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ABSTRACT 

Validation of the Monte Carlo criticality code, KENO.IV, and the Hansen-Roach 
sixteen-energy-group cross sections was accomplished by calculating the effective neutron 
multiplication constant, keff, of 29 experimentally critical assemblies which had uranium 
enrichments of 92.6% or higher in the uranium-235 isotope. The experiments were chosen 
so that a large variety of geometries and of neutron energy spectra were covered. 

Problems, calculating the keff of systems with high-uranium-concentration uranyl nitrate 
solution that were minimally reflected or unreflected, resulted in the separate examination 
of five cases. 
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SUMMARY 

Validation of the Monte Carlo criticality code, KENO IV, and the Hansen-Roach 
sixteen-energy-group cross sections was accomplished by calculating the effective neutron 
multiplication constant, keff, of 29 experimentally critical assemblies which had uranium 
enrichments of 92.6% or higher in the uranium-235 ( 2 3 5 ~ )  isotope..The experiments were 
chosen so that a large variety of geometries and of neutron energy spectra were covered. 

Problems, calculating the keff of systems with high-uranium-concentration uranyl nitrate 
[U02(N03)2*6H201 that were minimally reflected or unreflected, resulted in the separate 
examination of five cases. The results of the remaining 24 cases indicated that the previously 
accepted limit of keff = 0.97 gave a 99% confidence that 99.2% of the distribution of keff 
values will lie above the limit. A limit of keff = 0.961025 gave a 99% confidence that 99.9% 
of the distribution of keff values will lie above the limit. 

Five unresolved cases involving less than fully reflected, high-uranium-concentration uranyl 
nitrate solutions indicate that this type of problem must be calculated as completely 
reflected in order to utilize the tolerance limits as stated. 

It was concluded that (with the methods presented) the codes and cross sections are 
adequate for nuclear safety purposes, any keff + 20 which exceeds the limit must be 
considered criiical, and all lower values may be considered subcritical. 



In the criticality safety field, calculative techniques are often used to determine the keff of a 
particular system. These calculative methods must each be correlated with experimental 
data in order to establish a bias which sets a limit on the credibility of a method. The 
experimental data to which the computations are compared must be selected to reflect the 
area where the technique is to be used. The chosen data produces a bias relevant only to the 
type .of experiments examined. If the method used is extended into another area, a new bias 
must be establistled. 

The KENO IV programl is a multigroup Monte Carlo criticality program devised by the Oak 
Ridge National Laboratory (ORNL) which includes several geometry and reflector options 
which enable complex configurations to be described. The ORN L and a large part of the 
nuclear industry have used KENO IV extensively since its inception in 1975 and have 
performed several on the validity of the code, thus establishing i t s  credibility. The 
possibility that the program or cross sections may be altered, which would also change the 
bias, requires a strict quality assurance program4 to deter such an occurrence. Therefore, the 
Oak Ridge Y-12 ~ lan t (a )  Criticality Safety Group (CSG) has obtained a version of KENO IV 
from the ORNL which will be validated by this report and, thereafter, remain under the 
exclusive control of the CSG. 

A total of 29 critical experimental systems were calculated. It was necessary to develop 
simplified calculative mock-ups since the use of exact representations, while possible with 
KENO IV, is usually prohibited by time and expense. In order to document the mock-ups, 

Appendix A includes a listing of the input parameters and Appendix B lists the cross 
sect ions. 

(a) Operated by the Union Carbide Corporation, Nuclear Division, for the U.S. Department 
of Energy. 



VALIDATION OF A CRITICALITY PROGRAM AND CROSS SECTIONS 
FOR A HIGH-ASSAY URANIUM SYSTEM 

VAL1 DATION 

Method of Calculation 

Mock-ups employed the  ans sen-~oach5 sixteen-energy-group cross sections with the few 
exceptions noted in Appendix B, where Hansen-Roach cross sections were not available. The 
uranium cross sections were corrected for resonance self-shielding; and the X(E) 
weighted-hydrogen cross sections were utilized for systems having a hydrogen-to-uranium 
atomic ratio < 10, while the ~EIE weighted cross sections were used for ratios > 10. 

The calculations involved 203 batches of 300 neutrons each-of which, the first three 
batches were skipped to avoid any dependence upon the starting neutron distribution. This 
results in the tracking of 60,000 neutrons . 

which, because of the large sample size, Table 1 
would give little statistical variation. A large 
sample size was chosen for the validation VALIDATION PARAMETERS 

because the increased preciseness will better Materials considered: 

define the bias in the calculational method. Uranium metal 
Uraniummolybdenum alloy 

The neutrons were started in a flat Uranyl nitrate 
Uranyl fluoride 

distribution across the fissile material for 
both single units and arrays of similar units. 
In irregular geometries or when starting Water 

Graphite 
problems were encountered, the neutrons Paraffin 

wer'e started in a spike a t  the 'point in the Oil 

system which was assumed to  have the Natural uranium 

highest fission density. This technique 
prevents underestimating keff because there 
is a slow upward convergence, but i t  may 
slightly overestimate keff.2 To check the 
validity of the reflector options included in 
KENO IV, case 8-14 was run, utilizing both 
the automatic reflector and differential 
albedo options, and compared to  the results 
of an unbiased representation. These op- 
tions are very desirable because the 
computer time is greatly reduced. However, 

Moderators considered: 

Water 
Oil 
Steel 
Plexiglas 

Geometry packages considered: 

A. KENO geometry 

1. Single units 
2. Arrays 

a. Spheres 
b. Cylinders 
c. Cuboids 
d. Hemisphere 

using the differential a1 bedo option for B. Generalized geometry 

arrays with an edge di,mension < 100 cm 
Other options considered: 

should be avoided as the keff is overesti- I 

Differential albedo 
mated.* A list of validated parameters is Automatic reflector 

Steel 
Aluminum 
Plexiglas 
Polyethylene 

shown in Table 1. 



Results of Calculations 

The calculated keffs for the critical systems examined are presented in Table 2 along with a 
brief description of each system and references to the e ~ ~ e r i m e n t s . ~ - * l  The standard 
deviation of k,ff is based entirely on the statistical analysis of the number of neutrons 
tracked and their histories and, thus, does not include any uncertainties in cross sections, 
dimensions, and densities. However, the uncertainties in cross sections is inherent in the 
program bias since the same cross-section set is always used. 

The KENO IV output for each case included a balance table containing values for the 
system leakage, absorptions, and fissions per neutron energy group. The quantity chosen to 
examine a possible correlation to keff, thus establishing the bias, was: 

16 
Z i F ( i )  

i=l 
E = 

F (total) ' 

which is the average energy group of neutrons causing fission. This quantity and a spectrum 
of the neutron energy group causing fission are presented in Appendix C. Inspection of 
these spectra indicates there are three groups or families. 

Family I consists entirely of unreflected metal units having, primarily, fast neutrons in 
Energy Groups 1 to 6 which cause fission. Cases A-1, -2, -7 and B-1, -2, -3, -4, -5 with 
average energy groups of 3.27, 3.31, 3.28, 3.25, 3.26, 3.26, 3.25, and 3.25, respectively, are 
included in this family. The average neutron energy group of Family I is 3.27. 

Family I I exhibits a bimodal nature. This family also contains all metal units; however, these 
units are reflected and/or moderated which accounts for the peak in the thermal region. The 
average neutron energy group of Family l l is 6.09; and cases A-5, -6, -8, -9, -1 0 and B-6, -7, 
-8, -13 with average neutron energy groups of 7.74, 4.44, 6.93, 6.25, 5.64, 6.53, 6.74, 5.06, 
and 5.48, respectively, comprise Family l I. 

A slow neutron energy spectrum depicts the critical systems in Family I l l .  This family 
contains all solution units both reflected and unreflected. The moderating effect of 
hydrogen accounts for the slow spectrum. Cases A-3, -4, -1 1 and B-9, -10, -1 1, -1 3, -1 4, -1 5, 
-1 6, -1 7, -18 with average neutron energy groups of 15.84, 15.84, 14.39, 14.25, 15.65, 
14.11, 14.24, 14.60, 14.33, 13.90, 14.63, and 14.49, respectively, are part of Family I l l .  
The slower spectrum is indicated by the family average neutron energy group causing fission 
(being 14.67). 

The calculated keff values from Table 2 have been plotted in Figure 1. The error bars are k1 
standard deviation from the calculated k e f f  Note that the lower keff occurs in Family I I I a t  
lower error bar value (0.96365,0.96687, 0.96983, 0.98385, and 0.97930), corresponding to 
cases 6-1 3, -9, -1 5, -1 6, and A-1 1, respectively. A look at Table 1 and the description of 



Table 2 

KENO CALCULATED keff RESULTS FOR EXPERIMENTALLY CRITICALSYSTEMS 

Experiment Reference(1) keff * '7 
Single Critical Units 

Unreflected spherical reactor (Godiva 1) of U(93.8). 8.731cm radius. 

Unreflected cylindrical annulus reactor of U(93.2) alloyed to 10 wt % 
Mo; 2.54cm IR, 10.16cm OR, 19.74cm height. 

Unreflected spherical reactor of U(93.2)02F2 and H20 with an 
HIU-235 = 1,393. Solution radius of 34.6 cm and aluminumcontainer 
wall thickness of 0.32 cm. 

Unreflected spherical reactor of U(93.18)02(N03)2 and Hz0 with an 
HIU-235 = 1,378. Solution radius of 34.6 cm and aluminumcontainer 
wall thickness of 0.32 cm. 

Reflected hemispherical shell of U(93.5); 12.7cm IR, 15.24cm OR, 
and minimum H20 reflector thickness of 15.2 cm. 

Reflected cylindrical annulus reactor of U(93.2); 8.89cm IR, 13.97cm 
OR, and 6.88cm height with graphite reflector thickness of 17.78 cm 
and graphite filling the central cavity. 

Reflected rectangular prism reactor of U(94); 7.62 cmx  8.89 
cm X 15.24 cm with a natural uranium reflector thickness of 22.2 cm. 

Reflected hemispherical shell reactor of U(93.1); 6.679cm IR, 
10.5254cm OR, with extrapolated full oil reflection and oil filling the 
central cavity. 

Reflected hemispherical shell reactor of U(93.1); 6.012cm IR, 
10.488cm OR with extrapolated full oil reflection and steel filling the 
central cavity. 

Water-reflected U(97.67i sphere; 6.5537cm radius. 

Unreflected stainless steel cylindrical unit of uranyl nitrate with a 
concentration of 346.739 U(93.17) per.liter. Cylinder dimensions were 
14.28cm OR, 42.24cm height, and 0.32- and 0.64cm-thick walls on 
the side and bottom respectively, critical solution height of 28.93 cm. 

Critical Arrays 

Unreflected U(93.2) cylindrical annulus; 13.97cm IR, 19.05-cm OR, 
10. l l cm height with a U(93.2) cylinder, an 8.89cm radius, and a 
1O.llcm height, located in its central cavity touching the wall; the 
annulus and cylinder axes were parallel. 

Unreflected U(93.2) cylindrical annulus; 13.97cm IR, 19.05cm OR, 
12.98km height, with a U(93.2) rectangular prism; 12.70 cm X 12.70 
cm X 12.98cm height, located in its central cavity touching the wall 
with two edges. 

Unreflected U(93.2) pieces of various geometries, arranged approxi- 
mately as a circle with a center piece. Critical mass of 206.5 kgs 
U (93.2). 

Cubic array of 27 U(93.2) cylinders. The average dimensions of the 
cylinders were: a 5.7545cm radius, a 5.382cm height, and a 10.484-kg 
mass. Unmoderated and unreflected. Using the notation of Thomas, 
this array is described: (2) 

A:, [O; 2.007; 7.767; 0.551. 



Table 2 (continued) 

Experiment 

Cubic array of 8 U(93.2) stacked cylinder units. Each stacked cylinder 
unit consists of one Type €3 cylinder stacked coaxially with and 
between two Type El  cylinders. The average dimensions of a Type €3 
cylinder were 4.558cm radius, 4.320cm height, and 5.254-kg mass. 
The average dimensions of a Type ~1 cylinder were 5.747cm radius, 
2.691cm height, and 5.225-kg mass. Unmoderated and unreflected. 
Described as: 

B: [O; 0.229; 11.497; 0.851. 

Reflected cubic array of 8 Type ~3,units. as described under Item 5. 
Unmoderated but reflected by 15.2 cm of paraffin. Described as: 

Reflected cubic array of 8 U(93.2) cylinders. The average dimensions of 
the cylinders were 4.558cm radius, 17.282cm height, and 21.008-kg 
mass. Unmoderated but reflected by 15.2 cm of paraffin. Described as: 

Moderated cubic array of 8 U(93.2) cylinders. The cylinders were Type 
~2 and had average dimensions of 5.753cm radius, 10.765-cm height, 
and 20.960-kg mass. The array was unreflected but moderated by 
enclosing the cylinders in Type P3 containers. These containers were 
plexiglas(3) boxes of average dimensions; 17.9 cm X 17.9 cm X 17.2- 
cm height, 1.27cm wall thickness. Described as: 

(c2 - P ~ ) ~  [O; 6.619; 3.670; 0.961. 

Cubic array of 27 cylinders of U(92.6)02(N03)2 and H20. The 
containers had average dimensions with 10.16cm OR, 19.05cm height, 
end 0.64cm-thick wells. Each container was fillcd with 6 L of solution 
at an H/U-235 atomic ratio of 59 and an NIU-235 atomic ratio of 2.006 
which corresponds to a uranium mass of 2.075 kgs. Unreflected and 
unmoderated. Described as: 

Cubic array of 27 cylinders of aqueous uranyl nitrate solution. The 
containorc described in Item 0 were used. Each container was  fi!led 
with 5 L of solution at an H/U-235 of 440 which corresponds to a 
uranium mass of 0.316 kgs. Unmoderated and unreflected. Described 
as: 

Array of 16 cylinders (6.8cm radius X .61 em height) position on a slab 
(120.7 cm X 120.7 cm X 3.8 cm) all of U(93.2)02(N03)2 aqueous 
solutlon with a 505 glL uranium concentration. Reflectiorl was 
provided with a 10.2cm-thick Plexiglas box (inside dimensions of 
approximately 120.85cm wide X approximately 120.85cm long X 
160.0cm height) which was closely fitted to the base of the slab. 

Graphite moderated array of 8 U(93.2) cylinders with a 5.747cm 
radius, 8.077cm height, and weighing 15.692 kgs. Units had a uranium 
side surface-tojurface separation of 18.60 cm and an end 
surface-tosurface separation of 15.93 cm. The array was reflected with 
15.24 cm of polyethylene. 



Table 2 (continued) 

Experiment ~eference(1) keff * 
13. Cubic array of 64 cylinders of aqueous U(92.6)02(N03)2 and H20. 17 0.96777 .t 0.0041 2 

The containers had average dimensions with 10.16cm OR, 19.05-cm 
height, 0.64cm-thick Plexiglas walls. Each container was filled with 5 L 
of solution having a concentration of 41 5 g of uranium per liter and a 
specific gravity of 1.555. Unmoderated and unreflected. Described as: 

FL [O; 10.67; 0.072; 0.961 

14. Cubic array of 27 cylinders of aqueous uranyl nitrate solution. The 
containers and solution composition described in ltem 13 were used. 
Unmoderated but reflected by 15.24 cm of paraffin. Described as:. 

15. Cubic array of 27 cylinders of aqueous uranyl nitrate solution. The 
containers and solution composition described in ltem 13 were used. 
Unmoderated but reflected by 1.27 cm of Plexiglas. Described as: 

16. Eight cylindrical pipes that intersect with a central column. Aqueous 
uranyl nitrate fill all arms (cylindrical pipes) and the central column. 
The concentration of U(93) is 450.8 g/L. The dimensions are: arms, 
8.4074cm OR, 137.16cm length, and 0.2794cm wall thickness; 
central column, square pipe with 17.78cm internal side, 0.3175-cm 
thick walls. Critical edge spacing was 13.1826 cm. Unmoderated and 
unreflected. 

17. Square array of 16 (4 X 4) aluminum cylinders filled with 
U(93.17)02(N03)2 and H20 with a concentration of 355.94-9 
U(93.17) per liter. The cylinders hacl dimensions of. 10.96cm OR, 
119.42cm height, 0.4- and 0.32cm-thick side walls and bottom wall, 
respectively. Also, the critical solution height was 18.82 cm. 
Unmoderated but reflected by 20.6-cm-thick plastic shell. 

18. Square array of 16 (4 X 4) aluminum cylinders filled with 
U(93.1 7)02(N03)2 and H20 with a concentration of 364.1 1 -g 
U(93.17) per liter. The cylinders had the same dimensions as described 
in ltem 17. The critical solution height was 17.13 cm. Unmoderated 
but reflected by a 25.7cm-thick concrete shell. 

(1 ) As shown in References, page 13. 
(2) Notation is of the form: 

where: 

xi represents the average unit in the array described in Table 1, 
n the number of units in the array, 
t the reflector thickness (centimeter), . 
6 the surface separation of units (centimeter) equal in three directions, 
p the average uranium density in the array (grams of uranium per cubic centimeter), and 
r the ratio of the array height to the square root of i t s  base area. 

(3) Rohm and Haas trade mark. 
(4) Albedo reflector. 
(5) Automatic reflector. 

these systems indicate a strong similarity. All of these cases have units of 
h igh -u ran ium-concen t ra t i on  uranyl nitrate that are minimumly reflected or, more often, 
unreflected. Two factors seem to cause the low keff values: (1 )  the amount of reflection and 
(2) the array size. 



Figure 1 .  THE keff VERSUS AVERAGE ENERGY CAUSING FISSION 

Unreflected systems, as in B-9, -13, -16, and A-1 1 (as well as minimumly reflected systems 
as in 8-1 5 which has a 1.27-cm plexiglas(b) reflector) produced low values for keff. On the 
other hand, case 8-14 (which is an array of the same type of unit as B-9, -13, and -15 but 
reflected by 15.24 cm of paraffin) renders a reasonable keff (1.00972). The array size also 
affects the keff of this system type. The larger the array becomes, the lower the keff gets. 
Case 8-13, which is an unreflected array of 64 FI units, produced the lowest keff. 
~ickinsona reports that an unreflected array of 125 F units gave an even lower keff. 
Several reports3r18 have noted that Monte Carlo calculations with Hansen-Roach 
sixteen-energy-group cross sections produce low keff values for uranyl nitrate solution 
systems that have a high uranium concentration. Therefore, cases B-9, -1 3, -1 5, -1 6, and 
A-1 1 must be examined by themselves. 

A statistical analysis by ~ever22 of the data in Figure 1 (excluding the four cases already 
discussed) indicates that the keff values roughly resemble a normal distribution with a mean 
keff of 1.0031 758 and a standard deviation of 0.0088274005. Figure 2 shows keff values 
versus frequency of occurrence which indicates the strong similarity to a normal 
distribution. In addition, a lower tolerance limit was estimated for the distribution of k,ff 
vall-res. The lower tnlerance of 0.961025 is such that one can say 99.9% of the distribution 
of keff values will lie above the lower tolerance limit with 99% confidence. However, 
traditionally,23 the acceptable lower tolerance limit has been 0.97 which is such that one 
can say 99.2% of the distribution of keff values will lie above the lower tolerance limit with 
99% confidence. 

