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Abstract: The magnetic tape SPOTS4 contains in file 1 a data library

to be used as input to the SPOTS4 program which is contained in file

2. The data library is based on ENDF/B-4 and consists of two parts

in TEMPEST format (246 groups) and MUFT format (54 groups)

respectively. From this library the SPOTS4 program produces a 172 + ]
54 group library for LEOPARD input. A copy of the magnetic tape is

available from the IAEA Nuclear Data Section.
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SPOiS4

Tape received at NDS August 1981 from Jung=-Do Kim, Korea
Advanced Energy Research Institute, P.0. Box 7, Cheong Ryang, Seoul,
Korea.

Content of tape

File 1: SPOTS4 input:

TEMPEST (246 group) data 1 |
MUFT (54 group) format library :

e

File 2: SPOTS4 program:

SPOTS4 output (TAPE 1)
is 172 + 54 group library for LEOPARD

The following pages of this document contain two papers:

= Description of SPOTS4 input data (TEMPEST 246 + MUFT 54 Group
Data

- ;Tung-Do Kim and Jong Tai Lee: Benchmark Test and Adjustment of
an Updated Library from ENDF/B-4. (Note: This paper is a draft
not to be quoted without consultation of the author. It was

submitted for publication in the Journal of Korean Nuclear !
Society.)




- DESCRIFTTON OF SPOTS4 TPUT DATA
' (?=oor 246 + MUFT 54 Group Deta)

) 1.0 ng_lere.l

The input data to the SPNTS4 code which generates the library
data tape (TAPE 1) for the LEOPARD code are in two sroups: one
for the thermal neutron group the other for the fast group.

The description of SPOTS4 input data including the card data
formats follows.

2,0 Thermal Groﬁp Data

2.1 Invut Data Format

1! ‘ The thermal group input datas follow a'THERNAL LIBRARY #CR

' ‘ LEOPARD' card on which the word THERMAL is punched in columns 3
through 9. This card is only for identifying the SPOTS4 input
data deck, The last card of the thermal group input data must
contain the word X-IAST punched in columns 1 through 6. This
card signals the end of the thermal group data, For each element,
the following input data and formats are Tequired:

t. First Card Format{&a10)

Descyription Card
{ . = THERMAL LIBRARY FOR LEOPARD

; , o © - 1 2. Second Card Format(46, 3X, i3, 57X, i3)
' 2, Coluzns 2 through 6 contain the element name.
b, Colurns 10, 11, and 12 coptain the element identi-
fication number (hundreds, tens, and units in
¢olurns 10, 11, and 12, rTespectively).
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¢. Columns 7C, 71, and 72 eontain the nunber of
tabulated entries in the library (hundreds, tens
and units in columns 70, 71, and 72,respectively),

Third Card Format

Rio » Rjt » Raa » Ria 4 224 are the terns for the
pover series which is used to compute cross-sections
froa 0(0.0001) 0,0009 ev, when the cross-sections are
tabulated (see 5 below). For example:

A .
Je ge=3 R ,E
J=o

where 6:.'(3) = nicrosccpic eress section (absorption,
fission, or transport} for element i for
neutron energy £ ev, barrs. It is set
to zero in the code when 2 = 0,

Tourth Card Tormat (5210)

N Tr Kuo E;y and J; are the terms for the Breit-
Wigner resonance formula and a spare variable., For
exanple, .

K: ¥

,— (&) = .
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Fifth_apd Subsequent Card Format (7E10)

If it is necessary %o tebulste cross-soctions 23 a
funetion of energy (e. ¢. non~i/v or non-constant
cross-sections), it is done heye. The cross-gections

are tabulated at 246 energy points (Egae= 2.0 ev).




2,2 Type of Thermal Group Cross Sections

There are three sets of cross-scction daia which are necessary
for each element, these are denoted by Set I, I, III. Although

Set IV is provided in the current SFCTS4 input, it i3 not required,
.and hence it can be elininated.

Set I contains the tables or sssociated power series for J§ &(3).
In this set the element identification nuzhers nust be betwean O
and 99. If 9 is a 1/v abscrber, iten [T S,(E) is a ernsiant and
is entered as Rjp (see 3rd card format); otherwise JE GQ(E) must

be tabulated, If resonance parameters are entered, then any
tabulated values will be added to the resonances contribuiirns,
Likewise, a2 1/v abgorber witn a resonance must have Rig and the
resonexnce parazeters snecilied, 4y is wob used,

Set II contains the tables or associated nower series for J'EG;(E).
In this set the element identif‘cation numbers rmist be betwesn 100
and 199, Renarks concerning resonance perameters, 1/v absorbers,
and tabulated cross sectioms are analogous to those given for Set
I, y: cust be set eaual to the number of neutrons per f:ssion.

Set III contains the tables or associated power series for 1-u)6s.

In this set the element identification nu-bers rust be
between 200 and 299,

For eleaents with constant 63 and constant
(1 -u), 035 nust be cntered as Rijp and (1 -pu) cust be entered as v,
‘If ({ =-4) Oyis not constant, then this queniity must be tabulated

and the power series entered. Also, ¥4 must be set equal to 1, O,

The element identification numbers allowed in the SPOTS4 input data

are preset as shown in Table 1, and these must not be changed when




the cross sections are modified, Hote that these are for the thermal
group only.




