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ABSTRACT 

KENO V is a new multigroup Monte Carlo criticality 
program developed in the tradition of KENOx and KENO IV2 for 
use in the SCALE1 system. The primary purpose of KENO V is 
to determine k-effective. Other calculated quantities include 
lifetime and generation time, energy dependent leakages, 
energy- and region-dependent absorptions, fissions, fluxes, 
and fission densities. 

KENO V combines many of the efficient performance capa-
bilities of KENO IV with improvements such as flexible data 
input, the ability to specify origins f'ô  cylindrical and 
spherical geometry regions, ths capability of super grouping 
energy dependent data, a P n scattering model in the cross sec-
tions, a procedure for matching lethargy boundaries between 
albedos and cross sections to extend the usefulness of the 
albedo feature, and improved restart capabilities. 

This advanced user-oriented program combines simplified 
data input and efficient computer storage allocation to readi-
ly solve large problems whose computer storage requirements' 
precluded solution when using KENO IV. 

DATA INPUT 

The KENO V data input is especially adapted for use with remote 
terminals. The order of input is quite flexible with the exception of 
the title which must be entered first; the parameters must immediately 
follow the title if they are entered. 

A large portion of the data has been assigned default values that 
have been found to be adequate for many problems. Thus, the user can run 
a problem with a minimum of input data. 
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Blocks of input data are entered in the form: 

READ XXXX input data END XXXX 

where XXXX is the keyword for the type of data being entered. The types 
of data that can be entered are parameters, geometry region data, array 
definition data, biasing or weighting data, albedo boundary conditions, 
starting distribution information, cross-section mixing table and extra 
1-D cross section ID's for special applications. 

A block of data does not need to be entered unless it is necessary 
for the problem. Within the blocks of data, most of the input is acti-
vated by using keywords to override the default values. 

IMPROVED GEOMETRY FEATURES 

KENO V geometry input is very similar to the geometry input for 
KENO IV except the weighting has been rearranged to minimize storage 
requirements. 

Vi 
The geometry data for KENO IV is: 

GEOMETRY WORD MIXTURE NUMBER DIMENSIONS WEIGHTS 
II The geometry data for, KENO V is: 

GEOMETRY WORD MIXTURE NUMBER BIAS ID NUMBER DIMENSIONS 

The KENO IV weights are stored for each input geometry region so (number 
of energy groups) x (number of input geometry regions) words of storage 
are used. The KENO V weights are stored only for each BIAS ID NUMBER 
that is used. In addition, KENO V does not store region dependent data 
for geometry regions that are entered but not used in the problem. The 
storage requirements for the KENO V weights are (number of different 
bias ID's used in the problem) x (number of energy groups) words of stor-
age. This can result in a significant reduction of storage space for a 
large problem. 

One of the most important geometry improvements is the ability to 
specify the origin for cylinders, hemicylinders, spheres and hemispheres. 
This allows the use of nonconcentric cylindrical or spherical shapes and 
a great deal of freedom in positioning these shapes. As in KENO IV, the 
restriction that each geometry region must completely enclose the pre-
vious region is mandatory. 

Another geometry convenience is a choice of the method used to 
specify the array definition (mixed box orientation) data. The method 
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used in KENO IV is available in. KENO V. A second method allows the data 
to be entered by stringing in the unit or box types starting at x=l, y=l, 
z=l, and varying x then y and then z. This input is entered by using 
ANISN4-like input options for filling the array. 

SUPER GROUPING 

An important feature of KENO V is the capability of super grouping 
the energy dependent information such as cross sections and fluxes. This 
automatic feature is activated when the computer storage is insufficient 
to hold all the problem data at once. The energy dependent data is then 
broken into super groups that are written on a direct access device and 
moved in and out of core as necessary. A problem cannot be super 
grouped if the energy-dependent data associated with any energy group is 
too large to fit in the available storage. 

