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ABSTRACT

Validation of the Monte Carlo criticality code, KENO-1V, 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 kgff 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, KENQO |V, 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 (235y) 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
[UO2(NO3)p+6H20] 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 keft
values will lie above the limit. A limit of kgss = 0.961025 gave a 99% confidence that 99.9%
of the distribution of ket values will lie above the limit.

Five unresolved cases involving less than fully refiected, high-uranium-concentration urany!l
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 kgff + 20 which exceeds the limit must be
considered critical, and all lower values may be considered subcritical.



INTRODUCTION

In the criticality safety field, calculative techniques are often used to determine the kgff 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. |f the method used is extended into another area, a new bias
must be established.

The KENO IV program1 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 ORNL and a large part of the
nuclear industry have used KENO |V extensively since its inception in 1975 and have
performed several checks1-3 on the validity of the code, thus establishing its 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 Plant(a) Criticality Safety Group (CSG) has obtained a version of KENO 1V
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 1V, 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
sections. ‘

(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

VALIDATION
Method of Calculation

Mock-ups employed the Hansen-Roach® 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 dE/E 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 startmg neutron distribution. This
results in the tracking of 60,000 neutrons
which, because of the. large sample size,

T
would give little statistical variation. A large et

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

Uranium-molybdenum alloy
) . Urany! nitrate
The neutrons were started in a flat Urany! fluoride

distribution across the fissile material for

both single units and arrays of similar units. ~ Reflectors considered:
In irregular geometries or when starting Water Steel

§ Graphite Aluminum
problems were encountered, the neutrons Paraffin Plexiglas
were started in a spike at the point in the ail Polyethylene

) Natural urani
system which was assumed to have the atural uranium

highest fission density. This technique Moderators considered:

prevents underestimating keff because there Water
is a slow upward convergence, but it may ;‘Lei
slightly overestimate keff.2 To check the Plexiglas

validity of the reflector options included in
KENO 1V, case B-14 was run, utilizing both
the automatic reflector and differential
albedo options, and compared to the results

Geometry packages considered:
A. KENO geometry

1. Single units

2. Arrays
of an unbiased representation. These op- a. Spheres
. . b. Cylinders
tions are . very desirable because the c. Cuboids
computer time is greatly reduced. However, d. Hemisphere
using the differential albedo option for B. Generalized geometry

arrays with an edge dimension <100 cm
should be avoided as the kgff is Overesti-
mated.2 A list of validated parameters is
shown in Table 1.

Other options considered:
1

Differential albedo
Automatic reflector




Results of Calculations

The calculated kefss for the critical systems examined are presented in Table 2 along with a
brief description of each system and references to the experiments.6'21 The standard
deviation of kgff 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  FHi)
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 | 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 | is 3.27.

Family Il 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 Il is 6.09; and cases A-5, -6, -8, -9, -10 and B-6, -7,
-8, -12 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 .

A slow neutron energy spectrum depicts the critical systems in Family 1ll. This family
contains all solution units both reflected and unreflected. The moderating effect of
hydrogen accounts for the slow spectrum. Cases A-3, -4, -11 and B-9, -10, -11, -13, -14, -15,
-16, -17, -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 IIl.
The slower spectrum is indicated by the family average neutron energy group causing fission
(being 14.67).

The calculated kgt values from Table 2 have been plotted in Figure 1. The error bars are *1
standard deviation from the calculated kgfs. Note that the lower keff occurs in Family 1l at
lower error bar value (0.96365, 0.96687, 0.96983, 0.98385, and 0.97930), corresponding to
cases B-13, 9, -15, -16, and A-11, respectively. A look at Table 1 and the description of



Table 2

KENQ CALCULATED keff RESULTS FOR EXPERIMENTALLY CRITICAL SYSTEMS

Experiment

Referencell)

keff t 0

10.
11.

Single Critical Units

Unreflected spherical reactor {Godiva 1) of U(93.8}, 8.731-cm radius.

Unreflected cylindrical annulus reactor of U(93.2) alloyed to 10 wt % .

Mo; 2.54cm IR, 10.16-cm OR, 19.74-cm height.

Unreflected spherical reactor of U{93.2)02F2 and H20 with an
H/U-235 = 1,393. Solution radius of 34.6 cm and aluminum-container
wall thickness of 0.32 cm.

Unreflected spherical reactor of U(93.18)02(NO3)2 and H20 with an
H/U-235 = 1,378. Solution radius of 34.6 ¢cm and aluminum-container
watl thickness of 0.32 cm.

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

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

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

Reflected hemispherical sheli reactor of U(93.1); 6.679-cm 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,
10.488-cm OR with extrapolated full oil reflection and steel filling the
central cavity. ’

Water-refiected U(97.67) sphere; 6.5537-cm radius.

Unreflected stainless steel cylindrical unit of uranyl nitrate with a
concentration of 346.73g U{93.17) per.liter. Cylinder dimensions were
14.28<cm OR, 42.24cm height, and 0.32- and 0.64-cm-thick walls on
the side and bottom respectively, critical solution height of 28.93 cm.

 Critical Arrays

Unreflected U(93.2) cylindrical annulus; 13.97-cm IR, 19.05-cm OR,
10.11cm height with a U{93.2)} cylinder, an 8.89<m radius, and a
10.11cm height, located in its central cavity touching the wall; the
annulus and cylinder axes were paratlel.

Unreflected U(93.2) cylindrical annulus; 13.97cm IR, 19.05-cm OR,
12.98<cm height, with a U(93.2) rectangular prism, 12.70 cm X 12.70
cm X 12.98-cm 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 5.7545-cm radius, a 5.382-cm height, and a 10.484-kg
mass. Unmoderated and unreflected. Using the notation of Thomas,
this array is described: (2)

A§7 (0; 2.007; 7.767; 0.55) .

10

1

10

12

12

13
14

15

15

15

16

1.00243 : 0.00328

'1.00140 + 0.00304

1.01078 + 0.00234

1.00544 + 0.00247

1.01076 + 0.00344

1.01423 + 0.00356

0.99146 = 0.00278

1.00656 + 0.00322
1.,00t117 + 0.00347

0.99245 + 0.00347
0.98342 + 0.00412

1.00001 + 0.00323

0.99896 £ 0.00352

1.00097 + 0.00339

0.98460 + 0.00306



Table 2 (continued)

Experiment

Referencel1)

keff 0

10.

11.

12.

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 E1 cylinders. The average dimensions of a Type E3
cylinder were 4.558-cm radius, 4.320cm height, and 5.254-kg mass.
The average dimensions of a Type El cylinder were 5.747-cm radius,
2.691cm height, and 5.225-kg mass. Unmoderated and unreflected.
Described as:

Bg [0;0.229; 11.497; 0.85) .

Reflected cubic array of 8 Type B3 units, as described under item 5.
Unmoderated but reflected by 15.2 cm of paraffin. Described as:

Bg [15.2; 6.904; 2.792; 0.90] .

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

Cg [15.2;10.328;2.013;1.42].

Moderated cubic array of 8 U(93.2) cylinders. The cylinders were Type
C2 and had average dimensions of 5.753<cm 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(:” boxes of average dimensions; 17.9 ecm X 179 cm X 17.2-
cm height, 1.27-cm wall thickness. Described as:

{c2-P3)g [0; 6.619;3.670; 0.96].

Cubic array of 27 cylinders of U(92.6)02(NO3}2 and H20. The
containers had average dimensions with 10.16cm OR, 19.05-cm height,
and 0.64<m-thick walls. Each container was fillcd with B L of solution
at an H/U-235 atomic ratio of 53 and an N/U-235 atomic ratio of 2.006
which corresponds to a uranium mass of 2.075 kgs. Unreflected and
unmoderated. Described as:

1 10:6.48: .
Foy 10:6.48;0.114;0.95).

Cubic array of 27 cylinders of aqueous uranyl nitrate solution. The
containere described in Item 9 were used. Each container was filled
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:

3 1o . .
F57 [0;2.41;0.029; 0.95].

Array of 16 cylinders (6.8m radius X-61-cm height) position on a slab
(120.7 cm X 120.7 cm X 3.8 cm) all of U{93.2)02(NO3)2 aqueous
solutlon with a 505 g/L uranium concentration. Reflection was
provided with a 10.2c<m-thick Plexiglas box (inside dimensions of
approximately 120.85cm wide X approximately 120.85cm long X
160.0-cm height) which was closely fitted to the base of the slab.

Graphite moderated array of 8 U(93.2) cylinders with a 5.747-cm
radius, 8.077-cm height, and weighing 15,692 kgs. Units had a uranium
side surface-tosurface separation of 1860 cm and an end
surface-to-surface separation of 15.93 ¢m, The array was reflected with
15.24 ¢cm of polyethylene.

16

16 -

16

16

17

17

18

19

0.99554 = 0.00346

1.00062 + 0.00316

1.00409 + 0.00322

0.99587 + 0.00341

0.97120 £ 0.00433

1.00756 + 0.00343

1.01864 + 0.00401

1.01526 + 0.00320
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Table 2 (continued)

Experiment

Referencel1)

keff t 0

13.

14.

15.

16.

17.

18.

Cubic array of 64 cylinders of aqueous U(92.6)02(NO3) and H20.
The containers had average dimensions with 10.16-cm OR, 19.05-cm
height, 0.64cm-thick Plexiglas walls. Each container was filled with 5 L
of solution having a concentration of 415 g of uranium per liter and a
specific gravity of 1.555. Unmoderated and unreflected. Described as:

1 10: . .
F54 {0;10.67;0.072; 0.96].

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

FJ [15.24;16.63;0.043; 0.96)

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

F;7 [1.27; 8.76; 0.088; 0.96] .

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 0.2794-cm wall thickness;
central column, square pipe with 17.78<m internal side, 0.3175-cm
thick walls. Critical edge spacing was 13.1826 c¢cm. Unmoderated and
unreflected.

Square array of 16 (4 X 4) aluminum cylinders filled with
U(93.17)02(NO3)9 and H20 with a concentration of 355.94-g
U(93.17) per liter. The cylinders had dimensions of. 10.96<m 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.

Square array of 16 (4 X 4) aluminum cylinders filled with
U(93.17)02(NO3)2 and H20 with a concentration of 364.11-g
U(93.17) per liter. The cylinders had the same dimensions as described
in Item 17. The critical solution height was 17.13 cm. Unmoderated
but reflected by a 25.7-cm-thick concrete shell.

17

17

17

20,21

14

14

0.96777 + 0.00412

1.00972 + 0.00385
0.99893 + 0.00421(4)
1.00502 + 0.00421(5)

0.97392 + 0.00409

0.98776 + 0.00391

1.00999 : 0.00352

0.99771 + 0.00422

(1)
(2)

(3}
(4)
(5}

these

As shown in References, page 13.
Notation is of the form:

i R P
X, [t:8:0:r]

where:

xi represents the average unit in the array described in Table 1,
the number of units in the array,
the reflector thickness {(centimeter),

~ v o~ 3

the ratio of the array height to the square root of its base area.

Rohm and Haas trade mark.
Albedo reflector.
Automatic reflector.

the surface separation of units (centimeter) equal in three directions,
the average uranium density in the array {grams of uranium per cubic centimeter), and

systems indicate a strong similarity. All of these cases have units of
high-uranium-concentration uranyl nitrate that are minimumly reflected or, more often,
unreflected. Two factors seem to cause the low ke¢f values: (1) the amount of reflection and
(2) the array size.
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Figure 1. THE keff VERSUS AVERAGE ENERGY CAUSING FISSION.

Unreflected systems, as in B9, -13, -16, and A-11 (as well as minimumly reflected systems
as in B-15 which has a 1.27-cm Plexiglas(b) reflector) produced low values for kgff. On the
other hand, case B-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 ket (1.00972). The array size also
affects the kgff of this system type. The larger the array becomes, the lower the keff gets.
Case B-13, which is an unreflected array of 64 F1 units, produced the lowest kgff.
Dickinson?2 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 kgff values for uranyl nitrate solution
systems that have a high uranium concentration. Therefore, cases B-9, -13, -15, -16, and
A-11 must be examined by themselves.

A statistical analysis by Lever22 of the data in Figure 1 (excluding the four cases already
discussed) indicates that the ket values roughly resemble a normal distribution with a mean
kefs of 1.0031758 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 keff
values. The lower talerance of 0.961025 is such that one can say 99.9% of the distribution
of kefs 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 &_ﬁaas Co.



12

v81-2
0.35

Mean
030 —

0.26 —

o
]
(]
I

o
...
a
[

Frequency Fraction

Mean = 1.00318
o =0.00883

0.10 —

o o

005 —

20 20

Y h

| | | | I
09% 970 0.980 0.990 1.000 1.010 1.020 1.030

Keff
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 (ANS!) 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 kgff. For nuclear safety purposes, any kgtf + 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 kefs. 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

KENO-4 VALIDATION CASE A-1

2.0 203 300 3 16 6 2 1 2 10 3*71 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

EWD CASE

KENO~4 VALIDATION CASE A-2 .

2.0 203 300 3 16 6 3 13 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 O 2.54 9.87 -9.87 16RO

CYLINDER 1 10.16 9.87 -9.87 16RO

CUBE 0 10.16 ~-10. 16 16RO

END CASE

KBENO-4 VALIDATION CASE A-3

26.0 203 300 3 16 6 7 27 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 9100 1.0299-4 :

2 13100 5.9880-2 2 26100 2.9222-4

SPHERE 1 34.6 16RO

SPHERE 2 34.92 16RO

CUBE 0 35.0 -35.0 16RO

END CASE .

RENU-4 VALIDATION CASE A-o

26.0 203 300 3 16 6 7 27 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 16RO

SPHERE 2 34.92 16RO

CUBE 0 35.0 -35.0 16RO

END CASE

KENO-& VALIDATION CASE A-S

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 .

HEMISPHERE 2 12.7 16%0.0

AEMISPRERE 1 15.24 16%0.0

COUBOID 2 31,00 -31.00 31.00 -31.00 31.00 -16. 16RO

END CASE

KENO-U4 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 6100 8.6736-2

2 -92501 4.4641-2 2 92860 3.1629-3

CYLINDER 1 8.89 3.82S5 -3.425 16RO
CYLINDER 2 11.83 3.425 -3.425 16RO
CYLINDER 1 11.83 3.495 -3.425 16RO
CYLINDER 2 13.97 3.495 -3.425 16RO
CYLINDER 1 31.75 21.275 -21.205 16RO
CUBE 0 32.0 -32.0 16RO
END CASE

KENO-4 VALIDATION CASE R-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 4,485 -4.445 7.62 -7.62 16RO
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CUBOID 2 26.01 -26.01 26.645 -26.645 29.82 -29.82 16RO
CUBE 0 30.0 -30.0 16RO
END CASE

KENO-4 VALIDATION CASE A-8

60.0 203 300 3 16 6 S 2 7 4 0 3%V 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 §.3289-2 2 92860 3.1983-3 2 6100 1.0317-3

2 1101 1.8756-3

HEMISPHERE 1 6.679 16*0.0

HEMISPHERE 2 10.5254 16%0.0

SPHERE 1 80.5254 16RO
COBE 0 42.0 -42.0 16RO
31 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

HEMISPHERE 3 6.012 16%0.0

HEMISPHERE 2 10.488 16*0.0

SPHERE 1 80.488 16RO
CUBE 0 81.0 -81.0 16RO
11 10.0 0.0 8.25

END CASE

KENO-% VALIDATION CASE A-10

64.0 203 300 3 16 6 5 357 2 1125 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 3.380-2

3 601 V.0

BOX TYPE 1

‘SPHERE 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

1 11
2 11
END CASE
KENO-4 VALIDATION CASE A-11

16.0 203 300 3 16 6 6 2 6 3 0 3*1 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 -14.0865 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

KENO-4 VALIDATION CASE B-1

8.0 203 300 3 16 6 2 1 2 3 0 3%«1 2 2%0 0011 00 3 S5*0 00 2%0

1 -92501 4.4796-2 1 92860 3.2271-3

111 221 0
111 111 1

2
CYLINDER 2 4.1275 1.27 -1.27 16*0.0
CYLINDER 3 12.7 1.27 -1.27 16*0.0
COBOID 2 12,7 -12.7 12,7 -12.7 1.27 -1.27 16%0.0
CORB DDY O 12,7 ~12:7 12:7 12.7 7.0237 -7.0237 16%*0.0
CYLINDER 2 30.48 24.3337 -39.5737 16%0.0

