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EMDF/F.-13" AND V CROSS SECTION LIBRARIES FOR. THERMAL POWER REACTOR ANALYSIS

R. E. MacFarlane
irs Alamos Scientific Lahoratory, University cof Califcrria
Thecretical Division

Los Alamos, New Mexico

The NIV rrocessing sveten has heer used zo proeduce

iitrazies frer INLTR-TV apd
Cet®, for the cerniinunus-energs
ordirases trensycre codes.
rettnds fecuivelience thecry, B

1
Mcnse Carle resuats.

87545 LUSA

ther~al reacter cross-=ectier

“ evaiuazicns for the fuel cvc.e codes IPFI-CELL and EPRI-
Monte Carlc code MCENF, and feor the Los Alamos discrete-
This consister: da:za source La: allowel the appreximate

intezral transport, P

L—S“) te be compared with accurate

Sc far, this Las resulted ir improved methods frr space-and-enerpy

ge: f=ctlcidins in the rescrnante range fe.g., the WOV flux cal-ulater, eritherza. disad-
vantawe fact.rs for EPRI-CELL, shiclded elastic removal), it lLas showr whr the newest
ENCF-tasec 'itraries initially gave reaults worse thar the old litraries, and it hae

srinted vt

rurnen.,  Finellr

tretlens for future study suck as rescnance Interferencc effects ot high
, the resclts are compared tc various cricicalicy henchnarks ic evaluaze

tue performanie ¢f EXDF B-7 for thermal reacter analvsis and tc estaklish the hiases {ntroduced
te the appreoxizarc metheds used ir the fuel cycle codes.

fTherra! rcacter cross sections, LENDF/B-V)

Eveiuated Nyc.ear Data

The fifth veraion of the Evaluated Nuclear Data

Files (ENTT/E-") has recently beer released.l It shows
besl simpe and gualisy Zue to the iIn-

. - ¥ revw oyreriecriel data, te the evpanded use
$f e ieal rodels, and te the cedicated work cof the

cre rf tle 'rrse Seczior Tvaluatieorn Working CGroup

) anc the V. . atitnal YNeclear Dela Ceriers.
ranv tszited ceninluntions, ENDFUB-Y in-

14 Ik ¥ b
raterials (Lop., -°%, '3LPa, '5355), new

imrroverents In

I+ agdizion ottt

TlvEes nen

data rvier ‘c.p., Ear prefurtiern. isormer rroduction,
an? - --nte ¢f enerp- release in fissicn), icprovaed

[ (AR AKX 3¢ 't fisriorn spectra, Adler-
Adier - 1¢ represcrnzations), and ex-
rantel 2ats cevariance and photesn rroduotieon files.

ir. {ts eariv veare, the develorment of
Leen rorl resronsive ti the needs ¢f {ts ma-
€, Fast Fea::or Pregras.. The ip-
. therma power reactor de-
heer, rinirul; varicus proprie-

2 crosr o ii-n litrarie:r have dominnted
the field. 7This gituatict. has begun to change wvith the
advent of the Flectric Power Reaearch Iratitute (EPRI).
The existing setr are not always adesuate for analyzing

the new idear aucl as 233r-!ue1ed reactors, thermal

breederr, and advanced ccnverters that are me active
these days. Even more important ia the problem of rep-
ulatery accountoat:ility. It is hecoming increasingly
desirable for evervone--venders, utilitiaes, fuel man-
agemert companies, and regulatory agencies—-tc be able
to trace their calculations back to a aingle reference
dats: Lave witliout the pratlene of proprietary righte.
Marnr pec; .t In the power reactor industry think thot
EIDF b= could beceme this standard.

Pxie;t
FRIY Y Lo

Neytron Crosec-Section Procgesing

For these reasnns and othera, EPR]1 has sponecred
the development of the Advan-ed Recyle Methodology Pro-

gras (AR hose main cross-section-producing conpon-
ents are the reactor cell rodes EPRI-CELL and EPRI-CPM.
CELL wae developed by Nuclear Aasociates, International
(NAI) and use= th'ic H1
L
transpert nethed of THERMOS to produce cosree-group
cell-averaged cross sections. Its library is an ad-
justed sct hased or. ENDI/E-1 and 11. CPM waa devel-
oped by AB Atomenergi, Studsvik, Sweden, and usea col-

method of GAH3 and the integral

ligion prebatility czthods sizilar to WI&SE with o
1ibrary adjuated from ENDF/B-Iil to give agreement
betveen CPFM and CELL.

