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ABSTRACT 

An On-the-Fly Doppler broadening methodology has been applied in a neutronics 

simulation of a single fuel assembly (problem 6 of the CASL/VERA Core Physics 

Benchmark Problems) using MCNP6.  HFP temperatures and densities were taken from 

results of a coupled neutronic-TH computation with the neutron transport code MPACT and 

the subchannel TH code COBRA-TF. An MCNP6 input file with over 13000 cells with 

independent temperatures and densities was constructed from a template input file for 

CASL/VERA problem 3 (3D HZP full assembly). OTF Doppler broadening coefficients for 

the 54 unique isotopes of the problem were generated using the routines provided in the 

MCNP6 distribution. HZP OTF MCNP6 results are compared with published benchmark 

results, and results for 3D HFP assembly simulations are compared with neutronics results 

from the coupled MPACT/COBRA-TF simulation. 

 

1.  INTRODUCTION 

Multi-physics calculations which attempt to couple thermal hydraulics (TH) 

computations and continuous-energy Monte Carlo neutronics codes can require many 

thousands or even millions of distinct region temperatures. The traditional Monte Carlo 

approach of using precalculated Doppler broadened nuclear cross-sections at each 

temperature is not feasible for such large numbers of independent material regions. 

Previously, we have reported the implementation of an On-the-Fly (OTF) Doppler 

broadening methodology to provide continuous energy broadened cross sections based on 

cell temperatures on-the-fly during neutron tracking in the Monte Carlo code MCNP6.  In 

the current work, we apply the MCNP6 OTF methodology to the simulation of a single fuel 

assembly at hot full power (HFP). 
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Problem 6 of the CASL/VERA core physics benchmark progression
1
 involves 

simulation of a 17x17 Westinghouse fuel assembly (including spacer grids, end plugs and 

core plates, etc.), modeled in 3D and with quarter symmetry at beginning of life at HFP with 

iterative feedback between coupled thermal hydraulics and neutronics computations. 

Because of the inherent difficulty in accounting for the variation with temperature of the 

neutron cross sections required for the neutronics calculation, a reference Monte Carlo 

solution has yet to be obtained. A recent report
2
 detailed the use of the MPACT

3
 neutron 

transport code in conjunction with the COBRA-TF
4
 code to determine the HFP beginning of 

life solution of both a single assembly and full core (problem 7 of the benchmark). The 

MPACT analysis for the single assembly used a Chebyshev-Gauss quadrature and 

temperature-dependent multi-group cross section libraries. Neutron transport modeling was 

performed on a mesh of eight angular and three radial rings in each fuel pin, but temperature 

(taken iteratively from COBRA-TF runs) varied in only the axial domain within the fuel 

region in each pin. The exact material and geometry specifications for the assembly for this 

problem are given by Godfrey
1
, and details of the MPACT simulation can be found in the 

reference cited
2
.  

 

Recent progress in modeling the temperature variation in neutron cross sections with 

OTF cross sections
5,6

 gives rise to the possibility of attacking this problem with a more 

accurate (albeit much slower) Monte Carlo code such as MCNP6
7
 rather than a multigroup 

transport code. It is the goal of this work to demonstrate the utility of the OTF methodology 

in modeling this problem with MCNP6, using in each region of the assembly the converged 

temperatures and densities provided from the coupled COBRA-TF/MPACT simulation
2
. 

2.  METHODS 

The 3D fuel assembly of the HFP benchmark problem 6 is identical to that used in 

the HZP (at 600K) benchmark problem 3, for which a reference solution is provided
1
. As 

initial verification of the OTF methodology for this problem, an OTF simulation was 

performed on the HZP fuel assembly. A template MCNPX input file for the HZP case 

provided by Gurecky
8,9

 was adapted to use OTF libraries with MCNP6. The OTF data was 

generated using the routines provided with the MCNP6 distribution and ENDF/B-VII.1 data 

libraries. OTF coefficients were calculated for the temperature range of 550K to 1500K for 

54 unique isotopes, using a maximum order of 8 in the expansion coefficients and a 1 

degree Kelvin (1K) temperature grid spacing when determining energy grid endpoints and 

in computing error tolerances on the fits. Roughly 1.8GB of data was generated for the 54 

nuclides, and no cross section tolerance errors greater than 0.1% were reported by the fitting 

code. To be comprehensive in our validation comparison, MCNP6 simulations for the HZP 

fuel assembly were run with and without OTF invoked.  Additionally, since OTF 

computations rely on standard MCNP libraries for all physics data other than broadened 

cross section values, to investigate the impact of any temperature dependences of quantities 

such as probability table (ptable) data, OTF runs were done using both the 600K and 900K 

MCNP libraries for non-broadened cross sections.  

 

Since all the fuel pins were equivalent in the HZP case, the problem 3 MCNP input 

file made extensive use of the lattice geometry building function in defining the assembly 

geometry. For the HFP case of problem 6, however, each axial region of each fuel pin (and 
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also of the cladding and moderator in each pin region) needed to be defined as a unique cell. 

A script was written to perform this segmentation, and also to insert temperatures and 

densities taken from the converged COBRA-TF/MPACT results. The MCNP input file 

required to model the assembly expanded from roughly 450 cards and 50 cells for the HZP 

case to almost 14,000 cards and 13,500 unique material cell regions for the HFP case. To 

verify that the segmentation was done correctly, an MCNP6 OTF simulation was performed 

using the expanded deck but with the original HZP temperatures. Full HFP simulations were 

then performed using the temperatures obtained from the converged MPACT/COBRA-TF 

simulation. 