1

1
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GENERAL 1 6RO

GENERAL 0 6RO

CUBOID 0 19.10 -19.10.19.10 -19.10 5.0546 ~5.0546
2 MALE  MARRIED

X ZONE -19.10, 19.10

Y ZONE -19.10, 19.10

% ZONE -5.05u6, 5,056

ZONE 1 1 1

X BLOCK -19.10, 19.10

Y BLOCK -192.10, 19.10

Z BLOCK ~5.0546, 5.0546

BLOCK 1 1 1

MEDIA 2, 1, 1, 2

SURPACES 1, 2, 3

SECTOR +1 -1 0
SECTOR -1 0 0
SECTOR 0 +1 -1
SECTOR 0 0 +1

3
1. 0XSQ 1.0¥YsQ 10.16X -53.2257
1. 0XsQ 1.0YsQ ~195.1609 '8
1. 0XsQ 1.0YsQ -362.9025 $
1 1 1 -5.08 0.0 0.0
END CASE

KENO-4 VALIDATION CASE R-2
2.0 203 300 3 16 6 2 12 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 -12.4438 6.35 -6.35 6.49 -6.49
CYLINDER 0 13.97 6.49 -6.49
CYLINDER 1 .19.05 6.49 -6. 49
CUBE 0 20.00 -20.00
1 1 1 -6.0500 0.0 0.0
END CASE

KENO-G VALIDATION CASE 8-3
6.0 203 300 3 16 6 2 1 2 3 0 3*1 2 0 0 0011 00 6%0 00 O 0

"1 -92501 4.4796-2 1 92860 3.2271-3

GENERAL 1 6RO

GENERAL 0 6RO

CUBOID 0 2u.353 -23.319 21.686 -22.841 15.24 -1.755
2 MALE MARRIED

X ZONE -23.319, 24.353

Y ZONE -22.841, 21.686

Z ZOWE -1.755, 15.24

ZONE o1 1T -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

NEDIA 1, 2, 2, 2

SURFACES 26, 27, 28

SECTOR -1 -

1 -1
SECTOR 0 0 1
SECTOR 1 0 O
SECTOR 0 -1 O

$

16RO
16RO
16RO

16RO
16R0
16R0
16RO

16RO
16RO
16R0




BLOCK
MEDIA
SURFACES
SECTOR -1
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
BLOCK
NEDIA
SURFACES
SECTOR -1
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
BLOCK
NEDIA
SURPACES
SECTOR
SECTOR -
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
BLOCK
MEDIA
SURFACES
SECTOR -1
SECTOR O
SECTOR 1
SECTOR O
BLOCK
BEDIA
SURPACES
SECTOR -1
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
BLOCK
MEDIA

OO0 000Q

COQa00

OO0 =20a20

(=N RN~ )

2

w
C=2OO00O0=0C CO OO0 OO0 O0

-_O O -

QO OO

3

-

1,
20,
-1 0
0 -1
0o 0
t 0
0 0
0 0
10
11
1 0
1 0
1
1,
20,
-1 0
0 -1
1 0
0 0
0 0
11
10
2

-,

S ODO0OOOO =
]
OOV = O wddun &

w

(5,
- =

[}
QO = -
W
(¥

Cu OO0

-k DO h O b
-l 000D ad

Y
-

@2 OO0 OOOO=D
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—
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1
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2,

N
-

24,
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2,
36,
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2,
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25, 26, 27, 28
2, 2

25
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37, 38, 39

2, 2

10
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SURFACES 8, 9, 10, 11, 12,
SECTOR -1 1 -1 0 0 O
SECTOR 0 0 0 -1 1 -3%
SECTOR 0 O0- 1t 0 O 1
SECTOR 1 0 0 0 0 1
SECTOR 0 -1 0 0 0 1
SECTOR 0 0 1 1 Q0 O
SECTOR 0 O 1 0 -1 0
BLOCK 3 2 1
MEDIA 1, 1, 1, 1, 2,
2, 2, 2. 2, 2
SURFPACES 11, 12, 13, 20, 21,
16, 17, 18, 19
SECTOR -1 1 -1 0 06 0 0 0 0 0 0 0
SECTOR 0 0 0-1 1 -1 0 0 0 0 0 O
SECTOR 0 0 0 0 0 O0-1 1-1 0 0 O
SECTOR 0 0 0 0 0 O 0 -1 0 1-1 1 -
SECTOR 0 0 1 0 O 1 1 O O 0 O O
SECTOR 0 0 1 0 0 1 0 1 1 0 0 O
SECTOR 0 0 1 0 0 1 0-1 0 0 1 0
SBCTOR 0 0 1 0 0 1 0-1 0 Q 0 -1
SBCTOR 0 0 1 0 0 1 0-1 0 0 0 O
SECTOR 0 0 1 0 0 1 0-1 0 0 0 0
SECTOR 0 0 1 0 0 1 0 0 0-1 0 O
SECTOR 1 0D =1 0 0 0 0 ¢ 0 0 0 o
SECTOR 0 -1-1 0 0 0 0.0 0-0 0 0
SECTOR 0 O 0 0-1-1 0 0 0 0 0 O
SECTOR 0 0 0 1 0 -1 0 0 0 0 0 O
BLOCK 2 2 1 :
MEDTA 2, 1, 1, 1, 2,
SURPACES 31, 32, 33, 29, 30
SECTOR 0 -1 1 0 O
SECTOR -t 1 0 0 O
SECTOR 0 0 -1 1 0
SECTOR 0 0 0 -1 -1
SECTOR 1 0 1 0 O
SECTOR 0 0 0 -1 1
39 QUADRIC SURPACES IN GEOMETRY
«02356% -999722 -13.1339
.02356% .9997272 -12.8151
.02356% «999722 -10.9048
.02356% .999722 .25011
1. 48 7E~02X -1.938E-02Y 9.9978-012 -
1. U8TE-02X -1.938E-02Y 9.997E-012
9.998E-0 1XSQ 9.996E~01YSQ 5.969B-042S
-2.974E-02%2 3.876E-02Y2 1.7728 01X
-7.112B-012 ~ 1.911E 02 $
-3.04248-03X -3.005E-02Y 9.9958-012
-3.4248-03X -3.005e-02Y 9.995E-012
1.000E 00XSQ 9.991E-01YSQ 9. 149E-00ZS
6.845E~-03X2Z 6. 008E-02Y2 ~-3.602E 00X
-9.629E-012 2. 202E 02 $
-2. 610E-02X -2.229E~-02Y 9.994E-012
-2.610B~-02X -2.229E-02Y 9.994E-012

COO0O0O0O=OOO0O0OO

Q

Q

13

N
] (%) [ 8]

OO0 OO0 000

N

$
$
$
$

2, 2,

34, 14,

-1.262E 01
3.557E-01

5.766E-04XY

-2.309E 01Y

-1.299E 01
4.817E-Q1

=2.058E-04XxY

-3.162E 01Y

-1.2486E 01
5.056E-01

2,
3s,

2,

© 15,
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9.993-01XSQ
5.216E~-02X2
-1.011E 002
-.04507%
-.0450 7%
.99898X
. 99898
1. 0Y
1. 0Y
-2.183e-02X
-2.183e-02X
9.995E-0 1XSQ
4.364E-02%2
-9.110E-012
-2.129e-03X
-2.129E-03X
1.0008 00XSQ
4.258E-03X2
-8.349e-012
1. 18 2E-02X
1.182B-02X
9.999E-01XSQ
-2.363E-02X2
-5.932E-012
1.02
1. 0XSQ
1.0XsQ
-6502Y
1. 0XSQ
.6502Y
1.02
~-4.507E~-02X
9,9808-01XSQ
-3.239e 01X
«99972X
«99972%
. 99972X
.99972%
1 1

END CASE

9.995E-011sQ
4.455B-02Y2
1.960E 02
. 998982
- 998982
045072
~0u5072
-3.2168
4.4032°
1.966E-02Y
1.966E-02Y
9.996E-01YSQ
-3.929p-02Y2
2.197E 02
2.434E-02Y
2.434E-02Y
9.994E-01YSQ
-4.866E-02Y2
2. 589E 02
1.513E-02Y
1. 513E-02Y
9.998P-017YSQ
-3.025E-02Y2
2. 179E 02
-.9374
1.0YsQ
1.0YS0Q
-13. 31222
1.0YsSQ
-13.31222
~-6.6562
9.9%0E-012
1.000E 00YSQ
1. 186E 00Y
-.023562
-.023562
~. 023562
=.023362
0.0

KENO-4 VALIDATION CASE B-4
10.0 203 300 3 16 6 11 3 11 5 1 3%4 11 2%0 0011 00 6%0 00 2%0
1 -92501 4.48772-2 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 9.2241-4 3 6100 6.3285-4
3 29100 3.9873-4 3 14100 9.0215-4 3 16100 2.3706-5

GENERAL

GENERAL

GENERAL

GEWERAL

CUBOID
2 HALE

X ZONE

Y ZONE

Z ZONE

1 6RO
2 6RO
3 6RO

-4.6605,

HARRYED
-71.71,
-1.7%,

0.0

$

$
3

$

$

3
3

$

7.71
T7.71
4. 6605

1. 178E-0325SQ
-2.238E 01%

-8.3852
.5252
-24.34
-11.64

9.996E-012

9.996E-012

8.629E-0425SQ
-2.3048 01X

9.997E-012

9.9978-~012

5.969E-04Z5SQ
-2.977E 00X

9.998E-012
9.998E-012
3.685E-0425Q
1.902E 01X

-33.142
1.028Q

8.1601
1.025Q

45.0945

-1.270E 01"
2.032E-0325Q

-1.461E 002
10.613
15.693
20.773
23.316

5.08 .

N RH

n B N »v

HAYN

-1.163E-03%Y
-1.911E 01¢Y

-1.252E 01
4.557E-01
8.582E-04XY
2.078E 01Y

-1.306E 01
8.176E-01
1.037E-04XY
3.403E 01Y

-1.266E 01
2.966E-01

-3.576B-06XY
2.434E 01Y

-1.7226X
-1.7226%

9.005E-02XZ
2.422E 02

0 6RO
0 7.71 -7.71 7.71 -7.71 4.6605 -4.6605 16%0.0

16R0

16RO

16RO
16RO




ZOWE 1
X BLOCK
Y BLOCK
7 BLOCK
BLOCK 1
MEDIA
SURPACES
SECTOR -1
SBCTOR -1
SECTOR 1
SECTOR 1
SECTOR
BLOCK 1
MEDTIA
SURPACES
SECTOR -1 1
SBECTOR
SECTOR
SECTOR 1
BLOCK 1
MEDIA
SURPACES
SECTOR
SECTOR -1
SECTOR 1
SECTOR 1
SECTOR
5

1. 0XSQ

1. 0%SQ

1. 0XSQ

1. 0%SQ

1. 0X5Q
END CASE

1 1
-7.71, T7.71
-1.71, 7.71
-4.6605, -2.691
1 1
2, 2, 3,
2, 3, 4,
-1
L |
1 2
1, 2, 2,
1, 2, 3
1
1 3
2, 2, 3,
‘2' 3' u'
-1
1 1
1.0¥sQ
1.0YsQ
1.0YsQ
1.0YSQ
1.0YsQ

KENO-4 VALIDATION CASE B-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 4.48598-2 1 92860 3.2128-3 2 1101 8.2571-2 2 6100

BOX TYPE
CYLINDER
CYLINDER
CYLINDER
CUBOID

CORE BDY
COBOID

END CASE

4.558  2.160
5.787  2.160
5.747  4.851

9.2083 -9.2083

NOO = Q-

33.617 -33.617

KENO-4 VALIDATION CASE B-5 '
2.0 203 300 3 16 6 2 12 4 1 u*2 2«0 0011 00 6%0 00 2%0

1 -92501 4.4617-2 1 92860 3.2142-3

BOX TYPE
CYLINDER
CYLINDER
CYLINDER
CUBOID

END CASE

1

1 4.558 2. 16

0 5.747 2.16

1 5.747 4.851
0 5.8554 -5.8554

v 2.691,
3, 4
5 .
4
3, 4
5
-32.9533
-8.547X
8.547x
-8.547x
8.547x

-2.160
-2.160
-8.851
9.2083 -9.2083

33.617 -33.617

1

-2.16
-2.16
-4.851
5. 8554 -5.8554

$

4.6605

18.198286 $
18.198286 $
18.117641 $
18.117641 $

-3.9697-2

8.2875 -8.2875

18.4166 -18.4166 18.4166 -18.4166 16.575 -16.575

31.775 =31.775

4.9771 =4, 9771

16RO

.16R0

16RO
16R0
16RO
16RO

16RO
16RO
16R0
16RO
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KERO-8 VALIDATION CASE B-6
54.0 203 300 3 16 6 4 2 4 S 1 3%2 4 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 6.558 8.641 -8.641
CUBOID 0 9.7212 =9.7212 9.7212 -9.7212 13.8081 -13.8041

16RO
16RO

CORE BDY 0 19.4424 -19.4420 19.4424 -19.4424 27.6082 -27.6082 16RO

CUBO0ID 2 38,6424 -34.60424 34.64204 -3G.6024 42.8082 -42.8082 16RO

CUBE 0 43.0 -43.0

END CASE

KENO-G VALIDATION CASE B-8

4.0 203 300 3 16 6 3 2 3 4 1 3%2 3 2%0 0011 00 6%0 00 2#%0
1 -92501 4.87168-2 1 92860 3.2212-3

2 601 1.0
BOX TYPE 1
CYLINDER 1 5.753 5.3825 -5.3825
CuBOID 0 7.68 -7.68 7.68 -7.68 7.33 -7.33
CUBOID 2 8.95 -8.95 8.95 -8.95 8.6 -8.6
CUBOID 0 9.0599 -9.0599 9.0599 -9.0599 8.6975 -8.6975

END CASE
KENO-4 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 1.9746-3 1 8100 3.7086-2

1 1102 5.8076-2 2 602 1.0

BOX TYPE 1

CYLIRDER 1 °9.52 8.7804 -8.7804
CYLINDER 0 9.52 8.9896 -8.7804
CYLINDER 2 10.16 9.6296 -9.4208 .

