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Tasks 1 & 3 OSTI

We proceed working on one-dimensional models to develop theoretical foundation for
procedures of homogenization, functionalization of group constants based on solutions of
transport problems with albedo boundary conditions, and for solving homogenized (coarse-
mesh) quasidiffusion (QD) low-order equations utilizing set of data parametrized by means
of special functionals.

A code for solving multigroup eigenvalue one-dimensional neutron transport problems
based on the QD method [1, 2] was developed. To discretize the transport equation, the
characteristic scheme is used. The low-order QD equations are approximated by means of
the finite-volume (integro-interpolation) approach [3]. This code is partially based on the
code developed in [2]. Previously developed code for solving one-group transport problems
was further modified to have an option for generation of data sets of cross sections aver-
aged over spatial domains. The averaging of cross sections is performed according to the
homegenization procedure developed earlier in this project [4].

In the current methods the assembly-level transport calculations are performed using
reflective boundary conditions. Thus, the assembly averaged cross section data is prepared
assuming that the given assembly is imbedded in an infinite sea of identical assemblies. We
study the approach based on solving problems with albedo boundary conditions that can
enable us to simulate interaction between different types of assemblies on assembly-level cal-
culations. The research is carried out to determine the optimal and effective parameter that
accounts for the leakage through boundaries of an assembly. This characteristic functional
will be used to parametrize assembly group constants.

Another important issue of our current research is developing a method of solving the QD
low-order equations when all necessary coefficient of these equations come from tabulated
data of group constants instead of direct solving the transport equation. In this regard we
work on definition of an efficient iteration process between parametrized data and the QD
low-order equations. This iteration process involves the analysis of low-order solution ob-
tained with the given set of coefficients (group constants) corresponding to a certain value of
characteristic functional and determining which set of data to use on the next iteration in or-
der to converge to the right solution of the given multi-region transport problem. To consider
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this type of iterative procedure, we analyzed the QD low-order equations in reformulated
form in which the unknown function is the characteristic functional.

Tasks 2 & 4

During the last three months, we have been working on the application of the combination
polynomial-analytic nodal treatment [5] to the two-dimensional QD low-order equations in
the thermal energy group. To successfully apply this technique, the analytic solutions to
three homogeneous (source-free) equations are necessary:

1. 1-d (z-direction) QD low-order equation with spatially constant cross-sections and QD
tensor (F,,) within the node,

2. 1-d (y-direction) QD low-order equation with spatially constant cross-sections and QD
tensor (E,,) within the node,

3. 2-d QD low-order equation with spatially constant cross-sections and QD tensor (E,.,
E.y = By, E,,) within the node.

Upon inspection, it is clear that the one-dimensional QD low-order equations with constant
nodal properties have fundamental solutions which are identical to those of the standard
diffusion equation, with the important distinction that the diffusion lengths are now different
in each direction due to the fact that E;, and E,, are not equal, in general. So, three of the
basis functions used in our analytic nodal method are:

90(§) = 1, (1)
g1(8) = cosh(xZLE), (2)
92(8) = sinh(ry5¢), (3)
where 2, and %, are defined by:
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The analytic solution of the 2-d QD low-order equations with constant nodal cross-
sections and QD tensor is an area requiring research. We began by searching for solutions
which are separable in the two spatial directions. The first step in this process is to classify
the PDE, and then transform it to canonical form. We has completed this analysis, classifying
the PDE as elliptic, and transforming the equation to canonical form. However, the solution
in the original coordinate system (z,y) is non-separable. We continue to look for ways to
incorporate the analytic solution to this system into the model.
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Our code development, however, is proceeding with the assumption of a diagonalized QD
tensor, £, = E,; = 0. In this way, we can continue to build the machinery necessary to
numerically solve the nodal equations as we search for analytic solutions to the 2-d QD low-
order equations. When the QD tensor is diagonal, a separation of variables can be performed,
which leads to these two additional basis functions in the analytic nodal treatment:

93(8) = cosh(re), (6)
94(8) = sinh(rgg), (7)
and &%, is defined as:
1 1 1
U (8)

(k)2 (ra2)? (ky)?
While these equations appear very similar to those generated from the nodal diffusion pro-
cedure [5], there are significant differences. First, the components of the QD tensor are
connected to the solution of the transport equation within the node. Second, the x’s are
allowed to be different in the two spatial coordinates.
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Status Summary of NERI Tasks

Task 1
The development of the following methods in 1D slab geometry:

1. Homogenization and definition of discontinuity factors,

2. Group constants functionalization using assembly transport solution of multigroup
eigenvalue problem with albedo boundary conditions,

3. Solving coarse-mesh effective few-group 1D _QD moment equations using tables of data

parametrized with respect to the ratio 7 - JG / ¢S on boundaries.

Planned completion date: August 14, 2000

Task 2

Development of a numerical method for solving the 2D few-group moment QD equations:

1. Development of a nodal discretization method for 2D moment QD equations,
2. Development of an efficient iteration method for solving the system of equations of the
nodal discretization method for 2D moment QD equations.

Planned completion date: August 14, 2000

Task 3
The development of the following methods in 2D X-Y geometry:

1. homogenization and definition of discontinuity factors,

2. group constants functionalization using assembly transport solution of multigroup
eigenvalue problem with albedo boundary conditions,

3. solving coarse-mesh effective few-group Q]_? moment equations using tables of data

parametrized with respect to the ratio 7 - JG/¢¢ on boundaries.

Planned completion date: August 14, 2001




Task 4

Development of a numerical method for solving the few-group moment QD equations in
3D geometry:

1. Development of a nodal method for discretization of 3D moment QD equations,

2. Development of an efficient iteration method for solving the system of nodal discretized
equations of moment QD equations in 3D geometry.

Planned completion date: August 14, 2001




