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rher=al reactor cross-smecticrn

idtraries fre; INDTB-TV and ¥V evaluations for the fuel cvele cedes IPFI-CELL and EPEI-

Cr'y for the continunus—eneryy
ordirazes trenspcrt codes.

Mcnte Carle resuits.
el f=shicliding

Monte Carlc code MCWF, and fcr the Los Alamos discrete-
This consistert data source Lars allowed the appreximate
nethods fecuivelence thecry, 51. integral transport, P

L-E“) te be compared with accurate

Sc far, this hLas resulted in impreved =ethods frr space-and-enerpv
in the rescnarnce range fe.g., the WIOY flux cal-ulater, epithermal disac-

vantape fact-re for EPRI-CELL, shiclded elsstic removal), it hLas shown vhy the newest
ENCF-tased 1itraries initially gave results werse than the old litraries, and it hae

Frinted u-

rurnun,  Finellr

rretlens for future study such as rescnance interference effects at hiph
, the results are compared te various criticolity hemchmarks 1o evaluate

tiue perferzancze cf ENDF B~V for thermal reacter analysis and tc estatlish the hiaser introduced
Lo the approxizarce metheds used 1ir the fuel cycle codes.

fTherral reactcr cross sections, LNDF’B-V)

Eveiuated Nuclear Data

The fifth version of the Evaluated Nuclear Data
Files (ENTT’/E-V) has recently been released.l
{=rr-verernte in beil si~pe and guallity 2ue to the in-
svivn of nevw emyrerimertel data, tc the evpanded use
Lwoltal rodils, and te the cedicatec work of the
Vere rf tre ‘rrse Sectiorn Tvaluvatiern Workimg Group
. noothe UL fLoard iuciear bita Cerier.
rany mzeved etiluations, ENDFUE-V in-

1 %71 a2
ciudes mey rateriols (e.g., CON. '3LPa, "5355), new

data rvyper ‘e.p., par produsticrn, isomer rroduction,

and - mremcrnre of enerpe release in fimcicn), improved
fe.g., Vatt fisrion spectra, Adler-

«ilvve? res-nance represcntations), and ex-

~ crrariance and phetrrn vroduction files.

It shows

LEN S K
. ) T

netene

r. its earlv weare, the develorment of
resroncive te the needs ¢f fts ma-
5 €, Fast Fea:tlor Pregran.. The ip-
Tland IV thermul powver reactor de-
H atirn Yae bee:, miniral; varicus proprie-
tarv ad'usted crose -se:ti-n litrarier have dorinated
the ficld. 7This gituatici has begun to change with the
advent of the Flectric Power Research Irstitute (EPRI).
The existing setr are not always adezuate for analyzing

the new ideas sucl as 233r-fue1ed reactors, thermal

breedery, and advanced ccnverters that are mc active
these dave. Even more inmportant is the problem of rep-
ulatery accountat:iliey. It is hecoming inereasingly
desirable for evervone--venders, utilitiaes, fuel man-
agemen: companies, and regulatory agencies—-tc be able
to trace their calculations back to a single reference
dats bace wiztirut the pratlesmc of proprietary right-,
Marny pecj it In the power reacter industry think that
EIDF K=Y could become this standard.

Neytron Cresce-Section Procgesing

For these reasnns and others, EPRI has sponsored
the development of the Advan-ed Recyle Methodology Pro-

gran (AT vhose main cross-section-producing conmpon-
ents are the reactor cell rodes EPRI-CELL and EPRI-CPM,
CELL wvaes developed by Nuclear Associates, International

(NAT) and use= thc Hl method of GAH3 and the integral

transpert methed of THERHUSL to produce coarse-group
cell-averaged croes sections. Its library is an ad-
justed sct hased on ENDF/E-1 and Il1. CPM was devel-
oped by AB Atomenergi, Studsvik, Sweden, and uses col-

1lision prokatility czthods sizilar to WIHSE wvith a
1ibrary adjusted from ENDF/B-IIl to give agraement
betveen CPM and CELL.

