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Abstract

The applicability of relatively simple calculations with the deterministic lattice cell
code WIMS-D/4 to study the relative influence of the changes in the nuclear data
on the thermal lattice integral parameters is demonstrated. The metal uranium
TRX lattices, uranium dioxide BAPL lattices and the recently measured DIMPLE-
S01A lattice are considered. Whenever possible, comparison to detailed results
with Monte-Carlo codes is made. The original WIMS-D library and the data from
ENDF/B-IV, ENDF/B-V, ENDF/B-VI Rev.2, ENDF/B-VI Rev.3 and JEF-2.2 are
considered.
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1 Introduction

The-ENDF/B-IV and ENDF/B-V data libraries have been extensively analysed [1, 2]
for thermal reactor applications. The results of Monte-Carlo calculations can serve as
numerical benchmarks for the validation of other deterministic methods. In this way
the data processing methods for generating a WIMS-D library were validated (3, 4].
The same data processing methods were applied to generate WIMS-D libraries based
on different basic evaluated data files. Using the same physical models to represent
a selection of thermal lattice experiments, the differences in the calculated integral
parameters should originate purely from the differences in the nuclear data.

2 Methods

The metal uranium TRX-1 and TRK-2 lattices, uranium dioxide BAPL-1, BAPL-
2 and BAPL-3 lattices [5] and the recently measured DIMPLE-S501A lattice were
considered. The WIMS-D/4 inputs as prepared within the WIMS-D Library Update
Project [3] of the International Atomic Energy Agency were used to model the
lattices. In addition to the original WIMS-D library, special libraries were prepared
with new data based on ENDF/B-IV, ENDF/B-V, ENDF/B-VI Rev.2, ENDF/B-
VI Rev.3 and JEF-2.2 data for hydrogen bound in water, oxygen, aluminium and
the uranium isotopes. The following integral parameters were considered:

Table 1: Definitions of some of the parameters

| ko effective multiplication factor,

, p®  ratio of epithermal to thermal 23U capture reaction rate,
625 ratio of epithermal to thermal 225U fission reaction rate,
5% ratio of 238( fission to 2%V fission reaction rate,
629 ratio of 2%° Py fission to 23°U fission reaction rate,
C*  ratio of 238y capture to 233 fission reaction rate.

In Tables 5-10 the integral parameters calculated with WIMS-D/4 are compared to
the measured values. In braces the per-cent uncertainty is quoted for the measured
values and the per-cent difference from the measurements for the calculated values.
An average over all the lattices is also given: the average per-cent uncertainty in
the integral parameters is given for the measured values and the average per-cent
difference from the measurements and the associated variance (in braces) for the
calculated values. -

The calculated integral parameters can be compared to the results of detailed
Monte-Carlo calculations, which are reported in the literature [1, 2]. The results for
ENDF/B-IV and ENDF/B-V data are shown in Tables 11-12, respectively. They
indicate the accuracy in absolute terms with which the integral parameters can be
calculated using simple models and the same basic nuclear data. The distussion of
the results can be found elsewhere [3] and will not be repeated here. Instead. the
relative differences between the results using different libraries is investigated. In
Table 2 the differences are given for all lattices, between the effective multiplication
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factor calculated from multigroup libraries based different evaluated data files. The
differences between the ENDF/B-IV and ENDF/B-V data, between ENDF/B-V and
ENDF/B-VI Rev.2 and between JEF-2.2 and ENDF/B-VI Rev.2 are considered.
The results of the WIMS-D/4 calculations are compared to the differences in the
reference values from the literature and to the MCNP44 calculations [6].

Table 2: Differences in k, #¢ (expressed as Ak.;; X 10°) for thermal reactor
lattices due to the use of different evaluated data files.

TRX-1 | TRX-2 | BAPL-1 | BAPL-2 | BAPL-3 | DIMP1A
E5-F4 Ref. 790 480 1199 1036 1099 -
WIMS 847 690 947 858 779 850
E6-E5 | MCNP - - - - - 309
WIMS -175 -254 -285 -314 -329 -118
F2-E6 | WIMS 278 177 307 287 239 284
MCNP - refers to MCNP44 calculation.
WIMS - refers to WIMS~D/4 calculation.
E4 - refers to results based on ENDF/B-IV data.
E5 - refers to results based on ENDF/B-V data.
E6 - refers to results based on ENDF/B-VI Rev.2 data.
F2 - refers to results based on JEF-2.2 data.

! The results of the WIMS-D/4 calculations show very good consistency with the
reference results [1, 2], comparing ENDF/B-IV and ENDF/B-V data. Note that the
quoted reference results for the two libraries were not calculated with the same set
of codes and hence the differences may include a contribution from the systematic
discrepancies in the results produced by different codes.

The results for the DIMPLE-S01A core calculated with MCNP4A and ENDF/B-VI
data [6] are shown in Table 3. If the WIMS-D/4 based differences in Table 2 are valid,
the equivalent result for the multiplication factor with the JEF-2.2 data would be
0.99941.

Table 3: Comparison of measurement and calculation for the DIMPLE-
S01A core using MCNP4A code and data based ENDF/B-V and
ENDF/B-VI evaluated data files.

