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| SEARCH OPTIONS (N. F. Landers, L. M. Petrie)
i

C6 CSAS6: CONTROL MODULE FOR ENHANCED CRITICALITY SAFETY
ANALYSIS WITH KENO VI (D. F. Hollenbach, L. M. Petrie)

Q Volume 1, Part 2: Control Modules

V
S1 SAS1: A ONE-DBIENSIONAL SHIFTDING ANALYSIS MODULE

(J. R. Knight, C. V. Parks, S. M. Bowman, L. M. Petrie, J. A. Bucholz)

| S2 SAS2H: A COUPLED ONE-DBfENSIONAL DEPLETION AND SHIELDING
| ANALYSIS MODULE (O. W. Hermann, C. V. Parks)

| S3 SAS3: AN AUTOMATED MONTE CARLO SHIELDING ANALYSIS MODULE i

| (M. B. Emmett, J. T. West)

S4 SAS4: A MONTE CARLO CASK SHIELDING ANALYSIS MODULE USING AN '

AUTOMATED BIASING PROCEDURE (J. S. Tang)

S5 QADS: A MULTIDBIENSIONAL POINT-KERNEL ANALYSIS MODULE
(B. L. Broadhead)

HI HTAS1: A TWO-DIMENSIONAL HEAT TRANSFER ANALYSIS OF FUEL CASKS,
VERSION 4.0 (G. E. Giles)

*

* Obsolete with SCALE-4.0 release.

.

"Not included in SCALE-4.3 release.
'\ *" Cancelled. Included in Section C4.

I
III
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Volume 2, Part 1: Functional Modules

F1 BONAMI: RESONANCE SELF-SHIELDING BY THE BONDARENKO
hETHOD (N. M. Greene)

F2 NiTAWL-H: SCALE SYSTEM MODULE FOR PERFORMING RESONANCE
SHIELDGG AND WORKING LIBRARY PRODUCTION
(N. M. Greene, L. M. Petrie, R. M. Westfall)

F3 XSDRNPM: A ONE-DBENSIONAL DISCRETE-ORDINATES CODE
FOR TRANSPORT ANALYSIS (N. M. Greene, L. M. Petrie)

F.'. XSDOSE: A MODULE FOR CALCULATING FLUXES AND DOSE RATES
AT POINTS OUTSIDE A SHIELD (J. A. Bucholz)

F5* KENO IV/S: AN BfPROVED MONTE CARLO CRITICALITY PROGRAM

F6 COUPLE: SCALE SYSTEM MODULE TO PROCESS PROBLEM-
DEPENDENT CROSS SECTIONS AND NEUTRON SPECTRAL DATA
FOR ORIGEN-S DATA ANALYSES (O. W. Hermann)

F7 ORIGEN-S: SCALE SYSTEM MODULE TO CALCULATE FUEL
DEPLETION, ACTINIDE TRANSMUTATION, FISSION PRODUCT
BUILDUP AND DECAY, AND ASSOCIATED RADIATION SOURCE
TERMS (O. W. Hermann, R. M. Westfall)

F8 ICE: MODULE TO MIX MULTIGROUP CROSS SECTIONS
(N. M. Greene, L. M. Petrie, S. K. Fraley)

Volume 2, Part 2: Functional Modules

F9 MORSE-SGC FOR THE SCALE SYSTEM (J. T. West, T. J. Hoffman, M. B. Emmett)

F10 HEATING 7.2 USER'S MANUAL (K. W. Childs)

F11 KENO V.a: AN BIPROVED MONTE CARLC JCALITY PROGRAM-

WITH SUPERGROUPING (L. M. Petrie, N. F. Landers)

F12* JUNEBUG-II: A THREE-DBENSIONAL GEOhETRY PLOTTING CODE

F13* HEATPLOT-S: A TEMPERATURE DISTRIBUTION PLOTTING PROGRAM
FORHEATING

' Obsolete with SCALE-4.0 release.
**Not included in SCALE-4.3 release.
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Volume 2, Part 3: Functional Modules

F14' REGPLOT6: A PLOTTING PROGRAM TO VERIFY HEATING INPUT DATA

FI5** PLORIGEN: A PLOTTING PROGRAM FOR ORIGEN-S OUTPUT (O. W. Hermann).

F16 - OCULAR: A RADIATION EXCHANGE FACTOR COMPUTER PROGRAM
(C. B. Bryan, G. E. Giles)

F17 KENO-VI: A GENERAL QUADRATIC VERSION OF THE KENO PROGRAM
(D. F. Hollenbach, L. M. Petrie, N. F. Landers)

Volume 3: Miscellaneous

M1 SCALE SYSTEM DRIVER (L. M. Petrie)

M2 SCALE SUBROUTINE LIBRARY (L. M. Petrie)

hu SCALE FREE-FORM READING ROUTINES (L. M. Petde)

M4 SCALE CROSS-SECTION LIBRARIES (W. C. Jordan)

O M5 THERMAL MATERIAL PROPERTIES LIBRARY (A. L. Edwards, P. T. Williams)
i

M6 ORIGEN-S DATA LIBRARIES (J. C. Ryman, O. W. Hermann)

M7- THE MATERIAL INFORMATION PROCESSOR FOR SCALE
(N. F. Landers, L. M. Petrie, J. A. Bucholz)

M8 STANDARD COMPOSITION LIBRARY (J. A. Bucholz, J. R. Knight, C. V. Parks,
L. M. Petrie, J. C. Turner, R. M. Westfall)

M9 MARS: A MULTIPLE ARRAY SYSTEM USING COMBINATORIAL GEOMETRY
(J. T. West, M. B. Enunett)

M10 FIDO INPUT SYSTEM (L. M. Petde)

MI 1 * SCALE INTERACTIVE INPUT PROCESSOR

M12* CESAR A CRITICALITYEXPERIMENT STORAGE AND RETRIEVAL
PROGRAM

' Obsolete with SCALE-4,0 release.
'

**Not included in SCALE-4.3 release.

Y



Volume 3: Miscellaneous (continued)

M13 PICTURE A PRINTER PLOT PACKAGE FOR MAKING 2-D PICTURES OF
MARS GEOMETRIES (M. B. Emmett)

M14 COMPOZ DATA GUIDE (J. R. Knight, L. M. Petrie)

MIS USER'S GUIDE FOR UTILITY MODULES (N. M. Greene)

M16 COMMENT DATA GUIDE (L. M. Petrie)

O

;
,

l

.

