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SP0TS4

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

Content of tape

File Is SP0TS4 Input:

TEMPEST (246 group) data
MUFT (54 group) format library

File 2: SPOTS4 program:

SP0TS4 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 + MDFT 54 Group
Data

Jung-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.)
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DESCRIPTOR OP SP0TS4 ^S1IT DATA

(13H5SSV 246 + ITOTT 54 Group Data)

1.0 General

The input data to the SP0TS4 code which generates the library

data tape (TAPS 1) for the LEOPARD code are in two croups: one

for the thermal neutron group the other for the fast group.

The description of SP0T54 input data including the card data

formats follows.

2.0 Tlieraal Group Data

2.1 Inrmt Data Format

The thermal group input data follow a 11THSRTAL FCR
LEOPARD"card on which the word THSRK&L i s punched in columns 3

through 9 . This card i s only for identifying the SPOTS4 input

data deck. The l a s t card of the thermal group input data nust

contain the word X-IAST punched in columns 1 through 6. This

card s ignals the end of the thermal group data. For each element,

the following input data and fomats are required:

Firat Card Fonnat(aAiO)

Description Card

» THERHAL LIBRARY FOR LEOPARD

Second Card Foraat(A6, 3X. i 3 . 57X, i5^

a . Colunns / through 6 contain the element name.

b . Colunns 10, 11, and 12 contain the element ident i -

f i cat ion number (hundreds, tens , and units in

colunns 10, 11, and 12, respect ive ly ) .
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3.

4.

c. Columns 70, 71» and 72 contain the nuaber of
tabulated entries in the library (hundreds, tens
and units in colunns 70, 71» and 72,respectively).

Third Card Foraat (5310)

R.o » Rjj» » Hu » Ri3 i H/+ arc the terns for the
power series which is used to conpute cross-sections
froa 0(0.0001) 0.0009 ev, when the cross-sections are
tabulated (see 5 below). For exanple:

where <R(2) = nicroscopic cross section (absorption,

fis3ion, or transport) for elenent i for

neutron energy E ev, bars3. It i3 set

to zero .in the code when 2 = 0.

(5310)

X KA» are the terns for the 3reit-
Wigner resonance foroula and a spare variable. ?or
example,.

Â

If i t is necessary to tabulate cross-sections as a
function of energy (e. <u non-1/v or non-constant
cross^eetions), i t is done here. The cross-sections
are tabulated at 246 energy points ( ^ 2.0 ev) .
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2.2 Type of Tneraal Group Cross Sections

There are three sets of cross-section data which are necessary
for each element, these are denoted by Set I, 1 , III. Although
Set IV is provided in the current S?CTS4 input, it io not required,
.and hence it can be elininated.

Set I contains the tables or associated power series for JlF <£(3).

In this set the eleoent identification n™bers n-.ust be betiieen 0

and 99. If $ is a 1/v absorber, then /3 S£(3) is a constant and

is entered as Rio (see 3rd card fornat); otherwise JlF(S(S) nu3t

be tabulated. If resonance parameters are entered, then any

tabulated values will be added to the resonance contributions.

Likewise, a i/v absorber witn a resonance nust have R^Q and the

resonance parameters specified, vfc is sot used.

Set II contain» the tables or associated power series

In this set the element identif'cation numbers must be between 100

and 199. Renarks concerning resonance paraaetcrs, i/v absorbers,

and tabulated cros3 sections are analogous to those given for Set

I. li cust be set equal to the nunber of neutrons per fission.

Set III contains the tables or associated power series for (l-

In this set the element identification nunbers nust be

between 200 and 299. For eleaents with eor-stant <S| and constant

(l -p)t 0S 01JSt be entered as R1Q and (l -/i) nust be entered as iA.

If (i -jui Ogis not constant, then this quantity must be tabulated

and the power series entered. Also, v£ must be set equal to 1, 0.
. c

The element identification numbers allowed iz>. the SP0TS4 input data

are preset as shown in Table 1, and these r,u3t not be changed when

•* T"
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the cross sections are nodified. Ilote that these arc for the thernal
group only.
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TABLE 1

SL3K3ET IDETTIFICATION ~i!:333S AI.LC-.3D

IH TH2 SP0PS4 THSX^L GRCU? IîîrUT DATA

Element
ITane

H

O

Zr - 2

C

Fe
Hi '

