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FUIAL REPORT

a. 1, Centre'et Number: 2061/Rl/RB

233Ti::- Title pj: PrOJ e et : "k'uclear Data Evaluation for Pa",

in the fraj:iov:ork of the IA]]A-UDS Coordinated Re.sp.arch

Programme on the Intercoviparison of Evaluations of

Actiniöe Heutron i'.'uclear

III. Tns_t_itute were. r a. s T: r re h 5s be i n j c OJ-^P ieO ^> uj: :

Institute of Nuc3.enr rower F.eactor^ ,

?ite$ti - ?.on\an:'-i

IV . Chi ef GC icnt if ic _J7iv e et i ~ at or : 3.Vasiliu

V , Tiiiie neriocl covcro<:: 15 S C - 1931

] j , Dcncription of researcl. c^rr.i cd pv.t:

In the lack of ex:.'c-rirucnta] data (available only fot

total cross section in EAFOR library) r.any of the neutron

nuclear cata for1 233Pa have been estimated usir.r; theoretical

models /1/5,

The evaluated data have teon tynicaj for IT]IDIVn litr-

and of interest in ree.ctor calculr-t: c;:s.

The cat?, have been cc:np?.rec v;itli the syr.ilci.r e v R Ü i i a t n

from jaucnese JL]I])L library.

Tl:e evi'luatecl data rerfori-o.d under thif-' contract ere

ac follows:



- The f! g c ay data have been evaluated based on EMD Sr lybrary and

reference /2/, and the mean energies per decay ̂ yS > and ̂  ̂1) have

been estimated based on England /3/ and Reich /U/ considerations.

elastic and r a d : e t -onr:_ .-.

thermal and resolved resoru"nce ran_"j;, have been calculated u n in;;

the evaluated P.reit-Wi^ner-Single-level parameters , vising the

program ETRES, up to SS.S'eV and the total cross section hos been

comnared with experimental values.

The relevant reference. •/• used for resonance p.?ra.TiC.terG liave

been those of Simpson /5/ and Hai^rir, /C/> «s well ar; Bill. -325

compilation III .

Usin^ the evaluated resolved resonance psra^eters and

Gyulassy's considerations /8/, v.'e estimated the averaged parameters fe\~

unrenclved resonance energy rgnre ( 3 8 . S eV - 10 KeV ) ,

Klactic, capture and total background corrections have

been included in the file 3 to ar-cure the continuities between

resonance region and fast smooth cross section rep ion.

The program AVTRAGE-S has been used to calculate the total,

elastic and capture, cross sections on this energy rar. ̂e.

The cross sections in the f a. s t c n cry y rar, r e have beer.

evaluated u s In̂  theoretical uociels.

~ Totcil and elastic crcnŝ êctj.cnr. iiave teen esti.'iated usinr. s^haricel

optical anü statistical nodels up to 2 1IeV by the cede El, InSK /9/.

The. coupled channel theory has been vised ?bove 2 UeV usir.~

the pror.ra:n ,JJPITOR /10/,

The corppoui'.u rnicleus contributions have been taken intc

acccunt up to 5 "eV.



The optical potential parameters used are based on

M adland-Yrun.7. 's Systematics for actinide nuclei /11/.

Their method to acriuste the spheric*?! optical parameters

to be used in coupled channel calculation« for this mass recicn,

n fj --i

has been also adopted for ^- 'Ta.

- Inelastic: cross sections have been computed for the first 17

excited levels /12/ up to 0.3GbI -JeV, 'so well as for the ccmtinuu/

region above this energy, usinr, the v>rojyrarr. ELIIiSE.

.i££̂ c£2£:l_?££li£:1 1-ar 1:GCIJ evaluated IT- sea on Lynn's

systennticE /13/ usinr; 'the Haiiser-Fenbach statistical n.odcl ur to

3 '-Ie',7 (v? ith pro^ravi "IAGT!]".) ano. evaporation no del above o .-ieV

(v.'ith prô -a:.i GTAT iCO) .

