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Abstract

A 69-group cross section library consisting of more than 130 materials was generated
for thermal reactor applications using the NJOY nuclear data processing system and the
recent version of evaluated nuclear data files available from IAEA Nuclear Data Section.
The multigroup library was validated through the analysis of various criticality experiments
and depletion results of PWR. When used with the WIMS-KAERI code, the average Ko
obtained for 47 uranium-oxide and 41 uranium metal fueled critical configurations is 0.9997
with a standard deviation of 0.69 percent. The calculated burnup dependent isotopic in-
ventories of uranium and plutonium generally show good agreement with measured values
obtained from depleted PWR pins.
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I. Introduction tance. Since reactor analysis methods cannot

treat the full space-energy detail of the core, the

In nuclear design analysis for reactors or radia-  first step in the analysis is to prepare few-group
tion facilities, nuclear data are of primary impor- cell-averaged cross sections using a computer

245



246

code like the LEOPARD"Y, LASER?, WIMS»
etc. The conditions in the reactor cell change with
time due to the buildup and depletion of fission
products and actinides. Therefore, the cell code
must be able to compute the detailed flux at a
number of time steps through the life of the core,
calculate the average cross sections, and predict
the changes in nuclide concentrations. For best
results, these calculations require libraries of ac-
curate cross sections based on standard, public-
ly available evaluated nuclear data produced
using well described methods.

In order to provide an up-to-date multigroup
data for thermal reactor calculations, a new
69-group cross section library was generated with
the recent version of evaluated nuclear data files®
available from the Nuclear Data Section (NDS)
of IAEA using the nuclear data processing system
NJOY*, which has the capability of producing
most of multigroup data required for thermal
reactor analysis as well as fast reactors.

The quality of a multigroup cross section data
cannot be judged independently without the par-
ticular combination of data and methods in the
complex environment of reactor analysis. In order
to validate the adequacy of the newly generated
multigroup data library for use in nuclear design
analysis, benchmarkings were performed using
the WIMS-KAERI code® by the experimentally
determined criticalities and isotopic inventories
in depleted PWR fuels.

2. 69-group Data Library

The energy .aroup structure selected is 69
groups with energy boundaries corresponding to
those of the original WIMS library. The first 14
‘fast’ energy groups have equal half lethargy in-
tervals in the range 10 MeV t0 9.118 keV. Below
9.118 keV there are 13 ‘resonance’ energy groups
down to 4 eV, and below 4 eV in the ‘thermal’
region there are 42 groups.
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2.1 Sources of Basic Nuclear Data

Most of the evaluated nuclear data were taken
from the ENDF/B-V" or IV®, but some data, not
available from the released ENDF/B files, were
taken from the JENDL-2 (Rev.1)® and
ENDJ_-841%, Used data files are the following:

¢ ENDF/B-V Standard File

¢ ENDF/B-V Actinide File

e ENDF/B-V Fission Product File

¢ ENDF/B-V Fission Product Yield File
o ENDE/B-V Dosimetry File

e ENDF/B-IV General Purpose File

e ENDF/B-II
¢ JENDL-2 (Rev.1)
» ENDL-84

Scattering Law File
General Purpose File
General Purpose File.

2.2 Data Processing Routines

The data processing to convert ENDF/B-for-
matted source data to multigroup data requires
a number of routines such as pointwise, Doppler-
broadning, thermal scattering kernel, self-
shielding, group weighting etc. The NJOY is
composed of a modular system for a variety of
nuclear data processing of ENDF/B-formatted
files. In the source data processing, the NJOY
and an auxilliary routine were used. Detailed
descriptions on the routines are described in
References 5 and 12.

2.3 Contents of the Library

The 69-group data library contains fission, ab-
sorption and transport cross sections, P, scatter-
ing matrices, and fission neutron yield. Some
additional parameters are included in this library
for use in the resonance calculations: slowing
down parameters, Goldstein-Cohen parameters,
potential scatterings, and resonance integrals for
self-shielding effects and P, matrices for some
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moderator materials to be used in B-1 approx-
imation are included. Fission product and actinide
depletion chains as well as fission yield data and
B decay constants are also included in the library.