Al

Cr

Mn

U - 233

U - 234

U - 235

U - 236

U - 238

Pu - 239

Pu - 240

Pa - 241

Pu - 242

. Th - 232

Pa - 233

Xe - 135

Sn - 149

B - 10

D

Identification !Junibcr

Set I

91

2

3
4

6

7

. 9

11

15
50

52

34

19
20

79
81

80

82

62

65
27

26

29
38

Set II

150

134

179
181

180

Set III

291

202

203

204

206

207

209

211

215
250

252
234

219

220

279

281

280

282

262

265

227

226

229

238 I i
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3. O Data

3. 1

All the floating point numbers (numbers with a decinal point) for

the SP0TS4 fast group input data oust be given in the so-called

floating decimal fora. To transcribe an ordinaly deeiaal nunber

to this from, write it in scientific notation as a decinal fraction

o.i * fil multiplied by the proper power of ten. This power of

tea increased by 50 ia written as a two-digit nunber to the left

of at most five digits of the fraction to f o n the floating point

representation. The sign of the floating point number is the sign

of the decimal converted. For example,

+5033333
30 s +523 * +5230000

- 0.0055* -4855» -4855000
o » +000 a +0000000

It should be noted that evary floating point number including sero
is composed of at least two deciral digits for the exponent and at
least one but not more than five deeiaal digits for the fraction.
Hence every floating point number is composed of at least three
and at most seven decimal digits.

1.

2.

Pirs tCard ?oraat

Description Card

» PAST LIBRARY. POR LEOPARD

SecondCard Pownat

NI is the total number of elements in the fast

group, Other data in the card are irrelevant.

- 6 -
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Third Card

(NRAW(l), I S 1, S i ) . Eleoent identification
numbers far the fast group data. Since NI i s 25
(dummy P.P. data included) for SPOTS4, there must
be two cards of this type. See Table 2 for the
description of the element identifie identification
numbers.

Fourth Card goraat_fo&,_spg.5 )

(DELTA(l), I = 1,54), Lethargy width for each of the
54 fine fast groups. See Table 3 for the energy break-
down of the fast group, which is expected by the SP0TS4
code. Seven cards of this type are required.

(ax, 8P3.5) ("+3" type cards)"

. SIGCAP (J, H), SIGI ( j , H ) , SIGX(J, H),
AN(J1K), Sl(jfl.l), GOT(J,K),SD(J,K), M * 1,54)where

J i s the element index, K the group index. There
are exactly 54 cards for each elesent, and the data
nust be given for each elesent in the order as shown
on the third cards or in Table 2. The numbers in
eolunis 1 through 8 of each card indicate card type,
elsaent identification, and fine group index, and
are aerely for the input data card identification.
The SP0TS4 code does not require these number-, hence,
colunns 1 through 8 can be left blank, if the cards
are ordered correctly.

The "+3" typ* input data are defined below.

SSC symmetric scattering cross section (

- 7 -



TABLE 2

DESCRIPTION OF TH3 EL3E3HT ID3IÏTIFICÀTION !TOMBER

FOR THE SP0TS4 PAST GROUP IIÎPOT DATA

Element

1

O

Zr - 2

C

Fe

Ni
Al

Cr

Hn

V - 2 3 3

U - 234

TI - 235
ÏÏ - 236

IS Number

+ 001

- 002

- 103

- 004

- 106

- 107
- 00.9
- 111

- 115
- 2 5 0

- 151
- 218

- 119

Element

U - 238

Pu - 239
Pu - 240

Pu - 241

Pu - 242

Th — 232

Pa - 2 3 3

Xe - 135

Sn - 149
B - 10

D

P.P."*

ID Kunber

- 120

- 221

- 222

- 223

- 124
- 162

- 165

- 027

- 126

-> 029

+ 038

+ 02?

a. I f 0 < IID| £ 100, no resonance data input("+3Btype cards

only - 54 cards)

b . I f 100 OXDI- 200, resonance absorption paraaeters input

• ("+3" type carte - %. cards, "+4" type cards - 60 cards)

c . I f 200 < ItDI, f iss ion-to-absorption r a t i o i n resonance data

("+3" typa cards - 54 cards, "+4" type cards - 90 cards)

d. I f ID negative , i n e l a s t i c scattering natrix input a l s o ("4-5"

type cards, in addition to above)

e . Fiss ion product cross sect ions are dummy.•**

^ ^ A )BHB



TABLE 3

EAST ElIERGY GROUP STRUCTURE 1JSSD IH THE SPOTS4 C0D2

Group

ffuaber

O

1

2

3

4

5
6

7
8

9

10
11

12

13
14

15

16

17*
18

' 19
20

21

22

23

24

25
26

27

Energy

JaL
10x106

7.79
6.07
4.72
3.68
2.86
2.23
1.74

1.35
1.05

82IxIt?
639
498

387

302 .
235

133

143
111

26.5

67.4
40.9
24.8

15.0
9.12

5.53
3.35
2.03

- 9 -

Lethargy
Lethargy :/icith

O

0.25 0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00

?.25

2.50

2.75
3.00

3.25
3.50

3.75
4.00
4.25
4.50

4.75
5.00 Oy

25

5.50 0.50
6.00
6.50
7.00
7.50
8.00

8.50 0.50

(Continued)
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TABLE 3 (continued)

