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Review comments on MOX LTA Fuel Cycle Analyses, Nuclear and Radiation Safety by
D. T. Ingersoll and R. T. Santoro

General Comments
Review of Part 1: Nuclear Safety
1. This section of the report (Part 1) is a duplication of the material contained in ORNL/SUB/00-

85B99398V-3, Shipping Cask Studies With MOX Fuel, May 2001. Nevertheless, the reviewers
offer the following comments. The work appears to be technically correct and is presented in a
consistent and logical order.

2. Page 3, Abstract: Suggested wording, “VVER-1000 reactor is considered with respect to the
introduction of three MOX LTAs into the core. The Monte Carlo code MCU-RFFI/A was used
for the calculations.”

3. Page 3, paragraph 1, line 3: Change “realizes” to “utilizes.”
4. Page 5, paragraph 1, line 2: Change “loading by” to “loading of.”
5. Page 5, paragraph 2, line 2: Change “applying” to “applied.”
6. Page 5, paragraph 3, line 4: Change “precise” to “accurate.”
7. Page 5, Introduction, consider the possible wording that follows:

In Russia, the replacement of uranium fuel with MOX fuel is being evaluated as part of the
design of VVER-1000 fuel cycles containing partial loading of weapon grade MOX.

When compared with UOX FAs, MOX FAs have the following features that are relevant to
transport and storage.
� the fission and absorption cross sections for plutonium isotopes are substantially different than

those for 235U.
� MOX fuel is more radioactive.
� there is a possibility for positive void effects when large Pu concentrations occur in MOX

fuel.
The calculations were performed using the Monte Carlo code MCU-RFFI/A [3].

8. Page 6, paragraph 1, line 4: Change “in the each” to “in each.”
9. Page 6, paragraph 2, line 2: Change “supposed to perform” to “restricted to.”

10. Page 6, paragraph 4, line 5: Change “provide” to “provides.”
11. Page 6, paragraph 4, line 11-12: Change “regimes while coolant density lowering” to

“lowering of coolant density.”
12. Page 6, paragraph 1: Suggested wording, delete the last sentence beginning “The package set

is intended to......”
13. Page 6, paragraph 2: Suggested wording, “Storing the MOX fuel in these special package sets

reduces the external radiation levels.”
14. Page 6, paragraph 3: Suggested wording, “Fuel assemblies are transported from the fresh fuel

depository to the reactor hall in containers (covers) that hold eighteen assemblies. The FAs
can be loaded from the container directly into the reactor or, if necessary into the cooling
pool.”

15. Page 7, paragraph 3, bullet 4: Change “non-monotonous” to “rapidly varying.”
16. Page 7, paragraph 4, line 4: Change “precision” to “accurate.”
17. Page 7: Suggested wording: Change follows.

3.  Physical features of the criticality task in fuel……..

Keff is ~1.4 for physically large VVER-1000 FAs containing no gaps with 4.45 enrichment (i.e.,
the enrichment of the make-up fuel) that are filled with water containing no dissolved absorber.
Such large values for Keff, require special measures to assure nuclear safety during transport and
storage. The measures must be achieved in the construction of storage facilities that handle fresh



and irradiated fuel. In addition, there must administrative and technical controls placed on these
potentially hazardous systems.

FAs are positioned with ~15 cm separation distance including, in some case, absorbers between
the assemblies (storage SUHT) to assure sub-criticality of the FAs during storage or processing..
The potential dangers that may occur with FA placement during storage and transport require
careful analysis of water density changes, boric acid concentration variations and geometry that
could lead to accident situations are the principle requirements of this task. These analyses are
different from the more traditional tasks associated with VVER core calculations.

Neutron moderation and diffusion in fuel transport and storage equipment have the following
problems:
� some of the neutrons that are born in the FA (fission spectrum) moderate inside the FA,

while other of the neutrons (approximately equal to the ratio of the gap volumes between
fuel assemblies to the overall water volume) moderate in the gaps without significant
absorption;

� the existence of strong anisotropic scattering in hydrogen leads to excessive neutron
moderation in the gaps;

� the thermal neutron density in the gaps is significantly higher than the thermal neutron
density in the FA itself, leading to large thermal neutron diffusion from the gap to the to the
fuel. It is necessary to carefully account for the scattering anisotropy in the criticality
calculations for these cases;

� the existence of borated steel (in SUHT) in the cover absorbers leads to non-monotonic
neutron distributions near the FA-gap border.

Because of these, criticality calculations require that the anisotropic scattering be accounted for
(a common problem in radiation protection calculations) and that the FAs and associated
equipment be carefully modeled for cell calculations.

