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Several latoratories ha.e independently developed computer codes which use evaluated data
fror the ENDF/B file to produce group-averaged cross sections and transfer matrices for ne ‘tron-
induced photor productior. There have been several instances in which these codes have produce:
ciscrepart data sets, therety casting doubt on the validity of all the codes. Ffor a series of
specified test cases, the results from three of these codes (hJCY. LAPHNGAS, and MACr-1V) were
sssteratizally comparec with eccr other and with hanc calculations. Several sroricomings ir tre
codes have been discovered and repaired. One major difference cf pnilosophy hat deer resclves.
Corteguertly, the codec have arrivec a? substantial agreemert or a'l of t*e near!, 1IIC ncnzer:
grour corctarty caliyiates ir tre stud,.

(Prctor-production, multigroup, code comparison, ENDF/B-1V;
Introduction dis~ussions, it is assumed tha the reader is fa-i'iar

with the ENOF ter-inclogy Jdescrides ir Ref. [.
For severa’ yearc, the LEP= ceries of codes were

THE TILY WiITY, WIES pritsreproiu.iticn proctessors of Meshodllog,
‘'t 2ate. Versyzeo of LAF- are irn ute at the .os

Rlamz Scaertrfip Latarator, CUASL: TLAFH, LAP=ANDT ars The scope Of the Study. sumrarized ir “atle I,

Gerera’ Atc-fc 3k (KF-AWT . Discrepancies in tne wae similar to the work Of Seamcn, exces: for jre -ace
LEIL version of LAPRAND were reporied L. Searcr at the {hat kigher order malrices were calculates for -2, =%,
Septe~rer 1470 reetiny o€ tne Srielding Sublom-ittee ar< 1677 lsctopes and reactiort were ChOSEr 2 rerre-
T552 of tre Trotc Sectics Evaluation Horeing Srous sent a variet, of {"JF irterpplatior schemec. dmciir-
"ClE.. . Seat rUs reptrt iriluce? satile data fro- praducticr cata for DOtr liscrete and CCTlirL.T DrItICH
LAPwR%NT ar2 comrarisors witn hand calculatione.  Sever- were calc.lated ysinz botr ruitigiacities "MFID ar:
% reliANC ocrIi rxdailaticnr were 300 Sujgeltel o Erotor-Brsdustion orpys sestigrs TMFTIT . I anzeer
rectif; tre ciscrecancies. a reascrat’, covrlex cascade cf trarsition preoterit-t.

arra.s was processed for €3% . ‘To 1llugstrate tre .-

Erveriive moZi€ication: we e mazZe tc the LAF-'AD plerit, of tee TN transition probariiii, Zate, e

cose at tre jas o nationa: Latorattir. (07w, o 1T€D cascade is depicted i Fig. 1. The (25, Il-re.-
217e tne LAPNGLS code. (APSNGAD san incerporates ir- tror ant 12-photor energ. GrCUr STrulture: mere ¢l r
TLotme AMEL gyrlem-ea mizllar sytten for produting oo tric §244.. AT catiuTatior: were reseates it LIt oa
ried -ulitigreLr restrer-jatTa (rott sectior sets fro- corstant ant a 10 ne,teor 11 mergntang fov 2ty
EY2F/L Zata.* Legendre orders. Tnese sirrle weizht funiticts meére

cncser o facilitate mard caliulations. &~ tcile” of

P

In recert years, a numper of other codes (N.0Y,”*** 1167 nonzero matrix elererts were cOrpare
MRCE-1V' ; have gained the capability of processing
photor-productior data irtc trarsfer matrices ir seser- E* 4770 Mav
al Lejerdre orZer:. Becauce these (pdes were not re-
lates tc LAF=, the 0uportunitly wa: now avaiiacle for
intercompariscr ¢f irdependert code: anc methods, as
weil a5 comparisor of eact code witr selected he-¢ ca’-

. .
culatigns,

E14
F,va38

Under the auspices of the Shieiding Subcomrittee, - -
tre auihors have corpared calculated photon-productior
data from NoCv, MAD»-QV, tne LASL versior of LAP=NT, Y
the GAti LEPHNGZS. and & late 1377 version of LAF-\GAS — Ol €* 2705 we
from the EGLG-ldahc version of the AMFr syste~. For v .
the purpese cf this paper, only KJOY, MACK-1V, and the
OEthLﬁgnHJA: wiil bz giSCuSseé. The corrections made “ 1 —— E: 2078 Mev
to LAP= GAS as a resu’t of thnis study are applicable r
genera! tc a'' (AF--series codes. In the followirg