Group

Number

28

29
30

31
32

33
34

35
36

37 .
38

39
40

41

42

43
44

45

' 4*

47

48

49
50

51
52

53
54

Energy

1.23
750x10°

454
275
167

130
101

78.7

61.3

» 47.8

37.2 ,
29.0
22.6

17.6

13.7

10.7

8.32
6:50

. 5.10

.̂97
3.06

2.38

1.855

1.440

1.125

0.835
0.625

Lethargy

9.00
9.50

10.00
10.50

11.00

11.25
11.50

11.75
12.00

%12.25
12.50

17.75
13.00

13.25
13.50

13.75
14.00

14.25

14.50

14.75
15.00

15.25
15.50

15.7538
16.00

16.30

16.5884

Lethargy
tfidth

0.50

0.50
0.25

0.25
0.2538
0.2462
0.3000
0.2834

4
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SIGCAP

SIGI

SIGX

AN

SI

GOT

SD

smooth capture cross section '^?)
total inelastic scattering cross section ( 5W.)

fission cross section (Of)

age mmber ( ?o ; Or >jn in Equation (9) of

the HU5T-4 Kanual (

mumber of neutrons per fis-ion (
microscopic slowing down power (

L~

Sixth Card 1 J 2 , 3F8.5}("+4" type cards)

a . Cards of this type are not required for an element
whose absolute value of the identification nunber,
IID I t i s less than or equal to 100,

b. Sixty dumay or blank cards' are required by an element
when 100< HDI - 200 and no resonance data are
available (HR s 0)

c. Ninety dunny or blank cards are required by an
element when 2COOIDl and no resonance data are
available (NR = O)

d. For elements when 100< HDI^ 200 and resonance
data are available, 30 pairs of the following cards
(total of 60 cards) are required: N, (A(H) , = 1 , 8 ) /
K, (B(Il), H = 1, 8) , where N = number of parameters
on the card.

A(N) = r

B(H) ran/Eon,
= t o t a l cross section at the peak(occurring

at energy EQn) of the n-th resonance
having absorption width F6n and total
width Tn )

- 1 1 -
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MICROCOPY RESOLUTION TLST CHARI

"• " " " -

e. Xf 20CKHDI

hit

, additional 30 cards of the following

fora are required: NQ, (C(H), S • 1» 8),
where IJQ a

C(H)

number of parameters on the card '

ss(n s fission-to-absorption ratio

(&1/ C8) for each of the resonances

given in d.

—

-

rzr ,X-,.-

-'j --J-

F=̂ -"-"
The numbers in colunns 1 through 6 of each card for

the "+4" type cards are irrelevant, but the cards Bust

be arranged in the order of elements as given on the

Third Cards. The current version of SPOTS4 has if .

fixed elements with resonance data and a maximum of 30

resonances per element.

7. Seventh Card Format(SX, 878.5) ("+5" type cards)

Cards of this type (total of 55 cards) are required
only to provide inelastic scattering matrix for an
element with the negative element identification
number as shown'in Table 2. ?or each element with
tadex H;

a. (SI(H,J), J = 1,54), Inelastic scattering cross

section for each of the 54 groups (T cards).

b. a a ^. Probability of scattering fron m-th group

to n-tli group vhere n * 1,2, n-1 starting fron

n = 2. Use as many cards as needed to finish a

given U5, and start a new card when n changes.

The current version of SF0TS4 allows only 22 elements

witii ine]astis scattering matrix as shown in Table 2.

Î. „ „ _

t -

F- ---

I r-
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Eighth Card Format (SX, 8PS.5) ("+6n type cards)
(X(I), I - It 54). Fraction of U-255 fission on
neutrons born in each of the 54 'groups ( total of 7
cards) ,

3.2 Chang» of Element Identification

The SP0TS4 code is written consistent with the eleoent identification

number which are shown in Table 2. Therefore» any attenpt to change

these numbers in the SP0TS4 fast group input data will cause difficul-

ties in obtaining correct results*

Î 4



Benchmark Test and Adjustment of an

Updated Library from

Kay , 1981

Jung-Co Kim and Jong Tai Lee

Korea Advanced Energy Research Institute

*• This is a draft of a paper submitted for publication
in Journal of Korean Nuclear Society.
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1. Introduction

The LEOPAHD code developed by the Vestinghouse Co. in 1963 may be

regarded as one of the basic computer codes for core physics calcula-

tions of. light water-moderated reactors.

This oode has been frequently applied to calculations of few group

constants,, the neutron multiplication factor or fuel depletion effects

for PWS core analysis.

The extensive developeaent of nuclear power calls for a highly

accurate knowledge of nuclear constants of fissile aad structura.1

materials of the core.