K-eff Del28 Del28 ConvR
ﬁeasured 1.00000(".30) 2.1895“0.9) 0.00302("3.4) 0.0203%“0.5)
ENDF/B-V 0.99348(-.65) 2.16 (~1.7) 0.00274(-9.3) 0.0196(-3.4)
ENDF/B-VI 0.906857(-.34) 2,18 (~1.7) 0.00272(-9.8) 0.0198(-3.4)

There exists a shadow of doubt on the reliability of the relative differences in the
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MCNP44 results based on ENDF/B-V and ENDF/B-VI data, because they are not
consistent with the differences predicted by WIMS-D/4. One must bear in mind that
the WIMS-D/4 calculations are rather crude, but the possibility that the discrepancy
arises from the MCNP44A calculation can not be entirely excluded. It is well known
that MCNP4A can mot take self-shielding into account in the unresolved resonance
region. The resolved and the unresolved resonance ranges for different ENDF/B
libraries are shown in Table 4. Note that the unresolved resonance range extends
down to 2250 eV for 250 and down to 10 keV for 8 in ENDF/B-VI, but as far
down as 82¢eV for 2357 and 4 keV for 280 in ENDF/B-V.

Table 4: Resolved and unresolved resonance ranges in ENDF/B libraries
for the uranium isotopes.

Uranium-235 Uranium-238
Resolved — Unresolved Resolved — Unresolved
ENDF/B-IV leV R2eV 25 keV leV 4 keV 45 keV
ENDF/B-V leV 32eV 25keV leV 4 keV 149 keV
ENDF/B-VI | 107%eV 2250 eV 25keV | 1075eV 10 keV 149 keV

3 Conclusions

Integral parameters for a number of thermal lattices were calculated with WIMS-D/4
and multigroup cross section libraries based on various evaluated data files. Compar-
ison of the relative differences between ENDF/B-IV and ENDF/B-V results relative
to differences predicted by more detailed Monte-Carlo calculations using the same
basic data indicate, that simple deterministic methods can be used to investigate
the effect of some changes in the data on integral parameters.

From a reference Monte-Carlo calculation for the DIMPLE-S501A core based on
ENDF/B-VI data and the relative differences calculated with WIMS/D-4 it seems
that an equivalent detailed calculation using JEF-2.2 data would predict the the
multiplication factor very close to one.

The difference in the results of the reference Monte-Carlo calculation for the
DIMPLE-S01A core using ENDF/B-V and ENDF/B-VI data is not consistent with
the difference calculated by WIMS-D/4. There exists a possibility that this incon-
sistency is due to self-shielding in the unresolved resonance range, which is not
accounted for in MCNP44.
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Table 5: WIMS-D/4 and measurements comparison.

SMRDIF Integral paramet.er compar:.son

Reference file :EANDREJ.WLUP2]REFEXP.SMR
Compared file :;BNCWD4.SMR

LATTICE K-eff Rho28 Del25 Del28 ConvR
TRX-1 1.000005“.303 1.3205'1.6; of5937é'1.o; 0.0946%‘4.3; 5?7975'1.5§-
1.00150(+.15) 1.280(-3.0) 0.0990(+.34) 0.0986(+2.1) 0.780(-2.1
TRX-2 1.00000(".103 0.8372'1.9) o.oe14£ 1.3) 0.0693("5.1) 0.647§'.93)
0.99570(-.43) 0.809(-3.4) 0.0610(-.60 0.0696(+.38) 0.636(-1.7)
BAPL-1 1.00000(".10) 1.3905“.72) 0.084OE 2.4 0.07aog 5 1; 0.000
1.00232(+.23) 1.358(-2.3) 0.0841(+. 07) 0.0765(-3.2) 0.800
. BAPL-2 1.ooooo£'.10; 1.120%'.89; 0.06805 1. 5; 0.07005 5.7; 0.000
0.99982(-.02) 1.134(+i.2) 0.0687(+1.0) 0.0853(-6.7) 0.732
BAPL-3 1.00000%".103 0.906E'1.1; o.oszog 1. 9g 0.05705 5.3; 0.000
0.99741(-.26) 0.894(-1.3) 0.0529(+1.8) 0.0539(-5.5% 0.657
DIMP1A 1.00000(~.10) 0.000 0.0000 vogezg 3.3) 0.647(".46)
1.00809(+.80) 3.825 0.2375 0.0852(- 115 0.633(~2.2)
Average 0.15 1.32 1.69 4.86 0.83

0.08("0.39) -1.76("1.65) 0.52(70.81) =-4.07("4.51) -1.99("0.24)

Table 6: ENDF/B-IV and measurements comparison.

SMRDIF Integral pa.rameter compa.rzl.son

Reference file :[andrej.wlup2]refexp.smr
Compared file :BNCE4.SMR

. LATTICE K-eff Rho28 Del2s Del28 ConvR
TEX-1 1.00000(".30) 1.320("1.8) 0.0987§*1 0) 6.094SE ~4.3) 0.797("1.0)
0.98327(-1.7) 1.206(+6.4) 0.1002(+1.6) 0.0024(-2.3) 0.812(+1.9)
TRX-2 1.00000%'.10) 0.837E 1. 93 0.0614E 1.3) 0.0693("5.1) 0.647(".93)
‘0. -1, 1881 (+ : : (653 (+.
0.98676(-1.3) 0.881(+5.3) 0.0615(+.18) 0.0658(-5.3) 0.653(+.97)
BAPL~1 1.00000(‘.10; 1.3905“ 72; 0.0840E 2. g 0.0780£ 5. 1; 0.000
0.99162(-.85) 1.441(+3.8) 0.0843(+.42) 0.0712(-8.7) 0.818
BAPL~2 1.ooooog'.1o; 1.1205”.89; 0.06805 1. 53 0.0700E 5. 73 0.000
0.99203(-.81) 1.200(+7.2) 0.0688(+1.2) 0.0613(- i2) 0. 746
BAPL-3 1.000005".103 0.9065'1.1; 0 0520§ 1. 93 0.05705 5. 3; 0.000
0.99278(-.73) 0.945(+4.3) 0.0529(+1.7) 0.0802(- 12} 0.666
DIMP1A 1.ooooo§'.1o) 0.000 0.0000 0.0962("3.3) 0.647(".463
0.99265(-.74) 4.081 0.2401 0.0812(- 18) 0.658(+1.7
Average 0.156 1.32 1.69 4,86 0.83

-1.03(70.37) 5.36(71.31) 1.01(70.61) -9.37("4.50) 1.53("0.41)

14050782
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Table 7: ENDF/B-V and measurements comparison.