€, +2692

*The A1 svste~ 15 distributed by tne Radiation w
Skiglding jrformatior (enter (RSII' in the pachage Y
idertifiel as PSF-£3/AMPa.]]. y q.:—t- 0 439 Me,

94
]
0s
T, 2070

» 439

*eN v iy @ co~prenencive corputer ode package for €0
producing pointwise anc multigrou| neu®ror anc photon Fiz. i. Photen tramciticr protatitfties for =%,
cross sections from ENDF/B evaluated nuclear data. 7 R



TABLE I
ISOTGPES A%C REACTIONS CONSIDERET IN THIS STUOY

Phptor Productior Data MF = 1%
ENDF/B-I¥ LI b £ t Legenire

1sot.pe MAT AT MF=12/13 P~ CINT INT Y LY Crder
c-12 1274 £, 13 DisSC 2 - - P4
h-14 1275 102 12 DISC 2 - - P2
0-16 1276 4 13 DISC 2 - - Pt
&2 13 DIsC 2 . - PG
r 1277 k) 13 conT 1 2.4 1 PO
4 13 DIsC 2,4 - - PC
102 13 conT ] 1 1,2 PO
107 13 1} £14 2.4 - - PO
NA-23 1156 55 12 TPA - - - PC
62 12 TPA - - - PO

Sphotor gistributions are discrete [DISC) or continuous (CO%T) or the neutron
energ,; dependence is representec by means of transition probability arrays [TPA .

blnterpoln:ior scheme uced in the evaluated data; trat is, %7 = 1,2, 4, and &
specifies canstant, linear-linear, log-linear, anc 1ag-log interpolation scheres,

respectively,

The calculations were performec on ENDF/B-1V intermediate neutron energy Eq, the NJOY and LAPANGED
evaluated data, whizh had beer linearized, resonance- codes interpolate in such & way [Fig. Z{a. ] as tc give
recnnctrycted and Duenler.hrnadenes to 325 K using the phetcr yields {eashec Yine; for photor energies wp o
NI code at LASL. The purpose of this preprocessing Ei*1, whereas the interoolatior method used &, MAlr-l%
was to Fini~12r the pocsitility of discrerancies arising [Fig. 2(b)] gives photon ,ielcs only up to ar enerj, of
fro- code dif‘erences not directly relates to phaton- E'. Becayse the resulting intermediate distrituticr:

production p"OC!SSiﬂg. Calculated matrices fro~ all the are normalized, the MWJSY/LAPHNGAS method gives Fore
laboratories were autcraticslly sortez anc compared at

LASL. Side~tv-side 1istinge of a1l tne calculate? data

were Dro.13es 20 all participants. In adz2ition, the QlE_=—E,)

percertage aifference b, whizh eack code deviates fro- y
1ne N0 resuyl?t was calculated and displayed. Discrep-
ancies of less than .1 were set equal to zero. C(Cares
ir abiLr the magrituce of the difference belweer two
calcuiates cross sections was less than 1.0 x 10-6p
were siriiarly dicregardea. Tne choice of N2TY as the
stardar: of corparisor wat corplete’, artitrary.

Conclusions

The first rounz of comparisons showez agrenment
(to within 1 ) among the threc codes for only 77 of
the 1168 nymbers calculated, & fact which reinforced
our motivatior for doirg the studv. Hand calculations
performeZ or & representative sample of discrepant ma-

n ral impr nts. and pro-

;:::s.::n:h:sf::gg::t::d:e;:d:fica:1:::m21;: qzigk?y? Fig. 2{a}. NJOVI&APH%GAS approach for 1n:er?o1atian uf
The remaining discrepancies (inrvelving 4 of the calcu- normalized probability distribution:.
tated numberc) are due in part to differences in intor-
pretatiors of the ENDF/B-1v forma' or to minor differ-
ences ir the calculational technigues used by the
codes.® Three of these differences bear mertioning.