The thresholds for the second ?nd tl'.irü fission crancts

have been considered f s , 2 'IeV and 17.717 'IeV respectively.

The fission cross section ac.oDted in the ran.rre of the

first plateau, is 0.9 bn according to L'ehrens and Ilowcrtcn

systematics /14/ up to 11 MeV.

Also, at 1,5 'Ic/ j a value of 77 S. 3 nb is obtained, in

ap-reenient to Von 3 unten 's value /1£/ of 775^130 r.b,

- The radiative capture cross sectic-r. between 0,01 'IeV anc

3,2 !ev has been cr.lc.u3 atec usin^ the profrfin -IASTZ?.. TVJO level

density ::.o-vcls (constant ter.pers.ture anc Ferm' F.AS) have been

used.

AbCG-o 3 1IeV PG adopted the JT.:;DL values and above IL '.<c'.' ,

those obtadr.R-.", fron consistency.

~ The (n,_ ̂ n)1 arid (n, 5n)_ _cro^s r.ectricrs have beer, computed

by prc~r£:t STATIOD tec, v?itb the thresholds at G. 517 1IeV or..'.



_. U -

12,079 MeV respectively, usin.7 Gilbert and Caneron's psrai.iettrs /1C/,

- The average nunher of neutrons ~t\t>r fission, has been esta:.".ateu

usinr1, Ilovierton's systenatics /17/, and his seraicnpirical formula,

which takes into account the contributions of (ri, n'f) and (n,2nf)

processes.

- Elastic angular distributions of secor.dpry^ neutron^ have been

evaluated by optical and statistics! nodels, from 10 KoV up to

20 MeV, belle v: 10 KeV beej.n'r isotropic.

The calculated values have been fitted by Le~endre polyno-

mials u s in?; the prorran SAD/IS/. The transformation i.Mtrix fro/i

Q1I to LAB reference system is ^ivon also.

~ T)lK. inele.Gtic ar^ulor distributions °f__^e

been assur.eu to be isotropic.

neutrons have

~ ff-gg oner'Ty distribulij.ons^ of Secondai-y neutrons fron. Cn, n')

reactions, have been obtained in the framework of evaporation

model /18/ usinr, the density level parameter evaluated by bach-

shifted Fen.ii ^as r.odol /20/.

The energy distributions for (n,2n) and Cn, 3n) v;ere esti-

mated by Le Couteur>s neutron cascade theory in the frĉ aovjork of

statistical ir.odel,

The energy cisttibution for fission neutrons was evaluated

usir.3 the Terrel's formula /21/.

c « Results oLta in ed

The final set of evaluated data has been expressed in

ENDF/ B for::iat, for the energy ranp.e 10~5eV - 20 '-IeV and has beer.

supplied on na.̂ netic: tape tu IAEA - Nuclear Data Section.



d. ConeIUdin;; drawn

A general conclusion is that the ?3c!Pa interactions are

poor represented in the literature by experimental data.

j.n these circum.sta.nces, this evaluation was based mainly

on theoretical calculations, but v;e hope that 51 nill be useful

for preliminary calculations of Th-U nuclear energy systems.

The increasing importance of Th-U nuclear- reactor alter-

native makes it desirable that "° F-« neutron interactions be

much nor-e in the attention of the experimentalists.

e, I, Published result s
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Title; üuclear iia.ta Evaluation for Pa-233

Rc senjrch__ Ijnst_itut e ; Institute of Iluclear Power- P.e-ictcrs

Pite?ti - Romania

\Chicf £c_ie nt i f J^ J-J'-v&pti^.t o p_ : •", . V a s i l i 1 1

Period of Cor.trf. ct: 1980-:'! rK!l.