 

3.  RESULTS 

3.1 Validation of HZP Results 

Table 1 below gives results from the HZP simulation of problem 3. KENO-VI
10

 

results are taken from the appendix of the benchmark problem description
1
, the MCNPX 

results from Gurecky
9
 and the MPACT results from Godfrey

11
 (converted from pcm relative 

to the reference KENO-VI result).   
  

 Table 1   Computed HZP simulation eigenvalues 

Simulation 
ENDF/B 

library 

Histories 

per Cycle 

# Active 

Cycles 
keff ± 1 

KENO-VI (reference) VII.0 5M 4500 1.175722 +/- 0.000005 

MCNPX  VII.1 300k 3250 1.17525 +/- 0.00002 

MCNP6 VII.1 500k 950 1.17521 +/- 0.00006 

MCNP6 OTF 600K VII.1 500k 950 1.17519 +/- 0.00006 

MCNP6 OTF 900K VII.1 500k 950 1.17517 +/- 0.00006 

MCNP6 OTF 900K 13k cells VII.1 500k 950 1.17518 +/- 0.00006 

MPACT VII.1 -- -- 1.17444 

 

Discrepancies between the various MCNP6 runs were all within a single standard 

deviation, demonstrating the accuracy of the OTF method and the negligible effect (for this 

problem) of the temperature dependence of the ptables. The difference between the MCNPX 

(ENDF/B-VII.0) and MCNP6 (ENDF/B-VII.1) results were also within a single standard 

deviation. Relative to the reference result, the MCNP6 runs showed a systematic 

underestimation in k-eff of -46 pcm, while the MPACT discrepancy was -109 pcm. A plot 

of the axial power distribution comparing the OTF results and the MCNPX results of 

Gurecky results and the KENO solution is shown in figure 1 below. Godfrey
11

 reports RMS 

differences between MPACT and the KENO reference axial power distribution of 0.19%, 

with a slight underestimation of power at the top and bottom of the assembly, and over-

estimation near the center, with the largest variations (up to .45%) near the spacer grids.  

The RMS difference between MCNPX and KENO was 0.77%, and between MCNP6 OTF 

and KENO 0.69%.  The larger RMS differences found for the MCNP runs (relative to the 

reported MPACT differences) are almost certainly from insufficient histories. 
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Fig. 1 Comparison of MCNP/OTF, MCNPX, and KENO reference results 

for the HZP Case 

 

3.2 HFP Results 

For the HFP case, MPACT
2
 reported a value of k-eff of 1.16459, while the OTF 

MCNP6 result was 1.16500, a difference of -32 pcm, which is in the expected direction and 

consistent with the -63 pcm difference between the two codes for the HZP case.  A plot 

comparing MPACT axial pin power/fission rate distributions with MCNP6 OTF results is 

shown in figure 2 below.  While there is no reference data for comparison, it is instructive to  

 

 
  

Fig. 2 MCNP/OTF and MPACT HFP axial power distributions 
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examine the differences between MCNP6 OTF and MPACT, which we present in figure 3, 

below. The primary features of this figure are the discrepancies between the two codes at the 

spacer grids, at which the MPACT results overestimate the power relative to the MCNP6 

OTF results.  These differences between MPACT and MCNP6 OTF are similar both in 

direction and in magnitude (up to 0.5%) to the discrepancies between MPACT and the 

KENO reference results reported by Godfrey for the HZP case  (figure 3-1 of that work)
11

.    

 

 
 

Fig. 3 Differences (%) in MCNP/OTF and MPACT axial power 

distributions 

 

Figure 4 below shows the relative difference (in %) between the MCNP6 OTF and 

MPACT radial power distribution.  The MCNP6 OTF results are consistently higher than 

the MPACT results at the assembly edges (recall that the simulation was performed on  a ¼ 

assembly).  While there are some minor differences in the modeling of the problem for the 

two cases (for example, the spacer regions are treated exactly in MCNP6 OTF, but 

homogenized with the moderator in MPACT), the inter-assembly gap was modeled 

identically in the two simulations here, and so it is not believed that modeling differences 

account for the differences in the results. The cause of this systematic discrepancy is still 

under investigation. 

 

4.  CONCLUSIONS 

An OTF methodology for MCNP6 has been applied to the hot full assembly 

CASL/VERA Core Physics Benchmark Problem (problem 6), using individual cell 
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temperatures and densities taken from converged thermal hydraulics feedback runs.  The 

methodology and fidelity of the ~14000 card MCNP input deck was validated by 

comparison with KENO-VI HZP benchmark data.  While no reference data exists for 

problem 6, differences between MCNP6 OTF and MPACT eigenvalue results were 

consistent in direction with results from the HZP benchmark.  MCNP6 OTF and MPACT 

HFP axial power distributions agreed within roughly 0.4%, with greater differences at 

spacer grid elevations, again consistent with previously published MPACT errors relative to 

benchmarks.  MCNP6 OTF and MPACT radial power distributions agreed within 0.25%, 

with some systematic differences at the inter-assembly gaps. 

 

 
Fig. 4 Difference between OTF and MPACT radial power distributions 
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