SMRDIF Integral parameter comparison

Reference file : [ANDREJ.WLUP2]REFEXF.SMR
Compared file : BNCES.SHR
LATTICE K-eff Rho28 Del2b Del28 ConvR
~TRI-1 1.000005".303 1.320g:1.63 -5709875"1.03 0.09462"4.5§__5-§§?E-—— g_
0.99174(-.84) 1.377(+4.3) 0.0997{+1.0) 0.0965(+2.0) 0.805(+1.1
TRX-2 1.ooooo(‘.1o; 0.837("1.9% 0.06142 1.3) 0.0693("5.1) o.s47€~.93)
0.99366{-.64) 0.863(+3.1) 0.0613(-.23) 0.0684(-1.3) 0.649(+.31)
BAPL-1 1.00000(~.10) 1.3905*.72) 0.0840E 2.4 0.07805‘5‘13 0.000
1.00109(+.11) 1.407(+1.2) 0.0839 13) 0.0740(-5.1) 0,809
. BAPL-2 1.00000%".103 1.1205 g o.osso% 1. 53 o.omo{ 5.73 0.000
1.00061(+.06) 1.172(+4.6) 0.0685(+.69) 0.0837(-9.1) 0.738
BAPL-3 1.00000(-.10} 0.906("1.1) 0.0520("1.9) 0.0570("5.3) 0.000
- 1.00057€+.osg o.922€+1 83 0.0527€+ 33 o.oszzE 8.53 0.660
DIMP1A 1.00000(~.10) 0©.0Q00Q 0.0000 0.0962("3.3) 0.647(".46)
1.00115(+.11; 3.988 0.2384 o.os4sE 12) 0.648(+.19)
Average 0.18 1.32 1.69 4.86 0.83
-0.19(70.39) 3.01("1.35) 0.53("0.61) -5.66("4.80) 0.52(°0.38)
Table 8 ENDF/B-VI Rev.2 and measurements comparison.
SMRDIF Integral parameter comparison
Reference file :[ANDREJ.WLUP2]REFEXP.SMHR
Compared £file :BNCE6.SMR
. LATTICE K-eff Rho28 Del25 Del28 ConvR
: "~ TRX-1 1.00000%'.30) 1.3205”1.6) _5709875"1.0) 0.0946(-4.3) 0.797%'1.0)
0.98999(-1.0} 1.368(+3.7) 0.0984(-.28) 0.0966(+2.1) 0.804(+.93)
TRX-2 1.00000{".10) 0.8375'1.9) 0.06145 1.3) 0.06935'5.1; 0.6475'.93)
0.99112(-.90) 0.859(+2.6) 0.0605(-1.5) 0.0685(-1.1) 0.649(+.28)
BAPL-1 1.00000%".10) 1.3905'.72; 0.0840E 2. 4; 0.0780("5.1) 0.000
. 0.99824(-.18) 1.401(+.76) 0.0828(-1.4) 0.0742(-4.8) 0.809
BAPL-2 1.00000&".103 1.1202’.893 o.osaoE 1. sg o.o7oo€*5.7g 0.000
0.99747(-.25) 1.167(+4.2) 0.0676(-.54) 0.0638(-8.8) 0.738
BAPL-3 1.00000(~.10)} 0.806("1.1) 0.0520("1.9) 0.0570("5.3) 0.000
0.99728%—.273 o.919(+1.4g 0.0520(+. osg 0.06523(~8.2) 0.661
DIMP14 1.00000(~.10) 0.000 0.0000 0.0962(°3.3) 0.647(".48)
0.99997%-.00) 3.959 0.2349 0.08475- 12) 0.6465-.11)
_Kverage 0.15 1.32 1.69 4.86 0.83
-0.44(-0.38) 2.53("1.31) -0.73("0.61) -5.48("4.80) 0.37(70.43)
A TVIT T e 4
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Table 9: ENDF/B-VI Rev.3 and measurements comparisomn.