CUBOID 0 13.4 -13.4 13.4 -13.4 12.8696 -12.6604 16*0.0
EXD CASE

KENO-4 VALIDATION 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 3.2404-4 1 8100 3.43348-2

1 1102 6.6076-2 2 602 1.0

BOX TYPE 1

CYLINDER 1 9.52 8. 7804 -8.7804
CYLINDER 0 9.52 8.9895 -8.7804
CYLTHDNPR 2?2 10.16 9.A29S5 -9.u4200

CUBOID 0 11.282 -11.282 11.282 -11.282 10.7179 -10.7179 16RO
END CASEB

KENO-4 VALIDATION CASE B-11

28.0 203 300 3 16 6 10 3 10 11 2 & & 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 S5.4480-2

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
CYLTNDER 1 6.8 1.76 -1.76
CYLINDER 3 7.08 1.76 =2.04

CUBOID 1 15.0875 -15.0875 15.0875 -15.0875 1.76 -2.04 16%0.0

BOX TYPE 2

CYLINDER 16.8 30.5 -30.5
CYLINDER 0 6.8 96.7 -30.5
CYLINDER 3 7.08 96.7 -30.5

16RO

16RO
16RO
16RO
16RO

16RO
16R0
16R0

16R0
16R0
1680

16R0
16RO

16RO
16RO
16R0
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CUBOID O 15.0875 -15.0875 15.0875 -15.0875 125.7 -30.5 16#*0.0
CORE BDY 0 60.35 -60.35 60.35 -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
CcUBoOID 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 10
2 . 1 L 1 1 4 1 2 2 11
END CASE

KENO~-4 VALIDATION CASE B-12
62.0 203 300 3 16 6 7 3 7 7 1 3%2 7 2%0 0011 00 6%0 00 2%0

16R0

1 -9250% 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 3 802 1.0

BOX TYPE 1
CYLINDER 1 5.747 3.9699 ~-4.1071
CYLINDER 0 5.777 4.1071 -4.1071

CoBOID 2 10.9195 -10.9195 10.9195 ~-10.9195 7.8755 -7.8755 16RO
COBOID 0 15.087 -15.047 15.047 -15.047 12.0035 -12.0035 1680

‘' CORE BDY 0 30.094 -30.094 30.094 -30.094 24.007 -24.007
CUBOID 3 45.334 -45.334 45.334 -05.334 39.247 -39.247
[o11:3 ] 0 46.0 -26.0
END CASEB

KENO-4 VALIDATION CASE B-13’

10. 203 300 3 16 6 6 2 6 4 1 394 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 1102 5.8076-2

3 602 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 -9.4204 16%0.0

CUBOID 0 15.495 -15.495 15.495 -15.495 14.9646 -10.755n 16%0.0
END CASE

KENO-4 VALIDATION CASE B-18

60.0 203 300 3 16 6 7 3 8 6 1 3%3 7 2%0 0011 00 640 00 2%0

1 -92508 9.8835-8 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 B.9896 -8.7804 16%0.0

CYLINDER 2 10.16 9.6296 -9.4204 16%0.0 :

CUBOID 0 18.425 -18.425 18.425 -18.425 17.8946 -17.6858 16%0.0
CORE BDY O 55,275 -55.275 55.275 -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 00 650 00 2%0
642012 i
1 -92508 9.8435-8 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 O 9.52 8.9896 ~-8.7804 16*0.0

CYLINDER 2 10.16 9.6296 -9.4204 16*0.0

16RO

"16RO

- 16RO

16RO
16R0
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CUBOID 0 18.425 -18.425 18,425 -18.425 17.8946 -17.6854 16%0.0
END CASE .
KENO-4 VALIDATION CASE B-14 AUTOMATIC 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 1.9736-3 1 8100 3.7086-2
11102 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 O 9.52 8.9896 -8.7804 16%0.0
CYLINDER 2 10.16 9.6296 -9.4204 16%0.0
CUBOID 0 18.425 -18.425 18,425 -18.425 17.8946 -17.6854 16%0.0
REPLECTOR 3 6*15.24 400
END CASE
KENO-4 VALIDATION CASE B-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
1 -92508 9.8435-4 1 92852 7.7660-5 t 7100 1.9746-3 1 8100 3.7086-2
1 1102 5.8076-2
2 602 1.0
CYLINDER 1 9.52 8.7804 -8.7804 16%0.0
CYLINDER O 9.52 8.9896 -8.7804 16*0.0
CYLINDER 2 10.16 9.6296 -9.4204 16%0.0
CUBOID 0 18.54 -14.54 14.54 -14.54 14.0096 -13.8004 16*0.0
CORE BDY O 43.62 -43.62 43.62 -43.62 41.715 -41.715 16%0.0
COBOID 2 44.89 -44.89 44.89 -44.89 42.985 ~02.985 16%0.0
END CASE
KENO-4 VALIDATION CASE B-16
10.0 203 300 3 16 6 11 2 11 18 8 3 3 2 11 u4*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 1.1888-4 2 24100 1.6871-2 2 25100 1.7321-3 2 26100 6.036-2
2 28100 6.4834-3 2 14100 1.694-3

BOX TYPE 1

XCYLINDER 1 8.128 68.3006 -68.3006 16%0.5
XCYLINDER 2 8.4074 68.58 -68.58 16%0.5

COBOID 0 68.58 -68.58 9.2075 -9.2075 14.999 -110.32
BOX TYPE 2

YCYLINDER T 8.128 68.3006 =68.3006 16%0.5
YCYLINDER 2 8.4074 68.58 -68.58 16%0.5

CUBOID 0 9.2075 -9.2075 68.58 -68.58 14.999 -110.32
BOX TYPE 3

XCYLINDER 1 8.128 68.3006 -68.3006 16%0.5
XCYLINDER 2 8.4074 68.58 -68.58 16%0.5
CUBOID 0 68.58 -68.58 9.2075 -9.2075 125.09 ~-14.999
BOX TYPE L

YCYLINRDER 1 8.128 68.3006 -68.3006 16%0.5
YCYLINDER 2 8.4074 68.58 -68.58 16%0.5

COBOID 0 9.2075 -9.2075 68.58 =-68.58 125.09 -14,999
BOX TYPE S

CUBOID 1 8.89 -8.89 8.89 -8.89 14.999 -110.00
cuyBoLD 2 9.2073 -+9.2075 9.2075 =9.2075 14.999 -110.32
BOX TYPE 6

CUBOID 1 8.89 -8.89 8.89 -8.89 125.09 -14.999
CUBOID 2 9.2075 =-9.2075 9.2075 -9.2075 125.09 -18,.999

16#%0.5

16*0.5

16%0.5

16%0.5

16*0.5
16%0.5

16%0.5
16%0.5




BOX TYPE 7
COBOID

BOX TYPE
CUBOID
113222
422113
713213
END CASE
KENO-~4 VALIDATION CASE B-17

60.0 203 300 3 16 6 15 3 15 7 1 4 4 t 15 2#0 0011 00 6'0 00 2%0

1 -92509 B.4966-4 1 92852 6.71499-5 1 1102 5.8421-2 1 7100 2.21204-3

1 8100 3.7246-2

2 20100 5.39-5 2 26100 1.387-8 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

3 602 1.0

CYLINDER 1 10.56 9.41 -9.41 16#%0.0

CYLINDER O 10.56 109.69 -9.81 16*0.0

CYLINDER 2 10.96 109.69 -9.73 16%0.0

CUBOID 0 15.28 -15.28 15.24 -15.24 113.17 -9.73 16%0.0

CORE BDY O 60.96 -60.96 60.96 -60.96 61.45 -61.45 16%0.0

CUBOID 0 61.85 -61.485 61.45 -61.85 61.45 ~61.45 16%0.0

CUBE 3 82.05 -82.05 16%0.0

END CASE

KENO-G VALIDATION CASE B-18

60.0 203 300 3 16 6 19 3 27 15 3 4 4 1 19 2#0 0011 00 6%0 00 2‘0

=92509 8.6916-4 1 92852 6.2911-5 1 1102 5.805-2 1 7100 2.2164-3

8100 3.7363-2

28100 5.39-5 2 26100 1..387-4 2 29100 6.49-5 2 30100 1.51-5 2 25100 2.10-5
12100 6.78-4 2 13100 5.9873-2 2 14100 3.521-4 2 22100 1.03-5

1102 1.0401-2 3 6100 6.459-3 3 7100 1.0-5 3 8100 4.3063-2

11100 2.554-4 3 12100 8.509-4 3 13100 1.0672-3 3 14100 7.8138-3

16100 7.41~-5 3 19100 2.681-4 3 20100 8.004-3 3 22100 1.46-5

26100 2.052-4

BOX TYPE 1 :

CYLIRDBR 1 10.56 8.565 -8.565 16%0.0

CYLINDER O 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

CYLINDER 2 10.96 110.535 -8.885 16*0.0

COBOID 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

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 -15.25 15.25 -15.25 115.515 -B.885 16%0.0

CORE BDY 0 60.9 -60.9 61.0 ~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 86.6 -86.6 86.8 -86.8 87.9 -87.9 16%0.0

Tt Ty 181
2 6401 141
3 231 141
END CASE

68.58 -68.58 68.58 -68.58 14.999 -110.32 16%0.5

-68.58 68.5 68.58 125.09. -18.999 16%0.5
031322212210
062212212210

-

8
1
1
2 8

WWWWNN - =

- h b
- b b
- h b
- O
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APPENDIX B
CROSS SECTIONS

Energy range of the 16 energy groups:

Group Energy Range Group Energy Range
1 3 - oo MeV 9 100 -650 eV
2 1.4 -3 MeV 10 30-100eV
3 0.9-1.4 MeV 1M 10-30eV
4 0.4 -0.9 MeV - 12 3-10eV
5 0.1-0.4 MeV 13 1-3eV
5 17 - 100 keV 14 0.4-1eV
7 3-17 keV 15 0.1-0.4eVv
8 0.55 - 3 keV 16 Thermal (0.025 eV)

The choice of 235U and 238U cross sections was determined by the nuclear fuel's total
scattering cross section in the resonance range, per 235y or 238y atom, respectively;i.e.:

j .
Z (o) (N;)
i=1
(4] —_
Ph="
Nn
where N; is the atomic density of each respective element in the fuel; o the individual
element’s scattering cross section in the resonance range, was taken from the following
tabular information:

Element gj Element (of
Al 1.4 Mn 4.0
B 4.0 Mo 6.0
C 46 N 10.0

" Cd 5.0 Na ‘ 3.1
Cl 6.0 Nb 6.3
Co 7.0 Mi 17.5
Cr 4.3 0 3.7
Cu 7.5 Pu 12.0
F 34 Si 2.2
Fe 11.4 Th 12.0
H 21.0 U-235 10.0
K 2.2 U-238 12.0

Li-7 1.0 Zr 6.2
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NUCLIDE =

GP.

-
SOVOIYOVNEWN

-
-

- b b kb
ANEWN

ABSORPTION

2.45481E-03
1.28442-03
1.0037E-03
1.00592-03
1.3453E-03
2.6103E-03
4.2088p-03

2.0572E-03. .

9.943278-03
5.54132-03
9.76242-03
1.6972g-02
3.07808-02
5.0u467E-02
9.1197e-~-02
2.5400B-01

200
NU PISSION

0.0
0.0
0.0
0.0
0.0
0.

[-N-R-N-N-N-N-N-N-Ne]

- - - L - - X

TRANSPPRR CROSS SEOTTNONS

PRON

r4

- o D ol b b b
AN EWNSOODDARANEWN =

TO I+ O

1.21872-01
1.3355e-01
1.8195e-01
1.9719e-01
2.3825e-0%
2.3193e-01
6.6960B-01
6.61839e-01
1.1407E 00

- 8.84578-01

8.4115e-01
8.37312-01
‘8.2470E-01
8.0960E-01
8.1433E-01
8.01392-01

Ie 1

4.4863E-02
3.3381e-02
2.2058E-02
1.1833e-02
7.4337g-03
§8.94902-03
1.3672e- 02
1.3687e-02
1.81358-02
2. 5766202
2.8395E-02
2.5522p-02
2.7835E-02
3.3380p-02
1.9713E-02
0.0

TOTAL

2.01248-01
1.98278-01
1.82208-01
2.1011B-01
2.8304%-01
2.3949E-01
6.8752E-01
6.7720B-01
1. 1688E 00
8.7588E-01
8.7931e-01
8. 7980E-01
8.83328~-01
8.93532-01
9.2527E-01
1.0558E 00

I+ 2

1.8568E-02
2.0275e-02
1.5763E-02
7.78u8E-05
2.8516E-06
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1. 3823E-10
1. 1238E-11
0.0
0.0

[-X-N-X-N-N-N-N- K- NN

I+ 3

1.15498-02
9.57388-03
1.4211E-03
1.6728E-06
1.5043E-07

QOO0 OOOOVUO0O

I 4

1.7762E-03
2. 11268-04
1. 0535E-06
8. 9754E-08
4.6373E-09
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

= X-X-X-K-X-X-¥-N-K-N-N-N- K]

TYPE 304 STATNLESS STBEL 7.9G/CC CONTAINS C,CR,HW,FPE,NX,SI

I+ S5
1.6471p-048

0.0

e 0 o & 4 0 8 & 80 8 8 @8
[-X-N-R-N-N-N-JN-FX- NN R
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NOCLIDE =

GP.

e L i )
QNP WNSOORANNETWN -

ABSORPTION

00000
L I 1
OO DD0O0OCO0Q

T.94338~-05
3.1773e-04
6.35468-04
1. 1121e-03
1.98588-03
3.5745E-03
5.5603e-03
1.0354E-02
2.3155e-02

402 DE/E PCOLYBTHYLENE

NU PISSIOR

2 0 0 e b0
COVOO0O0OOODIO0O0OD2OQ

CO0OOCOOOOLOOOI0O0

TRANSPER CROSS SECTIONS

FPROM TO I+ O

I

WD dANEWN -

2.9191E-02
6.3308e-02
6.08458-02
1.2074E~01%
2.74802-01
5.02698-01
S.7469B-01
5.8153e-01
5.83438-01
8. 14368-01
3.74452-01
§.0098E-01
3.5757e~-01
5.1977e-01
1.7333e 00
3.7276E 00

I+ 1

8.1538E-02
6.7280e-02
1.7666E-01
2.4854e~-01
3.38192-01
4.9427p-01
6.02598-01
6.4293e-01
5.5071e-01
5. 401 1-01
7.01008-01
6.52468-01
6.1581E-01
8.1867e-01
4.1845E-01
0.0

TOTAL

1.6403E-01
2.2916R-01
3, 5189E-01
4.4403%-01
6.78758-01
1.09828 00
1.3083® 00
1.36392 00
1.36392 00
1.3639E 00
1.36398 00
1. 36788 00
1. 36788 00
1.60618 00
2.1621E 00
3. 75088 00

I+ 2

1.8985E-02
. 3809E-02
8.54708-02
6.20372-02
5.43329-02
8.30078-02
1.0716E-01
9.6908E-02
1.5251%-01
2. 1898E=01
1.92078-01
1.8778E-01
2.92632-01
2. 6213E-01
0.0

0.0

0.92G6/CC H=.079433, C=.039716

I+ 3

1.8985E-02
3.2965E-02
2.3830E-02
1.0485E-02
9.29368-03
1.48548-02
1.6601E-02
2.8596F-02
S.4014E-02
6.1950E-02
5.7112e-02
9.3890E-02
9.8656E-02

[=X-N-]

-0
-0
-0

I+ 4

1. 14389E-02
9.21482B-03
4.1305e-03
1.7475E-03
1.7475E~03
2.38308-03
4.84583E-03
9.6908E-03
1.52518-02
1.084288-02
2.8596E-02
3.0741E2-02

o0CoC

.
ovVQoO

I+ 5

3.8922e-03
1.5887E-03
9.5319e-04
4.7660E-04
3.9717E-04
9.5319g-04
2.38308-03
4.1305E-03

J.6256E-03

1.2392R8=02
9.5319E-03
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NOCL

2
]
)

- b o ok b kb
ANEWNSODVDINANNET WN =

PRON
I

WRILANE WN =

- b b d b b b
PNEWN 2D

IDE =

501

ABSORPTION NU PISSIOR

6.6743E-05
2.6697E-04
5.3394e-04
9.3400E-04
1.6686E-03
3.00348-03
4.67202-03
B.6766E~03
1.9362e-02

TO I+ 0

3.21048-02
3.92128-02

9.057 18-02 -

1.3455E-01
2.7949E-01
3.9502E-01
4.5896E-01

4.7054e2-01 "

4.72188-01
3. 3225E-01
2.9954E-01
3.13108-01
2.8253E-01
4.2055E-01
1.4366E 00
3.1056% 00

LI T I )

FOO0OQCOOO0OV0OOILROOOO

OOOOOOOOOOPOOOOO

TRANSPER CROSS SECTIONS

I+ 1

6.34738-02
5.5163E-02
1. 68304 E-01
1.99962-01
2.37308-01
4.0964B-01
5.00548-01
5.3495e-01
8.57461-01
5.3081E-01
5.8073E-01
5.8035e-01
5.0831E-01
6.7737e-01
3.44768- 01
0.0

X(E) WATER

TOTAL

1. 4009E-01
1.82218-01
3.32982-01
3.9499P-01
5.6305E-01
8.896BE-01
1.0696% 00
1. 1226E 00
1. 1226E 00
1. 12267 00
1. 12268 00
1. 12267 00
1L 12262 00
1.3229% 00
1. 7900E 00
11250% 00

I+ 27

1.50188-02
4.8789E-02
7.07378-02
€. 0191E-02
3.81108-02
6.9746E~02
9.0036E-02
8. 1426802
1.28158-01
1.81878-01
1.61388-01
1.57782-01
2.4588E-01
2.2025E-01
0.0

0.0

0.9982G/CC

I+ 3

1.5418E-02
2.9300E-02

1.9622E-02~-

B.4764E-03
6-67438-03
1.20818-02
1.39498-02
2.50288-02
4.5385E-02
5.2060E-02
4.7988E-02
7.8890E-02
8.2895E-02
0.0

0.0
0.0

Ie 4

9.2773e-03
8.0759E-03
3.27048-03
1.4683E-03
1.201688-03
2.00238-03
4.0713e-03
8. 1426E-03
1.28158-02
1. 5484 E-02