(b) Rohm & Haas Co. 



kef f 

Figure 2. THE keff VERSUS RELATIVE FREQUENCY FRACTION OF OCCURRENCE. 

CONCLUSIONS 

Based on the method presented, it is concluded that the requirements of validation standard 
according to  the American National Standard (ANSI) N16.9 are met; and the code and cross 
sections are adequate for most highly enriched uranium systems. In order to apply the lower 
tolerance limits to high-uranium-concentration uranyl nitrate solution systems, full 
reflection must be required when KENO IV and Hansen-Roach sixteen-energy-group cross 
sections are used. .In actual plant problems, the neutron population analyzed could be 
reduced significantly from the number tracked in this'validation. The sample size may vary -~ 

with the type of problem but should encompass anywhere from 53 to 103 batches.of 300 
neutrons each. The statistical nature of plant problems would be accounted for .by the 
addition of two standard deviations to the keff. For nuclear safety purposes, any keff + 20 
which exceeds the lower tolerance limit must be considered critical; while all lower values 
may be. considered. subcritical, provided that the fuel material and reflector are not 
significantly different in composition from the experiments in Table 2. 

However, the safety.of a system, which cannot be closely related to  an experiment, should 
never be entirely determined by one calculation but should be based upon a series of 
calculations in which one parameter is varied and plotted versus keff. The same case could 
also be calculated more than once with a different starting random number. Either method 
can be used to expose unrealistic values requiring further study. . 
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APPENDIX A 

INPUT PARAMETERS 

RENO-4 VALIDATION CASE A-1 
2.0 203 3 0 0  3 16 6 2 1 2 1 0 3*1 2 0 0 0011 00 6*0 00 2*0 
1 -92501 4.5060-2 1 92859 2,9408-3 
SPHERE 1 8,73136 16*0.0 
END CASE 
RENO-4 VALIDATION CASE 8-2 
2.0 203 300 3 16 6 3 1 3 3 0 3*1 3 2*0 0011 00 6*0 00 2*0 
1 42100 1.0721-2 1 -92500 3.6694-2 1 92860 2.690-3 
CYLINDER 0 2-54 9.87 -9.87 16R0 
CYLINDER 1 10.16 9.87 -9.87 1680 
CUBE 0 10.16 - 10- 16 16RO 
END CASE 
RENO-4 VALIDATION CASE A-3 
26.0 203 300 3 16  6 7 2 7 3 0 3*1 7 2*0 0011 00 6*0 00 2*0 
1 -92500 4.7894-5 1 92800 3.4496-6 1 1102 6.6892-2 1 8100 3-3596-2 
1 9 100 1. 02S9-4 
2 13100 5.9880-2 2 26100 2.9222-9 
SPHERE 1 34.6 16R0 
SPAERE 2 34.92 16R0 
CUBE 0 35.0 -35.0 16RO 
END CASE 
RENU-4 VALIDATT6N CASE 8-4 
26.0 203 300 3 1 6  6 7 2 7 3 0 3*1 7 2*0 0011 00 6*0 00 2*0 
1 1102  6.6220-2 1 8100  3.3772-2 1 7100 1-8688-4 1 -92500 4,806-5 
1 92800 2,8066-6 
2 13100 5.9880-2 2 26100 2.9222-4 
SPHERE 1 34.6 16R0 
SPHERE 2 34.92 16R0 
CUBE 0 35.0 -35.0 16R0 
END CASE 
KENO-4 VALIDATION CASE 1-5 
60.0 203 300 3 16 6 3 2 3 3 0 3*1 3 2*0 0011 00 6*0 00 2*0 
1 -92501 4.4916-2 1 92860 3-0831-3 
2 501 1-0 
BEHISFHERE 2 12-7 16*0.0 
HEMISFRERE 1 15-24 16*0.0 
CUBOID 2 31.00 -31.00 31.00 -31-00 31.00 -16. 1680 
END CASE 
KENO-4 VALIDATION CASE A-6 
10.0 203 300 3 16 6 3 2 3 6 0 3*1 3 2*0 0011 00 6*0 00 2*0 
1 6 100 8.6736-2 
2 -92501 4.4641-2 2 92860 3.1629-3 
CYLINDER 1 8.89 3 - 4 2 5  -3.425 16R0 
CYLINDER 2 11.43 3.425 -3.425 16R0 
CYLINDER 1 11.43 3.495 -3.425 16R0 
CYLINDER 2 13.97 3.495 -3.425 16R0 
CYLINDER 1 31.75 21,275 -21.205 16R0 
CUBE 0 32.0 -32.0 16R0 
END CASE 
KENO-4 VRLIDATION CASE A-7 
10-0 203 300 3 16 6 3 2 4 3 0 3*1 3 2*0 0011 00 6*0 00 2*0 
1 -92501 4,5036-2 1 92860 2.8383-3 
2 -92501 3.5097-4 2 92856 4- 7783-2 
CUBOID 1 3.81 -3 -81  4.445 -4.445 7.62 -7.62 16R0 



CUBOID 2 26-01 -26.01 26.645 -26.695 29.82 -29.82 l6RO 
CUBE 0 30.0 -30.0 16R0 
END CASE 
KENO-4 VALIDATION CASE A-8 
60.0 203 300 3 16 6 5 2 7 Q 0 3*1 5 2*0 0011 00 6*0 00  2*0 
1 1101 6.9184-2 1 6100 3.8305-2 1 16100 3.7495-6 
2 -92501 4,3289-2 2 92860 3.1983-3 2 6100 1.0317-3 
2 110 1 1.8756-3 
HEMISPHERE 1 6 . 6 7 9  16*0.0 
HEHISPHERE 2 10.5259 16e0.0 
SPHERE 1 40,5254 16R0 
CUBE 0 42-0 -42.0 16R0 
3*1 0.0 0.0 8,446 
END CASE 
KENO-4 VALIDATION CASE A-9 
60.0 203 300 3 16 6 6 3 9 4 0 3*1 6 2*0 0011 00 3 5*0 00 2*0 
1 1101 6,9184-2 1 6100 3-8305-2 1 16100 3.9994-6 
2 -92501 4,3289-2 2 92860 3.1983-3 2 6100 1,0317-3 2 1101 1.8756-3 
3 26100 8.1666-2 3 6100 3.6353-3 
HEHISPHEBE 3 6.012 16*0-0 
REHISPAERE 2 10,488 16*0.0 
SPHERE 1 90.488 16R0 
CUBE 0 41.0 -41.0 16R0 
1 1 1 0.0 0-0 8.25 
END CASE 
KENO-4 VALIDATION CASE 1-10 
64.0 203 300 3 16 6 5 3 5 7 2 1 1  2 5 2*0 0011 00 6*0 00  2*0 
1 -92501 4.703-2 1 92835 1,1077-3 
2 1101 6. 679-2 2 8100 3.340-2 
3 601 1-0 
BOX TYPE 1 
SPBERE 1 6.5537 16*0.0 
CUBOID 2 12.7 -12.7 12-7 -12.7 6.5537 -6.5537 16*0,0 
BOX TYPE 2 
CYLINDER 2 4.1275 1.27 -1.27 16*0.0 
CYLINDER 3 12.7 1.27 -1.27 16*0.0 
CUBOID 2 12.7 -12.7 12-7 -12.7 1.27 -1.27 16*0,0 
conB DDY o 12.7 1 ~ 7  12.7 12.7 7,0217 -7,0237 IG*O.O 
CYLINDER 2 30.98 24.3337 -39.5737 16s0.0 
1 1 1 1  1 1 1  2 2 1  0 
2 1 1 1  1 1 1  1 1 1  1 
END CASE 
KENO-4 VALIDATION CASE A-11 
16.0 203 300 3 16  6 6 2 6 3 0 321 6 2*0 0011 00 6*0 00 2*0 
1 -92508 8.278-4 1 92852 6-0-5 1 7100 2.1021-3 1 1102 5.8436-2 
1 8100 3.7137-2 
2 200 1.0 
CYLINDER 1 13.96 14.465 -14.465 16+0.0 
CYLINDER 0 13.96 27.135 -14.465 16*0.0 
CYLINDER 2 14.28 27.135 -15.105 16*0.0 
END CASE 
RENO-4 VALIDATION CASE B-1 
4.0 203 300 3 16 6 2 1 2 3 0 3*l  2 2*0 0011 00 3 5*0 00  2*0 
1 -92501 4.4796-2 1 92860 3,2271-3 



GENERAL 1 6 R O  
GENERAL 0 6R0 
CUBOID 0 19.10 -19.10 19.10 -19.10 5.0546 -5.0546 

2 HALE HARRIED 
X ZONE -19.10, 19.10 
Y ZONE -19.10. 19.10 
Z ZONE -5.0546, 5.0546 
ZONE 1 1  1 
X BLOCK -19.10, 19.10 
Y BLOCK -10.10. 19.10 
Z BLOCK -5.0546. 5.0546 
BLOCK 1 1 1  
HEDIA 20 1s 1 ,  2 
SURFACES 1s  2s 3 
SECTOR 41 -1 0 
SECTOR-1 0 0 
SECTOR 0 +1  -1 
SECTOR 0 0 + I .  

3 
1. OXSQ 1. OYSQ 10.16X -53.2257 $ 
1. OXSQ 1.OYSQ -195.1609 ' S  
1. OXSQ I. OYSQ -362.9025 8 

1 1 1  -5.08 0.0 0.0 
END CASE 
KENO-?_VLLXPATIOA CASE R-2 
2.6 203 300 3 16 6 2 1 2 4 0 3*1 2 2*0 0011 00  3 5*0 00 2*0 
1 -92501 4-4796-2 1 92860 3,2271-3 
CUBOID 1 0.3434 -12.4434 6.35 -6.35 6.49 -6.49 l6RO 
CYLINDER 0 13.97 6.49 -6.49 16R0 
CYLINDER 1 19-05  6.49 -6.49 1680 
CUBE 0 20.00 -20.00 16RO 

1 1 1 -6.0500 0.0 0.0 
END CASE 
KENO-4 VALIDATION CASE B-3 
6.0 203 300 3 16 6 2 1 2 3 0 3*1 2 0 0 0011 00 6*0 00 0 0 

' 1  -92501 4-4796-2 1 92860 3,2271-3 
GENERAL 1 6R0 1680 
GENERAL 0 6R0 16R0 
CUBOID 0 24.353 -23.319 21.686 -22.841 15.24 -1.755 16R0 

2 HALE HARRIED 
X ZONE -23.319. 24.353 
Y ZONE -22.841, 21.686 
Z ZONE -1.755, - 15.24 
ZONE 1 1 . 1 
X BLOCKS -23.319, -5.7569. 6.9433, 24.353 
Y BLOCKS -22.841, -6-9433, 5.7569, 21.686 
Z BLOCKS -1.755. 15.24 
BLOCK 1 1 1  
U ED I A  1. 2. 2s 2 
SURFACES 26. 27, 28 
SECTOR -1 1 -1 
SECTOR 0 0 1 
SECTOR 1 0 0 
SECTOR 0 - 1  0 



BLOCK 2 1 1  
M E D I A  1 . 1 , 1 . 2 , 2 , 2 . 2 , 2 , 2 . 2  
SURFACES 20. 21. 22. 23. 29. 25. 26, 27, 28 
S E C T n R  -1  1 -1  0 0 0 0 0 0 
SECTOR 0 0 0 - 1  1 -1 0 0 0 
SECTOR 0 0 0 0 0 0 - 1  1 - 1  
SECTOR 0 0 1 0  0 1 0  0 1 
SECTOR 0 - 1  0 0 0 1 0  0 1 
SECTOR 1 0  0 0 0 1 0  0 1 
SECTOR 0 0 1 0 - 1  0 0 0 1 
SECTOR 0 0 1 1  0 0 0 0 1 
SECTOR 0 0 1 0  0 1 0 - 1  0 
SECTOR 0 0 1 0  0 1 1  0 0 
BLOCK 3 1 1  
R ED I B  1. 1, 2. 2. 2. 2, 2 
SURFACES 20, 21. 22. 23. 29, 25 
SECTOR -1 1 -1  0 0 0 
SECTOR 0 0 0 - 1  1 -1  
SECTOR 0 0 1 0 0 1 
SECTOR 1 0 0 0 0 1 
SECTOR 0 - 1  0 0 0 1 
SECTOR 0 0 1 1  0 0 
SECTOR 0 0 1 0 - 1  0 
BLOCK 1 2 1  
MEDIA 1, 1. 1, 2, 2. 28 2. 2. 2 
SUR PACES 1, 2, 3. 4, 36, 37, 38. 39 
SECTOR 0 0 -1 1 - 1  0 0 1 
SECTOR - 1  0 0 1 0 -1  1 0 
SECTOR 0 - 1  0 1 1 0 1 0 
SECTOR 1 0 0 0 0 0 0 0 
SECTOR 0 0 0 - 1  0 0 0 0 
SECTOR 0 0 0 0 1 0  0 0 
SECTOR o o n o o n o - 1  
SECTOR 0 1 0  0 0 1 0  0 
SECTOR 0 0 1 0 0 0 - 1  0 
BLOCK 1 3 1  
N E D I A  1. 2. 2. 2 
SURFACES 5 ,  6 ,  7 
SECTOR -1 1 -1 
SECTOR 0 0 1 
SECTOR 1 0 0 
SECTOR 0 - 1  0 
BLOCK 2 3 1  
R E D I A  1, 1. 2, 2. 2. 2, 2 
SURFACES 5. 6. 7 ,  8. 9. 10 
SECTOR -1 1 -1  0 0 0 
SECTOR 0 0 0 - 1  1 -1  
SECTOR 0 0 1 0 0 1 
SECTOR 1 0 0 0 0 1 
SECTOR 0 - 1  0 0 0 1 
SECTOR 0 0 1 1 0 0 
SECTOR 0 0 1 0 - 1  0 
BLOCK 3 3 1  
R E D  IA 1, 1. 2. 2. 2, 2, 2 



SURPACES 
SECTOR -1 1 
SECTOR 0 0 
SECTOR 0 0 
SECTOR 1 0 
SECTOR 0 - 1  
SECTOR 0 0 
SECTOR 0 0 
BLOCK 3 
MEDIA 

2. 2. 

SECTOR -1 1 -1 0 0 0 0 0 0 0 0 0 0 
SECTOR 0 0 0 -1 1 -1 0 0 0 '0 0 0 0 
SECTOR 0 0 0 0 0 0 -1 1 -1 0 0 0 0 
SECTOR 0 0 0 0 0 0 0 -1  0 1 -1 1 -1 
S E C T O R O O 1 O O 1 1 O O O O O O  
SECTORO 0 1 0  0 1 0  1 1 0 0 0 0  
SECTORO 0 1 0  0 1 0 - 1  0 0 1 0  0 
SECTOR 0 0 1 0  0 1 0 - 1  0 Q 0 - 1  0 
SECTORO 0 1 0  D 1 0 - 1  0 0 0 0 1 
SECTOR 0 0 1 0  0 1 0 - 1  0 0 0 0 0 
SECTOR 0 0 1 0  0 1 0  0 0 - 1  0 0 0 
SECTOR 1 n = 1  0 0 Q O 0 0 0 0 0 0 
SECTOR 0 -1 -1 0 0 0 0 0 0 0 0 0 0 
SECTOR 0 0 0 0 -1 -1 0 0 0 0 0 0 0 
SECTOR 0 0 0 1 0 - 1  0 0 0 0 0 0 0 
BLOCK 2 ' 2  1 
OED I A  2. 1. 1 ,  1 ,  2. 
SURFACES 31. 32. 33. 29. 30 
SECTOR 0 -1 1 0 0 
SECTOR -1 1 0 0 0 
SECTOR 0 0 -1 1 0 
SECTOR 0 0 0 -1 -1  
SECTOR 1 0 1 0 0 
SECTOR 0 0 0 -1 1 

39 QUADRIC SURPACES I N  GEOUETRY 
-02356X -999722 -13.1339 
-02356X .999722 -12.8151 
-02356X -999722 -10.9048 
-0235613 .99972Z .25011 

1.487E-02X -1,938E-02Y 9.997E-0 12 
1.487E-02X -1.938E-02Y 9.9971-0 12 
9.998E-0 lXSQ 9.996E-OlYSQ 5.969E-04ZSQ 

-2.974E-02x2 3.876E-02YZ 1.772E 01X 
-7,112E-012 . 1.911E 02  $ 
-3.424E-03X -3.005E-02Y 9.995E-012 
-3. 42UE-03X -3.005E-02Y 9.995E-012 

1.000E OOXSQ 9.991E-01YSQ 9.149E-04ZSQ 
6 - 8 4  5E-0 3x2 6.008E-02YZ -3-602E O O X  

-9-629E-012 2.202E 02 S - 2.610E-0 2X -2.229E-02Y 9.994E-012 
-2.610E-02X -2.229E-02Y 9.994E-012 



9.993E-0 1XSQ 9.995E-01YSQ 1.178E-03ZSQ -1,163E-03XY 
5.21 6E-0 2XZ 4.455E-02YZ -2.238E 01X -1.911E 01Y 

-1.01 1E 00Z 1.960E 02 S -. 0450711 ,998982 -8.3852 S -. 0450 7X .998982 -5252 S 
-99898X - 0  45072 -24.34 S . 9989 81( - 0  450 72 -11.64 S 

1. O Y  -3.2168 S 
1. O Y  4.4032 S 

-2.183E-02X 1.966E-02Y 9-996E-0 1Z -1.2522 01  1 
-2.103E-02X 1.966E-02Y 9-996E-0 1% U.557E-01 S 

9.995E-01XSQ 9.996E-01YSQ 8.629E-04ZSQ 8.582E-OUXY 
4.36UE-02x2 -3.929E-02YZ -2.30UE 01X 2.0743 01Y 

- 9.110E-0 1Z 2.197E 02 S 
-2.129E-03X 2.434E-02Y 9.997E-01Z -1.306E 0 1  0 
- 2.12 9E-0 3 X  2.434E-O2Y 9,997E-012 4.1163-01 S 

1.000E OOXSQ 9.994E-01YSQ 5.969E-04ZSQ 1.037E-04XY 
4.258E-03XZ -4.866E-O2YZ -2.977E 00X 3.403E O l Y  

- 8.34 9E-0 12 2.589E 02 S 
1.1823-02X 1.513E-O2Y 9.998E-01Z -1.2661 01 S 
1. 182E-02X 1. 51 3E-02Y 9.998E-012 2.9663-01 S 
9.999E-0 1 XSQ 9.998E-OlYSQ 3.685E-04ZSQ -3.576E-00XY 

