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Document Control Desk
U.S. Nuclear Regulatory Commission
11545 Rockville Pike
Rockville, MD 20852-2738

28 February 2005
DCS-NRC-000180

Subject: Docket Number 070-03098
Duke Cogema Stone & Webster
Mixed Oxide (MOX) Fuel Fabrication Facility
Criticality Review

Reference: 1) Jack R. Strosnider (NRC) letter to R. L. Sweigart (DCS) dated December
02, 2004, Draft Final Safety Evaluation Report on the Construction
Authorization Requestfor the Mixed Oxide Fuel Fabrication Facility -
Factual Information Review

In Chapter 6 (Criticality) of the Draft Final Safety Evaluation Report (DFSER) provided in
Reference 1, there were 13 areas where the Nuclear Regulatory Commission (NRC) expressed a
desire to see additional information during the License Application phase. Enclosure 1 to this
letter provides a brief description of each of thel 3 areas reviewed by the NRC staff in their
February 2005 in-office review. As a result of the in-office review, it is DCS' understanding
that: (1) the NRC staff can now confirm DCS has completed the analyses described in the Draft
FSER, and (2) the independent confirmatory evaluations done by the NRC are adequate for the
finalization of the FSER, therefore, the NRC will remove the 13 references in the DFSER to the
need for additional information during the license application phase.

If I can provide any additional information, please feel free to contact me at (980) 373-3787.

Sincerely,

Richard L. Sweigart
Vice President, Regulatory Affairs
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Enclosures: (1) Synopsis of 13 DFSER Criticality Items
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Marc Arslan, DCS
David A. Ayres, USNRC/RII
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Vincent Chevalier, DCS
Mosi Dayani, NNSA/CLT
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ITEM 1-DEMONSTRATION THAT THE ASSUMED PLUTONIUM ISOTOPICS IS
BOUNDING

To demonstrate that the reference plutonium isotopics (96 wt% 239Pu and 4 wt% 240Pu) is
bounding DCS performed KENO-VI Monte Carlo calculations for the range of on-spec feed
materials in identical geometries and compared the resulting kefr + 2a values with the results for
the reference cases. To minimize extraneous factors, the geometries modeled in these
calculations were simple water reflected infinite cylinders, with diameters that are near critical.
Three different additional fissile material compositions (Media) were evaluated and each was
evaluated at five different compositions of fissile density + water content. The results of the
evaluations demonstrated that the reference fissile material is bounding.

ITEM 2-DEMONSTRATION THAT THE kff SENSITIVITY TO '0B FOR AOA (1) WILL
NOT SIGNIFICANTLY CHANGE THE BIAS

AOA (1) calculations were reviewed and sensitivity calculations were performed. The
calculations demonstrated that the sensitivity to 10B concentrations is relatively small (less than a
few percent) even when using what can be considered conservative values (modeling an annular
tank and varying by 50% the B content actually present). The small variation does not affect the
defined USL for AOA (1)

ITEM 3-DEMONSTRATION THAT EVEN A RELATIVELY LARGE ERROR IN THE
CADMIUM CROSS SECTION WILL NOT SIGNIFICANTLY CHANGE THE BIAS

Demonstration of the relatively low sensitivity in relevant MFFF applications to cadmium
density is accomplished by extending the KENO-VI Monte Carlo calculations for two examples
of existing AOA (1) calculations with reduced levels of cadmium and comparing the results to
the reference cases. The two reference cases have 0.5 mm thick cadmium plates on both lateral
tank walls. In this study, two cases are considered for each tank. Case I is a set of calculations
in which the density of the cadmium is unchanged but its thickness is progressively reduced.
The range of cadmium thickness covered is 0.4 mm to 0.00 mm (i.e., no cadmium). In Case 2,
the thickness of the cadmium is unchanged, but its density is progressively reduced. The density
reduction factors range from 0.95 to 0.0 (again, no cadmium). In each evaluation it was
demonstrated that the overall effect of the cadmium cross section set is small and will not affect
the development of the USL or the calculations demonstrating that the USL is bounding.

ITEM 4-DEMONSTRATION THAT AOA (2) CAN BE EXTENDED DOWN TO 4WT%
240PU WITHOUT APPLICATION OF ADDITIONAL MARGIN

An analysis of the 240Pu trend in calculated benchmark kfr as a function of 240pU was performed.
The evaluation was performed based on AOA (2) validation data as a function of 240Pu into
USLSTATS and the results were plotted. The benchmark data was extrapolated using the
industry accepted processes outlined in NUREG/CR 6361, Criticality Benchmark Guide for
Light-Water-Reactor Fuel in Transportation and Storage Packages. The results of this
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evaluation indicate that there is nio discernable trend indicated over the range that MFFF will be
operated in and therefore no additional margin is needed.

