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ABSTRACT

The FOEHN critical experiments were analyzed to validate the use of multigroup cross sections
in the design of the Advanced Neutron Source. Eleven critical configurations were evaluated using the
KENO. DORT. and VENTURE neutronics codes. Eigenvalue and power density profiles were computed
and show very good agreement with measured values.

BACKGROUND AND OBJECTIVE

Neutronics analysis of the Advanced Neutron Source (ANS) Reactor is being performed using
the continuous-energy Monte Carlo Code MCNP1, the multigroup KENO Monte Carlo Code-, the
multigroup DORT3 transport code, and the multigroup diffusion theory code VENTURE4. Ongoing
efforts are being carried out at Idaho National Engineering Laboratory5 to validate MCNP and at Oak
Ridge National Laboratory to validate the multigroup cross sections derived from the ANSL-V 99-group
library6 for ANS reactor core analysis. The ANSL-V library was developed specifically for the ANS
reactor physics and shielding analysis.

Previous studies have been performed to validate the ANSL-V cross sections against solution
critical* and simple critical configurations6. The objective of this work is to validate the use of
multigroup cross sections derived from the ANSL-V library against measured data from the FOEHN
critical experiments7. The FOEHN critical experiments were performed to validate calculational methods
used in the design of the Franco-German High Flux Reactor and has features similar to those of the ANS
reactor, most notably the use of highly-enriched uranium in a fuel plate geometry and the use of heavy
water as moderator and reflector material.

FOEHN' MODEL

The FOEHN critical experiments were carried out for three configurations of increasing



"component complexity. The simplest critical configuration for which data were measured did not include
boron end caps and did not have reflector components. A schematic of this configuration is shown in
Figure 1. A more detailed description is presented in References 5 and 7, A series of 11 critical
conditions were obtained by simultaneously varying the control rod position and the soluble boron
concentration in the heavy water within the fuel region. This FOEHN configuration was selected for
validation of the multigroup cross section data because the exact geometry can be fully modelled in
VENTURE and DORT R-Z geometries.

MULTIGROUP CROSS SECTION GENERATION

The VENTURE, DORT, and KENO models are comprised of homogeneous material regions
within the fuel assembly representation. A two-level homogenization scheme analogous to the unit-cell
and assembly homogenization steps used in LWR analysis was carried out to represent the effects of the
actual fuel plate geometry. First, a unit cell of the fuel plate and surrounding heavy water moderator was
constructed and resonance-shielded cross sections were computed using the BONAMI and NITAWL
modules of the AMPX system8. Next, a 99-group one-dimensional transport calculation using the
XSDRNPM8 code was performed to obtain spatially-homogenized 99-group unit cell cross sections.
Finally, a one-dimensional radial XSDRNPM transport calculation of the reactor using the 99-group unit-
cell cross sections was performed to obtain region-dependent spatially-averaged multigroup cross sections
for the various structural, control, fuel, and reflector components. The generation of these cross sections
was performed with models containing the nickel control rod. These multigroup cross sections were used
in subsequent full core model KENO, VENTURE, and DORT calculations of criticality and power
density distributions. A more rigorous option to skip the initial XSDRNPM unit-cell calculations and to
model the fuel/moderator geometries in an equivalent series of annuli in the radial traverse calculation
will be evaluated in future studies.

The region-dependent cross sections computed in the XSDRNPM radial traverse model can be
collapsed in energy to any group structure that have energy boundaries matching those of the 99-energy
group cross sections. For the purpose of this effort to evaluate the ANSL-V data and the spaaal
homogenization procedure, only 99-group and 20-group multigroup cross sections were evaluated.

CALCULATIONAL RESULTS

Because multigroup Monte Carlo calculational times vary only slightly with the number of energy
groups, the 99-group region-dependent cross sections can be efficiently evaluated using the KENO Monte
Carlo code in comparison to performing multigroup VENTURE and DORT calculations. Summarized
in Table 1 is a comparison of the eigenvalue computed by KENO with 99-group and 20-group ANSL-V
multigroup cross sections for the eleven critical states of the FOEHN simple configuration. Also shown
are 20-group results using the DORT transport code and the VENTURE diffusion theory code. All of
the KENO keff values lie within Uiree sigma of unity. Three of the 99-group and two of the 20-group
values are outside two sigma of unity. The DORT results agree well with the 20-group KENO results.
The VENTURE results are slightly higher than the DORT results.