Gcicr.t 5 f ic GacVrr-oiin.r^ arid '"Öpecf Proet:

-
To supply to scientific co~:.,unitty th"?rc?/£r..Luc-jtec! neutron

nuclc-sr data fop the actii .nde nuclei bcicco on e/.perainental ciatc.

and on nuclear reaction tlieorctical Liodelc (particularly for Pc -2 33;

Kxp er i mental jri et h o cl : Uo

Results oLtciJnoc!; /< new file containing the evaluated neutron data

for "^00Pa has beeji obtained in ?l:JuF/3 format, v?hich contains:

- decay data

- Ereitt-Wi^ner Single Level resono-nce parameters

- total, elastic, ineleiotic (total and partial for excited

levels and cortinuuia) radiative capture, fission, (n,2n),

and (n,3n) cross sections

- angular distributions of secondary neutrons and transformatio

matrix frco CM to LA.'i systeir.

- energy distributions of secondary neutrons

.- average number of neutrons emitted per fission,

The cats, have been checked against the physical consistency

and forr.at correctness, and some of then, conipaned with JEMDL-I

evaluation ,



C one T j J s -

The. increasing importance of Th-U nuclear reactor aiter-
9 o ̂

native, makes desirable that Pa neutron interactions to be much.

more in the attention of the experimentalists.

The reported recults can be considered ac an ctep of

233knowledge reRardinc/ neutron nuclear data of Pa,

Papers Published on Work Done under the Contract

unclear Data !!valuation for Pa-232, by:

G.Vasiliu, S ,'•lo.teescu, E .R^peanu , V .Avri^eanu,

M.Ciodaru, H.Dragan, T.Stadnicov, O.Bujoreanu,

published as:

IAEA-INDC (RO-I ) - 12, LtS1-, 1S31,



. I. C£Î "S£*~-IiHS]2SII: 2OGi/RB

II. Titla of Project: "Nuclear» Data Evaluation for Th-232", in
t*t*m*t' »• «ru:ii»1*lfa!t»»'t=mJ»»n'~< lV BBa MJ^MP

the framework of the IAEA-NDS Coordinated P.esearch Procra

on the Intercoirparison of Evaluations of Actinide Neutron

Nuclear1 Data«

III. Institute x-.*f.r-i reocnroh .is hein": crirri^rt out:

Institute of Nuclear Power Reactoi-E»

Pitej;ti - Romanic.

IV. Chief gcigntific investi^att.'r-: G.Vasiliu

V, Time oer-iort covered: 197G - 19C2.

The typical neutron nuclear data for Th-232 have been

evaluated based on EXFOR data bas«, as well ac theoretical

for 10"° cV - 20 HeV energy range.

The final data set includes the data reported in ref
•

/1/ and revie\sSd in 1980 and 1321.

The evaluated date performed under this contract are

as follows:

L̂ üî . are f̂-SE''3 or. SMDCF library end V,"apstra

date /2/.

fisson

adopted fron Meek cUid Rider /3/.



The total t__e£a stic . anĉ c.3.T>±ure cross sections in the

thermal range ClO*"^ - 10 -eV) are based on CoCpBr4E formula for

elastic and LuncVjren*s formula for capture s taking into account

also the newer measurements reported by Little /4/.

For thr- reEolvet3_r-<?son-2T:ce T-an'VE ^1O cV - 4 KeV)9 fro:n the

r.iain references /5/ - /£/ used, vie selected Dre5.tt-VJ3.gnur> Single

Level parameters for 374 resonance. (231 - s i-.'avg resonances and

ItS - p wave resonances) .

In order to take into account the effect of the missir:"

p-v?ave resonances, between 3-!v KeV ? vie have included alr;o for

total and capture cross sections background corrections into

file 3 data.

The unresolved rssonanceencr^y rar:r;c ('I KeV - 50 KeV)

the mean parameters have beer, estinated froin resolved resonance

according to 3yulassyss formalirm /S/.

The computed radiative capture resonance integrcil are

in good agreement v.'ith experimental values«,

KeV " 20

croes^ section was evaluated based on experimental data and

taking into ecccunt the consistency between partial cross

sections.