.'t'.- [ 3]

The most serious ambiguity exists in the proces-
sing of continuous energy spectra which are expressed
in ENDF/B as normalized srobability distributions
g(E ~[y) at selezted neutron energles Ey. The codes w
under study employ different methods for interpolating
to determine the photon Spectra at intermediate neutron
energies. The protler is 11lustrated in Figs. Z(a) and

t;. A< the lower neutron energy Ei, the photon end- Eio
pcint energ, 1s EV; at the higrer neutron energy
i ¢ 1, the photon endpoint energy 15 E1*1. At the

'(t'.— t..ﬂ

qemme energy E, ty

*in gddition, there are differences due to evaluati-n

L - f -
errors. Fig. 2(b). MACK-IV approach for interpolation of nor

malized probability dist. b tions.
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Fig. 3. Illustration of the proposed approach to in-
terpolation of normalized probability distri.
butions wnere £ is defined from given TAB!

data.

photens in higher energy qroups and the MAL¥-1v method
giver fewer photons ir the same energy groups.

Neither the KJCY/LAPHNGAS nor the MACk-]V method
gives a physically correct result. The endpoint energy
for the intermediate pho?on spectrum should be sume-
where between E1 and E1*!. Mowever, the current format:
an? procedures for ENDF/B-IV do not allow for an inter-
rotatior scheme that would produc: the physically rea-
conatle resylt,

R quick remedy for this anbiguity it to introduce
a TRE! record that gives the plioton encpoint energy as
a function of neutron energy. As shown ir. Fig. 3, the
rea data, whiZr are compatitie with currer: ENDF formats
ar2 whick erploy standard ENDF interpolation schemes,
w22 allon 2 rore reatonable method of interpoiatior.

F furtner source of difficulty with the normal-
ized probadilit, distributions 1s the use of this for-
mat to represer?! discrete photons., Figure 4 depicts
the spectrur for M7 = 102 in flyorine. Differerces in
the approa.h (n interpolation, described above, led to
a discrepancy (MACh-IV results versus NJOY/LAPHNGAS re-
sultz, of 13 irn photon productior from rcutron group 9
to photon group 2 and 10C  from neutron group 9 to pho-
ton group 1. Sirmilar difficulties were encountered in
several neutron groups for this reaction. The effects
of these discrepancies on the photon energy per neutron
group were caluclated at ANL and found to be ac high as
15 . These discrepancies. whiun can be significant for
many applications, demonstrate the difficulties that
can result from the use of file 15 to represent dis-
crete photons.

A second difference involves the way 1n which the
energies of certain discrete photons are calculated.
The ENDF/B format calls for the photon energy E, to be
calculated fror the target atomic mass ratfo AWR and the
neutron energy Eq according to the formula

) A”Dl
NN DR

where E! {s the discrete photon energy . .ted in the
ENOF fife. The MACh-Iv ard NJOY codes calculate E, at
each neutron energy within a group, whereas LAPHNGAS
calculates one value of E, using the group-average neu-
tron energy £n. The latter procedure can distort the
~verage photon secondary eneryy by placing uiscrete
photons in tne wrong energy group. This difference is
known to have caused 3 discrepancy in two of the 1168
nonzero group constants produced in this study--photon
production from neutron group 5 to photon group 1 for

ole, ¢}

£

Fig. 4.

Representative normalized probability distri-
bution functions gic,-Ei) for fluorine
(MATI277, MTIG2).

radiative capture (MT = 102} in nitrogen for bo:*r con-
stant and 1/[ weighting.

Finally, there 1s a difference in the methoc of
interpolating a function that is a product of twd or
more variables for which interpolation schemes are spe-
cified in ENDF. The MACK-1V -2de uses the highest in.
terpolation scheme, while KJOY and LAPHAGAS use linear
interpolation and disregard the interpolation sche-es
associated with the components of the product. When
1/€ weighting is used, this difference in algorith-
causes & maximur discrepancy of 0.5° fur photon produc-
tion from radiative capture (MT = 102) in nitrogen.

With the exceptions noted above, the three codes
compared in this study are now in substantial agreement
on the processing of ENDF/B-IV evaluated photor produc-
tion data. Because no format changes in this area are
contemplated for ENDF/B-V, the same statemert sreould
be true for that data file.
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