-2. 363E-02XZ -3.025E-O2YZ 1.902E 01X 2.434E 01Y 
-5.932E-0 1Z 2.179E 02  S 

1. oz  -. 9379 S 
1, OXSQ 1 .OYSQ -33.142 S 
1. OXSQ 1.OYSQ 1.OZSQ - 1.7226X 

-65021 - 13. 31 22Z 8.1601 1 
1. OXSQ 1.OYSQ 1.OZSQ -1.7226X 

-6502Y - 13-31 222 U5.0945 S 
1 - 0 2  -6- 6562 S - 4. 5073-0 2X 9.990E-01Z - 1 . 2 7 0 E 0 1 '  f 

9.98OE-0 1XSQ 1.000E OOYSQ 2.032E-03ZSQ 9.005E-02x2 
-3.2393 0 1 1  1.186E O O Y  -1.461E 002 2.422E 02 S 

-99972X -- 023562 10.613 S 
-99972X -,023562 15.693 8 
.9997 2X -.02356Z 20.773 8 
- 9 9 9 7 2 ~  -.023562 23.316 PI 
1 1 1 0.0 0.0 5.08 

END CLSE 
KENO-U VALIDATION CASE B-4 
10.0 203 300 3 16  6 1 1  3 11 5 1 3*4 11 2*0 0011 00 6*0 00 2*0 
1 -92501 4.4772-2 1 92860 3.2509-3 2 200 1.0 3 28100 6.3285-4 
3 24100 1,5433-2 3 26100 9-0747-3 3 25100 9.22Q1-k 3 6100 6.3285-4 
3 29100 3.9873-4 3 14100 9.0215-4 3 16100 2-3706-5 
GENERAL 1 6R0 16R0 
GENERAL 2 6 R 0  16R0 
GENERAL 3 6R0 16RO 
GENERAL 0 6R0 16R0 
CUBOID 0 7.71 -7.71 7.71 -7.71 4.6605 -4,6605 16*0.0 

2 HALE MBRRIED 
x ZONE -7.71, 7 -71  
Y ZONE -7.71, 7.7 1 
Z ZONE -4.6605, 9,6605 



ZONE 1 1 1  
K BLOCK -7.71, 7.71 
Y BLOCK -7.71. 7.71 
Z BLOCK -4.6605. -2.691, 2.691, 4.6605 
BLOCK 1 1  1 
IEDIA 2. 2, 3 ,  3, 4 
SURFACES 2, 3, 0. 5 
SECTOR - 1  
SECTOR -1 
SECTOR 1 - 1  
SECTOR 1 -1 
SECTOR 1 1  
BLOCK 1 1  2 
IEDIA 1. 2, 2, 4 
SURFACES 1, 2. 3 
SECTOR -1 1 1 
SECTOR -1 
SECTOR - 1 
SECTOR 1 
BLOCK 1 1  3 
MEDIA 2, 2, 3, 3. 4 
SURFACES 2, 3, 4, 5 
SECTOR -1 
SECTOR -1 
SECTOR 1 -1 
SECTOR 1 -1 
SECTOR 1 1  

5 
1. OXSQ 1. OYSQ -32.9533 $ 
1. OXSQ 1.OYSQ -8.547X 18.198286 $ 
1. OXSQ 1. OYSQ 8.547X 18.198286 s 
1. OXSQ 1. OYSQ -8,547X 18.117641 $ 
1. OXSQ 1. OYSQ 8.547X 18.117641 S 

END CASE 
KENO-4 VILIDATION CISE 8-7 
60.0 203 300 3 16 6 4 2 4 6 1 3*2 4 2*0 0011 00 6*0 00 2*0 
1 -92501 4.4598-2 1 92860 3.2128-3 2 1101 8,2571-2 2 6100 3.9697-2 
BOX TYPE 1 
CYLINDER 1 4.558 2.160 -2.160 16R0 
CYLINDER 0 5.747 2.160 -2.160 16R0 
CYLINDER 1 5,747 4.851 -4,851 16R0 
CUBOID 0 9-2083  -9,2083 9.2083 -9.2083 8.2875 -8.2875 1680 
CORE BDY 0 18,0166 -18.4166 18.4166 -18.4166 16.575 -16.575 l6RO 
CUBOID 2 33,617 -33.617 33.617 -33-617 31.775 -31.775 16R0 
END CASE 
KENO-4 VALIDATION CASE 8-5 
2-0 203 300 3 16 6 2 1 2 4 1 4*2 2*0 0011 0 0  6*0 00  2*0 
1 -92501 4.4617-2 1 92860 3,2142-3 , 
BOX TYPE 1 
CYLINDER 1 4.558 2.16 -2.16 16R0 
CYLIRDER 0 5.747 2.16 -2.16 16R0 
CYLINDER 1 5.747 0.851 -4,851 16R0 
CUBOID 0 5.8554 -5.8554 5-8554 -5.8554 4.9771 -4.9771 16R0 
END CASE 



KENO-4 VALlDATIOR CASE 8-6 
54.0 203 300 3 16 6 4 2 4 5 1 3*2 U 2*0 0011 00 6*0 00 2*0 
1 -92501 4.4474-2 1 92860 3.2039-3 2 6100 3.9697-2 2 1101 8,2571-2 
BOX TYPE 1 
CYLINDER 1 4.558 8.641 -8.641 16R0 
CUBOID 0 9-7212 -9.7212 9.7212 -9.7212 13,8041 -13.8041 1680 
CORE BDY 0 19.4424 -19-4428 19.4424 -19.4424 27.6082 -27.6082 1680 
CUBOID 2 34.6424 -34.6424 34.6424 -34.6424 42.8082 -42.8082 16R0 
CUBE 0 43-0 -43.0 16R0 
END CASE 
KENO-4 VALIDATION CASE 8-8 
4.0 203 300 3 16 6 3 2 3 4 1 3*2 3 280 0011 00 6*0 0 0  2*0 
1 -92501 4.4714-2 1 92860 3.2212-3 

2 601  1.0 
DOX TYPE 1 
CYLINDER 1 5.753 5.3825 -5.3825 16R0 
CUBOID 0 7.68 -7.68 7.68 -7-68 7.33 -7-33 16R0 
CUBOID 2 8.95 -8.95 8.95 -8.95 8.6 -8.6 1680 
CUBOID 0 9,0599 -9.0599 9.0599 -9.0599 8.6975 -8.6975 1680 
END CASE 
KENO-U VALIDATION CASE B-9 
6.0 203 300  3 16  6 6 2 6 4 1 3*3 6 2*0 0011 00 6*0 00 2*0 
1 -92508 9.8435-4 1 92852 7.7660-5 1 7100 1.9796-3 1 8100 3.7086-2 
1 1102 5.8076-2 2 602  1.0 
BOX TYPE 1 
CYLINDER 1 ' 9 . 5 2  8.78011 -8.7804 16R0 
CYLINDER 0 9.52 8.9896 -8.7804 1680 
CYLINDER 2 10.16 9.6296 -9.4204 16R0 
CUBOID 0 13.4 -13-4 13.4 -13-4 12.8696 -12.6604 16*0.0 
END CASE 
KENO-4 VILIDATIOR CASE B-10 
14.0 203 300 3 16  6 6 2 6 4 1 3 * 3  6 0 0 0011 00 6*0 00 2*0 
1 -92512 1.5017-4 1 92855 1.1850-5 1 7100 3.21100-4 1 8100 3.4334-2 
1 1102 6.6076-2 2 6 0 2  1.0 
BOX TYPE 1 
CYLINDER 1 9.52 8.7804 -8,7804 16R0 
CYLINDER 0 9.52 8.9895 -8.7804 16R0 
CYT. TUnRW ? i n -  1 6  9 - 6 / 9 5  - ~ - P / I I D  1LPQ 
CUBOID 0 11.282 -11.282 11.282 -11.282 10.7179 -10.7179 16R0 
END CASE 
KENO-4 VBLIDATION CASE B-11 
28.0 203 300 3 16  6 1 0  3 10 1 1  2 4 4 2 10 2*0 0011 00  6*0 00 2*0 
1 -92508 1.2059-3 1 92852 8-6869-5 1 7100 2,5855-3 1 8100 3.7582-2 
1 1102 5.4480-2 

2 602 1.0 
3 26100 5-7987-2 3 24100 1.6511-2 3 28100 1.1373-2 3 6100 3.9709-4 
BOX TYPE 1 
CYT.TAT)ER 1 6-A 1-76  -1.76 16Rn 
CYLINDER 3 7 . 0 8  1.76 -2.04 1680 
CUBOID 1 15.0875 -15.0875 15.0875 -15.0875 1.76 -2.04 16*0.0 ' 

BOX TYPE 2 
CYLIUDER 1 6.8 30.5 -30.5 16R0 
CYLINDER 0 6.8 96-7 -30-5 16RO 
CYLINDER 3 7 - 0 8  96-7 -30.5 16BO 



CUBOID 0 15.0875 -15.0875 15.0875 -15.0875 125-7 -30.5 16*0.0 
CORE BDY 0 60.35 -60. 35 6 0 - 3 5  -60.35 80.0 -80.0 16*0.0 
CUBOID 3 60.35 -60.35 60.35 -60.35 80.0 -80.635 16*0.0 
CUBOID 2 70.55 -70.55 70.55 -70.55 90.2 -90.835 16*0.0 
CUBE 0 95.0 -95.0 

1 1 4 1  1 4 1  1 1 1 0  
2 1 4 1  1 4  1 2 2 1 1  

END CASE 
KENO-4 VALIDATION CASE 8-12 
62.0 203 300 3 1 6  6 7 3 7 7 1 3*2 7 2*0 0011 00 6*0 00 2*0 
1 -92501 4.4772-2 1 92860 3.2509-3 2 1101 3.4366-6 2 5100 1.1799-7 
2 6100 9.5673-2 2 26100  1,9034-4 3 402 1.0 
BOX TYPE 1 
CYLINDER 1 5.747 3.9699 -9.1071 16R0 
CYLINDER 0 5.777 4.1071 -4,1071 16R0 
CUBOID 2 10.9195 -10.9195 10.9195 -10.9195 7.8755 -7.8755 1680 
CUBOID 0 15.097 -15.047 15.047 -15.047 12.0035 -12.0035 1680 
CORE BDY 0 30,094 -30,094 30.094 -30.094 24,007 -2Q-007 16R0 
CUBOID 3 45,334 -45.334 45.334 -45.334 39,247 -39.247 16R0 
CUBE 0 46-0  -96.0 16R0 
END CASE 
KENO-4 VRLIDATION CASE 8- 13 
10. 203 300 3 1 6  6 6 2 6 4 1 3*S 6 2*0 0011 00 6*0 00  2*0 
1 -92508 9.8435-4 1 92852 7.7660-5 1 7100 1,9746-3 1 8100 3.7086-2 
1 1 10 2 5. 8076-2 
a s o a  1.0 
CYLINDER 1 9.52 8,7804 -8.7804 16*0.0 
CYLINDER 0 9.52 8.9896 -8.7804 16*0.0 
CYLINDER 2 10.16 9,6296 -9.4204 16*0.0 
CUBOID 0 15,495 -15.495 15,495 -15.495 14.9646 -19,7554 16*0.0 
END CASE 
KENO-4 VhLIDATION CASE 8-14 
60.0 203 300 3 16 6 7 3 8 6 1 3*3 7 2*0 0011 00 6*0 00 2*0 
1 -92508 9.8435-9 1 92852 7,7660-5 1 7100 1.9746-3 1 8100 3,7086-2 
1 1 10 2 5. 8076-2 
2 602  1-0 
3 1102 8.2571-2 3 6 1 0 0  3.9697-2 
CYLINDER 1 9.52 8,7804 -8.7804 16*0.0 
CYLINDER 0 9-52 8.9896 -8.7804 16*0.0 
CYLINDER 2 10.16 9.6296 -9,4204 16*0.0 
CUBOID 0 18,425 -18.4 25 18,425 -18.425 17.8946 -17.6854 16a0.0 
CORE BDY 0 55.275 -55-275 55,215 -55,275 53-37 -53.37 16*0.0 
CUBOID 3 70.515 -70.515 70.515 -70.515 68.61 -68.61 .16*0.0 
END CASE 
KENO-4 VALIDATION CASE B-14 ALBEDO REFLECTOR 
58.0 203 300 3 16 6 7 3 8 4 1 3*3 7 2 0 0011 00 6*0 00 2*0 
6*2012 
1 -92508 9,8435-4 1 92852 7.7660-5 1 7100 1,9746-3 1 8100 3.7006-2 
1 1 10 2 5.8076-2 
2 602  1.0 
3 1102 8.2571-2 3 6100  3.9697-2 
CYLINDER 1 9.52 8.7804 -8.7804 16*0.0 
CYLINDER 0 9-52 8.9896 -8.7804 16*0.0 
CYLINDER 2 10.16 9.6296 -9,4204 16*0.0 



C U B O I D  0 18.425 -18.425 18.425 -18-425 17.8946 -17,6854 16*0.0 
END C A S E  
KENO-4 VALIDATION C A S E  B-1 4 AOTOfIATIC REFLECTOR 
58. 203 300 3 16 6 7 3 8 10 1 3*3 7 2*0 0011 00 6*0 00 2*0 
1 -92508 9.8435-4 1 92852 7,7660-5 1 7100 1-9746-3 1 8100 3.7086-2 
1 ,1102 5.8076-2 
2 602 1-0 
3 1102 8.2571-2 3 6100 3.9697-2 
CYLINDER 1 9.52 8.7804 -8.7804 16*0.0 
CYLINDER 0 9-52 8.9896 -8.7804 16*0.0 
CYLINDER 2 10.16 9,6296 -9,4204 16*0.0 
C U B O I D  0 18.425 -18.425 18,425 -18.425 17.8946 -17.6854 16*0.0 
REFLECTOR 3 6*15.24 400 
END C A S E  
KEUO-4 VALIDATIOR C A S E  8-15 
60.0 203 300 3 16 6 6 2 6 6 1 3*3 6 2*0 0011 00 6*0 00 2*0 

2 602 1.0 
CYLINDER 1 9-52 8.7804 -8.7804 16*0.0 
CYLINDER 0 9-52 8.9896 -8.7804 16*0.0 
CYLINDER 2 10.16 9.6296 -9,0204 16*0.0 
C U B O I D  0 14.54 -14.54 14.54 -14-54 19.0096 -13.8004 16*0-0 
CORE BDY 0 43.62 -43.62 43-62 -43.62 41.715 -41.715 16*0.0 
C U B O I D  2 44.89 -44.89 44.89 -44.89 42.985 -42.985 16*0,0 
END C A S E  
KENO-4 V I L I D A T I O N  C A S E  8-16 
10.0 203 300 3 16 6 1 1  2 11 1 8  8 3 3 2 11  4*0 1 8*0 
1 -92508 1.07686-3 1 92852 7.7695-5 1 1102 5.5006-2 1 7100 2.7429-3 
1 8100 3.78239-2 

2 6100 1.1884-4 2 24100 1-6471-2 2 25100 1.7321-3 2 26100 6.036-2 
2 28100 6-483U-3 2 14100 1.694-3 
BOX TYPE 1 
XCYLIADER 1 8.128 68,3006 -68,3006 16*0,5 
XCY LIRDER 2 8.4074 68.58 -68.58 16*0.5 
C U B O I D  0 68.58 -68.58 9.2075 -9.2075 14.999 -110.32 16a0.5 
BOX TYPE 2 
YCY L I l D E H  1 8.128 68.3006 -68,3066 1690.5 
Y  CY L I  NDER 2 8.4074 68.58 -68.58 16e0.5 
CUBOID 0 9.2075 -9.2075 68.58 -68.58 14.999 -110.32 16*0.5 
BOX T Y P E  3 
XCY LI BDER 1-8.128 68.3006 -68.3006 
XCY L I  NDER 2 8.4074 68.58 -68.58 
CUBOID 
BOX T Y P E  
YCYLIRDER 
YCY LIRDER 
COBOID 
BOX T Y P E  
COBOID 
euB0lD 
BOX T Y P E  
C U B O I D  
C U B 0 1  D  



BOX TYPE ' 7 
CUBOID 0 68-50 -68.58 68.58 -68.58 14.999 -110.32 16*0.5 
BOX TYPE 8 
CUBOID 0 68 .58  -68.58 68 .58  --68.58 125.09. -10,999 16*0.5 
1 1 3 2 2 2 1 1 1 1 0 2 2 2 1 1 3 2 1 1 1 0 3 1 3 2 2 2 1 ~ 2 2 1 0  
~ 2 2 1 1 3 2 2 2 1 0 5 2 2 1 2 2 1 1 1 1 0 6 2 2 1 2 2 1 2 2 1 0  
7 1 3 2 1 3 2 1 1 1 0 8 1 3 2 1 3 2 2 2 1  8 
END CASE 
REBO-4  VALIDATION CASE B-17 
60 .0  203 300 3 16 6 15 3 15 7 1 4 4 1 15 2*0 0011 0 0  6*0 0 0  2*0 
1 -92509 8.4966-4 1 92852 6.1499-5 1 1102 5.8421-2 1 7100 2.21204-3 
1 8 100 3.7246-2 
2 24100 5.39-5 2 26100 1.387-0 2 29100 6.49-5 2 30100 1.51-5 2 25100 2.10-5 
2 12100 6-78-9 2 13100 5-9473-2 2 10100 3.521-4 2 22100 1-03-5 
3 6 0 2  1.0 
CYLINDER 1 10.56 9 - 4 1  -9.41 16*0.0 
CYLIUDER 0 10.56 109.69 -9.41 16*0.0 
CYLINDER 2 10.96 109.69 -9.7.3 16*0.0 
CUBOID 0 15.26 -15-29  15.24 -15.24 113.17 -9.73 16*0.0 
CORE BDY 0 60.96 -60.96 60.96 -60.96 61.45 -61.45 .16*0,0 
CUBOID 0 61.05 -61-95 61-45 -61.05 61-45  -61.45 16*0,0 
CUBE 3 82.05 -82.05 16*0.0 
END CASE 
RENO-4 VALIDAIIOU CASE B-18 
6 0 . 0  203 300 3 16 6. 19 3 27 15 3 u 4 1 19 2*0 0011 00 6*0 0 0  2*0 
1 -92509 8.6916-4 1 92852 6.2911-5' 1 1102 5.805-2 1 7100 2.2164-3 
1 8.100 3.7363-2 
2 24100 5-39-5 2 26100 1-387-4 2 29100 6-49-5 2 30100 1.51-5 2 25100 2.10-5 
2 12100 6.78-4 2 13100 5.9473-2 2 14100 3.521-4 2 22100 1.03-5 
3 1102 1.0401-2 3 6100  6.459-3 3 7100 1..0-5 3 8100 4.3063-2 
3 11100 2.554-4 3 12100 8.509-4 3 13100 1.0672-3 3 14100 7.8138-3 

BOX TYPE 1 
CYLIIDBR , 1 10.56 8 .565  -8.565 16*0.0 ' 