One of the principal advantages of the LEOPAHD is to have its own

built-in data library, but the library is relatively o3d and i

recent nuelear data evaluations are not takan into account. In addition,

the number of nuclides in the library is not much- enough to be

desirable or necessary for PUR core analysis. Conseauently, there has

arisen a need to update these library from recent and more accurate

evaluated nuclear data.

The data in the LEOPARD library with 172 + 54 group structures

was generated from ETOF/B-IV evaluated data using the ETOI-3 — 2T0G-3

processing code system.

And then, an applicability of the updated library was assessed through

benchmark tests for many light water-moderated critical assemblies.

Adjustment techniques were also applied to group, constants to fit critical

experiments.

- 3 -



2. -Update of LEOPAHD Library

2.1. Description of Old Library

The built-in library data in the released LEOPARD were
« t)

original MUPP and SCFCCAT2 library data.

The KUFT library was mainly based on tape 0 in report WAPD-TH-224

(1960), while the SOFOCATS library was based on report WApD-TK-67

(1957) with subsequent modifications.

Therefore, almost all of the original L30PARD 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 0-233, U-236 and U-238, and those of Pu-239 and Pu-241 were

sane , that is, 9.972 barns and 10.9692 barn», respectiTely.

In fast, regions, all elastic scatterings of Pu-240, Pu-241 and

Pu-242 were replaced to those of U-235. And all inelastic scatterings

of Pu-240, Pu-241 and Pu-242 were also replaced to those of Pu-239.

In addition, some of bias factors to compensate the differences

between calculated mean k^ and experimental values were considered

in this library. Namely, the bias factor of 1.0036 was applied

to the LSOPABD calculation by uniformly adjusting y> values (neutrons

per fission) of all fissile nuclides. Especially the bias factor of

B-235 in fast groups was 0.9914.

- 4 -



2.2.—Procedure of Library Generation

J» O

The ETOT-3 — BTOG-3 system has been establ ished to process data

. fro«. BBDP/B-I7 t o TSMFEST and HOFT format.

The BTOT-3 code vas used to generate thermal cross sec t ions of

TEXPBST 246 group format and the BTOG-3 code fa s t data of HOFT 54

group format.

In ETOT-3 c a l c u l a t i o n s , f ine group cross sect ions were not group

averaged values but point va lues . In ca lculat ions of the resolved

resonance region, s i n g l e or mul t i - l eve l Breit-Wigner formula was used

to ca lculate microscopic cross s e c t i o n s .

In BTOG-3 ca lcu la t ions , group data were generated us ing a

"1/S + 0-235 f i s s i o n spectrum" weighting funct ion. The f i s s i o n spectrum

joined i /E at 67 .4 KeT (lower boundary of 20th group). S imi lar ly ,

s i n g l e or m u l t i - l e v e l Breit-Vigner parameters were used to generate

resonance data.

54 group f i s s ion - spec tra of 0-235 and Pu-239 were a l s o generated

as sources i n HOFT ca l cu la t i on , re spec t ive ly .

Thermal 246 group data and f a s t 54 group data obtained from ETOT-3

— ETOG-3 system can not be d irec t ly used a* & LSOPABS input. Since

the LBOFASD uses very large blocks of l ibrary data, a separate l i b r a r y -

producing precursor code, SPOTS, has been provided to make up the l ibrary.

- 5 -



Zn this updating procedure, the SPOT54 code (an extension of the Ii

SPOTS) was used in the library generation.

As the result, an updated BHBP/B-IV LEOPAED library was prepared

for all materais available at present in the cods and other nuclides

which may be considered to be dlsirable additions.

3. Benchmark Test

In order to estimate the applicability of the updated library for

the design analysis of light water-moderated reactor, benchmark calculations

have been performed for 59 critical experiments.

There are at least two approaches that one can take to determine the

adequacy of cross section data for reactor. The first approach involves

detailed calculations for a few critical experiments. Comparison between

experiments and calculations are mads for such parameter as the

aultipilication factor, thermal flux disadvantage factor, various cadmium

ratios and quantities pertinent to the fast fission and resonance absorption

effects. If adequate agreement is found for all this parameters, 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 parameter such as the

multiplication factor for a large number of experiments which include a

vide range of variables. Although errors in several reaction rates

could cancel to give adequate agreement in k ff for some cases, it is



extremely unlikely that the errors would cancel oTer a vide rang* of

variables. Consequently if the agreement in Ic « is good» it can be

assumed that the important reaction rates are be lag calculated properly.

This second approach has been adopted in this paper to check the

adequacy of the updated library.

Pig. 1 shows the flow diagram for production and benchmark test of

LEOPARD library fron BKDP/B-IV.

Pig. 1

3.1. Description of Critical Assemblies

Experimental data for a large number of critical assemblies using

UO2 and PuO2-UO2 fuels have been collected from available literatures.

