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ABSTRACT

Whenever adecision is madeto newly install the SCALE nuclear criticality safety software on a computer system, the
user should run a set of verification and validation (V& V) test cases to demonstrate that the software is properly
installed and functioning correctly. Thisreport is intended to serve as a guide for this V&V in that it specifies test
cases to run and gives expected results. The report describes the V&V that has been performed for the nuclear
criticality safety softwarein a version of SCAL E-4l

The verification problems specified by the code developers have been run, and the results compare favorably with
thosein the SCALE 4.2 basdindZ The resuits reported in this document are from the SCALE 4.2P version which was
run on an IBM RS/6000 workstation. These results verify that the SCALE-4 nuclear criticality safety software has
been correctly installed and is functioning properly.

A validation has been performed for KENO V. &lutilizi ng the CSASZScriticaIity sequence and the SCALE
27-group cross-section library for 22U, 2°U, and *°Pu fissile systems in a broad range of geometries and fissile fue
forms. The experimental models used for the validation were taken from three previous validations of KENO V.a.
A statistical analysis of the calculated results was used to determine the average calculational bias and a subcritical
k4 criteriafor each class of systems validated. Included in the statistical analysis is a means of estimating the margin
of subcriticality inkg. This validation demonstrates that KENO V.a and the 27-group library may be used for nuclear
criticality safety computations provided the system being analyzed falls within the range of the experiments used in the
validation.
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1 INTRODUCTION

The purpase of this report isto present a guide on verification and validation (V& V) of the SCALE-4 nuclear criticality
safety software Thisreport serves as documentation of the problems used inthe V&V of the SCALE-4 system for all
rdeases. The verification problems specified by code deveopers have been run, and the results compare well with those
in the SCALE-4.2 basdine. The SCALE V&V pldeecrib&s the methods used for the basdine V& V.

Although there are many definitions of software verification and validation, the SCALE configuration management plan,
SCALE-CM P—OOl,@specifiS the following:

Verification:  Assurancethat a computer code correctly performs the operations specified in a numerical modd. This
is usually accomplished by comparing results to a hand calculation or an analytical solution or
approximation.

Validation: Assurance that a model as embodied in a computer code is a correct representation of the process or
system for which it is intended. This is usually accomplished by comparing code results to ether
physical data or a validated code designed to perform the same type of analysis.

These definitions apply in this document.

Verification and vaidation can bevery smilar in that both are exercising a code with input for which thereis a known
result. In some cases the same known system may be used in both the verification and the validation. Verification and
validation are different, however, because the end use of the results is different. Verification is intended to demonstrate
that the software has been properly coded, installed on a computer, and performs the intended functions for a given set
of input. Results of the verification are compared against the standard sample problem results documented in the
SCALE-4.2 basdine as reguired by the SCALE V&V plan. Validation is the process of demonstrating that the software
predicts "correct” results for the "systems for which it isintended." The calculated results for systems with a known
solution are usad to establish the calculational bias. The establishment of the bias defines a range over which the result
is acceptably correct. Experimental parameters and physical properties of these systems are used to determine the range
of applicability of the validation and define the systems for which the bias applies. Validation is the responsibility of
the code user and is specific to an intended application.

This report has been divided into two parts. In Bect. 3, the results of the criticality code verification are presented; in
Sect. 4 validation results are presented. The verification resultsin have been subdivided into two categories.
Thefird category istheinstallation verification. Theresults for the sample problems distributed with SCALE for each
module are presented. These problems exercise many of the input options of the codes and are intended to demonstrate
that the codes have been properly installed on the computer, are executing properly, and are properly interfacing with
the system hardware configuration. The scripts used to execute the codes are also being tested during this phase. The
ingtallation verification represents a minimum set of problems which must be run each time the code is newly installed
on acomputer system. The second verification category is the functional verification. In this phase the functionality
of the codes is being tested. The codes are used to solve analytic problems for which the results are known. An
intercode comparison between KENO V.a and XSDRN PMZis also presented.

The validation presented in [Sect. 4 is comprised of critical experiment models collected from previous validations of
KENO V.ausing the CSAS25 criticality sequence These validation experiments cover a broad range of systems
and fissile material types including homogeneous high- and low-enriched 2*U systems, heterogeneous |low-enriched 2°U
systems, 23U systems, and *°Pu systems. The SCALE 27-group ENDF/B-1V cross-section library was validated;
however, the validation input and the scripts deveoped to aid in the validation allow easy revalidation using any SCALE
cross-section library. Theresults of the validation have been used to establish a bias for several classes of systems and
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to develop linear one-sided, closed-interval, uniform-width, lower tolerance bands which may be used in establishing
the subcritical acceptance value of ky and the associated margin of subcriticality in Ky;.
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2 DESCRIPTION OF THE CODE PACKAGE

The following subsections give a brief description of the program modules which were verified and validated. Each
module in SCALE has a version number which is updated whenever the codeis revised. This version number is printed
out when the module is executed and is also indicated in the documentation distributed with each release. The version
numbers of the program modules should be checked when calculations are performed to verify that the correct versions
are being usad. When a code version changes, the nature of the modifications should be reviewed and test cases should
be checked to seeif complete verification and/or validation is warranted.

2.1 BONAMI

BONAMI performs resonance shielding through the application of the Bondarenko shielding factor method.
BONAMI reads an AMPXE2 master format cross-section library and applies Bondarenko corrections to all nuclides
that have Bondarenko data. Input to BONAMI, provided by the CSAS25 control sequence, includes information
relating to the physical characteristics (composition of material, size, geometry, temperature) of the system being
calculated. BONAMI produces a Bondarenko-corrected master format library which is read by NITAWL-II Bl For
SCALE libraries the Bondarenko technique is used primarily to process unresolved region resonance data and for
processing resonance nuclides which were not prepared by XLAC(such as the SCALE 16-group Hansen-Roach
library or ENDF/B-VI nuclides processed with NJOYE}. For the 27-group master cross-section library used in this
validation, the primary purpose of the BONAM I functional module is to select the required material cross sections and
to create a problem-dependent AMPX master cross-section library to be processed by NITAWL-II. No data processing
is performed in BONAMI for the 27-group cross-section library.

2.2 NITAWL-II

NITAWL-I1 applies the Nordheim Integral Treatment to perform neutron cross-section processing in the resolved
resonance range for nuclides that have ENDF/B resonance parameter data. This technique involves the numerical
integration of ENDF/B resonance parameters using a calculated flux distribution which is based on the collision density
across each resonance, and subsequent weighting of the cross-section to the desired broad group structure. Input data
to NITAWL-II, automatically provided by the CSAS25 control sequence, include information relating to the physical
and neutronic characteristics of the system being calculated. NITAWL-I1 uses these data to complete the processing
of the problem-dependent master library from BONAMI. NITAWL-II assembles the group-to-group transfer arrays
from the dadtic and indagtic scattering components, and performs other tasks to produce a problem-dependent, AMPX
working format crass-section library which can beused by KENO V.a. The analyst specifies the resonance parameters
based on the available options. The options include (1) a homogeneous medium treatment which treats the resonance
region of the fissile mixture as if it were an infinite homogeneous media, (2) a finite lump treatment which treats the
resonance region asif the fissile mixture were a discrete lump with a /E return flux at the boundary. This latter option
is for problems where the system is substantially heterogeneous or where reflector effects are important. These options
are automatically invoked in the CSAS25 control sequence according to the keywords INFHOMMEDIUM,
LATTICECELL, or MULTIREGION. The INFHOMMEDIUM option treats the fissile mixture as an infinite
homogeneous medium. The LATTICECELL option utilizes an infinite lattice of a repeated cdl for the resonance sdlf-
shidding correction. With the MULTIREGION option, a single-cell resonance sdf-shidding calculation is made.
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Description of Code Package

2.3 |CELS

ICE is a cross-section mixing code which will accept cross sections from an AMPX working format library and produce
mixed cross sectionsin the AMPX working format, ANISN format, group independent ANISN format, or the Monte-
Carlo processed cross-section library format.

2.4 KENO V.a

KENO V.aisamultigroup Monte Carlo code usad to determine ky;. KENO V.ais a substantial revision of KENO IV
and includes an enhanced geometry package which allows modeling of a wide variety of complex three-dimensional (3-
D) geometries. The geometry package allows nested arrays and "holes' to be placed in the geometry modd. The code
alows the use of reflector options, including mirror reflection, differential albedo reflection, and an automatic reflector;
the latter has the capability of using reflector region-weighting functions which are based on one-dimensional (1-D)
adjoint calculations. The reflector options simplify geometry data input and/or reduce the running time of a specific
problem. Cross-section input and atom density input are provided by the CSAS25 module. Most of the major KENO
parameters have defaults which work for a wide variety of problems, but which can be overridden if the problem or
analyst dictates.

2.5 XSDRNPM

XSDRNPM isageneral purpose, 1-D discrete-ordinates code used for several purposesin SCALE. Inthe CSAS1X
criticality sequence XSDRN is used to solve the 1-D Boltzmann equation in slab, cylindrical, or spherical geometry.
As part of the CSAS2X and CSASAX sequences, XSDRN is used to solve the 1-D Boltzmann equation for a specified
fissile system and to produce spatially averaged (cell-weighted) cross sections for subsequent use in a KENO V.a
calculation.

2.6 CSASCONTROL MODULE

The CSAS control module invokes the following control sequences: CSASI, CSASIX, CSASN, CSAS1X, CSAS25,
CSAS2X, CSAS4, and CSASAX. These control sequences serve similar functionsin that they prepare input for the
various functional modules depending on which sequenceis specified. User-specified data include the cross-section
library, specifications for mixtures, information for resonance region cross-section processing of nuclides (size,
geometry, and temperature), and geometry modds for XSDRN and/or KENO V.a. Physical and neutronics information
not supplied explicitly but required by the functional modules (such as theoretical density, molecular weights, average
resonance region background cross sections) are supplied by the Standard Composition Librar or calculated by the
Materials Information Processor 28 The CSAS25 control sequence was usually utilized in the validation presented in
[Sect. 4 The CSAS25 control sequence prepares input for and calls BONAMI, NITAWL-II, and KENO V.a.

2.7 THE 27-GROUP NEUTRON CROSS-SECTION LIBRARY

The 27-group ENDF/B-IV AMPX master cross-section library in SCALE is activated in the CSAS25 control sequence
by specifying 27GROUPNDF4 or atruncation (e.g., 27GR) as the cross-section library name. The 27-group library
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Description of Code Package

is the broad group companion library to the 218-group Criticality Safety Reference Library (CSRL). The CSRL master
library, which is based on ENDF/B-IV data, was generated as a pseudo problem-independent fine-group structure
library for usein generd criticality safety analysis and shipping cask calculations. The 27-group library was collapsed
from the 218-group library using a characteristic fission-(1/Eg, )-Maxwdlian spectral flux shape on a nuclide-by-
nuclide basis. Explicit ENDF/B-IV resonance parameters are carried for resonance nuclides in both the 27-group and
218-group master libraries. These resonance parameters are used by NITAWL-1 in the CSAS25 control sequence for
calculating problem-dependent, self-shilded resonance region cross sections.

The 27-group AMPX master format cross-section library was originally created in August 1981. Prior to 1981, the
primary cross-section set in use at ORNL was the Knight-M odified Hansen-Roach, 16-group AMPX working format
cross-section library. The 27-group set is considered to be an improvement because more thermal neutron groups are
available, upscatter isincluded in the sat, and the origin of the base data used to create the data set is better documented.

With therdease of SCALE-4.0 the original 27-group library was processed into the new AMPX master library format

using CORECTOL 2] |1 addition, all of the nuclides were processed with PERFUM E[ The cross-section libraries
distributed with SCALE-4.0 and later versions are not compatible with previous versions of SCALE.
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3 VERIFICATION

The purpose of this section is to present code verification results. Verification was accomplished by running the
verification problems specified in the SCALE V&V plan and demonstrating that the codes perform consistently with
the SCALE-4.2 basdineresults. The verification has been subdivided into two categories; installation verification and
functional verification. describes input files which are available.

Included in is a copy of the submit4.2p script which was used to execute the verification and validation
problems. The scale4 script, which it references, links appropriate executable code and files that allow SCALE to run.
The scaled script is included in the SCALE distribution. The script submit4.2p allows multiple input files to be
sequentially submitted and executed in the same temporary directory. The order in which the files are executed is
important for several series of cases used in the verification. Specifically, those requiring that cross-section processing
and file manipulation be performed prior to execution of the test cases.

Also included in are listings of several FORTRAN programs (READM, READA, READA4, and
READKS5) which are used to collect the results from some of the calculations. For example, READM, READA, and
READA4 all collect results from XSDRNPM and/or KENO, and READKS5 callects results from KENO hole-
intersection cases. Upon execution, each of these programs prompts the user for the name of an index of the output files
to be searched and the name of the output filein which the results are to be stored. READM then prompts the user for
the name of thefile to be used as input for the statistical analysis of the data (if desired) and the number of groupsin
the cross-section library that isto beincluded in the datistical analysis. The other programs also prompt for the number
of groups. These programs search for character strings in the output and collect the results from X SDRNPM and/or
KENO. READA searches for data specific to comparison of analytic benchmarks for 1- and 2-group cases; and
READAA4, for 4-group cases.

References to these programs also appear in the sections that describe the edited results produced by each one.

3.1 INSTALLATION VERIFICATION

Installation verification consisted of running the sample problems normally distributed with the modules in the SCALE
package and demonstrating that the results were consistent with those in the verification plan. Installation on new
hardware may require running the sample problems numerous times as the peculiarities of the system are encountered
and ironed out. The sample problems were run to provide a complete documentation of theinstallation. The sample
problems represent aminimum set of calculations which should be run when the codes are installed on new hardware.
of Appendix A contains alist of the input file names used.

3.1.1 BONAMI

The BONAMI sample problem results are given in The results presented in areidentical to thosein
the SCALE-4.2 basdine and verify that BONAMI is correctly installed.

3.1.2 NITAWL-II

The NITAWL-II sample problem results for "res abs' (i.e., resonance absorption), "resfiss' (i.e., resonance fission),
and "res scat" (i.e., resonance scattering) for each group are given in Table 4. These results are consistent with the
results in the SCALE-4.2 basdine. The results presented in verify that NITAWL-II is correctly installed.
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Verification

Table 1. BONAMI sample problem results

Sanpl e problem for

3-region cylindrica

cel

in square lattice

shi el ded cross sections

nt = 1 nt= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 2.604E+03 6. 791E+01 3.792E+01 2.000E+01
11 2.536E+03 7.767E+01 3.921E+01 2.846E+01
12 2.882E+03 7.871E+01 3.115E+01 3.757E+01
13 2.457E+03 4. 900E+01 3.000E+01 9. 000E+00
edit for material: 92238
zone: 1
position in mx: 2
shi el ded cross sections

nt = 1 nm= 102

order= 0 order= 0

group si g0 offset= 0 offset=10
+

8 5.056E+01 1.373E+01 7.340E-01

9 5.131E+01 1.249E+01 1.488E+00

10 5.214E+01 1.320E+01 4.200E+00

11  5.228E+01 1.149E+01 2.494E+00

12 5.207E+01 1.352E+01 4.517E+00

Sanpl e problem for

honbgeneous option

shi el ded cross sections

nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 4. 605E+03 6.800E+01 3.800E+01 2.000E+01
11 4,.526E+03 8.202E+01 4.097E+01 3.105E+01
12 4.914E+03 8.069E+01 3.207E+01 3.863E+01
13 4. 460E+03 4. 900E+01 3. 000E+01 9. 000E+00
edit for material: 92238
zone: 1
position in mx: 2
shi el ded cross sections
nt = 1 nt = 102
order= 0 order= 0
group si g0 of fset= 0 of fset= 0
+
8 9. 777E+01 1.394E+01 9.354E-01
9 9.876E+01 1.317E+01 2.171E+00
10 9.978E+01 1.438E+01 5.378E+00
11 1. 000E+02 1.243E+01 3. 430E+00
12 1. 000E+02 1.519E+01 6. 194E+00
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Table2. NITAWL-II sample problem results

Verification

urani um 235 endf/b-iv mat 1261

293. 00

group res abs res fiss
12 -2.312891E+00 -1. 420647E+00
13 -7.690681E+00 -3. 767564E+00
14 -5.636110E+00 - 3. 364578E+00

excess resonance integrals

resol ved
2.09320E+02
1. 24851E+02

absorption
fission

urani um 238 endf/b-iv mat 1262

293. 00

group res abs res fiss
9 -4.611538E-02 0. 000000E+00
10 -1. 135391E+00 -2.312312E-05
11 - 9. 870446E+00 0. 000000E+00
12 -4.293667E+01 0. 000000E+00
13 -5.374321E+01 0. 000000E+00
14 -1. 040150E+02 0. 000000E+00

excess resonance integrals

resol ved
absorption 1. 88402E+01
fission 4. 94344E-04

updated 10/ 12/ 89

-5.
-1.
-3.

updated 10/ 12/ 89

res scat
752800E- 02
705856E- 01
908945E- 02

res scat

. 567427E-01
. 877504E+00
. 707627E+01
. 990123E+01
. 763900E+01
. 042653E+00

92235

92238

t enper at ure=

t enper at ure=
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Verification
3.1.3 ICE

The ICE sample problem cross sections results are given in [Table 3. The results presented in Table 3 verify that ICE
is correctly installed.

3.1.4 XSDRNPM, KENO V.a, and CSAS25

XSDRNPM, KENO V.a, and CSAS25 sample problem results are presented in[Table 4. [Table 4 was generated using
the FORTRAN utility code READM. Theformat of the output from READM consists of the results file name followed
by a list of the output files scanned. If a string is identified as being from XSDRNPM or KENO V.a the first 20
characters of thetitle are printed followed by sdected output from the modules. If found, the value of k-effective and
sigma which appear at the beginning of the KENO V.a plot of k-effective by generation skipped are printed. In
addition, if the KENO parameter "nub=yes" was set, the value of the average energy group of the neutron causing
fisson (AEG) isaso printed. The value of "lambda" from XSDRNPM is printed, if found, as is the message that the
outer iteration limit was exceaded. The results are consistent with the results in the SCALE-4.2 basdine, gives
additional results of the XSDRNPM calculation for comparison purposes.

Monte Carlo calculations such as performed in KENO V.a are particularly sensitive to changes in the random sequence.
Minor cross section differences and differences in the random number generator between two different computers may
lead to seemingly large changes in the results. The deviation in kg (o) must be taken into consideration when
comparing the code performance between different computer systems. The KENO V .a results are consistent with those
inthe SCALE-4.2 basdine. Sample problems 26 thru 33 have been added since the SCALE-4.2 baseline was done and
have been included here. The results presented in and[5 verify that XSDRN, KENO, and CSAS25 are
correctly installed.

3.2 FUNCTIONAL VERIFICATION

Functional verification consists of running problems which have known results. These problems are not part of the
sample problems and are normally only run for code verification. The problems include analytic problems for which
the results are known and problems which test specific code capabilities for which there is a known code response. See

in Appendix A for input file names.

Three non-SCALE programs were utilized in the functional verification. The programs SCOMMAND (see AppendiX
B), COMET , and AWL are not officially part of SCALE but are required to execute certain of the verification
problems. These programs can be soft linked to the program execution area. The SCOMMAND program allows c¢-
shell (csh) commands to be executed under the SCALE driver in SCALE-4.2. This allows files to be manipulated
before and/or after execution of SCALE modules. The SHELL program distributed in SCALE-4.3 performs the same
function. The COMET programis an AMPX utility program for correcting master interfaces. The AWL programis
a utility for converting working libraries back and forth between BCD and binary.

Both KENO V.a and XSDRN solve the Boltzmann equation; KENO V.a by use of the Monte Carlo method and
XSDRN by use of 1-D discrete ordinates. Both codes are used to calculate results for systems for which analytic
results areknown. In addition, both codes are used to calculate the eigenvalue for a range of systems for which physical
parameters and/or calculational approximations have been arbitrarily varied. These problems provide additional
verification that both KENO V.aand XSDRN yidd the sameresult and are properly solving for the system eigenvalue.

NUREG/CR-6483 10



Table 3. ICE sample problem results®

Verification

1 1-d neutron cross sections for nixture? 111
0 xsec id 1 27 1099 2
arp.
1 3. 08900E- 01 4.04427E-02 2.22343E-02 2.66454E-01 3.
2 3. 15399E- 01 3. 43999E- 02 4. 35014E- 02 2. 80999E-01 2
3 4. 84900E- 01 1. 90600E- 02 2.29154E- 02 4. 65839E- 01 5.
4 5. 52399E-01 1. 90999E- 02 2. 58635E- 02 5.33299E-01 7.
5 7.03799E-01 2. 30000E- 02 1. 32444E-02 6. 80799E-01 8.
6 8. 64799E- 01 4. 95000E- 02 2.07721E-03 8. 15295E- 01 2.
7 9. 94998E- 01 8. 30000E- 02 1.51471E-04 9. 11995E-01 4.
8 1. 10220E+00 1.90999E-01 1. 12596E- 05 9.11195E-01 1.
9 1. 54320E+00 7.12000E- 01 8. 85953E- 07 8. 31195E- 01 5.
10 3. 33120E+00 2. 58000E+00 6. 22384E-08 7.51199E-01 2.
11 3. 78120E+00 3. 03000E+00 9. 88295E- 09 7.51199E-01 2.
12 5. 89120E+00 5. 14000E+00 2.16121E-09 7.51199E-01 4.
13 1. 15720E+00 4. 06000E- 01 1.37221E-09 7.51200E-01 1.
14 1. 57320E+00 8. 22000E- 01 1. 14449E-09 7.51199E-01 1
15 3. 03120E+00 2. 28000E+00 1.73154E-09 7.51199E-01 4.
16 6. 95890E+00 6. 20762E+00 1.73154E-09 7.51280E-01 1.
0 xsec id 452 1018 16 1452
arp.
1 2. 84609E+00 2. 04000E- 01 2. 00285E- 03 1. 04570E-01
2 2. 54631E+00 3. 44000E- 01 0. 00000E+00 8. 04797E-02
3 2.52119E+00 1. 68000E- 01 0. 00000E+00 3. 51898E- 02
4 2. 49000E+00 1.79999E-01 0. 00000E+00 2. 98800E- 02
5 2. 45999E+00 9. 00001E- 02 0. 00000E+00 3. 51798E- 02
6 2. 45000E+00 1. 40000E- 02 0. 00000E+00 6. 12500E- 02
7 2. 45000E+00 0. 00000E+00 0. 00000E+00 1. 02900E- 01
8 2. 45000E+00 0. 00000E+00 0. 00000E+00 1. 93600E- 01
9 2. 45000E+00 0. 00000E+00 0. 00000E+00 4. 58150E- 01
10 2. 45000E+00 0. 00000E+00 0. 00000E+00 9. 31000E- 01
11 2. 45000E+00 0. 00000E+00 0. 00000E+00 1. 06900E+00
12 2. 45000E+00 0. 00000E+00 0. 00000E+00 8. 26000E- 01
13 2. 45000E+00 0. 00000E+00 0. 00000E+00 7. 35000E- 01
14 2. 45000E+00 0. 00000E+00 0. 00000E+00 1. 71500E+00
15 2. 45000E+00 0. 00000E+00 0. 00000E+00 4. 53250E+00
16 2. 45000E+00 0. 00000E+00 0. 00000E+00 1.26420E+01
1 p- 0 array for mixture 111
0 arp. 1 arp. 2 arp. 3 arp. 4 arp. 5
1 1001001 1002002 1003003 1004004 1005005
2 1.31440E-01 1.69820E-01 3.25479E-01 4.61319E-01 6.49839E-01
3 4.98200E-02 3.16800E-02 1.09660E-01 6.79800E-02
4 2.21000E-02 4.51000E-02 2. 60000E- 02
5 3. 81000E-02 3. 01000E- 02
6 2. 56000E- 02
7
0 arp. 9 grp. 10 grp. 11 grp. 12 grp. 13
1 8009009 9010010 10011011 11012012 12013013
2 8.07100E-01 7.17899E-01 7.15180E-01 7.17899E-01 7.15180E-01
3 2.45000E-02 2.41000E-02 3.33000E-02 3.60200E-02 3.33000E-02
1 1-d neutron cross sections for nmixture 222
1 1-d neutron cross sections for nmixture 222
0 xsec id 1 27 1099 2
arp.
1 1.25939E-01 1. 20000E- 03 1. 53930E- 02 1.24739E-01 1.
2 1.63799E-01 0. 00000E+00 3. 01163E-02 1.63799E-01 0
3 2.99340E-01 0. 00000E+00 1. 58645E- 02 2.99339E-01 0.
4 3. 55080E- 01 0. 00000E+00 1. 79055E- 02 3. 55079E- 01 0.
5 5. 06159E- 01 0. 00000E+00 9. 16920E- 03 5. 06159E- 01 0.
6 7. 99800E- 01 0. 00000E+00 1. 43806E- 03 7.99824E-01 0.
7 9. 61500E- 01 0. 00000E+00 1. 04864E- 04 9. 61494E-01 0.
8 1. 00920E+00 6. 00000E- 05 7. 79509E- 06 1. 00913E+00 6.
9 1. 00920E+00 2. 40000E- 04 6. 13352E- 07 1. 00895E+00 2.
10 1. 00920E+00 4. 80000E- 04 4. 30881E- 08 1. 00871E+00 4.
11 1. 00920E+00 8. 40000E- 04 6. 84204E- 09 1. 00835E+00 8.
12 1. 00920E+00 1. 50000E- 03 1.49622E-09 1. 00769E+00 1.
13 1. 00920E+00 2. 70000E- 03 9. 49995E- 10 1. 00650E+00 2.
14 1. 18920E+00 4. 20000E- 03 7.92340E- 10 1. 18500E+00 4
15 1. 60920E+00 7. 80000E- 03 1.19875E-09 1. 60140E+00 7.
16 2. 80924E+00 1. 74060E- 02 1.19875E-09 2. 79183E+00 1.
1 p- 0 array for mixture 222
0 arp. 1 arp. 2 arp. 3 arp. 4 arp. 5
1 1001001 1002002 1003003 1004004 1005005
2 2.88600E-02 3.52500E-02 8.14197E-02 1.20960E-01 2.51249E-01
3 5. 70600E-02 4.95899E-02 1.33079E-01 1.79759E-01
4 1.38599E-02 4.38599E-02 6.35994E-02
5 1.38599E-02 2. 63400E- 02
6 8. 34000E- 03
7
0 arp. 9 grp. 10 grp. 11 grp. 12 grp. 13
1 4009009 5010010 6011011 7012012 8013013
2 4.24440E-01 2.98680E-01 2.69280E-01 2.85960E-01 2.53980E-01
3 4.80899E-01 4.11240E-01 4.76820E-01 5.22059E-01 4.85759E-01
4 8.09400E-02 7.31994E-02 1.15199E-01 1.63140E-01 1.45079E-01
5 1.12200E-02 1.25400E-02 2.16000E-02 4.07999E-02 4.68000E-02
6 1.08000E-03 1.80000E-03 3.66000E-03 7.32000E-03 1.15200E-02
7 3.00000E-04 2.40000E-04 7.50000E-04 1.80000E-03 3.12000E-03
1 p- 1 array for mixture 222

11

101
70136E- 03

. 79353E- 03

10230E- 03
09999E- 03
69918E- 03
45000E- 02
10000E- 02
11980E-01
25000E-01
20000E+00
59367E+00
80286E+00
06000E- 01

. 22000E-01

30000E- 01
04762E+00

arp. 6
1006006
92319E- 01
. 09600E- 02
00000E- 03
70000E- 03
. 30000E- 03
40000E- 03
grp. 14
13014014
08459E- 01
. 60200E- 02

WARRON

wN

101
20000E- 03

. 00000E+00

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E- 05
40000E- 04
80000E- 04
40000E- 04
50000E- 03
70000E- 03

. 20000E- 03

80000E- 03
74060E- 02

arp. 6
1006006
55109E- 01
13329E- 01
. 51200E- 02
76400E- 02
26000E- 03
. 76000E- 03
grp. 14
9014014
. 78060E- 01
56959E- 01
41839E- 01
. 31400E- 02
39200E- 02
76000E- 03

NNRPADN®

e R

NWRPOROANRPRONDO RO

whkrPRrPRRRRERPRORONE

N 0o

SN

PONwwA

onvNNNoOR

201
47546E- 01

. 89659E-01

58480E-01
89763E- 01
99674E-01
54008E- 01
11120E+00
41551E+00
77580E+00
36804E+00
60972E+00
09763E+00
16951E+00

. 61942E+00

17324E+00
20121E+00

arp. 7
6007007

. 88699E- 01

. 29799E- 02

grp. 15
14015015
. 22319E- 01
. 27400E- 02

201
71767E-01

. 20962E-01

55216E-01
40965E- 01
73966E-01
06016E+00
27808E+00
32806E+00
33691E+00
33981E+00
34015E+00
34075E+00
36527E+00

. 44365E+00

83981E+00
09880E+00

arp. 7
2007007
12589E- 01
68249E- 01
. 42600E- 02
62000E- 03
94000E- 03
. 50000E- 03
grp. 15
10015015
. 29147E+00
08940E- 01
21039E- 01
. 09194E- 02
16000E- 02
36000E- 03

N 0o

N~

oRrooORs

NNhNP LN

OREPNWWARWRNANRRERWO®

18

67414E- 02
. 16064E- 02
39576E- 02
20000E- 02
43008E- 02
50000E- 02
20000E- 02
90203E- 02
87000E- 01
80000E- 01
36326E- 01
37143E-01
00000E- 01
. 00000E-01
85000E+00
16000E+00

arp. 8
7008008

. 86700E-01
. 33000E- 02

grp. 16
15016016

. 51280E-01
. 88800E- 02

arp. 8
3008008
23000E- 01
49970E- 01

. 26994E- 02

00000E- 03
32000E- 03

. 60000E- 04

grp. 16
11016016

. 79183E+00

09930E- 01
97999E- 01

. 45200E- 02

32200E- 02
19994E- 03

PREERNNORANONOING

102
01356E- 04

. 79353E- 03

10230E- 03
09999E- 03
69918E- 03
45000E- 02
10000E- 02
11980E-01
25000E-01
20000E+00
59367E+00
80286E+00
06000E- 01

. 22000E-01

30000E- 01
04760E+00
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Verification

