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Purpose of this work: Core parameters such as the reactivity, the power distribution
and different reactivity coefficients calculated in simulations play an important role in
the nuclear reactor handling. Operational safety margins are decided upon, based on
the calculated parameters. Thus, the ability to accurately calculate those parameters is
of uppermost importance. Such ability exists for fresh cores, using the Monte-Carlo
method. The change in the core parameters that results from the core burnup is
nowadays calculated within transport codes that simplifies the transport process by
using approximations such as the diffusion approximation. The inaccuracy in the
burned core parameters arising from the use of such approximations is hard to
quantify, leading to an increased gap between the operational routines and the safety
limits. A Monte Carlo transport code that caries out accurate static calculations in
three dimensional geometries using continuous-energy neutron cross-section data such
as the MCNP1 can be used to generate accurate reaction rates for burnup purposes.
Monte Carlo method is statistical by nature, so that the reaction rates calculated will be
accurate only to a certain known extent. The purpose of this work was to create a
burnup routine that uses the capabilities of the Monte Carlo based MCNP code. It
should be noted that burnup using Monte Carlo has been reported in the literature2,
but this work is the result of an independent effort.

Method: We developed a routine that is exterior to the MCNP, meaning that no
changes in the MCNP were made. The burnup routine (denoted by "BURNCORE") is
very flexible, allowing the user to change the burnup via a user supplied Burnup Input
File which contains general information concerning the burnup.
The BURNCORE Algorithm (fig. 1) is as follows:
a. Prior to activating BURNCORE the user has to create two input files - a regular
MCNP input describing the core geometry and composition and a Burnup Input File
containing information such as the power, the lengths of the time steps, the nuclide
burnup chains and fuel shuffling instructions.
b. The first program reads information from both input files. From reading and
analyzing the mixture section in the MCNP's input file, the program determines which
mixtures should undergo burnup. Those mixtures are modified to include infinitesimal
amounts of all non-existing isotopes that are connected by burnup chains to existing
ones. Then, the program pairs the mixtures and the cells, thus discovering in which
cells reaction rates should be asked for. The MCNP input is rewritten so that its
output will include reactions rates in all burnup-prone cells and for all isotopes that
shall undergo burnup
c. The MCNP code is invoked, calculating the core reactivity and the relevant
reaction-rates.
d. The second program reads the MCNP's output and the burnup information
imbedded in the Burnup Input File, and solves numerically the burnup equations
describing the change in the burnup isotopes concentration. Consequently, it creates
an input describing the core at the end of the time step.
e. Before continuing to the next burnup step, a third program checks the Burnup Input
File for instructions concerning fresh fuel loading & exchange among the various fuel
elements.
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figure 1 - The BURNCORE Algorithm

Results: The validation of BURNCORE was investigated by comparison with burnup
calculations carried out in the multigroup Sn code WIMS3. The compared parameters
included the multiplication factor and the concentration of various important isotopes.
Fig. 2 shows the multiplication factor (K-Infinity) evolution in an typical BWR4 lattice
cell as calculated by BURNCORE and WIMS. There is good agreement between the
two calculations even though the MCNP and WIMS use different cross-section
libraries.
The influence of the statistical nature of the MCNP on the depletion rates of the
different isotopes, and the later's influence on global parameters such as the
multiplication factor was examined. The calculations performed showed that the
mistakes arising from the statistical inaccuracy tend to slightly 'fix' themselves, since a
faster depletion in one step would lead to less material left and thus to slower depletion
in the next step. In fig. 3 the influence of the statistics on the multiplication factor
evolution is demonstrated. The graph includes accurate (1/3% statistical error in
reaction rates) and inaccurate (1% statistical error) BURNCORE burnup results.
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figure 2 - The multiplication factor evolution in an typical BWR lattice cell as calculated by
BURNCORE (solid line) and WIMS (dashed line)
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figure 3 - The multiplication factor evolution in a typical BWR lattice cell us calculated b;
BURNCORE accurately (lines. 1/3% statistical error in the reaction rates, error bars nc
shown) and inaccurately (error bars, 1% statistical error).
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Conclusions: The use of the MCNP code for burnup purposes was validated. The
major and only drawback of a burnup routine based on this code is the time required to
achieve statistical precision in each of the static MCNP's calculations. Thus, we
conclude that such a routine should be used as a checking tool to the results achieved
from fast yet approximate burnup programs.
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