' Obsolete with SCALE-4.0 release.
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;

PREFACE i
;
i
'Background
i

This Manual %w.ts Revision 5 of the user dom-a*= tion for the modular code system !

referred to as SCALE. The history of the SCALE code system dates back to 1%9 when the current
emnpe= tina =1 Physics and Engineering Division at Oak Ridge National Laboratory (ORNL) began ;

providing the transportation package certi6 cation staff at the U.S. Atomic Energy Commission with !

conip*=rian=1 support in the use of the new KENO code for performing criticality safety assessments |
with the statistical Monte Carlo method. From 1%9 to 1976 the certification staff relied on the !
ORNL staff to assist them in the correct use of codes and data for criticahty, shielding, and heat
transfer analyses of transportation packages. However, the certification stafflearned that, with only i

occasional use of the codes, it was difficult to become proficient in performing the calculations often i

needed for an independent safety review. Thus, shortly after the move of the certification staff to the !
U.S. Nuclear Regulatory Commission (NRC), the NRC staff proposed the development of an easy-to- j
use analysis system that provided the technical capabilities of the individual modules with which they
were familiar. With this proposal, the concept of the Standardized Computer Analyses for Licensing
Evaluation (SCALE) code system was born. |

The NRC staffprovided ORNL with some general devi,y..,e.4 criteria for SCALE: (1) focus j

on applications related to nuclear fuel facilities and package designs, (2) use well-established i

computer codes and data libraries, (3) design an input format for the occasional or novice user, (4)
prepare " standard' analysis sequences (control modules) that will automate the use of multiple codes {
(functional modules) and data to perform a system analysis, and (5) provide complete documentation i
and public availability. With these criteria the ORNL stafflaid out the framework for the SCALE |
system and began development efforts. The initial version (Version 0) of the SCALE Manual was !

published in July 1980. Then, as now, the Manual is divided into three volumes - Volume 1 for the
control module documentation (Sections C4, C6, SI- S4, and HI), Volume 2 for the functional j

module documentation (Sections F1-F17), and Volume 3 for the documentation of the data libraries i

and subroutine libraries (Sections M1-M16). !

!

System Overview |
|

h original concept of SCALE was to provide " standardized" sequences where the user had
very few analysis options in addition to the geometry model and materials. Input for the control
modules has been designed to be free-form with extensive use of keywords and engineering-type
input requirements. The more flexible functional modules have a more difficult input logic and require
the user to interface the data sets r-aary to run the modules in a stand-alone fashion. As the systern I
has grown in popularity over the years and additional options have been requested, the control
modules have been improved to allow sophisticated users additional access to the numerous
capabilities within the functional modules. However, the most important feature of the SCALE

!.
system remains the capability to simplify the user knowledge and effort required to prepare material
mixtures and to perform adequate problem-dependent cross-section processing.

i

i h modules available in Version 0 of SCALE were for criticality safety analysis sequences '

(CSAS) that provided automated material and cross-section processing prior to a one-dimensional,

3 (1-D) or muhidimensional criticahty analysis. Since that time the capabilities of the system have been

i
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|

| significantly expanded to provide additional CSAS capabilities, new shielding analysis sequences
(SAS) that also include depletion / decay capabilities for spent fuel characterization, and a hm transfer

analysis sequence (HTAS). At the center of the CSAS and SAS sequences is the library of

subroutines referred to as the Material Information Processor or MIPLIB (see Section M7). The,

| purpose ofMIPLIB is to allow users to specify problem materials using easily remembered and easily
| recognizable keywords that are associated with mixtures, elements, and nuclides provided in the
! Standard Composition Library (see Section M8). MIPLIB also uses other keywords and simple
; geometry input specifications to prepare input for the modules that perform the problem-dependent
!

cross-section processing: BONAMI, NITAWL-II, and XSDRNPM. A keyword supplied by the user
selects the cross-section library from a standard set provided in SCALE (see Section M4) or

j
designates the reference to a user-supplied library. Several utility modules from AMPX8 have been

; included to provide users with the capability to edit the cross-section data and reformat user-supplied
libraries for usein SCALE.

Over the history of the project several modules have been removed from the system because
they are no longer supported by the development staff at ORNL. Tables 1 and 2 provide a summary
of the major applications of each of the control modules and functional modules currently in the
SCALE code system. The control modules were designed to provide the system analysis capability
originally requested by the NRC staff. The CSAS module (sometimes denoted as the CSAS4 module
and documented in Section C4) is the primary control module designed for the calculation of the
neutron multiplication factor of a system. Eight sequences enable general analysis of a 1-D system
model or a multidimensional system model, capabilities to search on geometry spacing, and problem-
dependent cross-section processing for use in executing stand-alone functional modules. CSAS6 is

a new criticality control module to provide automated problem-dependent cross-section processing
and criticality calculations via the new KENO-VI functional module. The SASI and SAS3 modules I

(see Sections S1 and S3, respectively) provide general 1-D deterministic and 3-D Monte Carlo >

analysis capabilities. The SAS2 module (see Section S2) was originally developed to perform ai
'

depletion / decay calculation to obtain spent fuel radiation source terms that were subsequently input i
automatically to a 1-D, radial shiciding analysis in a cylindrical geometry. Over time the i

depletion / decay portion of the SA 32 module has been signi6cantly enhanced and interfacing to the
other shielding modules has been provided. The SAS4 module (see Section S4) cnables automated
particle biasing for a Monte Carlo analysis of a transportation package-type geometry. The HTASI
module (see Section HI)is the only heat transfer control module and uses the various capabilities of
the HEATING code to perform different sequences of steady-state and transient analysis that enablei

the normal and accident conditions of a transportation package to be evaluated. Like SAS4, the
! HTASI module is limited to a package-type geometry.

