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| — Introduction o Umg(x5) + pm%mm,g(x, $)+ 2y, (s) =

® The transport phenomena may exhibit varied behavior 5(c) liw i (C N ngcfg,) /mz (T, (o) m=1:N,
contingent upon the spatial arrangement of the medium. 2 &~ "g,=1 it Keft g me ' g=1:G.
lassical transpor Nonclassical transport ® The process used to generate the desired results from the
S @ o @ GLBE involves applying the Spectral Approach to handle the
o N s-dependence, the Response Matrix method to address the
o o ® e _ @ x-dependence, and the Power Iteration method to update
2 it R T R Y = ST the expected effective multiplication factor.
e b T S ° e s © Il - Numerical Results
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® To illustrate the methodology's accuracy to reproduce the
expected value for the system’s effective multiplication

® Scattering centers are not correlated.  ® Scattering centers spatially correlated. factor and the profile of the neutron scalar flux, let us
V4

® Exponential attenuation. ® Nonexponential attenuation. . _
consider the following problem.
(] I — —
® The transport problem on the right resembles the core $3.=0 B,=0 X, =15em™ B,=14em™!
of Pebble Bed Nuclear Reactors. Pebble bed reactor scheme ¢, ., =0 ¢, ,=0 : Csy ., = 0.5333 Cs,, = u1
‘ new fuel pebbles Coy g = 0 Csy, = 0 i Cg, 4 = 0 Csy o = 0.6786
® Traditional computer codes rely cooling gas ! — 0.2970
. [ vey = 0 vey, = 0 1 vey, = 0.3924 V=1
on the classical transport model, i _
which inherently assumes an S 5 Material 1
. . | ri
exponential attenuation for the owbne | | Kemeas-aee S, S . ea ...........
particle  flux. This scenario . / /
rompts the expansion of the 4 : . : : e et
P P : P N o | N e ® This periodic system is randomly placed in the infinite line -
nonclassical transport models to \ . N ,
s @;j—axpl,mp o< X <oo, such that the probability of finding any material
address criticality problems. ; y , , ,
>f INy is 1/2. The expression for the total cross section can be
Soncide | spentfuel pebbles found in the extended abstract.
Il - Mathematical Methodology e
. _ N Profile of the Neutron Scalar Flux (neutrans/cmis) “oomint
® In the nonclassical model, the incremental probability dp ——
that a particle will collide while traveling an incremental Position (cm) n 2
£= gE=

distance ds is given by dp = Zt(x, Q, s)ds, where x is a
point of space, Q is the particle’s direction of flight and s

x=0.0 0.050301 (1L21E1")  0.016498 (1.09E-1)

Profle of the Neutron Scalar Flux (PSF}

is the path-length. x=25  0191651(254E-3)  0.061123(113E-3)
x=50  0302822(191E-3)  0.096439 (-559E-3)
® Considering N(Q, s) and N(Q, s + ds) as the number of x=T5  0375522(-584E-3) 0119569 (-9.52E-3)
particles that have traveled a distance s and s + ds, x=100  0400B13(BI7E3) 0127619 (119E-2)

respectively, in the direction Q without experiencing
collisions, we have

Effective multiplication factor 1.001469 (-2.74E-3)

? Relative deviation with respect to the benchmark.

% Relative deviation with respect to the banchmark.

N(€2,s 4+ ds) = N(£2,s) + %N(ﬂ, s)ds,

o _ .
_M@a-wnsie) 1D g IV — Trends in the Future

~ ® The methodology proposed for addressing nonclassical

—2(£2, s)ds = N(gl_),,s) i”(ﬂas)dsa criticality problems shows promising potential, indicating

. e avenues for future research, such as: (i) Incorporating

5sN (82, ) 4 2 (£2, s)N(2, 5) = O, considerations for finite systems; (ii) Improving the

\, robustness of the chosen methods to handle x and s-

N(£2,s) = Nog(2)e Jo Ze(2s")as", dependences; and (iii) Extending the methodology to

. . . multidimensional problems.
® Expanding the cross-section phase-space to include P

variable s enables the modeling of transport problems Acknowledgments
where nonexponential attenuation holds. Following this S 2R
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equation (GLBE) for nonclassical criticality problems was

derived. In its one-dimensional form, the nonclassical ’r\
. : : L A~
transport equation appears in the energy multigroup R
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