Another key parameter of interest for the design of the ANS reactor is the power density
distribution. The power density distribution was measured in the simple FOEHN configuration for the
case with the control rod positioned at 500 mm insertion and a soluble boron concentration of 0.450 g/L.
Comparison of calculated and measured power density profiles are shown in Figures 2 through 7. The

4% error bars shown for the measured values in the figures were taken from Reference 5. The KENO



'results for the radial trace at h = 797.5 mm in Figure 2 slightly under estimate the measured values. This
difference is being investigated by increasing the number of panicles per batch and adjusting the weight
at which Russian roulette is performed by KENO. Comparison of the DORT and VENTURE values for
the axial trace at r= 193.95 mm (Figures 4 and 6) show that diffusion theory over estimates the power
density at the upper and lower edges of the core. Previous studies have also shown that the experimental
data points at heights of 325 and 400 mm for the axial trace at r= 143.5 mm are less than the calculated
results.5 These measured data points are believed to be erroneous.

SUMMARY AND CONCLUSIONS

Based on comparisons with the FOEHN critical experiment measurements using KENO. the use
of the 99-group ANSL-V cross sections predicts kejf as 0.9975 + 0.0046 and 20-group cross section
library predicts keff as 1.0020+0.0045. The use of a 20-group cross section library can be expected to
over-predict kct-f about 0.22% using transport theory (DORT) and about 0.92% using diffusion theory
(VENTURE). Eighty-two percent of the power density values calculated using DORT lie within the 4%
error bars of the experimental measurements. The VENTURE results agree well with the measured
values except at the upper and lower corners at the outside edge of the cere. The potential of refinements
in the cross section homogenization scheme is currently being evaluated in order to further reduce the
observed differences in power densities between measured and diffusion theory calculated values. In
addition, future investigations will be carried out for evaluating the use of few-group (4-12 group) cross
sections in VENTURE and DORT calculations. Finally, ANS-specific model results from MCNP,
KENO, DORT. and VENTURE will he compared with an increasing degree of geometrical complexity.
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Table 1. Comparison of eigenvalues for FOEHN critical experiment cases using different
calculations! methods.

CASE

1

2

3

4

5

6

7

3

9

10

11

KENO*

99-group

0.9937+0.0047

0.9944+0.0049

0.9981 ±0.0051

0.9957±0.0046

0.9984+0.0045

0.9982 ±0.0045

1.0027 ±0.0045

0.9939+0.0042

0.9973+0.0045

1.0000 ±0.0043

1.0005 ±0.0045

20-group

0.9964±0.0047

0.9999+0.0049

1.0040± 0.0043

1.0023+0.0044

1.0017+0.0052

1.0014+0.0044

1.0032 ±0.0048

1.0062+0.0042

1.0031+0.0044

1.0040±0.0043

1.0002+0.0044

DORTb

20-group

0.9969

0.9996

1.0011

1.0040

1.0034

1.0041

1.0033

1.0027

1.0044

1.0022

1.0026

VENTURE

20-group

1.0091

1.0092

1.0092

1.0122

1.0098

1.0103

1.0097

1.0080

1.0093

1.0070

1.0075

a All calculations performed using 300 batches with 500 particles per batch.
Reported statistical uncertainty is two standard deviations.

b S4Pj calculation.
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Figure 1. KENO, DORT. and VENTURE model of FOEHN critical experiment.
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Figure 2. Comparison of KENO 99-group and experimemal axial power density.
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Figure 3. Comparison of KEN'O 99-group and experimental radial power density.
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Figure 4. Comparison of KENO 99-group and experimental radial power density.
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Figure 5. Comparison of DORT 20-group and experimental axial power density.
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Figure 6. Comparison of DORT 20-group and experimental radial power density.
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Figure 7. Comparison of VENTURE 20-group and experimental axial power density.
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Figure 8. Comparison of VENTURE 20-group and experimental radial power density.