The advantage of super grouping is that larger problems can be run 
on smaller computers. This capability is gained at the expense of running 
time and increased I/O's. The more super groups, the more I/O's are 
used and the slower the problem will run because of the banking, sorting, 
and use of direct access devices in the solution of the problem. 

Pn SCATTERING 

KENO V treats anisotropic scattering by using discrete scattering 
angles. The angles and associated probabilities are generated in a man-
ner that preserves the moments of the angular scattering distribution for 
the selected group-to-group transfer. These moments can be derived from 
the coefficients of a P n Legendre Polynomial expansion. All moments 
through the 2n-l moment are preserved for n discrete scattering angles. 
A one-to-one correspondence exists such that n Legendre coefficients 
yield n moments. 

If the cross-section data has fewer coefficients than the requested 
number of discrete scattering angles, higher moments are generated by 
using zeros for the higher order coefficients. The method of generating 
the angles and probabilities is appropriate only if the moments are for a 
valid probability distribution. If extending the coefficients with zeros 
results in an invalid distribution, ̂ ,the code will generate angles and 
probabilities that will preserve the available valid data, f \ Earning 
message is printed whenever incorrect moments are encounter. - A large 
number of these messages may be generated if the code has to "extend the 
cross-section coefficients. 

// 
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KENO V treats the case of zero and one scattering angle in a special 
manner. It can recognize that the distribution is isotropic even if the 
user specified multiple scattering angles, and therefore selects from a 
continuous isotropic distribution. If the user specified one scattering 
angle, the code performs sei/i'i-continuous scattering by picking scattering 
angles uniformly over some range bet-.vsen -1 and +1. The probability is 
zero over the rest of the range. 

EXTENDED USE OF DIFFERENTIAL ALBEDOS 

KENO IV can uso differential albedos to simulate tracking in a 
reflector. These differential albedos are expensive and time consuming 
to generate because an ANISN calculation must be made for all polar angles 
at each energy group. Thus 64 ANISN calculations were involved in gen-
erating each differential albedo currently available for use with KENO. 
These albedos were generated using the Ilansen-Roach 16 energy group 
structure and can only be used in conjunction with cross sections having 
the llansen-Roach 16 energy group structure if KENO IV is used. 

KENO V is not limited by this restriction. It matches lethargy 
boundaries between the albedos and cross sections so the appropriate 
energy transfers can be made. This is done by creating lethargy boundary 
tables for both the albedo group structure and the cross section group 
structure and determining the lethargy interval corresponding to the 
desired transfer (cross section group structure to albedo group structure 
or vice versa) based on a uniform distribution over the lethargy interval. 
Therefore, KENO V can use the existing differential albedos with any 
cross section energy group structure. When the energy group boundaries 
of the cross sections and albedos are different, approximations( are made 
by the code. The results should be scrutinized by the user to evaluate 
the effects of the approximations until an adequate information base is 
established. 

o 

RESTART 

KENO V has an improved restart capability. It is much easier to use 
than the KENO IV restart option. Certain pieces of input data can be 
overridden to be different from the original case. To restart a problem, 
the original case must be flagged to write a restart'data set. The 
restarted problem uses data from the restart data Iaset. ^ 

When restarting a problem, a new random number can be entered to 
change the random sequence and the calculations involving fluxes and 
fission densities can be turned off,. 

SD 
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CALCULATIONS 

The use of KENO V to solve criticality problems has been limited 
due to incomplete documentation. The report and data guide are currently 
being written and should be available sometime this year. KENO V has 
calculated k-effectives comparable to those obtained by KENO IV for the 
usual criticality problems used to validate our codes. It has also 
been used to calculate critical assemblies that are beyond the scope of 
KENO IV on our computers. The EPRI water-reflected uranium oxide arrays 5 
using 218 group ENDF/B-IV cross sections have been calculated using 
KENO V. These problems,, cannot be run with KENO IV because the vast 
amount of storage exceeds the capacity of our computers. 