Table 3 (continued)
0 rp. 1 arp. 2 arp. 3 arp. 4 arp. 5 arp. 6 arp. 7 arp. 8
1 1001001 1002002 1003003 1004004 1005005 1006006 2007007 4008008
2 7.20000E-04 2.70000E-03 2.52000E-02 5.02200E-02 3.04740E-01 5.14800E-01 6.15054E-01 6.33060E-01
3 1. 00440E-01 1.02420E-01 2.42459E-01 3.15719E-01 3.27779E-01 6.06954E-01 7.47000E-01
4 2.28600E-02 7.66800E-02 8.92800E-02 4.19399E-02 2.28600E-02 4.46400E-02
5 1. 71000E-02 2.82600E-02 1.18800E-02 2.88000E-03 1.62000E-03
6 6. 30000E- 03 3. 78000E-03 9. 00000E-04 1.80000E-04
7 9. 00000E- 04 3. 60000E- 04
0 arp. 9 grp. 10 grp. 11 grp. 12 grp. 13 grp. 14 grp. 15 grp. 16
1 5009009 6010010 7011011 7012012 8013013 9014014 10015015 11016016
2 6.37554E-01 3.92400E-01 3.26519E-01 3.44700E-01 2.86920E-01 7.20000E-01 1.80000E+00 2.16000E+00
3 7.99920E-01 7.19634E-01 8.93514E-01 9.80100E-01 9.13680E-01 8.89554E-01 1.15200E+00 3.60000E-01
4 5.85000E-02 5.57999E-02 1.14659E-01 1.77659E-01 1.55340E-01 1.61280E-01 2.65320E-01 1.07999E-01
5 3.42000E-03 4.13999E-03 9.18000E-03 2.30399E-02 2.84400E-02 2.73600E-02 4.82400E-02 2.88000E-02
6 1.80000E-04 1.80000E-04 7.20000E-04 1.80000E-03 3.60000E-03 5.04000E-03 8.10000E-03 5.04000E-03
7 1. 80000E-04 3. 60000E-04 1.08000E-03 1.98000E-03 9.00000E-04
no. of groups=° 16 tble length= 21 control = 0id no.= 1 title=m xed cross sections by ice-the perfect m xer
Opsn grpp 1 grpp 2 grpp 3 grpp 4 grpp 5 grpp grpp 7 grpp
1 2.04000E-01 3.44000E-01 1.68000E-01 1.79999E-01 9.00001E-02 1.40000E-02 0.00000E+00 0.00000E+00
2 3.67414E-02 3.16064E-02 1.39576E-02 1.20000E-02 1.43008E-02 2.50000E-02 4.20000E-02 7.90203E-02
3 4.04427E-02 3.43999E-02 1.90600E-02 1.90999E-02 2.30000E-02 4.95000E-02 8.30000E-02 1.90999E-01
4 1.04570E-01 8.04797E-02 3.51898E-02 2.98800E-02 3.51798E-02 6.12500E-02 1.02900E-01 1.93600E-01
5 3.08900E-01 3.15399E-01 4.84900E-01 5.52399E-01 7.03799E-01 8.64799E-01 9.94998E-01 1.10220E+00
6 1.31440E-01 1.69820E-01 3.25479E-01 4.61319E-01 6.49839E-01 7.92319E-01 8.88699E-01 8.86700E-01
7 0.00000E+00 4.98200E-02 3.16800E-02 1.09660E-01 6.79800E-02 3.09600E-02 2.29799E-02 2.33000E-02
8 0.00000E+00 0. 00000E+00 2.21000E-02 4.51000E-02 2.60000E-02 4.00000E-03 0.00000E+00 0.00000E+00
9 0. 00000E+00 0.00000E+00 0. 00000E+00 3.81000E-02 3.01000E-02 4.70000E-03 0.00000E+00 0.00000E+00
10 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 2.56000E-02 4.30000E-03 0.00000E+00 0.00000E+00
11 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 3. 40000E-03 0.00000E+00 0. 00000E+00
12 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
psn 13 thru psn 21 sane as above
Opsn grpp 9 grpp 10 grpp 11 grpp 12 grpp 13 grpp 14 grpp 15 grpp 16
1 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
2 1.87000E-01 3.80000E-01 4.36326E-01 3.37143E-01 3.00000E-01 7.00000E-01 1.85000E+00 5.16000E+00
3 7.12000E-01 2.58000E+00 3.03000E+00 5.14000E+00 4.06000E-01 8.22000E-01 2.28000E+00 6.20762E+00
4 4. 58150E-01 9.31000E-01 1.06900E+00 8.26000E-01 7.35000E-01 1.71500E+00 4.53250E+00 1.26420E+01
5 1.54320E+00 3.33120E+00 3.78120E+00 5.89120E+00 1.15720E+00 1.57320E+00 3.03120E+00 6.95890E+00
6 8.07100E-01 7.17899E-01 7.15180E-01 7.17899E-01 7.15180E-01 7.08459E-01 7.22319E-01 7.51280E-01
7 2.45000E-02 2.41000E-02 3.33000E-02 3.60200E-02 3.33000E-02 3.60200E-02 4.27400E-02 2.88800E-02
8 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00
psn 9 thru psn 21 sane as above
no. of groups= 16 tble length= 21 control = 0id no.= 2 title=m xed cross sections by ice-the perfect m xer
Opsn grpp 1 grpp 2 grpp 3 grpp 4 grpp 5 r 6 grpp 7 grpp 8
1 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
2 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
3 1.20000E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 6. 00000E- 05
4 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00
5 1.25939E-01 1.63799E-01 2.99340E-01 3.55080E-01 5.06159E-01 7.99800E-01 9.61500E-01 1.00920E+00
6 2.88600E-02 3.52500E-02 8.14197E-02 1.20960E-01 2.51249E-01 3.55109E-01 4.12589E-01 4.23000E-01
7 0.00000E+00 5.70600E-02 4.95899E-02 1.33079E-01 1.79759E-01 2.13329E-01 3.68249E-01 4.49970E-01
8 0.00000E+00 0. 00000E+00 1.38599E-02 4.38599E-02 6.35994E-02 4.51200E-02 3.42600E-02 6.26994E-02
9 0. 00000E+00 0.00000E+00 0. 00000E+00 1.38599E-02 2.63400E-02 1.76400E-02 7.62000E-03 6.00000E-03
10 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 8.34000E-03 7.26000E-03 2.94000E-03 1.32000E-03
11 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 2.76000E-03 1.50000E-03 6.60000E-04
12 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00
psn 13 thru psn 21 sane as above
Opsn grpp 9 grpp 10 grpp 11 grpp 12 grpp 13 grpp 14 grpp 15 grpp 16
1 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
2 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
3 2.40000E-04 4.80000E-04 8.40000E-04 1.50000E-03 2.70000E-03 4.20000E-03 7.80000E-03 1.74060E-02
4 0.00000E+00 0. 00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00
5 1.00920E+00 1.00920E+00 1.00920E+00 1.00920E+00 1.00920E+00 1.18920E+00 1.60920E+00 2.80924E+00
6 4.24440E-01 2.98680E-01 2.69280E-01 2.85960E-01 2.53980E-01 3.78060E-01 1.29147E+00 2.79183E+00
7 4.80899E-01 4.11240E-01 4.76820E-01 5.22059E-01 4.85759E-01 4.56959E-01 6.08940E-01 3.09930E-01
8 8.09400E-02 7.31994E-02 1.15199E-01 1.63140E-01 1.45079E-01 1.41839E-01 2.21039E-01 1.97999E-01
9 1.12200E-02 1.25400E-02 2.16000E-02 4.07999E-02 4.68000E-02 4.31400E-02 7.09194E-02 7.45200E-02
10 1.08000E-03 1.80000E-03 3.66000E-03 7.32000E-03 1.15200E-02 1.39200E-02 2.16000E-02 2.32200E-02
11 3. 00000E-04 2.40000E-04 7.50000E-04 1.80000E-03 3.12000E-03 5.76000E-03 9.36000E-03 7.19994E-03
12 0. 00000E+00 0. 00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
psn 13 thru psn 21 sane as above
no. of groups= 16 tble length= 21 control = 0id no.= 3 title=nixed cross sections by ice-the perfect mxer
Opsn grpp 1 grpp 2 grpp 3 grpp 4 grpp 5 grpp 6 grpp 7 grpp
1 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
psn 2 thru psn 5 same as above
6 7.20000E-04 2.70000E-03 2.52000E-02 5.02200E-02 3.04740E-01 5.14800E-01 6.15054E-01 6.33060E-01
7 0.00000E+00 1.00440E-01 1.02420E-01 2.42459E-01 3.15719E-01 3.27779E-01 6.06954E-01 7.47000E-01
8 0.00000E+00 0. 00000E+00 2.28600E-02 7.66800E-02 8.92800E-02 4.19399E-02 2.28600E-02 4.46400E-02
9 0. 00000E+00 0.00000E+00 0. 00000E+00 1.71000E-02 2.82600E-02 1.18800E-02 2.88000E-03 1.62000E-03
10 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 6.30000E-03 3.78000E-03 9.00000E-04 1.80000E-04
11 0. 00000E+00 0. 00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 9. 00000E-04 3.60000E-04 0.00000E+00
12 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
psn 13 thru psn 21 sane as above
Opsn grpp 9 grpp 10 grpp 11 grpp 12 grpp 13 grpp 14 grpp 15 grpp 16
1 0.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00
psn 2 thru psn 5 same as above
6 6.37554E-01 3.92400E-01 3.26519E-01 3.44700E-01 2.86920E-01 7.20000E-01 1.80000E+00 2.16000E+00
7 7.99920E-01 7.19634E-01 8.93514E-01 9.80100E-01 9.13680E-01 8.89554E-01 1.15200E+00 3.60000E-01
8 5.85000E-02 5.57999E-02 1.14659E-01 1.77659E-01 1.55340E-01 1.61280E-01 2.65320E-01 1.07999E-01
9 3.42000E-03 4.13999E-03 9.18000E-03 2.30399E-02 2.84400E-02 2.73600E-02 4.82400E-02 2.88000E-02
10 1.80000E-04 1.80000E-04 7.20000E-04 1.80000E-03 3.60000E-03 5.04000E-03 8.10000E-03 5.04000E-03
11 0. 00000E+00 0. 00000E+00 0. 00000E+00 1.80000E-04 3.60000E-04 1.08000E-03 1.98000E-03 9.00000E-04
12 0. 00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
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Verification

Table 3 (continued)
psn 13 thru psn 21 sane as above
no. of groups= 0 tble I ength= 0 control = 7 id no.= 0 title=nmixed cross sections by ice-the perfect mxer
1m xture id nunmber® 1111
idrecord
1111 0 0 0 47 0 1 0 0 13
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 6
primary
1d arrays
1
. 3089E+00 . 3154E+00 . 4849E+00 . 5524E+00 . 7038E+00 . 8648E+00 . 9950E+00 . 1102E+01 . 1543E+01 . 3331E+01
. 3781E+01 . 5891E+01 . 1157E+01 . 1573E+01 . 3031E+01 . 6959E+01
27
. 4044E-01 . 3440E- 01 . 1906E- 01 . 1910E- 01 . 2300E- 01 . 4950E- 01 . 8300E- 01 . 1910E+00 . 7120E+00 . 2580E+01
. 3030E+01 . 5140E+01 . 4060E+00 . 8220E+00 . 2280E+01 . 6208E+01
1099
. 2223E-01 . 4350E- 01 . 2292E-01 . 2586E-01 .1324E-01 .2077E-02 . 1515E-03 . 1126E- 04 . 8860E- 06 . 6224E-07
. 9883E-08 .2161E-08 .1372E-08 . 1144E-08 .1732E-08 .1732E-08
2
. 2665E+00 . 2810E+00 . 4658E+00 . 5333E+00 . 6808E+00 . 8153E+00 . 9120E+00 . 9112E+00 . 8312E+00 . 7512E+00
. 7512E+00 . 7512E+00 . 7512E+00 . 7512E+00 . 7512E+00 . 7513E+00
101
. 3701E-02 . 2794E-02 . 5102E- 02 . 7100E- 02 . 8699E- 02 . 2450E- 01 . 4100E- 01 . 1120E+00 . 5250E+00 . 2200E+01
. 2594E+01 . 4803E+01 . 1060E+00 . 1220E+00 . 4300E+00 . 1048E+01
201
. 5475E+00 . 4897E+00 . 6585E+00 . 6898E+00 . 7997E+00 . 9540E+00 .1111E+01 . 1416E+01 . 2776E+01 . 5368E+01
. 4610E+01 . 6098E+01 . 1170E+01 . 1619E+01 . 3173E+01 . 7201E+01
18
. 3674E-01 .3161E-01 . 1396E-01 . 1200E- 01 . 1430E- 01 . 2500E- 01 . 4200E- 01 . 7902E- 01 . 1870E+00 . 3800E+00
. 4363E+00 . 3371E+00 . 3000E+00 . 7000E+00 . 1850E+01 . 5160E+01
102
. 5014E-03 . 2794E-02 . 5102E- 02 . 7100E- 02 . 8699E- 02 . 2450E- 01 . 4100E- 01 . 1120E+00 . 5250E+00 . 2200E+01
. 2594E+01 . 4803E+01 . 1060E+00 . 1220E+00 . 4300E+00 . 1048E+01
452
. 2846E+01 . 2546E+01 . 2521E+01 . 2490E+01 . 2460E+01 . 2450E+01 . 2450E+01 . 2450E+01 . 2450E+01 . 2450E+01
. 2450E+01 . 2450E+01 . 2450E+01 . 2450E+01 . 2450E+01 . 2450E+01
1018
. 2040E+00 . 3440E+00 . 1680E+00 . 1800E+00 . 9000E- 01 . 1400E- 01 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00
. 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00
16
. 2003E- 02 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00
. 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00
1452
. 1046E+00 . 8048E-01 . 3519E-01 . 2988E-01 . 3518E-01 . 6125E-01 . 1029E+00 . 1936E+00 . 4582E+00 . 9310E+00
. 1069E+01 . 8260E+00 . 7350E+00 . 1715E+01 . 4532E+01 . 1264E+02
2002
. 2705E+00 . 2810E+00 . 4658E+00 . 5333E+00 . 6808E+00 . 8153E+00 . 9120E+00 . 9112E+00 . 8312E+00 . 7512E+00
. 7512E+00 . 7512E+00 . 7512E+00 . 7512E+00 . 7512E+00 . 7513E+00
nmava poi nter array
1 7 12 16 19 21 23 25 27 29
31 33 35 37 40 44 6 11 15 18
20 22 24 26 28 30 32 34 36 39
43 47 1 2 3 4 5 6 7 8
9 10 11 12 13 13 13 13
primary
p- 0 array
. 4860E+00 . 1842E+00 .8171E-01 . 1409E+00 . 9465E- 01 .1257E-01 . 6043E+00 . 1127E+00 . 1605E+00 . 1071E+00
. 1530E- 01 . 6987E+00 . 2354E+00 . 5581E-01 . 1009E- 01 . 8650E+00 . 1275E+00 . 7500E- 02 . 9545E+00 . 4548E-01
. 9718E+00 . 2819E-01 . 9745E+00 . 2555E-01 . 9731E+00 . 2689E-01 . 9710E+00 . 2899E- 01 . 9557E+00 . 4433E-01
. 9521E+00 . 4795E-01 . 9557E+00 . 4433E-01 . 9521E+00 . 4795E-01 . 0000E+00 . 9431E+00 . 5690E- 01 . 0000E+00
. 0000E+00 . 9616E+00 . 3845E-01 . 0000E+00 . 0000E+00 . 0000E+00 . 1000E+01
angl e nunber 1
. 4860E+00 . 1842E+00 .8171E-01 . 1409E+00 . 9465E- 01 .1257E-01 . 6043E+00 . 1127E+00 . 1605E+00 . 1071E+00
. 1530E- 01 . 6987E+00 . 2354E+00 . 5581E-01 . 1009E- 01 . 8650E+00 . 1275E+00 . 7500E- 02 . 9545E+00 . 4548E-01
. 9718E+00 . 2819E-01 . 9745E+00 . 2555E-01 . 9731E+00 . 2689E-01 . 9710E+00 . 2899E-01 . 9557E+00 . 4433E-01
. 9521E+00 . 4795E- 01 . 9557E+00 . 4433E-01 . 9521E+00 . 4795E-01 . 0000E+00 . 9431E+00 . 5690E- 01 . 0000E+00
. 0000E+00 . 9616E+00 . 3845E-01 . 0000E+00 . 0000E+00 . 0000E+00 . 1000E+01
probability nunber 1
-.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01
-.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01
-.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01
-.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01
-.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 -.1000E+01
1mi xture id nunmber 2222
idrecord
2222 0 0 0 87 1 1 0 0 13
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 7
primary
1d arrays?
1
. 1259E+00 . 1638E+00 . 2993E+00 . 3551E+00 . 5062E+00 . 7998E+00 . 9615E+00 . 1009E+01 . 1009E+01 . 1009E+01
. 1009E+01 . 1009E+01 . 1009E+01 . 1189E+01 . 1609E+01 . 2809E+01
27
. 1200E- 02 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 0000E+00 . 6000E- 04 . 2400E- 03 . 4800E- 03
. 8400E- 03 . 1500E- 02 . 2700E- 02 . 4200E- 02 . 7800E- 02 .1741E-01
1099
. 1539E-01 .3012E-01 . 1586E- 01 .1791E-01 . 9169E- 02 . 1438E-02 . 1049E- 03 . 7795E- 05 . 6134E-06 . 4309E- 07
. 6842E-08 . 1496E- 08 . 9500E- 09 . 7923E-09 . 1199E- 08 . 1199E- 08
2
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Verification

Table 3 (continued)
. 1247E+00 . 1638E+00 .2993E+00 .3551E+00 .5062E+00 .7998E+00 .9615E+00 .1009E+01 .1009E+01 . 1009E+01
.1008E+01  .1008E+01  .1006E+01 .1185E+01 .1601E+01 .2792E+01
101
.1200E-02  .0000E+00  .0000E+00  .0000E+00 .000OE+00 .O0000E+00  .0000E+00  .6000E-04 .2400E-03 .4800E-03
.8400E-03  .1500E-02 .2700E-02 .4200E-02 .7800E-02 .1741E-01
201
.1718E+00  .2210E+00 .3552E+00 .4410E+00 .6740E+00 .1060E+01  .1278E+01  .1328E+01  .1337E+01 .1340E+01
.1340E+01  .1341E+01  .1365E+01 .1444E+01 .1840E+01 .3099E+01
18
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .000OE+00  .0O000E+00  .0000E+00  .0000E+00  .0000E+00 .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O00OE+00 . 0O000E+00
102
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .000OE+00 .0O000E+00  .0000E+00  .0000E+00  .0000E+00  .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O0OOE+00 . 0000E+00
452
.0000E+00 . 0000E+00  .0000E+00  .0000E+00 .000OE+00  .0O000E+00  .0000E+00  .0000E+00  .0000E+00  .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O0O0OE+00 . 0000E+00
1018
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .000OE+00 .0O000E+00  .0000E+00  .0000E+00  .0000E+00  .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O0O0OE+00 . 0000E+00
16
.0000E+00 . 0000E+00  .0000E+00  .0000E+00 .000OE+00  .0O000E+00  .0000E+00  .0000E+00  .0000E+00 .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O0O0OE+00 . 0O000E+00
1452
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .000OE+00  .0000E+00  .0000E+00  .0000E+00  .0000E+00 .0O000E+00
.0000E+00 . 0000E+00  .0000E+00  .0000E+00  .0O0O0OE+00 . 0O000E+00
2002
.1247E+00 . 1638E+00  .2993E+00 .3551E+00 .5062E+00 .7998E+00 .9615E+00 .1009E+01  .1009E+01 . 1009E+01
.1008E+01  .1008E+01  .1006E+01 .1185E+01 .1601E+01 .2792E+01
nmwva poi nter array
1 7 13 19 25 31 37 43 49 55
61 67 72 76 80 84 6 12 18 24
30 36 42 48 54 60 66 71 75 79
83 87 1 2 3 4 5 6 7 8
9 10 11 12 13 13 13 13
primary
p- 0 array
.2314E+00  .4574E+00  .1111E+00 .1111E+00 .6686E-01 .2213E-01 .2152E+00 .3027E+00 .2678E+00 .1608E+00
.4432E-01  .9158E-02 .2720E+00 .4446E+00 .2125E+00 .5893E-01 .9822E-02 .2205E-02 .3407E+00 .5063E+00
.1271E+00  .2146E-01  .3717E-02 .8449E-03 .4964E+00 .4215E+00 .6769E-01 .1185E-01 .2134E-02 .4742E-03
.4440E+00  .4604E+00  .7839E-01 .1403E-01 .2250E-02 .9377E-03 .4291E+00 .4680E+00 .8418E-01 .1304E-01
.3807E-02  .1872E-02 .4192E+00 .4765E+00 .7254E-01 .2140E-01 .7254E-02 .3092E-02 .4207E+00 .4076E+00
.1142E+00  .4044E-01  .1142E-01 .5709E-02 .2961E+00 .4727E+00 .1617E+00 .4640E-01 .1380E-01 .9279E-02
.2670E+00  .5177E+00  .1439E+00 .4278E-01 .2142E-01 .7140E-02 .2838E+00 .4820E+00 .1408E+00 .7038E-01
.2304E-01 .2523E+00 .4540E+00 .2196E+00 .7404E-01 .0000E+00 .3190E+00 .5139E+00 .1671E+00 .0O000E+00
.0000E+00  .8065E+00  .1935E+00  .0000E+00 .0000E+00 .0000E+00  .1000E+01
p- 1 array
.2495E-01  .1760E+01  .1649E+01 .1234E+01 .7554E+00 .3261E+00 .7660E-01 .2065E+01 .1748E+01 .1073E+01
.5207E+00  .2400E+00  .3095E+00 .1822E+01 .1404E+01 .6735E+00 .3061E+00 .0000E+00  .4152E+00 . 1756E+01
.9295E+00  .3780E+00 .1364E+00 .0000E+00 .1213E+01 .1536E+01 .6673E+00 .2700E+00 .1667E+00 .0000E+00
.1450E+01  .1648E+01  .7120E+00 .3048E+00 .1000E+00 .0000E+00  .1491E+01 .1660E+01 .7228E+00 .3301E+00
.1967E+00  .1000E+00  .1497E+01 .1663E+01 .7623E+00 .4250E+00 .2459E+00 .1154E+00 .1502E+01 .1750E+01
.9953E+00  .5647E+00  .3125E+00 .1875E+00 .1314E+01 .1874E+01 .1089E+01 .6077E+00 .3621E+00 .2115E+00
.1213E+01  .1877E+01  .1071E+01 .6342E+00 .3750E+00 .1250E+00 .1205E+01 .1881E+01  .1137E+01 .6802E+00
.2171E+00  .1130E+01  .1947E+01 .1200E+01 .3865E+00 .0000E+00  .1904E+01  .1892E+01  .5455E+00 .0000E+00
.0000E+00  .1394E+01  .1162E+01 .0000E+00 .0000E+00 .0000E+00 . 7737E+00
angl e nunber 1
.8316E-02 .5868E+00 .5498E+00 .4113E+00 .2518E+00 .1087E+00 .2553E-01 .6884E+00 .5828E+00 .3576E+00
.1736E+00  .8000E-01  .1032E+00 .6073E+00 .4679E+00 .2245E+00 .1020E+00 .0000E+00 .1384E+00 .5854E+00
.3098E+00  .1260E+00  .4545E-01 .0000E+00 .4043E+00 .5122E+00 .2224E+00 .9000E-01 .5556E-01 .0000E+00
.4832E+00  .5494E+00 .2373E+00 .1016E+00 .3333E-01 .O0000E+00 .4969E+00  .5534E+00 .2409E+00 . 1100E+00
.6557E-01  .3333E-01 .4989E+00 .5545E+00 .2541E+00 .1417E+00 .8197E-01 .3846E-01 .5007E+00 .5833E+00
.3318E+00  .1882E+00 .1042E+00 .6250E-01 .4379E+00 .6246E+00 .3630E+00 .2026E+00 .1207E+00 .7051E-01
.4042E+00  .6258E+00  .3569E+00 .2114E+00 .1250E+00 .4167E-01 .4018E+00 .6270E+00 .3790E+00 .2267E+00
.7235E-01  .3766E+00 .6489E+00 .4001E+00 .1288E+00 .0000E+00  .6348E+00 .6306E+00 .1818E+00 .0000E+00
.0000E+00 . 4646E+00  .3872E+00 .0000E+00 .0000E+00 .0000E+00 . 2579E+00
probability nunber 1
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01  .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 -.1000E+01 .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 -.1000E+01 .1000E+01 .1000E+01  .1000E+01 .1000E+01  .1000E+01 -.1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 -.1000E+01 .1000E+01 .1000E+01  .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01  .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01  .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01 .1000E+01
.1000E+01  .1000E+01  .1000E+01 .1000E+01 .1000E+01 -.1000E+01 .1000E+01 .1000E+01 .1000E+01 -.1000E+01
-.1000E+01 .1000E+01 .1000E+01 -.1000E+01 -.1000E+01 -.1000E+01 .1000E+01
*AMPX working format cross sections.
®ANISN format cross sections.
‘MORSE/KENO format cross-section library.
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Table 4. XSDRNPM, KENO V.a, and CSAS25 sample problem results

Verification

install.r

case

1

title(20 ...

bonanmi . out
nitaw . out

i ce.out
xsdrn. out

93% uo2f2 solution sp ****** guter

kenova. out

sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e
sanpl e

csas?25. out

keno v.
storage
storage
storage
storage
storage
sanpl e problem 3

sanpl e square fuel
sanpl e square fuel
sanpl e square fuel
sanpl e square fuel
critical

cri
cri
cri
cri
cri

array
array
array
array
array

tical
tical
tical
tical
tical

probl em 1

probl em 2

probl em 3

probl em 4

probl em 5

probl em 6

probl em 7

probl em 8

probl em 9

probl em 10
problem 11 2c
probl em 12
probl em 13
problem 14 u
probl em 15
probl em 16
probl em 17
probl em 18 1
probl em 19
probl em 20
probl em 21
probl em 22 c
probl em 23
probl em 24
probl em 25
probl em 26
probl em 27
probl em 28
probl em 29
probl em 30 b
probl em 31 b
probl em 32 b
probl em 33 c

pitch
pitch
pitch
pitch
pitch
pitch

) keno|

cas
2c8
2c8
2c8
2c8
one
bar
i nf
i nf

a sanpl ef pr obl

of pwr -
of pw -
of pw -
of pwr -
of pw -
sam
ca
ca
ca
ca
sear ch
sear ch
sear ch
sear ch
sear ch
sear ch

RPRRRRRRR RRRR B RRRREN B RPRRRE

k-eff

. 0065
. 0065
. 0116
. 0122
. 0245
. 7496
. 0055
. 9491
. 2848
. 0065
. 0065
. 0094
. 0030
. 9976
. 0122
. 9885
. 0101
. 0146
. 0117
. 0001
. 9875
. 0079
. 0048
. 0044
. 0059
. 0070
. 0063
. 0045
. 0023
. 9929
. 9929
. 9929
. 9801

. 0040
. 7320
. 3582
. 7445
. 8973
. 9132

L7111
. 7624
. 6208
. 6432
. 9626
. 9270
. 0103
. 0097
. 9801
. 9982

si gma

iteration limt

. 0047
. 0047
. 0053
. 0054
. 0036
. 0037
. 0038
. 0041
. 0078
. 0047
. 0047
. 0055
. 0043
. 0049
. 0046
. 0029
. 0164
. 0073
. 0047
. 0063
. 0034
. 0048
. 0046
. 0043
. 0043
. 0047
. 0042
. 0045
. 0044
. 0046
. 0046
. 0046
. 0021

. 0054
. 0061
. 0046
. 0038
. 0048
. 0046

. 0058
. 0043
. 0054
. 0047
. 0047
. 0048
. 0047
. 0042
. 0050
. 0042

RPRRRRPRPRRRRE RPRRERPRO RRRPRRRERERRPRRERRRERRRPRRENRRRRERR

AEG ]

. 42228E+01
. 42228E+01
. 42228E+01
. 42228E+01
. 42228E+01
. 42228E+01
. 20819E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
.40787E+01
. 40787E+01
.40787E+01
.40787E+01
. 73559E+01

. 12134E+00
. 43385E+01
. 04178E+01
. 55533E+01
. 53957E+01
. 52584E+01

.42171E+01
. 42166E+01
.41921E+01
. 42196E+01
. 42196E+01
. 42196E+01
. 42196E+01
. 42196E+01
. 42196E+01
. 42196E+01

xsdr n[

reached

| ambda ]

1. 00285E+00

1. 33398E+00
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Table5. XSDRNPM sample prablem activities by zone

Ozone
1
2

Oi nt .

OOO~NOOTAWNE

1
3

4.14319E-01 4.97
4.14319E-01 4.97105E-01 2.
2 has systemtotals

ANFRPRPRPREPNNNNNNOOOWOWRRMRMDMDMNOICIOICIOIOICICIOIOOO O

Ozone

activity table

materi a

92235
92235
92238

reaction

18
27
27

Oactivities by zone

act. 1

Qactivities

act. 1

. 12734E- 05
. 11592E-05
. 08721E-05
. 04296E- 05
. 98351E- 05
. 90932E- 05
. 82074E- 05
. 71815E-05
. 60206E- 05
. 47288E- 05
. 33125E-05
. 17764E- 05
. 01281E-05
. 83722E-05
. 65181E- 05
. 45698E- 05
. 25380E- 05
. 04256E- 05
. 82449E- 05
. 59966E- 05
. 36949E- 05
. 13367E-05
. 89392E- 05
. 64921E- 05
. 40170E- 05
. 14906E- 05
. 89407E- 05
. 63156E- 05
. 36533E- 05
. 08254E- 05
. 89765E- 06
. 34123E- 06

CORPRFRPRFPNNNOWWRARMDMDIMOIOIOIOIOOO0O0O0OONNNNNN

ac

by interva
act. 2

. 34642E- 05
. 33283E- 05
. 29840E- 05
. 24537E-05
. 17409E- 05
. 08515E- 05
. 97895E- 05
. 85596E- 05
. 71678E- 05
. 56190E- 05
. 39211E-05
. 20794E- 05
. 01033E-05
. 79984E- 05
. 57756E- 05
. 34400E- 05
. 10043E- 05
. 84721E-05
. 58581E- 05
. 31631E-05
. 04044E- 05
. 75781E- 05
. 47048E- 05
. 17724E-05
. 88068E- 05
. 57800E- 05
. 27259E- 05
. 95824E- 05
. 63961E- 05
. 30136E- 05
. 51682E- 06
. 26946E- 06

t. 2
105E-01 2.

PONORREEERENNNNNNN G000 006000 W WwHwww

act. 3
71363E-03
71363E-03

act. 3

. 89567E- 07
. 89077E- 07
. 87271E- 07
. 84486E- 07

80715E-07
76016E- 07
70397E- 07
63894E- 07
56531E- 07
48342E- 07
39362E- 07
29630E- 07
19187E- 07
08074E- 07
96340E- 07
84028E- 07
71193E- 07
57875E-07
44137E- 07
30009E- 07
15565E- 07
00813E-07
85847E- 07
70633E- 07
55308E- 07
39754E- 07
24203E- 07

. 08366E- 07
. 27013E-08
. 64710E-08
. 07702E-08
. 19085E- 08

16



Verification
3.2.1 BONAMI

The BONAMI analytic problems were set up as follows:

SCOMMAND was executed in front of and following the BONAMI analytical problem to manipulate input and
output units and soft link the Hansen-Roach BCD working library into the program execution area. AWL was used
to convert the Hansen-Roach BCD working library to a binary library suitable for use by BONAMI.