Most of the cases were l'isited to assemblies for which experimental

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.

~ Of the 59 assemblies studied, 44 cases are UO2 cores and 15 cases

PuO2-UO2.

Si"
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0-235 enrichments of UO2 fuels vary from 1.228 to 5.809 # ;

moderator-to-fuel Toluae ratios (ILO : U) vary from approximately

2.06 to 18.37. Pellet diameters from 0.7544 to 1.5265 em are used ;

both stainless steel and aluminum clad far UO2 fuels and sircalloy-2 clad

for FuO2-UO2 fuels are studied as much as both square and hexagonal

lattice arrays.

The data for all the collected assemblies are given in Table 1

and Table 2, seperately for UO2 and PuO2-UO2 fuels.

Table 1 and Table 2

As shown in the «bore Sables, it is felt that the vide variation

in parameters providas a.severe test for the updated cross section

library.

3.2. Criticality Calculation • -

For all cases, effective nultiplication factors were calculated

using the reported experimental buckling, geometry and compositions

by the LSOFABI) code with the updated library. The results are given

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

. for each critical assembly.

- 8 -



On discussing the results, it ia very difficult to grasp the

trends of the results for the specific integral quantities fro» the

individual C/E values.

Therefore, we us*d the statistical average, the standard deviation

and the average of ataolute difference from unity to extract the

characteristics of the library data.

3.3. Result and Discussion

Results of k^ff calculations for 59 critical assemblies are given

ia Table 3 and Tsnle 4. Statistical values are also shown in the

above Tailes. In k e f f calculations for^nixed-oxide (PuO2-TO2) cores,

fission spectrum of ÏÏ-235 or Pu-239 «as used as source data.

Table 3 and Table 4

From Table 3 of 44 UO2 cases, statistical values give the average

keff ^ 0 ^ of °«9954, **• standard deviation of 1.52 $> and the average

deviation from unity of ,0.0123.

This result shows the updated library data underpridict k t, by

~ 0.5 % for UO2 cores. And the standard deviation of 1.52 % or the

average deviation froa unity of 0.0123 shows that calculated data are

scattered.

- 9 -



-10-

In general, Aerojet General Corporation (AGC) and JAEHI data

(Table 1). give a large discrepancy from unity. According to the

discussion of reference 13, experimental buckling uncertainties

of AGC measurements are larger than normal. And critical buckling*

of JAERI data were inferred from critical loadings. In addition to

buckling uncertainties, other effects that increase the standard

deviation of the calculated results include impurities in the fuel,

clad and moderator (impurities were neglected ia the calculations)

and uncertainties in physical parameters such as dimensions, densities

and enrichments. Actually, disregarding cases 36 through 44 gives

the standard deviation of 0.86 $>.

In calculations for mixed-oxide cores, coupled with the use of

Ç-235 source spectrum, the average k , - and the standard deviation

become 1.0045 ± 0.0113 and the average deviation froa unity

becomes 0.0103.

In fact, fissile plutonium quantity in the selected mixed-ozide.

fuels is 3 times more than fissile uranium.

From this consideration, in calculations of mixed-oxide cores

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

average k „ of 0.9988 and the average deviation from unity of 0.0075.

This represents ae improvement.

i
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The Cross Section Evaluation Working Group (CSEVG) evaluations

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

overpredicted by 1 to 2 ̂  for plutonium nitrate systems and

underpredicted by ~0.5 # for high moderator-to-fuel ratios to .v1.5 %

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

These biases have been confirmed by Kang «b Hansen or KcCroason^

through benchmark analysis.

about 0.S1*" 0.7 £ underpredietion of kfiff for the UO2 system is

very nearly the same as those of the CSSVS conclusion and the results

of Pu(^-UO2 system also show the same treed.

From the above results, a conclusion might be draws that any bias

remains in the library from ENDF/B-IV and the source speetrum greatly

affects in the calculation of mixed-oxide system.

In determining whether a bias factor should be applied to the

calculated value of k_-, careful judgenent is required.

4. Adjustment of Cross Section Data for UO. System

From the result of a previous discussion, 35 cases of UO2 system

(Case Ho. 1 through 35) were selected for data adjustment. The average

k e f f and the standard deviation for these are 0.9929 ± 0.0086. Therefore,

it will be assumed that calculated k e f f is always less than unity by more

than 0.7 f° for UO2 fueled system.

- 11 -
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In LEOPABD calculation, all resonance self-shielding is neglected

except that in 0-238. In HOFT routine for fast region, the self-shielding

factor- also includes the Ooppler effect, since the cross section library

of MUFI format contains no température dependence. The calculation of the

resonance absorption is made in three steps: First the ÏÏ-238 resonance

escape probability is calculated for the lattice, then a self-shielding

factor is obtained for D-238, finally the self-shielding factor is used

to determine the fast spectrum and few group constants.

