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INTRODUCTION

The treatment of spent fuel produced in nuclear 
power generation is one of the most important issues to 
both the nuclear community and the general public. One 
of the viable options to long-term geological disposal of 
spent fuel is to extract plutonium, minor actinides (MA), 
and potentially long-lived fission products from the spent 
fuel and transmute them into short-lived or stable 
radionuclides in currently operating light-water reactors 
(LWR), thus reducing the radiological toxicity of the 
nuclear waste stream. One of the challenges is to 
demonstrate that the burnup-dependent characteristic 
differences between Reactor-Grade Mixed Oxide (RG-
MOX) fuel and RG-MOX fuel with MA Np-237 and 
Am-241 are minimal, particularly, the inert gas generation 
rate, such that the commercial MOX fuel experience base 
is applicable. 

Under the Advanced Fuel Cycle Initiative (AFCI), 
developmental fuel specimens in experimental assembly 
LWR-2 are being tested in the northwest (NW) I-24 
irradiation position of the Advanced Test Reactor (ATR). 
The experiment uses MOX fuel test hardware, and 
contains capsules with MOX fuel consisting of mixed 
oxide manufactured fuel using reactor grade plutonium 
(RG-Pu) and mixed oxide manufactured fuel using RG-Pu 
with added Np/Am. This study will compare the fuel 
neutronics depletion characteristics of Case-1 RG-MOX 
and Case-2 RG-MOX with Np/Am. 

ATR AND FUEL TEST ASSEMBLY MODEL 

The ATR configuration was modeled to represent the 
nominal power split projected for each irradiation cycle. 
A model of the MOX test assembly was developed and 
incorporated into the MCNP model of the ATR. The 
MOX test assembly has three axial sections, with the 
center section centered about the core midplane, three 
capsules per section, for a total of nine capsules per test 
assembly. The proposed LWR-2 experiment basket 
contains six LWR-2A to LWR-2G variants in nine 
capsule positions. Case-1 (LWR-2A) is located in the 
front left position of the top section, and Case-2 (LWR-
2B) is located in the front left position of the middle 
section. The irradiation used inconel shrouded capsule 

baskets. Detailed configurations of the ATR full core 
model and radial and axial views of the test assembly are 
given in Figures 5, 6, and 7 of Reference 1. 

Each fuel pellet stack has a radius of 0.415 cm and a 
length of 15.24 cm and contains 13 MOX fuel pellets with 
one HfO2 pellet on top and bottom of the fuel stack.  
MCNP-calculated fission heat tallies were normalized for 
a NW lobe source power of 18.0 MW for the 12 proposed 
irradiation cycles (each cycle has 50 EFPD). The RG-
MOX fuel pellet contains 5.9 wt% PuO2 with Pu-238, 
239, 240, 241, and 242 represented with 0.43, 74.6, 20.7, 
2.6, and 0.2 wt% Pu, respectively.  

The MCNP model of the ATR has been verified and 
validated by various experiments and evaluations, and 
comparisons of the predicted data to the measured data 
have been performed. 

MONTE CARLO BURNUP METHOD – MCWO 

The physics analyses were performed using the 
computer code MCNP,2 currently used for evaluation of 
experimental programs in the ATR. In addition, the 
validated depletion methodology MCNP coupled with 
ORIGEN2,3 MCWO, was used.  MCWO has been 
verified at the Idaho National Laboratory (INL) by 
benchmarking calculated flux magnitudes with measured 
flux levels for several experiments and in several test 
positions of the ATR core.4,5  The computer codes MCNP, 
MCWO, and ORIGEN2 are contained in the INL listing 
of qualified codes. 

RESULTS AND DISCUSSION 

The refined MCNP model of the LWR-2 fuel test 
assembly, with the inconel thermal shield located in the 
NW small I-24 position, was used to calculate the fission 
(f7:n) heating tallies in the fuel capsules. MCNP-
calculated fission heat tallies were normalized for a NW 
lobe source power of 18.0 MW. The MCWO-calculated 
initial linear heat generation rates (LHGR) for Case-1 and 
Case-2 are 11.23 kW/ft and 11.97 kW/ft, respectively, 
which is not significantly different. The MCWO-
calculated inert gas generated per fuel capsule versus the 
effective full power days (EFPD) are tabulated in Table 1. 



As expected, the Kr and Xe fission gas production, 
which is proportional to burn-up, did not show any 
significant differences between the two case studies after 
750 EFPD. However, the He-4 generated, which comes 
from the Am-241 transmutation and Cm-242 -decay, and 
the Np-237 transmutation and Pu-238 -decay (Due to its 
long -decay time, the contribution is very small),  
showed significant increase in Case-2 RG-MOX with 
Np/Am, which will have an impact on the fuel 
performance versus burnup.  

CONCLUSIONS 

The verified MCWO method was used to perform the 
neutronics analysis of LWR-2 fuel testing in ATR. 
Although the LHGR and burn-up for Case-1 and Case-2 
did not show significant differences, the inert gas 
generated did show a significant difference. The results of 
this study can be used as a reference for the MOX fuel 
pellet postirradiation examination (PIE) analysis by the 
INL. PIE results can also be used to validate MCWO 
method. 
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Table 1. Comparison of RG-MOX and RG-MOX with 
Np/Am inert gas generated versus EFPD.

EFPD RG-MOX 
RG-MOX with 

Np/Am 
  He-4 (cm3 at STP) 

125 0.0099 0.7158 
250 0.0319 2.7528 
375 0.0795 5.5234 
500 0.1550 8.2341 
625 0.2714 10.9092 
750 0.4196 13.2040 

Kr (cm3 at STP)
125 0.9649 0.9933 
250 2.0229 2.0747 
375 2.9114 2.9761 
500 3.5911 3.6655 
625 4.1559 4.2400 
750 4.6349 4.7336 

Xe (cm3 at STP)
125 14.1253 14.5928 
250 29.6718 30.5445 
375 42.9961 44.1182 
500 53.1880 54.5127 
625 61.9150 63.4734 
750 69.3953 71.2654 

Total Inert Gas (cm3 at STP)
125 15.1000 16.3019 
250 31.7267 35.3720 
375 45.9870 52.6177 
500 56.9341 66.4123 
625 66.3423 78.6227 
750 74.4499 89.2030 