The BONAMI analytic problems demonstrate that BONAMI is correctly performing the Bondarenko iteration and
producing correct cross sections. lists the "sigma P" corresponding to each BONAMI zone. The results
from the BONAM | output are given in[Tables 7 through 13. (The"sigma P" listed in for each material and
zone is offset from the value of sig0 listed in the BONAMI output because the value edited by BONAMI does not
include the contribution to sigma P of the nuclide that it is currently being processed.) The verification input includes
aNITAWL-II step after each BONAMI case in order to edit the cross sections for comparison purposes. The results
of theNITAWL-II edit are not presented here. The BONAM I results areidentical to thosein the SCALE-4.2 basdine
and to the NITAWL-II edited cross sections, thus verifying that BONAMI is functioning correctly.

3.2.2 NITAWL-II

The NITAWL-II analytic problems verify the consistency of the infinite homogeneous media (0-D), slab (1-D),
cylindrical (2-D), and spherical (3-D) optionsin NITAWL-II. The following messages appear in the output:

this resonance material will be treated as a O-dimensional object.
this resonance material will be treated as a 1-dimensional object.
this resonance material will be treated as a 2-dimensional object.
this resonance material will be treated as a 3-dimensional object.

The cross-section edits from NITAWL-II have been included in[Tables 13 through 16. The values of the cross-section
IDs 2, 18 and 102 for groups 9-14 are consistent with those originally reported and included in Appendix C,
[Tables C.1 through C.4. Theresults presented in [Tables 13 through 16 verify that NITAWL-II is functioning correctly.

3.2.3 KENO V.a

The first series of KENO V.afunctional verification problems consists of a series of hole intersection checks, start
type checks, and geometric orientation cases. Thefunctional verification against analytic benchmarks and XSDRNPM
will be presented in the next section.

The input file for the first KENO V.a hole intersection problem sets up the cross sections that are required by
KENO (the cross sections are not used in the calculation but must exist in order for KENO to execute properly).
A total of 14 input files arethen run.  These checks represent a comprehensive set of KENO geometry models where
the geometry checking routines in KENO should or should not find geometric inconsistencies. The performance of
KENO using these models verifies that the geometry reading and tracking algorithms are performing correctly.

17 NUREG/CR-6483
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Table 6. Reationship of BONAMI zones to "sigma P" for each nuclide

nucl i de zone "sigma P" si g0 nucl i de zone "sigma P" si g0
90232 1 40 20 92233 1 20 0. 00001
2 1000 980 2 100 80
3 3000 2980 3 600 580
4 6000 5980 4 2000 1980
5 20000 19980 5 10000 9980
92235 1 20 0. 00001 92238 1 15 3
2 100 80 2 100 88
3 600 580 3 600 588
4 2000 1980 4 2000 1988
5 10000 9980 5 10000 9988
94239 1 20 0. 00001 94240 1 50 0. 00001
2 100 80 2 600 550
3 600 580 3 6000 5950
4 2000 1980 4 100000 99950
5 10000 9980 5 1000000 1000000
NUREG/CR-6483 18



Table 7. Nuclide 90232

edit for material:
zone:
position in mx

shi el ded cross sections

90232
1
1

n= 1 m= 102

order= 0 order= 0

group si g0 offset= 0 offset=10

+

9 2.000E+01 1.500E+01 3.000E+00

10 2.000E+01 1.370E+01 1.700E+00

11 2. 000E+01 1.600E+01 4. 000E+00
edit for material: 90232
zone: 2
position in mx: 2

shi el ded cross sections

n= 1 m= 102

order= 0 order= 0

group si g0 offset= 0 offset=10

+

9 9. 800E+02 2.200E+01 1.000E+01

10 9. 800E+02 1.800E+01 6.000E+00

11 9. 800E+02 2. 600E+01 1.400E+01
edit for material: 90232
zone: 3
position in mx: 3

shi el ded cross sections

nt = 1 nt= 102

order= 0 order= 0

group si g0 offset= 0 offset=10

+

9 2.980E+03 2.500E+01 1.300E+01

10 2.980E+03 2. 100E+01 9. 000E+00

11 2.980E+03 3. 300E+01 2.100E+01
edit for material: 90232
zone: 4
position in mx: 4

shi el ded cross sections

nt = 1 nt= 102

order= 0 order= 0

group si g0 offset= 0 offset=10

+

9 5.980E+03 2. 700E+01 1.500E+01

10 5.980E+03 2.370E+01 1.170E+01

11 5. 980E+03 3. 860E+01 2.660E+01
edit for material: 90232
zone: 5
position in mx: 5

shi el ded cross sections

n= 1 m= 102

order= 0 order= 0

group si g0 offset= 0 offset=10
+

9 1.998E+04 2.880E+01 1.680E+01

10 1.998E+04 2.730E+01 1.530E+01

11 1. 998E+04 4.660E+01 3.460E+01

19
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Table 8. Nuclide 92233

materi al :
. zone:
position in mx

edit for

92233
1
1

shi el ded cross sections

nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 1.000E-05 5.660E+01 2.710E+01 1.750E+01
11 1. 000E-05 8.630E+01 6.430E+01 1.000E+01
12 1. 000E-05 9.750E+01 7.250E+01 1.300E+01
13 1. 000E-05 2.263E+02 1.719E+02 4.240E+01
edit for material: 92233
zone: 2
position in mXx: 2
shi el ded cross sections
nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 8. 000E+01 ©5.990E+01 2.880E+01 1.910E+01
11 8. 000E+01 1.019E+02 7.690E+01 1.300E+01
12 8. 000E+01 1.067E+02 8.000E+01 1.470E+01
13 8. 000E+01 2. 815E+02 2.145E+02 5.500E+01
edit for material: 92233
zone: 3
position in mXx: 3
shi el ded cross sections
nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=20
+
10 5.800E+02 6.270E+01 3.000E+01 2.070E+01
11 5. 800E+02 1.260E+02 9.600E+01 1.800E+01
12 5.800E+02 1.205E+02 9.150E+01 1.700E+01
13 5. 800E+02 3.568E+02 2.712E+02 7.360E+01
edit for material: 92233
zone: 4
position in mXx: 4
shi el ded cross sections
nt = 1 nt= 18 nm= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 1.980E+03 6.300E+01 3.000E+01 2.100E+01
11 1.980E+03 1.362E+02 1.042E+02 2.000E+01
12 1.980E+03 1.272E+02 9.700E+01 1.820E+01
13 1.980E+03 3.946E+02 2.970E+02 8.560E+01
edit for material: 92233
zone: 5
position in mXx: 5
shi el ded cross sections
nt = 1 nt= 18 nm= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=20
+
10 9. 980E+03 6. 300E+01 3.000E+01 2.100E+01
11 9. 980E+03 1.420E+02 1.087E+02 2.130E+01
12 9. 980E+03 1.313E+02 1.003E+02 1.900E+01
13 9. 980E+03 4. 140E+02 3.100E+02 9. 200E+01
NUREG/CR-6483 20



Table 9. Nuclide 92235

edit for

material :
zone:

position in mx

92235
1

1
shi el ded cross sections

nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 1.000E-05 6.250E+01 3.440E+01 1.810E+01
11 1. 000E-05 3.600E+01 1.645E+01 9.551E+00
12 1. 000E-05 3.660E+01 1.229E+01 1.431E+01
13 1. 000E-05 3.560E+01 2.010E+01 5.500E+00
edit for material: 92235
zone: 2
position in mXx: 2
shi el ded cross sections
nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 8. 000E+01 ©6.460E+01 3.580E+01 1.880E+01
11 8. 000E+01 4. 480E+01 2.212E+01 1.268E+01
12 8. 000E+01 5.030E+01 1.784E+01 2.246E+01
13 8. 000E+01 4. 200E+01 2.490E+01 7.100E+00
edit for material: 92235
zone: 3
position in mx: 3
shi el ded cross sections
nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 5.800E+02 6. 700E+01 3.720E+01 1.980E+01
11 5. 800E+02 6.190E+01 3.122E+01 2.068E+01
12 5. 800E+02 6.840E+01 2.588E+01 3.252E+01
13 5. 800E+02 4.830E+01 2.940E+01 8. 900E+00
edit for material: 92235
zone: 4
position in mXx: 4
shi el ded cross sections
nt = 1 nt= 18 nmt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 1.980E+03 6.780E+01 3.780E+01 2.000E+01
11 1.980E+03 7.550E+01 3.820E+01 2.730E+01
12 1.980E+03 7.710E+01 3.024E+01 3.686E+01
13 1.980E+03 4.900E+01 3.000E+01 9. 000E+00
edit for material: 92235
zone: 5
position in mXx: 5
shi el ded cross sections
nt = 1 nt= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset=0 offset=0
+
10 9. 980E+03 6. 800E+01 3.800E+01 2.000E+01
11 9. 980E+03 8.520E+01 4.237E+01 3.283E+01
12 9. 980E+03 8. 220E+01 3.294E+01 3.926E+01
13 9. 980E+03 4. 900E+01 3. 000E+01 9. 000E+00
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Table 10. Nuclide 92238

edit for material: 92238
zone: 1
position in mx: 1
shi el ded cross sections
n= 1 m= 102
order= 0 order= 0
group si g0 offset= 0 offset=0
+
8 3. 000E+00 1.338E+01 3.825E-01
9 3. 000E+00 1.159E+01 5.865E-01
10 3. 000E+00 1.148E+01 2.484E+00
11 3. 000E+00 1.027E+01 1.275E+00
12 3. 000E+00 1.135E+01 2.351E+00
edit for material: 92238
zone: 2
position in mx: 2

shi el ded cross sections

nt= 1 nt= 102
order= 0 order= 0
group si g0 offset= 0 offset=10
+
8 8. 800E+01 1.392E+01 9.230E-01
9 8. 800E+01 1.306E+01 2.059E+00
10 8. 800E+01 1.411E+01 5.112E+00
11 8. 800E+01 1.219E+01 3. 195E+00
12 8. 800E+01 1.482E+01 5.822E+00
edit for material: 92238
zone: 3
position in mx: 3
shi el ded cross sections
nt= 1 nt= 102
order= 0 order= 0
group si g0 offset= 0 offset=10
+
8 5.880E+02 1.480E+01 1.800E+00
9 5.880E+02 1.680E+01 5.800E+00
10 5.880E+02 2.170E+01 1.270E+01
11 5.880E+02 1.820E+01 9. 200E+00
12 5.880E+02 2.780E+01 1.880E+01
edit for material: 92238
zone: 4
position in mx: 4
shi el ded cross sections
nt = 1 nt= 102
order= 0 order= 0
group si g0 offset= 0 offset=10
+
8 1.988E+03 1.500E+01 2.000E+00
9 1. 988E+03 1.880E+01 7.800E+00
10 1. 988E+03 2. 830E+01 1.930E+01
11 1. 988E+03 2.420E+01 1.520E+01
12 1.988E+03 4. 020E+01 3. 120E+01
edit for material: 92238
zone: 5
position in mXx: 5
shi el ded cross sections
nt = 1 nt= 102
order= 0 order= 0
group si g0 offset= 0 offset=10
+
8 9. 988E+03 1.500E+01 2. 000E+00
9 9. 988E+03 2. 110E+01 1.010E+01
10 9. 988E+03 4. 190E+01 3. 290E+01
11 9. 988E+03 3. 960E+01 3. 060E+01
12 9. 988E+03 7. 100E+01 6. 200E+01
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Table 11. Nuclide 94239

edit for

mat eri al
zone

position in mx

94239
1

1

shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
9 1. 000E-05 3.140E+01 1.400E+01 7. 400E+00
10 1. 000E-05 2.310E+01 8.300E+00 4.800E+00
11 1. 000E-05 3.710E+01 1.840E+01 8. 700E+00
12 1. 000E-05 2.050E+01 7.300E+00 3.200E+00
13 1. 000E-05 3.300E+01 2.000E+01 3.000E+00
14 1. 000E-05 1.352E+02 8.060E+01 4.460E+01
15 1. 000E-05 1.238E+03 7.681E+02 4.599E+02
edit for material: 94239
zone: 2
position in mx: 2
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
9 8. 000E+01 3.370E+01 1.560E+01 8.100E+00
10 8. 000E+01 3.090E+01 1.350E+01 7.400E+00
11 8. 000E+01 5.330E+01 2.820E+01 1.510E+01
12 8. 000E+01 2.420E+01 9.200E+00 5. 000E+00
13 8. 000E+01 3. 300E+01 2.000E+01 3. 000E+00
14 8. 000E+01 1.554E+02 9. 300E+01 5. 240E+01
15 8. 000E+01 1.270E+03 7.860E+02 4. 740E+02
edit for material: 94239
zone: 3
position in mx: 3
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
9 5. 800E+02 3.490E+01 1.630E+01 8. 600E+00
10  5.800E+02 4.580E+01 2.110E+01 1.470E+01
11 5. 800E+02 8. 780E+01 4.810E+01 2.970E+01
12 5. 800E+02 3.270E+01 1.350E+01 9.200E+00
13 5. 800E+02 3.300E+01 2.000E+01 3. 000E+00
14 5. 800E+02 1.954E+02 1.164E+02 6.900E+01
15 5. 800E+02 1.386E+03 8.540E+02 5.220E+02
edit for material: 94239
zone: 4
position in mx: 4
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
9 1.980E+03 3.510E+01 1.650E+01 8. 600E+00
10 1.980E+03 6.090E+01 2.820E+01 2.270E+01
11 1.980E+03 1.114E+02 6.150E+01 3.990E+01
12 1. 980E+03 4. 080E+01 1.790E+01 1.290E+01
13 1. 980E+03 3. 300E+01 2.000E+01 3. 000E+00
14 1.980E+03 2. 166E+02 1.286E+02 7.800E+01
15 1.980E+03 1.560E+03 9.560E+02 5.940E+02
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Table 11 (continued)

edit for

materi al :

. zone:
p05|t|0n|n m X:

94239

5
5

shi el ded cross sections

nt = 1 m= 18 nt= 102

order= 0 order= 0 order= 0

group si g0 offset= 0 offset=0 offset=0
9 9. 980E+03 3.510E+01 1.650E+01 8. 600E+00
10 9.980E+03 7.960E+01 3.650E+01 3.310E+01
11 9.980E+03 1.330E+02 7.330E+01 4.970E+01
12 9.980E+03 4.880E+01 2.210E+01 1.670E+01
13  9.980E+03 3.300E+01 2.000E+01 3.000E+00
14  9.980E+03 2.310E+02 1.364E+02 8.460E+01
15 9.980E+03 1.836E+03 1.112E+03 7.140E+02
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Table 12. Nuclide 94240

edit for

mat eri al
zone

position in mx

94240
1

1

shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
10 1. 000E-05 2.050E+01 0.000E+00 9.500E+00
11 1. 000E-05 2.460E+01 0. 000E+00 1.260E+01
12 1. 000E-05 3.900E+01 0.000E+00 2.400E+01
13 1.931E-04 3.440E+02 6.667E-02 3.099E+02
14 1. 000E-05 1.450E+02 3.000E-02 1.300E+02
edit for material: 94240
zone: 2
position in mx: 2
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
10 5.500E+02 2.580E+01 0.000E+00 1.480E+01
11 5. 500E+02 2.810E+01 0.000E+00 1.610E+01
12 5. 500E+02 3.900E+01 0.000E+00 2.400E+01
13 5. 500E+02 4. 730E+02 9.000E-02 4.299E+02
14 5. 500E+02 3. 240E+02 6.667E-02 3.039E+02
edit for material: 94240
zone: 3
position in mx: 3
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
10 5. 950E+03 4. 710E+01 0. 000E+00 3.610E+01
11 5. 950E+03 3. 600E+01 0. 000E+00 2. 400E+01
12 5. 950E+03 3. 900E+01 0. 000E+00 2. 400E+01
13 5. 950E+03 1.258E+03 2.433E-01 1.160E+03
14 5. 950E+03 6. 230E+02 1.300E-01 5.939E+02
edit for material: 94240
zone: 4
position in mx: 4
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
10 9. 995E+04 6. 770E+01 0. 000E+00 5.670E+01
11 9. 995E+04 4. 200E+01 0. 000E+00 3. 000E+01
12 9. 995E+04 3. 900E+01 0. 000E+00 2.400E+01
13 9. 995E+04 4. 450E+03 8. 700E-01 4. 129E+03
14 9. 995E+04 8.970E+02 1.900E-01 8.598E+02
edit for material: 94240
zone: 5
position in mx: 5
shi el ded cross sections
n= 1 m= 18 nt= 102
order= 0 order= 0 order= 0
group si g0 offset= 0 offset= 0 offset=0
+
10 1. 000E+06 7. 100E+01 0. O000E+00 6.000E+01
11 1. 000E+06 4. 300E+01 0. 000E+00 3.100E+01
12 1. 000E+06 3.900E+01 0. 000E+00 2.400E+01
13 1. 000E+06 6.654E+03 1.303E+00 6.179E+03
14 1. 000E+06 9. 360E+02 2.000E-01 8.978E+02
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Verification

Table 13. NITAWL-II 0-D consistency results

lneutron 1-d cross sections for
1

0 xsec id
arp

47331E+00
. 79746E+00
46423E+00
03265E+00
07727E+00
07867E+00
03174E+01
31779E+01
61783E+01
19800E+01
18913E+01
08250E+02
40459E+01
25655E+02
01666E+00
17060E+00
26085E+00
31920E+00
34802E+00
51989E+00
67281E+00
78755E+00
00970E+01
06110E+01
11314E+01
. 20526E+01
47971E+01
0 xsec id 102

-
~
PRRPPRPOOO000O00ORORAINERPEONNNNG

58692E- 03
42103E- 02
95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
64877E-01
33566E+00
18108E+01
64119E+01
71556E+01
10717E+02
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
. 66175E+00
18219E+00
10069E+00
. 85514E+00

GWhPRrONOOOOAGRORRNOWRRERENWOE®

PR RO DRRRDDRRRENPARRROORERAD

NN NNONNRONRNNNNONNNORNW AN

46587E+00

. 72139E+00

38785E+00
01940E+00
56522E+00
11930E+00
05783E+00
27085E+01
53133E+01
96440E+01
00804E+01
18384E+01
68903E+01
49380E+01
51209E+00
68621E+00
76022E+00
80382E+00
83951E+00
88285E+00
91087E+00
92200E+00
93650E+00
94926E+00
94922E+00

. 95198E+00

94197E+00
251

08068E- 01
73573E-01
42278E- 01
52099E-01
88957E- 01
73533E-01
16284E-01
08503E- 02
61991E- 03
82522E- 03
82522E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82522E- 03
82508E- 03

. 82551E- 03

82514E- 03
82513E- 03

. 82522E- 03

urani um 238

COOOOO0O000000O00000ORRENNNNE

00 00 00 00 00 €0 0O 00 00 00 G0 G0 €O 00 00 00 60 00 €0 0 O U1 L L0 = =

21050E+00

. 49626E+00

49366E+00
57461E+00
36325E+00
84205E+00
12986E+00
62384E- 02
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
252

64030E- 03
92089E- 03
03254E- 03
79385E- 03
33066E- 03
30850E- 03
64037E- 03
12632E- 03
44315E- 03
45049E- 03
45049E- 03
45048E- 03
45047E- 03
45049E- 03
45049E- 03
45049E- 03
45049E- 03
45050E- 03
45050E- 03
45049E- 03
45050E- 03
45049E- 03
45005E- 03

. 45136E- 03

45022E- 03
45020E- 03

. 45049E- 03

C 000000000 0000000000000000®

ST I I T E S T T R T T IS T P A

endf/b-iv mat 1262
16

43215E- 01

. 65531E- 04

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
253

84509E- 03
85576E- 03
35540E- 03
61818E- 03
77056E- 03
86869E- 03
11835E- 03
54290E- 03
63915E- 03
64162E- 03
64162E- 03
64161E- 03
64161E- 03
64161E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64161E- 03
64132E- 03

. 64219E- 03

64144E- 03
64142E- 03

. 64161E-03

COOOOOOCOONNINWNRRWWANNMAWAINO

COOOO0CO0ONNNNNNNNNNNNNNNNN®

updat ed

44658E- 01

. 64925E-01

43171E-01
66818E-01
09193E- 02
02359E- 03
10000E- 05
90640E- 05
05779E- 05
14814E- 04
50924E- 08
29848E- 08
07583E- 08
57114E-08
39731E- 08
65200E- 08
42999E- 08
92970E- 08
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
452

53449E+00
95861E+00
68421E+00
57399E+00
51106E+00
44152E+00
36455E+00
32570E+00
32146E+00
31963E+00
31953E+00
31951E+00
31950E+00
31948E+00
31948E+00
31950E+00
31950E+00
31950E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00

. 00000E+00

coooooo0000000000000000000n

WRERPPOWNOINRROORPRRERRERONOONN

10/ 12/ 89
17

48078E- 03

. 00000E+00

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
1099

68845E-01
67544E+00

. 24023E+00

47884E+00
40776E+00
16523E+00
10471E+00
77195E+00
73459E+00
69644E+00
70474E+00
20395E+00
09861E+00
18744E+00
44161E-01
08616E-01
40146E- 01
22215E-01
23143E-01
93146E-01
07639E- 01
67723E-01
98703E-01

. 88089E+00

51608E+00
61753E+00

. 59148E-01

GWNPRONOOOOAORORRENOWRERROIGOO

PENOWWWNRORARROWONORORRENEN

id=
27

48245E- 01

. 79136E-01

82727E-01
38641E-01
48798E- 01
17301E-01
29769E-01
73092E-01
64908E-01
33598E+00
18108E+01
64119E+01
71556E+01
10717E+02
04566E- 01
84387E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
18219E+00

. 10069E+00

85514E+00
1018

36848E- 02
95789E-01

.16127E-01

23569E-01
63493E-01
76058E-01
68714E- 02
33721E-02
70255E- 04
20624E- 05
66937E- 06
98262E- 07
32403E- 08
25325E- 08
41632E- 09
15882E- 10
33933E- 10
58917E-11
35571E- 10
20454E-10
22671E-11
74372E-11
57942E-11

. 74279E-12

85204E- 12
99985E- 12

. 76573E-13

GWhPRroONoOOOAGRORRNOXRRERENWOR®

92238
101

58692E- 03

. 42103E- 02

95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
64877E-01
33566E+00
18108E+01
64119E+01
71556E+01
10717E+02
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
18219E+00

. 10069E+00

85514E+00

NUREG/CR-6483
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Table 14. NITAWL-II 1-D consistency results

Verification

lneutron 1-d cross sections for
1

0 xsec
arp
1

id

PRPRPPRPOO0OO0O0O0O0OONENNRERRERONNNNO

CWONPRONOOOOAGRNNOROWRRERENWOE®

. 47331E+00

79746E+00
46423E+00
03265E+00
07727E+00
07867E+00
03174E+01
31779E+01
59743E+01
73048E+01
06898E+01
32580E+01
83346E+01
47897E+01
01666E+00
17060E+00
26085E+00
31920E+00
34802E+00
51989E+00
67281E+00
78755E+00
00970E+01
06110E+01

. 11314E+01

20526E+01
47971E+01
102

58692E- 03

. 42103E- 02

95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
47395E- 01
71990E+00
70918E+00
30876E+00
73034E+00
54208E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
18219E+00

. 10069E+00

85514E+00

POOOPDEOOODPDOORRREREOOARA MW

NRORNRNRNNRONNRNRNNONNONNONORNW AN

. 46587E+00

72139E+00
38785E+00
01940E+00
56522E+00
11930E+00
05783E+00
27085E+01
51267E+01
55846E+01
69805E+01
59495E+01
06042E+01
36893E+00
51209E+00
68621E+00
76022E+00
80382E+00
83951E+00
88285E+00
91087E+00
92200E+00
93650E+00
94926E+00

. 94922E+00

95198E+00
94197E+00
251

08068E- 01

. 73573E-01

42278E- 01
52099E-01
88957E- 01
73533E-01
16284E-01
08503E- 02
61991E- 03
82522E- 03
82522E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82522E- 03
82508E- 03
82551E- 03
82514E- 03

. 82513E- 03

82522E- 03

urani um 238

COOOO000O0O00000OO00000ORRENNNNE

00 00 00 00 00 €0 0O 00 00 00 G0 G0 €O 00 00 00 60 00 €0 0 O U1 U Lo = =

. 21050E+00

49626E+00
49366E+00
57461E+00
36325E+00
84205E+00
12986E+00
62384E- 02
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
252

64030E- 03

. 92089E- 03

03254E- 03
79385E- 03
33066E- 03
30850E- 03
64037E- 03
12632E- 03
44315E- 03
45049E- 03
45049E- 03
45048E- 03
45047E- 03
45049E- 03
45049E- 03
45049E- 03
45049E- 03
45050E- 03
45050E- 03
45049E- 03
45050E- 03
45049E- 03
45005E- 03
45136E- 03
45022E- 03

. 45020E- 03

45049E- 03

C 000000000 0000000000000000®

ST I T T E S T T RIS T T IS T P A

endf/b-iv mat 1262
16

. 43215E-01

65531E- 04
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
253

84509E- 03

. 85576E- 03

35540E- 03
61818E- 03
77056E- 03
86869E- 03
11835E- 03
54290E- 03
63915E- 03
64162E- 03
64162E- 03
64161E- 03
64161E- 03
64161E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64161E- 03
64132E- 03
64219E- 03
64144E- 03

. 64142E- 03

64161E- 03

COOOOOOCOONNINWNRRWWANNMAWAINO

COOOO0CO0ONNNNNNNNNNNNNNNNN®

updat ed

. 44658E-01

64925E-01
43171E-01
66818E-01
09193E- 02
02359E- 03
10000E- 05
90640E- 05
05779E- 05
08541E- 04
50924E- 08
29848E- 08
07583E- 08
57114E-08
39731E-08
65200E- 08
42999E- 08
92970E- 08
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
452

53449E+00

. 95861E+00

68421E+00
57399E+00
51106E+00
44152E+00
36455E+00
32570E+00
32146E+00
31963E+00
31953E+00
31951E+00
31950E+00
31948E+00
31948E+00
31950E+00
31950E+00
31950E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00

coooooo0000000000000000000N

WRERPPOWNOINRROORPRERRRERAONOONN

10/ 12/ 89
17

. 48078E- 03

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
1099

68845E-01

. 67544E+00

24023E+00
47884E+00
40776E+00
16523E+00
10471E+00
77195E+00
73459E+00
69644E+00
70474E+00
20395E+00
09861E+00
18744E+00
44161E-01
08616E-01
40146E- 01
22215E-01
23143E-01
93146E-01
07639E- 01
67723E-01
98703E-01
88089E+00
51608E+00

. 61753E+00

59148E-01

CWNPRONOOOOAGRNNORORRRRRGAIGOO

PENOWWWNRPORARROWANORORRENEN

id=
27

. 48245E-01

79136E-01
82727E-01
38641E-01
48798E- 01
17301E-01
29769E-01
73092E-01
47426E- 01
72021E+00
70918E+00
30876E+00
73034E+00
54208E+01
04566E- 01
84387E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00

. 18219E+00

10069E+00
85514E+00
1018

36848E- 02

. 95789E-01

16127E-01
23569E-01
63493E-01
76058E-01
68714E- 02
33721E-02
70255E- 04
20624E- 05
66937E- 06
98262E- 07
32403E- 08
25325E- 08
41632E- 09
15882E- 10
33933E- 10
58917E-11
35571E- 10
20454E- 10
22671E-11
74372E-11
57942E-11
74279E-12
85204E- 12

. 99985E- 12

76573E-13

CWONPRONOOOOAGRNNOROWRRERENWOR®

192238
101

. 58692E- 03
42103E- 02
95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
47395E- 01
71990E+00
70918E+00
30876E+00
73034E+00
54208E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
. 18219E+00
10069E+00
85514E+00

27
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Verification

Table 15. NITAWL-II 2-D consistency results

lneutron 1-d cross sections for
1

0 xsec
arp
1

id

PRPRPPRPOO0OO0O0O0O0OONENNRERRERONNNNO

CWONPRONOOOOAGRNNOROWRRERENWOE®

. 47331E+00

79746E+00
46423E+00
03265E+00
07727E+00
07867E+00
03174E+01
31779E+01
59750E+01
73080E+01
06891E+01
32560E+01
83337E+01
47884E+01
01666E+00
17060E+00
26085E+00
31920E+00
34802E+00
51989E+00
67281E+00
78755E+00
00970E+01
06110E+01

. 11314E+01

20526E+01
47971E+01
102

58692E- 03

. 42103E- 02

95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
47474E-01
72047E+00
70840E+00
30725E+00
72973E+00
54198E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
18219E+00

. 10069E+00

85514E+00

POOOPDEOOODPDOORRREREOOARA MW

NRORNRNRNNRONNRNRNNONNONNONORNW AN

. 46587E+00

72139E+00
38785E+00
01940E+00
56522E+00
11930E+00
05783E+00
27085E+01
51274E+01
55872E+01
69806E+01
59491E+01
06040E+01
36865E+00
51209E+00
68621E+00
76022E+00
80382E+00
83951E+00
88285E+00
91087E+00
92200E+00
93650E+00
94926E+00

. 94922E+00

95198E+00
94197E+00
251

08068E- 01

. 73573E-01

42278E- 01
52099E-01
88957E- 01
73533E-01
16284E-01
08503E- 02
61991E- 03
82522E- 03
82522E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82522E- 03
82508E- 03
82551E- 03
82514E- 03

. 82513E- 03

82522E- 03

urani um 238

COOOO000O0O00000OO00000ORRENNNNE

00 00 00 00 00 €0 0O 00 00 00 G0 G0 €O 00 00 00 60 00 €0 0 O U1 U Lo = =

. 21050E+00

49626E+00
49366E+00
57461E+00
36325E+00
84205E+00
12986E+00
62384E- 02
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
252

64030E- 03

. 92089E- 03

03254E- 03
79385E- 03
33066E- 03
30850E- 03
64037E- 03
12632E- 03
44315E- 03
45049E- 03
45049E- 03
45048E- 03
45047E- 03
45049E- 03
45049E- 03
45049E- 03
45049E- 03
45050E- 03
45050E- 03
45049E- 03
45050E- 03
45049E- 03
45005E- 03
45136E- 03
45022E- 03

. 45020E- 03

45049E- 03

C 000000000 0000000000000000®

ST I T T E S T T RIS T T IS T P A

endf/b-iv mat 1262
16

. 43215E-01

65531E- 04
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
253

84509E- 03

. 85576E- 03

35540E- 03
61818E- 03
77056E- 03
86869E- 03
11835E- 03
54290E- 03
63915E- 03
64162E- 03
64162E- 03
64161E- 03
64161E- 03
64161E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64161E- 03
64132E- 03
64219E- 03
64144E- 03