The capability to perform a point-kemel shielding analysis within the SCALE system has been
developed in the QADS control module which has been added in this release of the software package.

A 238-energy-group neutron cross-section library based on ENDF/B-V has recently been
prepared for the SCALE system.s All the nuclides that are available in ENDF/B-V are in the library.
A 44-group library has been collapsed from this 238-group library and validated against numerous
critical measurements.' These libraries are available in this version of SCALE or as a separate data,

! package from the software distribution centers.
|
2

O
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!

:

, Major Embaseements in SCALE-4.3 i

|
-' |* New ENDF/B-Vlibraries !

. SCAIE-4.3 includes 238GROUPNDF5, a 238-group, AMPX master-format neutron cross-
i - section library that contains data for all the nuclides available in ENDF/B-V. The library has
! Bondarenko shielding factors included for nuclides with unresolved resonances, nuclides with Adler-'

Adler resonance data (U-233 and Pu-241), and the nonresonance nuclides Li-7, F-19, Al-27, ana Si-
14. Bondarenko factors are used for the latter nuclides because they exhibit resonance structure in
the point data. The initial development of this hbrary included only s-wave resonance data in the
resonance parameters that are passed to the Nordheim treatment in NITAWL. Ahhough

| demonstated adWe for thermal systems, it was found that p-wave and perhaps d-wave resonances
| can have a significant effect on the results for shielding applications and for unmoderated,

intermediate energy problems. Thus, p-wave and d-wave data were added to the library. Users,
j- however, will not be able to readily access the p- and d-wave resonance data until SCALE-4.3 has

been made available to RSIC in 1995.

Several spectra suitable for collapsing this fine-group library to a broad-group structure are
included as part of the library. A 44-group derivative of the 238-group library,44GROUPNDF5,

| collapsed using a spectrum for a pressurized-water-reactor fuel pin lattice, is also included in the
package This broad-group library has a similar group structure as that provided in the SCALE 27-i

| group ENDF/B-IV library, except that additional groups were added to ensure more accurate
treatment of the 0.3-eV resonance of"Pu. Based on an analysis of a set of 93 thermal and fast
critical experiments, the ENDF/B-V 44-group library has demonstrated markedly improved 1'

p forr.s.r.s over similar analyses performed with the ENDF/B-IV 27-group library (" Validation of |
SCALE-4 Criticality Sequences Using ENDF/B-V Data," Proceedings of the TopicalMeeting on
Physics andMethods in Crit /cality Safety, September 19-23,1993). In addition, by comparing!

SAS2H/ORIGEN-S results with measured isotopic data, the library has demonstrated improved
| results in the pr M-m of speut fuel isotopics (Vahdation of the SCALE Systemfor PWR Spent Fuel i

Isotopic Composition Analyses, ORNLfIM-12667, March 1995). l
.-

KENO-VI
|

KENO-VIis a new version of the KENO Monte Carlo Criticality Safety Code developed at
Oak Ridge National Laboratory. It constructs and processes geometry data as sets of quadratic
equations. A lengthy set of simple, easy-to-use geometric functions, similar to those provided in
KENO V.a, and the abihty to build more c@ geometric shapes (represented by sets of quadratic
equations) are the heart of the geometry package in KENO-VL The code's flexibility is increased by
allowing the following features intersectirig geometry regions; hexagonal as well as cuboidal arrays;
regions, holes, arrays, and units rotated to any angle and truncated to any position; and the use of an
array boundary that intersects the array.

KENO-VI maintains all the flexibihty and options ofKENO-V.a plus a variety of new options.
In KENO-VI, units can be constructed using both the simple geometric shapes provided and the

,

tailored geometric shapes constructed using quadratic equations. It includes the new 2-D color
plotting capabihty that has been added to KENO-V.a (see " Improvements to KENO-V.a Include 2-D,

;

I
i

! ix

|
|
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Color Plot Capability"). A new SCALE Criticality Safety Analysis Sequence, CSAS6, has been
added for running KENO-VI.

Users should be aware that the added geometry features in KENO-VI can result in
egnhntly longer run times than KENO-V.a. A KENO-VI problem that can also be modeled with
KENO-V.a will typically run twice as long as the same problem using KENO-V.a. Thus, the new
version VI is not a replacement for the existing version V.a, but an additional version for complex
geometries that could not be modeled previously.

New criticality search on material concentrations

A new search feature has been added to the criticality search sequences in SCALE. Searches
may now be done on the concentration of standard compositions in one or more mixtures in the
problem. During a concentration search, if the search convergence crite4ia have not been met, the
atom densities of the specified standard compositions are updated, problem-dependent resonance
processing is performed using BONAMI, NITAWL, and applicable sections of the material
information processor, and a new k,is calculated using KENO-V.a. Concentration searches cannot
be performed on materials contained in cell-weighted mixtures.