2. 40288-02 -

2. 5830B-02
0.0
0.0
0.0
0.0

H=. 066742, 0=.033371°

I+ 5

3.0702E8-03
1.6686E£~-03
7.3817E~-08
3.3371E-08

.2.6697E-04

8.3429E-04
2.0023E-03
3.47068-03
6.40738-03
1.0812E-02
8.0092E-03

coooco
- X-X-%-¥-
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WUCL

5Pa

-
QODNAINNEWNa

1

- b b ab b
oV EWN

E =

ABSOBRPTYION

5.6888R-0%
2.2754e-04
4.5507e-04
7.9638E-04
1.42218-03
2.55988-03
3.9819g-03
7.481988-03
1.6606R~-02

601
NU PISSION

0.0
0.0
0.0
0.0

.
OO0OOO0CCOUOOOIOO

TRANSPER CROSS SECTIONS

PRON
I

ORI NEWN =

TO I+ O

8.0866E-02
5.8675B-02
9.3000E~-02
1.5366B-01
3.02472-01
4.30838-01
4.9694E-01
4.92198-01
4.9355%-01
3.6967E~01
3.8018E-01
3.6070E-01
3.2869B-01
8.42698-01
1.316 12 00
2.7528e 00

I+ 1

6.6376B~02
5.54628-02
1.4377e-01
1.8399E-01
2.12858e-01
3.6010E-01
4.3819E-01
4.6730e-01
8.01262-01
4.6809E=01
5. 1259E~01
4.7703e-01
4.5141E-01
5.99142-01
3.0819E-01
0.0

X(®) PLEXIGLAS

TOTAL

1. 44212-01
1.89002-01
3. 1921e-01
3. 8918e-01
5. 54758-01
8. 6300R-01
1.0189e 00
1. 0593 00
1. 05938 00
1. 0593 00
1.0593¥% 00
1. 06298 00
1.0629% 00
1. 23358 00
1. 6317 00
12. T694E 00

e 2

1. 3140E-02
4. 1582r-02
6.0297e-02
4.27778-02
3.2u818-02
5.98448-02
7.67378-02
6.9398e-02
1.0922e-01
1. 5867E-01
1. 3754E-01
1. 34487E~-01
2.09568-01
1.8772e-01
0.0

0.0

I+ 3

1.3140E-02
2.4972E-02
1.6720E-02
7.2243E-03
5.6883E-03
1.0637E-02
1.1889E-02
2.0478R-02
3.8691E-02
4.43702-02
8.0900E-02
6.72378-02
7.0650E-02

SO0

-0
-0
-0

I+ &

7.9069E-03
6.88308-03
2.7873e-03
1.25158-03
1.0239E-03
1. 70658-03
3.8699E-03
6. 9398E-03
1. 0922p-02
1. 31978-02
2.0478B-02
2.20148-02
0.0

0.0

0.0

0.0

1. 182G/CC H=.056884, C=.035552, 0=.014221

I+ S

2.6167B-03
1.4221E-03
6.2572E-04
2.84482E-04
2..2754E-04
7.11052-04
1.7065E-03
2.9580E-03
5.46098-03
8.8739E=03
6.8261B-03
0.0

Qo000
[« M= X~ N
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GP.

- ol h b b b
PN EWNDOORdANNEWN =

(o]

- b b b o b b
ANEWNSOODDAANNGT WN -

YOCLIDE =

602 DE/B PLEXIGLAS

ABSORPTION WO PISSION

5.68842-04
0.0

5.68842-05
2.2758B-08
4.5507e-04
7.9638E-04
1.48221e-03
2.55988E-03
3.9819e-03
7.4198E-03
1.6606E-02

FROR TO I+ O

3.83048E-02
6.7265e-02
8.66628-02
1.4672E-01
2.67202-01
8.30438-01
4.8694E-01
4.9219e-01
8.9355p-01
3.6967E-01
3.5018e-01
3.6070E-01
3.2869E-01
4.42692-01
1.3161E 00
2.7528E 00

0.0

- X-E=J
D)

[-X-X-X-N-N-N-N-N-¥- NN ¥ NN

[ X-N-N-N-N-N-N-N-¥-N-N-)

TRANSPER CROSS SECTIORS

I+ 1

6.80838-02
5.3130F-02
1.45828-01
1.9019E-01
2.50068~-01
3.6010E-01
4.38198B-01
4.67308-01
4.01268-01
4.6809E-01

5. 12598-01

4.77038-01
4.5141E-01
5.9918e-01
3.0818E-01
0.0

TOTAL

1. 45128-01
1.90992-01
3. 1500B-01
3. 9084E-01
5. 6436B-01
8.63002-01
1. 0189E 00
1.0593% 00
1. 0593 00
1. 0593 00
1. 0593E 00

1.06292 00 -

1.0629E 00

1.23358 00

1.6317E 00
2. 7694¥® 00

I+ 2

1. 3595e-02
3.9250E~02
6.1207e-02
4.04262-02
3.8909e-02
S5.94442-02
7.6737e-02
6.9398e-02

1.0922e-01"

1.5467E-01
1. 3754e-01
1. 3447p-01
2.0956E~-01
1.8772e-01
0.0

0.0

1. 1826/cC 8=.056884, C=.035552,

I+ 3 I+ 4 I+ S
1.3595E-02 8.1913E-03 2.7873E-03
2.3607E-02 6.5985E-03 '1.1377B-03
1.7065e-02 2.9580E-03 6.82612-08
7.5087e-03 1.2515B-03 3.4130E-04

" 6.6554BE-03 1.2515E-03 2.8842E-08
1.0637p-02  1.7065E-03 6.8261E-04
1. 1889E-02 3.46998-03 1.7065E-03
2.0478E-02 6.9398E-03 2.9580E-03
3.8681E-02 1.0922B2-02 ' 5.4609E-03
4.43708-02 1.3197E-02 8.8739E-03
4.0900E-02 2.04782-02 6.8261E-03
6.7237e-02 2.20148-0 0.0
7.0650E-02 0.0 i 0.0
0.0 0.0 . 0.0
0.0 0.0 0.0
0.0 0.0 0.0

0=.018221

-t
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NOCL

(2]
©
]

-k D b b b —b
PABWNAOOVRNSITNEWN=

IDE =

ABSORPTION

0.
0.
0.
0.
0.
0.
0.

[-N-N- N~ NN~ ¥

1.00002-03
4,0000E-03
8.0000E-03
1.8000E-02
2.50002-02
4.5000B-02
7.00002-02
1.30008-0%
2.9000e-01

1101

NO PISSION

[~¥-N-N-Reu-N-N-N-N-N-N- - 0-E-]
[-¥-RX-N-R-N-N- N NN~ - N NN R-]

TRANSPER CROSS SECTIONS

PRON

~

- ok e —d b - b
NS WUNS2QODIBDIANSWN =

TO T+ O

4. 80002-02
9.30002-02
1.9300E-01
4.7900E-01
2.5010¢8 00
4.80408 00
$.2290E 00
5.3650E 00
5.3890F 00
3.33808 00
2.8750g 00
3. 1360E 00
2.62008 00
3.7300E 00
1.98708 01
4.8710R O1

I+ 1

7.3900B-01
7.31008-01
1.76708 00
2.7180%8 00
3.38708 00
6.0220E 00
7.37202 00
7.8800% 00
6.7190E 00
7.7570% 00
8.49402 00
7.9060E 00
7.4090E 00
9.90008 00
5.0000B 00
0.0

AYDROGEN X (E)

TOTAL

1. 43408 00
2. 18008 00
3.3740B 00
4. 10302 00
6.58108 00
1. 17008 01
1. 4250E 01
1. 5000 01
1. S000E 01
1. 5000¢€ 01
1.50008 01
1. 50002 01
1. 5000E 01
1.8000% 01
2.5000E 01
4. 50008 01

Ie 2

2.3100E~-01
7.3100E~01
1.0600E 00

"7.5200E-01

5.71008-01
1.0450E 00
1.33908 00
1. 22008 00
1.9200F 00
2.7190® 00
2.8180E 00
2.3640E 00
3.68480¢8 00

-3.30008 00

0.0
0.0

I+ 3

2.31008-01
4.3900E-01
2.93002-01
1.2700E-01
1.00002-01
1.8700B-01
2.0900E-01
3.6000E-01
6.8000E-01
7.8000E-01
7.1900E-01
1.1820E 00
1.2420% 00

[-X-N-]

-0
<0
-0

AANSER ROACH

Ie &

1.3900B-01
1.2100E-01
4. 9000802
2.2000E-02
1. 8000E-02
3.0000E-02
6. 1000E-02
1. 22002-01
1.9200E-01
2. 32008-01
3.6000E-01
3.87008-01
0.0

0.0

0.9

0.0

I+ 5

4.6000E-02
2.5000E-02
1. 1000E-02
5.0000E-03
8.0000E-03
1.2%500E-02
3.0000E-02
5.2000E-02
9.6000E-02
1.5600E~-01
1.2000E-07
0.0

0.0

0.0
0.0
0.0




NUCLIDE =

GP.

OB RNANNE WN-

b ek b b b ok b
AN EFWN 2O

ABSORPTION

[~-X-N-R-N-N-¥-]
QOO0 QQ

1.0000E-03
4.0000E-03
8.0000e-03
1.8000E-02
2.5000e-02
3.5000E-02
7.0000B-02
1.3000E-01
2.9000E-01

1102

NU FISSION

QLOOCOCOQOODLOO02OD

COQCVOOOOLOO0OOO0D

TRANSPER CROSS SECTIONS

PROMN TO T+ O

- -+
QU INANETWN =

-h
-

b e b md -
AN EWN

1.0000E-02
2.4400e-0

6.4000E-02 .

3.57008-01
1.88108 00
§.40008 00
5.2290B 00
5.3650E 00
5.3890e 00
3.3a308 00
2.8750E 00
3.1360® 00
2.6200® 00

8.7300® 00

1.9870E 01
4.a710® 01

I+ 1

7.6900B-01
6.9000E-01
1.7960E 00
2.8270E 00
4.04108 00
6.02208 00
7.3720R 00
7.8800E 00
6.71908 00
7.7570E- 00
8.49408- 00
7.90608 00
7.4090E 00
9.9000E 00
5.0000E 00
0.0

HY DROGEN DE/E

TOTAL

1.3500E 00
2. 1750® 00
3.3000E 00
a. 1250® 00
6. 75008 00
1. 1700e 01
1. 4250 01
1. S000F 01
1. 5000E 01
1. 50008 01
1. 5000E 01
1. S000r 01
1. 50008 01
1. 8000F 01
2.5000F 01
4. S000EF 01

I+ 2

2.39008-01
6.9000E-01
1.0760F 00
7.8100FP-01
6.8400P-01
1. 04508 00
1. 3490E 00
1.2200E 00
1.92008 00
2.7190E 00
2.4180® 00
2.36402 00
3.6840E 00
3. 30008 00
0.0

0.0

[~ =N~

I+ 3

2.3900E-01
4.1500E-01
3.00008-01
1.32008-01
1.1700B-01
1.8700E~01
2.0900B-01
3.6000E-01
6.8000E-01
7.8000E-01
7.1900E-01
1.1820E 00
1.2020E 00

-0
.0
.0

HANSEN ROACH

Ie 4

1. 8400EB~01
1. 1600E-01

5. 20002-02,

2.2000E-02
2. 2000802
3.00008-02
6. 1000E-02
1. 22008-01
1. 92008~ 01
2. 3200 B-01
3.60008-01

3.87008-01

0.0
0.0
0.0
0.0

I+ S

4.9000E-02
2.0000E-02
1.2000E-02
6.0000E-03
5.0000BE-03
1.2000B-02
3.0000E-02

5.2000E-02

9.6000B-02
1.5600E-01
1.2000B-01 -

[=X-X-N-N-)
OO0 CO
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NOCLIDE =

GP.

- b wh uh b d b
PN EWNSOVDdANR WN =

ABSORPTION

4.0000e-02
6.00008-02
4.0000E-02
8.00008-02
2.7000E-01
6.1000E-01
1.5000€ 00
3.40008 00
8.0000E 00
1.6800F M
2.9000E 01
5.2000E 01
9.20008 01
1.5100e 02
2.7300E 02
6.6930E 02

5100

BO ROW

NO PISSION

DO IO

OOOOOQO?OOOOOOOO
QUODOOOUDOO0OLOOOOOO

TRANSPER CROSS SECTIONS

FRO® TO T+ O

"

- b b b -l -
AN EWN=SCOD dJANEWN =

8.1000E-01
1.3100® 00
1.2200e 00
1.6900E 00
2.51002 00
3. 11008 00
3.10002 00
3.0900E 00
3.0900E 00
2.9400£ 00
2.8900® 00
2.9300E 00
2.8900E 00
2.7700E 00
3.01008 00
3.4700E 00

Ie 1

6.7000E~-01
4.2000E-01
8.80008-01
5.0000B-01
3.80008-01
3.6000E-01
3.70008-01
3.80008E-01
3.8000E-01
5.3000e=01
5.8000E-01
5.30008-01
5.80002-01
7.0000E-01
4.6000E-01
0.0

TOTAL

1. 52008
1. 7900E
Z. 18300E
2.2700¢
3. 16002
4. 08008
4.9700P
6.87008
1. 18702
1.9870®
3. 2470%
5. S470E
9.5870E
1. 5847
2. 7687R
6.7277E

I+

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0

00
00
00
00
00
00
00
00
01
01
01
01
01
02
02
02

L I I T T I I T I T R Y N N )
OO0 OO0OOLOO0OOOCOTOC

COO0O0O0O0CO0OO00OOOCOC

I+

HANSEN ROACH

DN ) DI
[=R-N-RN-No R~ N Ne o= Noi-NoNoNa)

[~E=N=NoN-NeoN-Ro Nl NN NN - N )
.

I+

2% & & s b 3 2 s 4

COOCOOCOO0O0ODOO0OCO

CO0O0IIOCCOOO0O0O0OO0QO

Ie¢
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- (o]
QUOVUDIPNE WN -

-t
Py

- b b ol
ANEWN

NOCLIDE =
GP. ABSORPTION
1 0.0
2 0.0
3 0.0
4 0.0
S 0.0
6 0.0
7 0.0
8 0.0
9 0.0
10 0.0
11 0.0
12 0.0
13 0.0
13 0.0
15 7.0000E-08
16 3.0000E-03

FRON TO Y+ O

7.1500E-01

1.10608
1.4040°F
2. 3260E
3.1570F
3.8490E
4.0120E
3.9120E
3.9120F
3.7370E
3.6730E
3. 82408
3.7630F
3.6270E
3.9020E
4.4360F

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

6100
NU FPISSION

0.0

TRANSPER CROSS SECTTONS

Te -1

5. 1500E- 01
3.14008-01
8.5600E-01
6-0400E-01
8.33008-01
- 4.01008-01
4.2800R-01
“4.2800E- 01
4.28002-01
6.03008-01
6.6200E-01
6-1600E-01
6.77008-01
8..13008- 01
5.3600R- 01
0.0

CARBON

TOTAL

1. 23008
1. 4200E
2.2600B
2.9300%
3.5900F
4. 2500®
4.4400F
4. 3400F
5. 3400E
4. 3400€
4. 34008
8. 4400%®
4. GUOOF
4. 4400E
4. 4387E
4.8390F

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

OO0V RIRO

OO0 O0CO0CO0OOD0O0O0O0Q0Q

Ie¢

HANSEN ROACH

NI .
COVOOOOOOODODOOOOQ

OOOOQOOPOOOOOOOO

I+

Y- Y- R-E-N-R-N-R-N-E-R-N-R-R-¥-

CQOCO0O0OLOOO0QEOOO

-
*

[, ]




37

NOCLIDE =

GP.

