Drigan, 0,Pujorcanu, C.Criciun,

L.Pintiliescu,; *.%aharcu, A,Popescu, T.Statnicov,

V. Avriceanu,

Jas Nuclear Zata Fvaluatien for Th-232.
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~
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Journzl: INDT (RU4)-10, D3str.L+S,, Febr.i@
I

Rev., Auril 12780

€.TII, Gther relevant literature refovences:

/1/. 3.Yasiliu et al, T'OC(RGD-10, L+&_, 1880

/2/‘ ."\J‘;’."rf\:pst}.’as Kq

el

0z, Atoniz Data and lueld. Date Tuelles,

10, 175, 107
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reacior calculations, within the limits

(3

- dmportant neutron data of
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/a7,
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/18/.
126/,
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J.Terrel, Proc.Sym.cf Fhys. and chemistry of fissicen,
Saltzburg, 1865, IATLA

7.Dilg et al, Huel.Phys., A217, p.260-208, 1673

G.V.Antéipov et al, YDC {CCPY)-192, Distr. G, 18567




Summary

Title: Nuclear Data Evalustion for Th-2232

Research Institute: Institute of Muclear Power Reactors - Fitegti

Romania

rl-

Chicf Secientific Investinater: 3,Vasiliu

Period of Countract: 1478 -~ 18¢2

Scientific Rack~rcund ud Scape of Project: To supply to scientific

~

Comaunity the upfated evaluated neutron nuclear data for the
actinide nuelei Lused on experimental data on nuclear reaction
theoretical models (particularly fot Th~232).

Eupevimental method: No '

Results obtained: A new file containing the evaluated neutren data

for Tr-232 has been obtained in ERDI'/E format; which cover the

energy iange beitween 10'5 eV ~ 20 eV centainingi

~ The totai, elsstic and capture cross sections for thermal
resonance and fast energy range.

The rescnance rezion is deszeribed by Breiti-itigner Single

Level parameters for resolved resonances and average parameters

for unresolved resc

-

)

WBNCes,

-~ The inelastic, {(5,2n); (&,3n) and fission crocs sections

-

from threshold te 20 “MeV.

~ The inelastic excited level cross sections.

- The average cosinus of the scattering angle for elastic

scattering.

E
i

=~ The averasge logaritimle energy decrencnt for elastic

e RS TT]
SCATTODINY 4




~ The angular distributions of secondary neutrons for elastic

scattering, as well as for inalastie, (x,2n), (n,3n) and ficsion
Processes.

~ The energy distrilutions of secondary neutrons from
inelastic, (n,Zn}, (n,2n) and fission processecs.

- The decayv data

- The fiszion yields
- The average numnber of neutrons emited per Fisgsion,
Conclusions “

. 39, .
The prcsent evaluation of 2829, represent un vpdated file
containing the relevant data for reactor calculsatiors, but,

according to WHENDA requirerents, new measurements are desirables.
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