In all search sequences (both geometry and concentration), problem-dependent resonance
processing of the cross sections is now performed for each iteration prior to the execution of KENO.
Heterogeneous effects, Dancotrfactors, and self-shielding are now accounted for between iterations.
Prior to the addition of concentration searches, a search sequence would update only the specified
geometry, but not the cross sections, prior to calculating a new k, using KENO-V.a. Previously,
to ensure that the converged result was acceptable, the problem needed to be rerun with the
converged geometry data. The recent changes to the search sequences eliminate the need to rerun
a converged problem to account for changes in cross sections.

Enhanced graphical capabilities

The graphical display of KENO-V.a and KENO-VI geometry models has been dramatically
improved by the new capability to produce high-resolution 2-D color plot files that can be viewed on-
creen using appropriate viewer software or pdnted on a color printer. This new option is activated
y nsing the parameter scr=yes in the KENO plot data. A plot file using up to 256 colors is

generated. The plot data parameter "cir=" can be used to override the default color assignments.
These plots can be generated only on UNIX workstations and MS-DOS-based personal computers

(PC).
In addition to the 2-D color plots, fractional values are now valid for the lpi= parameter in

the plot data, which will make it easier to print circles on laser printers.

KENO-V.a enhancements

Enhancements to KENO-V.a fall into one of three categories: removedlimitations, editing
changes, or added capabilities.

Two independent limitations to KENO-V.a were removed. The first limitation involved
HOLE boundaries touching other HOLE or adjacent geometry region boundaries. Significant errors

O
x
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in k,(as much as 1%) occurred when HOLE boundaries terbd with no indication of a problem.O HOLE boundaries may now touch other HOLE or adjacent gaammy region boundaries.V The second limitation involved the number of scattering angles allowed. Although the
parameter set = (number of scattering angles) was limited to 13, no check was made to avoid
overstoring data. Any number ofscattering angles are now allowed.

ne mixing table edit has been changed to sort mixtum data by mixture number. The mixture
number and density make up the first line of the data for each mixture. The following lines, which
represent the nuclides in the mixture, are ported by nuclide number. Each line contains a nuclide

number, stom density, weight fraction, ZA number, atomic weight, and nuclide title. This provides
the user a concise table of the components that make up the mixtures used in the problem.

Three new capabilities were also added to KENO-V.a which provide the user with useful
information for analyzing and chWg the problem.

The energy corresponding to the average lethargy emaing fission is now calculated and the
printing of this information (i.e., NUB =YES) is now a default parameter. This is useful for
detennining trends in k, as a function of neutron energy to look for problem-type biases.

System total fissions and absorptions by region are now calculated. A parameter to suppress
printing 6ssions and absorptions by region for each group has been added. Set GAS =NO to print

i only the system totals by group. These values have several uses, such as help *mg to verify proper
i problem sampling and determining region importance.

Finally, the total mass of each mixture in the problem is now calculated and printed. These
values can be used to help verify the geometry and material masses of the problem.

New cross-section processing features

ne cross-section processing portion of the SCALE system has been upgraded to add major
improvements to the NITAWL-II code. NITAWL-II has been modified to perform the resonance
c=Icnistian in double precision. The mesh generation for a resonance has been modified to better span
higher energy resonances and to reduce excessive numbers of mesh points.

: In addition, this new version of NITAWL-II is able to interpolate the available thermal-
| scattering matrices to obtain data for the temperature requested by user input (via direct input to

NITAWL-II or via the SCALE Standard Composition data). Previously, NITAWL II had no such
capability and selected the thermal-scattering dua that was closest to the requested temperature.
Thermal-scattering data for moderator materials, such as hydrogen and graphite, are available at many
more temperatures in the new ENDF/B-V SCALE h'braries than in the older ENDF/B-IV SCALE
libraries However, even with the new ENDF/B-V libraries, the interpolation should better determine
the effect that a change in moderator temperature will have on the system multiplication factor.

The CSAS and SASI-SAS4 modules also have been modified via MIPLIB to provide two
new parameters in the optional MORE DATA input:

MLV= maximum L value for which resonance calculation will be done (L = 0 is s-wave,
L = 1 includes p-wave, L = 2 includes d-wave). The default value is L = 2.

MSH= maximum number of mesh points per resonance. The default value is 2001.
I
i- Note that if NITAWL-II is mn stand-alone, the default values for MLV and MSH are 0 and 501,

respectively.

!
.
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New KENO-V.a sample problems

The KENO-V.a sample problems have been updated to improve the range of functionality
testing and provide more flexibility in using other cross-section libraries. The SCALE-4.2 sample
problems used the 27-group ENDF/B-IV cross-section library. The cross sections were processed
by NrrAEII pdor to the execution ofKENO-V.a. The new sample problems use BONAMI, which
is not necessary for the 27-group library, as well as NITAEII for resonance processing of cross
sections so that the sample problems can easily be run with other cross-section libraries that require
the use of BONAMI. The NITAEII input data were updated to specify 2001 mesh points per

^

resonance and the highest resonance L-value of 2. The pavious input data used the default values
of 501 mesh points and an L-value of 0.

Eight new problems were added to the existing 25 sample problems. Sample problems 26
through 28 are variations of sample problem 1, modeled as hemicylinders with chords and origins,
and are extensions of sample problems 23 through 25, which are modeled using chords without
origins. Sample problem 29 is a bare critical sphere, and sample problems 30 through 32 are the same

critical system modeled using hemispheres with origins. Sample problem 33 is a critical triangular
pitched array of partially flooded cylindrical annuli oflow-enriched-uranium metal.

Standard Composition Library updated for ENDF/B-VI compatibility

The Standard Composition Library has been expanded for compatibility with ENDF/B-VI I

cross-section libraries. In addition, the Material Information Processor Library (MIPLIB) has also
been updated so that all the control modules can use ENDF/B-VI cross-section libraries via the new

expanded Standard Composition Library. The changes were necessary because the cross sections i
for the natural-element identifiers such as FE for iron are no longer available in the ENDF/B-VI |
data. Most problems set up to use other cross-section libraries should now run without any
changes using ENDF/B-VIlibraries.