TABLE 1
ELZIELT IDZTIFICATION 77 3335 ALLCYWED
IN THZ SPCTS4 THIRU L GRCUP INTUT DATA

Elenent Tdentification Number

llaze Set I Set 1II

o1
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3. 0 Fast Group Data

3. 1 Input Deta Pormat

. All the flcating point numbers (numbers with a decima! point) for
the SPOTS4 fast group input data must be given in 4he so~called
floating decimal form. To transcribe an ordinaly deeizal number
to this from, write it in scientific notation as a decimal fraction
o.4=f<¢l mltiplied by the proper pover of ten. This power of
ten increased by 50 is written as a two~digit nunmber to the left
of at most five digits of the fraction to form the floeting point

representation., The sign of the floating point nuzber is the sizn
of the decimal converted. For example,

1/3 = 45033333
30 = +52% = +5230000
= 0.0055= «4855= 4855000
o= +000 = +0000000

It should be noted that every floating point number including zero
is composed of at least two decital digiis for the exponent 2nd at
least cne but hot nére than five decimal digits for the fraction.
Hence every floating point number is composed of at least three
and at most seven decimnl digits,

- o —

1. First Card Format (8110)

Description Card
= PAST LIBRARY FOR LEOPARD

2. Second Card Format. (6X, i2)

NI is the total number of elements in the fast
group, Other data in the card are irrelevant,




3, " Third Card Formt (8X, 1614)

(NRAW(I), T = 1, NT), Eleent identificatiom
' numbers for the fast group data, Since NI is 25
« ' (dumyy P.P, data inecluded) for SPOTS4, there must
~ bve two cards of this type. See Table 2 for ths
: ’ description of the element identific identificatiom
nunbers,

4, Fourth Card Foraat (8%, 878.5)

(DELTA(1), I = 1,54), Letharzy width for esch of the
54 fine fast groups., See Table 3 for the enerzy break-
down of the fast group, whish is expected by the SPOTSS
code. Seven cards of this type are required.

‘ Se , Eifth Card Format (8X, 8FS,5) ("+3" iype cards)"

(ssc(s,1), swecar (7, 1), szex (3, 1), s16x(J, u),

AN(T,8), SI{F,4), GU(T,%),SD(T,%), X = 1,54) where

J is the element index, M the grozp index, There

are exactly 54 cards for each element, and the data

Tust be given for each element in the order a3 shown ’

on the third cards or in Table 2. The numbers in

colurns 1 through 8 of each card indicate card type,

element identification, and fine gresp index, and

i B _ are derely for the input da*a card identification,

- The SPOTS4 code does not require these nunber; hence,

columns 1 through 8 can be left blank, if the cards
are ordered correctly,

——— o m——

The "+3" typa input data are defined below,

SSC = symmetric scaitering cross section (63)




TABLE 2

DESCRIPTION OF THE ELZENT IDENTIFICATION ITUMBER

FOR THE SPO?S4 FAST GROUP INPUP DATA

 Element ID Number Blement ID Numbér
B + 001 U -238 - 120
0 - 002 Pu - 239 - 221
Zr - 2 - 103 Pu - 240 - 222
¢ - 004 Pu - 241 - 223
Fe - 106 Pu - 242 - 124
ni - 107 Th — 232 - 162
A - 009 Pa - 233 - 165
Cr - 111 Xe - 135 - 027
¥ - 115 ‘Sm - 149 - 126
U - 233 - 250 B =10 - 029
U - 234 - 151 ) + 038
U - 235 - 218 PR + 28
U - 236 - 119

a, If 0< |ID| £ 100, no resonance data input("+3"type cards
only = 54 cards)
b. If 100<D| = 200, resonance absorption paraneters input
("+3" type caris - 54 cards, "+4" type cards - 60 cards)
¢. If 200<|1Di, fission-to-sbsorption ratio in resonance data
("+3" type cards - 54 cards, "+4" type cards - 90 cards)

d. If ID pegative, inelastic scattering matrix input also ("4+5"

type cards, in addition -to above)

e, Fission product cross sections are dummy,




TABLE 3

Group Enevygy
! Funber Sev)
"o 10x16°
1 7.79
2 6.07
3 4,72
4 3.68
5 2,86
6 2.23
7 1.74
8 1.35
‘ 9 1.05
2 10 e21x1¢
| 11 639
12 498
13 387
14 302
15 235
. ’ 16 - 183
17+ 143
i8 111
| T 65
20  67.4
21 40,9
22 24.8
23 15,0
24 2.12
25 5.53
26 3.35
27 2.03

Lettargy

0

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25

2,50
2.75
3,00
3.25
3.50
3.75
4.00
4.25
4.50

4.75
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8,50

(Continued)

FAST ENERGY GROUP STRUCTURE USED IN THE SPOTS4 CODE

Lethargy
#idth

0.25

0¥25
0.50




TABIE 3 (continued)

Energy
(ev)
1.23

7502107

454

275

167

130

101
78.7 . |
61,3 {

47.8
37.2
29,0
2.6 . ,
17.6
13.7
10.7
8.32
6.50

. 5410
|97
3.06
2.38
1.855
1.440
1.125
0.835
0.625




SIGCAP
SIGI
SIGX

AN

Sk
GNU
SD

smooth capture cross section / 7%0)
total inelastic scattering cross section ( Si-)
fission cross section (Of)

age nuber ( T, ; Or, in Equation (9) of
the HMUFT-4 Manual (WAPD-TM-T72)

= 4,05

mumber of neutrons per fiszion (7))
mieroscopic slowing down power (€&°)

6.  Sixth Card Format(6X, 12, 8F8.5)("+4" type cards)

b,

C.