. 64142E- 03

64161E- 03

COOOOOOCOONNINWNRRWWANNMAWAINO

COOOO0CO0ONNNNNNNNNNNNNNNNN®

updat ed

. 44658E-01

64925E-01
43171E-01
66818E-01
09193E- 02
02359E- 03
10000E- 05
90640E- 05
05779E- 05
08602E- 04
50924E- 08
29848E- 08
07583E- 08
57114E-08
39731E-08
65200E- 08
42999E- 08
92970E- 08
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
452

53449E+00

. 95861E+00

68421E+00
57399E+00
51106E+00
44152E+00
36455E+00
32570E+00
32146E+00
31963E+00
31953E+00
31951E+00
31950E+00
31948E+00
31948E+00
31950E+00
31950E+00
31950E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00

coooooo0000000000000000000N

WRERPPOWNOINRROORPRERRRERAONOONN

10/ 12/ 89
17

. 48078E- 03

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
1099

68845E-01

. 67544E+00

24023E+00
47884E+00
40776E+00
16523E+00
10471E+00
77195E+00
73459E+00
69644E+00
70474E+00
20395E+00
09861E+00
18744E+00
44161E-01
08616E-01
40146E- 01
22215E-01
23143E-01
93146E-01
07639E- 01
67723E-01
98703E-01
88089E+00
51608E+00

. 61753E+00

59148E-01

CWNPRONOOOOAGRNNORORRRRRGAIGOO

PENOWWWNRPORARROWANORORRENEN

id=
27

. 48245E-01

79136E-01
82727E-01
38641E-01
48798E- 01
17301E-01
29769E-01
73092E-01
47504E- 01
72079E+00
70840E+00
30725E+00
72973E+00
54198E+01
04566E- 01
84387E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00

. 18219E+00

10069E+00
85514E+00
1018

36848E- 02

. 95789E-01

16127E-01
23569E-01
63493E-01
76058E-01
68714E- 02
33721E-02
70255E- 04
20624E- 05
66937E- 06
98262E- 07
32403E- 08
25325E- 08
41632E- 09
15882E- 10
33933E- 10
58917E-11
35571E- 10
20454E- 10
22671E-11
74372E-11
57942E-11
74279E-12
85204E- 12

. 99985E- 12

76573E-13

CWONPRONOOOOAGRNNOROWRRERENWOR®

292238
101

. 58692E- 03
42103E- 02
95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
47474E-01
72047E+00
70840E+00
30725E+00
72973E+00
54198E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
. 18219E+00
10069E+00
85514E+00
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Table 16. NITAWL-II 3-D consistency results

Verification

lneutron 1-d cross sections for
1

0 xsec
arp
1

id

PRPRPPRPOO0OO0O0O0O0OONENNRERRERONNNNO

CWNPRONOOOOARRONOROWRRERENWOE®

. 47331E+00

79746E+00
46423E+00
03265E+00
07727E+00
07867E+00
03174E+01
31779E+01
59975E+01
76412E+01
13779E+01
42178E+01
90605E+01
59722E+01
01666E+00
17060E+00
26085E+00
31920E+00
34802E+00
51989E+00
67281E+00
78755E+00
00970E+01
06110E+01

. 11314E+01

20526E+01
47971E+01
102

58692E- 03

. 42103E- 02

95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
49495E- 01
76886E+00
91271E+00
76405E+00
27903E+00
65411E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
18219E+00

. 10069E+00

85514E+00

POOOPDEOOODPDOORRREREOOARA MW

NRORNRNRNNRONNRNRNNONNONNONORNW AN

. 46587E+00

72139E+00
38785E+00
01940E+00
56522E+00
11930E+00
05783E+00
27085E+01
51479E+01
58720E+01
74651E+01
64540E+01
07814E+01
43120E+00
51209E+00
68621E+00
76022E+00
80382E+00
83951E+00
88285E+00
91087E+00
92200E+00
93650E+00
94926E+00

. 94922E+00

95198E+00
94197E+00
251

08068E- 01

. 73573E-01

42278E- 01
52099E-01
88957E- 01
73533E-01
16284E-01
08503E- 02
61991E- 03
82522E- 03
82522E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82523E- 03
82522E- 03
82508E- 03
82551E- 03
82514E- 03

. 82513E- 03

82522E- 03

urani um 238

COOOO000O0O00000OO00000ORRENNNNE

00 00 00 00 00 €0 0O 00 00 00 G0 G0 €O 00 00 00 60 00 €0 0 O U1 U Lo = =

. 21050E+00

49626E+00
49366E+00
57461E+00
36325E+00
84205E+00
12986E+00
62384E- 02
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
252

64030E- 03

. 92089E- 03

03254E- 03
79385E- 03
33066E- 03
30850E- 03
64037E- 03
12632E- 03
44315E- 03
45049E- 03
45049E- 03
45048E- 03
45047E- 03
45049E- 03
45049E- 03
45049E- 03
45049E- 03
45050E- 03
45050E- 03
45049E- 03
45050E- 03
45049E- 03
45005E- 03
45136E- 03
45022E- 03

. 45020E- 03

45049E- 03

C 000000000 0000000000000000®

ST I T T E S T T RIS T T IS T P A

endf/b-iv mat 1262
16

. 43215E-01

65531E- 04
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
253

84509E- 03

. 85576E- 03

35540E- 03
61818E- 03
77056E- 03
86869E- 03
11835E- 03
54290E- 03
63915E- 03
64162E- 03
64162E- 03
64161E- 03
64161E- 03
64161E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64162E- 03
64161E- 03
64132E- 03
64219E- 03
64144E- 03

. 64142E- 03

64161E- 03

COOOOOOCOONNINWNRRWWANNMAWAINO

COOOO0CO0ONNNNNNNNNNNNNNNNN®

updat ed

. 44658E-01

64925E-01
43171E-01
66818E-01
09193E- 02
02359E- 03
10000E- 05
90640E- 05
05779E- 05
09473E- 04
50924E- 08
29848E- 08
07583E- 08
57114E-08
39731E-08
65200E- 08
42999E- 08
92970E- 08
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
452

53449E+00

. 95861E+00

68421E+00
57399E+00
51106E+00
44152E+00
36455E+00
32570E+00
32146E+00
31963E+00
31953E+00
31951E+00
31950E+00
31948E+00
31948E+00
31950E+00
31950E+00
31950E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00

coooooo0000000000000000000N

WRERPPOWNOINRROORPRERRRERAONOONN

10/ 12/ 89
17

. 48078E- 03

00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

. 00000E+00

00000E+00
00000E+00
1099

68845E-01

. 67544E+00

24023E+00
47884E+00
40776E+00
16523E+00
10471E+00
77195E+00
73459E+00
69644E+00
70474E+00
20395E+00
09861E+00
18744E+00
44161E-01
08616E-01
40146E- 01
22215E-01
23143E-01
93146E-01
07639E- 01
67723E-01
98703E-01
88089E+00
51608E+00

. 61753E+00

59148E-01

GWRNPRONOOOOAGRONOROWRRRRGGOO

PENOWWWNRPORARROWANORORRENEN

id=
27

. 48245E-01

79136E-01
82727E-01
38641E-01
48798E- 01
17301E-01
29769E-01
73092E-01
49526E- 01
76917E+00
91271E+00
76405E+00
27903E+00
65411E+01
04566E- 01
84387E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00

. 18219E+00

10069E+00
85514E+00
1018

36848E- 02

. 95789E-01

16127E-01
23569E-01
63493E-01
76058E-01
68714E- 02
33721E-02
70255E- 04
20624E- 05
66937E- 06
98262E- 07
32403E- 08
25325E- 08
41632E- 09
15882E- 10
33933E- 10
58917E-11
35571E- 10
20454E- 10
22671E-11
74372E-11
57942E-11
74279E-12
85204E- 12

. 99985E- 12

76573E-13

GWNPRONOOOOAGRONOROWRRERENOR®

392238
101

. 58692E- 03
42103E- 02
95560E- 02
18229E- 02
07880E- 01
15277E-01
29698E-01
73033E-01
49495E- 01
76886E+00
91271E+00
76405E+00
27903E+00
65411E+01
04566E- 01
84386E- 01
00628E- 01
15384E-01
08503E- 01
37022E- 01
61957E-01
65533E-01
16052E+00
66175E+00
. 18219E+00
10069E+00
85514E+00
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Verification

The results are verified by summarizing the KENO V.a error messages (k5-91, k5-92, k5-166, k5-169, k5-179, k5-100,
and k5-133) and the system messages (STOP 129, STOP (thisis an unlabded STOP)) and comparing the results to
the earlier verifications included in [Appendix C.

Messages k5-91, k5-92, k5-166, k5-169 and k5-179 are printed on a separate page between the Geometry Description
and the Volumes table of the KENO output (*.out). Message k5-133 isthelast message printed on the last page of each
KENO V.a case that did not contain any error messages and attempted to run zero generations. k5-100 is the last
message printed on the last page of each KENO V.a case that contained other error messages. The system message
STOP 129 and the unlabeled STOP appear in the message file (*.msgs) which is generated for each case. The
unlabeled STOP has been taken as the equivalent of the USER 0000 completion code in the results in of
Appendix C.

A FORTRAN utility program, READKS5, was used to collect the message totals for each case and edit them in table
format. A copy of the FORTRAN utility is included in[Appendix B. When executed, READK5 prompts for an index
fileand an output file. Theformat of theindex fileis alist of the file names without the .out qualifier. The program
assumes that there will be two files, name.out and name.msgs, for each namein the list. Theresults fileis givenin
Table 17. Although the results are not given in detail, the message totals for each case suffice to verify that KENO is
functioning properly.

The message summaries for each casein are the same as those presented in of Appendix C except
for the case kbshape. Thereare 28 individual KENO sample problems contained within k5shape. Sample problem 15
failed with a memory fault during execution. The cause of the failure was determined by the code developer to bea
code error where an "if" test was being performed. A corrected "if" test was patched into the code to verify that the
problem had been correctly identified and solved. It was determined by the code developer that the inappropriate
evaluation of the "if" test could occur without causing the problem to fail. If the problem did not fail, the program
logic remained correct. This minor code error has been corrected. Alternatively, the sample problem can beruniif a
core boundary card is included in the KENO input data.

The start option caseisamodd of an analytic 1-group problem where ky; is 1.0000. The geometry isa 2.0 cm radius
sphere and the cross sections have pl scattering. Each of the seven KENO start types (start types 0 through 6) were
verified using this geometry model and cross sections. Theresults are listed in order of increasing start typein
fl§. Theseresults statistically are consistent with thoseincluded in of Appendix C and verify that the KENO
start options are functioning correctly.

The output from the geometric orientation verification was reviewed and is consistent with the plot orientation figures
presented in[Table C.7 and Fig. C.1 in Appendix C. The actual output plots are not conducive to presentation in this
report. Thesummary of the orientation results is included in which refers to Figures 1 through 6 The labd
"hemi shape' refersto a hemicylindrical or hemispherical shape and the w refers to the orientation of the curved surface
opposite the chord. For example, +w has the curved surface to theright of the chord, and -w has the curved surface
to thel€eft of the chord. These figures were created at the same resolution as the printer plots which accounts for the
uneven appearance of the surfaces. The plot cases verify that the geometry input is correctly interpreted by KENO and
produce the expected results.
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Verification

Table 17. Summary of KENO V.a hole intersection messages

k5.r1
KENO V. a nessages SYSTEM
case

k5- k5- k5- k5- k5- k5- kb5- stop stop

91 92 166 169 179 100 133 129
k5caselh 0 0 0 0 0 0 45 0 45
k5caseli 135 0 90 45 0 45 0 45 0
k5caselo 135 0 45 90 0 45 0 45 0
k5case2h 0 0 0 0 0 0o 27 0o 27
k5case2i 81 0 54 27 0o 27 0o 27 0
k5case2o 81 0 27 54 0o 27 0o 27 0
k5case3h 0 0 0 0 0 0 36 0 36
k5case3i 252 0 216 36 0 36 0 36 0
k5case3o0 252 0 108 144 0 36 0 36 0
k5case4h 0 0 0 0 0 0 5 0 5
k5case4i 40 0 40 0 0 5 0 5 0
k5case4o 40 0 0 40 0 5 0 5 0
k5intrs 600 4 4 12 582 15 0 15 0
k5shape 0 0 0 0 0 0 0 0o 27

Table 18. KENO V.a start options results

kbstart.r1l
case
title(20 ...) keno[ k-eff si gma AEG ] xsdrn[ | ambda ]

kb5start. out

test problem 1 group . 9950 . 0036
test problem 1 group 1. 0041 . 0033
test problem 1 group 1. 0049 0033
test problem 1 group 1. 0030 . 0026
test problem 1 group 1.0108 . 0033
test problem 1 group 9981 . 0035
test problem 1 group 1. 0039 . 0034
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Verification

Table 19. KENO V.a geometric orientation results

Pl ot Pl ot Pl ot
No. Fi gure No. Fi gure No. Fi gure
1 1 17 6 30 2
2-5 4 18 2 31 5
6 2 19 5 32 3
7 5 20 3 33 6
8 3 21 6 34 2
9 6 22 2 35 5
10 2 23 5 36 3
11 5 24 3 37 6
12 3 25 6 38 2
13 6 26 2 39 5
14 2 27 5 40 3
15 5 28 3 41 6
16 3 29 6

Figure 1 Cuboid Figure 2 Hemishape +w/+chord Figure 3 Hemishape -w/+chord

Figure 4 Sphere/cylinder Figure 5 Hemishape +w/-chord Figure 6 Hemishape -w/-chord
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Verification
3.2.4 XSDRNPM/KENO V.a Comparison

The XSDRNPM/KENO V.a comparison is comprised of three series of calculations. Inthefirst series both XSDRN
and KENO are used to calculate 1-group analytic benchmarks which have a kg = 1. In the second series both codes
are used to calculate 2-group analytic benchmarks which have a kg = 1. In both these series, the calculated kg may
be compared directly with 1, as wdl as comparing KENO and XSDRN results. Thethird series is a comparison of
XSDRN and KENO for a range of systems where the geometry model, materials, and modeling approximations have
been arbitrarily varied over arange. These calculations are based on a 4-group library so that phenomena such as
downscatter and upscatter may be verified. The agreement between XSDRN and KENO on these cases demonstrates
that both codes are solving the same eigenvalue problem and verifying the functionality of the codes.

The output for the 1- and 2-group analytic cases was edited using the FORTRAN utility READA which scans output
files supplied in an index file for specific XSDRN and KENO output and edits them into a results file. The index file
is assumed to have a list of output file names without the .out qualifier. It is also assumed that there are two files,
namex.out for the XSDRN cases and name.out for the KENO cases. A copy of the FORTRAN source for READA
is provided in Appendix B.

The output for the 4-group comparison cases was edited using the FORTRAN utility READA4 which is a modified
version of READA. It isassumed that each output file contains an XSDRN case followed by the equivalent KENO
case. A copy of the FORTRAN source for READA4 is given in Appendix Bl

Several of the casesin the kenolx and kenol 1-group input files were modified from those in the original verification.
This was donein order to directly compare equivalent calculations. The parameter ISCT in XSDRN is the order of
the Legendre expansion used for the cross sections. The parameter SCT in KENO is the number of scattering angles
that are used for cross-section representation. For the casesto be equivalent, ISCT = (2 * SCT) - 1. The 1-group cross
sections are pl cross sections. Calculations at p0 represent a truncation of the cross-section data and calculations above
pl represent an artificial cross-section expansion. In XSDRN, the cross-section expansion is performed by padding
higher order terms with zero. The effect is that every calculation above pl has the sameresult. In KENO the cross
sections are expanded by calculating moments which satisfy the original cross-section expansion. When SCT is
changed in KENO, the cross section is actually different.

The results of the 1- and 2-group analytic problems are presented in and 1, respectively. In addition to
presenting the A or ky for each case, the calculated absorption and leakage are presented. The column entitled
"Deviation" represents the number of KENO standard deviations between the KENO k4 and a kg = 1.0000. |deally
this deviation would be 0, but because of the statistical nature of the KENO calculation there is some uncertainty in
the KENO result. The columns entitled "Fract. Abs. Dev." and "Fract. Leak Dev." are the difference between the
XSDRN and KENO calculated results normalized to the XSDRN results. The small fractional deviations verify that
XSDRN and KENO are independently calculating the same quantities and are functioning correctly.

The results for the 4-group X SDRN/KENO comparison are presented in [Table 22. In addition to presenting the A or
k4 for each case, the calculated absorption and leakage are presented. The column entitled "Deviation" represents the
number of KENO standard deviations between the KENO kg and the XSDRN A. The columns entitled "Fract. Abs.
Dev." and "Fract. Leak Dev." are the difference between the XSDRN and KENO calculated results normalized to the
XSDRN results. Thesmall fractional deviations verify that XSDRN and KENO are independently calculating the same
quartities and are functioning correctly. Cases ic3xk3 and iic3xk3 have specular reflective boundary conditions and
should have no leakage. The leakage predicted by XSDRN is small, being on the order of 107, and the leakage
predicted by KENO is zero. The nonzero leakage predicted by X SDRN gives rise to the unusual fractional deviation
in the leakage for these cases. of Appendix C contains the original verification results for the four-group
comparison.
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Verification

Table 20. Results for the XSDRN and KENO V.a 1-group analytic cases

lgroup.ril
XSDRN

Case | SCT Lanbda Absorption
kenolx 0 1.000180 .432875
1 1.000220 .391034

3 1.000220 .391034

5 1.000220 .391034

15 1.000220 .391034

kenolx 22 1.000220 .391034
23 1.000220 .391034

kenox 0 1.000090 .716463
0 1.000180 .432875

1 1.000220 .391034

kenox 2 1.000220 .391034
kenowx 0 1.000030 .972627
kenow2x 0 1.000040 .684094

Leakage

. 567125
. 608966
. 608966
. 608966
. 608966

. 608966
. 283537
. 567125
. 608966

. 027372
. 315906

Case SCT
kenol 0
1

2

3

8

kenol 12
12

keno 0
0

1

keno 2
kenow 0
kenow2 0
kenoa 0

K-ef f

. 9994
1.0021
1. 0000

. 9992

. 9994

1.0024
1. 0024
1. 0003
. 9985
. 9988

. 9999
. 9976
1.0049
1. 0008

KENO

dev

. 0011
. 0012
. 0012
. 0012
. 0011

. 0012
. 0012
. 0009
. 0012
. 0011

. 0012
. 0026
. 0031
. 0009

Abs1

. 432468
. 391786
. 390875
. 390652
. 390731

. 391873
. 391873
. 716658
. 432138
. 390462

. 390923
. 969802
. 686361
. 716975

Leakl

. 567324
. 608249
. 609145
. 609409
. 609431

. 608000
. 608000
. 283342
. 567822
. 609566

. 609138
. 028360
. 316391
. 283025

Devi ati on?

-.5454
. 7500
. 0000
-. 6667
-.5454

[

2.0000
2.0000
. 3334
-1.2500
-1.0909

-.0833
-.9231
1. 5806

. 8889

Fract.®

Abs. Dev

-. 00094

. 00192
-.00041
-. 00098
-. 00077

. 00215
. 00027
-.00170
-. 00146

-. 00290
. 00331

Fract.°®
Leak Dev.

. 00035
. 00118
. 00029
. 00073
. 00076

. 00159
. 00069
. 00123
. 00099

. 03610
. 00154

“Number of KENO standard deviations between KENO results and kg = 1.0000.

"Differencein fraction absorptions between X SDRN and KENO normalized to the XSDRN results.
‘Differencein fraction leakage between XSDRN and KENO normalized to the XSDRN results.

Table 21. Results for the XSDRN and KENO V.a 2-group analytic cases

2group.ril
XSDRN KENO

Case | SCT Lanbda Absorption Leakage Case SCT K-eff dev Abs1 Leakl Devi ation* Fract." Fract.
Abs. Dev. Leak Dev.

keno2x 0 1.000160 .444400 . 555600 keno2 0 1.0006 .0012 . 444612 . 555555 . 5000 . 00048 -. 00008

keno2zx 0 .999883 .732651 . 267347 keno2z 0 1.0009 .0037 . 733419 . 267112 . 2433 . 00105 -. 00088

refllx 0 .999924 . 743552 .256446 refll 0 1.0029 .0033 . 745986 . 254747 . 8788 . 00327 -. 00663

refl2x 0 .999950 .770152 .229846 refl2 0 .9994 .0035 . 770277 . 230632 -.1714 . 00016 . 00342

refI5x 0 .999982 .884644 . 115354 refl5 0 .9997 .0032 . 885217 . 114585 -. 0937 . 00065 -. 00667

refI5x 8 .999982 .884644 . 115354

aNunber of KENO standard devi ati ons between KENO results and ke = 1.0000

"Difference in fraction absorptions between XSDRN and KENO normalized to the XSDRN results

°Difference in fraction | eakage between XSDRN and KENO normalized to the XSDRN results
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Table 22. Results for the XSDRN and KENO V.a 4-group comparison cases

4group.rl
XSDRN KENO
Case | SCT Lanbda Absorption Leakage SCT K-eff dev Abs1 Leakl Devi ati on? Fract.® Fract.®
Abs. Dev. Leak Dev.
i alxk0 0 1.097200 . 511193 . 490542 0 1.0981 .0011 .511588 .490438 . 8181 . 00077 -. 00021
ialxkl 1 1.020600 . 475509 . 526104 1 1.0192 .0010 .474844 526804 -1.4000 -. 00140 . 00133
ialxk2 3 1.020600 . 475509 . 526104 2 1.0195 . 0010 . 475003 .526551 -1.0999 -. 00106 . 00085
i alxk3 5 1.020600 . 475509 . 526104 3 1.0189 .0010 . 474713 . 527002 -1.6999 -.00167 . 00171
i a2xk3 5 1.061960 . 787151 . 212419 3 1.0644 .0029 . 786435 . 212704 . 8414 -. 00091 . 00134
ia3xk0 0 1.201310 . 653638 . 355841 0 1.2001 .0010 . 652932 .356843 -1.2101 -.00108 . 00282
i a3xkl 1 1.094110 . 597896 . 410946 1 1.0944 .0010 . 597864 .410912 . 2900 -. 00005 -. 00008
i a3xk2 3 1.094350 . 598103 . 410747 2 1.0952 .0010 .598185 .410781 . 8500 . 00014 . 00008
ia3xk3 5 1.094350 . 598103 . 410747 3 1.0929 .0010 .597138 .411538 -1.4499 -. 00161 . 00193
iadxk0 O . 533308 . 248471 . 752373 0 . 5320 . 0008 . 247868 . 752969 -1.6350 -.00243 . 00079
i adxkl 1 . 506174 . 235833 . 764967 1 . 5057 . 0007 . 235582 . 765211 -.6772 -. 00106 . 00032
i adxk2 3 . 506174 . 235833 . 764967 2 . 5052 . 0007 . 235381 .765428 -1.3914 -. 00192 . 00060
iadxk3 5 . 506174 . 235833 . 764967 3 . 5052 . 0008 . 235357 .765439 -1.2175 -. 00202 . 00062
i blxk0O 0 1.085910 . 505933 . 495784 0 1.0848 .0010 . 505432 . 496001 -1.1100 -. 00099 . 00044
i blxk1l 1 1.018650 . 474597 . 527014 1 1.0180 .0010 . 474347 .527351 -. 6500 -. 00053 . 00064
i blxk2 3 1.018650 . 474597 . 527014 2 1.0179 .0011 . 474195 . 527452 -.6819 -. 00085 . 00083
iblxk3 5 1.018650 . 474597 . 527014 3 1.0180 .0010 . 474316 .527395 -. 6500 -. 00059 . 00072
i b3xk3 5 1.076840 . 838410 . 160859 3 1.0821 .0030 . 838386 .160679 1.7533 -. 00003 -. 00112
iclxk0O O . 933080 . 434727 . 566749 0 . 9320 . 0010 . 434203 .567352 -1.0800 -. 00121 . 00106
i clxkl 1 . 891261 . 415246 . 586163 1 . 8911 . 0009 . 415079 .586116 -.1789 -. 00040 -. 00008
i clxk2 3 . 891261 . 415246 . 586163 2 . 8911 . 0010 . 415129 .586394 -.1610 -.00028 . 00039
iclxk3 5 . 891261 . 415246 . 586163 3 . 8912 . 0009 . 415243 . 586069 -.0678 -. 00001 -. 00016
ic3xk3 5 1.134620 . 998255 . 000000 3 1.1367 .0030 . 997551 . 000000 . 6934 -. 00071 -1. 00000
iialxk0O 0 1.205360 . 644426 . 354710 0 1.2044 .0015 . 643971 .355332 -.6401 -.00071 . 00175
iialxkl 1 . 923587 . 494457 . 504903 1 . 9241 . 0015 . 494767 .504777 . 3420 . 00063 -. 00025
iialxk2 3 . 923587 . 494457 . 504903 2 . 9237 .0015 . 494441 505271 . 0753 -. 00003 . 00073
iialxk3 5 . 923587 . 494457 . 504903 3 . 9211 . 0015 . 493124 . 505945 -1. 6580 -. 00270 . 00206
iia3xk3 5 . 842322 . 547453 . 451259 3 . 8446 .0021 . 546947 . 452046 1.0848 -. 00092 . 00174
iiblxk0O 0 1.179680 . 630779 . 368376 0 1.1805 .0015 . 631237 .368444 . 5467 . 00073 . 00018
iiblxkl 1 . 913565 . 489153 . 510215 1 . 9132 . 0014 . 488973 .510297 -. 2607 -. 00037 . 00016
iiblxk2 3 . 913565 . 489153 . 510215 2 . 9126 .0014 . 488780 .510008 -.6893 -. 00076 -. 00041
iiblxk3 5 . 913565 . 489153 . 510215 3 . 9142 . 0014 . 489524 . 509770 . 4536 . 00076 -. 00087
iib3xk3 5 . 592546 . 365717 . 633459 3 . 5959 . 0017 . 367750 .631741 1.9729 . 00556 -.00271
iiclxk0O 0O 1.006900 . 538880 . 460407 0 1.0092 .0014 . 540087 .459094 1.6429 . 00224 -. 00285
iiclxkl 1 . 780369 . 418322 . 581149 1 . 7821 .0014 . 419277 .580309 1. 2365 . 00228 -. 00145
iiclxk2 3 . 780369 . 418322 . 581149 2 . 7825 .0013 . 419535 . 579557 1.6393 . 00290 -.00274
iiclxk3 5 . 780369 . 418322 . 581149 3 . 7855 . 0013 .421034 .578734 3. 9469 . 00648 -.00416
iic3xk3 5 . 948322 . 996462 . 000000 3 . 9537 . 0036 . 996080 . 000000 1. 4939 -.00038 -1.00000

aNurber of KENO standard devi ati ons between KENO results and kg; = 1.0000
PDifference in fraction absorptions between XSDRN and KENO nornalized to the XSDRN results
°Difference in fraction | eakage between XSDRN and KENO nornalized to the XSDRN results
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4 VALIDATION

4.1 PREFACE

The purpose of this section is to present the results of a validation of KENO V.aand the 27-group SCALE cross-section
library run under the CSAS25 control sequence. Results for several benchmark calculations using XSDRNPM run
under the CSAS1X sequence are also presented.

The modds of critical experiments used for the validation were taken from previously documented validations. The
experiments modded cover abroad range of systems and fissile material types including homogeneous high- and low-
enriched 2°U systems, heterogeneous low-enriched 2°U systems, 2°U systems, and *°Pu systems. No descriptions or
discussions of thecritical experiments will be given in this report; however, input files for the calculational models are
available (seeAppendix A). Prior to applying the results of this validation, the analyst must become familiar with the
particular series of experiments that he is comparing against and ascertain that the range of the validation critical
experiments spans the type of system being analyzed.

The large number and variety of critical experiments included in this validation make the validation very general. The
bias and calculational acceptance ky's presented in this section may be overly restrictive for specific applications. In
this situation the analyst should consider selecting a more appropriate subset of the validation cases for establishing
the bias and acceptance criteria.

Several of the groupings of experiments presented overlap in that they include the same critical experiments as are
included in one or more of the other groups. The different groupings should not be combined without reviewing the
experiments included in the groups and ensuring that the same critical experiment is not being included multiple times.

4.2 INTRODUCTION

The validation results for KENO V.a using the 27-group SCALE cross-section library run under the CSAS25 control
sequence are presented in this section. The purpose of validation is to demonstrate that the codes and cross sections
may be used for a specific application. The"bias' and "margin of subcriticality” in calculated kg must be determined
in order to use the codes for nuclear criticality safety purposes. In this report the "bias" is taken to be all the sources
of bias which prevent code and cross sections from calculating the experimental value ( kg = 1 for critical systems).
Using this dfinition, each calculation has a "bias;" the quantity of interest becomes the "average bias" of the group of
experiments being analyzed. The margin of subcriticality in ky; is determined through a statistical analysis of the
validation results. A statistical approach is used to establish a lower tolerance band of kg for which thereis a high
degree of confidence that the band encompasses all similar critical systems. This band is then used to determine the
margin of subcriticality in kg. A more detailed discussion of the statistical treatment and the interpretation of the
resultsis given later. The results of this validation indicates that KENO V.a and the 27-group library run under the
CSAS25 control sequence in SCALE-4 may be used for criticality safety evaluations for a broad range of critical
systems.

In the sources of the critical experiment models are given. The calculations are grouped for easy cross
reference to the original reports. The calculational results and statistical analyses of the data are presented in[Sect. 4.4.
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4.3 PROBLEM DESCRIPTION

The critical experiment validation modds were taken from three report@ which included validation of KENO V.a.
The modds were obtained from the authors of the reports and were used unaltered with the following exceptions. The
modds from were originally set up for the SCALE 16-group Hansen-Roach library. The cross-section library
specification was modified in the input to use the 27-group library. In addition, references to specific cross sections
available in the 16-group library but not in the 27-group library [e.g., X(€) hydrogen] were changed to equivalent
materials in the 27-group library. The models from|Ref. 10 were originally set up to use a new 44-group ENDF/B-V
library available at ORNL. The cross-section library specification was changed to use the 27-group library. In
addition, several dement specifications which have individual isotope evaluations in ENDF/B-V were changed to the
equivalent natural dement evaluations in order to use the 27-group library (the authors of provided several of
these modified models).

The modes were organized to correspond to the organization in the original reports to allow easy cross referencing.
A brief description is given for each group of models.

Modds taken from correspond to those described in [Tables 1 through 6| of the reference report. The modes from
[Tables 1 through 3 are for low-enriched 2°U systems. The models from and[3 are primarily for homogeneous
water-moderated single units and arrays of large units. The modes from are arrays of large low-enriched
uranium metal billets moderated and reflected by water. The modes from [Tables 4 through § are for highly enriched
25U systems with several 22U systemsincluded in[Table 6. The criticals from cover a broad range of geometry,
fissle fud mixture, moderator, and reflector combinations with a broad range of neutron spectra. These models validate
28, 28, water cross sections, and many materials of construction used in the critical systems.