CYLINDER 0 10.56 110-535  -8.565 16*0.0 
CYLINDER 2 10.96 110.535 -8.885 16*0.0 
CUBOID 0 15.25 -15.15 15.25 -15.25 115.515 -8.885 16*0.0 
BOX TYPE 2 
CYLINDER 1 10.56 8.565 -8.565 16*0,0 
CYLINDER 0 10.56 110-535 -8.565 16*0-0 
CYLIADER 2 10.96 110.535 -8.885 16*0.0 
CUBOID 0 15.15 -15-25 15.25 -15.25 115.515 -8.885 16*0.0 
BOX TYPE 3 
CYLINDER 1 10.56. 8.565 -8.565 16*0.0 
CYLIADBR 0 10.56 110.535 -8.565 16*0.0 
CYLINDER 2 10.96 110.535 -8.885 16*0.0 
CUBOID 0 15-25 -15.25 15.25 -15.25 115.515 -8.885 16*0,0 
CQRE BDY 0 60.9 -60 .9  6 1 - 0  -61.0 62 .2  -62.2 16*0.0 
CUBOID 0 60 .9  -60-9  61-1 -61.1 62.2 -62.2 16*0.0 
CUBOID 3 8 6 - 6  -86.6 86.8 -86.8 87.9 -87.9 16*0.0 
1 1 1 1  1 9 1  1 1  0 
2 4 4 1  1 4 1  1 1 1  0 
3 2 3 1  1 4 1  1 1 1  1 
END CASE 



APPENDIX B 

CROSS SECTIONS 

Energy range of the 16 energy groups: 

Group Energy Range Group Energy Range 

1 3 -=MeV 9 100 -550 eV 
2 1.4 - 3 MeV 10 30 - 100 eV 
3 0.9 - 1.4 MeV 11 10 - 30eV 
4 0.4 - 0.9 MeV 12 3 - 1 0 e V  
5 0.1 - 0.4 MeV 13 1 - 3 e V  
6 1 7 -  l00keV 14. 0.4 - 1 eV 
7 3 - 1 7  keV 15 0.1 - 0.4 eV 
8 0.55 - 3 keV 16 Thermal (0.025 eV) 

The choice of 2 3 5 ~  and 2 3 8 ~  cross sections was determined by the nuclear fuel's total 
scattering cross section in the resonance range, per 2 3 5 ~  or 2 3 8 ~  atom, respectively; i.e.: 

where Ni is the atomic density of each respective element in the tuel; oi the individual 
element's scattering cross section in the resonance range, was taken from the following 
tabular information: 

Element Oi  Element oi, - 

A l 1.4 Mn 4.0 
B 4.0 Mo 6.0 
C 4.6 N 10.0 

' Cd 5.0 Na 3.1 
CI 6.0 Nb 6.3 
Co 7.0 bl i 17.5 
C r 4.3 0 3.7 
Cu 7.5 P u 12.0 
F 3.4 S i 2.2 
Fe 1 1.4 Th 12.0 
H 21 .O U-235 10.0 
K 2.2 U-238 12.0 
Li-7 1.0 Z r 6.2 



IUCLIDC = 200 TYPE 304 STITNLESS STEEL 7,9G/CC CONTAI1IS C,CR,NII,PE,NI,SI 

CP. LBSORPTIOB BO PISSIOR TOTIL 

1 2,4541E-03 0.0 20124E-01 
2 1.28601-03 0.0 1.9827E-01 
3 1.0007t-03 0.0 1.8220E-01 
0 1.0059C-03 0 - 0  2. 1011E-01 
5 1,34531-03 0.0 2.0300E-01 
6 2.61031-03 0.0 23949E-01  
7 0.208UE-03 0.0 6.8752 E-0 1 
8 2.0572E-03 . 0.0 , 6,77203-01 . 
9 9,9027E-03 0.0 1.16RAE 00 

10 5.50131-03 0-0 8.75883-01 
11  9.76241-03 0.0' 8.7931 E-01 
12 1.69721-02 0.0 8.79863-01 
13 3.0780E-02 0.0 8.8332I-01 
14  5.0467E-02 0.0 8.9353E-01 
15  9,11973-02 0.0 9.25273-01 
16 2.5UOOE-01 0.0 1,0558E .00 

TRLHSPRR CROSS SFCTTDNS 

PROR TO 1 4  0 It 1 It 2 14 3 I+ 4 I+ 5 
I 

. t 1 .2187~-01 a ,a '863~-02  1.8568~-02 I. ~ S Q ~ E - O ~  1 .7762~-03  1.6~711-oa 
2 1.3355E-01 3.3341E-02 2.02753-02 9.5728E-03 2 1126E- 00 0.0 
3 l.1195E-01 2.20583-02 1.5763E-02 1.42113-03 1.05353-06 b.0 . . 
8 1 -9719E-01 1.18331-02 7.7848C-05 li6728E-06 8.97SOE-08 0.0 
5 2. 3025C-01 7.9337K-03 2.8516E-06 1.50433-07 4.63743-09 0.0 
6 2.31933-01 0.909OE-03 0.0 0.0 0. 0 0.0 
7 6.6960E-01 1.36721-02 0-0 0.0 0.0 0 -0  
8 6.61U9t-01 1.36671-02 0.0 0.0 0.0 0.0 
9 1.1407E 00 1,8135B-02 0.0 0.0 0.0 0.0 

1 0 .  9.09571-01 2.5766E-02 0.0 0.0 0. 0 0.0 
11  8.0llSE-01 2.83953-02 0.0 0.0 0.0 0.0 

, 12 (9.37311-01 2.5522E-02 0.0 0.0 0.0 0-0 
13 'R.2970E-01 2.78353-02 1.3823E-10 0.0 0.0 0.0 
14 8.69603-01 3.33803-02 1. 123RE-11 0.0 0. 0 0.0 
15 8.1033E-01 1.9713E-02 0.0 0.0 0.0 0.0 
16 8.01391-01 0.0 0.0 0.0 0.0 0.0 



NOCLmE = 402 DE/E POLTETAYLEUE 0.92G/CC W. 079433, C = -  039716 

GP, kBSORPTION N O  PTSSIOR TOTbL 

1 0.0 0-0 1.6403E-01 
2 0.0 0.0 2.2916E-01 
3 0 - 0  0, O 3.5189E-01 
4 0.0 0.0 4. 4003Z-0 1 
5 0.0 0.0 6.7875E-01 
6 0.0 0.0 1.0982E 00 
7 0 - 0  0.0 1.3083a 00 
8 7.9433E-05 0.0 1.3639E 00 
9 3,17731-00 0-0 1.3639C 00 

10 6,3506E-00 0.0 1,3639E 00 
11 1. 11211-03 0.0 1.3639E 00 
12 1. 985813-03 0-0 1- 36781 00 
13 3.57051-03 0-0 1.3678E 00 
10 5.56031-03 0.0 1.6061E 00 
15 1.03501-02 0.0 2.1621E 00 
16 2.31551-02 0.0 3- 75083 00 

TRLUSPEB CROSS SECTIONS 

PROl TO I *  0 I *  1 I+ 2 I *  3 I* 0 ft 5 
I 

1 2,919 1E-02 8.1538E-02 1.89851-02 1.8985E-02 1.1438E-02 3,8922E-03 
2 6 -  33081-02 6.7280E-02 5.0809E-02 3,29653-02 9.21021-03 1.5887E-03 
3 6,08451-02 1.7666E-01 8. S470E-02 2.3830E-02 0.13051-03 9,5319E-00 
0 1,2070E-01 2,0850E-01 6.20373-02 1.04853-02 1.7475.E-03 4,7660E-OU 
5 2,748Ot-01 3,38191-01 5.0332E-02 9.2936E-03 1,7475E-03 3.9717E-04 
6 5-02691-01 U.9427E-01 8.30071-02 1,4854E-02 2.383OWOJ 9.5319B-04 
7 5.7U69B-01 6.0259B-01 1.0716E-01 1.6601E-02 4,8454E-03 2.3830E-03 
8 5,8153E-01 6.42931-01 9.69081-02 2.5596R-02 9.6908E-03 4.13.05E-03 
9 5.830311-01 5,50713-01 1.5251E-01 5.4019E-02 1.5251E-02 .7.62.563-03 

10 B,lU3bE-U1 b,UOI IE-01 2.1398L-01 G.1950E-02 li8428E-02 1.3392P-02 
11 3.7UOSE-01 7,0100E-01 1.92071-01 5-71 121-02 2.85963-02 9.5319E-03 
12 0.00981-01 6.5246E-01 1.87781-01 9.38901-02 3.074 1E-02 0.0 
13 3,57578-01 6.150lE-01 2.9263Y-01 9.8656E-02 0.0 0.0 
14 5.1977E-01 8.1967E-01 2.62131-01 0 - 0  0.0 0-0 
15 1,73331 00 4.1805E-01 0-0 0-0 0.0 0.0 
16 3.72763 00 0.0 0.0 0.0 0.0 0-0 



NOCLIDE = 501  X(E) WATER 0.9982G/CC R=,066742, 0s. 033371 

GP, ABSORPTION N U  FfSSION TOTAL 

1 1,33091-03 0-0 1,4009E-01 
2 0.0 0.0 1.9221E-01 
3 0 - 0  0 - 0  3. 32983-01 
U 0 - 0  0.0 3.9U99t-01 
5 0.0 0 -0  5.6305E-01 
6 0.0 0.0 8,9968E-01 
7 0.0 0 -0  1.0696E 00 
8 h.6703E-05 0.0 1.12263 00 
9 2,66973-09 0-0  1.12261 00 

10 5,33941-00 0 - 0 '  1.1226!! 00 
11 9,300OE-04 0-0 1-1226E 00 
12 1.6686E-03 0.0 1. 1226-0 
13 3,003UR-03 0.0 L 1226E 00 
1U 4.67203-03 0.0 1. 3229E 00 
15 8,6766E-03 0.0 1.7900E 00 
16 1.93621-02 0-n  112 .50E 00 

. . 
TRnnsPEe CROSS SEctIaus 

PBOR TO I +  0 + 1 I *  2 ' I+ 3 f 4 I* 5 
I 

1 3. 21.04E-02 6-3U73E-02 1,501'8E-02 1.50181-02 9-27733-03 3-07023-03 
2 3,92123-02 5,5163E-02 4.87893-02 2.9300Ey02 8.0759B-03 1,66868-03 
3 9.057 11-02 . 1'. 0000E-01 7.0747E-02 1.96221-02-.-3.2704B-03 7.3417E-0'0 
4 1-3U55E-01 1.9996E-01 C.019lE-02 8.U764E--03. 1.U683E-03 3.3371E-00 
5 2.7949C-01 2.3730E-01 3.0110E-02 6,6743E-03 1.2014E-03 .2.6697E-OU 
6 3,95023-01 U. 096UE-01 6,9746E-02 1.2URlE-02 2.0023Y-03 8..3429E-OU 
7 U.5896E-01 5.OO5UE-01 9.0036E-02 1.3949E-02 U.0713E-03 2.00233-03 - 
R 4.7054t-01 5.3U953-01 8.1426B-02 2.90281-02 8. 14263-03 3; 4706E-03 
9 0,721pE-01 0.57Uf1E-01 .I. 2915E-01 0.5385E-02 1.2815E-02 6-4.07313-03 

10 3,3225E-01 5-3041E-01 1,8147E-01 5.20603-02 1.5084E-02 1.0012y-02 
11 2-9954E-01 5.8073E-01 1.6138B-01 4-79883-02 2. U028E-02 ' 8.0092E-03 . 
12 3.141 OR-01 5.4035E-01 1-5778E-01 7.8890E-,02 2. 5830E-02 0.0. , 

13 2.8253E-01 520831E-01 2-4588E-01 8.2895E-02 0 - 0  0.0 
10 U. 2055E-01 6.77371-01 2.20251-01 0.0 0.0 0.0 
15  1.4166E 00 3-UU76E-01 0.0 0.0 0.0 0-0 
16 3.1056t  00 0.0 0.0 0.0 0.0 0 -0  



UUCLILIE = 601 X (1) PLEKIGLAS l.l82C/CC E=-056884, C=. 035552. a=. 014221 

GP, ABSOBPTTOU N O  FISSION TOTAL 

1 5.68R4t-04 0.0 1.4421E-01 
2 0.0 0.0 1.89001-01 
3 0 - 0  0.0 3.1921E-01 
4 0 - 0  0.0 3.891RE-01 
5 0.0 0.0 5.59751-01 
6 0 - 0  0.0 R63OOE-01 
7 0.0 0.0 1.0189E 00 
8 5.6RR4B-05 0.0 1-05931 00 
9 2.27543-04 0.0 1.05931 00 

10 0.5507~-04 0.0 1 . 0 5 9 3 ~  no 
11 7.9638E-04 0.0 1.0593E 00 
12 1.42213-03 0.0 1.06293 00  
13 2.5598E-03 0.0 1,06298 00 
14 3.98191-03 0.0 l.2335rZ 00 
15 7.019RE-03 0.0 1.6317E 00 
16 1.6606E-02 0-0 ,2.7694E 00 

TRAUBEB CROSS SECTIONS 

PBOl TO I +  0 1 4  1 I* 2 I+ 3 I +  4 It 5 
I 

1 0.0066E-02 6.63768-02 1.3100E-02 1- 314OE-02 7.9069E-03 2.61.673-03 
2 5.86753-02 5.5462E-02 4.1582E-02 2.49123-02 6.8830E-03 1,42213-03 
3 9-40003-02 1.4377E-01 6,02971-02 1-67203-02 2.7873E-03 6.2572E-04 
4 1.53661-01 1.83998-01 4.2177E-02 7-22433-03 1.2515E-03 2.8402E-04 
5 3.02472-01 2-12853-01 3.2481E-02 5-68841-03 1-02393-03 2..2754E-04 
6 4.3003E-01 3.6010E-01 5.9044E-02 1-0637E-02 1.7065E-03 7.11051-04 
7 1.86941-01 4.38193-01 7.6737E-02 1.1889E-02 3.06993-03 1.7.0653-03 
8 4.92198-01 4.61308-01 6.9398E-02 2.0478E-02 6.9398E-03 2.95801-03 
9 0.9355E-01 8.0126E-01 1.09221-01 3-869lE-02 1.0922E-02 5,46098-03 

10 3.bY63E-Ui 4.6809E-01 1.50678-01 0.4170C-02 1,31978-02 8,873911-03 
11 3.0018E-01 5.1259E-01 1.3754E-01 9.0900E-02 2.04783-02 6.82618-03 
12 3.60708-01 4.7703E-01 1,34473-01 6.723713-02 2.2014E-02 0.0 
13 3-2R693-01 0.5101E-01 2.0956E-01 7,0650E-02 0.0 0.0 
10 0.4269B-01 5.9914C-01 1,8772E-01 0.0 0 - 0  0.0 
15 1.1161E 00 3.ORlRE-01 0.0 0 - 0  0.0 0.0 
16 2.752RE 00 0.0 0.0 0.0 0.0 0.0 



SOCLTDE = 602 OE/E PLEXIGLAS 1.182G/CC fW.056889. C=.035552. O=. 010221 

GP. ABSORPTTOl 8 0  FISSIOR TOTRL 

1 5.68841-09 0.0 1.95121-01 
2 0.0 0.0 1.9099E-01 
3 0.0 0.0 3.1 QOOE-01 
8 0.0 0.0 L90QUE-01 
5 0.0 0. 0 L6436E-01 
6 0.0 0.0 8.6.300E-01 
7 0.0 0.0 1.01893 00 
8 5,68801-05 0.0 1.05933 00 
9 2.275QE-00 0.0 1.05933 00 

10 9.55071-09 0.0 1.0593E 00 
11 7.9638E-04 0.0 1.05931 00 
12 1.822lE-03 0.0 1. 0629E 00 . 
13 2.5598E-03 0.0 1.06293 00 
14 3.98193-63 O I O  1.2335E 00  
1 5  7-P198E-03 0.0 1.6317E 00  
16 1-66061-02 0.0 2.769UY 00 

?R&lS?ER CROSS SECTIOBS 

PBOR TO I4 0 I+ 1 I+ 2 I* 3 14 4 I4 5 
I 

1 3.8300E-02 6.80831-02 1,35951-02 1.3595E-02 8.1913E-03 2.78731-03 
2 6.7265E-02 5.3130R-02 3.925OE-02 2.36071-02 , 6,59853-03 1.13771-03 
3 8.66621-02 1.9542%01 6. 1207E-02 1.70651-02 2.9580E-03 .6.8261E-00 
0 1. 9672E-01 1.9019E-01 P.Q426t*02 7.5087E-03 1.25151-03 3.01303-04 
5 2.67203-01 2.5006E-01 3.89093-02 ' 6.6559E-03 1.2515E-03 2.8992E-09 
6 Q.30P3E-01 3.6010E-01 5.9494E-02 1.06371-02 ' 1.7065E-03 6.8261E-00 
7 4.86991-01 4,3819B-01 7.67371-02 1.1889E-02 3.4699E-03 1.70658-03 
8 9,92198-01 4.6730E-01 6.9398E-02. 2.0978E-02 6.93983-03 2.95803-03 . 
9 0.935512-01 4.0126E-01 1.09221-01 3.86813-02 1.0922E-02 5.4609E-03 

10 3.69678-01 U-QRn9E-01 1.5067E-01 4-43703-02 1.3197E-02 8.87393-03 
11 3.0018E-01 .5.1259E-01 1.3754E-01 4.09001-02 2.09783-02 6.82613-03 
12 3.607OE-01 4-77038-01 1.3497R-01 6.7237E-02 2.201UE-02 0.0 
1 3  3.28691-01 0.51UlB-01 2.09561-01 7.0650E-02 0.0 0.0 
19 0,02691-01 5.9910E-01 1.8772E-01 0.0 0.0 + 0.0 
15  1.31613 00 3.0818E-01 0-0 0.0 0.0 0.0 
16 2,75283 00 0.0 0.0 0.0 0.0 0.0 



~ O C L I D E  = o R Y D B ~ G B ~  X ~ E )  fIAUSE1 RbACE 

GP, ABSOBPTIOU 1 0  FISSION TML L 

1 0.0 0.0 1.43UOE 00 
2 0.0 0.0 2.19001 00 
3 0.0 0.0 3.3760B 00 
0 0.0 0.0 U. 10303 00 
5 0.0 0.0 6.5810E 00 
6 0.0 0.0 1.1700E 01 
7 0.0 0.0 1.U250E 01 
8 1,00003-03 0.0 1,50001 01  
9 9.0000E-03 0.0 1.500OE 01 

10 8.OOOOE-03 0.0 1.5OOOE 01 
11 1.9000E-02 0.0 1.5000E 01 
12 2.50003-02 0.0 1.5000 t 0 1 
13 0.5OOOE-02 0.0 1.50.00 E 0 1 
19 7.00003-02 0.0 1.8000t 01  
i s  i.3oone-01 0-0 2 .5000~  01 
16 2.90001-01 0.0 0.5000 E- 0 1 