Cards of this type are not required for an element
whose  absoliie value of the identification nunber,
I1ID]} 4 is less than or eaual to 100,

Sixty dummy or blank cards are required by an element
when 100< |ID) £ 200 and no resonance data are
available (NR = O)

Ninety dunmy or blank cards are required by an
element when 200<1ID1 and no resonance data are
available (NR = 0) )

Por elements when 100< IIDIS 200 and resonance

data are available, 30 pairs of the following cards
(total of 60 cards) are required: N, (A(H), = 1, 8)/
N, (B(#), ¥ = 1, 8), where ¥ = number of parazmetera
on the card,

A() = *n =% Tan/ My

B¥) = my =gz Fan/ Eon.

Oon = total cross section at the peax{occurring
at energy E_) of the n-th resopance
having absorrtion width [, and total
width I, )




MICROCOPY RESOLUTION TEST CHARIT
NATIONAL BURLAU ©F SIANL2REN [ - 2

If 200<1IDI , additional 30 cards of the following
forn are required: 3Q, (C(§¥), n =1, 8),
where Q = number of parameters on the card
C(N) =0y = fission-to-absorpticn ratio
(G;/ ©;) for each of the resomances
given in d,

The numbers in columms } through 6 of each card for
the "+4" type cards are irrelevant, but the cards pust
be arranged in tl{e order of elements as given on the
Third Cards. The current version of SPOTS4 has .17 .
fizxed elements with resonance data and a maximunm of 30
resonances per element,

Seventh Card Format(SX, 8F8.5) ("45" type cards)

Cards of this type (totdl of 55 cards) are required
‘only to vrovide inelastic scattering metrix for an
element with the negative element identification

number as shown 'in Table 2, For cach element with
index H:

a. (s1(un,3), 3 =1,54), Inelastic scattering cross
section for each of the 54 grours (7 cards).

a, i‘. Probability of scattering from m-th zroup
1

to n-th group where o = 1,2, n-1 starting from
n =2, Use as many cards as needed to finish a
given 1., and start a new card when n changes,

The currext version of SPOTS4 allows only 22 elements
with inelastis scattering matrix as shown in Table 2,




IAEANUCLEARDATASECTION, P.O.BOX 100, A-1400 VIENNA

8.  Eighth Card Formet (8X, 8F8.5) ("+6" type cards)
(x(x), I =1, 54). Praction of U-235 fission on
neutrons born in each of the 54 groups (total of 7
‘cards) ,

3.2 Change of Element Identification

The SPOTS4 code is written consistent with the element identificotion
number which are shown in Table 2, Therefore, any attempt to chenge
these numbers in the SPOTS4 fast group dnput data will cause difficule
ties in obtaining correct resultis,




Benchmark Test and Adjustment of an
_* Updated Library from ENDF/B-IV

Jung-Do Kim and Jong Tai Lee

Xorea Advanced Energy Research Institute
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' Benchmark Test and Adjustment of apn Updatea
= Lbrary from ENDF/B-1v

Abstract

A LEOPiRD 1ibra:9f was updated from the ENDF/B-1V evaluated

data using ETQOTw3 = 5706-3 code system.

The applicability of the librar,

It is confirmeq that the library from ENDF/8-1v

scoupled with
the use of L=0pizy code,leads to reasohabile result

s for light

water-moderated U02 fueled cores with the above ad

Justnents,
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1. Introduction

) '
The LEOPARD code developed by the Westinghouse Co. in 1963 may be

regarded as one of the basic computer codes for core physics calcula-
tions of light water-moderated reactors.

This code has been frequently applied to calculations of few group
constants, the neutron multiplication factor or fuel depletion effects
for PWR core anmalysis.

The extensive davelopenent of nuclear pover calls for a highly
accurate knowledge of nuclear constants of fissile and structural
nmaterials of the core.

One of the principal advantages of thg LEQOPARD jis to have its own
built-in data library, but the library is relatively o)d and i
recent muolear data evaluations are not taken into account. In additionm,
the pumber of nuclides in the library is not much enough to be
desirable or ne&essary for PWR core analysis., Conseauently, theres haa!
arisen a need to uvpdate Athese library from receat and more accurate

evaluated nmuclear data,

The data in the LECPARD librery with 172 + 54 groud structuves

was generated from ENDF/B-IV evaluated data using the ZT0T-3 e ETOG-3

processing code system,

And then, an applicability of the updated library was assessed through
benchmark tesis for many light water-moderated critical assemblies,
Adjustment techniques were also applied to group constants to fit ecritieal
experinents.