2.4 Generation of the Library

In the group averaging, a combined Maxwellian
+ 1/E + fission spectrum was used for weigh-
ting. The thermal portion is Maxwellian with a
temperature of 0.0253 eV which joins 1/E at 0.1
eV. The fission spectrum joins 1/E at 674.0 keV
and has a characteristic temperature of 1.27
MeV. In the NJOY system, a weighting flux of
the actinide nuclides can be produced by a point-
wise solution of the slowing down equations for
the heavy absorber mixed with a light moderator
in order to take accurately account of broad and
intermediate resonance effects in the epithermal
region. The fine-group weighting fluxes calculated
with the above method were used for main ac-
tinide weighting.

The thermal scattering kernels for most nuclides
were computed with the free gas model, and with
some exceptions. The special thermal scattering
kernels for hydrogen bound in H,O and ZrH,
deuterium bound in D,O, and graphite were com-
puted using the scattering law data from ENDF/B
library. The transport cross sections for all
nuclides, except hydrogen and deuterium, were
computed using the row sum correction from P,
scattering maxtrix data. For the above two, a
weighted column sum correction was applied to
groups above 4 eV. For most nuclides the P, data
were only stored implicitly in the library in the
form of transport corrections. But for the prin-
cipal moderators, explicit P; matrix data were at-
tached to the end of the library. Only four P,
matrices are processed. These are one each for
hydrogen, deuterium, oxygen and carbon, and
are a single temperature, 300°K, only. The
Goldstein-Cohen parameters were taken from the

reported data'®, which vary smoothly with
atornic weight and are assumed to have energy
independent values, without critical evaluation.
The potential scattering cross sections were pro-
cessed from the source data files. The {n, 2n)
cross sections were subtracted from absorption
cross sections to conserve total cross sections.

Fission spectra of U-235 were generated from
Watt spectrum data of ENDF/B-V. Most ac-
tinides have the self-shielded resonance integral
data according to some temperatures and back-
ground cross sections. The capture and fission
cross sections of U-238 and Th-232 were pro-
cessed from ENDF/B-V data.

In order to improve the effect of actinide in high
brunup characteristics, the actinide burnup chain
model was improved by adding most actinides
such as neptunium, americium and curium.
However, because of the limitations of a single
capture and decay product in burnup chain, it
was assumed in the library that a capture in
Am-241 produces 0.14 atoms of Am-242m, and
that Am-242g branch of the chain can be
neglected. The (n, 2n) production from U-238
was modeled in the burnup chain as shown in
Fig. 1.

The energy released in a reactor per fission of
a fissionable nuclide is composed of the energy
which results directly from fission and the energy

of the gamma quanta released from capture of
fission neutrons. The former was processed from
each source files and the latter was evaluated
with 5.65 MeV per neutron.?®! The fission pro-
duct yields were taken into account for all fis-
sionable nuclides, and the vield values were
produced from ENDF/B-V Fission Product Yield
File.

In the model of fission product chain, 35 fis-
sion products are represented explicitly whilst the
remainder is combined in a single pseudo-fission
product. The lumped fission product is to include
the absorption from all isotopes not treated ex-
plicitly in the fission product representation. All
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cross sections for the explicitly treated fission  without adjustment. The fission product and ac-
product nuclides were processed from ENDF/B-  tinide burnup chain models used in the library are
V data. The pseudo-fission product data used in shown in Figures 1 and 2, respectively.

this library are taken from the old WIMS library

Kras
Moss
Tc e
Rusen Rues
Rhias Rhnos —-Capture
| |
Pdus  Pdue ﬂl’ Decay (f)
Cd") Ag'“
Inns
127 1 s
|
Xeyy Xe s
!
Cs— Csy3— Cs,y Ndis Ndiss

Pmiiem

Prmer / \ Pm.“ (n7)
-

Sm‘"—— Sm e Sm,;— Smg— Smy— Smy,, ‘lﬂ]
Cdw Eu,5— Eu,;— Eu,,
Psedo

Fig. 1. Fission Product Chain used in the ‘WIMKAL-88’ Library
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Fig. 2. Actinide Burnup Chain used in the ‘WIMKAL-88’ Library
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The newly generated 69-group cross section
library, designated WIMKAL.-88 (WIMS-KAERI
Library 1988 Version), contains data for more
than 130 nuclides including reactor fuel,
moderator, structure materials, fission products
and actinide nuclides as well as miscellaneous
radioisotopes to be produced in the research

and/or power reactors. More detailed contents for
the WIMKAL-88 are described in Ref. 12.