TRbllSPER CROSS SECTTOUS 

PROl TO I+ 0 I+ 1 I* 2 I+ 3 I* 9 I+ 5 
I 

1 9. ROOOC-02 7.3900E-01 2.31001-01 2.31603-01 1.39003-01 U.6000E-02 
2 9.30001-02 7.31001-01 7.31OOE-01 U.3900E-01 1. 2100E-01 2.5000E-02 
3 1.93001-01 1.76701 00 1.0600E 00 2.9000E-01 0.90003-02 1.1000E-02 
0 U.7900E-01 2.7180E 00 '7.520OE-01 1.27OOE-01 2.2000E-02 5.0000E-03 
5 2.50lOE' 00 3.3870B 00 5.7100e-01 l.OOOOE-01 1.8000%02 9.OnOOE-03 
6 U,PO@OE 00 6.02201 00 1.0450E 00 1.8700E-01 3.0000E-02 1.2500E-02 
7 5 . 2 2 9 0 ~  00 7.37203 00 1,3090E 00 2.0900E-01 6. 100OB-02 3.000OE-02 
8 5.3650E 00 7.880011 00 1.2200B 00 3.60003-01 1.22003-61 5.20003-02 
3 5.3890B 00 6,719bE nr! 1.9200R 00 6.8000B-01 1.9200E-01 9.6000E-02 

10 3.39806 00 7.75701 00 2.7190R 00 7,800OE-01 2.3200E-61 1..56008-01 
11 2.8750E 00 8.49001 00 2.4180E 00 7.1900E-01 3.6000B-01 1.2000E-01' 
12 3.1360E 00 7.9060E 00 2.3600E 00 1,1820E 00  3,87003-01 0.0 
13 2.62OOE 00 7.0090E 00 3.6800E 00 1.2920t 00 0.0 .O..O 
10 9.73001 00 9.9000E 00 .3.3000E 00 0.0 0.0 0.0 
15 1.9870B 01 5.OOOOE 00 0.0 0.0 0. 0 0.0 
16 0.0710B 01 0.0 0.0 0.0 0.0 0.0 



R U C L I D E  = 1102 HYDROGEN DE/E 

NO F I S S I O N  TOTAL 

TRANSFER C R O S S  SECTIQAS 

PROR 

HANSEN ROACH 



N V C L I D E  = 5100 R O R O U  HANSEN ROACH 

4P- LBSORPTIOA N O  FISSION TOTAL 

1 0.OOOOE-02 0.0 1.5200E 00 
2 6.OOOOE-02 0.0 1.7900E 00 
3 4. OOOOE-02 0.0 2. lOOOE 00 
4 R.0000E-02 0.0 2.2700E 00 
5 2.7000E-01 0.0 3.1600E 00 
6 6,1000E-01 0.0 0-0800E 00 
7 1.50OOE 00 0.0 9.9700E 00 
8 3.4OOOE 00 0.0 6.3700E 00 
9 8,OOOOE 00 0.0 1.1070E 01 

10 1.6400C 01 0.0 1-98701 01 
11 2.9000E 01 0.0 3.2U70E 61 
12 5.2000E 01 0.0 5,5070E 01 
13 9.20ROE 01 0.0 9.5070E 01 
1U 1,5100E 02 0.0 1.5007E 02 
15 2,7300E 02 0.0 2.76971! 02 
16 6,6330E 02 0.0 6.7277E 02 

TRANSPER CROSS SECTIORS 

PROR T O 1 4  0 14 1 I* 2 I4 3 
I 

1 8.1000E-01 6.7000E-01 0.0 0 -0  
2 1. 3100E 00 0,20001-01 0.0 0.0 
3 1.2200E 00 8.80OOE-01 0.0 0 - 0  
O 1.69008 00 5.0000E-01 0-0 0.0 
5 2.51001 00 3.8000E-01 0.0 0.0 
6 3,1100E 00 3.6000E-01 0.0 0.0 
7 3-10001  00 3.7000E-01 0.0 0.0 
8 3.0900E 00 3,8000E-01 0.0 0.0 
9 3.0900E 00 3.8000B-01 0.0 0.0 

10 2.9uOOE 00 5,30001-01 0-0 0 -0  
11 2.89001 00 5.8000~-01 0.0 0 -0  
12 2.9000E 00 5-30OOE-01 0.0 0.0 
13 2.89001 00 5.8000E-01 0.0 0.0 
19 2.17001 00 7.0000E-01 0.0 0.0 
15 3.0100B 00 4,60001-01 0.0 0-0 
16 3.07001 00 0-0 0.0 0 - 0  



NUCLIDE = 6 1 0 0  CaRBON 

TRAASFER CROSS SECTTONS 

H A N S E N  ROACH 



NUCLIDE = 7 100 NITROGEN IIANSEN ROACY 

GP. ABSORPTION N U  PLSSIOR TOTAL 

1 2.5000B-01 0-0 9,70001-01 
2 1.1000E-01 0-0 1.U8OOE 00 
3 4.OOOOE-02 0.0 1.6900E 00 
U 4,0000E-02 0.0 Z 1700E 00 
5 2.0000E-03 0.0 L 2940Y 00 
6 2.0000E-03 0.0 5.0360E 00 
7 U.OOO1l-03 0.0 7,3590E 00 
8 8-0000E-03 0.0 8.09201 00 
9 1.9000E-02 0.0 8.4930E 00 

10 0.0000E-02 0.0 9,3300E 00 
11 7.0000E-02 0.0 S. 5900E 00 
12 1.2OOOE-01 0.0 9,64001 00 
13 1.2000E-01 0.0 9.7000E 00 
14 3.6000E-01 0.0 9.88OOE 00 
15 6.UOOOE-01 0.0 l.Ol6OE 01 
16 1.6700E 00 0.0 1.1190E 01 

TRANSFER CROSS SECTIONS 

PROM TO E *  0 I *  1 I* 2 I* 3 
T 

1 3.96001-01 3.30001-01 0-0 0.0 
2 1.OlOOE 00 3.6000E-01 0.0 0.0 
3 1.2000E 00 0,500OE-01 0.0 0.0 
0 1.7800E 00 3.5OOOE-01 L O  0.0 
5 3.1220E 00 1,7000E-01 0.0 0.0 
6 0 .9900E00  U-UOOOE-01 0.0 0.0 
7 6.7050E 00 6.1000E-01 0.0 0.0 
8 7.UOOOE 00 6.ROOOE-01 0.0 0.0 
9 7.76POE 00 7.100OE-01 0.0 0.0 

10 ~ I - ~ M U U E  uu i . i i 0 0 s  00 0.0 0.0 
11 4.2800t  00 1,2000E 00 0.0 0.0 
12 8.38OOE 00 1.lU00E 00 0-0 0.0 
13 R.2AO01 00 1-2U00E 00 0.0 0 -0  
10 8.0300E 00 1.0900E 00 0.0 0.0 
15 8.5300E 00 9.9000E-01 0.0 0. 0 
16 9.5200C 00 0.0 0.0 0.0 



U O C L I D E  = 8100 O X Y G F I  HAUSEU ROACH 

GP. ABSORPTION N U  PISSfOR TOTLL 

1.33603 00 1 ~ . o o o o a - o 2  0.0 
2 0 - 0  0 - 0  1.1800E 00 
3 0.0 0.0 3.23001 00 
a 0.0 0.0 3 . 6 3 0 0 ~  00 
5 0.0 0 -0  3.7100E 00 
6 0.0 0.0 L 2 6 0 0 E  00 
7 0.0 0.0 L 5 5 0 0 E  00 
8 0.0 0.0 3.6000t 00 
9 0.0 0.0 3.6000t 00 

10 0.0 0.0 3.6QOOE 00 
11 0.0 0.0 3,6400C 00 
12 0 - 0  0.0 3.64001 00 
13  0.0 0.0 3.6QOOC 00 
14 0.0 0 -0  3.6400E .00 
1 5  0.0 0.0 3.6UOOE 00 
16 2,0000E-04 0 -0  3.6412e 00 

TRLNSPER CROSS SICTIOUS 

PEON TO f +  0 It 1 I+ 2 
I 

1 8.66001-01 4-2UOOE-01 0.0 
2 9.A900E-01 1.9100E-01 0.0 
3 2 , 3 2 8 0 E 0 0  9.0200E-01 0.0 
4 3.074OE 00 5,SbOOE-01 0.0 
5 3.3730E 00 3-3700E-01 0.0 
6 3.0290E 00 2.3100E-01 0-0 
7 3.29501 00 2.55OOE-01 0-0 
8 3.3700E 00 2.700OE-01 0.0 
9 3 .3700t  00 2.7000E-01 0.0 

10 3.2600E 00 3.8000E-01 0.0 
1 1  3.2260E 00 4.14OOE-01 0.0 
12 3.2600E 00 3.8000E-01 0.0 
13 3,22601 00 Q.1UOOE-01 0.0 
14 3.1420E 00 '9.98001-01 . 0.0 
15 3.3090E 00 3.31001-01 0.0 
16 3.6410E 00 0.0 0.0 



RAUSEN BOACA 11OCLIDE = 9100 PLOOBINE 

GP. LBSORPTIOl A W  PISSIOl TOTAL 

1 1.0000E-01 0.0 1. UOOOE 00 
2 0.0 0.0 1.9000E 00  
3 0.0 0.0 2.0900t 00 
4 2.0003E-04 0.0 3.2002E 00 
5 2.0003E-00 0.0 U.6102E 00 
6 0.0 0.0 3.7800E 00 
7 0.9 0.0 3- 5700E 00 
8 0.0 0.0 3.57008 00 
9 0.0 0.0 L4700E 00 

10  0.0 0- 0 3.28003 00 
11 0.0 0.0 2.99005 00 
12 0.0 0.0 3.1800E 00 
13 1.000OE-03 0.0 3.2810E 00 
l a  2 . 0 0 0 0 ~ - 0 3  0-0 3 . 2 ~ 2 0 ~  oo 
15 8.000OE-03 0.0 3.47401 00 
16 8.000OE-03 0.0 3.46ROE 00 

TRANSPER CROSS SFCTIOIIS 

PRON TO I t  0 I+ 1 I+ 2 I t  3 I+ U It  5 
I 

1 8.90001-01 U.2OOOE-01 0.0 0.0 0.0 0.0 
2 1.20001 00 3.2000E-01 2.1000E-01 9.0000E-02 0.0 0.0 
3 1. Q100E 00 6,8000E-01 R.0000E-08 0.0 0.0 0.0 
U 2.14003 00 1.06001 00 0-0 0.0 0.0 0.0 
5 3.9530E 00 6.56003-01 7.000OE-03 0.0 0.0 0.0 
6 3.53003 00 2.50OOE-01 0.0 0.0 0.0 0.0 
7 3.3600d 00 2.10003-01 0.0 0-0 0.0 0.0 
8 3 . 3 5 0 0 ~  00 2.20001-01 0.0 0.0 0.0 0.0 
9 3.25003 00 2.2000E-01 0.0 0.0 0.0 0.0 

I0  2.9900L 00 2.3000E-- 01 0.0 0.0 0. 0 0.0 
11 2.7100E 00 2-8000E-01 0.0 0.0 0.0 0.0 
12 2.90001 00 2.8000E-01 0.0 0.0 0.0 0.0 
13 2.9700E 00 3.10001-01 0.0 0.0 0.0 0.0 
10 2.91QOE 00 3.1000E-01 0.0 0.0 0.0 0.0 
15 3.21001 00 2,6000E-01 0.0 0.0 0.0 0.0 
16 3,U600E 00 0.0 0.0 0.0 0.0 0.0 



JUCLIDE = 11 100 . SODIUV RABStR BOACR 

GP. ABSORPTION 110 PISSIOR TOTAL 

1 3.00OOE-02 0.0 1.6070E 00 
2 0.0 0.0 2.2600E 00 
3 1.9999E-09 0.0 2.990212 00 
4 5.0002E-OU 0.0 3.11901 00 
5 9.0003t-04 0.0 3.1072E 00 
6 9.9999E-OU 0 . 0  2.8R40E 00 
7 1.0000E-03 0.0 6.0890E 00 
8 1,0000t-03 0.0 0.5U501 00 

5.OOOOt-03 0.0 3.0100E 00 
16 1.100OE-02 0.0 3.0100E 00 
11 1.8000E-02 0.0 L0300E 00 
12 3.20001-02 0.0 3.0690E 00 
13  5.70003-02 0.0 L0990E 00 
14 1.0000E-01 0.0 3,2100E 00 
15 . 1.8OOOE-01 0.0 3.3500E 00 
16 U.470OE-01 0.0 3.74701 00 

TRLRSPER CROSS SECTIONS 

FROM TO I t  0 It 1 I 2 It 3 It U ' It 5 . 
I 

1 1.1370B 00 U.4OOOE-01 0.0 0.0 0.0 0.0 
2 1.70UOE 00 5.5600B-01 0.0, 0.0 0.0 0.0 ' 
3 1.7990EOO 1.1910E00 0.0 0.0 " 0.0 0.0 
4 2.47091 00 6.OUOOE-01 3.6000E-02 .8.0000E-03 0.0 ' 0.0 4 -. 
5 2.91131 00 1.9500E-01 1.0000E-08 0.0 0.0 '0.0 
6 3.6950E 00 1,88003-01 0.0 O.'O 0.0 . 0.0 
7 5.78701 00 3.0100E-01 0.0 0.0 0.0 0.0 
8 U.3100t 00 2;340Ot-01 0.0 0.0 0.0 . 0.0 
9 2.8500E 00 1.5500E-01 0.0 0.0 ,O. 0 0.0 

10 2.7830E 00 2.1600E-01 0.0 0.0 ~ 0 . 0  ' 0.0 . 
11 2.77601 00 2.36008-01 0.0 0.0 0; 0 0.0 
12 2.81801 00 2.19OOt-01 0.0 0.0 0.0 0.0 
13 2,ROOOE 00 2.380OE-01 0.0 0.0 0.0 . ' 0.0 
14 2.8160E 00 2.9400E-01 0-0 0-0  0.0 , 0.6 
15 2 .9620300  1.98OOE-01 0.0 0.0 0.0 0.0 
16 3,30008 00 0.0 0.0 0.0 0.0 0.0 

1 



UUCLIDE a 12100 PO IIWNl?SIUfl EWDP/B-TV HAT 1280 

GP- ABSORPTION 8 0  PTSSIOI TOT A L 

1 2.03621-02 0.0 1.91081 00 
2 8,02513-04 0.0 2.09783 00 
3 9.3136E-01 0.0 2,92093 00 
0 1.07653-03 0.0 4 . 6 2 9 2 ~  00 
5 1.01252-00 0.0 5.2518E 00  
6 6 .22163-00 0.0 tL 3024E 00  
7 1.81223-04 0.0 3.37921 00 
8 2.99171-09 0.0 3.38513 00 
9 6 .66781-00 0.0 3.39961 00 

10 1.3695B-03 0 - 0  3. UOOOE 00 
11 2-4UO3E-03 0.0 3.39998 00  
12 4.37801-03 0.0 3.39993 00  
13 7.75991-03 0.0 3.39931 00 
14 1.27981-02 0.0 3.3960E 00  
15 2.3U13E-02 0.0 3.3R901 00 
16 5.87971-02 0.0 1 3 9 6 9 t  00 

'CRLN!5?1R CROSS SECTIOlS 

FBOR TO I +  0 r+  1 I+ 2 I* 3 I t  8 I +  5 
I 

1 1. 16263 00 6.0211R-01 5.8137E-02 U,70OOE-02 1.9009B-02 1.1101E-03 
2 1.9682E 00 2.99691-01 1.08276-01 6.9845E-02 1.0514E-02 4.62563-OU 
3 2.58781 00 3.2235C-01 . 9.263511-03 6 .0302%04 3.76318-06 6-61823-08 
0 U.2832E 00 3.04166- 01 3.0914B-04 6.8229E-06 2.377OE-07 0.0 
5 0 . 9 4 1 7 3 0 0  3.1002E-01 0.0 0 . 0  0 .0  0.0 
6 0 .14436 0 0  1.97501-01 0.0 0.0 0 . 0  0.0 
1 3.22181 00 1.57181-01 0.0 0 . 0  0 . 0  0 .0  
8 3 .22361 00 l . 6 l l l B - 0 1  0 .0  0 .0  0 . 0  0- 0 
9 3 .23801  00 1.60991-01 0.0 0 .0  0 - 0  0.0 

10 3 . 1 7 0 6 ~  00 2.27918-01 0.0 0 .0  0 - 0  n. n 
11 3.10773 00 2,09683-01 0 .0  0 -0  0 . 0  0.0 
12 3 .16471 00 2.30803-01 0.0 0 -0  0 . 0  0 . 0  
13 3.1507E 00 2 - 4 0 8 0 F 0 1  0.0 0 .0  0 . 0  0.0 
14 3.063801 00 2,99856-01 0.0 0 - 0  0 .0  0.0 
15 3.0913B 00  2.707OE-01 0.0 0.0 0 - 0  0 .0  
16 3 .33811 00  0.0 0.0 0.0 0 .0  0.0 



ROCLIDE = 13 100 ALURI N O R  HANSEN ROACH 

CP, ABSOR??IOl A 0  PISSIOR TOTAL 

1 1.590OE-02 0-0  1.6059B 00 
2 0.0 0.0 2.0223E 00 
3 3.8001E-00 0.0 2.1400E 00 
0 7.0000E-04 0.0 t 7 2 0 7 E  00 
5 2.0000E-03 0.0 2.83201! 00 
6 5.0000E-03 0.0 1.0350E 00 
7 2.00001-03 0.0 1.96303 00 
8 1,OOOOB-03 0.0 1.3650E 00 
9 3.0000t-03 0.0 1.3660E 00 

10 6,OOOOE-03 0.0 1.3660E 00 
11 1.0000E-02 0.0 1.366031 00 
12 1.7000E-02 0.0 1.3R50R 00 
13 3.00001-02 0.0 1.OlOOE 00 
10  5.OOOOE-02 0.0 1. U600E 00 
15  8.0000E-02 0.0 1.0600E 00 
16 2.30001-01 0.0 1.5100E 00 

TBLIISIER CROSS StCTIORS 

PBOR TO I+  0 I+ 1 I* 2 I+ 3 I 0 I+ 5 
1 
1 1. l O O O E  00 5.60003-01 1.0000E-01 3.0000E-02 0.0 0.0 
2 1.66143 00 2.3000t-01 1.100OB-01 2.00OOE-02 9.0000E-00 0.0 
3 1.6100E 00 3.8000E-01 1. UOOOE-01 1.0000E-02 0.0 0.0 
6 ' L .U?UUC uo 2 . 5 0 0 0 ~ 0 1  1.0600f!-00 0.6 0.0 0.0 
5 2.6900B 00 1.UOOOE-01 0.0 0. 0 0.0 0.0 
6 1.3600E 00 7.0000E-02 0.0 0.0 0. 0 0.0 
7 1.39801 00 6.3000B-02 0.0 0.0 0.0 0.0 
8 1.3090B 00 6.OOOOE-02 0.0 0.0 0.0 0.0 
9 1.3030E 00 6.0000E-02 0.0 0.0 0.0 0.0 