2, -Update of LEOPARD Library
2.1, Description of 0ld Library

The built-in library data in the released LEOPARD wers

. ) 3)
original MUFT and SCFCCATE library data,

The KUFT library was mainly based on tape O in report WAPD.TM-224

(1960), while the SOFOCATE library was based on report WAPD-TK-§7

(1957) with subsequent modifications.

Therefore, almoat all of the original LZOPARD library data were
those in the 1950s, and raw data unavailable were replaced to those
of similar nuclide, For instance, thermal transport cross sections
of U=233, U=236 and U-238, and those of Pu-239 and Pu-241 were )
same , that iz, 9,972 barns and 10.9692 barns, respectively, :

In fast. regions, all olu;;iwc scatterings of Pu-240, Pu-241 and
Pu-242 vere replaced to those of U-235, And all inelastic scatterings
of Pu=240, Pu.241 and: Pu-242 were also replace'd to those of Fu-239,

In addition, some of biaﬁ fTactors to compensate the differences
betveen calculated mean k.ff and ecperimental walues were congidered
in this library. Namely, the hias factor of 1.0035‘)'&3 applied
.to the LEOPARD calculation by uniformly adjusting y values (ne{m-ons
per fission) of all fissile nuclides, Especially the bias factor of
U-235 in fast groups was 0.9914.




2.2, <Procedure of Library Generation

ﬁo E’!G!-}l_')_ E‘!OG-;‘ >-yston has been utiblishod to procesa data
" . from. ENDF/B-IV to TEMPEST and MUFT format.

The ETOT-3 code was used to generate thermal cross sections of
TEI!PE§'1‘ 246 group format and the ET0G-3 code faat data of MUFT 54
group format.

lEu ET0T-3 calculationa, fine group cross sections were not group
averaged values but point values. In calculations of the rescived
resonance region, single or multi-level Breit-Wigner formla was used
to calculate microescopic cross sections, |

_In ET0G-3 calculations, group data were gemerated using s
"1/B + U~235 fission spectrun” weighting function. The fission spectrua
joined 1/E at 67.4 KeV (lower boundary of 20tk group). Similarly,
single or multi-level Breit-Wigner parameters were used to generate
resonance data. .

54 group fiasion-.spectra of U-235 and Pu-239 were also generated
as sources in MUFT calculation, respectively.

Thermal 246 group data and fast 54 group data obtained from ETOT.3
~— ET0G-3 system can not be directly used a8 & LEOPARD input. Since

"the LEOPARD uses very large blocks of library data, a aépnrate library-

producing precurser code, SPOTS, has been provided to make up the library,




In this updating procedure, the SPO'!S49 )code (an extension of the
SPOTS) vas used in the library gemeration,

A3 the result, an updated ENDF/B-IV LEOPARD library was prepared
for all paterals available at present in the code and other nuclides
which may be considered to be disirable additions,

3. Benchmark Test

In order to estimats the applicability of the updated library for

the design analysis of light water-moderated resctor, benchmark calculations
rave been performed for 59 critical experirments.

There are at least two aporoaches that one ¢an take to determine the
sdequacy of croas section data for resctor. The first approach involves
detailed calculations for a few critical experiments, Comparison between
exp‘erinants and calculations are mads for such parameter as the
multipilication factor, thermal flux disadvantage factor, various cadmium
ratiocs and quantities pertinent to the fast fission and resonance absorption
effects., If adequate agresment is found for all this para;::eters, it is
assumed that all important reaction rates are being caluclated
satisfactorily and cross section data used in the calculation are adequate.

The second approach is to calculate a single perameter such ac the
in;li:‘iplication factor for a largs number of experiments which include a

wvide range of variables. Although errors in several reaction rates

could cancel to give adequate agreement in k of £ for some c23es, it is




extremely unlikely that the errors would cancel over a wide range of

variables, Consequently if the agresment in kore is good, it can be

assumed that the important reaction rates are bveing caleulated properly.

" This second approach has been adopted in this paper to check the
adequacy of the updated library.
Fig. 1 shows the flow diagram for production and benchmark test of
LEOPARD 1library from ENDF/B-IV.

Mg, 1

3.1. Description of Critical Assemblies

Experimental data for & large number of critical assemblies using
uoz and l’u.oa-tlt)2 fuels have been collected from available li.taratur:’s):' 2
¥ost of the cases were limited to assezblies for which experizental
bucklings have been reported.

Using the experimental buckling to represent leakage, the effective
multiplication factor can be calculated in a "point model", without
performing any diffusion calculations.

0f the 59 assemblies studied, 44 cases are U02 cores and 15 cases
P_uOZ-UOZ.




o u.235 enrichments of U0, fuoll vary from 1.328 to 5.809 % ;
nod-rator-to-ruol volume ratios (E0 : U) vary from spprozimately
2.06 t0.18,37. Pellet diameters from 0.7544 to 1.5265 cm are used ;

both stainless stesl and alumimum clad far U0, fuels and gircalloy-2 clad

for 1%02-!!02 fuela are studied as much as both square and hexagonal
lattice arrays.
The data for 21l the collected aggonblies are given in Table 1
- and Table 2, seperately for UO2 and 1'»‘uoz--11¢)2 fuels,

Table 1 and Table 2

is shown in the sbove Tables, it is felt that the wide variation

in parameters provides a severe test for the updated cross section
library,

3.,2. Oriticality Calculation

For all cases, effective nultiplication factors were calculated
using the reported ezperimental huckling, geometry and compositions
'by the LEOPARD code with the updated library., The results are given

in the form of the ratio of calculated to experimental value (C/E)

tor each critical sssembly.