Witk the hope that ulticatels nc adlustmente wil:
be recuirec, EFF! has sponscred zhe deve.rpment -7 new

1ikrariee for CELL and £P¥ taged on RITFR-I0 and °

and using the NJOV nuclear data precessing sys:e:.‘
This ccde svesen cperatec firectiy from the YUTF !
It €irst reccrnstructs resonance shapes and linearize:
all croes serticons, ther Deppier trcadens ther tc ail
desired te~peratures, and then adds unresnlved self-
shielded craas seciions where -equirei. Next therral
scattering date is added. Inelastic cross sections
and energy-tc-erergv-ty-angle scattering matrices curn
bc prcduced fror FXDF/E scattering functions 8¢ %)
(e.g.. K in B, D in Ii 0, and graphite) or the fre-

fa-
Y SL

gas medel, Flariie roherent or incoherent cress scc-
tions b enerc: and angle car be 7reduced for hexarrand
crvstals (C.Rer’ as well as for nolvethyline and zir-
corniut hvdride. The result ie n pointwige-FiDF 7FTXTT
file that carn »e saveZ as the star:int noint for Sev-
eral subaeguent procedures. For multigreur codes, the
GROUTR medule of NJOY is uased to average the FEXDF

croas aec*ione. The reaults cen then de reformatted
using the POWR module into the proper forms for the

CELL and CP¥ 1ib ary maintenance programs, or tae MATXSR
module can be used to produce a file called MATXS appro-
priate for later coupling tc diacrete-ordinates tranm-

pert codes much aa ONITRAN7 and its diffusion-acceler-
ated successor ONEDA. Alternately, the PENDF file can
be processed with the ACER module inte a forw accept-
able to the ios Alamoa continuoua-energy Mor.e Carle

[
neutron and photon code MCAT.

The mu!tigroup codes account for reacnance =clf-

shiclding using the backgrcund cross-secticr method.n
For an accurste representaticn of the “read an2 inter-
mediate rescnances important for reacnance abscrptic..
in thermal reactcrs, GROI'PR umen a detailed rcintwise
calculation of the flux in an homepenecus riirturc =of
zaar) with a light moderater.
The moderator can be real, (i.2., ]H. 160), the ideal
moderator that pives a 1/F source, or a combinaticr ef
the twe. Equivalence relations based on an infinite
two-region model can then be uasec te ohtair shielded

Q
croas seciions’ for CELL, CPM, or ONIDA.

the heavy abscrber (e.g.,



This library generation ircce:. has Yme. carrics
out using ENDF/B-IV and V for the ' :ur rode:, EP/:-
CELL, EPRI-CP¥, ONEDA, and MCNT.

Ipiti~; ENDI/® Litrar: Tensing
iikraries were

the ENTT ‘h-3%
used ic aralvze the CTIWL benihmare
UG2-1. This 1= a siz;ln Mghe-water 2rin
with 2 pltzh ef 1.55F .z fueld Yo alqyrinu
richez uranius ;ine .15 rz it diameter. The
integra. paraceters are cocparesd wit! ses
ueing the standarcd LAT and Stude: tYrarier 1
I. The lack cf agrecrent i werv !lnaicinting.

As a [irst test,

assent e BAP! -

ity ehigin.g

Tokle

The largest d:fference are is :leari.

diztiown af 235, . atgesodnn e dny the
based CZI2 . and ‘1_;.