10 1.2760E 00 8.40001-02 0.0 0.0 0.0 0.0 
11 1.26UOB 00 9.2000E-02 0.0 0.0 0.0 0.0 
12 1.2800E 00 8.8000E-02 0.0 0.0 0.0 0.0 
13 1. 286OB 00 9.0OOOE-02 0.0 0.0 0.0 , 0.0 
10 1.29501 00 1.150OE-01 0.0 0.0 0.0 0.0 
15 1.3060t 00 7.4000E-02 0.0 0.0 0.0 . 0.0 
16 1.3000E 00 0.0 0.0 0.0 0.0 0.0 

I 



IIUCLIDE = 14100 PO SILICOR EBD?/B-IV NAT 1194 

CP. ABSOBPTION 1 0  F I S S I O N  TOT8 L 

1 4.8675E-02 0.0 2.2 154E 00 
2 6-53371-00 0.0 2.95231 00 
3 6.5994E-00 0.0 3.0127E 00 
4 6.6U73E-04 0.0 1 1 7 3 1 E  00 
5 6.7735E-04 0.0 1.40871 00 
6 0,3206E-03 0.0 1.5330E 00 
7 3.08128-04 0.0 1.99753 00 
8 7.3707E-04 0.0 1- 15071 00  
9 1.71861-03 0.0 2.1517E 00 

10 3.5095E-03 0.0 2. 15353 00 
11 6.23661-03 0.0 2.15623 00 
12 1.1013C-02 0.0 2.1610E 00 
13 1,9591E-02 0.0 2.1693E 00 
19 3.2072E-02 0.0 2.1825E 00  
15 5.9636E-02 0.0 2.2095E 00 
16 1.09681-01 0-0 2.2997E 00 

TEARSPER CROSS SECTIONS 

FROB TO f f 0 I +  1 T 2 I* 3 I+ Q , I* 5 
t 

1 1,5146E 00 4,96281-01 1.2358E-01 2.3493E-02 7,9793E-03 9,6600E-00 
2 2.53031 00 2.4735E-01 1.OR8UE-01 5.8306E-02 6,5353E-03 2.61291-04 
3 2.7015E 0 0 .  3,1002E-01 1.3302E-09 9.0456E-04 2,52363-05 1.7867E-06 
4 2.91803 ,OO 2.53903-01 0-0 0.0 0.0 0.0 
5 1.33723 00 7,0728~-02 0-0 0.0 0.0 0.0 
6 1.U676E 00 6-1043E-02 0.0 0.0 0.0 0.0 
7 1.9168E 00 8.0499E-02 0.0 0.0 0-0 0.0 
8 2.06131 00 8.86753-02 0.0 0.0 0.0 0.0 
'4 2-062YE 00 8.75973-02 0-0 0. 0 0.0 0.0 

10 2.02571 00 1.24211-01 0.0 U. U 0.0 0.0 
11 2.0112E 00 1.3581E-01 0.0 0.0 0.0 0 . 0 .  
12 2.02391 00 1.2613E-01 0.0 0.0 0.0 0.0 
13 2-01391 00 I . J S R ~ E - O ~  0-0 n. n 0.0 0.0 
10 1.98201 00 1,67931-01 0.0 0.0 0.0 0.0 
15 1.98391 00 1,6605E-01 0-0 0. 0 0.0 0.0 
16 2.1501E 00 0-0 0.0 0 -0  0.0 0.0 



NUCLIDE = 16100 PO SULFUR-32 L E N D L ' ) ; I A T  7020 

CP. LBSORPTIOU NU PISSIOR TOT A L 

1 3.8777E-01 0.0 2.9U36E 00 
2.6756E 00 2 9.6537E-02 0.0 

3 5.14271-03 0.0 2.31009 00 
U 0.21741-03 0.0 2.2314E 00 
5 3.R251E-03 0.0 3.3697): 00 
6 5.4664E-03 0.0 7,61928-01 
7 2.37501-02 0.0 1.10801! 00 
8 7.3205C-02 0.0 1. 13573 00 
9 8.7030E-02 0.0 1.1716E 00 

10 9.11421-02 0.0 1.15223 00 
11 9. UU15E-02 0.0 1-1A64E 00 
12 9-89168-02 0.0 1.1917R 00 
13 1.0206E-01 * 0.0 1.1909P. 00 
1U 1.263RE-01 0.0 1.2368E 00 
15 2.1125E-01 0.0 1.36089 00 
16 0.615QE-01 0.0 1.65RUE 00 

T,R&RSPIR CROSS SECTIONS 

I+ 2 I4 3 I* U PROO TQ I+ 0 - I t  1 I4 5 . 
I 

1 1.9556E 00 1.803UE-01 2.3502E-02 5.U166R-02 1.1110E-01 ' 2 .2969~-01  
2 2.U207E 00 1.OR03C-01 0.0 0.0 0.0, 5.1.U82E-02 
3 2 , 1 2 0 8 ~  00 I . ~ S ~ S E - O I  0.0 0.0 0.0 n. n 
4 2- 1090R 00 ' 1.1901E-01 ' 0.9 0. 0 0.0 0.0 : 

5 3.20061 00 1.6539t-01 0.0 0.0 0.0 0.0 
, 6 7,30201-01 2.6282E-02 0.0 0.0 0.0 0.0 

7 1 .OQ58E 00 - 3.8566E-02 0.0 0.0 0.0 0.0 
R 9.9717E-01 6.55AUE-02 0.0 0.0 0.0 0.0 
9 1.OU43E 00 0.0031E-02 0-0 0.0 0.0 0.0 

In  1 . 0 5 1 6 ~  00 U . O O R ~ E - O ~  0.0 0.0 0.0 0.0 
11 1.03611! 00 5,63751-02 0-0 0.0 0.0 0.0'  
12 1 .02741 00.' 6.5575e-02 0.0 0.0 0.0 0.0 
13 1.0521E 00 U.073RE-02 0.0 0. 0 0.0 0.0 . 
1 s  1.0336E 00 7.6830E-02 0.0 0.0 0.0 0.0 
15 1.0701E 00 7.94UOE-02 0.0 0.0 0 - 0  0.0 
16 1.1969E 00 0.0 0.0 0. 0 0.0 0.0 



NUCLIDE = 19100 POTASSIUR BANSEN ROACH 

GP. ABSORPTIOU N U  FISSION TOT b L 

1 0 - 0  0.0 2.1100E 00 
2 0.0 0.0 Z 2 2 0 0 E  00 
3 0.0 0.0 1.69008 00 
a 0.0 0.0 1 . 8 4 0 0 ~  00 
5 0 - 0  0.0 1.9700E 00 
6 1.OOOOE-03 0.0 1. R670E 00 
7 3.0000E-03 0.0 1.4250E 00 
8 3.OOOOE-03 0.0 1.5230E 00 
9 1.70003-02 0.0 1.7000E 00 

10 3,8000E-02 0.0 1.86ROE 00 
11 6-ROOOE-02 0.0 1.9660E 00 
12 1.20OOE-01 0.0 2.1 1003 00 
13 2.10003-01 0-0 2.2600E 00 
18 3.6OOOR-01 0.0 2.36003 00 
15 6.1000E-01 0.0 2.6600E 00 
16 1 . 7 5 0 0 ~  no 0-0 a.ooooE 00 

TRLISPER CROSS SECTIONS 

P R O W  TO I +  0 I* 1 I* 2 I* 3 I* 4 I+  5 
I 

1 1.79503 00 3,1500E-01 0.0 0 - 0  0.0 0.0 
2 2.071nE 00 1.49001-01 0.0 0 -0  0.0 0.0 
3 1,4950E 00 1.950OE-01 0.0 0-0 0.0 0.0 
4 1.7240B 00 1.16008-01 0-0 0-0 . 0.0 0.0 
5 1.A980E 00 1.2OOOE-02 0.0 0.0 0.0 0.0 
6 1.81308 00 5,300OE-02 0.0 0.0 0.0 0.0 
7 1,JROOR 00 4,20003-02 0.0 0.0 0.0 0.0 
8 1.4700E 00 V.50003-02 0.0 0 -0  0.0 0.0 
9 r.6330e 00 5.0oooe-02 0-0 0.0 0.0 0.0 

16 1,752OE uo ~ , M O O O E - O L  0.0 0.0 0 . 0  n- o 
11 1.8090E 00 8,9000B-02 0.0 0.0 0.0 0.0 
12 1.90501 00 8.50003-02 0.0 0.0 0 - 0  0.0 
13 1.95401 00 9.6000E-02 0.0 0.0 0.0 0.0 
14 1.8R8OE 00 1.1200E-01 0.0 0.0 0.0 0 -0  
15 1,9750R 00 7,50003-02 0-0 0.0 0.0 0.0 
16 2.2500E 00 0.0 0.0 0.0 0.0 0.0 



RllCLIDE = 20100 C A L C I O U  GLU-2 

GP. LBSORPTION N O  PISSIOR TOTAL 

1 4.780'51-01 0.0 2.4477E 00 
2 3.65091-02 0-0  2.2029E 00 
3 2.55721-03 0.0 2.325913 00 
4 1.29618-63 0.0 1.710OE 00 
5 1.3'91E-03 0.0 1.68931 00 
6 3.3318E-04 0.0 1.34SSE 00 
1 1,26781-09 0.0 1.3955E 00 
8 R.0005B-04 0-0  1- Un57E 00 
9 2.2963B-03 0-0  1,4968E 00 

10 8.45263-02 0.0 1.51901 00 
11 4.5662R-02 0.0 1.5UOlE 00 
12 2.9101E-02 0.0 1.52361 00 
1 3  5.0863E-02 0.0 1,545UY 00 
10  R.2522E-02 0-0 1,5770E 00 
15 1,200OE-01 0.0 t 14001 00 
16 ~ . R ~ O O E - O ~  0 - 0  ?.58ioe oo 

tRAWS?ES CROSS SECTIONS 

PROR TO I t  0 It 1 It 2 I t  3 It 0 I+ 5 
r 
1 1,51631 00 3,1820G-01 1.745UE-02 3.59511-02 1.92283-02 2.55053-03 
2 1.99291 00 2.1402B-01 1.0000E-20 1,0000E-20 1.0000E-20 0.0 
3 2.019RE 00 3.00138-01 1.0000E-20 1,00001-20 0.0 0.0 
4 1.60553 00  1-0755E-01 1.0000E-20 0.0 0.0 0.0 
5 1.62711 00 6,OB2OE-02 0.0 0.0 0.0 0.0 
6 1.3116E 00 3-30Q9E-02 0-0 0- 0 0.0 0.0 
7 1 -  30071 00 0.1382E-02 0.0 0-0 0.0 0.0 
8 1.36531 00 3.95901-02 0.0 0.0 0.0 0.0 
9 1,4532E 00 4.13231-02 0.0 0.0 0.0 0.0 

10 1,492RE 00 1.1717E-02 0.0 0.0 0.0 0.0 
11 1.0279E 00 6.6615E-02 0.0 0-0 0.0 0.0 
12 1.0470E 00 0,7527E-02 0.0 0.0 0.0 0 - 0  
13 1.0385E 0 0  5.594RE-02 0.0 0.0 0.0 0.0 
10 1.9075E 00 U.6979E-02 0.0 0.0 0.0 0.0 
15 2.0000E 00 2.0000E-02 0.0 0.0 0.0 0 -0  
16 3.2000E 00 0-0 0-0 0.0 0.0 0. 0 



- 

UOCLTDE = 22100 TITLNI OR GAR-2 

GP. .hBSORPTIOM N O  PISSIOI TOT AL 

1 9 . 5 7 6 6 ~ - 0 3  0.0 i.05973 00 
2 6.83501-00 0.0 2.60201 00 
3 2.0737B-03 0.0 2.2150G 00 
0 U.02053-03 0.0 1.99551 00  
5 5.7U30E-03 0.0 ZU063R 00  
6 1.2539E-02 0.0 2 9 3 6 2 1  00 
7 2.0ORAI-01 0.0 1.4299E 01 
8 1.45663-01 0.0 4.90763 00 
9 5.2926E-02 0.0 9.2527E 00  

10 1.1531E-01 0.0 4.3007Q. 00 
11 2.01993-01 0.0 0.uo2oe 00 
12 3.3UR6E-01 0.0 O5009E 00 
13 6.0292E-01 0.0 0.9101E 00 
1U 1.0568E 00 0.0 XS201E 00  
15 2.4000E 00 0.0 6.7100E 06 
16 5.00001 00 0.0 9.0000E 00 

TRANSFER CROSS SECTIONS 

PBOR TO I* 0 I *  1 f* 2 I +  3 I *  0 I* 5 
I 

1 9.19191-01 9.0585E-01 1,07532-01 1.5028E-01 2.450 1E-02 2.7875E-03 
2 2.0319E 00 3.19931-01 2.32961-01 5.3699E-02 2.69593-01 1.9040E-OU 
3 1.8311E 00 2.6271C-01 1.0070E-01 1.756UE-02 7.Of160R-04 1.4592E-00 
0 1.8707E 00 1.2075B-01 1.0000E-20 1.0000E-20 1.0000E-20 0.0 
5 2.328UE 00 1.1217C-01 1.0000C-20 1.0000E-20 0. 0 0.0 
6 2.90751 00 1.61088-02 1.OOOOB-20 0.0 0.0 0.0 
7 1.3967B 01 1.3080B-01 0.0 0.0 0.0 0.0 
8 0.66061 00 9.7396B-02 0.0 0 - 0  0. 0 0.0 
9 9 - 1 0 8 9 t  00 5.0842B-02 0.0 0.0 0.0 0.0 

10 0 . 1 0 0 3 ~  00 6.10568-02 0.u 0.0 0.0 Q- 0 
11 4.1072E 00 9.28560-02 0.0 0.0 0.0 0.0 
12 0.12718 00 3.8946B-02 0.0 0.0 0. 0 0.0 
13 0,2890E 00 1.81771-02 0.0 0.0 0.0 0.0 
10 0.0670I 00 6,06581-02 0.0 0.0 0 - 9  0.0. 
15 0.20OOE 00 1.10001-01 0.0 0.0 0.0 0.0 
16 0.0000E 00 0.0 0.0 0 -0  0.0 0.0 



RDCLIDE = 2 ~ 1 0 0  C B R O ~ I U R  AEROJBT 

CP. ABSORPTION N U  P r s s r o u  TOTA L 

1 1.0000E-02 0.0 2. UOOOC 00 
2 2.0000E-02 0.0 2,36003 00 
3 2.0000E-02 0.0 2,17001 00 
4 2.OOOOE-02 0.0 2.62008 00 
5 8.OOOOE-02 0.0 ?.55OOE 00 
6 1,lOOOt-01 0.0 3.1700E 00 
7 7,ooooe-02 0.0 1.2920E 01 
8 2.00OOC-02 0.0 k6100E  00 
9 3.00OOE-02 0.0 U.2OOOE 00 

10 6.0000B-02 0.0 C2500E 00 
11 1. ioooe-01 0.0 U. 3oooe 00 
12 1.90001-01 0.0 4.35001 00 
13 3.40001-01 0.0 U.U700E 00 
1 1  5.50008-01 0.0 4.6400E 00 
15 9.9000R-01 0.0 5.2lOOC 00 
16 3.1000E 00 0.0 6.1000E 00 

I 

TBAUSPIR CROSS SECTIONS 

PBOll TO I *  0 It 1 I+  2 I+ 3 I *  U I t  5 
T 

1 1.2500E 00 5.tOOOE-01 2.6000E-01 2. 50008-01 9.0000E-02 1.0000E-02 
2 1.0700E 00 3.5600E-01 3.6000E-01 1.5000E-01 1.0000E-02 0.0 
3 1.7900E 00 2.8000E-01 7.0000E-02 1.OOOOE-02 0.0 0.0 
U 2.O500E 00 1.5000E-01 1.0000E-07 0.0 0.0 0.0 
5 3.3800E 00 1.30OOE-01 0.0 0.0 0.0 0.0 
6 3.0000E 00 6.000OE-02 0.0 0.0 0.0 0.0 
7 1.2680E 01 1.70OOB-01 0.0 0.0 0.0 0.0 
8 6 . 5 6 0 0 ~  00 9 ,00n0~-02  0.0 0-0  0.0 0.0 
9 0.12003 00 9,OOOOB-02 0.0 0.0 0.0 0.0 

10 0.0600E 00 1.3000E-01 0-0 0.0 0.0 0.0 
11 U.0500E 00 1.4OOOB-01 0.0 0.0 0.0 0.0 
12 0.0300C 00 1.300OB-01 0.0 0.0 0.0 0.0 " 
13 3.9900E 00 1,4000E-01 0.0 0.0 0.0 0.0 
l a  3.92OOB 00 1.7000B-01 0.0 0.0 0.0 0.0 
15 0. 10008 00 1,2000E-01 0.0 0.0 0.0 0.0 
16 3.00001 00 0.0 0.0 0-0 0.0 0.0 



RUCLIDE = 25100 PO IIARGAREsE-55 ERDP/B-IV PIAT 1197 

GP. ABSORPTION N U  PISSIOR TOTIL 

1 7.2195B-03 0.0 3.6840E 0 0  
2 1.9367E-03 0.0 3-5U83E 00 
3 2-60681-03 0-0 L 3 5 6 3 E  0 0  
Q 3,6887E-03 0.0 3.39361 00 
5 8,86021-03 0.0 0.5903B 0 0  
6 4.0616E-02 0.0 L 1503E 0 1  
7 5.3250E-02 0.0 2.3862E 01 
8 7.60221-01 0-0 1.13683 0 2  
9 a . 7 0 3 0 ~  00 0.0 ~ 0 2 0 0 ~  02 

10 3.90101-01 0 -0  3.25903 00 
11 5.5900E-01 0.0 2.5907E 00 
12 9-37221-01 0.0 2.7709E 0 0  
13 1.63063 00 0.0 3,41561 00 
10 2.69101 00 0.0 0.4561 E 00 
15 4.9256E 00 0-0 6,686812 00 
16 1.29993 01 0.0 1.4189E 01 

TRANSFER CROSS SECTIORS 

PROR TO I *  0 I *  1 f* 2 I *  3 I* 0 I* 5 
I 

1 2.4080E 00 7-66491-01 2.4398E-01 1.8904E-01 6.4838E-02 5.33303-03 
2 2.86081 00 3,50791-01 Z4053d-01 8.2962E-02 1.0654E-02 7.4174E-00 
3 2.87781 00 3.7344bOl 8,269RP-02 1.7937E-02 1.71223-03 1.1362E-04 
0 3.0992E 00 2.UO59E-01 0.0 0.0 0.0 0.0 
5 0-43201 00 1 . 3 8 9 3 6 0 1  9.5151E-03 9-753133-04 6.7550E-05 4-3619E-06 
6 1.13901 01 6.908OE-02 0.0 0.0 0.0 0.0 
7 2-20981  01 1.3105E 00 0-0 0.0 0.0 0.0 
8 1.12501 02 0.1573E-01 (10 0 -0  0.0 0.0 
9 1.9760E 02 9.1076B-02 0.0 0-0 0.0 0.0 