The changes to the Standard Composition Library were very extensive and fall into several
categories. Additions were made so that nearly all the elements are given by both their full name and
by their chemical symbol. The full-name elements are all given as naturally occurring abundance
nuclides, while a few of the chemical symbol nuclides are given as the principal isotope. For instance,

i
HYDROGEN would include trace amounts of deuterium, while H would be 100% 'H. i

The isotopic distribution table was changed to include most of the elements. Arbitrary
materials may now contain more than one multiple-isotope nuclide. In addition, the specially
weighted elements in stainless steel and in Inconel were added, specifying the natural abundance of
each.

Atomic masses for isotopes were taken from ENDF/B-VI, if available. Atomic masses for
naturally occurring elements were taken from ENDF/B-V, if available. Remaining atomic masses
were taken from GE Chart of the Nuclides or the CRC Handbook of Chemistry andPhysics.

QAD-CGGP and QADS

The 3-D point-kemel shielding code, QAD-CGGP, and its associated SCALE control module

have been added. QADS performs multidimensional point-kernel estimation of gamma transport
through practically any type of shielding materials using a simplified input scheme that follows the

'

e
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general input philosophy of the SCALE shielding sequences QADS was designed to capture the
flexibility and power of the QAD technique for problems amenable to point-kernel solution while '

encd. for an easy-to-use input interface The QADS module is called via the SCALE driver and ;

preprocesses the actual input for the QAD-CGGP code. The driver then calls and executes QAD- ;

CGGP automaticaDy. The SCALE standard composition library is used to allow simpli6ed input of ;

materials. The problem geometry is coded using the well-known MORSE combinatorial geometry
package. FineDy, the dose portion ofthe input foBows the XSDOSE input data format in SASI. The 4

combined use of the SCALE standard compositions and free-form input with the multidimensional
geometry capabilities and generaHy short running time of point-kernel techniques produces a very :

powerful procedure for shielding analysis of a wide variety of problems.

SCALE-4.3 minor modifications
;

In addition to the major anhawts noted above, SCALE-4.3 contains many minor '

moddications, including corrections to errors in SCALE-4.2 and changes to improve portability to
other computing platforms.

SCALE driver: The driver was modified to improve portability to other types of.
workstations. Modifications to accept upper or lower case input files were also added.

KENO-V.a: (1) Carmeted error that sometimes occurred when the boundary of a HOLE
touched another HOLE or adjacent geometry region. The error can produce erroneous results,

i

either conservative or nonconservative, without triggering warning or error messages. The effect '

on k,can be very significant in some cases (~ l%). (2) Fixed to allow more than 13 scatteringI

angles. Although the p-.w " set =" was limited to 13, no check was made to avoid overstoring
data. (3) Corrected error causing core dump on some workstations when a global unit wasn't
explicitly defined. (4) Corrected error that permitted a case with a negative radius to run. (5) Added
calminian of the energy corresponding to the average lethargy causing fission and made the printing
of this information (i.e., NUB =YES) a default parameter. (6) Corrected errors in the starting points
edit obtained when PSP =YES. (7) Corrected an error that occurred when a history encountered an
edge where differential albedos were used. Other minor fixes were made for (8) printing densities
ofmixtures that have other mixtures added in and (9) printing plot coordinates for problems ending
in a bare array. (10) Output was enhanced to print information on start and plot input parameters that
were previously omitted.

NITAWL: (1) Corrected the grayness correction to self-shielding in annular regions.
(2) Corrected an error passing'a variable of the wrong type that resulted in m' correct self-shielding
of thermal groups below 0.5 eV.

AB Cont:31 Modules (MIPLIB): (1) Added checks to avoid the use of negative number
densities when solutions with physically unrealistic parameters are entered. (2) Corrected an error
that caused CSAS to loop if the collapse option was specified and an input nuclide ID was not
found in the cross-section library. (3) Modified MIPLIB to check for resonance data on the
cross-section library used to determine whether to perform resonance corrections for a nuclide.
Previously, a flag in the Standard Composition Library was used to make this determination.

,
(4) Corrected r=Imidad thickness ("lbar") of cylindrical and spherical annuli for input to BONAMI.

! (5) Moddied reading ofDancoff factor keywords in MORE DATA to detect and prevent erroneous
| keyword input. (6) Changed the label "lbar" printed by CSAS in PARM= CHECK output to "abar."

| (7) Replaced the 123 GROUP and 218 GROUP cross-section-library keywords with 44 GROUP and
:

xiii
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238 GROUP. The former libraries, which were the least used of the standard SCALE libraries, were
removed as defaults so the new ENDF/B-V libraries, which give more accurate results, could be
accessed directly via keyword input.

CSAS/ MODIFY: Added an option in the CSAS4 and CSAS4X sequences to perform a
criticahty search on nuclide concentration. Modified the search sequences to update unit cell data or
number densities (depending on the type of search) and execute BONAMI and NITAWL prior to
every KENO-V.a calculation.

SAS2: (1) Modified for compatibility with recent MIPLIB changes. (2) Corrected the soluble
boron concentration to change linearly when NLIB/CYC>1. (3) Modified to allow use of the
SYMMSLABm L geometry in MIPLIB and more than one fuel zone. (4) Automated model setup
when burnable poison rods occupy some but not all guide tubes in a fuel assembly. (5) Added
THERM, RES, FAST, and the two energy boundaries for converting cross sections to the total flux
normalindon. (6) Modified the AMPX cross-section library defaults to match MIPLIB, including the
use ofunit 70 for unrecognized libraries. (7) Corrected an error that occurred iflight element nuclides
are in both the ORIGEN-S light element and fission product libraries and are input as individual
nuclides in the MIPLIB input.