-—9- (Continued)

On discussing the results, it is very diffieult to grasp the
trends of the results for the specific integral quantiiies from the
individusl C/E values. .

Therefore, we used the atatistical average, the atandard deviation
and thd average of alsolute differénce from unity to extract the

characteristics of the library data.

3.3. Result and Discussion

Results of k.“ calculations for 59 critical assemblies are given
in Table 3 and Tsble 4, Statistical v=lues are slso shown in the
above Tadles. In k.., calculations for mized-oxide (Puoz-noz) cores,

fission spectrum of U=235 or Pu-239 was used &3 source data,

Table 3 and Table 4

From Table 3 of 44 U0, cases, statistical values give the average

Kore (C/E) of 0.9954, the standard deviation of 1.52 % and the average
deviation frop unity of 0.0123.

This result shows the updated library data underpridict k of? by
~ 0,5 % for U0, cores. And the standard deviation of 1.52 % or the

" average diviation from unity of 0.0123 shows that calculated data are

scattered.




In general, Aerajet General Corporation (AGC) and JAERI data
(Table 1) give a large discrepancy from unity. According to +the
discussion of reference 13, oxporime:;tal buckling uncertainties
of A'Gc'.nouuremnts are larger than normal, And critieal bucklings
of JAERI data were inferred from critical loadings. In addition to
buckling uncertainties , other effects that increase the atandard
deviation of the calculated results :ﬁ:clude impurities in the fuel,
clad and moderator (impurities were neglected in the calculatioms)
and uncertainties in physical parameters such as dimensiops, densities
and enrichments. Actually, disrsgarding cases 36 through 44 gives
the standard deviation of 0.86 %.

In calculations for mixed-oxide coz:u. coupled with the use of
0=235 source spectrum, ths average k.ﬁ. and the standard deviation
become 1,0045 + 0.0113 and the average deviation from unity
becomes 0.0103,

In fact, fissile plutonium quantity in the selected_mixed-ozide
fueis is 3 times more than fissile uranium.

From this consideration, in calculations of mixed-oxide cores’

coupled with the use of Pu-239 source spectrum, the result gives the

.avorago .keff of 0.9988 and the average deviation from unity of 0.0075.

. Ti:ia represents an improvement.




’ ) - ai
The Cross Section Evaluation Working Group (CSEWG) evaluations )

. of the ENDF/B-IV concluded that the experimental k .. is generally

off
overpredicted by 1 to 2 % for pluto:;ium nitrate systems and
‘underpredicted by ~ 0.5 % for high moderator-to-fuel ratios to +1.5 %

for low moderator-to~fuel ratios in light water-moderated uranium lattices.

These biases have been confirmed by Kang & Eanae;‘:)or HcCrosaon:”

through benchmark analysis,

About 0.5~ 0.7 % underprediction of koo for the U0, system is
very nearly the same as those of the (SZWG conclusion and the resultis
of 1='t102-UO2 system also shov the same trepd,

From the above results, a conclusion might be drawn that any bias
remains in the library from ENDF/B.IV dnd the source spectrum greatly
affects in the calculation of mizxed-oxide system.

In determining whether 2 bias factor should be applied to the

calculated value of k eff? careful judgement is required.

4. Adjustment of Cross Section Data for UOZ Svstem
From the result of a-previous discussion, 35 cases of U()2 system
(Cage Ho. 1 through 35) were selected for data adjustment. The average '
geff and the standard deviation for these are 0.9929 + 0,0086. Therefore,
. it will be assumed that calculated E,op i3 alvays less than unity by more
than 0.7 % for U0, fueled system.




In LEOPARD calculation, all resonance self-shielding is neglected

sxcept that in U=238., In MUFT routine for fast region, the self-shielding
factor also includes the Doppler offoef, since the cross section library
of MUFT format containsno temperature dependence. The calculation of the
resonance absorption is made in three steps: Firast the U-238 resonance
elcl.i:e probadility is calculated for the lattice, then a self-shielding
factor is obtained for U-238, finally @:.he self-shielding factor is used
to determine the fast spectrum and few group coastants.

The microscopic scatterings of U=238 in the resonance region are
important in the calculation of resonance integral. And then, these data
used in the original LEOPARD library vere the same values of 10.7 barns
in the resonance regions, but since resolance datas of U238 from
mpF/B-IV vere generated from resonance parameters, there are many
rescnance peaks, In fact, the LEOPARD selects a value of 45th fast
group scattering data in order to calculste the above mentioned factors.