1U 2 .4UIOB 00 6.7370IP02 0-0 0.0 0.0 0 -0  
11 1,96861 00 6,2533B-02 0.0 0.0 0.0 0.0 
12 1.77861 00 5.0959B-02 0.0 0.0 0.0 0.0 
13 1.71891 00 6,21323-02 0.0 0.0 0- 0 0.0 
1 9  1,69901 0 0  7.5911E-02 0.0 0.0 0.0 0.0 
15 1.6761E (TO 8.5122B-02 0.0 0.0 0.0 0.0 
16 1.77001 00 0-0 0.0 0.0 0.0 0.0 

$ 



~ O C L ~ E  1 26100 I R O N  A 4 U S B l  B O L C A  

GP. 4 B S O R ? T I O U  U O  F I S S I O U  T O T 4  L 

1 7.000OE-03 0.0 2. 2U70E 00 
2 5,00008-03 0.0 Z2000E 00 
3 1.0000t-02 0.0 1,9600E 00 
O 1.OOOOE-02 0.0 Z2900E 00 
5 1.0000E-02 0.0 2. U400E 00 
6 1.0000E-02 0.0 Z23OOE 00 
7 1.00001-02 0.0 5.6500R 00 
0 1.1000E-02 0.0 7. 11OOE 00 
9 2.7000t-02 0.0 1.09681 01 

10 5.5000E-02 .0.0 1.13601 01 
11 9.ROOOE-02 0.0 1 . 1 3 6 ~ ~  n l  
12 1.706OE-01 0.0 1.1370E 01 
13 3.10001-01 0.0 1.1370E 01 
10 5.10OOl?-Ol 0.0 1.1370E 01 
15 9.1000E-01 0.0 1.1570E 01 
16 2,53003 00 0.0 1.3070E 01 

TRANSFER CROSS S E C T X O U S  

P R O 8  TO I t  0 tt 1 1 2 I 3 I* O I* 5 
I 

1 1.0800E 00 5.000OB-01 2-OOOOB-01 1.0000E-01 0.0 0.0 
2 1.0950E 00 0,000Ot-01 2.OOOOE-01 1.0000E-01 0.0 .O. 0 
3 1.4700E 00 2.3000t-01 2.3OOOB-01 2.0000E-02 0.0 0.0 
4 2.15701 00 1.2300E-01 l.OO00E-08 0.0 0.0 . 0.0 
5 2.35903 00. 7.1OOOE-02 0.0 0.0' 0.0 0.0 
6 2.17OOt 00 5,0000E-02 '0.0 0.0 0.0 0.0 
7 5,52003 00 1.2000E-01 0.0 0.0 0.0 0.0 
8 6.9520X 00 1.5100t-01 . 0.0 0.0 0.0 0.0 
9 1.0708t 01 2,330OE-01 0.0 0.0 0.0 0.0 

10 1.09771 01 3.3200E-01 0.0 0.0 0.0 0. 0 
11 1.0901t  01 3.6500E-01 0.0 0.0 0.0 0.0 
.I2 1.0871E 01 3.2900B-01 0.0 0.0 0.0 0.0 
13 1.07021 01 3.5000t-01 0.0 0.0 0.0 0.0 , 
1Y 1.0431E 01 0.2900t-01 0.0 0.0 0.0 0.0'. 
15 1.0390E 01 2,700OE-01 0.0 0.0 0.0 0.0 
16 1.0500t 01 0.0 0.0 0.0 0.0 0.0 

- 



aoctrae = 29100 NICKEL A A N S E A  ROLCA 

GP. ABSORPTIOII no P I S S I O ~  T O T A L  

1 2.7000B-01 0.0 2.2900R 00 
2 1,0000E-01 0.0 2.3400E 00 
3 1.0000E-02 0.n 2-5300E 00 
4 1.0000E-02 0.0 2.4500E 00 
5 1.0000E-02 0.0 3.3800E 00 
6 2.0000E-02 0.0 5.1700P: 0 0  
7 3.8000B-01 0-0 1.95AOE 01 
8 4.0000B-02 0.0 1. 5680E 01 
9 9.00001-02 0.0 1.66801 01 

10 1.00OOB-01 0.0 1.6130E 01 
11 1.ROOOL-01 0.0 1.73603 01 
12 3.1000t-01 0.0 1.73101 0 1  
13  5.60OOE-01 0.0 1.7510t 0 1  
10 9.4000t-01 0.0 1.8200E 01 
15 1,60001 00 0.0 1.9000G 0 1  
16 4.6000t 00 0.0 2 1 2 1 0 t  0 1  

TRLlSPER CROSS SECTIONS 

PBOl TO I t  0 I* 1 I+  2 I+ 3 It I 
I 

1 1.2200E 00 5.0000E-01 2.0000E-01 1.00001-01 0.0 
2 1.64001 00 3 ,0000EOl  2.00001-01 1.0000E-01 0.0 
3 2.22001 00 2 . 5 0 0 0 ~ 0 1  5-OOOOE-02 0.0 0.0 
B 2.3400E 00 1.0000E-01 0.0 0.0 0.0 
5 3-2900E 00 8-0000E-02 0-0 0.0 0.0 
6 5.0500E 00 1.00001-01 0.0 0.0 0.0 
7 1.3910C 01 2.90001-01 0.0 0.0 0.0 
8 1.5320E 01 3.2OOOE-01 0.0 0.0 0.0 
9 1 , 6 3 0 0 B 0 1  3.30003-01 0.0 0.0 0.0 

10 1.6160E 01 4 .7066~-01  0.0 0 - 0  0.0 
11 1.65901 01 5.3000E-01 0.0 0.0 0.0 
12 1.6520E 01 Q.8OOOE-01 0.0 0-0 0.0 
13 1.60203 01 5.3000E-01 0.0 0.0 0.0 
19 1.66208 01 6,UOOOB-01 0.0 0.0 0.0 
15 1-6q70E 01 0.3000R-01 0.0 0.0 0.0 
16 1,66108 01 0.0 0.0 0.0 0.0 



NUCLIDE = 29100 COPPER XSDBR 

GP. LBSORPTIOR N U  FISSION TOTAL 

1 0,99798-02 0.0 3.6672E 00 
2 1.3446E-02 0.0 3,19693 00 
3 5,73103-03 0.0 3.3R781 00 
U 2.38488-02 0.0 3.92593 00 
S 2.72963-02 0.0 5.02133 00 

- 6 7.22791-02 0.0 7,0516E 00 
7 2.35253-01 0-0 9.0048E 00 
8 7,0604E-01 0.0 9.7082E 00 
9 4.00443-02 0.0 7.04653 00  

10 7.9954E-02 0.0 1.U199E 00 
11 1.44961-01 0.0 7.5650E 00 
12 2.5371E-01 0.0 7.8370E 00 
13 4.6451R-01 0.0 7.09241! 00 
1@ 7.4410E-01 0-0  7.9063R 00 
15  1.57SlE 00 0.0 8.78523 00 
16 3.35171 00 0.0 1,06023 01 

TBLESPCR CROSS SECTIONS 

eRon TO I +  o I+ 1 I+ 2 I+ 3 I+ 4 I 5 
1 

1 2.1U33B 00 6.0475E-01 3.8675E-01 3-41588-01 1.426OE-01 0.0 
2 2.331OE 00 3-66183-01 3.2363E-01 1.4597E-01 1.6654E-02 0.0 
3 2.99691 00 2.9316E-01 0.15098-02 1.021 1E-02 2.20401-04 0.0 
U 3.7473E 00 1.5204l+01 2.65053-03 5.62041-05 2.9912E-06 0.0 
5 4.90123 00 9,28053-02 0.0 0-0 0 .0 -  0.0 
6 6.8482B 00 L 1.31031-01 0.0 0.0 0.0 0.0 
7 8.6219d 00 1.8760E-01 0.0 0.0 0.0 0.0 
8 8.8011C 00 1.21051-01 0.0 0.0 0.0 0.0 
9 6.87783 00 1.2866E-01 0.0 0.0 0.0 0.0 

10  7,15631 00 1-83698-01 0.0 0.0 0.0 0.0 
11 7.18811 00 2.31923-01 0.0 0.0 0.0 0.0 
12 7.39961 00 1.8903%01 0.0 0.0 0.0 . 0.0 
13 7.29863 00 l.193OE-01 0.0 0.0 0- 0 0.0 
11  7.1397R 00 6.211SE-02 0.0 0.0 0.0 0.0 
15 7.1763E 00 3.34103-02 0.0 0.0 0.0 0.0 
16 7.1626E 00 0.0 0.0 0.0 0.0 0.0 



ROCLXDE = 30100 Z I l C  

GP, RBSORPTIOR A0 PTSSIOR TOTAL 

1 1.8765E-03 0.0 3.6476E 00 
2 2.7631E-03 0.0 3-0578E 00 
3 4.0OOOE-03 0-0 3.9595E 00 
4 5.6085G-03 6.0 0.37251! 00 
5 1.0017E-02 0.0 5,58491 00 
6 2.5667t-02 0.0 6.65U6G 00 
7 6.6150E-02 0-0 1.92221 00 
8 1,07553-01 0-0 1. 1133B 0 1  
9 5.2806E-02 0.0 1,35251 01 

10 2.0971E-02 0-0 1 9 6 2 7 3  00 
11 0.3470E-02 0.0 0.0135E 00 
12 7.50393-02 0-0 0045512 0 0  
13  1.0119E-01 0.0 4.1112E 00 
10 2.305QE-01 0.0 9.2006E 00 
15 0.0000E-01 0-0 4.6000E 00 
16 9.70001-01 0.0 5,07008 00 

TBCiRSPER CROSS SECTIONS 

?RON TO T + o 14 1 I* 2 I+ 3 I +  u 14 5 
I 

1 2.0791E 00 7.1630E-01 3.2210E-01 3.71233-61 1. 4229E-01 1.4573E-02 
2 2.2557C 00 3,0703E-01 3,2992E-01 1.4973E-01 1.6937E-02 3.361lE-09 
3 3.02411 00 3.9642E-01 7,4509R-02 9.52263-03 1.9630E-04 1.017OE-05 
U U,2053E 00 1.5R72E-01 2.7305E-03 5,80503-05 3.0401E-06 6..4852E-08 
5 5.07313 00 1.0065E-01 0.0 0.0 0.0 0.0 
6 6.5150E 00 1.1397E-01 .0,0 0.0 0.0 0.0 
7 7 .21231 00 1.4356d-01 0-0 0.0 0.0 . 0.0 
8 1.09801 01 1,4U65E-O1 0-0 0.0 0.0 0.0 
9 1.3007E 01 6-50071-02 0.0 0.0 0.0 0.0 

10 3 . e 0 ~ u e  00 9 . 3 3 0 3 e 0 2  0-0 0.0 n. o 0.0 
11 3.8504E 00 1.1967E-01 0.0 0.0 0.0 0.0 
12 3.97528 00 9-4801E-02 0-0 0.0 0.0 0.0 
13 3.8709E 00 9.5167E-02 0 - 0  0.0 0.0 0- 0 
14 3.812RE 00 1.5727B-01 0.0 0.0 0.0 0.0 
15 4,0000E 00 1.60001-01 0.0 0-0 0.0 0.0 
16 4.1000E 00 0.0 0.0 0.0 0.0 0.. 0 



R ~ C L T D E  = 42100 MOLYBOPbON HANSEN ROACH 

GP. ABS09PTKON R U  PISSIOR TOTAL 

1 1.00OOE-02 0.0 2, UOOO!! 00 
2 2.OOOOE-02 0.0 2-90001 00 
3 4.0000E-02 0.0 3.9000E 00 
1 7.00008-02 0.0 6.20OOE 00 
5 9.0000E-02 0.0 8.2000E 00 
6 1.70001-01 0.0 7.9000P 00 
7 4.0000E-01 0.0 7.1000E 00 
8 1.5000E 00 0.0 8.05OOE 00 
9 2,9000E 00 0.0 9.1600R 00 

10 1.3UOOE 01 0 -0  1.93608 01 
11 5,0000E-02 0-0 5.5600E 00 
12 8,OOOOE-02 0.0 566OOE 00 
13 1. 5000E-01 0.0 5.9600E 00 
14 2.50OOP-01 0-0 6.0600E 00 
15 9,0000E-01 0.0 6-6600E 00 
16 2,5000E 00 0-0 7.5600E 00 

TRANSPER CROSS SRCTTONS 

PROR TO K* 0 I *  1 T* 2 I *  3 I *  U I *  5 
I 

1 1-3Q00E 00 5.0000E-01 3,0000E-01 2,0000E-01 0.0 0.0 
2 2.1190E 00 4,OOOOE-01 2.5000E-01 1.0000E-01 0.0 0-0 
3 3.4600P 00 3.0OOOE-01 1.0000?-01 0.0 0.0 , 0.0 
4 5 . 9 3 0 0 ~  00 ? - n n o n ~ - o 1  0.0 0.0 0.0 0.0 
5 7.9RnOE 00 1,3000E-01 0.0 0-0 0.0 0.0 
6 7.63001 00 1.0000E-01 0.0 0 -0  0.0 0.0 
1 6.620013 00 8.0000E-02 0.0 0.0 0.0 0.0 
B 6.4700E 00 8-OOOOE-02 0-0 0.0 0.0 0.0 
Q 6.1R00E 00 R.0000E-02 0.0 0.0 0.0 0.0 

10 5.8600E 00 1,0000E-01 0.0 0.0 0.0 0.0 
11 ~.11100k 00 1 .0000~-01  0-9 0.0 0.0 0.0 
12 5.48001 00 1.0000E-01 0.0 0.0 0.0 0.0 
1 3  S.70fJOE 00 1. 1000!2-01 0.0 0 -0  0.0 0.0 
1~ 6 , 0 7 0 0 ~  00 1 , ~ 0 0 n ~ - 0 1  0.0 0.0 0.0 0.0 
15 5,670013 00 4.0000E-02 0.0 0-0 0.0 0.0 
16 5.0600E 00 . 0-0 0.0 0-0 0.0 0.0 



HANSEN ROACA NOCLIDB - 92500 0-235 IR 

GP. LBSORPTION N U  ?ISSION TOTAL 

1 1.2600E 00 3.557DE 00 4.2500R 00 
2 1.3000E 00 3,1960E 00 B, 5000E 00 
3 1.3300E 00 3,0870E 00 LtiTOOR 00 
O 1,JSOOE 00 2-9880E 00 5,2000E 00 
5 1.6600E 00 3.5180E 00 7.9000E 00 
6 3.1500E 00 6.1250E 00 1.24001 01 
7 5.5000E 00 1.0290E 01  1,5100E 01  
9 1.1100E 01  1.9360E 01  2,1100E 01 
9 2.7200E 01 4.5815E 01 3,7200E 01  

10 5.Rn00E 01 9.3100E 01 6-8000E 01 
11 7.9000E 01 1.06901 02 8,9000R 01  
12 7.4000E 01  8.2600E 01 8.4000E 01 
13 3,9000E 01  7.35001 01 4.9000E 01 
10 8,OOOOE 0 1  1.7150E 02 9.0000E 01 
15 2.24001 02 4.5325E 02 2.3800E 02 
16 6.1100E 02 1.26021 03 6-2100E 02 

TRLUSPEI CROSS SECTIONS 

PRON TO I +  0 I+ 1 I+ 2 I 3 I+ 4 I+ 5 
T 

1 1.2000E 00 2.70003-01 3.7000E-01 6.5000E-01 B. BOOOE-01 6.00001-02 
2 1,7700E 00 2.B000E-01 6.7000~-01 4.5000E-01 7,0000E-02 0.0 
3 2,3000E 00 5.50O0C-01 4.000OE-01 7.0000E-02 0.0 0.0 
4 3.U2OOE 00 3.5000E-01 8.0000F-02 0.0 0 - 0  0.0 
5 6.1600E 00 8.0000E-02 0-0 0.0 0 - 0  0.0 
6 9,2000E 00 5,0000E-02 0.0 0.0 0.0 0.0 
7 9.5500R 00 5.0000E-02 0.0 0.0 0.0 0.0 
8 9.9500E 00 5,0000E-02 0.0 0.0 0 - 0  0.0 

T = 9 TWRO T= 14  SLqC LS LBOVE 
15 9- GOO^ 00 U.OOOOB-02 0-0 n. n 0.0 0.0 
16 1,0000E 01 0.0 0-0 0.0 0.0 0.0 



ce. raso~errou wo rrssron TOT A L 

TBARSPER CROSS SECTIOWS 

1.2000E 00 
1.7700E 00 
2.3000E 00 
3.U2OOE 00 
6.16OOE 00 
9.2000E 00 
9.55003 00 
9,95003 00 

9 TBRO I= 
9.9600E 00 
1 ~ 0 0 0 0 E  01 

2.7000~-01 3.7000E-0.1 
2.4OOOE- 01 6.7000E-01 
5.soooE-01 4.0000E-01 
3.5000E-01 8.00008-02 
8.0000E-02 0.0 
5.0000E-02 0.0 
5.0000E-02. 0.0 
5.00OOE-02 0.0 

14 SLME AS ABOVE 
4. 0000E- 02 0.0 
0. 0 0.0 

BANS98 ROACH 



RANSEN BOACE 

, 

NUCLIDE = 92508 0-235-8R SIC P = 1000 

GP. ABSORPTION R O  FISSION TOTAL 

1 1.2600E 00 3.55708 00 4.2500E 00 
2 1. 3000E 00 3.1960E 00 4.5000B 00 
3 1.3300E 00 3.0870E 00 4.65001 00 
0 1.3500E 00 2.98803 00 5.2000E 00 
5 1.6600E 00 3,SlROE 00 7.90008 00 
6 3.1500C 00 6.12501 00 1,2UOOK 01 
7 5.5000E 00 1.02901 01 1.510OE 01 
8 1,1100E 01 1.93608 01 i.1100E 01 
9 2,72008 01 4.5815C 01 3.72001 01 

10 5.75003 01 9,18751 01 6.7500E 01 
11 5.79001 01 8.0100E 01 6,79002 01 
12 6.2600B 01 6.8300E 01 7.2600E 01 
13 3.9000E 01 7.3500K 01 4.9000E 01 
1U 8.00001 01 1.7150B 02 9,0000E 01 
15 2,29001 02 4.5325E 02 2.3400E 02 
16 6.11OOE 02 1.2602E 03 6.2100R 02 

TRAIIWtR CROSS SECTIONS 

pnon TO 14 o 14 1 14 2 14 3 4 4 I+ 5 
I 
1 1,2000t 00 2.7OOOK-01 3.7000t-01 6.SOOOE-01 4.4OOOE-01 6.OOOOE-02 
2 1.7700E 00 2.00001-01 6.700OE-01 4.5000E-01 7.000OE-02 0.0 
3 2.30QOE 00 5.5000E-01 4.0000E-01 7.0000E-02 0.0 0.0 
O 3.0200E 00 3.5000K-01 8.00001-02 0.0 0.0 0.0 
5 6.16008 00 8.00063-02 0-0 0.0 0.0 0.0 
6 9.20001 00 5.0OOOE-02 0.0 0.0 0.0 0.0 
7 9.5500E 00 5.00001-02 0.0 0.0 0.0 0.0 
8 9.95001 00 5.0OOOK-02 0.0 0.0 0.0 0.0 

f = 9 TRRO I= l a  SANE AS ABOVE 
15 9.96nnn nn  a-nnonrr-02 0-0 0.0 0.0 0.0 
16 1,0000E 01 0.0 0. 0 0-0 0.0 0.0 