ORIGEN-S : (1) Replaced call to INQOPN with call to OPNFIL for standard input (unit 5)
to improve portability to other computers. (2) Initialize arrays only within the array boundaries for
better portability. (3) Added EXIERNAL statements for BLOCK DATA files to improve portability.
(4) Improved coding for the integral option using the actinide library. (5) Program was corrected to
execute a continuation subcase when using the integral option. (6) Corrected call to subroutine
STOP.

ORIGEN-S Libraries: (1) Corrected Cf-249 data in lowest energy group in Master Photon )
Library. It was high by factor of 100. (2) Corrected the half-life of Se-79. It was low by factor of 10.
(3) Corrected Br-86m decay data that was erroneously changed in ENDF/B-VI update.

COUPLE: (1) Added check for correct ordering offission product nuclides by atomic weight )
in input library. (2) Added EXTERNAL statement for BLOCK DATA files to improve portability |
to other computers. (3) Modified output format for THERM, RES, and FAST from floating point i

(F) to exponential (E). (4) Corrected an error that occurred when only fission product yield data
were being updated. Note that this error did not occur when using COUPLE in the SAS2 sequence.

Standard Composition Library: (1) Revised the resonance energy scattering and/or total
cross sections for 197 materials based on the 44-group ENDF/B-V cross-section library. Consistent
values were speci6ed for both the natural element and individual isotopes B, Zr, Eu, Hf, and W.
(2) Added new composition ZIRC2 for Zircaloy-2 when using ENDF/B-V cross-section libraries.
(3) Replaced o, and o, values in Nuclide Information Table with average values calculated from
ENDF/B-V or ENDF/B-VIlibraries. (4) Density for ZIRCALLOY and ZIRC2 was corrected from
6.506 to 6.56 g/cc.

All Cross-Section Libraries: The atomic masses of nuclides were modified to all be in
terms of neutron mass for consistency.

_

XSDRNPM: (1) Modified to scale the weighting flux so that minimum value is IE-20. This
modification was made to reduce the likelihood that an underflow would occur when creating a
weighted cross-section library for problems where there are large variations in the flux (many orders
of magnitude). (2) Corrected an error that caused broad-group-flux edits to print bad values.
(3) Corrected an error that would occur when creating a gamma-only broad-group library.

O
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XSDRNPM/SAS4: Adjoint calmistian in XSDRNPM for SAS4 was corrected. Only affects
fixed-source calmistians with upscatter on machines whose sirigle- and double-precision formats are
different (includes IBM workstations). Any such calculations should be rerun to determine impact
ofcorrection.

SAS4: (1) Increased the number of mesh intervals for both neutrons and gammas in the
XSDRN adjoint calmistian to improve the likehhood ofconverBence Made additional minor changes
to improve perd,ility. (2) Updated for consistency with new nuclide ID numbering scheme in
MIPLIB.

MORSE: Corrected a problem caused by the use of an 'mcorrect normalization factor on
standard deviations at the end of each batch. This occurred when NMOST was equal to NSTRT.

| BONAMI: (1) Restored Bondarenko factor printout that was inadvertently deleted in July
1990 modification. Results were not impacted. (2) Corrected so that calculations with more than
one nuclide specified with a zero number density will run.

SAS1: (1) Modi 6ed to force the pointer for the double-precision flux array to start on a
double word boundary. His change improves performance significantly on some workstations other
than1BM. (2) Corrected setting of termination flag so that SCALE driver can run other modules
when cases are stacked in an input file.

,_

| AIM: Corrected error that created a bad magic word in a binary library if a magic word
position occurred as the last position of a transfer array in the BCD data.

HEATING: A coding flaw was found and corrected in HEATING that prevented the
proper application of the unit system conversion factors for the material y%nes database. This
option alkms the user to select a material from the datahaw and convert the y+iy values to the
user's unit system. Due to the flaw, the material y+iy values were not converted and values
were used in the calculations that were not correct for the unit system. His flaw would affect only
HEATING or HTAS1 problems that specify unit conversion factors for the material properties

j. datahmer

HTAS1: A mding flaw was found and corrected in HTASI that prevented the building and
the use of enclosure zwliatinn connectors for models that replace the material in the neutron shield
with a void (no material). A normal (and the default) analysis would replace the material in the
neutrun shickt with air. Any other material or a void can be placed in the neutron shield volume.
As long as any type of material (not a void) is in the neutron shield then the thermal radiation
connectors are built in OCULAR and the analysis procedures correctly. However, if a void
volume is madeled in HTAS1 then the flaw prevented the building and use of the connectors.|

| Thus, no heat would be transferred across the neutron shield, which could significantly and
potentially nonconservatively alter the thermal history of the shipping cask.

AE modules (UNIXLIB): Modified subroutine DATIM to read the date and time from the
file "datetime.std" ifit exists. This option will be useful for comparing sample problem output files.

KENO-V.a, SAS2 (SUBLIB): Modified subroutine YREAD to correctly read an array of
nah yarated by commas ;

Portability j

!

! Version 4.3 of the SCALE system has been developed to ensure portability among various
! con =*iag platforms. The system is maintained and enhaa=I at ORNL under quality assurance and-

j- configuration management plans. The system has been routinely tested on IBM and DEC

1
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| workstations. In addition, the system has been applied by ORNL on SUN and HP workstations.
Information needed to install SCALE on each of these systems is ' cluded with the software package

' m
distributed by the code centers. A separate SCALE software package, designated SCALE-PC, is
available for the executioa of the SCALE system, except heat transfer modules, on a MS-DOS
personal computer.