- b b od b b
ANEWNSOODIPANE WK =

AB SORPTION

2.5000B-01
1.1000E-01
4.0000E-02
4. 0000E-02
2.0000E-03
2.0000E-03
4.0001R-03
8_.00008E-03
1.9000E-02
4.0000R-02
7.00008-02
1.2000BE-01
2.2000E-01
3.6000E-01
6.4000B-01
1.67008 00

TRANSPER CROSS SECTIONS

PRON TO ¢ O

1

VOLdANET WN -

- b b d b wd
NS WNL2C

3.9000E-01
1.0100E 00
1. 2000E 00
1.7800® 00
3.1220E 00
4.9930F 00
6.7850E 00
7.40808 00
7.7630E 00
8.18008 00
8.2800% 00
8.3800e 00
A.2800F 00
8.0300® 00
8.5300E 00
9.52900k 00

7100 NITROGEN
NU FISSION TOTAL
0.0 9.7000E-01
0.0 1. 4800 00
0.0 1. 69008 00
0.0 2. 17008 00
0.0 3.2940% 00
0.0 S. 3360E 00
0.0 7. 35908 00
0.0 8. 0920E 00
0.0 8. 49308 00
0.0 9. 3300E 00
0.0 S.5900® 00
0.0 9.6400E 00
0.0 9.743008 00
0.0 9.8800E 00
0.0 1.0160E 01
0.0 1. 1190E Ot
I+ 1 I+ 2
3.30008-01 0.0
3.6000E-0% 0.0
4.5000E-01 0.0
3.50008-01 0.0
t.7000E-01 0.0
4.4000B-01 0.0
6.1000E-01 0.0
6.8000BE-01 0.0
7.1000E-0% 0.0
1.1100g 00 0.0
1.24008 00 0.0
1.1400E 00 0.0
1.24008 00 0.0
1.8900® 00 0.0
9.9000E-01 0.0
0.0 0.0

4 ¢ 8 4 0 0 4 8 0 8 8 et o
[~ =~ N N~ Ne e Yo N- e N~ NN = N N

QOOOVOO0ODIVODODO0O0OQ

-
*

w

HANSEN ROACH

) DRI
[-N-N-R-N-N~ NN NN NN NN NN

LY T T B )

COOCOVOO0OO0OOOO0ODOOQOO
.

I

CO0CO0OO0O0O0O0O0O00ODOO
8 4 0 8 6 4 s 4 s 0 & s U s o
QOO0 CVCO0OO0O0O00OO0OOOO00O

I
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RUCL

GP.

ODARANEWN

ME =
ABSORPTION

000P-02

8100 OXYGEN
NU PISSIOR
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

TRANSFER CROSS SECTIONS

FPRON

- -
CODINNEWN =

-
Py

P I
AN WN

T0 T+ O

8.6600E-01
9.89008-01

2.3280e 00.

3.0740E 00
3.3730E 00
3. 02908 00
3.2950r 00
3.3700B 00
3.3700® N0
3.2600E 00
3. 226 0€ 00
3.2600E8 00
3.2260E 00
3. 14208 00
3.30908 00
3.6410E 00

Ie 1

4.2400E-01
1.9100e2-01
9.0200e-01
5.5600E-01
3.3700E-01
2.3100E- 01
2.5500®-01
2.7000E-01
2.70008-01
3.8000E-01
4. 14008-01
3.8000E~ 01
8. 14002-01

'8.9800E-01.

3.31008-01
0.0

TOTAL

1. 3300E
1. 1800¢F
3.2300B
3.63008
3.7100E
3.2600E
1. 55008
). 64002
3. 64002
3. 6800F
3.6400E
3.6800E
3. 68008
3.6400®
3. 6400E
l.6u12e

00
00
00
00
00
00
00
00
00
00
00
00
00

-00

00
00

000000000 COO0

CO0O0OQQOOOOO0OLORXOOO

-
*

w

HANSEN ROACH

.

OOOOOOOO?OOOOOOO
(=~ RN~ N ¥ X- N Yo N - ¥ X=X R X1

I+

-E-X-N-N-N-N-E-R-N-N-N_N-N-N¥-¥.)

COO0OO0CTO0OOOO0OOOCO0O0OO

I
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NOCLIDE =

GP.

QDI NEWN =

ABSORPTION

1.00008-03
2.0000E-03
4.00008-03
8.0000E-03

9100 PLUORINE

N0 PISSION TOTAL
0.0 1. 4000RB 00
0.0 1.9000E 00
0.0 2.0900e 00
0.0 3.2002E 00
0.0 4.61028 00
0.0 3. 7800E 00
0.0 3.5700e 00
0.0 3.57008 00
0.0 . 3700E 00
0.0 3, 28002 00
0.0 2.9900% 00
0.0 3. 1800E 00
0.0 3.28108 00
0.0 3.28208 00
0.0 3. 47408 00
0.0 3. 36808 00

TRANSPER CROSS SPCTIONS

PRON TO I+ O

(]

wd h b ol b b -
PN WNSOODIOANEWN =

8.8000E-01
1.28002 00
1. 4100E 00
2. 1400 00
3.9530F 00
3.5300e 00
3.3600E 00
3.3500® 00
3.2500E 00
2.9900% 00
2.71002 00
2.9000% 00
2.9700E 00
2.91170E 00
3.2100® 00
3.46008 00

I+ 1

4.2000e-01
3.2000E-01
6.8000E-01
1.06008 00
6.5000E-01
2.5000e-01
2.1000E-01
2.20008-01
2.2000B-01
2.9000e- 01
2.8000E-01
2.80008-01
3.1000E-01
3.7000E~-01
2.6000E-01
0.0

I+ 2

0.0
2.1000p-01
8. 0000B-08
0.0
7. 0000E-03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

I+ 3

0.0
9.0000E-02

[-E-X=-N-N-N- NN N
ORI

[« X~ NN N~ NN N ]

HANSEN ROACH

OOOOOOQ.OOOOOOOOO
.
COO0O0OO0O0ODIOO0COLOQCQ

Ie¢

QOO0 OQ
.0 & 4 2 % @ 0 0t 4 b e
CO0OO0OO0OOO0OO0O0O0O0O0O0O0

I
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GP.

L)

BN NEWN -

PRON

-k d d b b b
AN WN2L2OODRINANNGWN =

NUCLIDE =

11100

ABSORPTION NU PISSION

3.0000E-02
0.0
1.9999e-04
5.0002e-04
9.0003E-04
9.9999e-04
1.0000E-03
1.00008-03
5.0000p-03
1.1000g-02
1.80008-02
3.2000e-02
S.7000E-02
1.0000g-01
-1.90008-01
4.47008-01

TO I+ O

1.13708
1.704 0¥
1.7990€
2.4709e
2.9113¢
3.6950E
S.7870E
4.3100¢
2.8500F
2.78308
2.77608
2.81808
2.8030E
2.8160E
2.96208
3.3000¢

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

[~ X-N-N-X-N-N-N-N-N- XN NN YR
e 8 8 ¢ 8 & 8 0 0 0 6 s s 4 0
Q0000000000000

TRANSPER CROSS SECTIONS

I+ 1

4.4000B-01
5.5600E~01
1.1910¢ 00
6.04008-01
1.9500B-01
1.8800B-01
3.0100e-01
2.35300®-01
1.5500E-01
2.1600E-01
2.35008-01
2.19002-01
2.3800E-01
2.9400E-01
1.98008-01
0.0

. SODIUN

TOTAL

1. 6070®
2.26008
2.9902%
3. 1194F
3. 1072¢
.88a0®
6. 0890E
4.5450¢®
3.0100e
3.0100E
3.0300e
3.0690®
3. 09908
. 21008
3.3500¢
3.7470E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

I+ 2

0.0

0.0

0.0
3.6000E-02
1.00002-08

0000000000000

SOV IVOO0OQRIQ

-
*
w

000E8-03

oooéooé?oooooooo

HAANSEN ROACH

“ s 8 o0 )
[-X-N-X-N-N-N-N-N- N NN NN N N

Is

000000000 O

M EEEEEEEEEEEE I

CO0O0OO0OO0VO0O0O0O0O0DO0O0

Ie
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NUCLIDE =
GP.
1 2.0362e-02
2 8.0251e-04
3 9.3136E-04
8 1.8765E-03
5 1.0125E-08
6 6.2210e-08
7 1.8122E-08
8 2.9977r-04
9 6.6678e-04
10 1.3695e-03
11 2.4403E-03
12 4.3784e-03
13 7.75992-03
1 1.2798e-02
15 2.3413E-02
16 5.8797e-02

12100 P0

ABSORPTION NU PISSION

0.0
0.0
0.0
0.0
0.0
0.0

TRANSPER CROSS SECTIONS

rRON TO I+ O

o]

- o o b op b b
AVEWNSOORIANTWN =

1. 16262 00
1.9682e 00
2.5878E 00
4.2832E 00
8.9817E 00
4.14338 00
3.22182 00
3.22368 00
3.2380r 00
3.1706E 00
3.184778 00
3.1647E 00
3.1507e 00
3.0884aE 00
3.0913R 00
3.33812 00

I+ 1

6.02718-01
2.99692-01

3.22352-01 .

3.88168-01
3.1002e-01
1.9750e-01
1.5718e-01
1.6111E-01
1.60992-01
2.27918B- 01
2.4968R-01
2.3080E-01
2.3080®-01
2.9485B- 0%
2.7870E-01
0.0

MAGNPSIUM ENDP/B-TIV MAT 1280

TOTAL

1. 9108E 00
2.48978E 00
2.9209E 00
4.6292¢ 00
5. 2518E 00
4 3824E 00
3.3792e 00
3. 38512 00
3.3996E 00
3. 40008 00
3. 3999¢ 00
3.3999e 00
3. 3993 00
3. 39608 00
3. 3894k 00
3.3969® 00

I+ 2

5.8137E-02
1. 88278-01
9.28518-03
3.0914E-08
0.0

0.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

I+ 3

4.7008E-02
6.98458-02
6.0302E-064
84.82298B-06

CO000OOOOOLOO0

00000 OO

I+ &

1.94849E-02
1.0518E-02
3.76318-06
2.3770E-07

0.0

OOOO'OOOO
(=N -R= NN - RN

I+ S

1.1101E-03
4.6256E-04
6.61828-08
0.0
0.0
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NOCLIDE =

GP.

- D b b b
ANEWNSO0O VDI NETWN=

AB SORPTION
1.5900E-02

-0
3.8001e-04
7.00008-048
2.0000e-03
$.0000E-03
2.00002-03
1.0000E-03
3.0000e-03
6.0000E-03
1.0000E-02
1. 7000E-02
3.0000E~-02
5.0000E-02
8.0000g-02
2.30008-01

TRANSPER CROSS SECTIONS

PRON TO T+ O

X

OO JANE WN

1.1000E
1.6610E
1.6100E
Z. 47008
2.6900E
1.3600E
1.3980E
1.30808
1.30308
1.2760B
1.2640R
1.28808
1.28608
1.2950®
1. 30602
1.3800E

00
00
00
0o
00
00
00
00
00
00
00
00
00
00
00
00

I+ 1

5.6000E-01
2.30002-01
3.8000E-01
2.5000E-01
1. 4000E-01
7.0000E-02
6.3000B-02
6.0000E-02
6.0000E-02
8.40008-02
9.2000B-02
8.80008-02
9.80008-02
1.15008-01
7.4000E-02
0.0

13100 ALONINON

NG PISSION TOTAL
0.0 1. 80598
0.0 2.0223%
0.0 2. 14042
0.0 2.7207e
0.0 2.8320P7
0.0 1. 3350E
0.0 1. 4630E
0.0 1.3650F
0.0 1.36608
0.0 1. 36608
0.0 1. 3660F
0.0 1. 33508
0.0 1. 8100E
0.0 1. 4600E
0.0 1. 3600%
0.0 1. 5700E

I+

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1. 0000E-01
1. 1000B~01
1. 4000E~01
1.0000£~08
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ie 3

3.0000E-02
2.0000E- 02
1.0000E-02

[-X~-R-X-N-N-N-N-N-J-N-N- N1
COOO0OCOCOOO0ROS

HANSEN ROACH

0D

DRI DRI
QOO0 OCOO0OCRIOAO0Q

OOOQOQ?OOOOOOO

I+ B

000E-08

[~E-N-E~-N-N-N-N-N-N-N-N-N-L NN

[-N-N-N-N-N-N- - N-N-F- NN Lo NN

Is




-
QOO NEWN

[ Iy
PNEWN

HOCLIDE =

18100

ABSORPTION NO FISSION

4.86758-02
6.5337e-08
6.5994E-04
6.6473E-04
6.7735E-04
4.32068~03
3.08128-04
7.37078-04
1.7186E-03
3.5095e-03
6.2366E-03
1.10132-02
1.9591E-02
3.26728-02
5.9636E-02
1.49682-01

COO0O0OOCO0OO0O0OO0O0OO0OOO
4 0 8 8 o 0 & & 0 3 0 s 4 4 8
OO0 OO0L0OLOLOOO

<

TRANSPER CROSS SECTIONS

PRON TO T+
I

1. 514682
2.5303e
2.70152
2.91802
1.33722
1.4676E
1.9168e
2.0613e
2.0624w
2.0257¢e
2.01828
2.0239e
2.0139e
1.98202
1.9839¢
2.15018

- o b oh b b
VN BWNSGODODAIRANE WN -

0

00
00

00 -

00

00

00
00
a0
00
00
00
00
00
00
00
00

I+ 1

3.9628%-01
2.4735p-01
3. 1002E-01
2.5398E- 01
7.07288-02
6- 10438~ 02
8. 0499e~02
8.8675E-02
8.75978-02
1,24218-01
1.35818-01
1.2613E-01
1.3586 - 01
1.67932-01
1.66058-01
0.0

TOTAL

- 2. 21S4F 00

2.9523e 00
3.0127E 00
2L 1731E 00
1.3087¢ 00
1.5330E 00
1.9975E 00
2. 1507F 00
2. 1517 00
2. 1535e 00
2. 1562E 00
2.1610E 00
2.16938 00
2. 18258 00
2.2095E 00
2.29978 00

Ie 2

1.23588-01
1.0884E-01
1.33021-09
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.3493E-02
5.8306B-02 6.5353E-03
4.0456E-04

COOD0O0CTOO0OCOO
DRI

COVDOOVCOOODOQ

PO SILICON ENDP/B-IV NAT 1194

7.9743e-03

2.52368~-05

0.0

OO0 OOLODO

I+ S

9.6600E-08
2.6129E-04
1.786TE-06
0.0

CO00O0O0QCOO0O000
DRI
CO00O0RQOOOTO




a4

NUCLIDE =

GP.

-
OCVWDINANNFWN=

AR}

- o it b
ANEwN

ABSORPTION

3.87778-01
9.6537e-02
5.1827g-03
8.2174E~-03
31.8251E-03
5.4664E-03
2.3750e-02
7.3205e-02
8.7034E~02
9.1142E-02
9.44158-02
9.8916E-02

1.02068-01"

1.2638E-01
2. 1125e-0
§.6154E-01

16100 PO

NU FPISSION

0.0
0.0
0.0

000000000V OO
.
OCO0OO0OO0O0OOLOO0OO0QOOO

TRARSPFR CROSS SECTIONS

PRON TO I+ O

1

VRN NEWN -

b d ad ok b b b
ANBZWN 2D

1.85568 00
2.4207E 00
2.1208E 00
2.1090F 00
3.2006E 00
7.3020E-01
1.0858E 00
9.9717g-01
1.0443E 00
1.0516E 00
1.0361E 00

1.0274E 00~

1.05218 00
1.03368 00
1.0701E 00
1.19692 00

I+ 1

1.80348-01
1.0843e-01

1.8565E-01
"1 1981E-01 ¢

1.6539eE-01
2.6282e-02

-3.8566E-02

6. 55/ B~ 02
§.0831E-02
4.0083e-02
5.6375E~ 02
6.5575e-02
9.0738B-02

7.68308-02 .