Modds taken from correspond to those discussed in Appendices C, D, and E of thereference report. The models
from Appendix C are for 2°U systems. Included are *U metal systems, water-moderated systems at various
concentrations, and arrays of large units. The models from Appendix D are for highly enriched 2°U systems. The
modds in Appendix D were primarily extracted from Tables 4 and 5 of Ref. 8. The sdection process was intended to
exclude highly thermal systems in order to validate harder thermal, epithermal, and fast systems. The modés from
Appendix E arefor *Pu systems. Systems with variable **°Pu content were analyzed as well as systems with a range
of fissile material form, geometry and moderation level. Several arrays of large units were also included in the
validation. These experiment modds validate the codes and cross sections for harder spectra over a broad range of
fissile materials and materials of construction.

Modds taken from correspond to those discussed in Tables 3 and 4 of the reference report. The models from
Table 3 are CSASIX/XSDRNPM calculations, primarily of CSEWG fast and thermal benchmarks. The fast
benchmarks include®®U, #°U, and**Pu systems in 1-D geometry representations in a variety of unreflected and water-
and metal-reflected systems.  Graphite-moderated systems and UH; systems have also been included. The thermal
benchmarks include highly enriched #°U water-moderated systems, low-enriched U lattices, and water-moderated
29py systems. Although these experiments were not modeled using KENO V .a, it has been shown that KENO V.a and
XSDRNPM calculate the same results when using the same geometry, cross sections, and approximations. Therefore,
the expected performance of KENO V.a may be gauged from the XSDRNPM results. The modedls from Table 4 are
primarily of low-enriched light-water-reactor (LWR) reactor lattices. These cases provide significant testing of the
SCALLE resonance cross-section processing methodology for heterogeneous systems. Both UO, and mixed-oxide UO,-
PuO, lattices have been included. Several fast-reactor mixed-oxide lattices and homogeneous 2°U systems were also
included. These experiments are useful for validating the code and cross sections for analysis of LWR fresh and spent
fud storage and for fud shipping cask analysis.
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4.4 RESULTSAND DISCUSSION

The FORTRAN utility READM was used to scan the output files for XSDRN and/or KENO output and edit the results
(the READM utility was discussed in Bect. 3). The results of the validation calculations are presented in [Tables 2
hrough 33

Theresults for the Tables 1 through 6 cases are presented in [Tables 23 through 28| respectively. Theresults
in[Tables 23, P4, and g arefor low-enriched °U systems. Theresultsin[Tables 26, R7, and p§ are for highly enriched
2 sysems. Several “°U systems areincluded inTable 28 Several of the cases presented in [Table 25 (Ref. §, Table
3, cases) have multiple KENO outputs. Thisis because the original cases were set up for both 27-group and 16-group
Hansen-Roach calculations. The second KENO result presented in is the 16-group resullt.

The results for theRef. 9 Appendices C, D, and E cases are presented in [Tables 29 through 31, respectively. The
results arefor U systems; inTable 30, for highly enriched 2°U systems; and [Table 31, for 2°Pu systems. Several
of thecasssin [Ref. 9, Appendix C) and Table 31 (Ref. 9, Appendix E) are XSDRN cases. For some of the
cases only an XSDRN was run; for others, both XSDRN and KENO were run for the same (or similar equivalent)
geometry.

The resultsfor Tables 3 and 4 cases are presented in Tables 32 and 33, respectively. Theresultsin
(Ref. 10, Table 3) are CSASIX/XSDRNPM results for the CSEWG benchmarks. The results in Table 33 (Ref. 10,
Table 4) are primarily LWR lattice results with several fast-reactor lattice and homogeneous systems included. Several
of the calculations presented in were run using the CSAS2X sequence. In this sequence, an XSDRN
calculation is performed prior to the KENO calculation to create a flux- and volume-weighted homogeneous mixture
which represents the heterogeneous lattice specification. This cell-weighted mixture is designated mixture 500 and is
passed to KENO to be used in lieu of the heterogeneous lattice.

A statistical analysis was performed on the KENO results presented in [Tables 23 through 33. The experiments in
[Tables 27/ and P9 were subdivided into low and high average energy group causing fission (AEG) because of significant
trends in theresults. [Table 34]presents the mean ky; and the standard deviation of the mean k. for each set of results,
treating the dataas asinglegroup. Also presented are (1) estimates of the lower 95% confidence bound of ky; and (2)
thelower 95% confidence on 99.9% of future calculations bound of kg when the data are treated as a group. The lower
95% confidence bound of kg may be interpreted as that value of ky; that one would expect to calculate above, 95% of
the time, if the system being analyzed is a critical system. The lower 95% confidence bound on 99.9% of future
calculations may beinterpreted asthe value of k for which a critical system similar to those validated would calculate
above for 99.9% of the estimates of ky at the 95% confidence level.

In establishing the confidence bounds of kg, the variability of the KENO calculations has been included in the estimate
of thetotal standard deviation (this is the sample variance listed in [Table 34). In general, thisis appropriate because
while each estimate of ky; is that of a critical system, each estimate is a single estimate of a different physical
arrangement of fissile material which has imbedded an individual uncertainty. In specific instances where all of the
estimates of kg arefor a specific system or very similar systems, this treatment will overestimate the variability and
be dightly conservative.

The results presented in indicate that a calculated ky; of less than 0.95 would be considered subcritical at the
95% confidence level. With the exception of the Table 27} [Table 27 high AEG, [Table 29, and [Table 29 low AEG
groupings, acalculated ky of less than 0.95 would be considered subcritical 99.9% of the time at the 95% confidence
levedl. The[Table 27 results for highly enriched 2°U systems have a large total standard deviation due to the bias in
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Table 23. Results from Table 1 of

tl.rl
case
title(20 ...) keno[

caall. out

i bby exp. 4.89% rods
caa02. out

i bby h2o refl. case
caa03. out

i bby h2o refl. case
caa04. out

Ii bby h2o refl. case
caa05. out

Ii bby h2o refl. case
caa06. out

i bby h2o refl. case
caa07. out

i bby h2o refl. case
caa08. out

i bby h2o refl. case
caa09. out

i bby h2o refl. case
caalo. out

i bby h2o refl. case
caall. out

Ii bby h2o refl. case
caal2. out

libby rods in uo2f2 s
caal3. out

libby rods in uo2f2 s
caal4. out

libby rods in uo2f2 s
caal5. out

libby rods in uo2f2 s
caal6. out

libby rods in uo2f2 s
caal7?. out

libby rods in uo2f2 s
caal8. out

libby rods in uo2f2 s
caal9. out

4.89% green bl ocks un
caa20. out

4.89% green bl ocks un
caa2l. out

4.89% green bl ocks un
caa22. out

4.89% green bl ocks un
caa23. out

4.89% green bl ocks re
caa24. out

4.89% green bl ocks re
caa25. out

4.89% green bl ocks re
caa26. out

4.89% green bl ocks re
caa27. out

4.89% green bl ocks re
caa28. out

4.89% green bl ocks re
caa29. out

4.89% green bl ocks re
caa30. out

4.89% uo02f2 20 in dia

NUREG/CR-6483

k-eff

. 9965
. 9958
. 9903
. 9917
. 9878
. 0027
. 9851
. 9927
. 9925
. 0058
. 9976
. 9759
. 9868
. 9891
. 9911
. 9919
. 9866
. 9908
. 9844
. 0039
. 0032
. 9936
. 9785
. 9917
. 9896
. 0022
. 9864
. 9672
. 9901
. 9883

si gma

. 0031
. 0033
. 0032
. 0037
. 0030
. 0039
. 0032
. 0033
. 0031
. 0034
. 0027
. 0026
. 0023
. 0027
. 0022
. 0023
. 0022
. 0023
. 0034
. 0036
. 0028
. 0031
. 0039
. 0033
. 0033
. 0028
. 0029
. 0032
. 0027
. 0030

N N D N DN DN D DN DN DN DN DN DN DN DN DN D DN DN DN DM DM DM DN DM DN DD

AEG ]

. 11960E+01
. 17662E+01
. 28962E+01
. 31278E+01
. 32222E+01
. 11287E+01
. 13701E+01
. 28425E+01
. 27466E+01
. 09263E+01
. 09526E+01
. 40233E+01
. 43977E+01
. 44810E+01
. 41695E+01
. 41751E+01
. 42439E+01
. 43162E+01
. 33537E+01
. 40014E+01
. 45617E+01
. 42503E+01
. 33851E+01
. 36610E+01
. 41745E+01
. 46252E+01
. 28531E+01
. 16016E+01
. 43757E+01
. 42837E+01

xsdr n[

| anrbda

]
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Table 23 (continued)

caa3l. out

4.89% uo2f2 20x20 in . 9986 .0032 2.42923E+01
caa32. out

4.89% uo2f2 20 in dia . 9995 . 0027 2.45405E+01
caa33. out

4.89% uo2f2 27.3 in d . 9963 . 0027 2.47160E+01
caa34. out

4.89% uo2f2 30 in dia . 9895 .0025 2.47084E+01
caa35. out

4.89% uo2f2 15 in dia . 0030 .0025 2.43637E+01
caa36. out

4.89% uo2f2 20x20 in . 0085 .0031 2.43906E+01
caa37. out

4.89% uo2f2 15 in dia . 9928 .0028 2.45762E+01
caa38. out

4.89% uo2f2 27.3 in d . 9993 .0024 2.47847E+01
caa39. out

4.89% uo2f2 20 in dia . 9953 .0023 2.47310E+01

41
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Table 24. Results from Table 2 of

t2.r1
case
title(20 ...) keno[ k-eff si gma AEG ]  xsdrn[ | ambda ]

cab01. out

case ebj.1 u(3.85) 15 1.0070 . 0027 1.44716E+01
cab02. out

case ebj.2x restart 1.0106 . 0026 1.58857E+01
cab03. out

case ebj.3x . 9979 .0031 1.67454E+01
cab04. out

case ebj.3q same as c 1. 0032 . 0028 1.67538E+01
cab05. out

case ebj.3a use 123gp . 9572 . 0032 8.50215E+01
cab06. out

case ebj .3k use 16gp L9777 .0029 1.11853E+01
cab07. out

case ebj.4 u(3.85) 16 . 9969 .0026 1.34117E+01
cab08. out

case ebj.5x . 9989 . 0028 1.56167E+01
cab09. out

case ebj. 6x . 9991 .0029 1.71174E+01
cab10. out

case ebj.8 u(3.85) 6 1.0089 . 0029 1.68408E+01
cabl1l. out

case ebj.9 u(3.85) 16 1.0034 . 0028 1.71134E+01
cabl2. out

case ebj.10 u(3.85) 2 1.0125 . 0027 1.75552E+01
cab13. out

case ebj.11 u(3.85) 8 1.0095 . 0027 1.58942E+01
cabl4. out

case ebj.12 u(3.85) 2 1.0159 .0031 1.70717E+01
cab15. out

case ebj.13 u(3.85) 1 1.0043 . 0027 1.85057E+01
cab16. out

case ebj.14 u(3.85) 2 1.0013 . 0028 1.97054E+01
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td.rl
case
title(20 ...

car 01. out

rocky flats
car 02. out

rocky flats
car 03. out

rocky flats
car 04. out

rocky flats
car 05. out

rocky flats
car 06. out

rocky flats
car 07. out

rocky flats
car 08. out

rocky flats
car 09. out

rocky flats
car 10. out

rocky flats
carll. out

rocky flats
car12. out

rocky flats
car 13. out

rocky flats
car 14. out

rocky flats
car 15. out

rocky flats
car 16. out

rocky flats
carl7. out

rocky flats
car 18. out

rocky flats
car19. out

rocky flats
car 20. out

rocky flats
cas04. out

british
cas05. out

british
cas06. out

british

british
casll. out

raffety and

raffety and
casl2. out

raffety and

raffety and
casl13. out

raffety and

raffety and
casl4. out

raffety and

raf fety and

criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals
criticals

criticals

handbook of c

handbook of c

handbook of c
handbook of c

mal hal czo
mal hal czo

mal hal czo
mal hal czo

mal hal czo
mal hal czo

mal hal czo
mal hal czo

) keno|

(=Y

= =

k-eff

. 0044
. 0053
. 9895
. 0135
. 9986
. 0029
. 0050
. 9970
. 9982
. 0091
. 0047
. 0085
. 0137
. 0048
. 9975
. 0060
. 0039
. 0102
. 0093
. 9982
. 9878
. 9839

. 9889
. 0001

. 9957
. 0045

. 9924
. 0002

. 9995
. 0025

. 9935
. 9992

si gma

. 0029
. 0033
. 0029
. 0030
. 0025
. 0038
. 0035
. 0036
. 0032
. 0027
. 0031
. 0030
. 0027
. 0033
. 0035
. 0035
. 0028
. 0029
. 0033
. 0029
. 0021
. 0019

. 0023
. 0019

. 0028
. 0028

. 0024
. 0028

. 0023
. 0023

. 0024
. 0025

RN RN RN RN RN NN R R NN R P P NMNRNDNPR R P R B P NP NN

AEG ]

. 13759E+01
. 13434E+01
. 96136E+01
. 12094E+01
. 91183E+01
. 26369E+01
. 82894E+01
. 92472E+01
. 92553E+01
. 77648E+01
. 15406E+01
. 01709E+01
. 01735E+01
. 85443E+01
. 84995E+01
. 92180E+01
. 07603E+01
. 18609E+01
. 82604E+01
. 83503E+01
. 32711E+01
. 32669E+01

. 32739E+01
. 48553E+01

. 24939E+01
. 45011E+01

. 22333E+01
. 43499E+01

. 32374E+01
. 48785E+01

. 30234E+01
. 47610E+01

xsdr n[

| arbda

]
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Table 25 (continued)

cas15. out

raffety and mal hal czo . 9919 . 0025 2.36804E+01

raffety and mal hal czo . 9990 .0030 1.51144E+01
cas16. out

raffety and mal hal czo . 9939 . 0022 2.38964E+01

raf fety and mal hal czo . 9960 .0026 1.52315E+01
casl7. out

raffety and mal hal czo . 9987 .0023 2.41130E+01

raf fety and mal hal czo . 9907 . 0025 1.53388E+01
cas18. out

raffety and mal hal czo . 9973 . 0026 2.40333E+01

raffety and mal hal czo . 9900 . 0024 1.52917E+01
cas19. out

raffety and mal hal czo . 9848 . 0022 2.44582E+01

raffety and mal hal czo . 9895 .0022 1.55176E+01
cas20. out

raffety and mal hal czo . 9848 . 0018 2.44249E+01

raf fety and mal hal czo . 9858 . 0020 1.55020E+01
cas21. out

raffety and nil hal czo 1. 0092 .0030 2.22122E+01

raffety and nil hal czo 1.0083 .0030 1.44129E+01
cas22. out

raffety and mal hal czo 1. 0055 . 0029 2.22087E+01

raffety and mal hal czo 1.0119 .0035 1.44071E+01
cas23. out

raffety and mal hal czo 1. 0076 .0030 2.22172E+01

raffety and mal hal czo 1.0127 . 0034 1.44059E+01
cas24. out

raffety and mal hal czo 1. 0081 . 0029 2.22029E+01

raf fety and mal hal czo 1.0121 . 0026 1.44090E+01
cas25. out

raffety and mal hal czo 1. 0076 . 0032 2.21924E+01

raffety and mal hal czo 1.0141 .0031 1.44099E+01
cas26. out

raffety and mal hal czo 1. 0091 .0034 2.17703E+01

raffety and mal hal czo 1. 0099 . 0028 1.41555E+01
cas27. out

raffety and mal hal czo 1. 0061 . 0029 2.17688E+01

raffety and mal hal czo 1. 0008 . 0023 1.41444E+01
cas28. out

raffety and mal hal czo 1. 0089 . 0030 2.17645E+01

raffety and mal hal czo 1. 0015 .0032 1.41448E+01
cas29. out

raffety and mal hal czo 1. 0053 . 0033 2.35214E+01

raffety and mal hal czo . 9999 . 0033 1.50654E+01
cas30. out

raffety and mal hal czo 1. 0094 . 0029 2.32731E+01

raffety and mal hal czo . 9918 . 0029 1.49272E+01
cas31. out

raffety and mal hal czo 1. 0092 . 0031 2.32836E+01

raffety and mal hal czo 1.0043 . 0030 1.49374E+01
cas32. out

raffety and mal hal czo 1.0088 . 0029 2.32820E+01

raf fety and mal hal czo . 9955 . 0033 1.49305E+01
cas33. out

critical reflected cy 1. 0026 . 0027 2.42211E+01

critical reflected cy . 9848 . 0028 1.54414E+01
cas34. out

critical reflected cy . 9981 . 0029 2.42301E+01

critical reflected cy . 9893 . 0026 1.54473E+01
cas35. out

critical sphere of aq . 9980 . 0028 2.42335E+01

critical sphere of aq . 9915 . 0030 1.54494E+01
cas36. out

critical cylinder of . 9946 . 0035 2.42248E+01

critical cylinder of . 9789 . 0029 1.54434E+01
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Table 26. Results from Table 4 of

Validation

t4.rl
case
title(20 ...
caa01l. out
uo2f2 soln
caa02. out

caa03.
caa04.
caa05.
caa06.
caa07.
caa08.
caa09.
caalo.
caall.
caal2.
caal3.
caald4.
caals.
caalé6.
caal7?.
caals8.
caalo.
caa20.
caa2l.
caa22.
caa23.
caa24.
caa25.
caa26.
caa2’7.
caa28.
caa29.

caa30.

uo2f2 soln
out

h/ u-235=11
h/ u-235=13

uo2(no3)2 soln h/u-23

out
uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

uo2f2 soln
out

rocky

out

rocky

out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats
out

rocky flats

h/ u- 235=76
h/ u-235=12
h/ u-235=12
h/ u- 235=26
h/ u-235=51
h/ u-235=20
h/ u- 235=23
h/ u- 235=46

flats uo2(no3)2
flats uo2(no3)2

uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2
uo2(no3)2

) keno|

A

e e e e = T = T T Y e e e S e S S N N

k-eff

. 0061
. 0047
. 9982
. 9972
. 0046
. 0061
. 0076
. 0187
. 0073
. 0283
. 0370
. 0147
. 0100
.0168
. 0102
. 0105
. 0141
. 0137
. 0077
. 0116
. 0117
. 0123
. 0078
. 0052
. 9981
. 0067
. 0093
. 0070
. 9964
. 9985

si gma

. 0029
. 0023
. 0021
. 0043
. 0044
. 0025
. 0036
. 0033
. 0037
. 0042
. 0036
. 0040
. 0045
. 0040
. 0044
. 0038
. 0045
. 0040
. 0040
. 0046
. 0040
. 0036
. 0039
. 0043
. 0042
. 0044
. 0039
. 0042
. 0034
. 0037

45

N N D N D N D N D DN DN DN DN DN DN DN DN DN D DN DN DN D DM DD DM DN DD

AEG ]

. 49379E+01
. 49995E+01
. 49940E+01
. 25483E+01
. 34138E+01
. 49963E+01
. 42536E+01
. 46826E+01
. 37384E+01
. 41583E+01
. 46336E+01
. 36138E+01
. 15994E+01
. 45725E+01
. 36663E+01
. 15893E+01
. 36172E+01
. 18693E+01
. 36208E+01
. 18803E+01
. 36356E+01
. 19989E+01
. 35989E+01
. 18110E+01
. 35953E+01
. 18085E+01
. 36707E+01
. 20303E+01
. 44580E+01
. 19362E+01

xsdr n[

| arbda

]
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Table 26 (continued)

caa3l. out

rocky flats uo2(no3)2 1. 0071 . 0036 2.43012E+01
caa32. out

rocky flats uo2(no3)2 1.0137 . 0040 2.19680E+01
caa33. out

rocky flats uo2(no3)2 1. 0085 . 0035 2.43540E+01
caa34. out

rocky flats uo2(no3)2 1. 0039 .0040 2.17201E+01
caa35. out

rocky flats uo2(no3)2 1.0121 . 0038 2.18842E+01
caa36. out

rocky flats uo2(no3)2 1. 0090 . 0047 2.19254E+01
caa37. out

rocky flats uo2(no3)2 . 9960 . 0037 2.45613E+01
caa38. out

rocky flats uo2(no3)2 . 9955 . 0040 2.21449E+01
caa39. out

rocky flats uo2(no3)2 1.0037 . 0034 2.45827E+01
caad0. out

rocky flats uo2(no3)2 . 9999 .0041 2.21841E+01
caadl. out

rocky flats uo2(no3)2 . 9925 . 0038 2.45516E+01
caad?2. out

rocky flats uo2(no3)2 . 9987 . 0038 2.18799E+01
caa43. out

rocky flats uo2(no3)2 . 9952 . 0037 2.21149E+01
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Table 27. Results from Table 5 of

Validation

t5.r1

case

title(20 ...

cas01. out

keno-5

cas02. out

keno-5

cas03. out

keno-5

cas04. out

keno-5

cas05. out

keno-5

cas06. out

keno-5

cas07. out

keno-5

cas08. out

keno-5

cas09. out

keno-5

casl10. out

keno-5

casll. out

keno-5

casl2. out

keno-5

casl3. out

keno-5

casl4. out

keno-5

casl5. out

keno-5

casl6. out

keno-5

casl7. out

keno-5

casl18. out

keno-5

casl19. out

keno-5

cas20. out

keno-5

cas21. out

keno-5

cas22. out

keno-5

cas23. out

keno-5

cas24. out

keno-5

cas25. out

keno-5

cas26. out

keno-5

cas27. out

keno-5

cas28. out

keno-5

cas?29. out

val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat
val i dat

val i dat

keno-5 val i dat

cas30. out

93. 2% uo02f2 3 in al s 1.

)

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

on

keno[ k-eff si gma
cas 1.0053 . 0031
cas . 9972 . 0033
cas 1.0089 . 0037
cas 1.0007 . 0031
cas 1.0013 . 0025
cas . 9994 . 0023
cas 1.0015 . 0031
cas 1.0104 . 0031
cas 1.0099 . 0027
cas 1.0128 . 0031
cas 1.0003 . 0032
cas . 9954 . 0033
cas . 9905 . 0030
cas 1.0577 . 0042
cas 1.0123 . 0031
cas . 9905 . 0046
cas 1.0330 . 0040
cas 1.0109 . 0039
cas 1.0366 . 0054
cas 1.0269 . 0038
cas 1.0307 . 0041
cas 1.0053 . 0032
cas . 9957 . 0031
cas . 9945 . 0030
cas 1.0027 . 0027
cas 1.0095 . 0035
cas 1.0059 . 0034
cas 1.0149 . 0036
cas . 9824 . 0042

0031 . 0040

47

N N NP R D B B N DN DN DN DNDNDN OO NN DA O PP MM O R NMDDNMN B DN OO DS

AEG ]

. 86677E+00
. 54903E+00
. 16918E+01
. 99863E+00
. 50015E+01
. 49950E+01
. 16874E+01
. 38872E+00
. 90171E+00
. 05388E+01
. 36769E+00
. 83922E+00
. 45319E+01
. 11553E+01
. 34174E+00
. 13794E+01
. 21024E+01
. 15955E+01
. 08049E+01
. 22462E+01
. 19453E+01
. 84842E+00
. 83846E+00
. 83438E+00
. 85042E+00
. 01296E+01
. 02628E+01
. 7T4995E+00
. 14080E+01
. 42782E+01

xsdr n[

| arbda

]
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Table 27 (continued)
cas31. out
93. 2% uo02f2 3 in al s . 9959 . 0037 2.43962E+01
cas32. out
93. 2% uo02f2 3 in al s . 9846 .0039 2.42615E+01
cas33. out
2. 93 2% uo2f2 3 in al s 1.0032 .0031 2.45135E+01
cas
93.2@6u02f2 3inal s . 9875 . 0043 2.42528E+01
cas35. out
93. 2% uo02f2 3 in al s . 9971 .0031 2.45396E+01
cas36. out
93. 2% uo02f2 3 in al s . 9867 . 0037 2.42462E+01
cas37. out
93. 2% uo02f2 3 in al s . 9987 . 0032 2.45292E+01
cas38. out
93. 2% uo02f2 3 in al s . 9835 .0034 2.42490E+01
cas39. out
20, 93 2% uo2f2 3 in al s . 9986 .0031 2.45213E+01
cas
93.2@6u02f2 3inal s . 9863 . 0038 2.42449E+01
cas4l. out
93.2% u02f2 3, 6 in a . 9816 .0036 2.42575E+01
cas42. out
93.2% u02f2 3, 6 in a . 9817 .0038 2.42651E+01
cas43. out
93.2% u02f2 3, 6 in a . 9796 . 0037 2.42627E+01
cas44. out
93.2% u02f2 3, 6 in a . 9749 .0043 2.42536E+01
cas45. out
46, 93 2% uo2f2 3, 6, 3 i . 9822 .0031 2.42703E+01
cas
93.2@bu02f2 3, 6, 3 . 9732 .0038 2.42500E+01
cas47. out
93. 2% uo2f2 3, 6, 3 i . 9798 . 0037 2.42540E+01
cas48. out
93. 2% uo2f2 3, 6, 3 i . 9731 .0036 2.42579E+01
cas49. out
93.2% u02f2 6 & 3 in . 9904 . 0039 2.42589E+01
casb50. out
93.2% u02f2 6 & 3 in . 9783 .0040 2.42578E+01
casb1. out
- 93 2% uo2f2 6 & 3 in . 9759 . 0037 2.42644E+01
cas
93.2@bu02f2 6 &3 in . 9858 .0038 2.42591E+01
casb3. out
93. 2% uo02f2 6 in al s . 9829 .0042 2.42630E+01
casb4. out
93. 2% uo02f2 6 in al s . 9795 .0034 2.42614E+01
casb5. out
93. 2% uo02f2 6 in al s . 9848 .0039 2.42639E+01
casb6. out
93. 2% uo02f2 6 in al s . 9861 .0042 2.42683E+01
casb57. out
cg. 93 2% uo2f2 6 in al s . 9894 .0042 2.42705E+01
cas
93.2@bu02f2 6 in al s . 9863 .0036 2.42626E+01
casbh9. out
93.2% uo02f2 6 in al s . 9857 .0040 2.42704E+01
cas60. out
u02(no3)2 279 g u/l 3 . 9967 .0034 2.25047E+01
cas61. out
u02(no3)2 279 g u/l 2 1. 0070 .0046 2.25339E+01
cas62. out
uo2(no3)2 415 g u/l 5 1. 0057 .0042 2.14388E+01
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Table 27 (continued)

cas63. out

uo2(no3)2 415 g u/l 3 1. 0025 .0043 2.14367E+01
cas64. out

uo2(no3)2 415 g u/l 4 . 9945 .0043 2.14357E+01
cas65. out

uo2(no3)2 415 g u/l 2 1.0120 .0046 2.14774E+01
cas66. out

uo2(no3)2 415 g u/l 3 1.0067 .0038 2.16672E+01
cas67. out

uo2(no3)2 415 g u/l 3 1.0194 .0043 2.18190E+01
cas68. out

uo2(no3)2 415 g u/l 3 1.0113 .0041 2.17255E+01
cas69. out

uo2(no3)2 415 g u/l 3 1.0129 .0044 2.20919E+01
cas70. out

uo2(no3)2 415 g u/l 3 1.0213 . 0038 2.20046E+01
cas71. out

uo2(no3)2 415 g u/l 3 1.0284 .0039 2.21044E+01
cas72. out

uo2(no3)2 415 g u/l 3 1.0033 .0042 2.15773E+01
cas73. out

uo2(no3)2 415 g u/l 3 1.0133 .0036 2.16259E+01
cas74. out

uo2(no3)2 415 g u/l 3 1.0283 .0039 2.20901E+01
cas75. out

uo2(no3)2 415 g u/l 3 1.0228 .0040 2.19967E+01
cas76. out

uo2(no3)2 415 g u/l 2 1.0105 .0045 2.16806E+01
cas77. out

uo2(no3)2 415 g u/l 2 1.0283 .0043 2.21221E+01
cas78. out

uo2(no3)2 415 g u/l 2 1.0292 .0047 2.21173E+01
cas79. out

uo2(no3)2 415 g u/l 2 1.0081 .0044 2.18287E+01
cas80. out

uo2(no3)2 415 g u/l 2 1.0265 .0035 2.19702E+01
cas81. out

uo2(no3)2 415 g u/l 2 1.0272 .0046 2.20593E+01
cas82. out

uo2(no3)2 415 g u/l 2 1.0173 .0042 2.17473E+01
cas83. out

uo2(no3)2 415 g u/l 2 1.0237 .0042 2.20151E+01
cas84. out

uo2(no3)2 415 g u/l 2 1.0194 . 0037 2.21053E+01
cas85. out

uo2(no3)2 415 g u/l 2 1.0029 .0042 2.16011E+01
cas86. out

uo2(no3)2 415 g u/l 2 1.0108 .0042 2.16703E+01
cas87. out

uo2(no3)2 415 g u/l 2 1.0219 .0040 2.21442E+01
cas88. out

uo2(no3)2 415 g u/l 2 1.0154 .0044 2.19822E+01
cas89. out

uo2(no3)2 415 g u/l 2 1.0240 .0042 2.21292E+01
cas90. out

uo2(no3)2 415 g u/l 3 . 9980 .0043 2.17411E+01
cas91. out

uo2(no3)2 63.3 g u/l 1.0166 . 0035 2.45340E+01
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Table 28. Results from Table 6 of

t6.r1
case
title(20 ... keno[ k-eff si gma AEG ]  xsdrn[ | ambda ]

cae01l. out

eta experinments # 1 . 9956 . 0025 2.49952E+01
cae02. out

eta experinments # 2 1. 0005 . 0022 2.49316E+01
cae03. out

eta experinments # 3 . 9916 .0021 2.48673E+01
cae04. out

eta experinments # 4 . 9940 . 0024 2.48368E+01
cae05. out

eta experinments # 5 1. 0051 . 0022 2.46287E+01
cae06. out

eta experinments # 6 . 9999 . 0026 2.45981E+01
cae07. out

eta experinments # 7 . 9980 . 0024 2.45668E+01
cae08. out

eta experinments # 8 . 9993 . 0022 2.45439E+01
cae09. out

eta experinments # 9 1.0041 .0021 2.45170E+01
caelO. out

eta experinments # 10 . 9981 .0015 2.50617E+01
caell. out

eta experiments # 11 . 9966 .0019 2.47259E+01
cael?2. out

eta experiments # 12 . 9921 .0019 2.50312E+01
cael3. out

eta experiments # 13 . 9875 .0021 2.50349E+01
cael4. out

eta experiments # 14 . 9999 .0018 2.50602E+01
cael5. out

eta experiments # 15 . 9972 .0014 2.50704E+01
cael6. out

eta experiments # 16 . 9877 .0014 2.50760E+01
cael7?. out

eta experiments # 17 . 9971 . 0018 2. 46955E+01
cael8. out

eta experiments # 18 . 9947 .0018 2.47065E+01
cael9. out

eta experiments # 19 . 9993 .0017 2.47296E+01
cae20. out

eta experiments # 20 . 9935 . 0015 2.47456E+01
cae2l. out

eta experiments # 21 . 9964 .0014 2.50746E+01
cae22. out

eta experiments # 22 . 9946 .0014 2.50783E+01
cae23. out

eta experiments # 23 . 9987 .0013 2.50836E+01
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Table 29. Results from Appendix C of

