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Detailed Monte Carlo calculations have been performed for three distinct

configurations of an idealized fast critical assembly. This idealized

assembly was based on the LMFBR benchmark critical assembly ZPR-6/7. In the

first configuration, the entire core was loaded with the plate unit cell of

ZPR-6/7. In the second configuration, the entire core was loaded with the ZPR

sodium-filled pin calandria. The actual ZPR pin calandria are loaded with
*

mixed (U,Pu) oxide pins which closely match the composition of the ZPR-6/7

plate unit cell. For the present study, slight adjustments were made in the

atom concentrations and the length of the pin calandria in order to make the

core boundaries and average composition for the pin-cell configuration

identical to those of the plate-cell configuration. In the third

configuration, the core was homogeneous, again with identical core boundaries

and average composition as the plate and pin configurations.

Recent validation studies1'2 have reported a keff bias (of 0.5-0.7 %<$k)

between the standard deterministic methods typically used in critical assembly

analysis and detailed Monte Carlo calculations. The presence of this methods

bias on calculated eigenvalues could complicate the use of critical

experiments data in the design process* The goals of the present study were:

to systematically identify (and eliminate if possible) the source of this

eigenvalue bias in calculations of the plate-type ZPR critical assemblies, and

to identify (and eliminate if possible) any potential eigenvalue bias in

calculations of the pin-type ^ower reactor.
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Calculations were produced for each of these configurations of ZPR-6/7

with the VIM continuous-energy Monte Carlo code employing ENDF/B Version IV

nuclear data. For both the plate and pin configurations, the unit cells were

represented in explicit three-dimensional detail. The Monte Carlo results

were compared with results of standard analysis methods —' reference

multigroup, finite-difference diffusion theory calculations corrected for

higher order effects of known significance, such as transport, streaming,

mesh, etc. These results are compared in Table I. The calculations for the

plate configuration of ZPR-6/7 were essentially the same as reported in Refs*

1 and 2. However, the present study did not produce the -0.6Z 6k bias on kaff

between the deterministic and Monte Carlo methods for this assembly. The

Monte Carlo result given in Table I is a new independent calculation (based on

300,000 neutron histories). The VIM estimate of keff is virtually unchanged

from the previous calculation. The deterministic result given in Table I is

also based on a new calculation. This calculation is ~0.3Z 6k lower than

previously reported. This change is principally due to two effects. The one-

dimensional modeling prescription of the plate unit cell distributed

structural materials (present in the clad ends, drawer ends, etc.) throughout

the cell. This prescription produced errors in the Dancoff correction factors

for the multiregion cell. This led to overestimation of the self-shielding

effect or underestimation of the resonance cross sections for the structural

isotopes (and raised keff -0.2% 6k). The current calculation utilized the

consistent PI approximation for the ultra-fine group MC2-2 spectrum

calculation; whereas the previous study used the inconsistent PI approximation

^energy loss upon PI scatter is neglected) and raised keff H3.12 6k.

The calculations for the pin configuration yielded essentially the

identical bias on keff, i.e., the standard analysis is 0.0028Z 6k high



TABLE I. Predictions of keff with Deterministic and Monte Carlo Methods

Configuration kD* k ^ (kD - kyjjj)*'
1*

Plate Cell 0.9809 0.9781 ± 0.0011 +0.0028 ± 0.0011

Pin Cell 0.9734 0.9706 A 0.001? +0.0028 ± 0.0012

Homogeneous 0.9682 0.9670 ± 0.0008 +0.0013 ± 0.0008

6kD 6kVIM

Plate keff - Homogeneous keff +0.0126 +0.0111 ± 0.0014 +0.0016 ± 0.0014

Pin keff - Homogeneous keff +0.0052 +0.0036 ± 0.0014 +0.0015 ± 0.00i4

Plate k e f f - Pin keff +0.0075 +0.0074 ± 0.0016 +0.0000 ± 0.0016

KQ determined with ou.ltigroup calculations, corrected for higher-order
effects (e.g. transport, streaming, etc.) of known significance.

Uncertainty i° from the Monte Carlo calculation only.



The calculations for the pin configuration yielded essentially the

identical bias on kgff, i.e., the standard analysis is 0.00282 6k high

(relative to the Monte Carlo). The calculations for the honogeneous

configuration were in slightly better agreement; the deterministic keff was

0.13 ± 0.08 26k high. The statistics on the individual Monte Carlo runs

(1-sigma uncertainties of approximately 0.1% 6k) were small enough that the

total heterogeneity effect for the plate and pin configurations can be

estimated to within ~0.15Z 6k. For the plate assembly, the total

heterogeneity (plate keff - homogeneous keff) is +1.11 ± 0.14 26k. From the

deterministic calculations, the 6k heterogeneity for the plate configuration

was +1.26 26k, which included -0.30 26k due to streaming. For the pin

configuration, the Monte Carlo results indicated the total heterogeneity

effect on keff was +0.36 - 0.14 26k. From the deterministic calculations this

effect was +0.52 26k, which included -0.16 26k due to streaming.

These results indicate the eigenvalue bias between standard analysis

methods and detailed Monte Carlo calculations for the plate critical

assemblies is slightly less than the previously reported 0.526k. In fact, the

observed bias for the plate configuration (0.2826k) is less than the combined

one-sigma uncertainties for both methods. Furthermore, the results indicate

their is no methods bias on keff between plate and pin configurations. That

is, the bias for the deterministic methods relative to the Monte Carlo was the

same for both the pin and plate configurations, and therefore should not

complicate the use of C/E values on keff in plate critical assemblies in the

power reactor design process.
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