Witk the hope that ulticately nc adlustmente will
be reculreé, EFFT has sponscred the devel~pment -7 new
1{krarirc fp: CELL and £PM kaged o ENDF'R-IV and ¥

QU s’

and using the NJOVY nuclear data precessing sys:er.‘
This ccde sveten cperatec Zirectiv fron the FNIF ¢
It first reccrnstructs resonance shapes and linearizes
all croes sertions, ther Deppler Proasdens ther fc ail
desired te=peratures, and then adds unresolved sclf-
shielded cress sections where required. Next therral
scattering date i1s added. Inelastic cress sectien
and energv-tc-erergv-Fv-angle scatteriny matrices can
be prcduced fror. FEXTF/E scattering functions 8¢ %)
(e.g., ¥ in B o, D in D0, and graphite) or the fre«

filec,

gas medel. Flartic roherent or incoherent cress sec-
tions bv energv and angle can he rroduced feor hexarcnni
crvstals (C,Rer’ as well as fcr nolvethviine and zir-
condur hvdride. The result 1e a peintwige-EXDF FPNTF
file that can bhe maved as the startint noint for se
eral subsequent procedures. For multigrcup codes, the
GROLTR module of NJOY is umed to average the FENDF

cross sec“ione. The results cen then de reformatted
using the POWR module into the froper ferms for the

CELL and CPM 1ih arv maintenance programs, or tae MATXSR
module can be used to produce a file called MATXS appro-
priate for later coupling tc discrete-ordinates trana-

port codes auch as ONITRAN7 and its diffusion-acceler-
ated successor ONEDA. Alternately, the PENDF file can
be processed with the ACER module inte a form accert-
able to the Los Alamos continuous-energy Mor.e Carle

[
neutren and photon code MCNT.S

The multigroup codes account for resonance self-

shiclding using the background cross-secticn method.n
For an accurate representaticn of the h“read and {nter-
mediate rescnances important for rescnance ahscrptic:.
in thermal reactores, GROUFR usen a detailed recintwise
calculation of the flux in an hoemopenecus rirture of

the heavy absorber (e.g., ZBBFJ with a light moderatrr.

The moderator can he real, (i.2., ]H. 160). the ideal
moderator that pives a 1/F source, or a combinaticn cf
the twe. Equivalence relations based on an infinite
two-region model can then be usec te ohbtair shielded

Q
croam seciions” for CELL. CPM, or OXNEDA.



This library generation :rcce:. has bee, carricd
out using ENDF/B-IV and V for tne ::uv roder, EPri-
CELL, EPRI-CPM, ONEDA, and MCNT.

Initiz: EMNDY/E Litrar: Tessin

As a first the ENTT 'B=1V litraries were
nr

used ic analvze the AW benchmarr '  ascentle
TGl-1. This 1= a siz;le lghr-vater rriangular Sazzice
with 7« pitzh of T.55F .x fueld Y ala-inu
riches uraniux pinr I.15 rz irn diareter.
integral parameters are cocpared witt
using the srandaré NAT and Studeviv 1ilrarvier In Taklis
I. The lack cf agrecrent i verw !eatiointing.

test,

EAPI -

¢ rhegineg

The largest ¢:fference lare Is clearls the noe-

dictinn of 235.. rewonsanoe abtg-redon welsy the LNLE-
bared CELL litrorey

LFRI-CELL

A study of the CILl rode Yac shewr thnt 20 mrii.
citly assures that the flux ir the fuel {s <gual tr the
flux in the mederat-r whes prejaring ¢. 7

AveraFe Crres
Rections for its epithermal B, caleculetinn. On the

1
contrary, neaAr a resonance, the fuel ““ux 1s expected
to be depressad, putting the fuel at a relative "dis-
advantage” in compering for abmorptions. A correct

acceunting for this effect would require separats de-
talled ralenlarinae
rensicns, an? hLenre protlier-dependent litrarice,
ever, f~r manw:
slr; le diesd
len:ce thecry.