ITEM 5-DEMONSTRATION THAT A DIFFERENCE IN POWDER DENSITY IS NOT
IMPORTANT FOR BENCHMARK SELECTION

For this issue, an analysis of the effect of density on the reactivity of AOA (3) material PuO2 and
water was performed. This demonstration consists of a sensitivity study of the variation in the
KENO-VI calculated k-infinite values of (96 wt% 239Pu and 4 wt% 240Pu) Plutonium oxide as a
function of water content for an extended range of PuO2 and H20 fuel mixtures. This range
includes 83 different fuel-water mixtures, each analyzed at 20 different "density factors." The
fuel-water mixtures range from 0.00 to 0.999 weight fractions of water and the density factors
range from 1.00 (full, or saturated density) to 0.05 (i.e., 0.05 times the saturated density). The
resulting KENO-VI kefr + 2a values, and the EALF values calculated by KENO-VI for each
mixture are compared to the reference (saturated density) cases. It was shown that kinf, when
plotted as a function of H/Pu or EALF, is the same. In addition, neutron spectra causing fission
was plotted and it was shown that for a given H/Pu, the neutron spectra causing fission is the
same (i.e., the plots lie on top of each other).

ITEM 6-DEMONSTRATION THAT THE AOA (3) SCREENING RANGE MAY BE
240pEXTENDED DOWN TO 4WT% PU CONTENT (FOR BOTH PU-COMP-MIXED-001

AND -002) WITHOUT THE USE OF ADDITIONAL MARGIN

An analysis of the 240Pu trend in calculated benchmark kfr as a function of 240Pu was performed.
This was performed with the AOA (3) validation data (for both PU-COMP-MIXED-00l and -
002) as a function of 24GPu into USLSTATS and the results were plotted. The results of this
evaluation indicate that there is no discernable trend indicated over the range that MFFF will be
operated in and, therefore, no additional margin is needed.

ITEM 7-DEMONSTRATION THE PU02 POWDER AND PU-METAL BENCHMARKS
HAVE SUFFICIENTLY SIMILAR PHYSICAL PARAMETER RANGES AND
NEUTRON ENERGY SPECTRA TO BE COMBINED FOR VALIDATION PURPOSES

The neutron spectra causing fission for each (a) Pu metal benchmark and (b) Pu powder
benchmark was plotted. The variation in each set was shown to be comparable to the variation
between sets and that there is considerable overlap leading to the conclusion that the two sets can
be combined.

ITEM 8-DEMONSTRATION THAT THE REACTIVITY OF FAST SYSTEMS (FOR
AOA (3)) IS DOMINATED BY 39PU FISSION

The dominant contributor to reactivity of fast systems consisting of Pu oxide powder (AOA (3))
was shown to be 239Pu fission. The reactivity of fast systems (for AOA (3) is demonstrated to be
dominated by 239Pu fission by a comparison of the macroscopic cross-sections for a media
consisting of PuO2 at 10 g/cm3 and 1 wt% H20. Macroscopic cross-sections are the
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corresponding microscopic cross-sections multiplied by the applicable isotopic atom densities.
(The microscopic cross section data is from ENDF/B data obtainable from the Los Alamos
Nuclear Lab.) The 239Pu fission cross-sections are the dominate values and therefore the
reactivities of (AOA (3)) fast systems are dominated by 239Pu fission.

ITEM 9-DEMIONSTRATION THAT THE AOA (4) SCREENING RANGE MAY BE
EXTENDED DOWN TO 4WT% 24 0PU CONTENT WITHOUT THE USE OF
ADDITIONAL MARGIN

An analysis of the 240Pu trend in calculated benchmark keff as a function of 240 was performed.
The evaluation was performed with the AOA (4) validation data as a function of 240Pu into
USLSTATS and the results were plotted. The benchmark data was extrapolated using the
industry accepted processes outlined in NUREG/CR 6361, Criticality Benchmark Guide for
Light-JMater-Reactor Fuel in Transportation and Storage Packages. Based on the evaluation, a
conservative trend was noted and, therefore, no additional margin is needed.

ITEM 10- DEMONSTRATION THAT EXTERNAL DEPLETED URANIUM
REFLECTORS UP TO 60 CM THICK IS WITHIN THE SCOPE OF AOA (4)

AOA (4) material contains a large proportion of depleted uranium as U0 2 in the fissile region
(78 and 93.5wt% U0 2). Based on the benchmarking efforts for AOA (4) design applications
containing depleted uranium reflectors are included within the scope of AOA (4). To further
demonstrate that external depleted uranium reflectors up to 60 cm thick are within the scope of
AOA (4), calculations were performed with spheres containing depleted uranium reflectors.