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 Talues of 10.7 barns

in the resonance regions, but since resonance data of U-238 froa

3HDF/B-IV vere generated from resonance parameters, there are many

resonance peaks. In fact, the LSOPAHD selects a value of 45th fast

group scattering data in order to calculate the above mentioned factors.

In the updated D-238 scattering data, the 45th group shows resonance

peak and the value is 42.164 barns. This value is larger than the old

data of 10.7 barns.

A bias factor was applied in the LSOPARD calculation by adjusting a

value of U-238 scattering. The 45th group scattering cross section was

adjusted froa 42.164 barns to 26.667.

Table 5

- 12 -



The adjusted results are given in left side of Table 5. The average

keff and tbt st*ndard deviation are 0.9999 ± 0.0073

and the average deviation froa unity is 0.0056. These values are

greatly improved comparing with the values of 0.9929 ± 0.0086 in Table 3.

However, there are still some scattered values from unity. In

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

In the fast region calculation of LEOPASD, the resolved resonance

absorption has explicit resonance treatment, out the resolved resonance

scattering is not handled explicitly. In old library, resonance

scatterings of a large number of nuclides were actually treated witb

constant values. 3y an input option of 2TCG-3, it can be taken to be

equal to the value in the first group above the resonance region.

. With this treatment, all resonance scatterings of U-238 are determined

as 12.067 barns. If resonance scattering data of D-238 in the updated

library are substituted to 12.067 barns and the thermal v* of U-235 are

reduced by 0.8 £, calculated results for UO2 systeas are also iaprbved

as shown in right side of Table 5.

The average fc f.. and the standard deviation are 0.9992 ± 0.0061

and. the average deviation from unity is 0.0046. As the results of this

adjustment, the scattered trend from unity of Ic ff is greatly improved.

t

- 13 -



5. Conclusion *

1) An updated EHDP/B-IV LEOPARD library wa* proTidtd for all materials

in the code which i» currently available at the Hational Energy Software

Center.(U.S.A.) and other nuclidea which nay be considered to be

desirable additions.

2) The applicability of the updated library waa assessed through

benchmark tests for many light water-moderated critical assemblies.

The statistical values for the ratios of the calculated Ic ff's to

th« measured are 0.9954 + 0.0152 for 44 TO2-fueled cores, and

0.9988 + 0.0093 for 15 mixed-oxide (PuO2-UO2) plutonium-fueled cores.

In ease of mixed-ozide system, it will be disirable to use mixed

source spectrum of fissile materials.

3) Xn order to determine library bias from the result of benchmark

teats, adjustment works were carried out by testins the statistical effect

of Ic6Jj
1S on 35 U02-fueled system.

Changing the epithennal peak scattering of U-238 from 42.164 barns

to 26.667, the average k e f f and the standard deviation are 0.9999 ± 0.0073.

To reduce the scattered trend from unity, another adjustment was

tested. Keglecting resonance scattering effects of U-238 and reducing

v* of 0.8 1> in the thermal region, the standard deviation and the average

deviation from unity are improved to 0.61 % and 0.0046, respectively.

- 14 -
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Thus, it is confirmed that the library froo ENDF/B-IV, coupled

with the use of LEOPARD code, leads to reasonable results for light

water-moderated UO2 fueled cores with the above adjustments.

.4
'1
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Table 1. .Data for UO3

I
No.

1
2
3
4

5
5

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27
28

29

30

31

32

33
34

ta3 5

Enrich*
at.jS

2.734

2.734

2.734

2. 734

2.734

2. 734.
2.734

2.734

3.745

3.745

3.745

3.745

3.745

3.745

3.745

3.745

5.809

4.069

4.069

4.069

3.037

3.037

4.069

4.069

4.069
4.069
1.328

1.' 328

1.328

1.328

1.328

1.328

1.328

1.328

2.490

H9O :U
V o l .
Ratio
2,18
2.93
3.86
7.02
8.49

10. 38
2.50
4.51
2.50
4.51
4.51
4.51
4.51
4.51
4. 51
4. 51
3.13
2.55
2.55
2. 14

2.64

8. 16

2.59

3.53

8.02
9.90

3.02

3.95

4.95

3.93

4.89

2.88

3.58

4.83

2.84

Fuel
Ben.,
g/cm5

10.18

10.18

10.18

10.1»

10.18

10.18

10.18

10.18

10.37

10.37

10.37

10.37

10.37

10.37

10.37

10.37

10.19

9.46

9.46

9.46

9.28

9.28
9.45
9.45
9.45
9.45
7.53
7.53
7.53
7.52
7.52

10.53
10.53
10.53
10.24

Critical Experiments

Pellet
Bia.
em

.7620
: ,7620

.7620

.7620

.7620

.7620

.7620

.7620

.7544

.7544

.7544

.7544

• 7544

.7544

•7544

-7544

-9068

1-1278

1-1278

1-1278

1-1268

1.1268

1.1268

1.1268

1-1268
1.1269

1.5265

1.5265

1.5265

.9855

.9855

9728
•.9728

.9728

1.0297

Clad
Mat.