Related developments

The definition of" easy-to-use" has changed considerably since the late 1970s. As funding
has allowed, the ORNL development staffhas sought to develop user interfaces that provide a distin'ct
aid to novice or occasional users of the system. These full-screen input processors were developed
to work on a MS-DOS personal computer and provide interactive help to the user in preparing
accurate input for a SCALE module. Currently, input processors are available only for the criticality

2control sequences and the ORIGEN-S functional module. 'The SCALE-PC version includes an
updated version of the ORIGEN-S processor coupled with the ARP code, which interpolates on
standard LWR ORIGEN-S binary libraries, in the ORIGEN-ARP system (Section F7.A). I

Availability
,

The SCALE code system and the other software designated under Related Developments
have been packaged by the RaAndon Shielding Information Center (RSIC). The SCALE system and
the related software may be obtained by contacting

Radiation Shielding Information Center
Oak Ridge National Laboratory
P.O. Box 2008
Oak Ridge, TN 37831-6362
Telephone: (615) 574-6176

FAX: (615) 574-6182
E-mail: pdc @ornl. gov
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Table 1 Analysis capabilities summary of the SCALE control modules

Control Functionalmodules Section

module Analysis function (s) executed reference

CSAS 1-D determmistic calculation of neutron multiplication BONAMI C4

3-D Monte Carlo calculation of neutron multiplication NITAEII
Problem %t cross-section processing XSDRNPM
Multiplication search or spacing KENO V.a

ICE

CSAS6 3-D Monte Carlo calculation ofneutron multiplication BONAMI C6
NITAEII
XSDRNPM
KENO-VI

SASI 1-D deternunistic calculation of radiation transport through BONAMI Si
shield and dose evaluation at a point NITAEII

Calculation of dose at detector based on leakage from XSDRNPM
criticalvolume XSDOSE

SAS2 Point depletion / decay of nuclear fuel BONAMI S2

1 D radial shielding analysis in cylindrical geometry NITAEII
XSDRNPM

i

| COUPLE
l ORIGEN-S

XSDOSE
i

SAS3 Dose evaluation using MORSE Monte Carlo code BONAMI S3

NITAWI II
XSDRNPM
MORSE-SGC

SAS4 Calculation of dose outside of transportation package using BONAMI S4

MORSE code and aM=W biasing techniques NITAEII
XSDRNPM
MORSE-SGC

QADS 3-D point-kernel gamma-ray shielding analysis QAD-CGGP SS

HTASI R-Z steady-state and transient analyses of a transportation OCULAR H1

,

package HEATING

O
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i

p Table 2 Analysis capabilities sanninary of the SCALE funenanal madulan
\

;

Secuan
Module Function reference

BONAMI Pasansace self-shickhng of cross martiane with Randartako factors F1

NITAWL II Resaamare self-shiekkng of cross secuans with resolved mane, data F2

XSDRNPM General 1-D, discrete-ordmates code for. F3
. zone-weighting of cross secuans

eigenvalue cabl=tian= for neutron multiplicahon
. fixed-source calenlarian for shickhng analysis
* ag calenistian for determuung unportance functions

XSDOSE Module for calculation of dose at a point based on the 1-D leakage flux F4
from a finite shield

COUPIE Interface avwhile for preparauon of cross-secuan and spectral data for F6
ORIGEN-S

i

| ORIGEN-S General-purpose point depletion and decay code to calculate isotopic, F7
'

decay heat, radiation source terms, and curic levels :

ICE Cross-secuan utility madute for mixmg cross secuans F8 i

MORSE-SGC Monte Carlo code with combinatorial and array geometry features used to F9
perform radiatian shieldmg analysis

HEATING 7.2 Finite-volume, multadanensional code for r= bh and radiation heat F10
transfer

1
i

KENO V.a Monte Carlo code for calculation of neutron multiplicauon factors F11

OCULAR Calculation of radiation exchange factors F16
,

KENO-VI Monte Carlo code for calculation ofneutron multiplication factors for F17
| complex geometries
|
|

k
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ABSTRACT'k
De SAS1 control wahile was developed to provide an easy-to-use tool for a one dimensional, discrete-

ordmataa shiekhng analysis. Automated preparation of a working cross-sectim library is perfonned using the
BONAMI and NITAWL-II fintanal ==hilen ofSCALE. Cell-waghtmg of cross sections is optionally allowed.

i by a call to XSDRNPM. De one dimensional radiation transport calculation is also done using XSDRNPM.
The XSDOSE funcuanal madale then uses the surface angular flux frorn XSDRNPM to generate dose rates at2

; posts on, or some distance from, the shield surface.

| Simpli6ed, free-fonn input is used in SASI. Default values are provided for all nonphysical calculational
i parammers (e.g., angular quadrature, annher ofiterations, etc.) except the spatial mesh. Radiation sources can
; be optaanally read fnxn an ORIGEN-S output file. In addition, the angular boundary flux from a prehmmary

XSDRNPM criticality calculation can be optionally used as the input source to the final XSDRNPM shielding,

calculation.,
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$ SI.1 INTRODUCTION
,

:

g Shielding Analysis S~=- No.1 (SAS1) is a SCALE control module developed for problem-
dryndent cross-sectaon preparation and subsequent one-dunensional (1-D) shielding calculations. The control

,

.