Validation

appndxc.rl
case
title(20 ...
111 1. out
expt. 111- 1
111 2. out
expt. 111- 2
111 3. out
expt. 111- 3
111 4. out
expt. 111- 4
111 5. out
expt. 111- 5
111 6. out
expt. 111- 6
111 7. out
expt. 111- 7
111 8. out
expt. 111- 8
111_9. out
expt. 111- 9
111_10. out
expt. 111-10
111_11. out
expt. 111-11
111_12. out
expt. 111-12
111_13. out
expt. 111-13
111_14. out
expt. 111-14
111_15. out
expt. 111-15
111_16. out
expt. 111-16
111_17. out
expt. 111-17
111_18. out
expt. 111-18
111_19. out
expt. 111-19
111_20. out
expt. 111-20
111_21. out
expt. 111-21
111_22. out
expt. 111-22
111_23. out
expt. 111-23
111_24. out
expt. 111-24
111_25. out
expt. 111-25
111_26. out
expt. 111-26
111_27. out
expt. 111-27
111_28. out
expt. 111-28
111_29. out
expt. 111-29
111_30. out
expt. 111-30

e

k-eff

. 0238
. 0343
. 0311
. 0148
. 0123
. 0334
. 0207
. 0086
. 0239
. 0401
. 0247
. 0265
. 0096
. 0247
. 9899
. 0119
. 0005
. 9999
. 0040

. 0477
. 0162
. 0216
. 0342

. 0159
. 0331
. 0363
. 0270
. 0242

si gma

. 0049
. 0044
. 0042
. 0042
. 0043
. 0045
. 0044
. 0042
. 0042
. 0039
. 0040
. 0038
. 0040
. 0037
. 0039
. 0035
. 0039
. 0034
. 0037

. 0042
. 0031
. 0038
. 0033

. 0041
. 0039
. 0038
. 0041
. 0034

51

[N I N O T S O S I N R N O e S e I A A C N \C I \C R V)

N N NN

N N N NN

AEG ]

. 03970E+01
. 08243E+01
. 24888E+01
. 04386E+01
. 13753E+01
. 21296E+01
. 24630E+01
. 25538E+01
. 29734E+01
. 31067E+01
. 33134E+01
. 35493E+01
. 37460E+01
. 37973E+01
. 38349E+01
. 39799E+01
. 41473E+01
. 42060E+01
. 43355E+01

. 25973E+01
. 43549E+01
. 38810E+01
. 38038E+01

. 35262E+01
. 33521E+01
. 36722E+01
. 38508E+01
. 40791E+01

xsdr n[

| ambda ]

1. 01417E+00

1. 02694E+00
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Table 29 (continued)

111 31. out

expt. 111-31 1.0309 . 0047 2.18448E+01
114 05. out

eta experiments # 5 1. 0051 . 0022 2.46287E+01
114 06. out

eta experinments # 6 . 9999 . 0026 2.45981E+01
114 07. out

eta experinments # 7 . 9980 . 0024 2.45668E+01
114 08. out

eta experinments # 8 . 9993 . 0022 2.45439E+01
114 09. out

eta experinments # 9 1.0041 .0021 2.45170E+01
114_11. out

eta experiments # 11 . 9966 .0019 2.47259E+01
114_17. out

eta experiments # 17 . 9971 . 0018 2.46955E+01
114_18. out

eta experiments # 18 . 9947 .0018 2.47065E+01
114_19. out

eta experinments # 19 . 9993 .0017 2.47296E+01
114_20. out

eta experiments # 20 . 9935 . 0015 2.47456E+01
1211_1. out

expt. 1211- 1 1.0348 . 0045 1.96380E+01
1211_2. out

expt. 1211- 2 1.0178 . 0045 1.95837E+01
1211_3. out

expt. 1211- 3 1.0367 . 0041 2.09208E+01
1211_4. out

expt. 1211- 4 1.0367 . 0041 2.08846E+01
1211_5. out

expt. 1211- 5 . 9875 .0047 2.11194E+01
1211_6. out

expt. 1211- 6 . 9884 . 0044 2.10918E+01
1211_7. out

expt. 1211- 7 1.0225 . 0040 2.20710E+01
1211_8. out

expt. 1211- 8 1.0098 . 0044 2.20608E+01
1211_9. out

expt. 1211- 9 1.0917 . 0044 1.97734E+01
1211_10. out

expt. 1211-10 1.0508 . 0049 2.13266E+01
1211_11. out

expt. 1211-11 1.0366 . 0047 2.13072E+01
1211_12. out

expt. 1211-12 1.0191 . 0048 2.12824E+01
1211_13. out

expt. 1211-13 1. 0406 . 0046 2.23923E+01
1211_14. out

expt. 1211-14 1.0370 . 0041 2.24393E+01
1211_15. out

expt. 1211-15 1.0316 . 0044 2. 24242E+01
1211_16. out

expt. 1211-16 1.0132 . 0045 2.23863E+01
1211_17. out

expt. 1211-17 1.0442 . 0044 2. 29149E+01
1211_18. out

expt. 1211-18 1. 0504 . 0049 2.29310E+01
1211_19. out

expt. 1211-19 1.0245 . 0043 2.29023E+01
1211_20. out

expt. 1211-20 1.0351 . 0043 2. 34039E+01
1211_21. out

expt. 1211-21 1.0323 . 0042 2.34171E+01
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Table 29 (continued)
1211 22. out
expt. 1211-22 1.0175 .0044 2.34082E+01
1211 23. out
expt. 1211-23 1.0376 .0041 2.40004E+01
1211 24. out
expt. 1211-24 1.0195 .0038 2.40069E+01
1211 25. out
expt. 1211-25 1.0114 .0041 2.28794E+01
1211 26. out
expt. 1211-26 1.0304 .0043 2.27998E+01
1211 27. out
expt. 1211-27 1.0160 .0040 2.28333E+01
1211 28. out
expt. 1211-28 1.0191 .0040 2.28726E+01
1211 29. out
expt. 1211-29 1. 0064 .0037 2.33557E+01
1211 30. out
expt. 1211-30 1. 0200 .0042 2.33516E+01
1211 31. out
expt. 1211-31 1.0188 .0035 2.33833E+01
1211 32. out
expt. 1211-32 1. 0056 .0033 2.40747E+01
1211 33. out
expt. 1211-33 1.0084 . 0033 2.40584E+01
1211 34. out
expt. 1211-34 . 9785 .0036 2.40949E+01
1250_6. out
expt. 1250- 6 sourc 1.0431 .0043 2.11048E+01
1250_7. out
expt. 1250- 7 sourc 1.0319 .0041 2.11507E+01
1250_8. out
expt. 1250-8 source 1. 0448 .0040 2.13653E+01
1250_9. out
expt. 1250- 9 sourc 1. 0524 .0042 2.14648E+01
1250_10. out
expt. 1250-10 sourc 1.0434 .0042 2.15027E+01
1250 _11. out
expt. 1250-11 sourc 1. 0567 .0039 2.16108E+01
1250 _12. out
expt. 1250-12 sourc 1. 0448 .0044 2.11295E+01
1727 _01. out
| a- 3067-nsr table iv, 9.67175E-01
| a-3067-nms rev 1, tab . 9629 .0032 4.73967E+00
1727 _02. out
| a- 3067-nsr table iv, 9. 81062E-01
| a- 3067-nsr table iv, . 9775 .0031 4.74621E+00
1727_03. out
| a- 3067-nsr table iv, 9. 79288E-01
| a- 3067-nsr table iv, . 9812 . 0029 4.77633E+00
1727_04. out
| a- 3067-nsr table iv, 9. 76009E- 01
| a- 3067-nsr table iv, . 9763 . 0030 4.78629E+00
1727 _05. out
| a- 3067-nsr table iv, 9. 76744E-01
| a-3067-nsr table iv, . 9724 .0034 5.07137E+00
1727_06. out
| a- 3067-nsr table iv, 9. 76411E-01
| a- 3067-nsr table iv, . 9729 . 0033 4.94768E+00
1727 _07. out
| a- 3067-nsr table iv, 9. 96293E-01
| a- 3067-ner table iv, . 9900 . 0034 5.28849E+00
1727 _08. out
| a- 3067-nsr table iv, 9. 84006E- 01
| a- 3067-ner table iv, . 9869 . 0031 5.02266E+00
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Table 29 (continued)
1727_14. out
1727-14, | a-3067- msr 9. 76296E- 01
1727-14, | a-3067- msr . 9748 . 0034 4. 79005E+00
1727_15. out
1727-15, |a-3067- msr 9. 82589E- 01
1727-15, |a-3067- msr . 9786 .0031 4.79793E+00
nod_111 . out
expt. 111-15 c . 9998 .0039 2.38350E+01
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Table 30. Results from Appendix D of

Validation

appndxd. rl
case
title(20 ...) keno[

caa_04. out

uo2f2 soln h/u-235=76
caa_05. out

uo2f2 soln h/u-235=12
caa_12. out

rocky flats uo2(no3)2
caa_13. out

rocky flats uo2(no3)2
caa_16. out

rocky flats uo2(no3)2
caa_18. out

rocky flats uo2(no3)2
caa_20. out

rocky flats uo2(no3)2
caa_22. out

rocky flats uo2(no3)2
caa_24. out

rocky flats uo2(no3)2
caa_26. out

rocky flats uo2(no3)2
caa_28. out

rocky flats uo2(no3)2
caa_30. out

rocky flats uo2(no3)2
caa_32. out

rocky flats uo2(no3)2
caa_34. out

rocky flats uo2(no3)2
caa_35. out

rocky flats uo2(no3)2
caa_36. out

rocky flats uo2(no3)2
caa_38. out

rocky flats uo2(no3)2
caa_40. out

rocky flats uo2(no3)?2
caa_42. out

rocky flats uo2(no3)2
caa_43. out

rocky flats uo2(no3)2
cas_01. out

cas. 01 validation cas
cas_02. out

cas.02 validation cas
cas_03. out

cas. 03 validation cas
cas_04. out

cas. 04 validation cas
cas_07. out

cas. 07 validation cas
cas_08. out

cas.08 validation cas
cas_09. out

cas.09 validation cas
cas_10. out

cas. 10 validation cas
cas_11. out

cas. 11 validation cas
cas_12. out

cas.12 validation cas

e = T = T = =S =

k-eff

. 9972
. 0046
. 0147
. 0096
. 0105
. 0078
. 0116
. 0123
. 0052
. 0067
. 0137
. 9985
. 0137
. 0039
. 0121
. 0090
. 9955
. 9999
. 9987
. 9952
. 0053
. 9972
. 0089
. 0007
. 0015
. 0104
. 0099
. 0128
. 0003
. 0030

si gma

. 0043
. 0044
. 0040
. 0034
. 0038
. 0039
. 0046
. 0036
. 0043
. 0044
. 0036
. 0037
. 0040
. 0040
. 0038
. 0047
. 0040
. 0041
. 0038
. 0037
. 0031
. 0033
. 0037
. 0031
. 0031
. 0031
. 0027
. 0031
. 0032
. 0029
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. 25483E+01
. 34138E+01
. 36138E+01
. 16010E+01
. 15893E+01
. 18657E+01
. 18803E+01
. 19989E+01
. 18110E+01
. 18085E+01
. 20409E+01
. 19362E+01
. 19680E+01
. 17201E+01
. 18842E+01
. 19254E+01
. 21449E+01
. 21841E+01
. 18799E+01
. 21149E+01
. 86677E+00
. 54903E+00
. 16918E+01
. 99863E+00
. 16874E+01
. 38872E+00
. 90171E+00
. 05388E+01
. 36769E+00
. 84282E+00

xsdr n[

| arbda

]
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Validation

Table 30 (continued)

cas_14. out

cas. 14 validation cas 1. 0577 .0042 2.11553E+01
cas_15. out

cas. 15 validation cas 1.0123 .0031 8.34174E+00
cas_16. out

cas. 16 validation cas . 9905 .0046 2.13794E+01
cas_17. out

cas. 17 validation cas 1. 0330 .0040 2.21024E+01
cas_18. out

cas. 18 validation cas 1.0109 . 0039 2.15955E+01
cas_19. out

cas. 19 validation cas 1. 0366 . 0054 2.08049E+01
cas_20. out

cas. 20 validation cas 1.0269 . 0038 2.22462E+01
cas_21. out

cas. 21 validation cas 1. 0307 .0041 2.19453E+01
cas_22. out

cas. 22 validation cas 1. 0053 . 0032 4.84842E+00
cas_23. out

cas. 23 validation cas . 9957 .0031 4.83846E+00
cas_24. out

cas. 24 validation cas . 9945 . 0030 4.83438E+00
cas_25. out

cas. 25 validation cas 1.0027 . 0027 4.85042E+00
cas_26. out

cas. 26 validation cas 1. 0095 .0035 1.01296E+01
cas_27. out

cas. 27 validation cas 1.0116 .0028 1.03403E+01
cas_28. out

cas. 28 validation cas 1.0149 .0036 7. 74995E+00
cas_29. out

cas. 29 validation cas . 9824 .0042 2.14080E+01
cas_60. out

uo2(no3)2 279 g u/l 3 . 9967 .0034 2.25047E+01
cas_61. out

uo2(no3)2 279 g u/l 2 1.0070 .0046 2.25339E+01
cas_62. out

uo2(no3)2 415 g u/l 5 1. 0057 .0042 2.14388E+01
cas_63. out

uo2(no3)2 415 g u/l 3 . 9999 .0033 2.14427E+01
cas_64. out

uo2(no3)2 415 g u/l 4 . 9945 .0043 2.14357E+01
cas_65. out

uo2(no3)2 415 g u/l 2 1.0120 .0046 2.14774E+01
cas_66. out

uo2(no3)2 415 g u/l 3 1.0067 .0038 2.16672E+01
cas_67. out

uo2(no3)2 415 g u/l 3 1.0194 .0043 2.18190E+01
cas_68. out

uo2(no3)2 415 g u/l 3 1.0113 .0041 2.17255E+01
cas_69. out

uo2(no3)2 415 g u/l 3 1.0234 .0036 2.21003E+01
cas_70. out

uo2(no3)2 415 g u/l 3 1.0213 .0038 2.20046E+01
cas_71. out

uo2(no3)2 415 g u/l 3 1.0284 .0039 2.21044E+01
cas_72.out

uo2(no3)2 415 g u/l 3 1.0033 .0042 2.15773E+01
cas_73. out

uo2(no3)2 415 g u/l 3 1.0133 .0036 2.16259E+01
cas_74. out

uo2(no3)2 415 g u/l 3 1.0283 .0039 2.20901E+01
cas_75. out

uo2(no3)2 415 g u/l 3 1.0228 .0040 2.19967E+01
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Validation

Table 30 (continued)

cas_76. out

uo2(no3)2 415 g u/l 2 1. 0105 . 0045 2.16806E+01
cas_77. out

uo2(no3)2 415 g u/l 2 1.0283 .0043 2.21221E+01
cas_78. out

uo2(no3)2 415 g u/l 2 1. 0292 .0047 2.21173E+01
cas_79. out

uo2(no3)2 415 g u/l 2 1. 0081 . 0044 2.18287E+01
cas_80. out

uo2(no3)2 415 g u/l 2 1. 0265 . 0035 2.19702E+01
cas_81. out

uo2(no3)2 415 g u/l 2 1.0272 . 0046 2.20593E+01
cas_82. out

uo2(no3)2 415 g u/l 2 1.0173 .0042 2.17473E+01
cas_83. out

uo2(no3)2 415 g u/l 2 1. 0237 .0042 2.20151E+01
cas_84. out

uo2(no3)2 415 g u/l 2 1.0194 . 0037 2.21053E+01
cas_85. out

uo2(no3)2 415 g u/l 2 1. 0029 .0042 2.16011E+01
cas_86. out

uo2(no3)2 415 g u/l 2 1.0108 .0042 2.16703E+01
cas_87. out

uo2(no3)2 415 g u/l 2 1. 0219 . 0040 2.21442E+01
cas_88. out

uo2(no3)2 415 g u/l 2 1. 0154 . 0044 2.19822E+01
cas_89. out

uo2(no3)2 415 g u/l 2 1. 0240 .0042 2.21292E+01
cas_90. out

uo2(no3)2 415 g u/l 3 . 9980 .0043 2.17411E+01
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Table 31. Results from Appendix E of

appndxe.rl
case
title(20 ...) keno[

1727_09. out

| a- 3067-nsr table ii

| a-3067-nsr table ii
1727_10. out

1727-10, |a-3067-nsr

1727- 10, |a-3067-nsr
2109_20. out

benchmar k 20, pu sphe
2109_21. out

benchmark 21, pu sphe
2109_22. out

benchmar k 22, pu sphe
2109_23. out

benchmar k 23, pu sphe
2109_24. out

benchmar k 24, pu sphe
2109_25. out

pu benchmark 25 from
pu benchmark 25 from

2110_01. out

benchmar k#1
benchmar k#1

2110 _02. out
benchmar k#2
benchmar k#2

2110 _03. out
benchmar k#3
benchmar k#3

2110 _04. out
benchmar k#4

sphere descri bed by k

2110_05. out

rect angul ar
2110_06. out

rect angul ar
2110_07. out

benchmar k#7

benchmar k#7
2110_08. out

rect angul ar
2110_09. out

rect angul ar
2110_10. out

rect angul ar
2110_11. out

rect angul ar
2110_12. out

rect angul ar
2110_13. out

infinite
infinite
critica
critica
critica
critica
critica
paral l el p
paral | el
semi -inf
sem -i nf
paral | el
paral | el
paral | el
paral | el
paral | el

sphere descri bed by k

2110_14. out

cylinder described by

2110_15. out

rect angul ar
2110_16. out

rect angul ar
2110_17. out

rect angul ar
2110_18. out

rect angul ar

NUREG/CR-6483

paral | el
paral | el
paral | el

paral | el

e

e

k-eff

. 0002

. 9930
. 0258
. 0335
. 0291
. 0317
. 0211

. 0010

. 0093

. 0212

. 0194

. 0269
. 0444
. 0316

. 0235
. 0239
. 0188
. 0301
. 0279
. 0244
. 9998
. 0165
. 0172
. 0316
. 0300
. 0357

si gma

. 0034

. 0034
. 0031
. 0032
. 0032
. 0033
. 0035

. 0034
. 0012
. 0035
. 0032

. 0051
. 0054
. 0047

. 0038
. 0057
. 0052
. 0044
. 0050
. 0047
. 0036
. 0046
. 0048
. 0035
. 0034
. 0035
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. 42094E+00

. 57873E+00
. 39187E+01
. 39619E+01
. 36681E+01
. 35295E+01
. 37292E+01

. 50991E+00

. 47248E+01

. 15532E+01

. 42619E+01

. 40351E+01
. 48333E+01
. 73092E+01

. 34928E+01
. 90540E+01
. 02330E+01
. 02497E+01
. 02729E+01
. 02771E+01
. 44609E+00
. 27433E+01
. 91243E+00
. 76177E+00
. 13165E+01
. 06580E+01

xsdr n[

| ambda ]
1. 00709E+00

1. 00112E+00

1. 01055E+00
1. 00486E+00
1. 01617E+00
1. 01669E+00

1. 01852E+00

1. 01999E+00



Validation

Table 31 (continued)

2110_19. out

rectangul ar paralleli 1.0125 . 0034 1.03409E+01
2110_20. out

rectangul ar paralleli 1. 0353 .0034 1.11215E+01
2110_21. out

rectangul ar paralleli 1. 0380 . 0037 1.13667E+01
2110_23. out

rectangul ar paralleli 1. 0357 . 0044 1.03951E+01
2110_24. out

rectangul ar paralleli 1. 0376 . 0034 1.40582E+01
2110_25. out

rectangul ar paralleli 1. 0320 . 0033 1.41790E+01
2110_26. out

rectangul ar paralleli 1. 0327 .0032 1.44461E+01
2110_27. out

rectangul ar paralleli 1. 0308 .0031 1.47105E+01
2110_29. out

cylinder described by 1.0142 . 0032 2.41539E+01
2110_30. out

benchmar k#15a sol n of 1. 01804E+00

sphere descri bed by k 1. 0217 .0047 2.43122E+01
2110_32. out

benchmar k#15b sol n of 1. 01618E+00

sphere descri bed by k 1. 0051 . 0044 2.42763E+01
2110_34. out

sphere descri bed by k . 9990 . 0034 4.45337E+00
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Table 32. Results from Table 3 of

table3.r1

case

title(20 ...

bapl 1. out
bapl 2. out
bapl 3. out

bi g10. out

bi g- 10

flat25. out

bapl -1
baBI-l

bapl - 2
bapl - 2

bapl - 3
bapl - 3

s-16, p-3,

flattop-25

godi va. out

godi va

h2ox1. out

k- cal cé&react

hi 240r . out

hi - 240

j ezb23. out

j ezb23

j ezbel . out

j ezebel

j ezbpu. out

j ezebel

| 7csb. out

| 7-csb

| 8csh. out

L-8CSB

| 9csb. out

L-9CSB

| 10csb. out

| 10csb

| 11csb. out

| 11csb

ornl 1. out

ornl-1

ornl 2. out

ornl-2

ornl 3. out

ornl -3

ornl 4. out

ornl-4

ornl 10. out

ornl-1

pnl 3. out

pnl 3fg

pnl 6b. out

pnl 6f g

pnl 11. out

cyl i nder

trx1. out

trx2. out

uh3ni . out

UH3- N

NUREG/CR-6483

)

s-16, p-
s-16, p-3,

rates f

s- 08/ p-3,

s-16, p-3,
s-16, p-3,
-pu(20.1)

s- 08/ p-3,
s- 08/ p-3,
s- 08/ p-3,
s- 08/ p-3,
s- 08/ p-3,

s- 8,
s- 8,
s- 8,
s- 8,
s- 8,

p- 3,
p- 3,
p- 3,
p- 3,
p- 3,

s- 08/ p-3,
s- 08/ p-3,

descri bed by

s- 16/ p-3,

keno[

* Kk ok ok kx
* Kk ok k x

* Kk ok k k
* Kk ok k x

* Kk ok k kx
* Kk ok ok k x

k-eff

outer
outer

outer
outer

outer
outer

1.0134

* Kk ok k%
* Kk ok k x

* Kk %k k%
* Kk ok k x

outer
outer

outer
outer

si gma

ration

iterati
Iteration

iteration
iteration

iteration
iteration

0016

iteration
iteration

iteration
iteration
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reached
reached

reached
reached

reached
reached

reached
reached

reached
reached

xsdr n[

B R © © © © © B Rk B R R ©O © © Rk Rk Rk R P OF OFR OF

= ©OR ©OpR

| ambda ]

. 00883E+00
. 89130E-01

. 01266E+00
.91187E-01

. 01471E+00
. 93697E-01

. 00153E+00
. 00885E+00
. 00622E+00
. 00869E+00
. 00417E+00
. 64754E-01
. 95579E-01
. 97672E-01
. 01014E+00
. 00664E+00
. 00236E+00
. 01049E+00
. 00095E+00
. 98044E-01
. 97878E-01
. 94922E-01
. 96437E-01
. 95918E-01
. 00057E+00
. 01678E+00

. 01237E+00
. 83880E-01

. 01804E+00
. 89364E-01

. 06144E+00



Table 32 (continued)

Validation

uh3ur . out

UH3- UR s-08/p-3,
zpr 66a. out

zpr- 6/ 6a k-cal cul at
zpr 67. out

zpr-6/7 k-calculatio
zpr 311. out

zpr-3/11 k-cal cul at
zpr312. out

zpr-3/12 k-cal cul at

1.02171E+00
1. 01792E+00
1. 02638E+00
1. 00693E+00
1. 01285E+00
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Validation

Table 33. Results from Table 4 of

tabled4.r1
case
title(20 ...) keno[ k-eff si gma
cas01. out
exp#5, 8.39 cm h2o0 se . 9955 . 0014
cas02. out
exp#017, 5.05 cm h2o/ . 9937 . 0010
cas03. out
exp#28, 6.88 cm h2o/s . 9961 . 0013
cas04. out
exp no. 14 8.58 cm h2 . 9954 . 0015
cas05. out
exp no. 23 7.28 cm h2 . 9973 . 0016
cas06. out
exp no. 31 6.72 cm h2 . 9969 . 0015
cas07. out
urefl. 1.956 cmfrom . 9992 . 0013
cas08. out
pb refl. .660 cmfrom . 9960 . 0013
cas09. out
no refl. 8.31cm h20 s . 9937 . 0014
casl10. out
uraniumrefl. 15.32cm 1.0013 . 0014
casll. out
| ead refl. 20.78cm h2 1.0044 . 0008
casl2. out
2.83cm and 3.60cm sep . 9982 . 0015
casl3. out
2.83cm and 4.94cm sep . 9988 . 0011
casl4. out
ss refl. 0.66 cmfrom . 9947 . 0013
casl5. out
steel refl. 15.84cmh . 9977 . 0016
casl6. out
steel refl. 9.83cmh . 9965 . 0016
casl7. out
steel refl. 8.30cmh . 9983 . 0016
casl18. out
steel refl. 8.94cmh . 9968 . 0011
casl19. out
urefl 1.321 cmfrom . 9965 . 0013
cas20. out
pb refl 0.660 cm from . 9964 . 0014
cas21. out
no refl infinite from . 9901 . 0014
cas22. out
uraniumrefl. 19.24cm . 9946 . 0015
cas23. out
| ead refl. 18.18cm h2 1.0017 . 0016
cas24. out
no refl. 12.91cm h2o0 . 9944 . 0016
cas25. out
1.890 cmpitch lattic 1. 46436E+00
pnl - 4267 exp. 173 40 . 9955 . 0011
cas26. out
1.890 cmpitch lattic
pnl - 4267 exp. 177 40 x . 9965 . 0012
cas27. out
1.715 cmpitch lattic
pnl - 4267 exp. 178 44 . 9925 . 0011
cas28. out
1.715 cmpitch lattic
pnl - 4267 exp. 181 44 . 9927 . 0012
NUREG/CR-6483 62

N N D N D N DN D DN DN DN DN DN DN DN D DN D DN DN DN DNDDN

2

AEG ]

. 35852E+01
. 35386E+01
. 35643E+01
. 33052E+01
. 33144E+01
. 33036E+01
. 28349E+01
. 35565E+01
. 35845E+01
. 22302E+01
. 32732E+01
. 18581E+01
. 18505E+01
. 35284E+01
. 19896E+01
. 19370E+01
. 19118E+01
. 19233E+01
. 19501E+01
. 27882E+01
. 28753E+01
. 13211E+01
. 19703E+01
. 20626E+01

. 20475E+01
. 08970E+01
. 11411E+01

. 00094E+01

xsdr n[

| ambda ]

1. 15187E+00
1. 40635E+00

1. 19608E+00



Validation

Table 33 (continued)

cas29. out

pnl - 4976 4. 3-000-194 . 9945 .0014 1.84847E+01
cas30. out

1.891 cmpitch lattic 1. 46170E+00

flux trap assenbly no . 9944 . 0016 2.16485E+01
cas31. out

1.891 cmpitch lattic 1. 46170E+00

flux trap assenbly no . 9918 .0011 2.16327E+01
cas32. out

baw 1231 core i 936 r . 9884 . 0009 2.06518E+01
cas33. out

baw 1231 core i 4904 . 9915 . 0007 1.99255E+01
cas34. out

baw 1273 core xx . 9915 .0011 2.12156E+01
cas35. out

baw 1484-7 core iv ex . 9892 .0010 2.26317E+01
cas36. out

baw 1484-7 core i x ex . 9864 .0013 2.30638E+01
cas37. out

baw 1484-7 core Xiii . 9946 .0014 2.25886E+01
cas38. out

baw 1484-7 core xxi e . 9861 .0013 2.29260E+01
cas39. out

baw 1645-4 exp, nmt =245 . 9875 .0008 1.92277E+01
cas40. out

baw 1645-4 exp, nt =248 . 9868 .0012 1.98621E+01
cas4l. out

baw 1645-4 exp, nt =250 . 9957 .0011 2. 15404E+01
cas42. out

baw 1810 core 12 - 4. . 9945 .0011 2.16928E+01
cas43. out

baw 1810 core 14 - 4. . 9929 .0010 2.17746E+01
cas44. out

baw 1810 core 16 - 4. . 9923 .0010 2.18106E+01
cas45. out

epri np-196 .615 inch . 9896 .0014 2.22118E+01
cas46. out

epri np-196 .615 inch . 9951 .0012 2.19169E+01
cas47. out

epri np-196 .75 inch . 9925 . 0010 2.33370E+01
cas48. out

epri np-196 .75 inch . 9965 . 0009 2.30243E+01
cas49. out

epri np-196 .87 inch . 9943 . 0013 2.37618E+01
casb50. out

epri np-196 .87 inch . 9957 . 0012 2.36222E+01
casb1. out

saxton uo2 5.742 W% . 9940 .0016 2.19129E+01
casb2. out

saxton uo2 5.742 W% . 9971 .0012 2.34240E+01
casb3. out

wcap- 3269-39, table i 1. 23297E+00

wcap- 3269-39, 2692 fu . 9980 .0009 2.07672E+01
casb4. out

wcap- 3269-39, table v 1. 28040E+00

wcap- 3269-39, 2209 fu . 9965 .0014 2.13992E+01
casb5. out

wcap- 3269-39, 945 fu . 9893 .0010 2.21940E+01
casb6. out

4-18x18 array 5.0cmii . 9967 .0013 2.23420E+01
casb57. out

4-18x18 array 5.0cmii 1. 0051 .0011 2.24672E+01
casb8. out

4-18x18 array 5.0cmii 1.0071 . 0013 2.25353E+01
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Table 33 (continued)

casb59. out

4-18x18 array 5.0cmii . 9942 .0012 2.25420E+01
cas60. out

epri .70inch pitch un . 9985 .0014 2.11025E+01
cas61. out

epri .70inch pitch bo . 9946 . 0013 2.06714E+01
cas62. out

epri .87inch pitch un 1. 0037 . 0010 2.26164E+01
cas63. out

epri .87inch pitch bo 1. 0068 .0012 2.20748E+01
cas64. out

epri .99inch pitch un 1. 0053 . 0014 2.30803E+01
cas65. out

epri .99inch pitch bo 1. 0069 . 0009 2.26803E+01
cas66. out

saxton puo2-uo2 criti 1.0013 .0012 2.03420E+01
cas67. out

saxton puo2-uo2 criti 1. 0041 .0017 2.10532E+01
cas68. out

saxton puo2-uo2 criti 1. 0040 . 0016 2.08000E+01
cas69. out

saxton puo2-uo2 criti 1. 0068 . 0018 2.25817E+01
cas70. out

saxton puo2-uo2 criti 1.0011 . 0017 2.28420E+01
cas71. out

saxton puo2-uo2 criti 1. 0068 .0017 2.34692E+01
cas72. out

pnl 4976 expl96 1174 u . 9724 .0012 1.81477E+01
cas73. out

exp.no 021(063) pitch 1. 47451E+00

exp. no 021(063) pitch 1.0081 . 0010 2.02083E+01
cas74. out

exp.no 032(060) pitch 1. 48052E+00

exp. no 032(060) pitch 1.0102 . 0015 2.32637E+01
cas75. out

exp.no 043(062) pitch 1. 54278E+00

exp. no 043(062) pitch 1.0098 .0011 2.18680E+01
cas76. out

exp.no 067 pitch=0.76 1. 55675E+00

exp. no 067 pitch=0.76 1. 0052 . 0010 1.85580E+01
cas77. out

exp.no 68r pitch=1.53 1. 54120E+00

exp. no 68r pitch=1.5 1.0089 .0016 2.27021E+01
cas78. out

rocky flats criticals 1.0138 .0011 2.13553E+01
cas79. out

rocky flats criticals 1. 0061 .0011 2.15561E+01
cas80. out

rocky flats criticals 1. 0067 .0011 1.91766E+01
cas81. out

rocky flats criticals 1.0138 .0011 2.18363E+01
cas82. out

raffety and mal hal czo . 9963 . 0013 2.30359E+01
cas83. out

raffety and mal hal czo . 9968 . 0013 2.36786E+01
cas84. out

raffety and mal hal czo 1. 0065 . 0015 2.22080E+01
cas85. out

raf fety and mal hal czo 1. 0078 . 0013 2.17704E+01
cas86. out

uo2f2 sol n h/u-235=11 1.0064 . 0015 2.49362E+01
cas87. out

uo2f2 sol n h/u-235=12 1.0030 . 0013 2.49949E+01
cas88. out

rocky flats uo2(no3)2 1.0121 . 0021 2.36089E+01
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Table 33 (continued)

cas89. out

rocky flats uo2(no3)2 1. 0067 . 0021 2.20264E+01
cas90. out

4.89% uo2f2 20 in dia . 9865 .0015 2.42842E+01
cas91. out

4.89% uo2f2 20x20 in 1.0076 .0011 2.43966E+01
cas92. out

4.89% uo2f2 20 in dia . 9976 . 0009 2.47334E+01
cas93. out

ttc-5 pnl-6838 1264 f . 9000 .0017 2.18215E+01
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Table 34. Statistical estimates for grouped data