In the updated U-238 scattering data, the 45th group shows resonance
peak and the value is 42.164 barns, This value is 1!1'381: than the old
data of 10.7 barms,

A bias factor was applied in the LEOPARD cslculation by adjusting a

value of U-238 scattering. The 45th group scatter.:i.ns cross section was

a.d'.j't'isted from 42,164 barns to 26.667,

Table S




The adjusted xesults are given in left side of‘ Table 5, The average

e \£¢ "0d the standard deviation are 0,9999 & 0,007

and t—he nni'lgo deviation from unity !:s 0.0056_.-" These values are

greatly improved comparing with the values of 0.9929 + 0.0086 in Table 3.
ﬁovever, thers are still some scattered valuea from unity. In '

order to reduce the scattered trend, another adjustment was tested,

In the fast region calculation of LEOPARD, thé resolved resonance
absorption has explicit resonance treatment, but the resolved resonsnce
scattering is not handled expliecitly. In old library, resonance
scatterings of a large number of nuclides were actually treated with
constant values, 3y an input option of Z7CG-3, it can be taken to be
equal to the value in the {irst group atove the resonance region.

With this treatment, all resonance scatterings of U-238 are determined
as 12,067 barns, If resonance scattering data of U-238 in the updated
1library are substituted to 12.067 barzs and the thermal 'V of U=235 are
reduced by 0.8 %, caiculated resulss for I.?C)2 systems zre also improved
as shown in right side of Table 5,

The average k

eff
and, the average deviation from unity is 0.0046. As the ressults of this

and the standard deviation are 0.9992 + 0.0061

adjustment, the scattered trend from unity of k.ﬁ. is greatly improved.




5. Cepslusion ‘

1) A.n updated ENDF/B-IV LEOPARD library was provided for all zaterials
in :‘:ho code which it. currently available at the Bational Energy Software
c;nttr_(U.S.A.)_and other nuclides which may be considered to be
desirable additions.

2) The applicability of the updated library was sssessed through
benchmark tesis for many light utcr-no&erated critical assemblies,
The statistical values for the ratios of the calculated kope's to
the measured are 0,9994 + 0.0152 for 44 U0,-fueled cores, and
0.9988 + 0.0093 for 15 mixed-oxide (PuOZ-UOZ) plutonium-fueled cores.
In case of mixcd-c;z:lde system, it will be disirable to use nixed

source spectrum of fissile materials.

3) In order to determine liprary bias from the result of benchmark

teat-s. adjustment works were carried out by testinz the statistical effect

of keﬁ.'s on 3% Uoz-fue_led systen,
Changing the epithernmal pesk scattering of U-238 from 42,164 barns
to 26.667, the average k,rp and the standard deviation are 0.9999 + 0.0073.
To reduce the scattered trend from unity, another adjustment was
tested, Neglecting resonance scattering effects of U-238 and reducing
V of 0.8 % in the thermal region, the standard deviation and the average
deviation from unity are improved to 0.61 % and 0,0046, Tespectively,




Thus, it is confirmed that the library from ENDF/B-IV, coupled
with the use of LEOPARD code, leads to reasonable results for light

water-moderated UO2 fueled cores with the aboGe adjustments.
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Table 1. .Data for IJO2 Critical Experiments