The results indicate that the variation in kfrf for a fixed mass MOX (22 wt. % PuO2 and 5.5
g/cm3) system exhibits the expected reflector behavior. There is a significant increase in
reactivity, with respect to the bare system (i.e., 0 cm reflector), when the reflector thickness is
increased up to a thickness of approximately 20 cm. For reflector thicknesses of between 20 cm
and 60 cm, the change in keff is very small and of the same order as the calculation uncertainty.
This is the expected trend; the fissile media is expected to be effectively isolated beyond
reflector thickness of around 20 cm. These results demonstrate that there are no unusual
performance characteristics in the code when predicting the ken' of the considered uranium metal
reflected systems.

Additionally, the neutron spectra causing fission for the cases reflected by depleted uranium
were investigated. The neutron spectra causing fission for the bounding ball milling calculation
with and without the depleted uranium reflector and for the bare configuration was plotted. In all
cases, the change in spectra was small and supported the case that the effect of the depleted
uranium reflector is small. This shows that the effect of the depleted uranium reflector is similar
to that of a hydrogenous reflector which is used in the benchmark experiments.

On the above basis, these results demonstrated that external depleted uranium reflectors up to 60
cm thick are within the scope of AOA (4).
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ITEM 11-DEMONSTRATION THAT THE AOA (5) SCREENING RANGE MAY BE
EXTENDED DOWN TO 4WT% 24 0PU CONTENT WITHOUT THE USE OF
ADDITIONAL MARGIN

An analysis of the 240Pu trend in calculated benchmark kcf as a function of 240pU was performed.
The evaluation was performed with the AOA (5) validation data as a function of 240Pu into
USLSTATS and the results were plotted. The benchmark data was extrapolated using the
industry accepted processes outlined in NUREG/CR 6361, Criticality Benchmark Guidefor
Light-Water-Reactor Fuel in Transportation and Storage Packages. Based on the evaluation, a
conservative trend was noted and, therefore, no additional margin is needed.

ITEM 12-DEMONSTRATION THAT BOTH PU0 2 AND PUO2 F2 ARE WITHIN THE
SCOPE OF AOA (5)

Oxygen (02) and Fluorine (F2) will be removed from the fissile compounds of plutonium oxide
(PuO2) and "standard salt" (PuO2F2 ) mixed with water to determine the importance of 02 and F2
in those solutions. This was done to show that 02 and F2 do not have a large effect on the
reactivity of these solution systems.

A PuO2 -water and PuO 2F2 -water sphere was modeled with a 30-cm water reflector. The sphere
was modeled for H/Pu ratios in the range of the H/Pu=30 through 21 0 validation interval. H/Pu
ratios of 27.48, 50, 100, 150, 200, and 300 were used to cover the range of interest. The spheres
were modeled with the critical radii associated with these H/Pu ratios.

Ak comparisons of these systems were made for PuO2 and PuO2F2 modeled with and without 02
and F2 to show 02 and F2 do not have a large effect on the reactivity of plutonium oxide (PuO2)
and "standard salt" (PuQ2F2 ) in water solutions. The evaluations demonstrate that both PuO2 and
PuO2 F2, are within the scope of AOA (5) and does not affect the defined USL.

ITEM 13-DEMONSTRATION THAT BORATED CONCRETE AND CADMIUM ARE
WITHIN THE SCOPE OF AOA (5)

AOA (5) design applications which utilize borated concrete (colemanite) and cadmium in the
reflector are selected and the density of the neutron absorber is varied to determine the effect on
keff. This analysis was performed by varying the density of the cadmium or boron neutron
absorber by factors ranging from 0.95 to 0.05. The design applications chosen for this
demonstration are the precipitators. These cases were analyzed containing (AOA (5)) PuO2F2
"standard salt" solutions. The KENO VI computational code calculated tank reactivities as a
function of the density factor.
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Cadmium:
The results of the evaluation indicated, for the cadmium cases, the total effect of the neutron
absorber is 5.3% for the precipitator and 7.4% for the slab tank. A decrease in the cadmium
number densities of more than 75% in either case would be required for a 1% change in keff.

Boron:
For an annular tank, the total effect of the boron is 17.2%. In this case a reduction in the number
densities for the boron isotopes of at least 40% would be required for a 1% change in ken.

Collectively, the reductions in the densities of the neutron poisons result in small variations in
the reactivities over extended ranges, demonstrating that even relatively large variations in the
boron or cadmium cross section will not significantly change the bias and /or the USL. The
results also demonstrate that borated concrete and cadmium are within AOA (5).


