
To Dr. Douglas O’Dell, 

Progress Report of TWODANT benchmark 

January 11,1994 

TWODANT(Two-Dimensiona1, Dfision-Accelerated, Neutral-Particle Transport) code 
has been benchmarked against 6 critical experiments and their k effective values were 
compared with those of KENO(Monte Carlo Criticality Program with Supergrouping) and 
MCNP(Monte Carlo Code for Neutron and Photon Transport) codes. These codes were 
run on Sun-Sparc 1 Work-station Unix machine. TWODANT code used Hansen-Roach 
16-group cross section library, KENO used mixture of Hansen-Roach 16-group, XSDRN, 
GAM-2, AEROJET, Mihalczo Mod of H-R U-238, Persimmon, and Hansen-Roach JRK 
Mod, and MCNP used continuous energy spectrum. 

Two methods were used to benchmark the code TWODAN”. One was by comparing its 
k effective values to the other transport codes, KENO and MCNP. The other was by 
analyzing k effective values with Werent  values of parameters. Sn value and mesh cell 
size were varied with the rest of the input parameters fxed, and their Werent k values 
were plotted accordingly. 

As you can see in Figure 1, the k effective values are very close to each other within some 
reasonable values. Table 1 shows the k effective values and their convergence error 
values used in the code. Figure 2 is k effective values vs. different Sn and mesh cell size. 
It is concluded that at large Sn value, k effective value converges after some 20 mesh cell 
size in the core. 

Sung Lee 

Attachment DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information. apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commer,cial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not nwsa r i ly  constitute or imply its endorsement, r a m -  
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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February 15, 1994 
To: Dr. Douglas O'Dell 

Subject: Results of Twodant Calculations of reported idealized critical calculations 
of Jezebel(20% "Pu) from LA-4208 

Introduction: 

The purpose of this work is to compare TWODANT, a neutron transport code developed 
by Los Alamos National Laboratories, with a critical experiment. The critical experiment 
used for this comparison was Jezebel(20% 240Pu). 

The TWODANT code used for this comparison was version 02-05-90. The cross-sections 
library used by TWODANT for k,, calculations was the LANL 118-isotope 16 group 
Hansen-Roach library, which was provided with the TWODANT code. Since Jezebel was 
not a uranium assembly, the fission fraction coefficients, chi, were modified to better 
reflect the characteristics of plutonium. 

Jezebel was modeled using one dimension geometry using data collected from table1 
included in LANL report LA-4208. TWODANT was used to calculate k, for the critical 
mass of the initial assembly, as well as the corrected critical mass for each perturbation 
of the system. The objective was to compare TWODANT's k,, calculation for the 
reported critical mass corrected for all the perturbations and the summation of the 
calculated k,, changes due to each individual perturbation. 

Description of Real Experiment: 

Jezebel, a nearly spherical bare plutonium metal critical assembly, was fabricated from 
six individual units. These units were mounted in pairs to provide a three component 
subdivision consisting of an upper hemisphere, a middle disc-like section, and a lower 
hemisphere. The center section contained a slot where a plutonium bar was used as a 
control rod. The three subdivisions were suspended by guide wires, which were under 
tension, and allowed for moving the subdivisions together and apart for safety and control. 
Small recesses in the interior of the assembly enabled the insertion or removal of mass 
adjustment plugs, giving greater reactivity control than the control rod alone. 

Due to the highly active a-decay of plutonium, each component was coated with 0.005 
in. thick nickel. This thickness was not derived from direct measurement, but rather by 
assuming the known mass of the nickel coating was uniformly distributed around each 
part. It was also assumed that an average of 0.001 in. gap between the internal surfaces 
of the components existed because of a lack of flatness of the nickel coating. Other than 



the nickel layer, there is no other significant reflector present. More specific data can be 
obtained from LANL report LA-4208. 

Calculational Model of Idealized Real Experiment: 

Since Jezebel most closely matches a sphere, one dimensional spherical geometry was 
used. The sphere was assumed solid, containing 80% with a uniform 
density. In this one dimensional case, the support structure, control rod, and mass 
adjustment plugs could not be approximated. 

and 20% 

For the one dimension case, the idealizations were taken from LA-4208. The report listed 
calculated critical mass and density of the assembly. From these values, an ideal radius 
and atom densities were calculated as follows: 

I \ 1  

where p: 
Av: 

M,: 
1: 

Mw: 

ipAv N=- m 
density 
Avogadro’s number 
weight percent of isotope 
critical mass 
molecular weight of the isotope 

The reported density for the assembly was 15.73 g/cm3. From this the calculated values 
for the number densities are as follows: 

”%I = 3.167~10-~ atoms/cm-barn 

2 q u  = 7.919~10” atoms/cm-barn 

To adjust the real experiment configuration to one of an idealized bare sphere, corrections 
to the critical mass listed in LA-4208, table 1, were used. Using the corrected critical 
masses, an idealized critical radius for each perturbation was calculated using equation 1. 

Calculation Results: 

Sample results of the k,, calculations are shown in table I. For this example, k,, was 
determined using TWODANT spherical geometry, a S, of 20, and 100 fine mesh points. 



The change from initial is the difference between the initial k, , calculated using the non 
corrected critical mass, and the k, calculated using the corrected critical mass due to an 
individual perturbation. The k, changes were summed and added to the initial ken and 
compared to the k,, calculated from an idealized sphere which included all the mass 
corrections. The results demonstrate that the calculated k, changes for all the 
perturbations sum up closely to the calculated k& for a sphere with all the mass 
corrections included. 

Figure 1 graphs the k, calculated from the summation of all the changes to k, from each 
perturbation and the k,, from the initial critical mass, and the k, calculated from the total 
mass correction versus S, number. Figure 2 graphs the same two parameter versus mesh 
cells. From the graphs one can conclude that adding up the changes in k,, from the 
individual perturbations results in a k, quite close to a model where all the changes are 
already included. The changes in k,, due to S, number seem to converge with S,=20 and 
a mesh cells number of about 10. 



Table I - k, Calculations 
~~~ ~ 

Sum of Initial k, and Total k, Changes 1.0132 

Radius = ( 3M/4np )m Density = 15.73 g/m3 

CORRECTION 

Initiai 
Asphericity(-63) 
Internal Ni and 
Homogeniza tion(+62) 
Equatorial Band(+58) 
Polar Supports(+l45) 
External Ni(+70) 
Framework(+2) 
Kiva Refledion(+l2) 
Air Refledion 
Trace Impurities(-1) 
Elevated Temp(-> 

Critical Mass After 
All Corrections 

CALCULATED 
MASS (E) RADIUS (an) k ,, 

19173 6.6266 1.0091 
19110 6.6193 1.0082 

19235 
19231 
19318 
19243 
19175 
19185 
19178 
19172 
19166 

6.6337 
6.6332 
6.6432 
6.6346 
6.6268 
6.6279 
6.6271 
6.6264 
6.6257 

1.0100 
1.0100 
1.0112 
1.0101 
1.0091 
1.0093 
1.0091 
1.0091 
1.0090 

Total k, changes 

19456 6.6590 1.0133 

CHANGE 
FROM 
INITIAL 

I 
-0.OOO9 

O.OOO9 
O.OOO9 
0.0021 
0.0010 
0.0 
O.ooo2 
0.0 
0.0 
-0.o001 

0.0041 
--- 
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