. Drdtherras Misadvantage Facenr

A study of the Cril rode Yac shear 2t 40 {me 4
citly assures that the flux irn the fucl {s =gual tr tle
flux in the oederat r when prepating (. 00

averaFe r'ssy
Sections for its epitherrnal B, calculezinn. On the

1
contrary, near a reaonance, the fuel "“ux is expected
to be depreasad, putting the fuel at a relative "dia-
advantage’” in competing for abaorptions. A correct

ac:cunting for this effect would require separats de-
talled ralenlusione
rensicns, an? Lente preties-dependent Citravice.
ever, f~r manw
Sir;le 2iend
len:e thecory.

frr eas). differmn: ret £ oo 1 0.
How-
purposes, it is possible tc Lefine a

miake faitor based on two-peiion eqniva-

Fol.owinp the nctatior cf Pef. 9, the fluxes in
fuel ! and mrderatrr ¢ oare plven kv

s Tl = L2 2D SRR I SHLAN
Vees a l) £ rrs ., and (1,

I S

-1 )0 . ..
rr'e f +n !m) A - ' €

f

where V

rotal rrose sec-
The escaje preta-

reciprciiss relta-
- = vf:frf' and the fuel cscape prrekhabilies

is velume, © is macrosreyi-
v €1y, and ¢ in seurec.

bilitles are ase :med to satis?s the
tion V" 21

is represcrted b the Wizner rationa: approximation

Pemr—2T €)]

vhere Ie Asaum-

ing further that all fuel remonances are narr-w witkh
respect to moderator scattering (S. - Zmlﬁ) and usinf

is an effective egcape croas aection.

the 1ntex1wd1n§l-resongnce spproximation for fuel mcat-
terln; [f, = - F*(]—'):pif]. the fue! an? mederater

[luves bernme

T +)7

- o 1

.f - TI_‘T.,-L#_T F R and (L)
e T a

A » (]_G) l + K

“m - E Yeog . (5)

vhere ‘Zp ia an effective potential scattering and
v.r
R
Fryr ®
& m

ar Zatzice

a W 1, Comparissr. = Integral Paraceters of
L. 021 for ENLF/E-TV and Ccandard lihraries
Usirg Standaréd fndes

Intesral Coand,re E: LY -
Pararesee e rie
. Ty MR G -
Ly LR rLbyt (.97 )
R MRS TLELY iy
'
.
. LY ronsLr [T TRt
= r=s Y ’
o AT . V-
I ' ) P
’..".’ ) T *
"o Pk A 25RO Pl
a . i3F .
D tE erftherr e M F TSR T PANN
i 5 257, : . 1 - r ]
25 is cnithaormi, to themmal flesien ratle .
1., i SaF S L
2% *Toee *U'U fissiorn ratie.

~ . and T,.. are :3at abaorption and '3;r fiasion

for the 0.625 eV to 5.53 keV group.

[y

4 -
af

LRIl rarancier (F al

giver the :,re.-

vacke! Mrit where - = 2 as assemed fn CELI | W 1l
L = " -
r . - [
a W .
I ot 5 .
P e i aren e . "y
{ ror H r a
whore 2 can b i dvantagee e flie [t
fd = 1,357 ca fry
(5,

Equation (7) rlearlv leads to a reduction in fuel
rroas sections for an energy group contairing a larspc
abrorpticon rerorancc. The mederator fartor {x ploe: e

Vf + \:
voa v 1+ v > drn
N (TTF : — - n‘ " — :_ . (G,
Ha - T f

Cndiny t imrement thia ceorrectiorn han bheen added te
EPRI-CFLL fu.r use with FENT'F/p-IV and V libraries. Ta-
ble 11 ahowr a comparison of the modified C(ELL with
MCNP. ONEDA, and EPP1-CP.4 for a aimplified Infintte
wodel of BAPL-U02-t using ENDF’R-TV libraries, The
bew methee: topcthier with connlstent (ilraris o« lear’
reduces the abserption disirepain v betwis ;
(nots that this CPM Hbhpare has 1ot

the vomie -
bee:, aniavi i,

Since the MCNP calculatien ir nearly a correct
pclution te this probler, the resclts in Table 10 cast
semvere doubt on the validitv cof the original CELL and
CPM libraries. It is suapected that the criginal MAl



Tatle 11, Comparisor of EPF.-CLLYL h:itt FElisadvantage

Facter Agalnst Severa. Othe: Luder fer Infin{ite EAFL-17
vuing TYDF/B-TV
- 1 e vrps b .
Furuneler CILL cr (O -} MCN,
k., 1.357% 0 1.10a% 01,3283 1,129k
.. TN e 1,221 1.e2
L LLEZE £,ATYT  LORNT 0,082f
. G.OESY G.OCEL 606D 706G
-4 14T raeT a0
1.670 167 1,685
.52 25. %% 2..5¢F
%I.G €. B 9.4
a3k G.20%  G.63C  6.u5¢ G456,
* rase f:.25: 5,257 0.26¢°
LLOR: 1063 2.075  2.04%
1790 1.795 1.76; 1.890

®Infinite cylinder (zero buckling) with wvhire

boundary conditions on ourer radiuc.