The Monte Carlo code MCU-RFFI/A [3] was used to calculate the multiplication factor, Keff,
and the flux functionals in the neutron multiplying system. The code solves the neutron transport
equations in arbitrary three-dimensional geometries using cross-section data specifically tailored
for these kinds of problems. The code allows the user to solve both homogeneous (criticality) and
non-homogeneous (outer source) problems. The code allows for different boundary conditions,
leakage through the outer surface of the geometry, white and mirror reflection and translational
geometry.

Subgroup (Bonderenko f-factors) are used to account for cross-section shielding in the
unresolved resonance regions in the cross-section data. Pointwise cross-section data are used in
the unresolved resonance region with the most important cross sections described by and
“infinite” number of points that are determined from analytic formulae based on each energy
point. This scheme allows the user to perform calculations at any temperature without
preliminary preparation of the cross-section tables.

The DLC/MCUDAT-1.0 neutron physics data base is used and includes

BNAB/MCU an enlarged and modified version of the 26-group constant system BNAB,
LIPAR resonance parameters in the resolved resonance region,
TEPCON multigroup cross-sections for the thermal region, and
VESTA the library for modeling neutron-nucleus collisions that account for the

continuous change in neutron energy in the thermal region. These data are given
in the form of probability tables obtained from S(D�E) scattering laws.



MCU-RFFI/A and DLC/MCUDAT-1.0 have been verified against 400 integral benchmark
experiments. Good agreement among-to-measured, C/M, values for Keff. was achieved.

The MCI-RFFU/A code incorporates combinatorial geometry that allows for detailed three-
dimensional modeling. The user has a choice of thirteen types of bodies (cylinder, cone, sphere,
parallelepiped, etc.). The use of symmetry of systems and lattices makes it easier to describe
geometries and boundary conditions including heterogeneity.

Functionals are determined as flux integrals with given weight functions in registration zones,
registration objects and the system as a whole. Energy group boundaries are set by the user to
integrate over energy.

The following values are calculated
� neutron multiplication factor (by number of collisions, number of absorptions, combined

estimates),
� neutron flux density,
� reaction rates for individual nuclides and mixtures in the specified space-energy intervals,
� few-group constant sets for registration objects, and
� the effective fraction of delayed neutrons.

18. Page 8, paragraph 1, line 5: Change “muly-group” to “multi-group.”
19. Page 11, Table 5.1: Change “,” to “.” in first row numbers.
20. Page 11, paragraph 4, line 5: Change “-eff” to “Keff.”
21. Page 11, paragraph 4: No details are provided on which to base the conclusion that four rows

of FAs will meet the criterion.
22. Page 13, paragraph 2, line 2: Change “at the firure 5.3” to “in the figure 5.3.”
23. Page 13, paragraph 2, line 3: Change “acid in current” to “acid in coolant.”
24. Page 13, paragraph 2, line 5: Change “Fas” to “FAs.”
25. Page 13, paragraph 4, line 2: Change “4% till” to “4% to.”
26. Page 20, bullet 1: Keff values are only presented for the cases of an infinite array of FAs.

Some basis for concluding that a four-row stack is acceptable should have been provided.
27. Page 20, bullet 2: Given the rapid rise in Keff for a slight increase in coolant density near 0

density, this option for FA storage should not be considered unless water ingress can be
ensured.

Review of Part 2: Radiation Safety
1. Page 4, paragraph 1, line 4: The term “SA” is not defined. Same as “FA”?
2. Page 4, paragraph 6, line 1: Change “UI2” to “UO2.”
3. Page 5, Table 1.1: The term DJ(E) is not defined. Also, the unit “PkSv/hr” is unknown. Is

this intended to by mSv/hr, that is, 10–3 Sv/hr?
4. Page 6, Table 1.2: There are very large unexplained differences in three calculations,

especially for gamma rays.
5. Page 7, paragraph 2, line 2: Change “date” to “data.”
6. Page 8, Table 2.1: Change “circonium” to “zirconium.”
7. Page 11, Section 2.1.3: Change “breaking” to “bremsstrahlung.”
8. Page 13, paragraph 2, line 1: Change “kinetic” to “transport.”
9. Page 13, heading 2.1.4.1: Change “kinetic” to “transport.”

10. Page 13, paragraph 3, line 1: Change “kinetic” to “transport.”
11. Page 18, Fig. 2 caption: Include “in packing set” to distinguish from Fig. 1 caption.
12. Page 24, Fig. 6 caption: Change “jacked” to “jacket.”
13. Page 24, Table 2.14 heading: Change “18 SA” to “13 SA.”



14. Page 25, paragraph 2: Conclusions regarding angular variations are not supported by any of
the data presented because all presented data are from (R,Z) calculations that are angle-
independent.

15. Page 27, bullet 2: Giving a specific dose impact would have been more informative, such as
“dose increases ranging from a factor of 3 to 8 were observed for MOX assemblies relative to
UOX.”

16. Page 28: References need to be renumbered consecutively from 1 through 9.
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