The advantages of the WIMKAL-88 can be
summarized as the following.

¢ All data were derived from the latest version
of the evaluated nuclear data files available
from the NDS of IAEA.

¢ Transport cross sections were computed us-
ing P, scattering matrix data.

e Within-group weighting fluxes for actinides
were computed on an ultra-fine group basis for
accurate intermediate resonance self-shielding.

o Fission spectra of U-235 were produced from
Watt spectrum data in ENDF/B-V.

e More explicit representation was adopted for
fission-product chain.

¢ More extensive representation of actinide bur-
nup chain including thorium cycle was
selected.

3. Benchmarkings

An extensive benchmarking of the WIMKAL-88
by means of the WIMS-KAERI code, which is a
revised KAERI version of WIMS/D4, was carried
out by comparing results of pin-cell calculations
with those of experimentally determined
criticalities and depletions.

3.1 Analysis of Critical Experiments

A variety of critical experiments were analyzed
using measured bucklings as input to fundamen-
tal mode calculation. These calculations give only
approximate eigenvalues due to the uncertainties
in the experimental bucklings, but still serve as
an indicator of the reliability of multigroup cross
section library.

Experimental data for a large number of critical
and/or exponential lattices of uranium-oxide and
uranium metal fuel have been collected from the
literatures 12-2», The main part is from
Strawbridge and Barry’s collection'®’. The cases
were limited, with a few exceptions, to lattices
for which experimental bucklings have been
reported. The lattices selected have a variety of
fuel enrichment, pin size, pitches, and leakage
fractions. And some criticals have D,O as
moderator, and contain boron in moderator.
Detail specifications of the selected experiments
are listed in Table 1. And Table 2 gives computed
eigenvalues for the UO, and metal fueled criticals.
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Table 1. Specifications for Critical Benchmarkings
{(a) Data for UQ, Criticals