7.9440E- 02
0.0

TOTAL

. 88368 00
2.67568 00
2.3100% 00
2. 23148 00
3.3697E 00
7.6192E-01
1. 10807 00
1.13578 00
1. 17168 00
1. 18228 00
1. 1R68E 00
1.1917F 00
1. 19498 00
1.2368E 00
1. 3608% 00
1. 65ALE 00

I+ 2

2.35028-02
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

CO0O00ODOOLOOOOOOWN

SULPUR-32 LENDL MAT 7020

-
L d
(¥V]

1467~-02

CO0O00O0LQLOOULLLULaTE

¢ 0 & & 4 0 0 € 0 0 8 8 s
Ll
>
&

00000000 OOC =
0000000000 COOOD =
COO00O0000OCOOO

I+ S

© 2.29697-01

5.14822-02
0.0

QOO0 O0OOCOI00
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NUCLIDE =

GP. ABSORPTION
1 0.0
2 0.0
3 0.0
8 0.0
5 0.0
6 1.0000E-03
7 3.0000B-03
8 8.0000e8-03
9 1.7000E-02
10 3.8000e-02
11 6.8000E-02
12 1.2000e-01
13 2.1000B-01
18 3.6000rR-01
1S 6. 1000E-01
16 1.7500® 00

TRANSFER CROSS SECTIONS

raon

[ 2]

- b b ad b b b
PNBWNLSDODRINNNE W -

TO I+ 0O

1.7950E 00
2.0710E 00
1.4950e 00
1.T2408 00
1.8980€ 00
1.81308 00
1.3800F 00
1.47008 00
1.63308 00
1.75208 00
1.8090E 00
1.9050® 00
1.95408 00
1.8R80E 00
1.9750F 00
2.25008 00

19100 POTASS I0A

RO PISSIOWN TOTAL
0.0 2.11008
0.0 2. 22008
0.0 1.69008
0.0 1. 84008
0.0 1.97008
0.0 1. 86708
0.0 1. 8250E
0.0 1. 52308
0.0 1. 70008
0.0 1. 8680R
0.0 1. 96608
0.0 2. 11008
0.0 2.2600E
0.0 2.3600E
0.0 2. 6600E
0.0 8. 0000E

Ie 1 Ie

3.15008-01 0.0
1.49008-01 0.0
1.9500E-01 0.0
1. 1600B-01 0.0
7.20008-02 0.0
5.30008-02 0.0
4.20008-02 0.0
4.50008-02 0.0
5.00002-02 0.0
7.8000E-02 0.0
8.90008-02 0.0
8.5000E-02 0.0
9.60008-02 0.0
1.12008-01 0.0
7.50002-02 0.0
0.0 0.0

00
00
00
00
00
00
00
00
00
00
90
00
00
00
00
00

CO0QCOUOO0O0O0OO0O0OQO0COLO

$ 0 4 8 0 8 2 s 8 b s

COOLOOCORLOOOOLOOQ

I+

HANSEN ROACH

COQOOO0OOOOOLCOOOO0O
.
CO0O0O0ODVOVOOQOOOLO

I+

Q0000 ELDOOOOQOQOQ

COO0O0OI2OO0COOO0O0QO

Ie
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RUCL

GP.

WD NN W -

PRON
1§

OB dANEWN <

IDE =
ABSORPTION

4.7805E-01
3.6504E-02
2.5572e-03
1.29618-03
1.3791e-03
3.33788-04
4.2678E-08
R.0N00SEB-04
2.29638-03
8.4526E-02
4.5662R-02
2.91018-02
5.0863E-02
A.2522E-02
1.2000E-01
3.81008-01

TO Ie¢

1.57638
1.9924E
2.0198E
1.6055E
1.62T1E
1.3116E
1.30078
1.3653E
1.4532E
1.4828E
1.4279€
1.84708
1.9385E
1.8375®
2.0000E
3.2000E

0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

TRANSPER CROSS SRCTIONS

CALCIUHN

20100
NO PISSION TOTAL
0.0 2.44778 00
0.0 2. 24298 00
0.0 7. 32548 00
0.0 1.71442 00
0.0 1. 68932 00
0.0 1. 34558 00
0.0 1. 34558 00
0.0 1.40STE 00
0.0 1. 49682 00
0.0 1. 5790F% 00
0.0 1.54018 00
0.0 1.5236E 00
0.0 1. 5854 % 00
0.0 1.57708 00
0.0 2. 1300E 00
0.0 3.58108 00
Ie 1 Is 2
3. 1820E-01 1.7454E-02
2.14028-01 1.0000B-20
3.0813B-01 1.0000E-20
1.0755e-01 1.0000B-20
6.0820B-02 0.0
3.3499p-02 0.0
8.4382-02 0.0
3.95908-02 0.0
4.13238-02 0.0
1.17178-02 0.0
6.66158B-02 0.0
8.75278-02 0.0
5.594R8E-02 0.0
4.6979p-02 0.0
2.0000B-02 0.0
0.0 0.0

OO0V O0OOOOO0O0O00O0OQ

I+ 3

3.59518-02
1.0000E-20
1.0000E-20

OO0 OCOOCOOOOO

GAN-2

I+ 8

1.92288-02
1.00002-20
0.0
0.0
0.0

o<:<:c=OEDC:o‘3c:F
.
COCOVOOOCOOD

D)
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NUCLIDE =

GP.

-
QOO NS WN -

-
-t

- b b b b
ANVNEWN

.ABSORPTION

9.5766%-03
6.8350p-08
2.07378-03
4.0205e-03
5.7430E~03
1.2539e~-02
2.00882-01
1.4566E-01
S.2926E-02
1.15312-01
2.0199e-01
3.34862-01
6.0292e-01
1.0568E 00
2.43000E 00
5.40002 00

TRANSFER CROSS SECTIONS

PRON TO I+ O

I

VA NIANEWN -

9.19198-01
2.0319¢ 00
1.8311E 00
1.87078 00
2.32848 00
2.90758 00
1.39678 01
4.6686E8 00
4.1489% 00
4.10838 00
§.10728 00
8.12718 00
§.2890E 00
8.8673E 00
4.20008 00
4.00008 00

22100  TITARION
NO PISSION TOTAL
0.0 2. 0597 00
0.0 2. 68208 00
0.0 2, 21502 00
0.0 1. 99552 00
0.0 2. 84637 00
0.0 2.9362R 00
0.0 1. 4299E 01
0.0 3. 9076E 00
0.0 §.2527e 00
0.0 4. 3007F 00
0.0 4. 40208 00
0.0 4. 50098 00
0.0 4.9101E 00
0.0 S5.5281E 00
0.0 6.7100E 00
0.0 9.80008 00
I¢ 1 T+ 2
8.0585E-01 1.8753B-01
3.1993e-01 2.3290E-01
2.6271%-01 1.00708-01
1.20758-01 1,0000B-20
1.12172-01  1.00002-20
1.61088-02 1.00008-20
1.3080E-01 0.0
9.73468-02 0.0
5.08428-02 0.0
8.10568-02 0.0
9.20856B8-02 0.0
3.89468-02 0.0
1.81778-02 0.0
6.06588-02 0.0
1.10008-01 0.0
0.0 0.0

Ie 3

1.5028E-01
5.3699e-02
1.7564E-02
1.0000E-20
1.00008-20

CO0O0QOIIOORO

4 0 s 8 8 0 0 0 b0

COO0O0OO0OOCOO0OOOCO

GAN-2

I+ &

2. 450 1E-02
2. 6959E-03
7.0660P-04
1.0000E~20
0.0

[-N-R-N-X-N-N- KN~ ¥~ X-]

I+ S

2.7875E-03
1.9040E-04
1.4592P-04

OOOOOOOOQO?OO
DR " .
OOAOOOOQOOOOOO
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GP.

-
QUANIOINEWN -

-h
-

- il o wd b
ANaWN

1

-
QOO EWN -

11

- b b b
AN EWN

NOCLIDE =

ABSORPTION

1.0000E-02
2.00008-02
2.0000E-02
2.0000E-02
8.0000E-02
1.10002-01
7.00008-02
2.00002-02
3.0000E~02
6.0000B~02
1.1000e-01
1.90008-01
3.3000%-01
5.5000E-01
9.9000-01
3.1000E 00

PEOM TO I+ O

1.25008 00

1.8700E 00 .

1.7900E 00
2.8500E 00
3.3800E 00
3.0000e 00
1.2680E 01
4.5600R 00
§.1200z 00
4.0600E 00
4.0500E 00
§8.03002 00
3.9900E 00
3.9200® 00
4. 1000 00
3.0000® 00

TRANSPER CROSS SECTIONS

I+ 1

5<-7000E-01
3.5000E-01
2.8000E-01
1. 5000E-01
1.3000B- 01
6.0000E-02
1.7000R-01
9.00008-02
9.0000B-02
1.3000E- 01
1.4000B-01

1.3000B-01 .

1.4000E-01
1.70008-01
1.2000E-01
0.0

24100 CHRONTI UM

NU PISSION TOTAL
0.0 2. 48002 00
0.0 2.36002 00
0.0 2. 17008 00
0.0 2.6200B 00
0.0 3.5500% 00
0.0 3.1700E 00
0.0 1.29208 01
0.0 4. 6700E 00
0.0 4.2300E 00
0.0 4. 2500E 00
0.0 4. 3000E 00
0.0 4. 3500E 00
0.0 4.4700E 00
0.0 4.6800E 00
0.0 5.2100e 00
0.0 6. 1000E 00

I+ 2

2.6000e-01
3.6000e2-01
7.0000E-02
1. 0000E~07
0.0 :
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

COC00O0OROOOQ

I+ 3

2.5000E-01
1.5000P-01
1.0000E-02

CSOOCODOIIO0COCOOQO

b‘aocao:;ccao::o

AEROJET

Ie &4

9. 0000B-02
1. 0000E-02
0.0

Qo
) LTI A }
QOO0

- e - i R X

-
*
(]

000e-02

@ ¢ 2 8 & 0 2 0 B0
N

COO0OCOOCOLOOCOOO0O0OQ
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NUCLIDE =
GP. ABSORPTION
t 7.2195g8-03
2 1.9367e-03
3 2.6868E-03
4 3.6887e-03
5 8.8602E-03
6 8.4616E-02
7 S.3258E-02
8 7.6022p-01
9 a.7033E 00
10 3.9014p-01
11 5.5940E-01
12 9.3722e-01
13 1.6346E 00
m 2.69108 00
15 4.9256E 00
16 1.2809r 01

25100 PO

NO PISSION

DX B T N I R N N T M R B )
[~N-N-N-E-R-N-N-N-N.¥-N-¥-3-N- ¥

[oX-N-NE-N-N-R-N-N-N-N-N-N-N-N- N}

TRANSPER CROSS SECTIORS

PRON TO I+ O
I

VOO NEZWN -

- b b b b wp -d
ANEWNLC

2.4080E 00
2.8608e 00
2.87788% 00
3.0992E 00
4.43202 00
1.1390E 01
2.2498E 01
1.1250® 02
1.97608 02
2.%0108 00
1.9686E 00
1.7786% 00
1.7189¢ 00
1.68942 00
1.6761E 00
1.77a4g 00

I+ 1

7.6649E-01
3.50798-01
3.7344E=-01
2.4059BE-01
1.3893v-01
6.9080E-02
1.31058 00
8.1573 01
9.10768-02
6.7373 =02
6.25338- 02
5. 49598~ 02
6.2132p-02
7.58118-02
8.51228-02
0.0

M ANGANESE-S5S BNDP/B-IV HAT 1197

TOTAL

3.68408 00
3.5483% 00
3.3563E 00
3.3436% 00
4. 59038 00
. 1503F 01
2.3862E 01
1. 13688 02
2. 024808 02
3. 2590k 00
2.5907E 00
2.7709e 00
3. 41562 00
4. 45618 00
6. 6868E 00
1. 41888 01

Ie 2

2.4398E-01

2.4053®r-01

8. 2698102
0.0 :
9.51518-03
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

I+ 3

1.8984E-01
8.2962E-02
1.7937e~02
0.0

9.7531P-04

COO0COO0O00O0OCa
OO0 QOLOQOQ

I+ 4§
6.48388-02
1. 0654 E-02
1.71228-03
0.0
6. 7550B-05
0.0
0.0
0.0
0.0
0.0
0.0

(=
)

O0.00
[-X-No¥-N-)

I+ S

5.3330E-03
7.4174E-04
1.1362e-08
0.0

4.3619E-06

OOOQOOOOO?O
D) .
QOO0 O0O0OOO
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NOCLIDE = 26100 IRON
GP. ABSORPTION RU FISSION

1 7.0000E-03 0.0

2 5.00008-03 0.0

3 1.00002-02 0.0

% 1.0000E-02 0.0

S 1.0000E-02 0.0

6 1.0000E-02 0.0

7 1.0000E-02 0.0

8 1.10008-02 0.0

9 2.7000E-02 0.0

10 5.5000E-02 0.0

11 9.8000B-02 0.0

12 1.7000E~01 0.0

13 3.1000e-01 0.0

18 5.1000%-01 0.0

15 9.1000E-01 0.0

16 2.5300B 00 0.0

TRANSPER CROSS SECTIQNS

PRON TO I+ O

1
1 1.3400E 00
2 1.3950E 00
3 1.83700B 00
8 2.15702 00
S 2.3590B 00
6§ 2.17002 00
7 5.52002 00
8 6.9520B 00
9 1.0708E 01

10 1.0977E 09

11 1.0901E 01

12 1.0871E 01

13 1.0702E 01

14 1.0831E 09

15 1.0390€ 01
16 1.0530E 01

I 1

5.0000B-01
4.00002-01
2.30002-01
1.23002-01
7.1000®2-02
5.0000E-02
1.2000e-01
1.5100E-01
2-.3300p-01
3.3200R-01
3.6500p-01
3.2900E-01
3.58002~-01
8.2900E-01
2.7000E-01
0.0

TOTAL

2.2470¢E
2. 2000F
1.96008
2. 29008
2. 44008
2.2300"
5.6500F
7. 11808
1.0968¢
1. 136u®
1. 1364E
1. 1370¢
1. 13708
1. 13708
1. 1570E
1. 30708

Ie

00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01

2.00008-01

- 2.0000E~01

2.3000B-01
1.00002-08
0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

HANSEN ROACH -

I+ 3
1.0000E-0% 0.0
1.0000E-01 0.0
2.00002-02 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

1Ie

[ X-N-E-N-N-N-N-N-N-N-¥-N-N-N-¥-

[-X-X-N-J-¥-Y-N-N-N-F-¥. NN~ N-]

Te
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28100

ABSORPTION NU PISSIOWN

ROCLIDE =

GP.
1 2.7000E-01
2 1.0000E-01
3 1.0000E-02
4 1.0000E-02
5 1.0000E-02
6 2.0000B-02
7 3.8000E-01
8 4.0000B-02
9 S5.0000B-02
10 1.0000B-01
11 1.8000E-01
12 3.10002-01
13 S.6000B-01
18 9.3000E-01
15 1.60002 00
16 8.6000% 00

DRI

OOOOOOOOPOOOOOOO
[-X-N-N-N-N-N-N-N-N-N-N-N- 0 N-N-1

TRANSFER CROSS SECTIONS

PROM TO I+ O

-

- d bt wd b b b
PN WN OO IANDWN -

1.2200E 00
1.6400% 00
2.22002 00
2.3400E 00
3.2900E 00
5.0500E 00
1.3910e 01
1.53208 01
1.63008 OV
1.6160E 01
1.6590r 01
1.65208 0%
1.6320r 01
1.6620E 01
1.69708 01
1.66108 01

Ie 1

5.00002-01
3.0000e-01
2.5000E-01
1.0000E-01
8.00002-02
1.00002-01
2.9000E-01
3.20008- 01
3.3000E-01
4.7000R-01
5.30002-01
4.8000E-01
5.3000E-01
6. 4000R-01
4.3000P-01
0.0

NICKEL

TOTAL

2.2900F 00
2.34800e 00
2.53002 00
2. 45008 00
3.3800E 00
S. 1700® 00
1. 45808 01
1. 5680E 01
1.6680F 01
1. 67308 01
1. 7300 01
1.7310% 01
1.7510® 01
1. 82008 01
1.9000E 01
2. 12102 01

I+ 2

2.0000E-01
2.0000p-01
5.0000€~-02
0.0 .
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

I+ 3

1.0000E~01
1.0000E-01

DOO0OO0O0OO0OGCO0OO0OOOOO

0.
0.
o'
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

HANSEN ROACH

.
CO0O0O0O0O0OO0LVOOOOOC

Ie

COO0O0COTOIDOIODOOO
¢ ¢ 0 & 0 3 6 4 % a0 & 0 g 0 3
CO0ODOOOOCO0OROOO

-
-

w
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GP.

- .
QOB AN NE W=

-
-

- b b s
ANEWN

"~

- b wd d b b = N
CNBWNSOVDNINEWN =

NOCLIDE =

ABSORPTIOHN

8.9979E-02
1.3446E-02
5.7319e-03
2.3848B-02
2.72962-02
7.2279E-02
2.3525E-01
7.0604E-01
8.0040E~-02
7.9954e-02
1.3496E-01
2.5371e-01
4.64518-01
T.4810E-01
1.5751e 00
3.3517e 00

PRON TO I+ O

214338
2.33108
2.9969E
3.7873e
8.9012E
6.8482E
8.6219¢8
8.8811e
6.8778E
7.1563e
7.188 1€
7.39468
7.2986E
7.1387%
7.17638
7.1626E

00
‘00
00
00
00
00
00
00
00
00
00
0o
00
00
0o

29100

00

NU PISSION

(=]
.

o
[}
[-N-N-N-N-N-N-N-N-N- N NN~ N- ¥~

QOO0OVO0O0O0O0OQCOOO0O0

TRARSPER CROSS SRCTIONS

I+ 1.