Yhe elastic Across secticr.s , between SO KeV end 0.5 MeV

was evaluated from experimental data, between 0,5 MeV and U MeV,

the integrated angular distributions have been adopted.

Above U MaV, the elastic cross section was adopted

fron EMßL libi-ar-y.
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The el̂ st̂ ĉ enfcuj.&r̂ ^̂ ĵbû onj: have been computed

between 0,5 HeV and 1.25 MeV using a spherical optical model

(ELIESE program) and between 1.25 MeV and 20 MeV UBins coupled

channel theory (JUPKOR). The parameters were taken from Haouat/lP/.

Vc obtained a good agreement with the avai.le.ble experimental angular

distributions.

Bellow O.U KoV the angular distributions were assumed

to be Isotropie.

The elastic: en;-;iilar distributions are given by Legendre

coefficients.

^ t'"ia scattering angle for- elaKtic

scattering > and aver-age logarithnic energy decr-eraent for elastic

scattering have been derived fro ̂ angular distributions date.

ThG^_ineln3tic crocc csctic'.icj of 8 excited levels

included are based on t-ieacows data /11/ j the level energies have

been taken from Table of isotopes /12/,

Thg_total_ji_nelastic cr> ORF^S not 5- on has been obtained as

difference betv?ee« the evaluated total cross section and all

the. other» components.

Thê _gĉ it i_nvr£-:̂ în alas t Ic cross sect ic-.n has been obtained

es difference between total inelastic and sun of the partial

5.ne3.astic c^oss s*ic't5.or.<?.

The corresponding anRula1-1 distributions of

ut̂ roii have been assumed to be isotropic and also included.



_ Ij. _

--1 --t i. • t-lf u i - to 11.5 McV hor her- n t:v-luat- •:-•:.

Iri":i cX2.(."r-n:-,cr.tc.l dot«. Above thin c-ncr^y the cvo.lu.itc.«! rar-ve. h.-'-r

hi= en t-:xtr-e; ol nlrcd to c J; tu in s V-: IUT- of 0.003 hn .-it 20 ' I e V 5

accorrliir-. to rcfc-i't-nccs /13/, /1':/.

22; i- ;i.' i r g i or c r " s^ __ne. c 1 5. t ; i ̂  :i 5: LxiCf.-d or. <•;•:; eriricntel dcvtr. ,

j.T-,cJud"'.i.?'i t is o rev: t. r- :'.t--.'ir:ur-c.::c.n1.r <~>x ' «.-) i-enr / l u / 5 McrdLorj / I G / ,

c1. a<;tc- o.[ !l^.-JOc.'.'s /11/.

^ i iu^-I •- v O;7 j i- .utrcnr ; er- ^2r-lii!-T-_ v""-f: ^V-TU uet-d

t'.c e>:~ -rrJx.f rt'il c.aLc -mu "i. 'c ' . . it;r iL.'M'p ^ysttijat Ics: /17/.

f: ct : c.r. \:

cintr , and c.t;-;tirtj cal i-.ccicl - ]-r-!-",r;;^ S'j /I'-IOD - used else Cor

(ns3r'.) orc-r:: Ef-ction cvslii-j tjr.n.

1. \ , .. an r: u_3. a.ft_ c! i B t tvibu t J on_s c ;?. p c c o ? VTJ a r* y neutrons for

(i;s2n), (ns3n)j fission and continuua inelastic reactions,

assur.ied to be isotropic, liavc 1-oen included in the file G.

_ f r y clistributirnrj of secondary Tient-rons fron

inelastic, Cn, 2n), (n,3n) c.nd fission yroccssfc-s v?cre included.

The Cn9Sn) and (ns3n) secondary neutrons energy sp-ectra

have been included eceord5.n- to S:or/B-I7.

__ The teiupersturss cf the '!.?.xvclli:ir. prompt neutron fission

spectrum Adopted have been cc7-iputcd ucing Terrel's formula /IS/.