SMRDIF Integral parameter comparison

Reference file :[ANDREJ.WLUP2]REFEXP.SMR
Compared file :BNCE6R3X.SMR
LATTICE K-eff Rho28 Del2b Del28 ConvRh
TRX-1 1.00000(".30) 1.320&'1.6) 0.09875'1.03 0.0946("4.3) 0.797(~1.0)
0.98910(f1.1) 1.389(+3.7) 0.0977(-1.0 0.0965(+2.0) 0.804(+.,93)
TRX-2 1.00000(".10) 0.837%"1.9) 0.0614("1.3) 0.0693(~5.1) 0.647(".93)
0.99083(-.93) 0.859(+2.6) 0.0800(-2.2) 0.0684(-1.3) 0.649(+.25)
BAPL~1 1.000005".10; 1.390%'.72‘; 0.0840E‘2.4; 0.0TBOE 5.1; 0.000
0.99753(-.25 1.401(+.79 0.0822(-2.1 0.0740(-5.2 0.809
BAPL-2 1.00000(".10) 1.120(".89) 0.0680("1.5) 0.0700("5.7) 0.000
0.99705(-.30) 1.167(+4.2) 0.0671(-1.3) 0.0636(-9.1) 0.738
BAPL-3 1.00000(".10} 0.9065'1.1) 0.0520("1.9) 0.0570("5.3) 0.000
0.99710(-.29) 0.915(+1.4) 0.0516(- 69) 0.0522(-8.5) 0.661
DIMP14 1.00000(".10) 0.000 0.0000 0.0962("3.3) 0.647(".48)
0.99692(-.31) 3.964 0.2334 0.0849(~ 12) 0.647(+.02)
Average 0.15 1.32 1.69 4.86 0.83
-0.63("0.35) 2.55("1.31) -1.45("0.60) -5.61("4.73) 0.40(0.39)
Table 10: JEF-2.2 and measurements comparison.
{
SMRDIF Integral parameter comparison
Reference file :[ANDREJ.WLUP2]REFEXP.SHR
Compared file :BNCF2.SMR
LATTICE K-eff Rho28 Del2b Del28 ConvR
TRX-1 1.000005".30; 1.3202“1.6; 0.09875'1.03 0.0946&'4.3; 0.797%'1.0;
0.99277(~.73 1.363(+3.3 0.0982(~-.50 0.0955(+.99 0.806(+1.1
TRX-2 1.000005".103 0.8375'1.93 0.06145'1.3; 0.0693%"5.13 0.647%".933
0.99289(-.72 0.857(+2.3 0.0604(-1.6 0.0681(-1.7 0.661(+.59
BAPL-1 1.00000(~.10) 1.390&".723 0.0840%'2.4) 0.0780("5.1) 0.000
1.00131(+.13) 1.394(+.30 0.0826(-1.7) 0.0736(-5.6) 0.811
BAPL-2 1.00000(~.10) 1.120(".89) 0.0680%"1.5) 0.0700("5.7) 0.000
1.00034(+.03) 1.162(+3.8) 0.0675(-.79) 0.0634(-9.4) 0.740
BAPL-3 1.00000(~.10) 0.9065"1.1; 0.0520("1.9} 0.0570(°5.3) 0.000
0.99967(~-.03) 0.915(+1.0 0.0519(-.13) 0.0521(-8.6) 0.663
DIMPIA 1.000005".10; 0.000 0.0000 0.0962E 3. 3; 0.647%'.46;
1.00281(+.28 3.945 0.2344 0.0838(~ 13 0.647(+.00
Average 0.15 1.32 1.69 4.86 0.83
-0.17("0.40) 2.14("1.31) -0.93("0.59)} -6.20("4.70) 0.57(70.46)
8
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" Table 11: ENDF/B-1V cémparison of WIMS-D/4 results and reference.

SHRDIF Integral parameter comparison

Reference file

: [AKDREJ] . WLUP2]REFE4.SMR

Compared file :BNCE4.SMR
LATTICE K—eff Bho28 Del?2b Del2g ConvR
TRX-1 0.98760(" .32; 1.3822'.453 0.55942'.503 0.095§€“f65; oféS@E'fiEf—
0.98327(-.45) 1.405{+1.8) 0.1002(+.84) 0.0924(-3.2} 0.812(+.79)
TRX-2 0.99350(".31) 0.863(".68) 0.0609(".49) 0.0676( .44} 0.647(".31)
0.98676&—.69) 0.881E+2 1) o.os15€+1 0) 0.06565—2.9) 0.663(+.97)
" BAPL-1 0.991405 .30) 1.433% 2. o) o.osss% 1.6) 0.0735(.95) 0.817("1.3)
0.99162(+.02) 1.441(+.52) 0.0843(+1.0) 0.0712(-3.1) 0.818(+.13)
BAPL~2 0.99320(".09) 1.188("1.3) 0.0878("1.8) 0.0631(".78) 0.742( .81
0.992035 123 1.2005+1 o; o.oeaaE+1 5; 0.06132-2.9; 0.746E+.47;
BAPL-3 0.993955 213 o;gssE 1. 73 0.05222 383 0.05162*.783 o.se4$‘1.1g
0.99278(-.12) 0.945(+.92) 0.0529(+1.3) 0.0502(-2.6) 0.666(+.32
Average 0.26 1.35 1,11 0.7¢ 0.86
-0.27(70.26) 1.25("0.57) 1.13(70.24) -2.96("0.20) 0.54("0.31)
' Table 12: ENDF/B-V comparison of WIMS-D/4 results and reference.
SMRDIF Integral parameter comparison |
Reference f;le : [ANDREJ . WLUP2]REFE5 . SMR
Compared <file :BNCEG5.SMR
LATTICE K-eff Rho28 Del25 Del28 ConvR
TRX-1 0.99550(-.28) 1.362(".81) -571002§:T§65 0.0989(~.71) 0.799(-.50)
0.99174(-.388) 1.377(+1.1) 0.0997(-.50) 0.0965(~2.4) 0.805(+.80)
TRX-2 0.99830(".18) 0.846(".59) 0.0614("1.1) 0.0698%‘1.0) 0.642(".31)
0.99366(-.47) 0.863(+2.0) 0.0813(-.23) 0.0684(~2.0) 0.649(+1.1)
BAPL-1 1.00339&'.083 1.406%'.85% 0.0843%'.473 0.0762%* 133 0.807%‘.50;
1.00109¢(-.23) 1.407(+.04) 0.0839(-.49) 0.0740(~2.8)} 0.809(+.29
BAPL-2 1.00356%”.063 1.166%".863 o.osss{‘.sag 0.06535“.153 0.7352".54;
1.00061(-.29) 1.172(+.51) 0.0685(-.04) 0.0637(~2.5) 0.738(+.44
BAPL-3 1.004925'.03) o.giig".ss) 0.05275".57) 0.0535%".37) 0.655(".31)
1.00057(-.43) 0.922(+1.2) 0.0627(-.06) 0.0522(~2.5) 0.660(+.84)
Average 0.16 0.74 0.81 0.58 = 0.44
—-0.36("0.08) 0.98(70.68) -0.26("0.20) -2.46("0.26) 0.89(°0.28)