) Fuel | Pellet Clad | Clad | Lattice | D,O |Boron| Critical
Case | Enrichment Clad
Density| Dia. ) OD | Thick. | Pitch | Mole |Conc.|Buckling |Ref.
No. (at. %) Material )
(g/em?) | (cm) {cm) {cm) (cm) |Fraction|(ppm)| (m™)
x| 2734 10.18 | .7620( SS304 | .8594(.04085(1.0287 0| 4075 |12
2x | 2734 10.18 | .7620| SS304 | .8594!.04085]1.1049 0} 5323 |12
3x | 2734 10.18 | .7620| SS304 | .8594.04085|1.1938 0] 6326 |12
ax | 2.734 10.18 | .7620| SS304 | .8594(.04085|1.4554 0| 65.64 |13
5x | 2734 10.18 | .7620| SS304 | .85941.04085)1.5621 0] 60.07 |13
6x | 2734 10.18 | .7620| SS304 | .8594 |.04085|1.6891 0| 5292 |13
x| 2734 10.18 | .7620| SS304 | .8594 |.04085 (1.0617 0] 4750 |14
8| 2734 10.18 | .7620| SS304 | .8594.04085]1.2522 0| 6880 |14
9x | 3.745 10.37 | .7544| SS304 | .8600.040601.0617 0| 6830 |14
10x | 3.745 10.37 | .7544| SS304 | .8600(.04060|1.2522 0] 9510 |14
11x | 3.745 10.37 | .7544| SS304 | .8600(.04060(1.2522 0| 95.68+ |15
12x | 3.745 10.37 | .7544| SS304 | .8600|.04060 (1.2522 456 | 74.64+ | 15
13x | 3.745 10.37 | .7544| SS304 | .8600|.04060|1.2522 709 | 63.64+ | 15
14x | 3.745 10.37 | .7544| SS304 | .8600(.04060|1.2522 1260 | 4999+ 15
15x | 3.745 10.37 | .7544| SS304 | .8600|.04060|1.2522 1334 | 38.39+ | 15
16x | 3.745 10.37 | .7544| S5304 | .8600|.04060|1.2522 1477 | 38.38+| 15
17x 5.809 10.19 | .9068| SS304 | .9931(.03810|1.3208 01117.60 16
18x | 4.069 9.46 11.1278| SS304 |1.2090(.04060|1.5113 0| 88.00 |17
19x | 4.069 9.46 |1.1278| SS304 |1.2090|.040601.5113 3392 | 17.20 |17
20x | 4.069 9.46 |1.1278| SS304 |1.2090|.04060(1.5113 | .7650 0| 1077 |17
21x | 4.069 9.46 |1.1278| SS304 |1.2090(.04060(1.5113 | .7377 0| 1433 |17
22x | 4.069 9.46 (1.1278| SS304 {1.2090(.04060{1.5113 | .7377 0] 1409 |17
23x | 4.069 9.46 |1.1278| SS304 |1.2090{.04060(1.5113 | .6970 0| 1860 |17
24x | 4.069 9.46 |1.1278| SS304 {1.2090|.04060(1.5113 | .4966 0| 4400 |17
25x | 4.069 9.46 |1.1278] SS304 |1.2090|.04060|1.5113 0] 7900 |17
26x | 4.069 9.46 |1.1278| SS304 |1.2090|.04060{1.5113 | .7007 0| 1240 |17
27x | 4.069 9.46 |1.1278| SS304 |1.2090|.04060(1.5113 | .4968 0] 3460 |17
28x | 3.037 9.28 11.1268| SS304 {1.2701.07163|1.5550 0| 50.75 |18
29x | 3.037 9.28 {1.1268| SS304 {1.2701/.07163(2.1980 0 6881 |18
30x | 4.069 9.45 (1.1268| SS304 |1.2701 |.07163(1.5550 0] 69.25 |18
31x | 4.069 9.45 |1.1268| SS304 11.2701(.07163(1.6840 0| 8552 |18
32x | 4.069 9.45 |1.1268| SS304 |1.2701(.07163|2.1980 0] 9284 |18
33x | 4.069 9.45 |1.1268| SS304 |1.2701.07163(2.3810 0| 91.79 |18
34x | 1.328 7.53 [1.5265| Al [1.6916|.07110(2.2050* 0| 2837 |19
35x | 1.328 7.53 {15265 Al {1.6916|.07110{2.3590* 0} 3017 |19
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. Fuel | Pellet Clad | Clad | Lattice | D,O [Boron| Critical
Case | Enrichment ) . Clad
No. | (at. %) Density| Dia. |\~ | OD |Thick | Pitch | Mole |Conc.|Buckling |Ref.
(gfem?®) | (cm) (cm) | (cm) (cm) |Fraction|(ppm)! (m2)
36x | 1.328 7.53 (15265 Al [1.6916(.07110|2.5120" 0| 2906 |19
37x | 1.328 752 9855 Al |[1.1506).07110|1.5580* 0| 2528 |19
38x 1.328 7.52 | 9855 Al [1.1506(.07110|1.6520" 0| 2521 |19
39x 1.328 1053 | 9728 Al 1.1506|.07110}1.5580* 0] 3259 |19
40x | 1.328 1053 | .9728| Al |1.1506|.07110|1.6520* 0} 3547 |19
41x | 1.328 1053 | 9728 Al 1.1506].07110{1.8060" 0| 3422 |19
42x |  2.490 10.24 [1.0297| Al |[1.2060/.08130|1.5113 1675 | 2020 |17
43x | 2490 10.24 |1.0297| Al (1.2060|.08130{1.5113 | .7200 0} 1475 |17
44x | 2490 10.24 {1.0297| Al |(1.2060|.08130(1.5113 | .7009 0| 1747 |17
45x | 2.490 10.24 |1.0297| Al |1.2060|.08130(1.5113 | .4976 0] 39.36 |17
46x | 2.490 10.24 {1.0297 Al [1.2060(.08130[1.7020 | .8550 0| 1279 |17
47x | 2490 10.24 [1.0297| Al |1.2060{.08130|1.7020 | .7000 0| 33.70 |17
* Hexagonal Lattice; All others are square.
+ These bucklings were not measured directly but were inferred from critical loadings.
Table 1. (Continued)
(b} Data for U-Metal Criticals
Fuel Pellet Clad Clad Lattice | Critical
Iizse E“(zh;‘;'m Density | Dia. M:tl::al OD | Thick. | Pitch® | Buckling | Ref.
(g/em?) | (cm) (cm) (cm) (cm) (m™)
1m 1.307 189 1.5240 Al 1.6916 | .07112 | 2.1742 | 32.11 20
2m 1.307- 18.9 1.5240 Al 1.6916 | .07112 | 24054 | 51.87 20
3m 1.307 189 1.5240 Al 1.6916 | 07112 | 26162 | 61.08 20
4m 1.307 18.9 1.5240 Al 1.6916 | .07112 | 29896 | 60.99 20
5m 1.307 18.9 1.5240 Al 1.6916 | .07112 | 3.3249 | 50.28 20
6m 1.160 18.9 1.5240 Al 1.6916 | 07112 | 2.1742 | 21.19 20
7m 1.160 18.9 1.5240 Al 1.6916 | .07112 | 24054 | 40.23 20
8m 1.160 189 1.5240 Al 1.6916 | 07112 | 2.6162 | 48.22 20
9m 1.160 18.9 1.5240 Al 1.6916 | .07112 | 2.9896 | 47.12 20
10m 1.160 189 1.5240 Al 1.6916 | 07112 | 3.3249 | 36.03 20
11m 1.040 18.9 1.5240 Al 1.6916 | .07112 | 2.1742 9.66 21
12m 1.040 189 1.5240 Al 1.6916 | .07112 | 24054 | 29.60 21
13m 1.040 189 1.5240 Al 16916 | 07112 | 2.6162 | 35.83 21
14m 1.040 189 1.5240 Al 1.6916 | .07112 | 29896 | 3293 21
15m 1.040 18.9 1.5240 Al 1.6916 | 07112 | 3.3249 | 21.01 21
16m 1.307 18.9 0.9830 Al 1.1252 | 07112 | 1.4412 20.90 22
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Fuel Pellet Clad Clad | Lattice | Critical

