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Comparison of Reaction Rate Patio reasurenents

in ZPPR and in ZIBRA Assewbly 12 (7B

?.J. Collins and C.L. Beck

1. Introduction

The MZB assembiy on ZEBRA was a full-scale mockup of the MOWJU prototype
reactor. The compositions and dimensions of ﬂZB were siﬁilar to those of the
U.8. fast reactor benchmark assemblies ZPPR-~2 to ZPPR-5. Thus a comparison
of the central reaction rate ratios in ZEBRA and ZPPR provides a useful éheck '_
of experimental techniques in media of similar composition and spectra.

To take into account small differences due té composition and hetero-
geneity the experimeﬁtal results are comﬁared via the C/E values obtained
using the saue nuclear data énd calculation method for MZB and ZPPR. The
-most straightforward comparison is obtainéd with measurements at thé_center
of ZPPR-2 since this avoide the complication of 'spiked-drawers' and control
rods or sodiﬁm-filled éontrol rod ﬁositions pfesent in the subsequent ZPPR
assemblies. In éddition, cdmparisons are made with ZPPR-4 for several posi-
tions around the center of the core.

2. Calculations

| The MZB and ZPPR-2 assemblies are described in Refs. 1 and 2, and a
comparison of core parameters is given in Table I. Since the-inner cores
of «the two assemblies are similar in dimensions and coﬁpositions, a funda-
mental mode calculation alone is sufficient to cﬁmparé the central reaction
rate ratios. This assertion is supported by Table II, which compares ratios
for ZPPR-2 obtained from the inmer-core cell calculation with those from the

2 :
full rz reactor model. The 38U capture and 235U fission ratios to 239Pu
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fission are negligibly different. The U fission ratio requires a correction
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of less than 1lZ. Thus, for MZD, a calculation was made only for the inner core
cell (ecell C-2 in Ref. 1).

The calculations used the ENDF/B Version I1I data from a base library
in 156 groups prepared for ZPPR analysis. The heterogeneous cell calculations
used the SDX codeB. For MZB, the cell model was set up in as closely as poss-—
ible the same way as for ZPPR. Some unavoidable differencés occur in the
model because the ZEBRA plates are of dimension 2 x 2 ﬁ 1/4 oxr 1/8 in., and
are positioned transversely in square fuel element tubes, whereas the ZPPR
plates, which are normally larger than 2 in., are aligned along the drawefs.
For calculation of heavy isotope resonance shielding and of flux fine struc-
ture, the contents of the ZEBRA plates were calculated for a nominal area of
2 x ZVin. and the complete contributions from isotopes in the steel tubes
were put into the diluent regions. Thus the "mid-plate” densities for uraniunm
and plutonium were approximately pregerved as in the standard ZPPR ceil model,
The actual homogeneous atoﬁ densities were uéed in the final fundamental
model calculation, again as was done for the ZPPR cells. This calculation
gave the cell-average reaction rates for comparison with experiment.
3. Results |

The central reaction rate ratios fof MZB, ZPPR-2 and ZPPR-4 phase 1
are compared in Table II. For ZPPR-2 the calculated results are taken from
the ¥z calcplation. For ZPI’R—44 an average of a set of results around the
corg center is given, these calculations were obtained from an xvz diffu-
sion theofy rwodel. The variation at différent ?ositions for ZPPn~4 is shown
in detail in Fig. 1 for the 2386 capture ratio.

In MZB the principal reaction rates were measured by two independent

techniques, using foils and SSTRs and give cell-average values appropriate

for comparison with calculation. The mean experimental values are used from
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Table VII, Kef. 1. For ZPPR, cell average values neasured with foils are
. C . 235 L 243
also compared, excepk for the U fission ratio in ZFPR-2. Tor the Pu

i1 . s . P . sy
and Pu fission ratios only fission chamber measurements are available.