-
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Abstract

The applicability of relatively simple calculations with the deterministic lattice cell
code WIMS-D/4 to study the relative influence of the changes in the nuclear data
on the thermal lattice integral parameters is demonstrated. The metal uranium
TRX lattices, uranium dioxide BAPL lattices and the recently measured DIMPLE-
S01A lattice are considered. Whenever possible, comparison to detailed results
with Monte-Carlo codes is made. The original WIMS-D library and the data from
ENDF/B-1V, ENDF/B-V, ENDF/B-VI Rev.2, ENDF/B-VI Rev.3 and JEF-2.2 are
considered.
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1 Introduction

The-ENDF/B-IV and ENDF/B-V data libraries have been extensively analysed [1, 2]
for thermal reactor applications. The results of Monte-Carlo calculations can serve as
" numerical benchmarks for the validation of other deterministic methods. In this way
the data processing methods for generating a WIMS-D library were validated 3, 4].
The same data processing methods were applied to generate WIMS-D libraries based
on different basic evaluated data files. Using the same physical models to represent
a selection of thermal lattice experiments, the differences in the calculated integral
parameters should originate purely from the differences in the nuclear data.

2 Methods

. The metal uranium TRX-1 and TRK-2 lattices, uranium dioxide BAPL-1, BAPL-
2 and BAPL-3 lattices [5] and the recently measured DIMPLE-S01A lattice were
considered. The WIMS-D/4 inputs as prepared within the WIMS-D Library Update
Project [3] of the International Atomic Energy Agency were used to model the
lattices. In addition to the original WIMS-D library, special libraries were prepared.
with new data based on ENDF/B-IV, ENDF/B-V, ENDF/B-VI Rev.2, ENDF/B-
VI Rev.3 and JEF-2.2 data for hydrogen bound in water, oxygen, aluminium and
the uranium isotopes. The following integral parameters were considered:

Table 1: Definitions of some of the parameters

, ko effective multiplication factor,
. p®®  ratio of epithermal to thermal 80 capture reaction rate,
525 ratio of epithermal to thermal 233U fission reaction rate,
6§28  ratio of 238 fission to #°U fission reaction rate,
6§29  ratio of 23 Py fission to 2350 fission reaction rate,
. C*  ratio of 2387 capture to 23U fission reaction rate.

In Tables 5-10 the integral parameters calculated with WIMS-D/4 are compared to
the measured values. In braces the per-cent uncertainty is quoted for the measured
values and the per-cent difference from the measurements for the calculated values.
An average over all the lattices is also given: the average per-cent uncertainty in
the integral parameters is given for the measured values and the average per-cent
difference from the measurements and the associated variance (in braces) for the
calculated values.

The calculated integral parameters can be compared to the results of detailed
Monte-Carlo calculations, which are reported in the literature [1, 2]. The results for
ENDF/B-IV and ENDF/B-V data are shown in Tables 11-12, respectively. They
indicate the accuracy in absolute terms with which the integral parameters can be
calculated using simple models and the same basic nuclear data. The discussion of
the results can be found elsewhere [3] and will not be repeated here. Instead, the
relative differences between the results using different libraries is investigated. In
Table 2 the differences are given for all lattices, between the effective multiplication
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factor calculated from multigroup libraries based different evaluated data files. The
differences between the ENDF/B-IV and ENDF/B-V data, between ENDF/B-V and
ENDF/B-VI Rev.2 and between JEF-2.2 and ENDF/B-VI Rev.2 are considered.
The results of the WIMS-D/4 calculations are compared to the differences in the
reference values from the literature and to the MCNP44A calculations [6].

Table 2: Differences in k,f¢ (expressed as Ak,ss % 10°) for thermal reactor
lattices due to the use of different evaluated data files.

TRX-1 1 TRX-2 | BAPL-1 | BAPL-2 | BAPL-3 | DIMP1A
E5-E4 | Ref. 790 480 1199 1036 1099 -
WIMS 847 690 947 858 779 850
E6-E5 | MCNP - - - - - 309
WIMS -175 -254 -285 -314 -329 -118
F2-E6 | WIMS 278 177 307 287 239 284
MCNP - refers to MCNP44A calculation.
WIMS - refers to WIMS-D/4 calculation.
E4 - refers to results based on ENDF/B-IV data.
E5 - refers to results based on ENDF/B-V data.
E6 - refers to results based on ENDF/B-VI Rev.2 data.
F2 - refers to results based on JEF-2.2 data.

The results of the WIMS-D/4 calculations show very good consistency with the
reference results [1, 2], comparing ENDF/B-IV and ENDF/B-V data. Note that the
quoted reference results for the two libraries were not calculated with the same set
of codes and hence the differences may include a contribution from the systematic
discrepancies in the results produced by different codes.

The results for the DIMPLE-SG1A core calculated with MCNP44A and ENDF/B-VI
data [6] are shown in Table 3. If the WIMS-D/4 based differences in Table 2 are valid,
the equivalent result for the multiplication factor with the JEF-2.2 data would be
0.9994].

Table 3: Comparison of measurement and calculation for the DIMPLE-
S01A core using MCNP4A code and data based ENDF/B-V and
ENDF/B-VI evaluated data files.