Case Enrichment Clad

Density | Dia. . OD Thick. | Pitch* | Buckling | Ref.
No. (at. %) Material

(gem?) | (cm) {cm) {cm) (cm) (m™?)
17m 1.307 18.9 0.9830 Al 1.1252 | .07112 | 1.5926 | 40.51 22
18m 1.307 189 0.9830 Al 11252 | .07112 | 1.7247 | 52.19 22
19m 1.307 189 0.9830 Al 11252 | .07112 | 1.9609 | 59.25 22
20m 1.307 189 0.9830 Al 1.1252 | 07112 | 2.1742 | 54.69 22
21m 1.160 18.9 0.9830 Al 11252 | 07112 | 1.5926 | 31.21 22
22m 1.160 18.9 0.9830 Al 1.1252 | .07112 | 1.7247 | 4217 22
23m 1.160 18.9 0.9830 Al 1.1252 | .07112 | 1.9609 | 46.18 22
24m 1.160 18.9 0.9830 Al 1.1252 | 07112 | 21742 | 40.14 22
25m 1.040 189 0.9830 Al 1.1252 [ .07112 | 1.4412 3.23 22
26m 1.040 189 0.9830 Al 1.1252 | .07112 | 1.5926 | 19.70 22
27m 1.040 18.9 0.9830 Al 11252 | 07112 | 1.7247 | 29.02 22
28m 1.040 18.9 0.9830 Al 1.1252 | 07112 | 1.9609 31.39 22
29m 1.040 189 0.9830 Al 1.1252 | 07112 | 2.1742 | 25.68 22
30m 1.040 18.9 1.905 Al 2.0574 | .07620 | 2.8687 | 28.90 20
31lm 1.040 18.9 1.905 Al 2.0574 | .07620 | 3.0086 34.70 20
32m 1.040 189 1.905 Al 20574 | .07620 | 3.1425 | 37.50 20
33m 1.040 18.9 1.905 Al 2.0754 | 07620 | 3.3942 | 36.70 20
34m 1.040 189 1.905 Al 2.0754 | 07620 | 3.6284 | 32.90 20
35m 1.040 189 1.905 Al 2.0574 | .07620 | 4.0566 18.60 20
36m + 1.310 18.88 [ 1.5240 Al 1.6916 | 07112 | 2.616 61.12 19
37m+ 1.310 18.88 | 1.5240 Al 1.6916 | .07112 | 2.990 61.09 19
38m+ 1.159 18.88 | 1.5240 Al 1.6916 | .07112 | 2.616 48.31 19
39m+ 1.159 18.88 | 1.5240 Al 1.6916 | .07112 | 2.990 47.26 19
40m + 1.312 18.88 | 0.9830 Al 1.1506 | .07112 | 1.725 53.55 19
41m+ 1.312 18.88 | 0.9830 Al 1.1506 | .07112 | 1.961 58.20 19

* Hexagonal Lattice.