NOCLIDE = 92509 0-235-9R SLG P = 2000 HLNSER BOACA 

I GP. LBSORPTIOW NU PISSIOI TOTAL 

2,7000E-01 3.7000B-01 
2.U000E- 01 6.7000E-01 
5.50001-01 U.00OOE-01 
3.5000E-01 8.00002-02 
8.OOOOE-02 0.0 
5,0000E-02 0.0 
5.0000B-02 0.0 
5,0000E-02 0-0 

1U SbRB AS ABOVE , 

a, OOOOE- 02 0.0 
0 . 0  0.0 



NUCLIDE = 92512 0-235-128 SIG P = 10000 HANSBN BOACR 

GP. ABSORPTION N U  FISSION TOT A L 

1 1.2600E 00 3.5570E 00 4.2500E 00 
2 1.3000E 00 3.1960E 00 4.5000E 00 
3 1.3300E 00 3.0870E 00 0,65001 00 
4 1.3500E 00 2.98A01 00 5.2000E 00 
5 1.6600E 00 3.51801 00 7.89001 00 
6 3.15001 00 6.12563 00 1,24001 01 
7 5.50001 00 1.0290E 01 1.5100E 01 
8 1,11001 01 1.9360E 01 2.1100E 01 
9 2.7200E 01 4.58151 01 3.7200E 01 

10 5.80601 01 9.31008 01 6.80001 01 
11 7.52001 01 1.03801 02 8.5200E 01  
12 7.22008 01 8.0700E 01 8.2200R 01 
13 3,9000E 01 7.35001 01 0.9000E 01 
14 B.OOOOB 01 1.71508 02 9.0000E 01 
15 2.2000B 02 U.5325E 02 2.3000R 02 
16 6.110flE 02 1.26421 03 6,21008 02 

TRANSPER CROSS seclrons 

FRON TO I *  0 I* 1 I 2 I *  3 I* U I* 5 
I 

1 1.2000E 00 2.7060C-01 3.7000E-01 6.5900E-01 4 . 0 0 0 0 ~ 0 1  6.00boE-02 
2 1,7700E 00 2.4000E-01 6.7000E-01 U.50001-01 7.0000E-02 0.0 
3 2,3000E 00 5.50001-01 0.00001-01 7.0000F-02 0.0 0.0 
4 3.6200E 00 3.5000C-01 8.00001-02 0.0 0. 0' 0.0 
5 6,1600E 00 A.OOOOE-02 0.0 0.0 0.0 0. 0 
6 9.2000E 00 5.0000%02 0.0 0.0 0.0 0.0 
7 9,55008 00 5.0000E-02 0.0 0.0 0.0 0-0 
R 9.95001 00 '5.0OOOE-02 0.0 0.0 0.0 0.0 

1 = 9 T A R O  I= 19 SANE AS ABOVE 
15 9 . 9 6 0 0 ~  00 O-OOOOE-02 U.0 0.0 0.0 0.0 
16 1.0000E 01 0.0 0.0 0.0 0.0 0.0 



lUCLIDE = 92800 0-238 Y AAlSEU ROLCA 

GP, hBSORPTION NO PISSION TOTAL 

1 5.6600B-01 1.7250E 00 4.0OOOE 00 
2 5.3500R-01 1.21301 00 0.OOOOC 00 
3 1.0000R-01 1.0900E-01 0.5000E 00 
4 1.UOOOE-01 0.0 5.25001 00 
5 1.60OOE-01 0.0 8.2OOOE 00 
6 a.5000E-01 0.0 1.200OE 01 
7 7.00008-01 0.0 1.lOOOE 01 
8 2.0000E 00 0.0 1.5000E 0 1 
9 1.1000E 01 0.0 2.2000E 01 

10 5.00008 01 0.0 5.9000E 01 
11 5.6000E 01 0.0 6.5000E 01 
12 1.10001 02 0.0 1.1900% 02 
13 0.00001-01 0.0 9.4000E 00 
18 5.50008-01 0.0 9.5500E 00 
15 1.0000B 00 0.0 l.0OOOE 01 
16 2.UUOOE 00 0.0 1.1040E 01 

TBLISPCR CROSS SECtIOlS 

PROR TO I +  0 T* 1 T* 2 T *  3 I U I+ 5 
I 

1 1.25001 00 3.10001-01 0.6000E-01 7-90003-01 5.3000E-01 7.0000E-02 
2 1.8250E 00 3.500OE-01 . 9.600OE-01 6.UOOOE-01 9.0000E-02 0.0 
3 2.9060E 00 8.00001-01 ' 5.5000E-01 1.0000E-01 0.0. 0.0 
0 0,5300E 00 . 5 . 0 0 0 0 ~ - 0 f  8;OOOOE-02 0.0 0- 0 0.0 
5 7.96001 00 8.OOOOE-02 0.0 0.0 0.0 0.0 
6 1.1950E 01 1.0000E-01 0.0 0.0 -0.0 0.0 
7 1.32401 01 6.OOOOE-02 0.0 0.0 0.0 0.0 
R 1.29001 01 6.000OE-02 0.0 0.0 0.0 0.0 
9 1.09501 01 5.0000E-02 0.0 0.0 0.0 ' 0.0 

10 8.9COOB 00 6,0000E-02 0-0 . 0-0 0.0 0.0 ' 

r = 11 T A R O  I= 10 sqne AS ABOVE 
15 8.9500E 00 5.0000E-02 0.0 0.0 0.0 0.0 
16 9.0000B 00 0.0 . 0.0 0.0 0.0 0.0 

- - 



IOCLXDE = 92852 0-238 S I C  P = 20000 AAASER ROACR 

GP. ABSORPTION I 0  FISSION TOTAL 

1 5.6600E-01 1.7250E 00 U.OOOOE 00 
2 5.3500t-01 1.2130E 00 0.U000E 00 
3 l.000OC-01 1.OR001-01 Q5000E 00 
0 1.0000E-01 0.0 5.2500E 00 
5 1.6000E-01 0.0 8.2000E 00 
6 0.5000E-01 0.0 1.2000E 0 1 
7 7,0000E-01 0.0 1.4OOOE 01 
8 2.0000E 00 0.0 1.5000E 01 
9 1.0600E01 0.0 Z 1600E 01 

10 3.78008 01 0.0 0.6800E 01 
11 3.7800E 01 0.0 4.6800E 01 
12 7.08001 01 0.0 8.3800E 01 
13 0.0000E-01 0.0 9.4000E 00 
1O 5,5000E-01 0.0 9.5500E 00 
15 1. OOOOE 00 0.0 L00001! 01 
16 2.4430E 00 0.0 1. lU4OE 01 

TRIRSPER CROSS SECTIONS 

PROM TO I +  0 I *  1 I* 2 I *  3 I *  4 I *  5 
I 

1 1.2500G 00 3.3000E-01 0.6000E-01 7. 9000E-01 5. 300OE-01 7.0000E-02 
, 2 1.82501 00 3.5000E-01 9.6000E-01 6,UOODE-01 .9.0000E-02 0.0 

3 2.3060E 00 8,00001-01 5-5000E-01 1.0000E-01 0.0 0.0 
U U.5300E 00 5.0000E-01 8.0000Y-02 0.0 0.0 0.0 
5 7.9600E 00 8.0000E-02 0.0 0.0 0.0 0.0 
6 1,1050E 01 1.00001-01 0.0 0.0 0.0 0.0, 
7 1.3200E 01 6.OOOOE-02 0.0 0.0 0.0 0.0 
R 1.2900E01 6.0000B-02 0.0 0.0 0.0 0.0 
9 1.0950E 01 5.0000E-02 0.0 0.0 0.0 0.0 

IU  e . 9 ~ 0 0 ~  00 ~ .OOOOE- .02  0.0 O ,  n 0.0 0.0 
I = 11 TARU I= 19 SANE LS hBOVE 

15 8.9500E 00 5.0000E-02 0.0 0.0 0.0 0.0 
16 9 . 0 0 0 0 ~  00 0.0 0.0 0.0 0.0 n. o 



NWCLIDI! = 02955 d - ' 2 3 ~  SIC P = 100000 HANSEN ROACH 

GP. ABSORPTION N U  FISSION TOTAL 

1 5,66001-01 1.7250E 00 U.OOOOE 00 
2 5.3500E-01 1,2130E 00 9.40005 00 
3 1.UUOOE-01 1.0800E-01 U-S0OOE 00 
4 1.UOOOE-01 0.0 5.2500E 00 
5 l..6000E-01 0.0 R, 2000E 00 
6 U:.5000E-01 0.0 1.2000R 01 
7 7,.6000E-01 0.0 1,400OE 01 
8 2.0000E 00 0.0 1.SOOOC 01 
9 1.1000E 01 0.0 2.2OOOE 01 

10 4.6600E 01 0.0 5.56001 01 
11 5.0000E 01 0-0 5,9U00E 01 
12 9 ,9000 t  01 0.0 1.0900E 02 
13 U.OOOOE-01 0.0 9,U300E 00 
14 5.5QOOE-01 0-0 S. 5500F 00 
15 1.0000E 00 0.0 1.0000E 01 
16 2.UUOOE 00 0.0 1.1UUOE 0 1  

TRANSFER CROSS SECTIONS 

PROR TO T* 0 I t  1 I 2 I t  3 I+ U It 5 
I 

1 1.25UOE 00 3.3000E-01 U-6000E-01 7.9OOOE-01 5. 3OOOE-01 7.OO.OOE-02 
2 1.8250E 00 3.5000E-01 9.60OOE-01 , 6,UOOOE-01 9.OOOOE-02 0.0 
3 2.9060E 00 4,0000E-01 5. SOOOE-01 1.0000C-01 0.0 0.0 
4 U.5300E 00 5-n000E-01 R.0000E-02 0.0 0.0 0.0 
5 7 . 9 6 0 0 ~  00 8 , 0 0 0 0 ~ - 0 2  n.0 0.0 0.0 0.0 
6 1.1USOE 01 1,0000E-01 0.0 0.0 0.0 0.0 
7 1.32401 01 6,0000E-02 0.0 0-0 0.0 0.0 
B 1.2900E 01 6,00001-02 0.0 0.0 0.0 0.0 
9 1,0950E 01 5.OOOOE-02 0.0 0-0 0.0 0.0 

10 8.9UOOE 00 6.0000E-02 0- 0 0.0 0.0 0.0. 
I = 1 1 T R R ! l I =  1U SANE AS ABOVE 

15 8.9500E 00 5.0000E-02 0-0 0- 0 0.0 0.0 
16 9.0000E 00 0.0 0.0 0.0 0.0 0.0 



NUCLIDE = 92856 0-238- 1R SIC P = 20 

CP. ABSORITIOl 40 PISSIOB TOTIL ' 

1 5.6600E-01 1.72503 00 4.0000E 00 
2 5.35003-01 1.2130E 00 U-OOOOE 00 
3 1,UUOOE-01 1.0800E-01 4,50003 00 
O 1.4000E-01 0.0 5.2500E 00 
5 1.6OOOE-01 0.0 8. 2OOOE 00 
6 0.5000E-01 0.0 1.2000E 01  
7 7.0000E-01 0.0 1.OOOOE 01  
A 8.00001-01 0.0 1.3ROOE 01  
9 1.3000R 00 0.0 1.23003 01  

10 2,200072 00 0.0 1.12001 01 
11 2.0000E 00 0.0 1.10001! 01 
12 4.0000E 00 0.0 1.3000E 01 
13 0.0000E-01 0.0 9.UOOOR 00 
14 5.5000E-01 0.0 9.5500E 00  
15 1.0000E 00 0.0 1.00001 01 
16 2.0400E 00 0.0 1.1440E 01  

TBAIISFER CROSS SECTIORS 

PRON TO I *  0 I* 1 I* 2 I+ 3 I* 4 I* 5 
I 

1 1.254OE 00 3.3000E-01 4.6000E-01 7.9000E-01 5.3000E-01 7.000OE-02 
2 1.82503 00 3.5OOOE-01 9.6000E-01 6.0000E-01 9.00003-02 0.0 
3 2.9060R 00 8.OOOOE-01 5.5000E-01 1.0000E-01 0.0 0.0 
U 4.5300E 00 5.0000E-01 8.00003-02 0.0 . . 0.0 0.0 
5 7.9600E 00 8.0000E-02 0.0 0.0 0.0 0.0 
6 1.10501 01 1.00OOE-01 0.0 0.0 0.0 0.0 
7 1.3200E 01 6.00001-02 0.0 0.0 0.0 0.0 
8 1.2900E 01 6.000OE-02 0.0 0.0 0.0 0.0 
9 1.0950E 01 5.0000E-02 0.0 0.0 0.0 0.0 

1 u  ~ 1 . 9 ~ o o t  00 6.ooooe-02 0.0 0.0 n. n 0.0 
I = 11  THRfI I= 1O SARE AS ABOVE 

15 8.95003 00 5.0000E-02 0.0 0.0 0.0 0.0 
16 9.00008 00 0.0 0.0 0.0 0.0 0.0 



AIASEU BOACA UOCLIDB 92859 0-238-UB SIC P = 100 

GP. lBSORPTTOM N U  PTSSIOR TOTAL 

1 5.66001-01 1.7250E 00 9.OOOOE 00 
2 5.3500E-01 1.2130E 00 9.90001 00 
3 1.9U001-01 1.OBOOB-01 9.5000E 00 
O 1.00001-01 0.0 5.2500E 00 
5 1.6000E-01 0.0 8.20001 00 
6 0,50001-01 0.0 1.20001 0 1 
7 7.0000E-01 0.0 1.OOOOB 01 
8 1,00001 00 0.0 1.0000B 01 
9 2.90008 00 0.0 1. 390012 01 

10 9.90001 00 0.0 1.39007! 01 
11 U. SOOOE 00 0.0 1.3500E 01 
12 8.0000B 00 0.0 1 . 7 0 0 0 ~  01 
13  0.0000B-01 0.0 9.OOOOt 00 
14 5.5000E-01 0.0 9.5500E 00 
15 1.0000E 00 0.0 1.0000E 01 
16 2.9400E 00 0.0 1.190OE 01 

TRIllRBR CROSS SECTIOIiS 

PBOl TO T +  0 I+ 1 I *  2 T* 3 I+ 9 I+ 5 
I 
1 1.2500E 00 3.300OE-01 0.6000E-01 7.9000B-01 5.300OE-01 7.0000E-02 
2 1.8250E 00 3.50001-01 9.6000E-01 6.UOOOE-01 9.0000E-02 0.0 * 

3 2,90601 00 8.0000E-01 5.5OOOE-01 1.0000E-01 0.0 0.0 
4 9.5300R 00 5.0000E-01 8.000012-02 0.0 . 0.0 0. 0 
5 7.9600E 00 8.000OE-02 0.0 0.0 0.0 0.0 
6 1.14501 01 1.00001-01 0.0 0.0 0.0 0.0 
7 1.3290B 01 6.00001-02 0.0 0.0 0.0 0.0 
8 1.2990E 01 6.00001-02 0.0 0.0 0.0 0, 0 
9 1.09508 01 5.00001-02 0.0 0.0 0.0' 0.0 

10  8,99003 00 6.0000E-02 0.0 0.0 0- 0 0.0 
I = 11 TUB0 I= 19 SIHB AS ABOVE 

1 5  8.95001 00 5.OOOOt-02 0.0 0- 0 0.0 0.0 
16 9.0000E 00 0.0 0.0 0.0 0.0 0.0 

- 



AANSBN ROACH 

I 

UDCLTDK = 92860 0-230-9  SIG P = 200 

GP. ABSOBPTIOU NO PISSXOB TOT A L 

1 5.66OOE-01 1.72503 00 0.OOOOt 00 
2 5.3500E-01 1.2130E 00 4.0000B 00 
3 1.04061-01 1.0800+01 0.5000E 00 
8 1.POOOE-01 0.0 5.25008 00 
5 1.6OOOE-01 0.0 8. 2OOOE 00 
6 0.5000E-01 0.0 1.2000E 01 
7 7.000bE-01 0.0 1.POOOE 01 
8 1.5000E 00 0.0 1.4500E 01 
9 3.9000E 00 0.0 1.0900E 01 

10 6.9000E 00 0.0 1.5900E 01 
11 6.00006 00 0.0 1.5000B 0 1 
12 1.12OOE 01 0.0 2.02001 01 
13 V.OOOOE-01 0.0 9.9000E 00 
10 5.50008-01 0.0 9.5500B 00 
15 l.OO00E 00 0.0 LOOOOE 01 
16 2,UUOOE 00 0.0 1,lOUOE 01 

TBLIS?IR CROSS SECTIONS 

PRO0 TO I +  0 I 1 I 2 I *  3 I *  0 I+ 5 
I 

1 1-2500E 00 3.3000B-01 1.6OOOE-01 7.90OOE-01 5.3000E-01 7.0000B-02 
2 1.82501 00 3.5000E-01 9.6OOOt-01 6.0000E-01 9.00001f-02 0.0 
3 2.90608 00 8.0000~-01 5.50011~-01 1.0000~-01 0. 0 0.0 
a 4 - 5 3 0 0 ~  00 5.00008-01 ~OOOOE-3-02 0.0 0.0 0.0 
5 7.9600E 00 8.0000B-02 0.0 0.0 0.0 0.0 
6 1.1050E 01 1.000OE-01 0.0 0.0 0.0 0.0 
7 1.32401 01 6.OOOOt-02 0.0 0.0 0.0 0.0 
8 1.29001 01 6,OOOOB-02 0.0 0.0 0.0 0.0 
9 1.0950E 01 5.00001-02 0.0 0.0 0.0 0.0 

10 8.9QOOE 00 6.800OC-02 0.0 0.0 0. 0 0.0 
T = 11 TARO I= 10 SLUE LS ABOVE 

15 8.9500E 00 5.00001-02 0.0 0.0 0.0 0.0 
16 9.0000B 00 0.0 0.0 0.0 0.0 0.0 

1 



APPENDIX C 

NORMALIZED SPECTRA OF NEUTRONS CAUSING FISSION 

The spectra have been arranged by families (I, I I, and I I I )  and by decreasing energy within 
each family. 

FAMILY I 

Case 
A 

keff + o  , E k o  

Average 0.99692 k 0.00694 3.27 + 0.0948 
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Nautron Group No. vs. 

Group F i s s i o n  F r a c t i o n  
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Neutron Group No. vs. 

Group F i s s i o n  F rac t ion  

Neutron Group No. vs. 

Group F i s s i o n  F r a c t i o n  
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FAMILY II  

P. 

Case keff * E k o  

Average 
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