-b

Q:UjFuel [Pellet; - Clad [Clad |latt,}B-10] Crit.\
Case |Enrich.| V61, {Den.,]| Dia, | Clad {0.D. I hick. Pitchgonc Bu5§. Refe~
Fo. lat.% |Ratio ﬁ_!:/cm3 em |Mat.] em | em em fopm | m © \rence
1] 2,74 ) 2,18]10,18} .7620|SS 304} .8954|.04085{1.0287} 0] 40.75 | ro
2] 2.7 | 2,93]10,18} -7620[SS 304] . 8954]. 04085} 1, 1049} 0] 53.23 | /o
3| 2.734 | 3,86[10.18] .7620(Ss 304f .8954f. 04085]1.1938] ©0{ 63.26 | 40
4| 2,734 7,02[10,18] -7620{SsS 304| . 8954].04085| 1. 455¢] O] 65.6¢ | 14
51 2.734 | 8,49[10.18| .7620]Ss 304] . 8954}, 04085/ 1.5621}] O] 60.07 | ~
§1 2.734.|10, 38|10,18] .7620SS 304| .8954), 04085{1,6891] O] 52.92 | 4
7| 2.734| 2,50110, 181 . 76201Ss 304] . 8954, 04085[1,0617] O] 47.50 | /2
81 2.734 | 4,51|10,18] -7620}SS 304] . 8954],04085| 1.2522] 0] 63.80 | ,2
9 3.745| 2,50{10.37] -7544{S5 304) ., 8600{, 0s060]{1.0617{ 0] 68.30 | /2
101 3.745| 4,51110.37| .7544{Ss 304} . 8600|. 04060} 1,2522] 0] 95.10 | /2
111 3.745 | 4, 51{10,37] -7544|SS 304{ , 8600]. 04060{1,2522] 0 95.58 + /3
12| 3.745 | 4,51[10,37] -7544[SS 304{ ,8600{, 04060]1.2522) 456 | 74.64H /3
13} 3,745 | 4,51)10,37| -7544[SS 304 .8600{, 04060{ 1.2522] 709 | 63.664H /3
14| 3,745 | 4,51110.37} .7544}Ss 304{ , 8600{. 01060 1,2522{1260 | 40.99H s>
15| 3.745 | 4, 51110, 37} <7544 [SS 304 . 8600}, 0+060| 1,2522}1334 | 38.39 4 /3
16| 3.745 | 4, 5110, 37| -7544SS 304{ . 8600, 04060|1,2522}1477 | 33.38 4 /3
17} 5.809 ) 3,13[10,19] -9068}SS 304} . 9931). 03810[1,3208] 0 [117.60 | s
18 4.069 | 2,55] 9,46]1-1278]SS 304]1.2090]. 04060} 1.5113} 01} 88.00 | s&
19 ] 4.069 ) 2,55} 9.46(1-12781SS 304,2090}. 04060} 1.5113§3392 } 17.20 | ,&
20 4.069 | 2,14 9.46{1-1278|SS 304)1, 2090, 04060{1.4500f O 79.00 | /&
21| 3.037 | 2,64] 9.28|1-1268{SS 304)1.,2701), 07163]1.5550] 0] s0.75 | s¢
22| 3.037 | 8.16] 9.28|1-1268/SS 304/l 2701}. 07163]2. 1930} 0| 63.81 | /4
23| 4.069 | 2.59| 9.45{1-1268]SS304f1.2701| 07163)1. 5550 0| 69.25 | /¢
24| 4.069 ]| 3.53) 9.45(1-1268(Ss 3041.2701},07163]1.6840] O 85.52 | s§
25| 4.069 | 8, 02| 9.45{1-1268/SS 304[1.2701}. 07163 2.1980] 0| 92.84 | s¢
26 4.069 | 9.90| 9.45/1.1269|SS304|1.2701).07163[2. 3810f 0 | 91.79 | ;¢
27| 1.328| 3.02 7.53{1.5265) Al [1.6916.07110{2,2058] ©0 | 28.37 | 17
28 1,328 3.95] 7.53/1.5265] Al {1.6916{.0711002 3508] o { 30.17 17
29| 1.328 | 4.95} 7,3311.5265] Al |t.6916].071102 5125 o ] 20.06 | ¢7
36| 1.928  3.93f 7.52 9855 Al (1.1506(.07110{1 5588] o0 | 25.28 | (7
31 1. 328 4,389 7.52 .9855 Al J1,1506{.07110 1.5525 01l 25.21 ’7
32 1.328 | 2.88{10,53{ 9728 al {1, 1506.07110{1 5580 o | 32.50 | (7
33| 1.328| 3.58(10,53} ,9728] A1 ] 1506|. 071101 6520 o { 35.47 | /7
34| 1.328) 4.83/10.53) ,9728] A1 01,1506} 07110)1 8060} o | 34.22 17
35) 2,490 | 2.84110.24/1.0297] A1l Jl,2060].08130]1.5!13|1675) 20.20 |. ¢




(continued)

36| 2,096} 2.06]10,38(1,5240] A1 |t,6916).07112[2.1737} ¢ |58.00 | 18

A 37| 2.096 | 2,06 10.38]1,5240} A1 i 6916}.07112]|2.4052| o | go.60 | 18
38 2.09 ) 4,12 }10.38{1,5240] A1 }i 6916} 07112|2.6162} o |gs5.70 | 18.

391 2,09 | 6,14 {10.38]1,5240{ A1 {1.6916).07112]2.9891] o 77.00 | 18

40.].2.096 | 8,20 §10.38{1,5240] A1 |1 6916{.0711213.3255| o |61.60 | 18

, 41 [ 2.628 1 1,50 110.40]1,2500] A1 f1,4170{.07600{1.849| o |83.30+]| 19
42| 2,528 | 1,83 110,40(1,2500] A1 |l 4170{.07600}1.9560| o '| 9¢ 30+ 19

43 ] 2,62872.48 {10.40(1.2500{ A1 1 4170].07600{2.1500| o | 98.30+ 19

44 | 2,628 13,00 110.40(1.2500] A1 }t 4170].07600{2.2930] ¢ }o5.20+ 19

% Hexagonal Lattice : All others are square.

+ Thesge bucklings were not measured directly but were inferred
from critical leoadings,




Table 2, Data for 1“&102-002

Critical Experiments

[Bu0,  |E.0:P|Fuel [Pellet Clad [Clad |[Latt.[B-10 [Crit.
Case|/PuZ240[vB1. [ven., Pia. |Clad|C.D. [Thick.)Pitch|Conc.] Buck. [Refe-
¥o.] w/o Ratio] _g/cm3 cm {Mat.lem | em cm fppm | o rence
452,07 7.6 2.51|9.54 | 1.283 |zr-2)1. 443} 0, 076{1.753] 0 | 69.1 | 20
46 |2.0/ 7.65/18. 37 9.54 | 1.283 |zr-2Jt. 443] 0. 076|3 505 0 | s0.3 | 20
72,07 7.65) 9. 70 9.54 | 1.283 |zr-2f1,443[0.076/2,694 | 0 | 95.4 |20
482.07 7,65 7. 76| 9.54 | 1.283 [zr-2]1,443}0.076{2.479] 0 |105.9 | 20
4912.0/ 7,65 7.76|9.54 | 1.283 |2r-2f1.443}0,076]2 479 261 | 83.7 | 20
502.0/ 7,65/ 7.76|9.54 | 1.283 {Zr-2{1,443}0.074]2 479 526 | 63.1 | 20
512.0/ 7.65| 2,48|9.54 | 1.283 [2r-2t .43} 0.076] 1,753 | 526 | 58.3 | 20
52 12.0/ 7.65] 2.48]9.54 | 1.283 j2r-2]1, 43| 0.076|1.753) 261 | 62.6 | 20
53 12,0/ 7.65{ 3,43]19.54 |1.283 |2r-2{1,443|0,076}1.905] 0O 90,0 | 20
54 |2.0/23.5( 7,80 ]|9.54 |1.283 |2r-2|1,443}0.076]/2. 479 0 | 70,5 | 20
552.0/23,5(9,7219.54 |1.28 |zr-2f1.43}0.076f2.694{ 0 [ 73.3 { 20
56 |3.01/22,02] 2, 42|6.056| 1,065 {2r-2/1,223]0,.070{ 1,825 o | so.8*] 9
57 [3.01/22,®@} 2_9g |6, 056 1. 065 |Zr-2)1.223]0.070|1.956 | o | s2.8%| 19
58 [3.0y/22 02| 4. 24 |6.056| 1.065 [2r-2)1 ,223{0 07012.225| o | 77.9%| 19
59 {3.03/22 @ 5, 55)6.056]1.065 Zr-zrx.zza 0.070}2.47| o | 65.17{ 19