+ These cases are critical experiments; All others are exponential experiments.
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Table 2. Calculated K¢ Values
(a) UQ, Ciriticals

Table 2. (Continued)
(b} U-Metal Criticals

In these calculations using the WIMS-KAERI
code, the discrete ordinates method was used
with P, scattering and 8 discrete angular direc-
tions. It is apparent that for the primary set of
47 UO, fueled lattices, the WIMKAL-88 library
gives only 0.29% higher than unity on the
average value of K, but for 41 metal fueled lat-
tices, it gives 0.39% lower than unity. Never-
thless, the fact that the WIMKAL-88 library using
the WIMS-KAERI code can obtain an average

Case No. Kegt Case No. Keit Case No. Kegt Case No. Kot
1x 1.01228 26x 0.99761 1m 0.98422 23m 0.99726
2x 1.01154 27x 0.99932 2m 0.99391 24m 0.99479
3x 1.00767 28x 0.99783 3m 0.99462 25m 0.99874
4x 1.00928 29x 0.97910 4m 0.99433 26m 1.00783
5x 1.01046 30x 1.00606 5m 1.01046 27m 1.00395
6x 1.00547 31x 0.99974 6m 0.99263 28m 1.00077
7x 1.00956 32x 1.00319 7m 0.98799 29m 0.99469
8x 1.00099 33x 0.98621 8m 0.99518 30m 0.99266
9x 1.01237 34x 1.00289 9m 0.99341 3lm 0.99286

10x 1.00685 35x 1.00412 10m 0.99052 32m 0.99317
11x 1.00528 36x 1.00164 1lm 0.99520 33m 0.99526
12x 0.99977 37x 1.00327 12m 0.99392 34m 0.99279
13x 0.99752 38x 1.00145 13m 0.99608 35m 0.98790
14x 0.99528 39x 1.00771 14m 0.99527 36m 0.99498
15x 0.99429 40x 1.00634 15m 0.99271 37m 0.99453
16x 0.99269 41x 1.00357 16m 0.99269 38m 0.99460
17x 1.00988 42x 1.00686 17m 1.01017 39m 0.99264
18x 1.00097 43x 1.00946 18m 1.00684 40m 0.99687
19x 0.99765 44x 1.00606 19m 1.00030 41m 1.00038
20x 1.00245 45x 1.00158 ' 20m 0.99691
21x 1.00281 46x 1.01057 21m 1.00510 || Average  0.99613
22x 1.00417 47x 1.01002 22m 1.00031 || Standard
0.00522

23x 1.00800 Deviation
24x 0.99789 || Average 1.00289
25x 0.99623 || Standard

Deviation 0.00661

K. of 0.99974 with 0.689% standard deviation
for such a wide range of lattices is indicative of
the validity of the library.

In order to investigate systematic errors in the
proposed calculations, the calculated K4 values
have been plotted against some parameters.
Figures 3 and 4 show all points plotted versus
the moderator-to-fuel volume ratios and the
reported bucklings, respectively. No dependen-
cies on these parameters are observed.
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3.2 Analysis of Depletion Experiments

Depletion benchmarking was performed by
comparing the buildup and depletion data of
uranium and plutonium isotopes determined ex-
perimentally by destructive analysis of fuel pellets
removed from Yankee power reactor. The
Yankee is a pressurized water reactor. A detail-
ed description of the reactor characteristics and
measured data can be found in References 24
and 25.

The Yankee has a uniform lattice pitch except
in the neighborhood of water slots where the ef-
fective pitch is smoewhat larger. The calculation
was performed with the normal pitch, and com-
parisons with experiments were made with
isotopic inventories obtained from fuel rods
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Table 3. Specifications of Yankee Lattice used
in the Present Calculation

(a) Characteristics

Cold Pitch (cm) 1.072
Hot Pitch (cm) 1.077
Fuel Temperature (°C) : 593.333

Moderator Temperature (°C): 267.778

Fuel (UO,) Density (g/cm?) 10.18
Clad (SS347) Density (g/cm?):  7.3872
(b} Cell Geometry
Region Region
Type
Number Thickness (cm)
1 Fuel (UO,) 0.3734
2* Clad (S5347) 0.0604
3 Moderator (H,O) 0.1735

* The pellet-to-clad gap has been homogenized with
the §S347.