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304

SS 304
SS304

Al

A l

A l

A l

A l

A l
A l

A l

A l

Clad
O.S.
cm
.8954

.8954

.8954

.8954

.8954

.8954

.8954

.8954

.8600

.8600

.8600

.8600

.8600

.8600

.8600

.8600

.9931

[.2090

L. 2090

1.2090

1.2701

1.2701

1.2701

1.2701

1.2701
1.2701

1.6916

1.6916

1.6916

1.1506

1.1506

1.1506

1.1506

1.1506

L.2060

Clad
?hick.
cm

.04085

. 04085

.04085

.04085

.04085

.04085

.04085

.04085

.04060

. 04060

. 04060

.04060

.04060

.01060

.04060

.04060

.03810

.04060

. 04060

.04060

.07163

.07163

.07163

.07163

.07163
.07163

.07110

.07110

-07110

.07110

.07110

.07110

.07110

.07110

.08130

l&tt.
Pitch
cm

1.0287

1.1049

1.1938

1.4554

1.5621

1.6891

1.0617

1.2522

1.0617

1.2522

1.2522

1.2522

1.2522

1.2522

1.2522

1.2522

1.3208

1.5113

1.5U3

1.4500

1.5550

2.1980

1.5550

1.6840

2.1980
2.3810

2.2053
2.3595
2.5128
1.558$

1.6525
1.5580
1.652(3

1.8060

1.5113

B-10
Cone
PFm

0
0

0

0

0

0

0

0

0

0

0

456
709

1260

1334
1477

0

0

3392
0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

1675

Crit.V
Buck.\
t i 2 1

40.75
53.23
63-26
65.64
60.07
52.92
47.50
68.80
68.30
95.10
95.38 H
74.644
63.664
40.99 4
38.39 4
33-38 4

117.60
88.00
17.20
79.00
50.75
68.81
69.25
85.52
92.84
91.79
28.37
30.17
29.06
25.28
25.21
32.59
35.47
34.22
20.20

Refe-
rence

IO

IO

19

n
n
n
/2

JZ

t-x
/ 2 .

/3
/ ?

13

/ 3

fi

/ 3

/V-
/*

/JT

/6
a

a
fb
(b
If
n
n
'7
'7
/7
/7
/7

• is-

EB



36

37

38

39

40

41
42

43

44

2.096
2.096
2.096
2.096

.2.096
2.. 628
2.628
2.628'
2.628

2.06
2.06
4.12
6.14
8.20
1.50
1.83
2.48
3.00

10.38
10.38
10.38
10.38
10.38
10.40
10.40
10.40
10.40

1. 5240
1.5240
1. 5240

1. 5240

1.5240

1.2500

1.2500

1.2500

1.2500

A l

A l

A l

A l

A l

A l

A l

A l

A l

1.6916

1.6916

1.6916

1.6916

1.6916

1.4170

1.4170

1.4170

1.4170

.07112

.07112

.07112

.07112

.07112

.07600

.07600

.07600

.07600

2.1737
2.4052
2.6162
2.9891
3.3255
1.8490
1.9560
2.1500
2.2930

(continued)

0

0

0

0

0

0

0 '
0

0

58.00
80.60
85.70
77.00
61.60
83.30+
94.30+
98.30+
95.20 +

18
18

18.
18
18

19
19

19

19

* Hexagonal Lattice : All others are square.

+ These bucklings were not measured directly but were inferred

from critical loadings.

•3
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Table 2 .

Cast
Ko.