Total Lower Lower 95%
No. of Mean Standard | Minimum Maximu Sample standard 95% bound on
Grouping observations Ko deviation value m value variance deviation bound 99.9%
[Table 23] 39 0.9926 | 82977-3 | 0.9672 1.0085 | 8.8562-6 | 8.8914-3 0.9765 0.9583
[rable 24 14 1.0050 5.9088-3 0.9969 1.0159 7.8628-6 6.7114-3 0.9908 0.9733
frable 25 49 1.0013 7.8934-3 0.9839 1.0137 8.4347-6 8.1328-3 0.9856 0.9694
frable 26 43 1.0073 8.6190-3 0.9925 1.0370 1.4929-5 9.4963-3 0.9907 0.9710
Table 27 91 1.0031 1.7045-2 0.9731 1.0577 1.4541-5 1.7368-2 0.9731 0.9408
able 27 17 1.0044 6.5559-3 0.9945 1.0149 9.9929-6 7.1367-3 0.9904 0.9711
Low AEG
able 27 74 1.0029 1.8663-2 0.9731 1.0577 1.5586-5 1.4107-2 0.9787 0.9336
High AEG
frable 28 23 0.9966 4.3776-3 0.9875 1.0051 3.7452-6 4.3785-3 0.9875 0.9762
Table 29 91 1.0168 2.2988-2 0.9629 1.0917 1.4904-5 2.0417-2 0.9811 0.9337
able 29 10 0.9773 7.6619-3 0.9629 0.9900 1.0205-5 7.4151-3 0.9598 0.9311
Low AEG
able 29 8l 1.0217 1.9213-2 0.9785 1.0917 1.5484-5 1.6814-2 0.9925 0.9511
High AEG
[Table 30 77 1.0109 1.2296-2 0.9824 1.0577 1.5233-5 1.2569-2 0.9891 0.9643
able31 38 1.0227 1.2683-2 0.9930 1.0444 1.5381-5 1.3074-2 0.9995 0.9708
able 33 92 0.9980 7.2006-3 0.9724 1.0138 1.7240-6 7.2496-3 0.9854 0.9720
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linear uniform-width band that encompasses the 95% confidence band for a single future calculation may be interpreted
as the ky value that, for a critical system similar to those validated, one would calculate above for a single future
estimate of kg at 95% confidence. Any calculated kg above this band is considered critical. The values of kg
represented by the 95% confidence closed-interval, uniform-width, lower tolerance band on 99.9% proportion of the
population band may be interpreted as the ky; value that, for a critical system similar to those validated, one would
expect to calculate above for 99.9% of the estimates of ky at 95% confidence. Any calculated kg below this band is
considered to bdong to the group of systems that is subcritical. The lower-tolerance band is taken to be the subcritical
acceptance criteria for k.  The difference between the two confidence bands is taken to be the margin of calculated
subcriticality. With the exception of [Fig. 14 (T able 28 results) and Fig. 20 (Table 33 results), this margin isin excess
of 0.02 Ak. The margins for and P0lare 0.015 and 0.018 Ak, respectively.

The broad range of AEG for which there are no observations causes the lower-tolerance band to be especially low for
the results presented in [Fig. 11 (Table 27 results). and [13 are based on the same results subdivided into low
AEG (fast systems) and high AEG (thermal systems). There appears to be a strong trend in the high AEG cases
presented in[Fig. 13 Figure 18 (Table 30 results) includes experiments from both and 27, except that the
highly thermalized systems have been omitted. There does not appear to bea strong trend in these results and the lower-
tolerance band does not appear overly restrictive. Subdividing the experiments into groups by AEG or filtering
experiments for a specific application are both means of restricting the validation results to specific applications. In
doing so, amorerealistic subcritical kg acceptance criteria is obtained.

The results presented in Fig. 15 (Table 29 results) for 22U systems show a strong trend as a function of AEG. The
subcritical acceptance criteria is below 0.90 for fast systems and as high as 0.94 for the thermal systems. This low
subcritical acceptance criteriais dueto both thelarge range of AEG for which there are no observations and the strong
trends in the resuilts, and [L7 present the same results divided into low AEG and high AEG. The subcritical
acceptance criteria for the low AEG cases is improved, but not to a great extent, because of the small humber of
observations. The high AEG cases show alarge spread in calculated results with a trend that has a negative slope. The
large spread in kg and the presence of significant trends in the 22U results suggests a deficiency in the 27-group
ENDF/B-IV #U cross sections. Thereversal of the slope as a function of AEG when only the high AEG experiments
are considered (as compared to the full range of AEG) is similar to that seen for the 2°U results presented in
and fL3 This type of trend may suggest a deficiency in the hydrogen cross sections, which is the most significant
moderator in these cases.

The results for the °Pu systems are presented in Fig. 19 (Table 30 results). An unusual characteristic of the
experiments that make up this group is that there are experiments across the full range of AEG. There appears to be
anonlinear trend which is characterized by low k4 at low AEG with a positive bias in the intermediate AEG range and
anegative dope as a function of AEG at high AEG. This type of nonlinear trend is suggested in both the 22U and %°U
results, but cannot be substantiated because of the lack of experiments which yidd an AEG in the intermediate range.
The subcritical acceptance criteria predicted by the statistical treatment appears realistically acceptable.

The results of the statistical analysis presented in in which the data were treated as a single group may be
compared to those presented in [Figs. 7 through 20. When there is an absence of trends and when the range of AEG has
been adequately sampled, the results compare well. For example, results indicate a lower 95% confidence
on 99.9% proportion of the population of 0.958 when treated as a single group and indicates a range of
subcritical acceptance criteria from about 0.948 to 0.952. This indicates that either method ( treating the results as a
single group or considering the results as a function of AEG) will yidd a realistic subcritical acceptance criteria which
may be used to establish the safety of a system. On the other hand, when there are trends in the data and/or large ranges
of AEG which have not been sampled, theresults from treating thedataasa singlegroup are significantly less
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conservative than when these trends and lack of data are taken into account. An example is the result presented in
for the experiments which indicate that a kg = 0.933 for 95% confidence on 99.9% proportion of
the population as compared to which indicates a range of subcritical kg of about 0.895 to 0.94.

4.5 CONCLUSIONS

A broad range of 22U, ?°U, and ?°Pu critical systems have been validated using KENO V.a in SCALE-4. The
CSAS25 criticality sequence and the SCALE 27-group library were utilized. The results indicate that for low-enriched
U systems thereis an average bias that ranges from approximatdy -0.01 to +0.01 Ak depending on the systems being
analyzed. The results for highly enriched 2°U systems indicate an average bias ranging from -0.02 to +.025 Ak
depending onthesystem being analyzed. Theresults for 2°U systems indicate an average bias ranging from -0.02
to +0.045 Ak and for Z°Pu systems, a range of approximately +0.01 to +0.035 Ak, depending on the system being
analyzed with many individual systems calculating nearly unbiased.

A datigtical analysis of the validation results was performed where the AEG was used as the independent variable. The
results of this analysis are presented graphically in Figs. 7 through 20. In each of these figures the 95% confidence
band for a single future calculation (of systems similar to those analyzed) and the 95% confidence closed-interval,
uniform width, lower tolerance band on 99.9% proportion of the population are presented. The lower confidence band
presented in Figures 7 through 20 may be safely used as the subcritical ky; acceptance criteria for systems similar to
those validated. The margin of subcriticality for each group of experiments is defined as the difference between the two
tolerance bands presented.
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APPENDIX A

VERIFICATION/VALIDATION INPUT

In order for usersto perform the verification and/or validation described in this report, the input files for the problems
must be available. This appendix contains two tables that correlate input files with the results presented in this

document. provides information on the verification problems; does likewise for the validation
problems. Users should refer to the SCALE homepage on the World Wide Web which can be accessed from

http://mwww.cad.ornl.gov for additional information on accessing these input files.
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Table A.1 Input files for SCALE criticality safety code verification

File Names Description

INSTALL/
BONAMI.INP
NITAWL.INP
XSDRN.INP
ICE.INP
CSAS25.INP
KENOVA.INP

FUNCTION/
VERBONL.INP
NITAWLC.INP
K5CSASI.1ST
K5CASE1H.INP
K5CASE1I.INP
K5CASE10.INP
K5CASE2H.INP
K5CASE2I.INP
K5CASE20.INP
K5CASE3H.INP
K5CASE3I.INP
K5CASE3O.INP
K5CASE4H.INP
K5CASE4I.INP
K5CASE40O.INP
K5INTRS.INP
K5SHAPE.INP

FUNCTION/1GROUP
K5START.INP
K5PLOTS.INP
KENO.INP
KENOX.INP
KENOL.INP
KENO1X.INP
KENOW.INP
KENOWX.INP
KENOW?2.INP
KENOW2X.INP
KENOA.INP

FUNCTION/2GROUP
KENOZ2.INP
KENO2X.INP
KENO2Z.INP
KENO2ZX.INP
REFL1.INP
REFL1X.INP
REFL2.INP
REFL2X.INP
REFL5.INP
REFL5X.INP

NUREG/CR-6483

BONAMI Sample Problems
NITAWL Sample Problems
XSDRNPM Sample Problems
ICE Sample Problems
CSAS25 Sample Problems
KENOVA Sample Problems

AWL, BONAMI, NITAWL:iTableS6-12i
NITAWL Cases for Tables 13-16

Cross Sections for Cases

KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.a Hole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for [Tab
KENOV.aHole Inter. Case for Tab
KENOV.a Hole Inter. Case for Tab

KENOQV .a Start Opt Cases for
KENOQV.a Geom. Orient. Cases for
KENOV .a Cases for [Table 24

XSDRN Cases for iable ZQ
KENOQV .a Cases for [Table 2Q

XSDRN Cases for [Table 2Q
KENQV.a Casefor [Table 2
XSDRN Case for [Table 2
KENQV.a Casefor [Table 2
XSDRN Case for
KENOQV .a Case for

- N
- -

KENOV.a 2 Gp Case for [Table 21
XSDRN 2 Gp Casefor [Table 2
KENOV.a2 Gp Casefor [Table 2
XSDRN 2 Gp Casefor [Table 2
KENOV.a2 Gp Casefor [Table 2
XSDRN 2 Gp Casefor [Table 2
KENOV.a2 Gp Casefor [Table 2
XSDRN 2 Gp Casefor [Table 2
KENOV.a2 Gp Casefor [Table 2
XSDRN 2 Gp Casesfor [Table 2
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IAIXKO.INP
IAIXK1.INP
IAIXK2.INP
IAIXK3.INP
IA2XK3.INP
IA3XKO.INP
IA3XK1.INP
IA3XK2.INP
IA3XK3.INP
IA4XKO.INP
IAAXK1.INP
IA4XK2.INP
IA4XK3.INP
IB1IXKO.INP
IBIXK1.INP
IBIXK2.INP
IBIXK3.INP
IB3XK3.INP
IC1XKO.INP
ICIXK1.INP
ICIXK2.INP
ICIXK3.INP
IC3XK3.INP
ITAIXKO.INP
ITALXKI1.INP
INAIXK2.INP
INAIXK3.INP
IA3XK3.INP
[1BIXKO.INP
IIBIXK1.INP
[IBIXK2.INP
[IBIXKS3.INP
[IB3XK3.INP
[IC1IXKO.INP
[ICIXK1.INP
[ICIXK2.INP
[ICIXK3.INP
[IC3XK3.INP

File Names

FUNCTION/4GROUP

DESCRIPTION

XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for
XSDRN/KENO 4 Gp Case for [Table 22
XSDRN/KENO 4 Gp Case for [Table 22
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Casefor
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl
XSDRN/KENO 4 Gp Case for [Tabl

RIFRRERRRIRRRE

o ||D
NN
AN AN

@ ||D ||D
NIINIIN
DNINIIN

D ||D ||D
N |INIIN
NN

&
D
N
AN

RIRRRRRRRRRRREE
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Table A.2 Input files for SCALE criticality safety code validation

File Names

TM238/LOWENR
CAAXX.INP
CABxx.INP
CARxx.INP
CASxx.INP

TM238/HGHENR
CAAXX.INP
CASxx.INP
CAEXxx.INP

TM12374/APPNDXC
111 xx.INP
114 xx.INP
1211 xx.INP
1250 xx.INP
1727 xx.INP
MOD_111 .INP

TM12374/APPNDXD
CAA_xx.INP
CAS xx.INP

TM12374/APPNDXE
1727 _xx.INP
2109 xx.INP
2110 xx.INP

TM12460/
BAPLX.INP
BIG10.INP
FLAT25.INP
GODIVA.INP
H20X1.INP
HI240R.INP
JEZBxx.INP
LxxCSB.INP
ORNLX.INP
PNLxx.INP
TRXX.INP
UH3xx.INP
ZPRxx.INP
CASxx.INP

Description

CSAS25 |owen U Cases for
CSAS25 |owen U Cases for
CSAS25 |owen U Cases for

Tabl
Tabl
Tabl
CSAS25 lowen #°U Cases for [Tabl

||n

)
N
45|

o [
INPN

)
N
451

CSAS25 highe U Cases for [Tab
CSAS25 highe U Cases for [Tab
CSAS25 highe U Cases for [Tab

CSAS25 **U Cases for [Table 29
CSAS25 2 Cases for [Table 29
CSAS25 28 Cases for
CSAS25 28 Cases for
CSAS25 28 Cases for
CSAS25 28U Case for

8|8

D
W
()

CSAS25 U Cases for [Tabl
CSAS25 U Cases for [Tabl

D
W
()

CSAS #°Py Cases for [Tab
CSAS #°Py Cases for [Tab
CSAS #°Py Cases for [Tab

CSAS/XSDRN Casesfor [Table 3
CSAS/XSDRN Case for
CSAS/XSDRN Case for
CSAS/XSDRN Case for
CSAS/XSDRN Case for
CSAS/XSDRN Case for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS/XSDRN Cases for
CSAS LWR Cases for [Tal

N

DD || ||D

&

D
wilw
AN

D ||D || ||D
[08]|[98]|[98]|[¢N]
ASLHIASIINS ]I

o

D

w&%&
DD |l
WIWIIW
IN LN UL
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APPENDIX B

UTILITY CODE LISTINGS

This appendix contains a listing of four computer programs (READM, READA, READA4, and READKD5) that process
outputs to produce some of the tables printed in this report. These programs are not operable on Personal Computers;
they werewritten to process output from the workstations. In addition to these four programs, a listing of two scripts
used to run the problems are included in this appendix.

The following is a list of the computer program READM used to process outputs from the XSDRN and KENO
programs.

cwej
c This program scans the file list in the INDEX file for certain
c keno and xsdrn output. The findings are edited into severa
c output files.
cwej
c
c '"INDEX has a list of output files that are to be scanned
c (max length filename = 12).
c
wite(*,’(1x,a\)’) "enter the index file name --->
read(*,’ (a)’) index
c
¢ 'RESULTS contains an edit of the casenane, title, and keno or xsdrn
c results only if a string is found to contain a search string
c
wite(*,’(1x,a\)’) "enter the results file name --->
read(*,’ (a)’) results
c
c 'PLOTS contains an edit of the keno k-eff by generation skipped
c this option generates a | arge amount of output and has been di ssabl ed
c wite(*,’(1x,a\)’) "enter the plots file nane --->
c read(*,’ (a)’) plots
c wite(*,’(1x,a\)’) "enter the plot table # --->
c read(*,’ (il)") ipt
c
c
c read STATS output file name
c
wite(*,’(1x,a\)’) 'enter the stats file nane --->
read(*,’ (a)’) stats
grps = '’
is =0
if(stats.ne.” ') then
c read # of groups inlib
wite(*,'(1x,a\)’) "enter # of groups inlib --->
read(*,’ (a)’') grps
1 if(grps(1:1).eq.’” ') then
grps = grps(2:)
goto 1
end if
is =1

program readm

character iline*132,iline0*132,icase*12, aeg*11, keff*6, si gma*6
character index*12,results*40, plots*40,title*21,|anbda*11
character stats*12,error*36,1ib*3,grps*3

| ogical iflag

integer ipt*1

open(11,fil e=stats)
write(1l,1000) stats
write(11,1001)

83
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1000 format (t2,a,’ statistical analysis input data')
1001 format (t2,70.999 0.95 0.95 #of _obs 0.0 0.0 -1")
end if

open(7,file=index)
open(8,file=results)
wite(8,’(1x,a,/)’) results
write(8,2000)
2000 format(5x,’'case’,/,t11, title(20 ...)",2x, " keno[’, 2x, ' k-eff’, 4x
* 'sigma',5x,  AEG ,4x,']’,2x,'xsdrn[’,3x, lanbda’,2x,']",/)
open(9,file=plots)
wite(9,’(1x,a,/)’) plots

ik and ix are counters to help in editing files with nultiple outputs.

i k
i X 0
c outer control |oop
10 continue
read(7,’ (
ilib
title
aeg
kef f
si gma
| anmbda
iline
iline0
error
wite(*,’(1x,a)’) icase
i nqui re(file=icase, exist=iflag)
if(iflag) then
wite(8,’(1x,a)’) icase
open( 10, fil e=icase, err=41)
20 iline0 = iline
read(10,’ (a)’,end=42) iline
¢ check for xsdrn stuff
if(iline(21:26).eq.’ lanbda’) then

0

al2)’,end=40) icase
0

c we found sone xsdrn stuff
| ambda = iline(29:39)
c now get the title
read(10,’ (a)’) iline
c check iteration limt
if(iline(10:14).eq. outer’) then
error = iline(3:39)

wite(*,'(1x,a)’) error
read(10,’ (a)’) iline

end if
read(10,’ (a)’) iline
title = iline(24:44)

c go ahead and print it and skip the counter check
wite(8,’(t8,a,t30,a,t69,a)’) title,error,|lanbda
title =""
error ="'
| ambda ="’
goto 20

end if
c check for keno stuff
c set ilib flag to 1 if # of groups is GRPS
if(iline(20:42).eq.’ nunber of energy groups’) then
lib = iline(56: 58)
2 if(lib(1l:1).eq.” ') then
lib = I|b(2 )
goto 2
end if
if(lib.eqg.grps) ilib =
i
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if(iline(52:72).eq. average fission group’) then
aeg=iline(77:87)

we found sone stuff from NUB=YES in keno
goto 20
end if
if(iline(62:67).eq.’ ion sk’) then
we found ' THE ANSVWER in keno
title = iline0(28:48)
wite(9,’(//,t50,a,i1,a,a,a,/)’) "Table ",ipt,” ( ',
* icase(1:5),’
wite(9,’(a)’) iline0(2:133)
wite(9,’(a)’) iline(2:133)
read(10,’ (a)’) iline
keff = iline(35:40)
sigma = iline(50:55)
wite(9,’(a)’) iline(2:133)
do 25 i=1,101
read(10,’ (a)’) iline
wite(9,’(a)’) iline(2:133)
25 conti nue
go ahead and print it
wite(8,'(t8,a,t32,a,t41,a,t49,a)’)
* title, keff, sigma, aeg
wite out file for statistical analysis if ilib is set
if(ilib.eqg.1) then
i k =ik +1
if(is.eq.1) wite(1l1,’ (1x, a, 4x,a, 1x,a)’) aeg, keff, sigm
title ="
keff ="
sigm = '’
aeg ="'
ilib =0
end if
end if
goto 20
end if
goto 10
41 wite(*,’ (1x,a)’) 'file not found
goto 10
42 wite(*,’ (1x,a)’) 'EOF in output
cl ose(10)
goto 10
40 wite(*,’ (1x,a)’) 'EOF in index
cl ose(8)
cl ose(9)
cl ose(10)
if(is.eq.1) then
write(11,1002) ik
1002 format (/,t2," #of _obs = "',i3)
cl ose(11)
end if
stop 40
end
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Thefalowing isalist of the computer program READA used to process output from X SDRN and KENO programs
for 1- and 2-group cases.

program r eada
character iline*132,icase*8,icasex*12,icasel*12, keff*6, si gna*6
character index*12,resul ts*40,title*21,|anbda*11
character error*36,|ib*3, grps*3
| ogical iflag
integer ipt*1,isct(20),sct(20)
di mensi on rl anbda(20), abs(20), rl eak(20),
* rkeff(20), dev(20), abs1(20), rl eakl(20)

cwej
c This program scans the file list in the INDEX file for certain
c keno and xsdrn output specific to the conparison of the analytic
c benchmarks. The findings are edited into an
c output files.
cwej
c
c '"INDEX has a list of output files that are to be scanned
c (max length filename = 8).
c
wite(*,’(1x,a\)’) "enter the index file nanme --->
read(*,’ (a)’) index
c
¢ 'RESULTS contains an edit of the casenane, title, and keno or xsdrn
c results only if a string is found to contain a search string
c
wite(*,’(1x,a\)’) "enter the results file name --->
read(*,’ (a)’) results
grps =’
c read # of groups inlib
wite(*,’(1x,a\)’) "enter # of groups inlib --->

read(*,’ (i3)') igrp

open(7,file=index)

open(8,file=results)

wite(8,’(1x,a,/)’) results

write(8,1000)
1000 format (5x,t20,’ XSDRN ,t63,’ KENO , /,

* t1,"Case’,t9,’ I SCT",t14,’ Lanbda’,t 22, Absorption’,t36,’ Leakage’

*t46,’ Case’ ,t52," SCT" ,t57, ' K-eff’,t65, dev',t75," Absl’',t83,’ Leakl’

*t92, ' Deviation*',t105,' Fract.**' ,t117, fract.***' [

*t 104, Abs. Dev.’',t116,' Leak Dev.')

(9]

outer control |oop
10 continue
read(7,’ (a8)’',end=40) icase
c ik and ix are counters to help in editing files with nultiple outputs.

ik

i X

do 11 i=1, 20
isct(i)
rlanmbda(i)
abs(i)
rleak(i)
sct(i)
rkeff(i)
dev(i)
abs1(i)
rleakl(i)

11 conti nue
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Cc
Cc
Cc
Cc

| ambda T
iline T
iline0
wite(*,'(1x,a)’) icase

this program assunes that the icase is an extensionless file name
and that the actual file nane is icasex.out for xsdrn output

and icase.out for keno output
read xsdrn stuff first

il =8
do 15 i =1,8
if(icase(i:i).eq.” ") il =il -1
15 conti nue
i casex = icase(1l:il)//’ x.out

wite(*,’(1x,a)’) icasex
i nqui re(file=icasex, exist=iflag)
if(iflag) then
open( 10, fil e=i casex, err=41)
20 iline0 = iline
read(10,’ (a)’,end=42) iline
check for xsdrn stuff
if(iline(52:55).eq."isct’) then
we found sone xsdrn stuff
ix =ix +1
read(iline, 100) isct(ix)
end if
100 format (t92,i 2)
if(iline(21:26).eq.’ lanbda’) then
we found | anbda
read(iline, 101) rlanbda(i x)
101 format (t28,f12.0)
| ambda = iline(29:39)
now get the title
read(10,’ (a)’) iline
check iteration limt
if(iline(10:14).eq. outer’) then
error = iline(3:39)
wite(*,'(1x,a)’) error
read(10,’ (a)’) iline

end if

read(10,’ (a)’) iline

title = iline(24:44)
end if

check for systemtotals
if(iline(2:19).eq.’ fine group summary') then
do 16 i=1,igrp+2
16 read(10,’ (a)’) iline
get the system absorbtions and | eakage
read(iline, 102) abs(ix),rleak(ix)

102 format (t73,f12.0,t86,f12.0)
i f(ix.eq.20) stop
end if
goto 20
end if
42 conti nue
cl ose(10)
at the end of the xsdrn file. now get the keno stuff
icasel = icase(1l:il)//’.out ’

wite(*,'(1x,a)’) icasel
i nqui re(file=icasel, exist=iflag)
if(iflag) then
open( 10, fil e=i casel, err=41)
30 iline0 = iline
read(10,’ (a)’',end=43) iline
check for keno stuff
if(iline(43:62).eq. nunber of scattering’) then
we found SCT
ik =ik +1
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read(iline, 200) sct(ik)
200 format (t73,i2)
end if
if(iline(62:67).eq.’ ion sk’) then
c we found ' THE ANSWER in keno
read(10,’ (a)’) iline
read(iline, 201) rkeff(ik),dev(ik)

201 format (t35,f6.0,t50,f6.0)
end if
if(iline(2:15).eq. systemtotal =) then
c we found the systemtotals. read absl and rleakl
read(iline, 202) absi1(ik), rleakl(ik)
202 format (t61,f12.0,t90,f12.0)
end if
if(ik.eq.10) stop
goto 30
end if
43 conti nue
c we have all the keno and xsdrn stuff for icase. now print it
ic = max(ix,ik)
do 50 i=1,ic
if(isct(i).eq.mx(0,2*sct(i)-1) .and
* ix.ne.0 .and. ic.ne.0) then
c isct and sct are equa

i f(dev(i)*abs(i)*rleak(i).eq.0.) goto 99
if(i.eq.1) then
write(8,2000) (icase(1:il)//’x //icase(il+1:8)),
isct(i),rlanbda(i),abs(i), rleak(i),
i case,sct(i),rkeff(i),dev(i),abs1(i),rleakl(i),
(rkeff(i)-1.)/dev(i), (absl(i)-abs(i))/abs(i),
(rleakl(i)-rleak(i))/rleak(i)
2000 format(tl1,a8,t9,i2,t13,f8.6,t22,f9.6,t35,f9.6
t46,a8,t53,i2,t57,f6.4,t64,f5.4,t71,f9.6,t80,f9.6
1

* ok X F

* 193,f7.4,t104,1f8.5,t116,8.5)
el se
write(8,2001) isct(i),rlanbda(i),abs(i),rleak(i),
* sct(i),rkeff(i),dev(i),absl(i),rleakl(i),
* (rkeff(i)-1.)/dev(i), (absl(i)-abs(i))/abs(i),
* I

(rleakl(i)-rleak(i))/rleak(i)
2001 formmt(t9,i2,t13,f8.6,t22,f9.6,t35,f9.6
* t53,i2,t57,f6.4,t64,f5.4,t71,f9.6,t80,f9.6
* 193,f7.4,t104,1f8.5,t116,8.5)
end if
el se
if(i.le.ix .and. i.le.ik) then
write(8,2002) (icase(1:il)//’x //icase(il+1:8)),
* isct(i),rlanmbda(i), abs(i)
2002 formmt(t1,a8,t9,i2,t13,f8.6,t22,f9.6,t35,f9.6)
write(8,2003) icase,sct(i),rkeff(i),
* dev(i),abs1(i),rleakl(i), (rkeff(i)-21.)/dev(i)
2003 formmt(t46,a8,t53,i2,t57,16.4,t64,f5.4,t71,f9.6,t80,f9.6
* t93,f7.4)
el se
if (i.le.ix)
* write(8,2002) (icase(1:il)//’x //icase(il+1:8)),
* isct(i),rlanmbda(i),abs(i), rleak(i)
if (i.le.ik) wite(8,2003) icase,sct(i),rkeff(i),
* dev(i),abs1(i),rleakl(i), (rkeff(i)-21.)/dev(i)
end if
end if
50 conti nue
goto 10
99 write(8,2000) icase,isct(i),rlanbda(i),abs(i), rleak(i),
* sct(i),rkeff(i),dev(i),absl(i),rleakl(i),(rkeff(i)-1.)/dev(i)
goto 10
41 wite(*,’ (1x,a)’) 'file not found
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goto 10
40 wite(*,’ (1x,a)’) "EOF in index’
cl ose(8)
cl ose(9)
cl ose(10)
stop 40
end
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Thefdlowingisalist of the computer program READA4 (amodified version of READA) used to process output from
XSDRN and KENO programs for the 4-group case.

program reada4

character iline*132,icase*8,icasel*12, keff*6, si gna*6
character index*12,resul ts*40,title*21,|anbda*11
character error*36,|ib*3, grps*3

| ogical iflag

integer ipt*1,isct(20),sct(20)

di mensi on rl anbda(20), abs(20), rl eak(20),
* rkeff(20), dev(20), abs1(20), rl eakl(20)

cwej
c This program scans the file list in the INDEX file for certain
c keno and xsdrn output specific to the conparison of the 4 group
c anal ytic benchmarks. The findings are edited into an
c output files.
cwej
c
c '"INDEX has a list of output files that are to be scanned
c (max length filename = 12).
c
wite(*,’(1x,a\)’) "enter the index file nanme --->
read(*,’ (a)’) index
c
¢ 'RESULTS contains an edit of the casenane, title, and keno or xsdrn
c results only if a string is found to contain a search string
c
wite(*,’(1x,a\)’) "enter the results file name --->
read(*,’ (a)’) results
grps =’
c read # of groups inlib
wite(*,’(1x,a\)’) "enter # of groups inlib --->

read(*,’ (i3)') igrp

open(7,file=index)

open(8,file=results)

wite(8,’(1x,a,/)’) results

write(8,1000)
1000 format (5x,t20,’ XSDRN ,t63,’ KENO , /,

* t1,"Case’,t9,’ I SCT",t14,’ Lanbda’,t 22, Absorption’,t36,’ Leakage’

* t52," SCT",t57,  K-eff’,t65,  dev’,t75," Absl’',t83,’ Leakl’

* t92,’ Deviation*',t105,' Fract.**' ,t117, fract.***’ [

* 1104,' Abs. Dev.’,1116,’ Leak Dev.’)