{c) Atom Number Densities (x10** atom/cm?)

Region Nuclide Number Density
Fuel U-234 0.00000454
(U0O,) U-235 0.00078125

U-236 0.00000454
U-238 0.02192039
Clad Fe 0.0545015
(SS347) Cr 0.0154002
Ni 0.0079591
Mn-55 0.0016195
Si 0.0015840
C 0.0000401
Moderator ! H 0.052386
(H,0) O 0.026193

located in the center of the fuel assemblies away
from water slots and control rods, where the ef-
fects of non-uniformities in the lattice are negligi-
ble. The fuel pin-cell was modeled in the
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Table 4. Comparison of Calculated Plutonium Isotopic Ratios with Measured Values as a Func-
tion of U-235 Depletion.
U-235 Pu-239/Pu-240 Pu-240/Pu-241 Pu-241/Pu-242
Fractional
Depletion Calculated diff. (%) * Calculated diff. (%) Calculated diff. (%)
0.095 18.77 -2.80 5.56 -3.30 56.71 60.29
0.137 13.53 0.07 3.78 -1.56 37.20 15.82
0.252 8.18 -4.88 217 -8.44 17.92 28.00
0.289 7.36 ~-0.81 1.97 -4.83 15.24 972
0.321 6.74 -044 1.82 -2.67 13.25 13.25
0.351 6.23 -0.16 1.71 -2.84 11.73 11.61
0.491 4.70 0.86 141 -2.76 7.52 13.42
[ 0.538 4.33 -0.92 1.35 -4.26 6.60 11.11

* ((Calculated/Measured) - 1) x 100 (%)
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WIMS-KAERI code as part of an infinite lattice
with no extra region. The specifications used in
this calculation are summarized in Table 3.

Calculated burnup dependent isotopic inven-
tories of uranium and plutonium are ccmpared
with the measured values in Figures 5 and 6,
respectively. The isotopic contents are express-
ed as a function of U-235 atom fractional deple-
tion in the Figures. The calculated values are
generally in good agreement with measured
results. The Pu-242 atom density is slightly
underpredicted, however, at high burnup.

A direct comparison of the calculated and
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Fig. 7. Comparison between Calculated
and Measured Pu-239 to Pu-240
Atom Ratios versus U-235 Atom
Depletion
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measured isotopic ratios of plutonium isotopes
in some depletion steps is given in Table 4.

The calculated values for Pu-239/Pu-240 are in
excellent agreement with measured values, and
the values for Pu-240/Pu-241 are also in good
agreement relatively. The Pu-241/Pu-242 ratios,
however, appear to be overpredicted over the en-
tire burnup range. The overprediction of
Pu-241/Pu-242 is from the underprediction for
the buildup of Pu-242. The calculated and
measured isotopic ratios versus burnup are com-
pared in Figure 7 through 9.
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4. Conclusion

In order to provide an up-to-date multigroup
cross section library for thermal reactor applica-
tions, an ENDF/B-V or IV based 69-group
nuclear data library have been generated using
the data processing system NJOY. Adequacy of
the newly generated data in thermal reactor pro-
blems was validated through comparisons of
results with experimental values such as critical
and depletion data.

The results of the criticals benchmarking using
the WIMKAL-89 library with the WIMS-KAERI
code indicate consistency and accuracy in analyz-
ing a variety of configurations. There is a tenden-
cy for the WIMKAL-88 library to slightly
overestimate the UQ, eigenvalues and under

estimate the aetal eigenvalues. The depletion
benchmarking shows that use of the
WIMKAL.-88 gives results that generally compare
well with measured isotopic data, although some
inconsistencies were observed. Most of the
observed discrepancies are within or near ex-
perimental uncertainties, or within the limits of
accuracy expected from the calculational model
such as a simple cell model. Therefore, use of
the WIMKAL-88 is recommended in the analysis
of water-moderated nuclear reactors.
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