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

• PuO-
( /Pu-240
. w/o
2.0/ 7.Œ

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/ 7.65

2.0/23.5

2.0/23.5

3.01/22.02

3.0^2.02

3.0yS2.02

3.01/22.02

Data for PuO

H-OtF
VSl.
Ratio

2.51

18. 37

9. 70

7.76

7.76

7.76

2,48

2.48

3.43

7.80

9.72

2.42

2.98

4.24

5.55

Fuel
Den*,
ff/cm*

9.54

9.54

9.54

9.54

9.54

9.54

9.54

9.54

9.54

9.54

9.54

6.056

6.056

6.056

6.056

2-U02

Pellet
Dia.
em
1.283

'.. 283

1.283

1.283

1.283

1.283

1.283

1.283

1.283

1.283

1.283

1.065

1.065

1.065

1.065

Crit ical Experiments

Clad
Hat.
Zr-2

Zr -2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Zr-2

Clad
C D .
cm

1.443

1.443

1.443

1.443

1.443

1.443

1.443

1.443

1.443

1.443

1.443

1.223

1.223

1.223

1.223

Clad
Thick,
cm
0.076

0.076

0.076

0.076

0.076

0.076

0.076

0.076

0.076

0.076

0.076

0.070

0.070

0.070

0.070

Latt.
Pitch
cm

1.753

3.505

2.694

2.479

2.479

2.479

1.753

1.753

1.905

2.479

2.694

1.325

1.956

2.225

2.474

B-10
Cone,
ppm

0

0

0

0

261

526

526

261

0

0

0

0

0

0

0

Crit .
Bucjj.
m
69.1

50.3

98.4

105.9

83.7

63.1

58.3

62.6

90.0

79.5

73.3

80.8"*

82.8 +

77.94

65.1+

Refe-
rence

20

20

20

20

20

20

20

20

20

20

20

19

19

19

19

+ These bucklings were not measured directly but were inferred

from crit ical loadings.

. X

I - * •
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Table 3. Comparison of Calculated Values of K e f f of Experimental

UO. Critical Assemblies

Case
Number

1
2
5
4
5

. 6
7
8
9

10
11
12
15
14
15
16
17
18
19
20
21
22

Average
Standard
Average]

Without Case
Average
Standard
Average

ear
0.97616
0.98960
0.99608
1.OO764
1.00949
1.00445
0.98077
0.99550
O.93757
1.00424
1.00527
C.99601 '
0.^9205
0.93860
0.93741
0.93545
1.00410
0.93961
O.984OI
0.97731
0.98008
0.96212

Xeff :

deviation :
K e f r - 1 . 0 | :

0.99559
0.01517
0.01232

Ko. 36 through H

Keff !

Deviation :
| K e f f - 1 . 0 l :

0.992Ù5
0.00862
0.00968

Case
Nuuber

25
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

V

0.99.140
0.99570
1.01099
0.99464
0.98997
0.99622
0.99605
0.98675
0.99201
0.93872
0.99608
0.99595
0.99229
1.05256
1.00991
0.99527
0.97454
0.95412
1.01933
1.01055
1.O14Ô5
1.01359

[ _



Table 4. Comparison of Calculated Values of K g f f of Expérimental

PuO2-UO2 Critical Assemblies

^ • ^ S o u r c i
CasttSSpectrum
HuabtrS^

45
46

47

48

49
50

51
52

53
54

55

56

57

58

59

0 - 235

o.98645

0.99625
1.02306

1.02273
1.01051

1.00083

' 0.98553

0.y39i3

0.99927

1.00813

1.00637

1.00579
1.01178

1.01292

1.00909

Average Keff : 1.00451

Standard Deviation : 0.01130

Average | X , f f - 1.O|: 0.01032

P u - 239

0.98392

O.99168

1.01508

1.01455

LOO414

0.99627
O.99627

0.98380

0.99412

1.00211

1.00052

0.99796

1.00365

1.00510

1.00237x

0.29365

O.C093O

O.OO73O
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Table 5* Comparison of Calculated Values of Experimental

UO2 Critical Asaeablies by Data Adjustments

\Adj_
IaSVsstUthod
NuBber"-*^

1
Z
3
4
5
6
7
6
9

10
11
12
13
14
15
16
17
18

1st #
Method

0.98896
0.99960
1.00380
1.0120"!
1.01307
1.00743
0.99216
1.00012
O.99o50
1.01068
1.00*70
1.00239
0.33918
0.99492
0.99372
0.99172
1.01191
0.99337

2nd # #
Method

0.99596
1.00245
1.00331
1.007*?
1.00026
1.00218
0.99700
0.99813
1.OM37
1.00742
I.OO641
1.0U005
0.99734
0.99404
0.99295
0.99115
1.010C7
0.99868

\Adj.
CasXHethod

Uuaber'^^N»^^

19
20
21
22
23
24

' 25
26
27
28
29
30
31
32
33
54
35

Average X ^ :

Standard Deviation :
Average \\rf 1.01:

1st #
Method

0.99245
0.98786
O.98899
0.98524
1.00004
1.00236
I.OI413
0.99712
0.99604
1.00252
1.00111
O.̂ ÔjiO

0.99792
1.00361
1.00157
1.00095

0.99993
O.OO73O

0.00563

2nd ^
Method

0.99510
0.99039
0.59132
O.97?98
1.00146
1.00041
1.00800
0.99069
0.99940
1.V#164

O.?97,'O
0.99763
1.00063
1.00100
0.99986
1.00378

0.99923
0.00611

0.00459

* Changing the epithetnal peak scattering of U-238
from 42.164 b^rns to 26.667

•• Neglecting resonance scattering effects of U-238

and reducing v of 0.8 i- in the thermal region

L-