frr each differpn: ere £ -1 021
How-
purposes, it 1s possible te e lne a

AR

farti-r baswd on two-roeilon oq

v
LAV

Foliowing the nctation ef Pef. 9, the fluxes in

fuel ! and nrderater r are piven br
Vo e m (=T )V 4 b v
L ( l)ff e, and (1)
YU IR I S R 4 P CR LU
Ye'r'e ¢ 1 'm) AN o
vhere ¥ is volume, | is macrosereyi- cotal eross ses-

ti-rn Iv f1ux, and ¢ is mourre. The ercaje preta-
bilitles are ase:med te satisfy the recipreccisy rela-
tion Y L1 = vr:,rr. and the fucl escape rrebhatilier
is refrescrtec by the Wizner rational approximation

Pe2r—=T 3

vhare :e Assum

ing further that all fuel remonances are narrow with
Tespect to moderator scattering (S. - Zm/E) and usinfp

is an effective escape cross section.

the 1ntex1wd1a5:-resongnce approximation for fuel mecat-
terlny [S, = *« F*(l-‘)fvff], the fue! and mederater

[luxes bernme

T+ 7
P 2 1
'f - r-—‘T.,-L‘—r— F . and (‘)
e P a
4 woragy 1oges (s
m RS ' )
vhere ‘:p is an effective potential scattering and
v T
S
Foget (®
nm

» W 1. Comparissr. <. Iategral Parameters of
1- 721 for ENLF/E=TV and Standard lLitraries
Using Standard fndes

Intesral | Crand.re ENC : INIT oIt
aTaretler (g riu
F MDA 1,106 b Er30e PR
"
¥ roofig= o r gu'r r.9"": s gt
¢ °
. v am- " g - e -
“u ] L ELE .
L AT AT r onRL" f, Nae~ rreTL
: = r opmny r oemn, .
- T 7= . .-
- - - 1 . ~ . gl T
-".’ : =T b
“ea 2Lk R 2%.%C re, vl
a . ZF ;
* D le Totr therral cavture ratic.
i . 2a0 .
P Y Voenitthorral to thrmmal flesl-n ratls,
23 )
o, I8 J3F 95, ..
2o STt ‘U fissiarn ratin.
~ 238, 23I.
~ . and are U absorption and U fimsion

for the 0.625 eV to 5.53 keV group.

feoan helurcpenlot rarameser (F sl pives the rire.-
jacked Mrit where * = 4 as assuned In CELT | Wi il
o foplves an leclated rel wleR oo w1 2w 7 00T
1o, aryrorriate for otk =Ul=l el
deTin R T T L
rorecdons Yasged e Flow oar T
: g -
¢ T T T TS T e T . =)
{ S H - a
where 4 can b ocalled the Vi dvantaye ceefticfent
fd = 11,357 e for BADI-10,

' r]-é]Tr (%
(Vf+Vm) (ALP+Z.)

Equation (7) rlearlv leads to a reduction in fuel
crrose sections for an energy gproup contairing a larspc
abrorption rerorance. The mederator fartnr s giver %

Vf + Vr
v oa v 14 v *dTa
|_'F—_—r: - __\I:‘ .‘: . (G
Ha 'L T f ‘
Cndiny te imrlement thia ceorrection han been added te
EPRI-CFLL fur use with ENDF/h-IV and V libtraries. Ta=-

ble 11 shows a comparison of the modified (ELL with
MCNP. ONEDA, and EPPI-CP.! for a aimplified infinite
wodel of BAPL-U02-1 using ENDF/R-IV libraries, Ths
new methos topethier with connistent idlraric o« lear”
reduces the abuerption discrepain vy betwer: the ol
(note that this CPM Tibhrary has ket bec: anfivic :.