6.0475e-01
3.6618E-01
2.9316E-01
1.52048p-01
9.28058-02
¢« 1.31032-01
1.8760E-01
1.2105e-01
1.2866E-01

1.83698-01 .

2.31928-01
1.89038-01
1.1930E- 01
6.21158-02
3.34530E-02
0.0

COPPER

7.9863%

TOTAL

3.66728
3. 1969E
3.3878e
3.9259E
5.02138
7.0516B
9.0048®
9.70828
7.04658
7. 41998
1.5650€
7.8374%
7.8920¢

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01

8. 7852¢e
1.0602E

Ie 2

3.86758-01
3.2363e-01
8. 1509E-02
2.65052-03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

=-E-X-X-X-X-X-X-X-X-)

I+ 3

3.4158E~01
1.4597B-01
1.02118-02
5.6204E~05
0.0

=)
.

COOO0OOOLOOIO

. 0 8 0 8 0 0 s

ovo®o0000

XSDRN

I+ 4

1.4260E-01
1. 6654 - 02
2.20402-04
2.9912E-06
0.0 -
0.0
0.0 -

(=]
DRI
[-X-N-R-N-N-N-N-N-]

.

4 0 8 0 8 & & 6 & 8 0 b 8 0 s @8
[-X-N-N-R-N-F-N-N-N-N- NN NN N}

Ie
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ROCLIDE =

GP.

WA NOANESTWN

ABSORPTION

1.87658-03
2.7631e-03
3.00008-03
5.6485E-03
1.0017e-02
2.56672-02
6.63150E-02
1.0755e-01
5.2846E-02
2.5971e~-02
8. 3470E-02
7.5839e-02
1.4119e-01
2.3059%e-01
4. 4000E-01
9.70002~-01

30100

ZINC
NO PISSION
0.0

0.0
0.0

[~N-R-N- N~ N-N-N-N-N-N-N- N

[=N-N-N-N-N-N-~N-3-N-N- NN

TRANSPER CROSS SECTIONS

PRON TO I+ O

I

ORNRAAEWN o

2.0791E 00
2.2557e 00
3.02872 00
4.2053E 00
5.4737e 00
6.5150E 00
7.2123E 00
1.0880% 01
1.3807¢ 01
3.8324E QU
3.8504E 00
3.87528 00
3.8749E 00
3.8128E 00
4,0000E 00
4.1000% 00

Ye 1

7.1630E-01
3.0743e-01
3.8642E-01
1.5872E-01
1.0065e-01
1.1397e-01
1.43562-01
1. 4465E-01
6.50878-02
9.3383p-02
1.1967E-01
9.4801p~02
9.5167E-02
1.57278-01
1.6000r-01
0.0

TOTAL

3.64768 00
3.0578E 00
3. 4595k 00
4.3725% 00
S. 58348 00
6. 65462 00
7. 42228 00
1. 11338 01
1. 35258 01
3.9627E 00
8.0135E 00
4. 0455% 00
4. 1112E 00
§. 2006 00
4. 6000E 00
S. 07008 00

I+ 2

3.2210R-01
3.2492e-01
7.45899-02
2. 7305E-03
0.0

I+ 13

3.7123E-01
1.4973E-01%
9.5226E-03
$.8450B-05

« 8 880
COOOCO0OO0O00OOO

COO0OO0OO0O0QDO0O00CO

GAN-2

I+ 4

1. 4229e-01
1.6937g-02
1.9634E-04
3.0401E-06
0.0

OOOOO‘QDCOOO
[-N-N-N-N-N-3-NN- NN

I+ S

1.4573E-02
3.3611e-08
1.01708-05
6..8852E-08

.

[-X-N-N~NeN-E= NN N NN

0 4 b s 0 a4 s s 0 0

COO0OO0O00O0DO0OQ
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NOCLIDE = 42100 MOLYBDENOUN HANSEN ROACH

GP. ABSORPTION NU PISSION TOTAL
1 1.0000E-02 0.0 2. 4000F 00
2 2.0000E-02 0.0 2.90008 00
3 4.0000E-02 0.0 3.90008 00
8 7.00008-02 0.0 6. 20008 00
S 9.0000E-02 0.0 8.20008 00
6 1.7000R-01 0.0 7.9000F 00
7 84.0000B-01 0.0 7.1000F 00
8 1.5000 00 0.0 8.0500E 00
9 2.9000E 00 0.0 9. 1600F 00
10 1.3400g 0t 0.0 1.9360F 01
11 S.0000E-02 0.0 5. 56008 00
12 8.00008-02 0.0 S. 66008 00
13 1.S5000E-01 0.0 5.9600E 00
4 2.5000P-01 0.0 6. 86008 00
15 9.0000B-01 0.0 6.6600E 00
16 2.5000E 00 0.0 7.56 008 00
TRANSPER CROSS SECTIONS
FROM TO T+ O I+ A T+ 2 I+ 3 I+ 4
I :
1 1.3900E 00 5.0000B-01 3.0000E-01 2.0000B-01 0.0 0.
12 2.1300B 00 4.0000E-01 2.5000®-01 1.0000E-0% 0.0 0.
3 3.4600P 00 3.0000B-01 1.0000®-01 0.0 0.0 0.
‘4 S.9300B 00 2.0000B-01 0.0 0.0 0.0 0.
S 7.9800B 00 1.3000R-01 0.0 0.0 0.0 0.
6 7.6300F 00 1.0000B-01 0.0 0.0 0.0 0.
7 6.6200F 00 B8.00008-02 0.0 0.0 0.0 0.
B 6.8700E 00 8.0000p-02 0.0 0.0 0.0 0.
o §.1R00E 00 8.0000®R-02 0.0 0.0 0.0 0.
10 S.8600B 00 1.0000B-01 0.0 0.0 0.0 0.
11 S.3100f 00 1.000nE-01 0.0 0.0 0.0 0.
12 5.4800E 00 1.00N0E-01 0.0 0.0 0.0 0.
13 5.7000E 00 1.1000P-01 0.0 0.0 0.0 0.
14 6.0700E 00 1.4000EB-01 0.0 0.0 0.0 0.
15 S.6700B 00 9.00008~02 0.0 0.0 0.0 0.
16 5.0600E 00 . 0.0 0.0 0.0 0.0 0.

CO000VOOODO0CITROO
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NUCLIDE = 9

GP.

ORI ANEWN -

ABSORPTION

1.2600E 00
1. 3000E 00
1.33008 00
1.35008 00
1.6600E 00
3. 1500E 00
5.50008 00
1. 1100E 01
2.7200E 01V
S. 8000E 01
7. 90008 Ot
7.4000E O1
3.9000e 01
8. 0000E 01
2.2400e 02
6. 1100E 02

2500 U-235 YR

NU PISSION TOTAL
3.55708 00 4§.2500P 00
3.1960E 00 4.S5000E 00
3.0870E 00 4.AS00F 00
2.9880E 00 S.2000E 00
3.5180E 00 7.90008 0O
6.1250E 00 1.2400%® 01
1.02902 01 1.5100E 01
1.9360E 01 2.1100E 01
4.58158 01 3.7200E O1
9.3100E 01 6.8000E 01
1.0690E 02 8.9000F 01
8.2600E 01 8.8000E 01
7.3500e 01 4.90008 0%
1. 71508 02 9.0000E 01
§8.53258 02 2.3000® 02
1.2682E8 03 6.2100E 02

TRANSPER CROSS SECTIOFS

FPROY
T

o]
AN BLAPANE WN =

-h b

TO I+ O

1.2000g 00
1.77002 00
2.30008 00
3.42008 00
6.1600E 00
9.2000% 00
9.5500% 00
9.9500e 00

9 THRO 1=
9.9600% 00
1.0000E 01

I+ 1 I+ 2
2.7000E~-01 3.7000E-01
2.4000E-0% 6.7000E-01
5.5000F-01 8.0000R-01
3.5000p-01 8.0000Fr-02
8.0000E-02 0.0
5.0000E-02 0.0
5.0000B-02 0.0
$.0000e-02 0.0

14 SANE AS ABOVE
4.00008-02 0.0
0.0 0.0

I+ 3

6.5000E~01
4.5000E-01
7.0000E-02
0.0
0.0

[=R=N-]
QOO

[~ =}
.
(= =)

HANSEN ROACH

I+ 4

4.40008-01
7.0000E-02
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«
4
OCONIPTNEWN - .

- wh d oh b b =
PNEWN20

I

2]
PN BINVNE WN =

- -,

NUCLIDE =

1.2600®
1.3000%
1.33008
1.35008
1.6600E 00
3. 15008 00
5.5000F 00
1.1100® 01
2.7200E 01
5.2500% 01
2.60008 01
2.66008 01
2.5600E 01
8.00002 01
2.2800E 02
6.1100® 02

00
00
00
00

PRON TO I+ O

1.2000¢%
1.77008 00
2,30008 00
3.4200% 00
6.1600E 00
9.2000E 00
9.55008 00
9.9500E 00

9 THRO I=
9.96008 00
1.00002 01

00

92501

ABSORPTION NRO FISSION

TRANSPER CROSS SECTIONS

0-235-1r SIG P
TOTAL
3.55708 00 4.2S500B 00
3.19608 00 4.S000® 00
3.0870E 00 4.6500E 00
2.9880E 00 S.2000F® 00
3.5180E 00 7.9000E 00
6.12508 00 1.2800% 01
1.0290E 01 1.5100E 01
1.93607% 01 2.1100® 01
4.58152 01 3.7200F 01
8.828308 0t 6.2500E 01
4.0300B 01 3.6000F 01
3.0100® 0% 3.6600F 01
4.9245E 01 3.5600E 01
1. 71508 02 9.0000E 01
4.5325€ 02 2.3400E 02
1.26828 03 6.2100% 02
I+ 1 I+ 2

2.7000B-01 3.7000B-01
2.40008-01 6.7000B-01
5.50002-01 4.0000E-01
3.5000E-01 8.0000F-02
8.0000E-02 0.0

5.0000e-02 0.0

5.0000B-02. 0.0

5.0000E-02 0.0

14 SANE AS ABOVE
4.0000B-02 0.0
0.0 0.0

= 20

T+ 3

6.5000E-01
4.5000E-01
7.0000E-02
0.0
0.0

HANS®EN ROACH

I+ 4

4. 40002-01
7. 0000E-02
0.0

[=R-N-N~N-]

.
[~ X~ [~ R -N-R-N-]

[~ R~
.
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92508 0-235-8R
BU PISSION TOTAL
3.5570e 00 4.25008 00
3.1960B 00 4.5000E 00
3.0870E 00 4.6500E 00
2.98808 00 €.2000B 00
3.51802 00 7.9000® 00
6.1250E 00 1.2400E 01
1.02902 01 1.51008 01
1.9360B 01 2.1100E 01
4.5815® 01 3.7200® O1
9.18752 01 6.75008 01
8.81008 01 6.7900 Ot
6.8300E 01 7.2600B 01
7.35008 01 4.9000E 01
1. 71508 02 9.0000E 01
4.5325F 02 2.3400B 02
1.26828 03 6.2100R 02

SUCLIDE =

GP. ABSORPTION
1 1.2600E 00
2 1.3000g 00
3 1.3300¢ 00
8 1.3500E 00
5 1.6600e 00
6 3.1500E 00
7 5.5000e 00
8 1.1100E 01
9 2.7200E 01
10 S.7500E 01
11 5.7900% 01
12 6.2600E 01
13 3.90008 01
14 -9.0000% 01
15 2.2800® 02
%6 6,1100E 02

TRANSPER CROSS SECTIONS

PRON TO I+
I

~
RN DN NEWN =

)

1.2000®
1.7700E
2. 3000¢
3.82002
6.1600E
9.2000¢
9.5500E
9.9500x
9 THRU I=
Q. IR/00R 00
1.0000B 01V

0

00
00
00
00
00
00
00
00

I+ 1 I+ 2
2.7000e-01 3.7000E-01
2.4000E-01 6.70002-01
5.50008-01 4.0000R-01
3.50002-01 8.0000®-02
8.0000E-02 0.0
5.00008-02 0.0
5.00008-02 0.0
5.00002-02 0.0

18 SAME AS ABOVE
a.nooor~-02 0.0
0.0 0.0

SIG P = 1000

I+ 3

6.50008-01
4.50008-01
7.0000B-02
0.0
0.0
0.0
0.0
0.0

°.°
0.0

HANSEN BOACH

4.4000E-01"
7.00008-02

0.0
0.0
0.0

oo QOO

o0 [-N-X-]

I

q
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GP.

P N T
NS WNSOOVUITANTWN-

I

-
NI DOLIPNEWN =

- -

FPRON

NOCLIDE =

ABSORPTIOR

1.2600¢®
1.3000E
1. 3300E
1.3500¢8
1.6600E
3.1500e
5.5000E
1. 11008
2.72008
5.78008
6. SS00E
6.7100F
3.90008
8.0000F
2.2u00B
6.1100F

00
00
00
00
00
00
00
01
01
01
01
01
01
01
02
02

TO I+ O

1.20008
1.7700R
2.3000%
3.3200¢
6.16008E
9.2000E
9.5500E
9.9500E

00
00
00
00
00
00
00
00

9 THRU I=

9.9600E 00
1.00008 01

TRANSPER CROSS SFECTIONS

SIG P = 2000

92509 0-235-9R
NU PISSION TOTAL

3.55708 00 4.2500F 00

3.1960E 00 4.S5000E 00

3.0870E 00 4.6500F 00

2.9880E 00 S.2000e 00

3.5180E 00 17.9000E 00

6.1250® 00 1.2800E 01

1.0290E 01 1.5100E 01

1.9360E 01 2.1100F 01

4.5815E 01 3.7200E 01

Q.2610F 01 6.7800F 01

9.3600E 01 7.5500F 01

7.4100% 01 7.7100E 01

7.3500E 01 4.9000R 01

1. 71502 02 <.0000E 01

4.53258 02 2.3400E 02

1.26u422 03 6.2100F 02

T+ 1 I+ 2 I+ 3
2.70008-01 3.70008-01 6.5000E-01
2.40008-01 6.7000E-01 4.5000B-01
5.50008-01 4.00008-0% 7.0000E-02
3.5000E-01 8.0000E-02 '"0.0
8.00008-02 0.0 0.0
5.0000E-02 0.0 0.0
5.0000E-02 0.0 0.0
5.0000B-02 0.0 0.0
14 SANE AS A3BOVE
4.0000E-02 0.0 0.0
0.0 0.0 0.0

(= 2-~] 0.0000

HANSEN BOACH

Ie 4

4.4000E-01
7.0000E-02
0.0

O
QOO0

.
[~ N~4
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NOCLIDE = 9

GP.