[}

TP f,. 27 fipe mes) intervals, 7Y RG-rrou;
struLiure,

Trl 0 wubrrnetel.

gnrees T oed

rridute”
evaLuation

faztrrs werc

the TITY T

Nt
o 3 d v resoe-
Lo ratler crers.
Twi rther dif-
¢ be exbhiulneld

Pare of the ree
[N --.v LYt
! relal
ir. TP

s CTLL

alning discregar

2uc te
anl MNE]
are vet

AR I

LT uSc
fopente hetween °FN

the OF% °7 U recrnance fissicrn is toe liw, and ithe OPM
transysrl crest suecilon s larger thar the ETRT-CELL
valuc. The first has little impac* except on {25, Jut
the second cauvae: CPM te predict low values of k.ff.
Resnnance (ner.ap and Sgatt

Compar:snns hetweern the fine-group cross aections
in the CELlL and MCNP runr described asbove show

the¢ rescrance interfercnce correction usecd in CELL

resresent 235! fiecirr wel: fthe results quoted
ters U2 n ! ree this cptinn).  Resrnance interference
shonid he:sme mere inpertant at hieh burnup, and methods
tr cerrect forp 1t shreld be studied. Siziler compari-
scne show that it is imrcrtant tco self-shkield reacnance

-
frar "7 1 Ar the fuc? nln.g Sinre neith v
ner T alisws fer this effect, the ENOF/L-IV c.d
Y litrarice wvere Hrl,ared centairning elasti. scattering
s r. e~ '11: S tarns f bhackgreund cross section

L an? "'T? Wt infinite dilurinn for all cother
Tis jrotler la. neecds further study.

HPE i

ufct!
that

Prpe mre

scatssring
(A

for
Tole”

Therra. fatti-ec U'sing ENPF/B-V

As an example of the appiication of ENDF/B-V to
therma. reactnr analvsis, results fer the integral

parane’ ers of several lattices are given in Table

I1I. These numbers are generally lcser tc experiment
thar. the same number: ottained using EMDF/E-IV. Kow-
ever, the neodels are fairly :rude vher -o-nared te fuli-
core Monie Carle, and these results ﬂhru“' | A
terpreteé as "berchzarks” of TIDFE-V. They de sh
that the cualizyv ~f the resc!* :reduted ‘ - EPEI-TY
ard FPRI-CPM 1s clrge Tr that required 'c' cr. r"et
studi.s ¢ f reacscr fue: rveles. AdZ2lsicral

the aprrexirale metlods Yo ceaparisnon with H :
and, nertaps, Snre 8 “rees-settion adfustirentc,

shrild predusc Ar dciuTalc
probierns.

tool for rarnv pra:stita’

Tiy sreicdvg temeclt cnrilines with e reie = Tle-
cuered at.ve fil.¢, © =-date cva-uaticnr, :;e: FREILY 3
analvels of adr-anzed zvsiens, TerLlalry as:cuntatillew
pProv.ic a siriny 7are for workingy towerd a2 wvide aTiti-
cati:z »f ENIT E-V dn the therral 70ver reari- v

industre.
Acka-w.ed nte

Thanks are rcrasefilly extendel 2r (nell!l
M. Becrer (FFTY. and E. Henrvser, Jr. (ATL. for :
helpful conversatiors; tc k. 0. Wright, V. harer, anl
M. Williams at ORNL for tneir interaction on FPRI-CELL:
to R. Prael (LASL) for his help with Monte Carlc pro-
cessing theorv and for the MCNP reaulte rencrted here;
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