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Introduction: Pebble-Wise Power in 9-Pebble Case:
The Pebble Tracking Algorithm (PTT) is a method which enables  The PTT algorithm was tested against SERPENT, a Monte-Carlo
GRIFFIN to perform high-fidelity discontinuous finite element radiation transport code with the abllity to calculate pebble powers. For
(DFEM) neutron transport simulations for Pebble Bed Reactors ~ SERPENT, the TRISO particles were individually modelled in each
(PBRs)[1]. PTT generates an unstructured tetrahedral mesh pebble, while homogenized macroscopic cross-sections were supplied
where each element vertex Is located at a pebble center. Each by SERPENT for modelling in GRIFFIN. A 9-pebble body-centered
tetrahedral element in the pebble region is therefore partially cubic (BCC) lattice was modelled due to its simplicity. The corner
composed of at least one solid angle “slice” from a pebble[2]. pebbles were cut into octants and reflective boundary conditions were

. set for all boundary faces. Both models were normalized to a power of

. 2] 2,000 W with an 11-group structure and anisotropy order of |=7.
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DFEM is solved using the weak-form neutron transport equation

represented by following equation. Nt
M RN
w o~  Um + Z¢ ) — (W, Y. . + (Ym,
2171:1 m [(wm } m l/’m t)D q[;//)[m]] l/)m>Fmt <1/Jm l/)m >6D+] NOte that the corner pebble ValJeS PgbblZ.Ce:ter P .
(W T.D), = . have different power values. Thisis  xim y(m z(cm) sereenterirrn =%
o W l/)m! S D — wm(l/)mI )D : ] : ) ‘ 346 3.46 3.46 124.89 121.29  2.888
due to having different distributions of .6 34 346 12509 12768 -2069
. 1 i 1 346 -3.46 -3.46 125.04 125.84 -0.642
Here; the inner products may be evaluated over an element TRISO particles. The homogenization 700 700 00 s tiens s
using the following equation. o fyeCross sectionsITGRIFFIN_ 22 o2 smams 20 oo
Ignore the Spatlal effects of the TRISO 346 346 -346 12465 12719 -2036
WinZ0e = ), Win zj:l"”"'ff,; gbib ()X particles which is most likely the main 5% 5 sas 10as2 13050 -asae
where b; (x) are the shape functions, ¢, ; and Y, ; are the source of error in the PTT simulation. N _
expansion coefficients for the test functions and solution, and N O - W k -
Is-the total number-of degrees of freedom (DoF) [2]. ngomg OrK. . .
Evaluation of Integral Values: Qur wort & o canduct desper _—
analysis of potential sources of error A
ﬁDuttlng pebble regions with tetrahedral elements presents a for the nine-pebble case, including ~__
_~unique challenge when evaluating pebble-wise integral values - testing with finer energy group e e
-~ like reaction rates which are needed to evaluate the precision of structures and various scattering
PTT. One cannot simply sum integrals over entire elements. Our  anisotropies. We will also extend the
solution is to create an AuxKernel that loops over nodes, k, then  new capabilities in GRIFFIN to w0
loops over|connected elements, e, from which a partial integral is  evaluate full-core PBRs and evaluate &
evaluated with respect to the node of interest. The partial integral  pebble-wise surface currents. il
for le power.is evaluated using-the mass matrix, M-as shown
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