The evaporation spectrum temperatures of the Cn,n')

continuum secondary neutrois hnve been derived from DiIg 'e levo.l

density formula /19/ and syster.iatics.



C. Results obtnined

The final sot of evaluated data has been expressed in

EIIDF/B forucit,. for the energy ren^e 10~°eV - 20 MeV a.nd are

sui.-plitd on iTiarnetic tope to IALA - V'ucleax1 Data Suction.
700

It is to be mentioned that oui1 evaluation on ~"'*Th

distributed through IAEA - !Iue3eo..r Data Section is already

positively quotted. (at MEAuJ)C Specialists* Meeting on Fact

Neutron Scattering on Actir.jdo ;!uclei, held in Paris, 23-25 Mov,

ISSl)1 as v?ell as by Antsipov /20/.

d . Con plj^s i-on^clr ovm

The evaluated date file supplied as a result of this

evaluation contains for Th- Jc 3 2 the «a on t important neutron data of

interuEt in 232Th - 233U refictoi» o«lculationEj5 vyit'nin tlic liroitc

of experiip.errtal data available and of theoretical model F accuracy,

e , I . Pu hi i r.h c d re F. ; i_l t s

Authors; G.Vaciläu, D.MateescUj D.jheorghe, M.Cic daru,

E.Bädescu, N . Dr "igan , O.F-ujorcanu, C.CrUciun,

L.r'intilicscuj M.Zaharcu, A.Popescu, T.Statnicov,

V .Avr-i£canu.

Tit3._a; Nuclear Data Tvaluaticn for Th-?32.

££23.il: TNDC (SU -O-IO, Di&tr.L+S? f Febr. 107?,

Rev, Ajjr-il I P S O .
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Research Ĵ gt.ituteT: Institute of Nuclear Power Reactors - Pitefcti

Romania

Chief Sclent if ic Invest:Ip, ator; 3 .Vasiliu

Period of Contract: 1S78 - 1SG2

Scientific 1 â ck'jround ncl Scope of Project! To supply to scientific

Conoiunity the updated evaluated neutron nuclear data for the

actinide nuclei Lased on experimental dsta on nuclear reaction

theoretical models (particularly fot Th~232).

\: Ho

Result s_ojbt_a_ined: A new file containing the evaluated neutron data

for Tl-.~232 has been obtained in EKDF /B format s whicVi cover the

energy range between 10~ eV - 20 MeV containing:

- The total, elastic and capture cross sections for thermal

resonance and fast energy rsnge.

The resonance region is described by fireitt-V?igner Single

Level parameters for resolved resonances and average parameters

for unresolved resonances.

- The in (r,,2r.)s'. (n,3n) and fission cross sections

fron threshold to 20 MeV,

- The inelastic excited level cross sections.

- The average cosinus of the scattering angle for elastic

scattering.

- The average lo.fjari'tiiraic energy decrement for elastic

scattoriiv-j..



- The angular distributions of secondary neutrons for elastic

scattering, as well as for inelastic, (n92n)s (n,3n) and fir. s ion

processes,

- The energy distributions of secondary neutrons from

inelastic, («,2n)> Cn4Sn) and fission pi'ocesses.

- The decay data

- The fission yieldc

- The average number of neutrons ernited per fission.

The present evaluation of ""'-Th rer^resent un updated file

cont'3inins the relevant data for reactor calculations, hut^

according to t/REMDA requirementG.. new measurements are desirables.

Nuclear Data Evaluation for Th-232, by:

g.Vasiliu^ S..'-latooscus n.C-heorghe, M.Cio daru, E.BUdeecu,

N.r>r?2&n, Q.BUjGreami t C.Ci-acjun, L.PiRtiliescu, ''I.Zaharcu,

D.Popescu, T.Statiiip.ov , V.Avrigcanu„

published as:

INUC (RlM) - 10, Pistr. L*Spt 1280.


