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application of BRM to the neutron diffusion equation (NDE) dates back to 1985 and many
researchers are currently working in this area. Although BEM is known to have the desirable
property of being an internal-mesh free method, this advantage is lost in some of its
application to the NDE due to the existence of fission source volume integrals in fissionable
regions unless domain-decomposition methods are used. To exploit the favorable properties
of both FEM and BEM, a hybrid FE/BE method has been recently proposed for reflected
systems treated by one or two-group diffusion theories in a recent paper co-authored by the
first author. In this work, the hybrid FE/BE method for reflected systems is generalized to
multigroup diffusion theory. The core is treated by FEM to preserve the high accuracy of
FEM in such neutron-producing regions. Using a boundary integral equation formerly
proposed by the second author, BEM, is utilized for the discretization of the reflector, thus,
eliminating the internal mesh completely for this nonfissionable region. The multigroup
FE/BE method has been implemented in our recently developed FORTRAN program. The
program is validated by comparison of the calculated effective multiplication factor and the
group fluxes with their analytical counterparts for a two-group reflected system. Comparison
of these results and results obtained for a four-group reflected system with those obtained by
alternative methods (i.e. pure FEM) has also been carried out for assessing the performance
and merit of the proposed method.
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When the introduced change in the configuration of a nuclear system is neutronically not
too significant, the use of the perturbation theory approximation ("the perturbation theory
method" or PTM) is usually considered as an alternative to the recalculation of the effective
multiplication factor {kejj) of the modified system ("the diffusion theory method" or DTM) for
the determination of the ensuing change in reactivity. In the DTM, the change in reactivity
due to the introduced change can be calculated by the multigroup diffusion theory by
performing two ^determinations, one for the original and one for the modified system. The
accuracy of this method is only limited by the approximations inherent in the multigroup
diffusion theory and the numerical method employed for its solution. The error stemming
from the numerical approximation can be nearly eliminated by utilizing a fine enough spatial
mesh ad an "exact" solution is nearly possible. Its basic disadvantage relative to the PTM is
the necessity of a new kejj calculation for every change in the configuration no matter how
small. On the other hand, if we use PTM, with an only one-time calculation of the flux and
the adjoint flux of the original system, the change in reactivity due to any kind of perturbation
can be approximately calculated using the changes in the cross section data in the perturbation
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theory reactivity formula. The accuracy of the PTM is restricted by the size and location of
the induced change. In this work, our aim is to assess the accuracy of PTM relative to the
DTM and determine criteria for the justification of its use. For all required solutions of the
normal and adjoint multigroup diffusion equations, we choose the finite element method
(FEM) as our numerical method and a 1-D cylindrical geometry model. The underlying
theory is implemented in our FORTRAN program PERTURB. The validation of PERTURB
is carried out via comparisons with analytical solutions for bare and homogeneous systems.
These cases also provide a basis for assessing the merit of PTM relative to DTM. The last
application we consider involves a PTM-DTM comparison for the whole-core calculations of
the TRIGA Mark II reactor of Istanbul Technical University.
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The boundary element method (BEM) is a relatively new numerical method for the
numerical solution of partial differential equations (PDE). BEM is based on the idea of
converting the governing PDE with constant coefficients for a homogeneous region to a
boundary integral equation (BIE) which contains unknowns only on the boundary of that
region. A boundary element mesh is introduced over the boundary of the homogeneous region
and the solution function and its normal derivative is assumed to have a polynomial
dependence (constant, linear, quadratic.) over each boundary element. When the BIE is
required to be satisfied at each node of the boundary element mesh, a linear system of
dimension equal to the number of nodes on the boundary element mesh is obtained; but the
number of unknowns is twice the number of equations since the nodal value of both the
solution function and its normal derivative appear as unknowns. If the system consists of just
one homogeneous region, half of the unknowns are eliminated by boundary conditions and
the number of unknowns becomes equal to the number of equations and the linear system can
be uniquely solved. When the system consists of more than one homogeneous region, the
equations belonging to each region are assembled and the number of unknowns and equations
are made equal by application of the continuity of the solution function and its normal
derivative. In this work, we investigated a novel approach: a system consisting of one
homogeneous region is divided into subregions and each subregion is treated as if it were a
separate homogeneous region. This approach naturally increases the dimension of the
resulting linear system, but its effect on the accuracy of the solution is a question that requires
investigation. We used this subregions approach in the constant BEM solution of the 2-D
neutron diffusion equation and investigated its effect on accuracy in terms of the
multiplication eigenvalue and flux distribution by comparison with analytical solutions.
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