These ratios introduce additional uncertainties when compared with calcula-

. : o 240 X o 241
tion, estimated in Ref. 1 to be 4% for the case of Pu and *1% for Pu.
\ . . s o , ' 238
For the ratio of primary iwportance in fast reactor performance, U

capture to 39Pu fission, the basic experimental data are in surprisingly
close agreement. Howevéf, the proper comparison 5etween ZPPR and MZEB is
obtained from the C/E values. These differ at the most by about 2.5%, which.
is within two standard deviations for the.estimated uncertainties. The varia-
tion in C/E ‘around the core center for ZPPR~4 shows no obvious correlation
with proximity to control red positions or with 'spiked' drawers so that a
useful compafison is obtained for the mean value. Thé fission ?atios yield
C/E values for MZB and ZPPR which agfee wiﬁhin the estimated uncertainties

of 1 to 2% for 2308 and 235U and within 3 to 42 for 240Pu and %Al?u. Thus,

the comparisons give a useful cross—check of the measurements made in ZEBRA

and ZPPR.



References ,
1. G. Ingram, et al., "Critical Size and Central Reaction Rate Results From

the MOZART Programme and Their Predictions', Proc. Tokyo Symposium on

Physics of Fast Reactors, Oct. 1973, p. 269.

A.L. Hess and R.G. Palmer, "Prescription of a Benchmark Model of ZPPR
Assenbly 2 for Data Testing of ENDF/B", Applied Physics Division Annual
Report 1970 to 1971, ANL-7910, p. 299.

W.M. Stacey, Jr., et al., "A New Space-Dependent Fast Neutron lultigroup

Cross—Section Preparation Capability'', Tramns. Am. Nucl. Soc., 15 p. 291, 1973.
p . AP

L.G. LeSage, et al., "The ZPPR-4 Demo Criticals Program,' Proc. ANS Conf.

on Advanced Reactors; Physics Design and Economics, Georgia, Sept. 1974,

GaliBM 4



TABLE T. Comparison of MZB and ZPPR-2 Assemblies

ZPPR-2 MZB
Core height : 92 cm S 89 cm
Inner core diameter 129 cm 124 ¢cm
Quter core thickness 27 cm 17 cn
' . A o 240 o 240 -
Total plutonium loading 1024 kg (11% Pu) 960 kg (177 Pu)

TABLE II. Comparison of Central Reaction
Rate Ratios From SDX Fundamental
Mode Calculatjion and From RZ
Full Reactor Calculation for ZPPR-2

SDX RZ Ratio

F-M Calculation Model  RZ/SBHX
Cg/Fy 0.1535 © 0.1534  0.999
F5/F9 1.114 1.113 0.999
FS/Fg 0.0228 0.0230 1.009




TABLE III. Comparison of. Central Reaction Rate Ratlos in
' . MZB and ZPPR. '
Experlment"' Ca;gylgplon C/E

Cg/Fy  ZPPR-2 . 0.1427 * 1. 4% 0.1534 1.075 * 1.4%
ZPPR-4/1° 0.1428 % 1.4% 0.1517 1.063 * 0.3%
MZB 0.1427 + 1.2% 0.1498 1.050 £ 1.2%
FS/F9 ZPPR-2 10.02424 % 1.3% 0.02298, 0.948 + 1.3%
_ MZB 0.02438 + 1.7% 0.02297 0.942 * 1.7%
Fo/F, ZPPR-2 1.067 # 1.5%° 1.113 1.043 + 1.8%
" ZPPR-4/1¢ 1.092 * 1.5% 1.113 1.020 * 0.5%
MZB 1.066 *+ 1.2% 1.086 1.019 % 1.2%
Fb/Fg ZPPR~2 0.1818 +* 2.1%: 0.1991 1.095 + 4.5%
MZB 0.2023 + 1.9% 0.2146 1.061 * 4.4%
F /Ey  ZPPR-4/3  1.38 2.0%E 1.35 0.98 * 2.2%
| MZB 1.352  + 3.0% + 3.2%

1.360

1.006

aAverage of 20 positions near the core center, error on C/E

from the distxibution.

Fission chamber measurement.

cAverage of 9 positions near the core center, error on C/E
from the distribution.

dCalculation adjusted by rz/F-M ratio from Table II.
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Fig. 1 Variation of CS/FQ Near the Center of ZPPR~4 /1
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