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A gas-cooled transmute, that would be configured successively as a critical gas-turbine

and an accelerator-driven modular helium cooled reactor (GT/AD-MHR),l has been proposed by

General Atomics as an alternative to the heavy-metal coolant transmute in the USDOE

Accelerator Transmutation of Waste2 (ATW) project. In the evolving design, an outer thermal-

spectrum core zone and an inner fast-spectrum core zone also containing a spallation neutron-

source target are employed for very high destruction rates of the plutonium isotopes contained in

recycled LWR-discharge or weapons-grade fuel. Fuel initially burned in the thermal zone for up

to 3 years and subsequently reconstituted is transferred to the fast-core zone for additional

burning of the higher actinides, to obtain nearly complete plutonium destruction.

Argonne is currently evaluating the design and also developing computational models for

accurate predictions of core reactivity states and power distributions. The preliminary verification

of physics predictions obtained with the deterministic codes is summarized in this paper, using

the MONK3 Monte Carlo code as reference. Three deterministic codes are primarily being used in

the design calculation path. The DRAGON4 lattice code was selected because it can handle the

dispersed fuel design of the GT/AD-MHR. Whole-core neutronics calculations are performed

using the DIF3D5 code, which solves the multigroup transport equations or approximations of the

equations by either nodal or finite different approaches. The DIF3D code is also the

computational engine of the REBUS-3 fuel-cycle analysis package6.

The GT-MHR design includes several levels of heterogeneity that require proper

treatment in order to obtain accurate physics predictions for the cQre. The fuel elements are

hexagonal prismatic blocks of graphite containing parallel holes, arranged in a triangular pitch,

into which fhel or burnable poison (BP) compacts are loaded or which are vacant and serve as



coolant flow paths. At the compact level, there are particle heterogeneity effects arising from the

application of multi-layer ceramic-coated fuel or BP particles dispersed in a graphite matrix. Fuel

element heterogeneity from the heterogeneous arrangement of fhel, BP and coolant channels in

the element, also exists in this design. Core level heterogeneity is also present because of the

annular core layout that employs inner and outer reflector zones and the two aforementioned

fueled core zones. Most of the design evaluations are being performed with the deterministic

codes because of the exorbitant time requirements of the high-fidelity Monte Carlo codes,

particularly as the total number of core states to be analyzed becomes large or when the

magnitude of the reactivity worth of interest is small. In order to verify the accuracy of the

deterministic code predictions however, the results of homogeneous-cell, pin-cell, fuel-lattice,

and whole-core configurations performed with these codes have been compared to those obtained

with the MONK code.

Various levels of approximations have been employed for solving the fuel element

problem. Consider the following two cases that demonstrate the magnitude of the fuel particle

and compact heterogeneity. In the detailed explicit model, the multi-layer fuel and BP particles

and matrix graphite, t%el and BP compacts, and the lattice graphite, are explicitly represented in

the calculations. In the other model, the multi-layer fuel particles and the matrix graphite are

smeared together (homogenized fuel compacts). The 13193 fine-group, JEF 2.2 library was used

in the MONK reference calculations of the k-infinity of these two cases. The DRAGON

calculations were performed using an ENDF/B-VI-based 69-group library. The results showed a

strong heterogeneity effect (about 13°/oAk/k difference between the two models) and additionally

demonstrated that the deterministic DRAGON model is quite accurate for analyzing the double

heterogeneity effect of the fuel element. It should be noted that the effect of smearing the contents

of the BP compact is even higher (about 270/0). The smearing models give inaccurate k-infinity

because the t%el or BP particle dimension is not small compared to the mean free path of the low-



energy-lying resonances of plutonium isotopes and Er- 167 in the BP, and the smeared model

significantly underpredicts the resonance self-shielding.

Fuel element and core power distributions predicted by MONK and DRAGON or DIF3D

have also been additionally compared. Such comparison for a fuel element containing 14 BP pins

and at the cold state (293 K) indicated that DRAGON accurately predicts the power distribution

in the element. The difference in the maximum pin power predicted by the codes is about 0,10/O.

The maximum power in this case occurs in a fuel pin located close to the element boundary

because of the extra (non-cell) graphite present in this zone, which acts to provide a softer

spectrum. The maximum pin power difference in this case is about 2.6°/0 and occurs for a pin

operating close to the average element power and also neighboring a coolant channel and a BP

pin. The comparison of core power distributions also shows that the deterministic approach

provides a very accurate model of the whole-core. The DIF3D model

assembly cross sections generated by DRAGON (but currently with no

using homogenized

additional assembly

homogenization factors) gave a maximum assembly power that is different by about O.l% from

the MONK value. The maximum difference in assembly power (about 3 .2Yo) occurred for a low

power assembly.

models

The results so far obtained in the verification calculations indicate that the deterministic

currently being employed by Argonne for assessing the GT-MHR design give accurate

predictions of core performance parameters when compared to MONK results. These models are

currently being used to evaluate the plutonium consumption rate of the GT-MHR system and will

also be used to guide design changes in the future.
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