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ABSTRACT 

COG is a new point-wise Monte Carlo code 
being developed and tested at Lawrence 
Livermore National Laboratory (LLNL). It 
solves the Boltzmann equation for the transport 
of neutrons and photons. The objective of this 
paper is to report on COG results for criticaiity 
benchmark experiments both on a Cray main
frame and on a HP 9000 workstation. COG 
has been recently ported to workstations to 
improve its accessibility to a wider community 
of users. 

COG has some similarities to a number of 
other computer codes used in the shielding and 
criticaiity community. These include the LLNL 
codes TART and ALICE, the Los Alamos 
National Laboratory (LANL) code MCNP, the 
Oak Ridge National Laboratory (ORNL) codes 
05R 06R, KENO, and MORSE, the SACLAY 
code TRIPOLI, the United Kingdom Atomic 
Energy Authority (UKAEA) code MONK, and 
the MAGI code SAM. 

The recently introduced high performance 
reduced instruction set (RISC) UNIX work
stations provide computational power that 
approach mainframes at a fraction of the cost. A 
version of COG is currently being developed 
for the Hewlett Packard 9000/730 computer 
with a UNIX operating system. Subsequent 
porting operations will move COG to SUN, 
DEC, and IBM workstations. In addition, a 
CAD system for preparation of the geometry 
input for COG is being developed. 

In July 1977, Babcock & Wilcox Co. 
(B&W) was awarded a contract to conduct a 
series of critical experiments that simulated 
close-packed storage of LWR-type fuel. These 

* This work was performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore National 
Laboratory under contract No. W-7405-Eng-48. 

experiments provided data for benchmarking 
and validating calculational methods used in 
predicting K-effective of nuclear fuel storage in 
close-packed, neutron poisoned arrays. Low 
enriched U02 fuel pins in water-moderated lat
tices, in fuel storage, represent, a chaUexiguig 
criticaiity calculation for Monte Carlo codes 
particularly when the fuel pins extend out of the 
water. COG and KENO calculational results of 
these criticaiity benchmark experiments are 
presented. 

INTRODUCTION 

Assurance of subcriticality is the most im
portant element in any nuclear operation. A 
good understanding of the detailed nuclear 
fission process is the only way to assure sub-
criricality. Today, this assurance is provided 
by using an analytical computational tool to 
evaluate and analyze all possible scenarios and 
geometries. The reliability of the evaluation 
results depends upon the accuracy of the 
computational tool to represent the realistic 
condition of the operation in question. Proof of 
the accuracy of the computational tool again 
depends upon the proper benchmarking of the 
code against the actual nuclear fission process 
experiments1 (criticaliry experiments). The 
applicability of a code to a specific geometry 
and condition relies on the fact whether a 
benchmark has been done for a similar type of 
experiment. 

The commonly used criticaiity evaluation 
code in both government and industry today is 
the KENO-Va code with the four cross-section 
sets available to it on the SCALE system,2 all 
developed at ORNL. 

The COG 3 code was developed at LLNL 
and uses cross-sections evaluated by LLNL. 



The principle consideration in developing 
COG was that the resulting calculation was to 
be as accurate as the input data given the code. 
Cross-section data was presented by evaluators 
in the 1980's as point-wise data (i.e., a series 
of cross-section points as a function of neutron 
energy, for example, with the understanding 
that interpolation between adjacent points 
produces results as good as the data). COG 
was written to use this form of the cross-section 
data directly. The angular scattering data are 
likewise presented and used as the evaluators 
present them. No physics or computational 
approximation has been made that would com
promise the accuracy of these data. 

Further, the geometric description of a 
problem should be as exact as possible. COG 
permits specification of a surface defined by 
input analytic equations containing terms up to 
the fourth degree. 

COG became available to LLNL personnel 
in 1986. However, it is not as well bench-
marked as KENO. About 50 criticality 
experiments have been used to benchmark the 
code.4'5 Another 100 criricality experiments are 
being calculated in on-going LLNL work. 

Other codes used for criticality evaluation 
include the LLNL codes MORSE-C6 and 
ALICE,7 the LANL code MCNP,« and the 
UKAEA code MONK.9 

OBJECTIVES 

Our objective in this paper is to present cur
rent benchmark results for a particuJariy 
difficult benchmarking problem1 0 (B&W) 
which is relevant to transportation packaging 
and which demonstrates COG on a work
station. 

BENCHMARKS 

Critical experiments10 were performed by 
Babcock and Wilcox in support of close packed 
storage of light water reactor (LWR) fuel bun
dles in arrays. Two critical experiments, Core I 
and Core XIII, from Reference 10 have been 
chosen for study here. 