K-eff D3129

Measured 1.00000(.30) 2, 189( 0.9) 0.00302("3.4) 0.0203("0.5)
ENDF/B~V 0.99348%-—.65) 2.16 E 1.7) 0.00274(-9.3) 0.0196(-3.4)
ENDF/B-VI 0.99657(-.34) 2.16 (-1.7) 0.00273(-9.8) 0.0196(-3.4)

There exists a shadow of doubt on the reliability of the relative differences in the
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MCNP44 results based on ENDF/B-V and ENDF/B-VI data, because they are not
consistent with the differences predicted by WIMS-D/4. One must bear in mind that
the WIMS-D/4 calculations are rather crude, but the possibility that the discrepancy
arises from the MCNP4A calculation can not be entirely excluded. It is well known
that MCNP4A can not take self-shielding into account in the unresolved resonance
region. The resolved and the unresolved resonance ranges for different ENDF/B
libraries are shown in Table 4. Note that the unresolved resonance range extends
down to 2250 eV for 3507 and down to 10 keV for 8¥ in ENDF/B-VI, but as far
down as 82eV for 235U and 4 keV for 28U in ENDF/B-V.

Table 4: Resolved and unresolved resonance ranges in ENDF/B libraries
for the uranium isotopes.

Uranium-235 Uranium-238

Resolved — Unresolved Resolved — Unresolved
ENDF/B-IV leV 82eV 25 keV leV 4 keV 45 keV
ENDF/B-V leV 82eV 25 keV eV 4keV 149 keV

ENDF/B-VI | 10-%eV 2250eV 25keV | 107° eV 10 keV 149 keV

3 Conclusions

Integral parameters for a number of thermal lattices were calculated with WIMS-D/4
and multigroup cross section libraries based on various evaluated data files. Compar-
ison of the relative differences between ENDF/B-IV and ENDF/B-V results relative
to differences predicted by more detailed Monte-Carlo calculations using the same
basic data indicate, that simple deterministic methods can be used to investigate
the effect of some changes in the data on integral parameters.

From a reference Monte-Carle calculation for the DIMPLE-S01A core based on
ENDF/B-VI data and the relative differences calculated with WIMS/D-4 it seems
that an equivalent detailed calculation using JEF-2.2 data would predict the the
multiplication factor very close to one.

The difference in the results of the reference Monte-Carlo calculation for the
DIMPLE-S01A core using ENDF/B-V and ENDF/B-VI data is not consistent with
the difference calculated by WIMS-D/4. There exists a possibility that this incon-
sistency is due to self-shielding in the unresolved resonance range, which is not
accounted for in MCNP44A. :
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Table 5: WIMS-D/4 and measurements comparison.

SMEDIF Integral paramefer comparison

Reference file ;[ANDREJ,WLUP2]REFEXF.SMR
Compared file :BNCWD4.SMR
LATTICE K-eff Rho28 Del2b Del2s8 Convh
TRX-1 1.000005'.303 1.3202“1.63 0.09875“1.0; 0.0946E'4.3;_—0 ?575 og
1.00160(+.15) 1.280(~3.0) 0.0990(+.34) 0.0966(+2.1) 0.780(-2.1
TRE-2 1.00000(~.10) 0.837("1.9) 0.0514$'1.3g 0.0693%“5.1) o.s47§ .93)
0.99570(-.43) 0.809(~3.4) 0.0610(-.60) 0.0696(+.38) 0.636(-1.7)
BAPL-1 1.00000(".10) 1.3905".72% 0.0840E“2.4) 0.0780("5.1) 0.000
1.00232(+.23) 1.358(~2.3 0.0841(+.07) 0.0755(-3.2) 0.800
BAPL-2 1.000002".10% 1.1205" ssg 0.06805“1.5; o.o7ooE“5.7; 0.000
0.99982(-.02) 1.134(+1.2) ©.0687(+1.0) 0.0653(-6.7) 0.732
BAPL—s‘i.oooooE'.io; 0.9062'1.13 0.0520%'1.9; 0.05705"5.33 0.000
0.99741(-.26) 0.894(-1.3) 0.0528(+1.8) 0,0539(~-5.5) 0.657
DINP1A 1.000005’.10) 0.000 0.0000 0.0962(73.3) 0.647(".48)
1.00809(+.80) 3.825 0.2375 0.0852(~ 11) 0.633(-2.2)
Average 0.15 1.32 1.69 4 86 0.83
0.08("0.39) -1.76("1.65) 0.52("0.81) -4.07("4.51) -1.99("0.24)

‘

Table 6: ENDF/B-IV and measurements comparison.

SMRDIF Integral parameter comparlson

Reference file :lamdrej.wlup2]lrefexp.smr
Compared file :BNCE4.SMR
LATTICE K-eff Rho28 Del25b Del28 ConvR
TRY-1 1.ooooog og 1.320§“1.6) 0.0987%'1.0) 0.0946(-4.3) 0.797(-1.0)
0.98327(~1.7) 1.405(+6.4) 0.1002(+1.6) 0.0924(-2.3) 0.812(+1.9)
TRX-2 1.oooooE 10; 0.337E"1.9g 0.0614% g 0.06935'5 1) 0.647(".93)
0.98676(~1.3) 0.881(+5.3) 0.0615(+.18) 0.0656(-5.3) 0.653(+.97)
RAPL-1 1.00000& 1og 1.390{‘.723 0.08402 2.4) 0.0TBOE 5.1) 0.000
0.99162(-.85) 1.441(+3.68) 0.0843(+.42) 0.0712(-8.7) 0.818
BAPL-2 1.00000% 103 1.120%“.893 o.osaoE 1. 5; 0.0700E 5. 7; 0.000
0.99203(-.81) 1.200(+7.2) 0.0688(+1.2) 0.0613(- 12) 0.746
BAPL-3 1.00000%‘ 10; 0.906€‘1.1g 0.05205 1. 93 0.0570E 5. 3; 0.000
0.99278 0.945(+4.3) 0.0529(+1.7) 0.0502(- 12) 0.666
DIMP1A 1.00000(~.10) 0.000 0.0000 0.0962("3.3) 0.647(".46)
0.99265(-.74) 4.081 0.2401 0.0812(- 16) 0.658(+1.7)
Average 0.15 1.32 1.69 4.86 0.83
-1.03("0.37) 5.36("1.31) 1.01(70.61) -9.37("4.50) 1.53("0.41)
6
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Table 7: ENDF/B-V and measurements comparison.