(9]

outer control |oop
10 continue
read(7,’ (a8)’',end=40) icase
c ik and ix are counters to help in editing files with nultiple outputs.

ik

i X

do 11 i=1, 20
isct(i)
rlanmbda(i)
abs(i)
rleak(i)
sct(i)
rkeff(i)
dev(i)
abs1(i)
rleakl(i)

11 conti nue

L I 1 VR 1 I A
[eNeololololoNoNoNe]

0

QD

o —

« .
o n

NUREG/CR-6483 90



Cc
Cc
Cc
Cc

this program assunes that the icase is an extensionless file name
nd that the actual file nane is icase.out with one xsdrn and

a
(0]
r

15

20

che

100

101

16

102

42
30

200

| anbda T
iline T
iline0
wite(*,'(1x,a)")

ne keno out put
ead xsdrn stuff first
il =8
do 15i =1,8
if(icase(i:i).eq.
conti nue

case

oy il =l -1

icasel = icase(1l:il)//’ .out ’

wite(*,” (1x,a)")

casel

i nqui re(file=icasel, exist=iflag)

if(iflag) then

open( 10, fil e=icasel, err=41)

ilineO = iline

read(10,’ (a)’,end=42) iline

ck for xsdrn stuff

if(iline(52:55).eq."isct’) then

we found some xsdrn st
ix =ix +1
read(iline, 100)
end if

format (t92,i 2)

uf f

i sct(ix)

if(iline(21:26).eq.’ lanbda’) then

we found | anbda
read(iline, 101)
format (t28,f12

rl anmbda(i x)
0)

| ambda = iline(29:39)

now get the title
read(10,’ (a)’)

check iteration limt
if(iline(l0:14)

iline

.eqg.’'outer’) then

error = iline(3:39)

wite(*,’ (1x,

a)’) error

read(10,’ (a)’) iline

end if
read(10,’ (a)’) iline
title = iline(24:44)

end if

check for systemtotals

if(iline(2:30).eq. fine group summary for system) then

do 16 i=1,igrp+2
read(10,’ (a)’) iline

get the system absor bt
read(iline, 102)
format (t73,f12
goto 42
end if
goto 20
conti nue

at the end of the xsdrn info

ilineO = iline

i ons and | eakage
abs(ix), rleak(ix)
0,t86,f12.0)

read(10,’ (a)',end=43) iline

check for keno stuff

if(iline(43:62).eq. nunber of scattering’) then

we found SCT
ik =ik +1
read(iline, 200)
format (t73,i2)
end if

sct (i k)

if(iline(62:67).eq.’ ion sk’) then

we found ' THE ANSWER
read(10,’ (a)’)
read(iline, 201)

in keno
iline
rkeff(ik),dev(ik)

now get the keno stuff

91
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201 format (t35,f6.0,t50,f6.0)
end if
if(iline(2:15).eq. systemtotal =) then
c we found the systemtotals. read absl and rleakl
read(iline, 202) absi1(ik), rleakl(ik)
202 format (t61,f12.0,t90,f12.0)
end if
if(ik.eq.10) stop
goto 30
end if
43 conti nue
c we have all the keno and xsdrn stuff for icase. now print it

ic = max(ix,ik)

do 50 i=1,ic
if(isct(i).eq.max(0,2*sct(i)-1) .and
* ix.ne.0 .and. ic.ne.0) then
c isct and sct are equa

i f(dev(i)*abs(i)*rleak(i).eq.0.) goto 99
if(i.eq.1) then
write(8,2000) icase
* isct(i),rlanmbda(i),abs(i), rleak(i),
* sct(i),rkeff(i),dev(i),absl(i),rleakl(i),
* (rkeff(i)-rlanbda(i))/dev(i), (absl(i)-abs(i))/abs(i),
* (rleakl(i)-rleak(i))/rleak(i)
2000 formmt(t1,a8,t9,i2,t13,f8.6,t22,f9.6,t35,f9.6
* t53,i2,t57,f6.4,t64,f5.4,t71,f9.6,t80,f9.6
* t93,f7.4,t1104,f8.5,t116,f8.5)
el se
write(8,2001) isct(i),rlanbda(i),abs(i),rleak(i),
* sct(i),rkeff(i),dev(i),absl(i),rleakl(i),
* (rkeff(i)-rlanbda(i))/dev(i), (absl(i)-abs(i))/abs(i),
* (rleakl(i)-rleak(i))/rleak(i)
2001 formmt(t9,i2,t13,f8.6,t22,f9.6,t35,f9.6
* t53,i2,t57,f6.4,t64,f5.4,t71,f9.6,t80,f9.6
* 193,f7.4,t104,1f8.5,t116,8.5)
end if
el se
if(ix.gt.ik) then
write(8,2002) icase
* isct(i),rlanmbda(i),abs(i), rleak(i)
2002 formmt(t1,a8,t9,i2,t13,f8.6,t22,f9.6,t35,f9.6)
el se
write(8,2003) icase,sct(i),rkeff(i),dev(i),
* absi1(i),rleakl(i)
2003 formmt(t46,a8,t53,i2,t57,f6.4,t64,f5.4,t71,f9.6,t80,f9.6)
end if
end if
50 conti nue
goto 10
99 write(8,2000) icase,isct(i),rlanbda(i),abs(i), rleak(i),
* sct(i),rkeff(i),dev(i),absl(i),rleakl(i)
goto 10
41 wite(*,  (1x,a)’) 'file not found
goto 10
40 wite(*,’ (1x,a)’) 'EOF in index
cl ose(8)
cl ose(9)
cl ose(10)
stop 40
end
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Thefollowing isalist of the computer program READKS5 used to process output from the KENO program.

cwej

(9]

Cc
Cc
Cc

O0O0O0O0O0OO0

C

program r eadk5

character iline*132,iline0*132,icase*12,icasel*13
character index*12,results*40

| ogical*4 iflag

Thi s program scans KENOV. a hole intersection output cases in
the file list inthe INDEX file for certain

keno nessages. The findings are tallied and edited an

out put file.

"INDEX has a list of output files that are to be scanned

(max length filename = 12).

wite(*,’(1x,a\)’) "enter the index file nanme --->
read(*,’ (a)’) index

"RESULTS contains an edit of the summary of the KENOV.a hol e

2000

10

i ntersection nessages. The total nunber of k5 nessages for
91, 92, 166, 169, 179, 100, and 133 are tallied for each file
in INDEX. In addition, stop 129 system nessages are tallied

wite(*,’(1x,a\)’) "enter the results file name --->
read(*,’ (a)’) results

open(7,file=index)
open(8,file=results)
wite(8,’(1x,a,/)’) results
write(8,2000)
format (t21,’ KENO V. a nessages’,t53,' SYSTEM, /,
* bx,’case’',/,t16, 7(1x, k5-',1x),t51, stop’, 1x, stop’,/,
* ti16,’ 91 92 166 169 179 100 133 129 ")
outer control |oop
conti nue
ko1
k92
k166
k169
k179
k100
k133
kst p0
kst pl
read(7,’' (al2)’, end=40) icase
wite(*,'(1x,a)’) icase

L T T VR 1 O I I
[eNeololololoNoNoNe]

c this program assunes that the icase is an extensionless file nanme

C

a

15

20

nd that the actual file nanme is icase.out or icase. nsgs

il =8
do 15i =1,8
if(icase(i:i).eq.” ") il =il -1
conti nue
icasel = icase(1l:il)//’ .out ’

wite(*,'(1x,a)’) icasel
i nqui re(file=icasel, exist=iflag)
if(iflag) then
open( 10, fil e=i casel, err=41)
iline0 = iline
read(10,’ (a)’',end=42) iline

¢ check for a k5 nmessage

C

if(iline(2:20).eq.’ keno nessage nunber’) then
we found one. now check the nmessage and tally the result

if(iline(25:27). eq.’91 ") k91 = k91 + 1
if(|||ne(25 27). eq 92 ') k92 = k92 +1
if(iline(25:27).eq.’166') k166 = k166 + 1
if(iline(25:27).eq.’169') k169 = k169 + 1

93 NUREG/CR-6483



Appendix B

k179 + 1
k133 + 1

iline(25:27).eq.’179") k179
iline(25:27).eq.’133") k133

e(28:46).eq.  keno nessage nunber’) then
i ne(51:53).eq.’100") k100 = k100 + 1

-3

c check stop codes. note that the stop codes are found in the
c output file with the extension nsgs as opposed to the .out file.
42 conti nue
wite(*,’(1x,a)’) 'EOF in output
cl ose(10)
i casel=icase(l:il)//".negs’
wite(*,'(1x,a)’) icasel
i nqui re(file=icasel, exist=iflag)
if(iflag) then
open( 10, fil e=icasel, err=41)

30 read(10,’ (a)’,end=43) iline
if(iline(1:8).eq.’STOP 129') kstpl = kstpl + 1
if(iline(1:8).eq.’ STOP ") kstpO = kstp0 + 1

goto 30
end if

43 conti nue
wite(*,”(1x,a)’) 'EOF in output
cl ose(10)
¢ we have all the data we are going to get so print it
write(8,1000) icase, k91, k92, k166, k169, k179, k100, k133
* kst pl, kst p0
1000 format (t3,a, 9(1x,i 3, 1x))
goto 10
41 wite(*,’ (1x,a)’) 'file not found
goto 10
40 wite(*,’ (1x,a)’) "EOF in index
cl ose(8)
cl ose(9)
cl ose(10)
stop 40
end
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Thefollowing is the script referred to as submit4.2p.

A TMPDIR is

#1/ bi n/ csh

#

# This script sequentially executes scal e4 jobs using the input argunent

# list. It is assumed that the directory /var/tnp exists.

# created under a USER subdirectory and is used for execution. An extension
# is required on the input file (eq. name.inp). Two output files are created
# (nane.out and nane.nsgs). TMPDIR is used for each job in the input Iist

# and is then renoved after conpletion of all jobs.

#

if (!(-e /var/tnmp/$USER)) nkdir /var/tnp/ $USER
setenv TMPDI R /var/t np/ $USER/ $USER. $$

nkdi r $TMPDI R

In -s /home/wcj/scal e/ bi n/f scommand $TMPDI R/ sconmand

In -s /home/ wcj/scal e/ bi n/ conet $TMPDI R/ conet
In -s /home/wcj/scal e/ bi n/ awl $TMPDI R/ awl
foreach nane ($argv[*])

echo $name ' ==> " $nane:r.out $nane:r.nsgs

/ scal e4. 2p/ cnds/ scal e4 $nanme $nane:r.out >& $nane:r.nsgs

rm$TMPDI R/ print $TMPDIR/ _*
end
rm-r $TMPDI R
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Thefollowing is Perl Script scommand referred to by the script submit4.2p

#!/usr/local/bin/perl

open(I NPUT, "input") || die "no input comuands\n";
whi | e(<I NPUT>) {
system $_ ;
}
exit;
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APPENDIX C

ORIGINAL FUNCTIONAL VERIFICATION RESULTS

This appendix contains tables of results from an earlier functional verification of NITAWL and KENO V.a. These
results were independently verified for the Nuclear Criticality Safety System at ORNL. [Tables C.1 through C.4 contain
the results from the NITAWL-II computer program. [Tables C.5 through C.7 contain results from a series of KENO
V.aproblems. isasummary of results for holeintersection checks; [Table C.§ contains results for start option
checks; and contains geometric orientation results. contains a comparison of XSDRNPM and
KENO V.aresults for a series of problems.
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Table C.1. Original NITAWL-II 0-D consistency results

neutron 1-d cross sections for

id= 92238

xsec id 1

arp
1 6. 47332e+00
2 7.79746e+00
3 7.46424e+00
4 7.03265e+00
5 7.07728e+00
6 8.07867e+00
7 1.03175e+01
8 1.31779e+01
9 1.61783e+01
10 2.19800e+01
11 5.18913e+01
12 1.08250e+02
13 8.40459e+01
14 1.25656e+02
15 9.01667e+00
16 9.17060e+00
17 9. 26085e+00
18 9. 31920e+00
19 9. 34802e+00
20 9.51989e+00
21 9. 67282e+00
22 9. 78755e+00
23 1.00970e+01
24 1.06110e+01
25 1.11314e+01
26 1.20527e+01
27 1.47971e+01

xsec id 102

arp
1 3.58692e-03
2 1.42103e-02
3 3. 95560e- 02
4 7.18229e-02
5 1.07880e-01
6 1.15277e-01
7 1.29698e-01
8 3.73033e-01
9 8.64877e-01
10 2.33567e+00
11 1.18108e+01
12 4.64119e+01
13 5.71556e+01
14 1.10718e+02
15 5. 04566e- 01
16 4.84386e-01
17 5.00628e-01
18 5.15384e-01
19 5.08503e-01
20 6.37022e-01
21 7.61958e-01
22 8. 65534e-01
23 1.16052e+00
24 1.66175e+00
25 2.18220e+00
26 3.10069e+00
27 5. 85514e+00

PR R D ODRDRENOR RO A AR ®

NNNNRRRNRNNNNNNNNRONN® AN G010 N

2

46587e+00
72140e+00

. 38786e+00

01940e+00
56523e+00

.11931e+00

05783e+00
27086e+01

.53133e+01

96440e+01
00804e+01
18384e+01
68903e+01
49381e+01
51210e+00
68621e+00
76022e+00
80382e+00
83951e+00
88286e+00
91087e+00
92201e+00
93650e+00

. 94926e+00

94923e+00
95198e+00

. 94198e+00

251

08068e- 01
73573e-01

. 42278e-01

52100e-01
88957e- 01

. 73533e-01

16284e-01
08503e- 02

.61991e-03

82522e- 03
82522e- 03

. 82523e-03

82523e- 03
82523e- 03

. 82523e-03

82523e- 03
82523e- 03

. 82523e-03

82523e- 03
82523e- 03

. 82523e-03

82522e- 03
82508e- 03

. 82551e-03

82514e-03

. 82513e-03
. 82522e-03

urani um 238

COOOO0O0O0O0OO000000000OWRRENNMNMNE

P PRI PRERPEIPPNERPDRERDD P W@

4

21051e+00
49626e+00

. 49366e+00

57461e+00
36325e+00
84206e+00
12986e+00
62384e- 02
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00

. 00000e+00

00000e+00
00000e+00

. 00000e+00

252

64030e- 03
92089e- 03

. 03254e-03

79385e- 03
33066e- 03
30850e- 03
64037e-03
12632e-03
44315e- 03
45049e- 03
45049e- 03
45048e- 03
45047e- 03
45049e- 03
45049e- 03
45049e- 03
45049e- 03
45050e- 03
45050e- 03
45049e- 03
45050e- 03
45049e- 03
45005e- 03

. 45136e-03

45022e- 03
45020e- 03

. 45049e- 03

C 00 0000000000000 0000000000®

GEANAONOOOOTTAANNNNTTG RO

endf/b-iv mat 1262

16

. 43215e-01

65531e- 04
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00

. 00000e+00

00000e+00
00000e+00

. 00000e+00

253

84509e- 03
85576e- 03

. 35540e- 03

61818e- 03
77056e- 03

. 86869e- 03

11835e-03
54290e- 03

. 63915e- 03

64162e-03
64162e-03

. 64161e-03

64161e- 03
64161e- 03

. 64162e-03

64162e-03
64162e- 03

. 64162e-03

64162e-03
64162e-03

. 64162e-03

64161e- 03
64132e-03

. 64219e- 03

64144e-03

. 64142e-03
. 64161e-03

COOOOCOOOONNONWNRRWWANNIWO OO

COOOCOCOOOONNNNNNNNNNNNNNNNN®

updat ed 10/ 12/ 89

18

44658e- 01
64925e-01

.43171e-01

66818e-01
09193e- 02
02359e- 03
10000e- 05
90640e- 05

. 05779e- 05

14814e-04
50924e- 08

. 29848e- 08

07583e- 08
57114e-08
39731e-08
65200e- 08
42999e- 08
92970e- 08
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00

. 00000e+00

00000e+00
00000e+00

. 00000e+00

452

53449e+00
95861e+00

. 68421e+00

57399e+00
51106e+00

. 44153e+00

36455e+00
32570e+00

. 32146e+00

31964e+00
31954e+00

. 31951e+00

31950e+00
31949e+00
31949e+00
31950e+00
31950e+00
31950e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00

. 00000e+00

00000e+00
00000e+00

. 00000e+00

©oooo0000000000000000000000NM

WhRrPOWNONRRPOORREPRREPPEPRERONOONN

17

. 48078e- 03

00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00
00000e+00

. 00000e+00

00000e+00
00000e+00

. 00000e+00

1099

68845e-01
67545e+00

. 24023e+00

47885e+00
40776e+00

. 16524e+00

10472e+00
77195e+00

. 73459e+00

69644e+00
70474e+00
20396e+00
09861e+00
18744e+00

.44161e-01

08616e-01
40146e- 01
22215e-01
23143e-01
93146e-01

.07639e-01

67724e-01
98703e-01

. 88090e+00

51609e+00
61753e+00

.59148e-01

GWNhNRPROINOOOOAOROARARNOWRRERRGOOO

PEPNOWWWONRPORARPRPOWANORORRENEN

27

48245e- 01
79136e-01

. 82727e-01

38641e-01
48799e- 01

.17301e-01

29769e-01
73092e-01

. 64908e-01

33598e+00
18108e+01
64119e+01
71556e+01
10718e+02

. 04566e-01

84387e-01
00628e- 01
15384e-01
08503e- 01
37022e- 01

. 61958e-01

65534e-01
16052e+00

. 66175e+00

18220e+00

. 10069e+00
. 85514e+00

1018

36848e- 02
95789e-01
16127e-01
23569e-01
63493e-01

. 76058e-01

68714e-02
33721e-02

. 70255e- 04

20624e- 05
66937e- 06
98262e- 07
32403e- 08
25325e- 08

.41632e-09

15882e- 10
33933e- 10
58917e-11
35571e- 10
20454e-10

.22671e-11

74372e-11
57942e-11

. 74279e-12

85204e- 12
99986e- 12

. 76573e-13

guhRrPRPOoNOOIOIORAOROARRNOWRPRRNOR®

101

58692e- 03
42103e- 02

. 95560e- 02

18229e- 02
07880e- 01

.15277e-01

29698e-01
73033e-01

. 64877e-01

33567e+00
18108e+01
64119e+01
71556e+01
10718e+02

. 04566e-01

84386e- 01
00628e- 01
15384e-01
08503e- 01
37022e- 01

.61958e-01

65534e-01
16052e+00

. 66175e+00

18220e+00

. 10069e+00
. 85514e+00
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Table C.2. Original NITAWL-II 1-D consistency results

Appendix C

neutron 1-d cross sections for

xsec id

grp

©O~NOUAWNER

PRPPPPOOOOOOOONENNREREREONNNNO

CWNRPPONOOOIORORNNOPOWRPRRNOR®

. 47332e+00

79746e+00
46424e+00

. 03265e+00

07728e+00
07867e+00

.03175e+01

31779e+01
59741e+01

. 73007e+01

06355e+01
31973e+01

. 83596e+01

48217e+01
01667e+00

. 17060e+00

26085e+00
31920e+00

. 34802e+00

51989e+00
67282e+00

. 78755e+00

00970e+01
06110e+01

.11314e+01

20527e+01

.47971e+01

102

. 58692e- 03
. 42103e-02

95560e- 02
18229e- 02
07880e- 01
15277e-01
29698e-01

. 73033e-01

47386e- 01
71943e+00

. 69785e+00

29143e+00
75406e+00

. 54508e+01

04566e- 01
84386e- 01

. 00628e-01

15384e-01
08503e- 01

. 37022e-01

61958e-01
65534e-01

. 16052e+00

66175e+00
18220e+00

. 10069e+00

85514e+00

POODOOODPOO®PORRREREOORDRAW

NNNNRORRNRNNNNNNNNRONN® AN G010 N

. 46587e+00

72140e+00
38786e+00

. 01940e+00

56523e+00
11931e+00

. 05783e+00

27086e+01
51267e+01

. 55810e+01

69376e+01
59059e+01
06055e+01
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Appendix C

Table C.3. Original NITAWL-II 2-D consistency results

neutron 1-d cross sections for

xsec id

arp
1 6. 47332e+00
2 7.79746e+00
3 7.46424e+00
4 7.03265e+00
5 7.07728e+00
6 8.07867e+00
7 1.03175e+01
8 1.31779e+01
9 1.59748e+01
10 1.73039e+01
11 2.06349e+01
12 2.31954e+01
13 1.83588e+01
14 2.48205e+01
15 9.01667e+00
16 9.17060e+00
17 9. 26085e+00
18 9. 31920e+00
19 9. 34802e+00
20 9. 51989e+00
21 9. 67282e+00
22 9. 78755e+00
23 1.00970e+01
24 1.06110e+01
25 1.11314e+01
26 1.20527e+01
27 1.47971e+01
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1 3.58692e-03
2 1.42103e-02
3 3. 95560e- 02
4 7.18229e-02
5 1.07880e-01
6 1.15277e-01
7 1.29698e-01
8 3.73033e-01
9 8.47465e-01
10 1.72000e+00
11 3. 69708e+00
12 7.28987e+00
13 7.75345e+00
14 1.54499e+01
15 5. 04566e- 01
16 4.84386e-01
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Table C.4. Original NITAWL-II 3-D consistency results

Appendix C

neutron 1-d cross sections for

xsec
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id=
27

. 48245e-01

79136e-01
82727e-01
38641e-01
48799e- 01
17301e-01
29769e-01
73092e-01
49518e- 01

. 76870e+00

90044e+00
73988e+00

. 29900e+00

65725e+01
04566e- 01

. 84387e-01

00628e- 01
15384e-01

. 08503e-01

37022e- 01
61958e-01
65534e-01
16052e+00
66175e+00

. 18220e+00

10069e+00

. 85514e+00

1018

. 36848e- 02

95789e-01
16127e-01

. 23569e-01

63493e-01
76058e-01

. 68714e-02

33721e-02
70255e- 04

. 20624e- 05

66937e- 06
98262e- 07

. 32403e-08

25325e- 08
41632e- 09

. 15882e-10

33933e- 10
58917e-11
35571e- 10
20454e-10
22671e-11

. 74372e-11

57942e-11
74279e-12

. 85204e-12

99986e- 12

. 76573e-13

CWNRPPONOOOIORARONWRPOWRPERNWOR®

392238
101

. 58692e- 03
42103e- 02
95560e- 02
18229e- 02
07880e- 01
15277e-01
29698e-01
73033e-01
49487e- 01
. 76839e+00
90044e+00
73988e+00
. 29900e+00
65725e+01
04566e- 01
. 84386e-01
00628e- 01
15384e-01
. 08503e-01
37022e- 01
61958e-01
65534e-01
16052e+00
66175e+00
. 18220e+00
10069e+00
. 85514e+00
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Appendix C

Table C.5. Summary of KENO V.a hole intersection messages

k5.r1
KENO V. a nessages SYSTEM
case
k5- k5- k5- k5- k5- k5- k5- stop user user
91 92 166 169 179 100 133 129 0129 0000
k5caselh 0 0 0 0 0 0 45 0 0 45
k5caseli 135 0 90 45 0 45 0 45 45 0
k5caselo 135 0 45 90 0 45 0 45 45 0
k5case2h 0 0 0 0 0 0 27 0 0 27
k5case2i 81 0 54 27 0 27 0o 27 27 0
k5case20 81 0 27 54 0 27 0o 27 27 0
k5case3h 0 0 0 0 0 0 36 0 0 36
k5case3i 252 0 216 36 0 36 0 36 36 0
k5case3o0 252 0 108 144 0 36 0 36 36 0
k5case4h 0 0 0 0 0 0 5 0 0 5
k5casedi 40 0 40 0 0 5 0 5 5 0
k5case4o 40 0 0 40 0 5 0 5 5 0
k5intrs 600 4 4 12 582 15 0 15 15 0
k5shape 0 0 0 0 0 0 0 0 0 28
Table C.6. KENO V.a start options results
Start
type k-effective Deviation
0 1.0067 0.0039
1 0.9965 0.0037
2 1.0050 0.0035
3 1.0033 0.0036
4 1.0006 0.0029
5 1.0071 0.0034
6 1.0073 0.0033
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Table C.7. KENO V.a geometric orientation results

Appendix C

Pl ot Fi gure Pl ot Fi gure Pl ot
No. C1 No. C1 No.
1 1 17 6 30
2-5 4 18 2 31
6 2 19 5 32
7 5 20 3 33
8 3 21 6 34
9 6 22 2 35
10 2 23 5 36
11 5 24 3 37
12 3 25 6 38
13 6 26 2 39
14 2 27 5 40
15 5 28 3 41
16 3 29 6

ODWUOINOWUINOWOUIN
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Table C.8. Comparative results for XSDRN and KENO V.a

XSDRN KENO
Fract. Fract.

Case Lambda Absorption Leakage Kot Dev. Absl Leakl Deviation® abs. dev. leak dev.
1A1xk0 1.09720 511193 0.490543 1.0964 .0011 510764 0.491045 | -0.7273 -.00084 .00102
1A1xk1 1.02060 475509 0.526105 1.0184 .0010 A74417 0.526901 | -0.2000 -.00230 .00151
1A1xk2 1.02060 475509 0.526105 1.0212 .0010 475790 0.525904 0.6000 .00059 -.00038
I1A1xk3 1.02060 475509 0.526105 1.0211 .0010 A75742 0.525947 0.5000 .00049 -.00030
1A2xk3 1.06196 787136 0.212415 1.0619 .0024 .784903 0.214511 | -0.0250 -.00284 .00987
1A3xk0 1.20131 .653637 0.355844 1.2005 .0011 .653095 0.356379 | -0.7364 -.00083 .00150
1A3xk1 1.09410 .597894 0.410948 1.0936 .0010 .597693 0.411005 | -0.5000 -.00034 .00014
1A3xk2 1.09436 .508102 0.410750 1.0931 .0010 .597563 0.411589 | -1.2600 -.00090 .00204
1A3xk3 1.09436 .598102 0.410750 1.0935 .0010 .597588 0.411238 | -0.8600 -.00086 .00119
1A4xk0 0.533307 .248470 0.752372 0.5328 .0008 .248241 0.752577 | -0.6338 -.00092 .00027
1A4xk1 0.506174 | .235832 0.764967 0.5067 .0007 .236086 0.764704 0.7514 .00108 -.00034
1A4xk2 0.506174 | .235832 0.764967 0.5060 .0007 .235751 0.765090 | -0.2486 -.00034 .00016
1A4xk3 0.506174 | .235832 0.764967 0.5075 .0007 .236456 0.764365 1.8943 .00265 -.00079
IB1xkO 1.08591 .505932 0.495781 1.0882 .0010 507011 0.494835 2.2900 .00213 -.00191
1B1xk1 1.01864 474596 0.527011 1.0173 .0010 473962 0.527572 | -1.3400 -.00134 .00106
1B1xk2 1.01864 474596 0.527011 1.0187 .0010 A74627 0.527105 0.0600 .00007 .00018
IB1xk3 1.01864 474596 0.527011 1.0184 .0010 474540 0.526919 | -0.2400 -.00012 -.00017
IB3xk3 1.07683 .838382 0.160853 1.0841 .0034 .839726 0.159802 2.1382 00160 -.00653
IC1xk0 0.933080 | .434725 0.566747 0.9329 .0009 434672 0.566834 | -0.2000 -.00012 .00015
IC1xk1 0.891261 | .415245 0.586162 0.8924 .0009 415782 0.585654 1.2656 .00129 -.00080
IC1xk2 0.891261 | .415245 0.586162 0.8904 .0009 414809 0.586675 | -0.9578 -.00105 .00095
IC1xk3 0.891261 | .415245 0.586162 0.8905 .0009 .414888 0.586604 | -0.8456 -.00086 .00083
1C3xk3 1.13461 .998221 2.12-6 1.1372 .0031 997727 0.0 0.8355 -.00049
11A1xk0 1.20537 .644433 0.354711 1.2044 .0015 .643859 0.355198 | -0.6467 .00089 .00137
I1A1xk1 0.923599 | .494462 0.504905 0.9230 .0014 494179 0.505180 | -0.4279 -.00057 .00054
I1A1xk2 0.923599 | .494462 0.504905 0.9234 .0015 .494300 0.505252 | -0.1327 .00033 .00069
I1A1xk3 0.923599 | .494462 0.504905 0.9226 .0014 .493742 0.505489 | -0.7136 -.00146 .00116
11A3xk3 0.842331 547456 0.451261 0.8404 .0021 .546618 0.451947 | -0.9195 -.00153 .00152
11B1xk0 1.17969 .630784 0.368374 1.1794 .0014 .630605 0.368590 | -0.2071 -.00028 .00059
11B1xk1 0.913573 | .489156 0.510212 0.9140 .0014 .489469 0.510200 0.3050 .00064 -.00002
11B1xk2 0.913573 | .489156 0.510212 0.9130 .0014 .488820 0.510571 | -0.4093 -.00069 .00070
11B1xk3 0.913573 | .489156 0.510212 0.9145 .0014 489622 0.509789 0.6621 .00095 -.00083
11B3xk3 0.592549 | .365717 0.633458 0.5952 .0017 .367206 0.632214 1.5594 00407 -.00196
11IC1xk0 1.00691 .538886 0.460406 1.0075 .0015 .539157 0.460165 0.3933 .00050 -.00052
11IC1xk1 0.780377 418326 0.581147 0.7822 .0014 419398 0.579709 1.3021 .00256 -.00247
11C1xk2 0.780377 418326 0.581147 0.7840 .0014 420265 0.579410 2.5879 00464 -.00299
11C1xk3 0.780377 418326 0.581147 0.7845 .0014 420373 0.578786 2.9450 00489 -.00406
11IC3xk3 0.948306 | .996428 3.88649-7 0.9532 .0039 .997170 0.0 1.2549 .00074

aNumber of KENO standard deviations between KENO results and kg = 1.0000.

P Difference in fraction absorptions between X SDRN and KENO normalized to the XSDRN results.

“Difference in fraction leakage between XSDRN and KENO normalized to the XSDRN results.
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(1) Cuboid

(4) Sphere/cylinder

(2) Hemishape +w/+chord

(5) Hemishape +w/-chord

Figure C.1. Plots of geometric orientation
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