Both cores were modeled using U02 fuel 
pellets enriched to 2.46 w/o 2 3 5 U in uranium. 
The fuel pellets were clad in 1.206 cm OD alu
minum tubes with a 0.081 cm thick wall. The 
active fuel height was 153.34 cm. The rods 
were arranged in a square pitch with 1.636 cm 
between the rods. 

Core I was a reference cylindrical core con
taining 438 fuel rods moderated and reflected 
by water (see Figure 1). In the experiment, the 
water level was raised until criticality was 
achieved, leaving some active fuel above the 
water at criticality. Core XIII used nine fuel 
bundles in a 3 x 3 array. Each fuel bundle had 

Figure 1. Core I - Loading Diagram Fuel Rod 
Position 

Figure 2. Core XIII Arrangement 



a 14 x 14 array of rods. Fuel rods occupied 
192 of the rod positions, and threaded 
aluminum rods occupied the corner positions. 
The fuel bundles were separated by borated 
aluminum sheets containing 1.6 w/o boron. 
The fuel bundles were moderated with 15 ppm 
boron in the water (see Figure 2). 

More details for both experiments are given 
in Reference 10. 

RESULTS 

Results for the COG and KENO-Va models 
are shown in Table 1 and Figure 3. 

Table 1. Benchmarking Results 

K-effective ± 1 Siema 

B&WCorel B&WCoreXm 

COG, Cray 

COG, HP9000/730 
KENO-Va 
27GROLTPNDF4 

KENO-Va 
123GROUPGMTH 
KENO-Va 
218GROUPNDF4 

0.9855 ± 0.0083 
0.9887 + 0.0041 

0.9683 ± 0.0038 

0.9822 ± 0.0036 

0.9629 + 0.0044 

0.9833 ± 0.0071 
0.9841 ± 0.0034 

0.9793 ± 0.0038 

1.0008 ±0.0041 

0.9789 ± 0.0045 
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For the Core I model using COG, 2000 
neutrons were staned in the fuel and set to run 
for 70 generations. The first 14 generations 
were discarded. The calculation on the 
HP-9000/730 required 18.5 hours and resulted 
in a 1 sigma value of about 0.004. The COG 
run on the Cray was stopped after 18 genera
tions with a 1 sigma value of about 0.008 that 
required 4 hours and 13 minutes running time. 
To finish the calculation to 70 generations on 
the Cray would require about 12 more hours of 
running time, costing several thousand dollars 
total. A similar result was achieved with the 
Core Xffl model. 

The KENO-Va calculations were taken from 
Reference 11. The Core I and XIII models 
were run on an IBM 3033 computer at ORNL. 
These models were staned with 300 neutrons in 
the fuel, run for 103 generations, and the first 3 
generations were discarded. These runs were 
completed within 0.5 hours for each run. 

The COd results for Core I under-predict 
the critical experiment by about 1.5 percent. 
The KENO-Va code with the 
123GROUPGMTH cross-sections give a simi
lar result. The 27GROUPNDF4 and 
218GROUPNDF4 cross-section sets with 
KENO-Va under-predict the critical experiment 
by more than 3 percent. 

The COG results for Core XIII under-
predict the critical experiment by about 1.5 
percent. The KENO-Va code with the 
123GROUPGMTH cross-sections over predict 
the critical experiment by about 0.08 percent 

Cray 
COO 

Figure 3. K-effective Results 
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The 27GROUPNDF4 and 218GROUPNDF4 
cross-section sets with KENO-Va under-predict 
the critical experiment by more than 2 percent. 

CONCLUSIONS 

COG has been run successfully on a 
Hewlett Packard 9000/730 work station. 
Calculated results show the mean value of 
k-effective from COG on the work station to be 
very close to the mean value on the Cray com
puter for both the Core I and Core XIII 
experiments. 

The COG model under-predicts the critical 
experiments by about 1.5 percent for Core I and 
for Core XIII. 

The KENO-Va code model with the 
123GROUPGMTH cross-sections under-pre
dicts the Core I experiment by about 1.7 percent 
and is close to the COG results. The 
27GROUPNDF4 and 218GROUPNDF4 cross-
section sets with KENO-Va under-predict the 
critical experiment by more than 3 percent 

The KENO-Va code model with the 
123GROUPGMTH cross-sections over-
predicts the Core Xin experiment by about 
0.08 percent. The 27GROUPNDF4 and 
218GROUPNDF4 cross-section sets with 
KENO-Va under-predict the critical experiment 
by more than 2 percent 

The consistency of both COG and KENO in 
nearly all cases to under predict criticality could 
be due to several reasons individually or in 
combination: (1) difficulties in accurately 
modeling the B&W experiments, (2) difficulties 
in accurately describing the physical 
experiment, (3) actual experimental error being 
larger than reported, (4) errors in cross-section 
sets, or (5) errors in statistically sampling 
important zones of modeling. 
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