SMRDIF Integral parameter comparison

Reference file :

[ANDREJ.WLUP2]REFEXP-. SMR

Compared Zfile : BNCE5.SMR
LATTICE K-eff Rho28 Del25 Del28 Convh
TRX-1 1.00050&'.303 1.320%'1.63 0.0987E'1.o; 0.09462”4‘3§ 0.797g'1.og
0.99174(-.84) 1.377{+4.3) 0.0997(+1.0) 0.0965(+2.0) 0.805(+1.1
TRX-2 1.000005'.10) 0.837("1.9) 0.0614("1.3) 0.0693("5.1) 0.647€’.93)
0.99366(-.64) 0.863(+3.1) 0.0613(-.23) 0.0684(-1.3) 0.649(+.31)
BAPL~1 1.00000(".10) 1.390&" 72) 0.0840(°2.4) 0.0780("5.1) 0.000
1.00109¢+.11) 1.407(+1.2) 0.0839(-.13) 0.0740(-5.1) 0.809
BAPL~2 1.ooooog‘.1og 1.120%" 89% o.ossog'1.53 0.07005"5.7g 0.000
1.00081(+.06) 1.172(+4.6) 0.0685(+.69) 0.0637(-9.1) 0.738
BAPL-3 1.00000%'.103 0.9065“1.1; 0.05202"1.9g 0.0570€"5.3§ 0.000
1.00057(+.06) 0.922(+1.8) ©0.0627(+1.3) 0.0522(-8.5) 0.660
DIMP1A 1.000005“.10) 0.000 0.0000 0.0062(~3.3) 0.6475“.46)
1.00116(+.11) . 3.988 0.2384 0.0848(~ 12) 0.648(+.19)
Average 0.15 1.32 1.69 4. 86 0.83
-0.19(-0.39) 3.01("1.35) 0.53("0.61) -5.66{"4.80) 0.52("0.38)
Table 8: ENDF/B-VI Rev.2 and measurements comparison.
SMRDIF Integral parameter comparison
Reference file :[ANDREJ.WLUP2]REFEXP.SMR
Compared file :BNCEG.SMR
LATTICE K-eff Rho28 Del25 Del28 ConvR
TRX-1 1.00000(".30) 1.320( 1.6) 0.098?%”1.0) o.oeqeg-q.gi 0.797(-1.0)
0.98999(-1.0) 1.368(+3.7) 0.0984(-.28) 0.0966(+2.1) 0.804(+.93)
TRY~2 1.00000%‘.10) 0.837§"1.9; o.os14§'1.3) o.oeesg 5.1) 0.5475'.93)
0.99112(-.90) 0.859(+2.6) 0.0605(-1.5) 0.0685{(-1.1) 0.649(+.28)
BAPL-1 1.00000%'.10) 1.390%".72) o.oa4o§“2.4) 0.07802 5.1) 0.000
 0.99824(-.18) 1.401(+.76) 0.0828(-1.4) 0.0742(-4.8) 0.809
BAPL-2 1.00000%‘.10; 1.1205'.89; 0.06805‘1.53 o.o7oo£ 5.7; 0.000
0.99747(-.25) 1.167(+4.2) 0.0676(-.54) 0.0638(-8.8) 0.738
BAPL-3 1.00000%“.10) 0.906§'1.1) '0.0520%"1.9) 0.0570("5.3) 0.000
0.99728(-.27) 0.919(+1.4) 0.0520(+.06) 0.0523(-8.2) 0.861
DINP14 1.00000(".10) ©.000 0.0000 0.0962("3.3) 0.647(".46)
0.99997(-.00) 3.959 0.2349 0.0847(- 12) 0.646(-.11)
Average 0.15 1.32 i.69 4.86 0.83
-0.44(70.38) 2.53("1.31) =0.73{"0.61) -5.48("4.80) 0.37(70.43)
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Table 9: ENDF/B-VI Rev.3 and measurements comparison. -
SMRDIF Integral parameter comparison
Reference file :[ANDREJ.WLUP2]REFEXP.SMR
Compared <file :BNCE6R3X.SMR
LATTICE K-eff Rho28 Del25 Del28 ConvRk
~ TRX-1 1.00000(".30) 1.3205'1?8) 0.09875"1.0% 0.0946("4.3) 0.7975'1.0)
0.98810(~-1.1) 1.369(+3.7) 0.0977(-1.0 0.0965(+2.0) 0.804(+.93)
TRX-2 1.000005".10) 0.837("1.9) 0.0614("1.3) 0.0693&"5.1) 0.647(".93)
0.99083(-.93) 0.859(+2.6) 0.0600(-2.2) 0.0684(-1.3) 0.649(+.25)
BAPL-1 1.00000%'.10; 1.3902“.72; 0.08402'2.4; 0.0780%'5.1 0.000
_ 0.99753(-.25 1.401(+.79 0.0822(-2.1 0.0740(-5.2 0.809
BAPL-2 1.00000(".10) 1.120(".89) 0.06805'1.5) 0.0700("5.7) 0.000
0.99706(-.30) 1.167(+4.2) 0.0671(-1.3) 0.0636(-9.1) 0.738
BAPL-3 1.000005“.10) 0.906("1.1) 0.0520€"1.9; 0.0570&“5.3) 0.000
0.99710(-.28) 0.919(+1.4) 0.0516(-.69 0.0522(-8.5) 0.661
DIMP1A 1.000005'.10) 0.000 0.0000 0.0962§'3.3) 0.647(".46)
0.99692(-.31) 3.964 0.2334 0.0849(- 12) 0.847(+.02)
Average 0.15 1.32 1.69 4.86 0.83
-0.53("0.35) 2.55("1.31) -1.45("0.60) -5.61("4.73)} 0.40("0.39)
Table 10: JEI*-2.2 and measurements comparison.
SMRDIF Integral parameter comparison
Reference file :[ANDREj.WLUP2]REFEXP.SHR
Compared file :BNCF2.SMR -
LATTICE K-eff Rho28 Del2b Del28 ConvR
~TRX-1 1.000505".303 1.3205‘1.sg--a.csée?g'i.o; 0.09465”4.33 o.797§"1.o;
0.99277(~-.73 1.363(+3.3 0.0982(-.50 0.0955(+.99 0.806(+1.1
TRX-2 1.00000%‘.10; 0.837%”1.93 0.06145“1.3; 0.06935'5.1; 0.6475'.93;
0.99289(-.72 0.867(+2.3 0.0604(-1.6 0.0681(-1.7 0.661(+.59
BAPL-1 1.00000%'.10) 1.390%“.72; 0.08405'2.4) 0.07805"5.1) 0.000
1.00131(+.13) 1.394(+.30 0.0826(-1.7) 0.0736(-5.6) 0.811
BAPL-2 1.000002'.10) 1.120&“.89) 0.0680(*1.5) 0.0700(°5.7) 0.000
1.00034(+.03) 1.162(+3.8) 0.0875(-.79) 0.0634(-9.4) 0.740
BAPL-3 1.00000(".10) 0.906%”1.1) 0.0520("1.9; 0.0570("5.3) 0.000
0,99967(-.03) 0.915(+1.0) 0.0519(~-.13 0.0521(-8.6) 0.663
DIMP1A 1.000005'.10; 0.000 0.0000 0.09625”3.33 0.647%'.46)
1.00281(+.28 3.945 0.2344 0.0838(- 13 0.647(+.00)
Average 0.15 1.32 1.69 4.86 0.83
-0.17(70.40) 2.14("1.31) -0.93("0.59) -6.20{"4.70) 0.57(°0.48)
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* Table 11: ENDF/B-IV compé.rison of WIMS-D/4 results and reference.