Since the MCNP calculation ir nearly a cerrect
sclution to this probler, the resclte in Tahle 1! ca=t
sesvere doubt on the validity of the original CELL and
CPM libraries. It if suaspected that the criginal NAl



Tatle II. Comparisor of EPFI-TLLL hit? DLisadvantagc

Factor Agalns: Several Other Loder fcr Infindte EAFL-17
Toingp KMDF/B-TV
- . 1 o . b i
Farumeter CELI cr ONELA MCN:
k 1.127% 1.224: 1,122 1.129F
r
. 1.2 .elt 1,843 1.42°
. LGEZE 0LNTYT GORIT 0.0E2¢
. .6 GUOCED G.0ERD TUNGEG
-ie- T.2ED 1.2eT 1,297 1,302
- I.thF 1.€70 1,672 1.6EF
oh.fa 2,32 25. %% 22.5F
L1 kTN 36€.F 5.4
23= . e o€
0,452 .43 f.4L5% 0-45‘,1
F r.25° 0,252 %.2587  0.2h€°
ZUDE 2. 0E3 2.075 2.0L5
1.9 1.795 1.7¢: 1,850
a
Infinite cylinder (zero buckling) with white
boundary conditions on ourer radiuc.
1
"ToefL0 27 fine mesh intervals, £ Ro-rrou;
efrugture,
Tolon =utiracted.
dﬂ unrees Yot welf-shieldine
re~rnarce cteerptden eRleldin, faziore were rroduced
in.errecs and oo net reflezt the ENIY T oevaluation
el et othet sime.””
et -
Part ¢f the reculning discrenan-+ in " rese-
. woade orptier borrtat Ty due to tho ratler coerse
Frous sirus « use " in CFM an? Twr cther dif-

forenmoes hotween TT¥ und CLLL are vei ¢ he expliuined

whe CPM T res-mance
TrAnFFIIL Ccress sectlan
valuc.

fiagicn is too lnw, and the 7IPM
is larger thar the ETRI-CELL

The first has little irpact except on {25, Jut
the second causes CPM tc predict low values of k.ff.

Resnnance (werlay and Scattering

Compar:snns hetwveen the fine-group cross sections
in the CELL and MCNP runf described above show
the¢ rescnance interference correction used in CELL

Arge rerresant 235' fiesirr well fthe results quoted

Yore id pot e this option).  Resrnance interference

should he:sme mere inpertant at hieh burnup, and merhods

tr cerrect {or it shruld be studied. Siziler compari-

sone show that it is imrcriant tc self-shield rescnarnce
2

recattering fror © r‘l'

[

ir the fue?! nin.” Since neith v

L'L' ner CTM alirws for this effect, the ENDF/L-IV (.ud
" litrariec wvere prejpared containing elastic scattering

ufct!
that

-re

ritrices ueing 57 barne o backgr-und cross section
for -:F U an:! ‘:'T? Wt infi{=1ite ¢ilurinn for all cother

mate~luis, Tis protler als. needs further study.

Therral Lattl-ec Using ENPF/B-V

As an exacple of the appiicatien of ENDF/B-V to
thermal reactor analvsis, results fer the intepral

parane*ers of several lattices are givern in Table

I1I, These numbers are generally 1leser tc experiment
thar the same number: abtaine? ueing EXNDF/E-IV. Eow-
ever, the nodels are fairly crude vhen -orra'ed te fuli-
core Monte Carle, and these results sheulsrn'
tevpreted as "berchzarke” of INDF'E-V, Thev dc s
that the cusalfsy ~f the reszl* rrediced b
and FPRI-CPM fe close 2 that required for encirec
studi.s ¢f reactcr fuel rveles. Ad2iticnal H
the aprrexirate rmetlzds Vv cemparisnen with M ornte farl:

t % in-

and, rerhaps, snre § ~rces~sestion acdiuetrenic,
qh.u.. rroduce ar aciurate too] fer many yrartical
rreblens.

Triy treivdy szl carilined with Ve 1oz r ole-
cusged at. e fi.¢, = c-date cvaluaticins, cpen a.o leas,
analveis of ad-ancel svsiems, vepulatlry a- (_1:a‘::f:.
prov.ie a stron, case for wverving towerd & vide avili-
cati:n of ENTT B=V dn the therral TOWCY Teact T
industry.
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