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PWR - First 100 Eigenmodes, with More Neutrons
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Fission Matrix Analysis of PWR Model menp
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Following 2 slides:

— Vary the spatial discretization
— Find eigenvalue spectrum for each discretization

— Examine eigenvalue spectrum vs number of spatial regions
- Nregions = N eigenvalues
- For small N, fewer eigenvalues to represent problem, inaccurate

— As N increases, spectrum extends & converges smoothly
- No anomalies, no oscillations

* Provides measure of adequate mesh refinement
for fission matrix accuracy
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Eigenvalue Spectra with Varying Meshes menp
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N = number of mesh regions

( Fission matrix size=Nx N)
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Spectrum Convergence from Mesh Refinement menp
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12} .1 x5 = 25 1.29444
d - 10x10 100 1.29453
K,/ 15x15 225 1.29469
K 30x30 = 900 1.29477
K 60x60 = 3600 1.29479
110 120x120 =14400 1.29480
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K./ For fine-enough spatial mesh,
sz’ eigenvalue spectrum converges
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Are the Eigenvalues Real or Complex ? menp
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_Real(k;): The appearance of complex

| | | eigenvalues appears to be strictly
an artifact of Monte Carlo
statistical noise

5 M neutrons/cycle

When more neutrons/cycle are
500K neutrons/cycle

used to decrease statistical noise,
complex components diminish or
vanish

Imag( k; ):
SJ0 The first few 100s or 1000s of
discrete eigenvalues are real, and
presumably all would be with

sufficiently large neutrons/cycle

120 by 120 Spectrum, Varying Neutrons/cycle



PWR - Inner Products of Forward Eigenmodes menp
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1.5+ Inner products of
forward eigenfunctions

jﬁ%@%m

= Opm Uf fission kernel
is self adjoint/symmetric

Strictly, eigenfunctions of the transport equation are bi-orthogonal.
As shown above, forward eigenfunctions are very nearly orthogonal.
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Conclusions

&
Future Work



Conclusions mﬂl?
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Derived theory underlying fission matrix method
— Rigorous Green’s function approach, no approximations

— Specific conditions on spatial resolution required for fission
matrix accuracy

— If spatial resolution fine enough, adjoint fission matrix identical
to transpose of forward fission matrix

Applied to realistic continuous-energy MC analysis of typical
reactor models. Numerical evidence that:

— Infinite set of discrete, real-valued eigenvalues &
eigenfunctions exist for the integral fission neutron source &
adjoint

— As spatial resolution is refined, eigenvalue spectrum
converges smoothly

— While forward & adjoint are biorthogonal, forward modes are
very nearly self-adjoint (for reactor-like problems)
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Future Work menp

LA-UR-13-23152

Use fission matrix to accelerate source convergence
— Already demonstrated; very effective; needs work to automate

Use fission matrix for automatic, on-the-fly determination of
source convergence

— Automate the determination of “inactive cycles”

Use fission matrix to assess problem coverage
— Need more neutrons/cycle to get adequate tallies?

Higher modes can be used to reduce/eliminate cycle-to-cycle
correlation bias in statistics

— Replicas & ensemble statistics may be better, for exascale computers

Apply higher-mode analysis to reactor physics problems
— Xenon & void stability, slow transients, etc.
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Questions ?

See Sean Carney’s talk for more
examples, applications, ideas
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