SMRDIF Integral parameter comparison

Reference file :[ANDREJ.WLUP2]REFE4.SMR
Compared file :BNCE4.SHR
LATTICE K-eff Rho28 Del25 Del28 ConvR
-~ TRX-1 0.98760(".32) 1.382??43% 0.0994(-.50) 0.0955(".63) o.aosE'TEE)
0.98327(-.45) 1.405(+1.86 0.1002(+.84) 0.0924(-3.2) 0.812 +.79)
TRX-2 0.99350(".31) 0.863(".58) 0.0608(7.49) 0.0676(".44) 0.647(".31)
0.98676(-.69) 0.881(+2.1) 0.06815(+1.0) 0.08656(-2.9) 0.653(+.97)
BAPL-1 0.99140(~.30) 1.433("2.0) 0.0836(°1.8) 0.0735(.95) 0.817("1.3)
0.99162(+.02) 1.441(+.52) 0.0843(+1.0) 0.0712(-3.1) 0.818(+.13)
BAPL-2 0.993205" 09; 1.1885"1.3% 0.06785"1.8; 0.06315".79; 0.7422'.81;
0.99203(~.12) 1.200{+1.0) 0.0688(+1.5) 0.0613(-2.9) 0.746(+.47
BAPL—3 0.993955-.21; 0.936{"1.73 0.05225'.38} 0.0516%".78; 0.664%'1.1;
0.99278(—-.12 0.945(+.92 0.0529(+1.3 0.0602(~2.6 0.666(+.32
Average 0.26 1.356 i.11 0.74 0.86
-0.27("0.26) 1.26(7C.57) 1.13(70.24) =~2.958("0.20) 0.54(70.31)
‘  Table 12: ENDF/B-V comparison of WIMS-D/4 results and reference.
SMRDIF Integral parameter comparison
Reference file :[ANDREJ.WLUPZ]REFES. SMR
Compared file :BNCEG.SMR -
LATTICE K-eff Rho28 Del2b Del28 ConvR
TRX-1 ©0.99550(-.28) 1.362(.81) 0.1002(". so; 0.0889(-.71) _o.?gég:_gf_ﬁ_
0.99174(-.38) 1.377(+1.1) 0.0997(-.50} 0.0965(-2.4)} 0.805(+.80)
TRX-2 0.99830(~.18) 0.846(".59) 0.0614("1.1) 0.0698(~1.0) 0.6425".31)
0.99366(-.47) 0.863(+2.0) 0.06813(-.23) 0.0684(-2.0) 0.649(+1.1)
BAPL-1 15003395" 083 1.4065".85; 0.08435".473 0.07622".13; 0.807%’.50;
1.00106(-.23 1.407(+.04 0.0839(-.4% 0.074G(-2.8 0.809(+.29
BAPL-2 1.003562“ 06; 1.1665'.86; 0.0685%".88;- 0.0653?".153 0.735%’.543
1.00061(-.29 1.172(+.51 0.0685(-.04 0.0637(-2.5 0.738(+.44
BAPL-3 1.00492(~.08) 0.9115'.55) 0.0527%".57) 0.0536(".37) 0.655(".31)
1.00057(~.43) 0.922(+1.2) 0.0527(-.08) 0.0522(-2.5) 0.660(+.84)
Average Q.16 0.74 0.81 0.58 B 0.44
-0.36("0.09) 0.98("0.68) -0.26("0.20) -2.46("0.26) 0.69(70.29)
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