Recent calculations of a Los Alamos critical experiment6 involving 
a small water reflected uranium sphere have illuminated a subtle short-
coming involving the Px scattering treatment used in KENO IV. A sketch 
of the experiment is shown in Figure 1. The results of the KENO IV, 

KENO (V, and XSDRN calculations 
are tabulated in Table 1. The 
"KENO IV results were consis-
tently lower than XSDRN due to 
the single discrete angle scat-
tering. The Hansen-Roach 16 
group water cross sections have 
a P 2 correction applied to the 
total cross section. This cor-
rection increases the effective 
mean free path in water so that 
neutrons exiting the sphere 
travel farther from the fuel 
before scattering. The small 
solid angle subtended by the 
fuel sphere coupled with the 
preferentially forward scatter-
ing of hydrogen place a severe 
test on the KENO scattering 
model in calculating the worth 
of the water reflector. The 

v̂. Figure 1. Highly enriched single angle model for Pi scat-
uranium sphere on a plexiglas tering has been found to be not 
collar with a cylindrical water as effective as the distributed 
reflector. angle P x model described in the 

section entitled P n Scattering. 
A bulletin will be forthcoming 
in the Radiation Shielding 

Information Center (RSIC) newsletter to explain the problem and present 
the modification for the KENO IV code. 



Table 1 . Comparison of KENO and XSDRN for Small Reflected Uranium Sphere. 

Number of Number of 
Energy 
Groups 

Discrete 
Angles KENO I V * Histories KENO V * Histories XSDRN 

Quadra-
ture 

Conver-
gence 

16 
16 
16 
16 

1 
1 
1 
1 

0.9830 + 0.0046 
0.9809 + 0.0047 

28,800 
28,800 

0.9292 
0.9867 
0.9868 
0.9902 

+ 0.0045 
+ 0.0032 
+ 0.0029 
+ 0.0053 

50,000 
89,000 
89,000 
30,000 

0.9944 
0.9949 
0.9988 

32 
32 
8 

1.0-8 
1.0-6 
1.0-4 

16 
16 

2 
4 

- — 0.9805 
0.9906 

+ 0.0035 
+ 0.0057 

70,000 
30.000 

16 
16 

<V 

0 
0 

'•V 

K .— 1.1144 
1.1116 

+ 0.0046 
+ 0.0067 

30.000 
12,999 

1.1098 16 1.0-6 

27 
27 
27 

0 
1 
2 

L.S 
' i, 1.1988 

0.9870 
1.0000 

+ 0.0056 
+ 0.0054 
+ 0.0051 

30.000 
30,000 
30,000 

1.2079 
0.9822 
1.0013 

16 
16 
16 

1.0-6 
1.0-6 
1.0-6 

•Single angle treatment was used in the calculations having one discrete angle. 

The 27 group KENO V results for this experiment were in good agreement 
with XSDRN but show that Pi scattering is inadequate for cross sections 
that do not have higher order corrections applied to them. The KENO V 
calculation using two discrete scattering angles and the Pj XSDRN calcu-
lation for the 27 group cross sections agree well with the experiment. 

At the present time extensive timing studies have not been made for 
KENO V. The only recent timing comparison between KENO IV and KENO V are 
for the four aqueous four metal critical experiment shown in Figure 2. 
The following results were obtained: 

KENO IV 30,000 histories k f f = 0.9959 +0.0056 in 65.02 seconds 
KENO V 30,000 histories k® = 0.9994 +0.0051 in 48.94 seconds 

KENO IV used 180 10's and KENO V used 2088 10's in the calculations. The 
problem was run as one super group in KENO V. If it used multiple super 
groups, both the number of 10's and the running time would increase. 
KENO V will not«always compare so favorably with KENO IV, depending on 
the type of problem. In general KENO V can be expected to beJ a little 
slower and use more IO's than KENO IV. ' . 
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Figure 2. Four aqueous four metal 
critical experiment.7-8 
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