BRI NE WN -

ABSORPTIOR

1.2600E 00
1.30008 00
1.33008 00
1.35008 00
1.66008 00
3.15002 00
5.50008 00
1.1100E 01
2.7200e 01
5.80008 01
7.5200E 01
7.22008B 01
3.9000E 01
8.0000E 01
2.23008 02
6.1100E 02

TRANSPER CROSS SECTIORS

PRON TO I+ O

I

-y
AN INDINEWN -

-

1.20008 00
1.7700E 00
2.3000E 00
3.42008 00
6.1600E 00
9.20002 00
9.55008 00
9.95008 00

9 THRO I=
9.9600r 00
1.0000E 01

2512 0-235- 12R SIG P
NU PISSION TOTAL
3.55708 00 4u.2S00B 00
3.1960E 00 4.5000E 00
3.0870E 00 4.6500E 00
2.9880B 00 S.2000E 00
3.51808 00 7.9000E 00
6.1250E 00 1.24008B 01
1.0290E 01 1.5100E 01
1.93608 0Ot 2.1100E 01
4.58158 01 3.7200® Ot
9.31008 01 6.8000E 0%
1.03808 02 6.5200E 01
8.0700F 0Y 8.2200R 01
7.35008 01 4.9000® 01
1. 71508 02 <9.0000E 01
4.53258 02 2.3400R 02
1.26428 03 6.21008B 02
Is 1 I+ 2
2.70002-01 3.7000E-01
2.40008-01 6.7000E-01
5.5000E-01 4.0000E-01
3.50002-01 B8.0000PR-02
R.0000E-02 0.0
5.00008-02 0.0
5.0000E~-02 0.0
'5.0000e-02 0.0
18 SANE AS RBOVE
4.0000B-02 0.0
0.0 0.0

= 10000

I+ 3

6.5000E-01
4.50008-01
7.0000F-02

HANSEN ROACH

I 4

4.80008-01
7.00008-02

0.
0.
0.
0.
0.
0

- E-Y-E-X-X-)

QO
.
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NUCLIDE = 92800 ©-238 Y
GP. ABSORPTION NUO FISSION TOTAL
1 5.6600B-01 1.7250E 00 u.0000E 00
2 S.3500B-01 1.2130E 00 4.8000® 00
3 1.3600B-01 1.0800E-01 &.S5000E 00
8 1.4000B-01 0.0 S.2500E 00
S 1.6000B-01 0.0 8. 20008 00
6 8.5000B-01 0.0 1. 20008 01
7 7.0000E-01 0.0 1. UOOOE 01
8 2.0000B 00 0.0 1. S000F 01
9 1.10002 01 0.0 2. 2000E 01
10 S.0000B 01 0.0 S.9000E 01
11 S5.6000E 01 0.0 6.50008 01
12 1.1000% 02 0.0 1. 1900® 02
13 4.0000B-01 0.0 9.4000E 00
18 5.5000B-01 0.0 9.5500F 00
1S 1.0000E 00 0.0 1.0000E 01
16 2.4400E 00 0.0 1. 18408 01
TRANSFPR CROSS SECTIONS
PRON TO I+ O ) I | Ie 2
1
1 1.2540F 00 3.3000E-01 4.6000E-01
2 1.8250® 00 3.5000B-01- 9.6000E-01
3 2.9060F 00 8.0000E-01 S5.S000B-01
4 4.S5300E 00 .5.0000B-01" B.0000F-02
S 7.9600E 00 8.0000E-02 0.0
6 1.14502 01 1.0000B-01 0.0
7 1.3230F 01 6.0000P-02 0.0
8 1.2940F 01 6.0000B-02 0.0
9 1.0950® 01 5.0000B-02 0.0
10 8.9300E 00 6.0000B-02 0.0
I = 11 THRU I= 18 SANE AS ABOVE
15 8.9500® 00 S5.0000E-02 0.0
16 9.0000E 00 0.0 0.0

Ie 3

7.9000E-01
6.4000E-01
1.0000e-01

OO0 0000

Q0
LI

HANSEN ROACH

I+ 4

5.3000B-01
9. 0000B-02
0.0.

(== QOOLOO0OC
4 o ¢ & 8 o
QO OCO00CQOO0Q
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NUCLIDE =

GP.

VB IO NEWN -

ABSORPTION

5.6600E-01
5.3500E-01
1.48008-01
1. 30002-01
1.60008-01
4.5000E-01
7.0000E-01
2.0000E 00
1.06008 01
3. 7800E 01
3.78002 01
7.4800R 01
8.0000B-01
5.5000E-01
1.0000® 00
2.4400E 00

TRANSPPR CROSS SECTIONS

PRON TO I+ O

1

-
SOBIdPNE WN =

(o]
Ty
YN

1.2540F 00
1.82508 00
2.9060E 00
4.53008 00
7.9600E 00
1. 14508 01
1.3240E 01
1.2940% 01
1.0950E 01
8.94008 00

11 THRU I=

8.9500F 00
9.0000¢ 00

92852 0-238 SIG P = 20000

¥0 PISSION TOTAL

1.7250E 00 4.0000B 00

1.21308 00 4.4000F 00
1.0800%-01 4.S000® 00

0.0 5. 2500E 00

0.0 8.2000r 00

0.0 1. 2000E 01

0.0 1. 4000E 01

0.0 1. 50008 01

0.0 2. 16008 01

0.0 §3.68002 01

0.0 4.6800F 01

0.0 8. 3800E O1

0.0 9.40008 00

0.0 9. 55008 00

0.0 . 0000® 01

0.0 1. 14808 01

I+ 1 I+ 2 I+ 3
3.3000E-01 &.6000B-01 7.9000E-01
3.5000B-01 9.6000B-01 6€.4000E~-0"
8.0000B-01 S.SN00E-01' 1.0000E-0%
5.00008-01 8.0000®-02 0.0
8.0000E-02 0.0 0.0
1.00008-01 0.0 0.0
6.0000E-02 0.0 0.0
6.00008-02 0.0 0.0
5.0000B-02 0.0 0.0
6.0000E-02 0.0 a.n
18 SAME AS ABOVE
5.00008-02 0.0 0.0
0.0 0.0 0.0

HANSER ROACH

I+ &4

5. 3000e-01
.9.0000B-02
0.0
0.0
0.0
0.0

[~ R=]
.8

[)
(=~ OO0

(=X -] [= =]
.




62

NOCLIDFE = 2285% G-238 SIG P = 100000 HANSEN ROACH
GP. ABSORPTION NU PISSION TOTAL
1 S.6600E~01 1.7250F 00 4.0000E 00
2 5.3500E-01 1.2130B 00 6.4000% 00
3 1.4800E-01 1.0800BE-0% 4.SN00E 00
4 1.4000E-01 0.0 S. 2500e 00
5 1.6000E-01 0.0 f8. 20008 00
6 4.50008-01 0.0 1.2000% 01
7 7.7000E-01 0.0 1. 4000E 01
8 2.0000e 00 0.0 1. 50008 01
9 1.1000E Ot 0.0 2.2000E 01
10 4.6600F 01 0.0 5. 56008 01
11 5.0400E 01 0.0 S.9400E 01
12 9.9000r 0% 0.0 1.0300E 02
13 4.0000E-01 0.0 9. 4000E 00
14 5.5000E-01" 0.0 $.5500® 00
15 1.0000E 00 0.0 1.0000E 01
16 2.4400E 00 0.0 1. 1440E 01
TRANSFER CROSS SECTIORS
PRO® TO T+ O I+ 1 I+ 2 . I+ 3 I+ 4 I+ 5
I
1 1.25402 00 3.3000B-01 4.6000E-01 7.9000E-01 5S.3000E-0% 7.0000E-02
2 1.8250® 00 3.S5000B-01 9.6000B-01 6.4000B-01 9.0000B-02 0.0
3 2.9060r 00 AR_.0D00B-01 S.S5000E-01 1.0000P-01 0.0 0.0
4 u.5370E 00 5.0000E-01 8.0000E-02 0.0 0.0 . 0.0
S 7.9600r 00 8.0000P-02 0.0 0.0 0.0 0.0
6 1.1450E 0t 1.0000E-01 0.0 0.0 0.0 0.0
7 1.32608 01 6.0000E-02 0.0 0.0 0.0 0.0
8 1.2940E 01 6.0000P-02 0.0 0.0 0.0 0.0
9 1.0950€ 01 S5.0000E-02 0.0 0.0 0.0 0.0
10 8.9400E 00 6.0000E-02 0.0 0.0 0.0 0.0
I = 11 THRU I= 14 SAME AS ABOVE
15 8.9500E 00 5.0000B-02 0.0 0.0 0.0 0.0
16 9.00008 00 0.0 0.0 0.0 0.0 0.0
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NOUCLTIDE =

GP. ABSORPTION
1 5.6600E-01
2 5.3500E-01
3 1.4400e-01
8 1.4000E-01
S 1.6000E-01
6 #.5000E-01
7 7.0000E-01
8 A.0000B-01
9 1.3000r 00
10 2.2000E 00
11 2.0000e 00
12 4.0000E 00
13 4.0000E-01
14 S.S000E-01
1S 1.0000e 00
16 2.8400E 00

92856

NU PISSION

1.7250F 00
1.2130E 00
1.0800E-01

[=R-E-N-N-R-R-N-N-N-N-N-N-)

[~ N-N-N-N-N-N-N-N-N-N-N-N-)

TRANSPER CROSS SECTIONS

PRON TO I+ O

~

-
HCOBNANEWN =

~
-
- XY,

1.2540F 00
1.8250E 00
2.9060F 00
4.5300E 00
7.9600E 00
1.1a50e 0Ot
1.3240e 01
1.29408 01
1.0950E 01
8.94002 00

11 THRU 1=

8.9500® 00
9.0000r 00

0-238-1R

TOTAL

4.0000E
4. 3000E
4.5000B
S. 2500¢
8. 20008
1. 2000E
1. 30008
1. 3800E
1. 2300%®
1. 1200¢%
1. 1000¥%
1. 3000E
9. 4000"
9. 55008
1. 0000F
1. 14408

00
00
00
00
00
01
01
01
01
01
01
01
00
oo
01
01

I+« 1 I+
3.3000E-01 4.6000B~01
3.5000E-01 S.6000E-01
8.0000E-0Y S, 5000E-01
5.0000e-01 8.0000E-02
8.0000E-02 0.0
1.0000E-01 0.0
6.00008-02 0.0
6.0000B-02 0.0
5.0000E-02 0.0
6.0000e-02 0.0

18 SAME AS ABOVE
5.00008-02 0.0
0.0 0.0

SIG P = 20

I
7.90

6.4000E~01

1,00
0.0
0.0

o9 [=X- NN~

0
0
0
0
Q
0
0

+ 3
00E-01

00E-01

HANSEK ROACH

5.3000E-01
9. 00008-02

0.0

I+

4

000E-02




NUCLIDE =
GP. ABSORPTION
1 5.6600e-01
2 5.3500B-01
3 1.4400E-01
8 1.40002-0t
S 1.60002-01
6 8.50008-01
7 7.0000B-01
9 t1.0000% 00
9 2.9000B 00
10 5.9000R OO0
1 4.50008 00
12 8.0000E 00
13 8.0000E-01
18 S5.5000B-01
15 1.0000E 00
16 2.8u00r 00

TRANSPRR CROSS SECTIONS

PRON TO T+ O

I

QORI N B WN -

1.2540E
1.8250®
2.9060¢
4.5300F
7.96008
1.148502
1.3240E
1.29480E

00
00
00
00
00
01
01
01

1.09508 0t

8.9400E 00

11 THRO I=

8.9500E 00
9.0000r 00

92859 U-238-4UR SIG ®
NO PISSIOR TOTAL
1.7250 00 4.0000B 00
1.21308 00 4.4000%® 00
1.0800B-01 4.5000E 00
0.0 5. 2500e 00
0.0 8.2000E 00
0.0 1. 20002 01
0.0 1. 4000B 01
0.0 1. 4000€ 01
0.0 1. 39008 01
0.0 1. 3900® 01
0.0 1.3500E 01
0.0 1. 70002 01
0.0 S. 4000® 00
0.0 9.5500e 00
0.0 1. 00002 0%
0.0 1. 1440® 01
I+ 1 Ie 2

3.3000B-01 4.6000BE-01
3.50008-01 9.6000E-01
8.0000®-01.  S.50008-01
5.000082-01 8.00008-02
8.0000p-02 0.0

1.00002-01 0.0

6.00002-02 0.0

6.0000E-02 0.0

5.00002-02 0.0

6.0000E-02 0.0

18 SAME AS ABOVE
5.00002-02 0.0
0.0 0.0

= 100

Ie 3

7.9000E-01
6.4000B-01
1.0000E-01

BANSEN BOACH

I+ &4

5. 3000E-01
9. 00008-02
0.0

[=4
L]

[CX-X-N-2=N-]
¢ 8 4 s @
[~ -] OO0 0

(=X~
0
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NOCLIDE =

GP.

- b b b b b b
AVNBWNSOODBIONE WN -

ABSORPTION

5.66002-01
5.3500E-01
1.44008-01
1.4000E~-01
1.60008-01
4.5000E-01
7.0000e-01
1.50002 00
3.9000E 00
6.9000E 00
6.0000E 00
1. 1200 01
4.0000B-01
5.5000E-01
1.00008 00
2.4400E 00

TRAWSPER CROSS SECTIONS

PRON TO I+ O

1

CODRNINEWN =

1.25408 00
1.8250e 00
2.90608 00
8.53008 00
7.9600 00
1. 1850 01
1.3240E 01
1.29508 01
1.0950E 01
8.9400E 00

11 THRU I=

8.95008 00
9.00008 00

92860 0-238-CSR SIG P
NO PISSION TOTAL
1.7250E 00 4.0000% 00
1.2130B 00 4.4000B 00
1.08008-01 4.5000E 00
0.0 5. 25008 00
0.0 8. 20002 00
0.0 1.2000E 01
0.0 1. 4000E 01
0.0 1. 4500E 01
0.0 1.89%008 01
0.0 1. 5900 01
0.0 1. 50008 01
0.0 2.0200R 01
0.0 9.4000R 00
0.0 9.5500E 00
0.0 1. 0000% 01
0.0 1. 13408 01
Ie 1 I+ 2

3.30008-01 4&.6000E-01
3.50002-01 9.6000E-01
8.0000E~01 S.50008-01
5.00008-01 8.00002-02
8.00008-02 0.0

1.00008-01 0.0

6.00002-02 0.0

6.0000E-02 0.0

5.00002-02 0.0

6.0000E-02 0.0

18 SANE AS ABOVE
5.00008-02 0.0
0.0 0.0

= 200

I+ 3

7.9000E-01
6.4000E-01
1.0000E-01

HANSEN BOACH

I+ &

5.30002-01
9. 00008-02
0.0
0.0

[~ X-] DO0O00Q
D)
-X-N-N-N-¥-}

U
oo

I S

0008-02
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APPENDIX C

NORMALIZED SPECTRA OF NEUTRONS CAUSING FISSION

The spectra have been arranged by families (I, 11, and 111} and by decreasing energy within
each family.
FAMILY |
Case keff t 0 ' Eto
B-4 0.98460 + 0.00306 3.25+0.0913
B-b 0.99554 + 0.00346 3.25 + 0.0923
B-1 1.00001 + 0.00323 3.25+0.0929
B-2 0.99896 + 0.0035_2 3.26 £ 0.0928
B-3 1.00077 + 0.00339 3.26 + 0.0931
A-1 1.00243 + 0.00328 3.27 £ 0.0928
A-7 0.99146 + 0.00278 3.28 £ 0.0923
A-2 1.00140 £ 0.00304 3.31 £ 0.0925

Average 0.99692 + 0.00694 3.27 £ 0.0948
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FISSION FRACTION

FISSION FRACTION

Neutron Group No. vs.

Group Fission Fraction
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FISSION FRACTION

FISSION FRACTION
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FAMILY Il

Case Keff 0 Eto
A-6 1.01423 + 0.00356 4.44 £+ 0.0697
B-8 0.99587 + 0.00341 5.06 £ 0.0645
B-12 1.01526 + 0.00320 5.48 £ 0.0710
A-10 0.99245 + 0.00347 . 5.64 + 0.0627
A-9 1.00117 £ 0.00347 6.25 + 0.0575
B-6 1.00062 + 0.00316 6.53 £ 0.0678
B-7 1.00409 + 0.00322 6.74 £ 0.0645
A-8 1.00656 * 0.00322 6.93 + 0.0532
A-5 1.01076 £ 0.00344 7.74 + 0.0541

Average 1.00456 + 0.00859 6.09 = 1.0280
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FISSION FRACTION

FISSION FRACTION
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FISSION FRACTION
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Average

0.00531 £ 0.01635

FAMILY 111
Case keff £ 0 Exo

B-16 0.98776 + 0.00391 13.90 £ 0.1157
B-11 1.01864 % 0.00401 14.11 £ 0.1310
B-13 0.96777 + 0.00412 14.24 +0.1275
B9 0.97120 + 0.00433 14.25 + 0.1284
B-15 0.97392 + 0.00409 14.33 + 0.1321
A-11 0.98342 + 0.00412 14.39 + 0.1353
B-18 0.99771 + 0.00422 14.49 + 0.1437
B-14A 0.99893 + 0.00421 14.58 + 0.1509
B-148 1.00502 + 0.00521 14.50 + 0.1521
B-14 1.00972 + 0.00385 14.60 + 0.1539
B-17 1.00999 + 0.00352 14.63 + 0.1544
B-10 1.00756 + 0.00343 15.65 + 0.2193
A-4 1.00544 + 0.00247 15.84 + 0.2354
A-3 1.01078 + 0.00234 15.84 + 0.2369

14.67 + 0.6539
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