4+ These bucklings were not measured directly but were inferred

from critical loadings.




Table 3. Comparison of Calculated Values of Keff of Experimental

002 Critical Assemblies

Case K Case K
Number eff Hunber ef?
1 0.97616 23 0.99140
2. 0.98980 24 0.99570
3 0.99608 25 1.01099
4 1.00764 26 0.99464
5 1.00949 27 0.98997
. 6 1,00443 28 0.99622
7 0.38077 29 0.99605
8 0.99350 30 0.98875
9 0.98757 31 5.99201
10 1.90424 32 0.985872
11 1.00327 33 0.996C3
12 €.99601 34 «99535
13 0.49283 35 0.39229
14 0.98860 2E 1,0582356
15 0.98741 37 1.00591
16 0.938543 38 0.993%27
17 . 1.00410 39 G.97454
18 0.98961 40 0.95412
19 0.98401 41 1,01933
20 0.97781 42 1.01C55
21 0.98008 &3 1,01453
22 0.96212 2 1.01329
average X ., : 0.99539
Standard Jeviation : 0,01517
average|X .~1.0]: 0.01232
Without Case X¥s. 36 through 44
Average Keff s 0.99235
Standaré Deviation : 0.00862
Average ‘Keff'-1’o]= 0.00968




Table 4. Comparison of Calculated Values of Keff of Experimental

Ma-UO Critical Assemblies

2”2

Source

Case™\ Spectrum U~ 235 Pu - 239

Runmbe
45 0.98645 I( 0.98392
46 0.99625 0.99168
47 . 1.02306 1.01508
48 1.02273 1.01455
49 1,01051 1.00414
50 1,00083 0.99627
51 " 0.98553 0.99627
52 0.98913 0.98380
53 0.99927 0.99412
54 , 1,00813 1,00211
55 1,00637 1.00052
56 1.00579 0.99796
57 1.01178 1.00365
58 1.01292 1.00510
59 1.,00909 1.00237

Average Z{e o :  1.00451 0.2Y583

Standard Deviation : 0.01130 0.C0930

Average ll{eﬁ.- 1.0)s 0.01032 0.20720
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U02 Critical Assenmblies by Data Adjustments

Table 5., Comparison of Calculated Values of Experimental

Adje Adj. 3
Cas sthod| ist _ |2nd , JCasi™lethod | 1st _ | 2nd
Number Kethod | Method | Number HMethod | Method
Ty 0.96896 | 0.99596 19 0.99245 | 0.99510
2 0.99960 | 1.00245 20 0.98786 1 0.99039
3 1,00380 | 1.00331 21 0.98699 | 0.59132
4 1,01201 | 1.8078y 22 0,98524 | 0.97598
5 1.01307 | 1.00825 23 1.00004 | 1.00146
6 1.0C743 | 1.00218 24 1,00235 | 1.00041
7 0.99216 | 0,99700 T 25 1.01413 | 1.C0800
] 1,00012 | 0,99813 26 0.99712 | 0.99069
9 0.99450 | 1,00127 27 0.99804 | 0.99940
10 1,01068 | 1,50742 28 1,00252 | 1.u0184
1 1,00570 | 1.00641 29 1,00111 | 0.99892
12 1.00239 | 1.0u005 30 0.99650 | 0.2971/0
13 0.53918 | 0.99734 3 €.99257 | 0.99763
14 0.3949z | 0.3943¢ 32 0.39792 | 1.00063
15 0.99372 | 0,99295 23 1,0036% | 1.00100
16 0.99172 | 0,99115 3 1.00157 | 0.99986
17 1.,01191 | 1,01007 35 1,00093 1 1.00378
18 0,99837 | 0.39868
Averaze K .. s 0.99993 0.39923
Stanlar2 Deviation : 0.00730 0.00611
Avezage lxeff— 1.0]: 0,00563 0.00459
* Changing the epithermal peak scattering of U-238
from 42,164 barns to 26.567
*%

Neglecting resonance scattering effects of U-238

and reducing v of 0.8 % in the thermal region