i nrunde has two analytac =~=-SAS1 and SASIX. Input for the module is designed to be simple and direct. jf The SCALE free-fonn readmg routmes (see Sect. M3) are used for data input.
] The SAS1 module basically consists of three major steps: (1) preparation of the cross sectens and
i mixing table used for the sluelding calculation, (2) execution of a 1-D radiation h pen analysis, and (3)
! calentatum ofdose rates outade the definad shield The frst step is accomphshed using the MaterialInformation

| Processor, which is described in Sect. M7. _This pr===ar uses the stan< lard input data for the cross-section
'

hbrary, material compositions, and problem geometry (see Sect M7.4) to generate input data ==*-wie=Hy for
calls to the BONAMI and NITAWL-II madulm of SCALE. BONAMI performs mance self widag;

calculations fcr matmals having Bondarenko dela (see Sects. F1, M7.2.5.1, and M7.A), while NITAWL-II
,

J . applies the Nordheun mance self-shiekhng correction to materials havmg resanance parameters (see Sects.
j F2, M7.2.5.2, M7.2.5.3, and M7.A). The radiation transpat analysis of the second step is performed via a call
i to the XSDRNPM inarkde of SCALE (see Sect. F3). This marnde perfonns the 1-D fixed source calculation that
i provides the neutron and/or gamma fluxes used to ddmnme the dose rates. It also calculates the dose rates inside
j the system. 'Ihe last step of the SASI sequence is a call to the XSDOSE module of SCALE (see Sect. F4) that
; e=1 1 *s the dose rate for selected points outside the system (or at the surface) using XSDRNPM fluxes and
I standard flux-to-dose conversion factors available in SCALE

'Ihe SASIX sequence follows the steps of the SASI sequence except that an additional call is made to
the XSDRNPM mathde to prgare cell-weighted cross sections or perform a simple criticality analysis to obtain
a boundary source for the final XSDRNPM shielding analysis. The SASIX sequence can prepare cell-weighted

[- auss eactians for one problem regma where a hamngeneous representation of a heterogeneous configuratmn is
needed. The boundary source option was added to allow an easy manna to evaluate the dose from a pa=+=1d~1
criticality accident as a n=celan of shield design or detector location.

!

|

I
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f St.2 METHODS ANDTECHNIQUES
\

The SASI mMule was M--~8 o enable general 1-D shielding analyses to be performed withoutt
requiring the user to be experienced in the use of such funcuanal madules as NITAWL-II, BONAMI,
XSDRNPM, or XSDOSE. The modeling apywa-eticas and validity, along with the solution techniques
mannamead with each of these finerianal madales, is described in detail in other secuans of the SCALE manual,
vir Sects. M7 and F1-F4. IAemse, the MatenalInformatina "rm (which uses engmeenng-type input data
for problem mixtures, geomeuy, and boundary conditions to prepare much of the functional module input
adnmaamally) is described in detailin Sect. M7. ' Ibis section highlights various methods, techniques, or features
i%.i.d into SASI for case of use and/or flexibility.

S1.2.1 SOURCE SPECIFICATION

The SASI control module allows source spectra to be input from (1) cards, (2) an ORIGEN-S binary
output fde (see Sect. F7), and (3) an XSDRNPM boundary flux distribution calanlatad wnha SASIX. The last
option was added to allow muluple shiekhng analyses to be perfanned using the leakage wum from an
XSDRNPM MULTIREGION mucality calailatian as a boundary source. 'Ihis option is discussed in more detail
in Sect. Sl.2.4. The second opuan was added to allow easy input of the neutron and gamma source spectra
r=1cn1=*~i by ORIGEN-S for spent fuel assemblics and/or other radiatina sources Neutron, gamma, or coupled
neutron-gamma libraries and sources may be used. (Note: The ORIGEN-S source spectra must have the same

energy group structure as the cross-section library used in SASI.) thr~iiag on the cross secuan library type
(neutron only, gamma only, or couplod) used in the cal '"iaa, SASI will employ the appropnate portion of the
coupled source located on the ORIGEN-S output file. Source spectra from cards or the ORIGEN-S output file
can be -4r,~i for more than one mone. For appliceans involving spent melear fuel, the SAS2(H) =wwinte (see
Sect. S2) withm SCALE could be used to ===>1ste the fuel deplecon and generate the fuel source spectra. Sa ing

the output from unit 71 for a SAS2(H) case provides the ORIGEN-S output file containing the source spectra
(see Sect. S2.5.6).

h sineidmg maaile of the SASI =~;a-XSDRNPM-<equires the source spectra normah=1 on
a per unit vnhune basis. For spectra from ORIGEN-S output files, the SASI module assumes a source spectra
normah=I on a per assembly basis [ standard from a SAS2(H) case) and uses the following formula to mochfy
the source spectra to a per unit volume basis:

S NASSis=i ,

ZVOL

where
s, source strength for energy group i per unit volume
S, = source strength for energy group i per ===amhly from ORIGEN-S output file
NASS = SASI input p.a (integer) i~ib=*ia: the number of assemblies in the source

zone

ZVOL = SASi input parameter = dent =g the volume of the actual source zone.

If an namanhly fraction is required (as may be for consolidated fuel), the ZVOL parameter can be adjusted since
NASS must be aninteger.
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For stand-alone ORIGEN-S cases, the units for the source spectra on the ORIGEN-S output file depend
on the BASIS card provided in data block 6 of the ORIGEN-S input. The " basis" or units for the source spectra
on the file can be obtained from the printout for the corresponding ORIGEN-S case. Knowing the units for the
soun:c, the SASI user can convert the source units to the per unit volume basis by using appropriate input values
for theZVOL and NASS parameters SASI always uses the above formula to convert the ORIGEN-S file source
to the properly normalized source for use in SAS I.

Source spectra input from card records are renormalized to the input source strength per unit volume.
For flexibility, variables to specify the total unit volume neutron source strength (XNN) and total unit volume
photon source strength (XNG) are provided in SASI.

Boundary source spectra input from the XSDRNPM criticality calculation in SASIX require no
normalization.

SI.2.2 MESH INTERVAL SIZE SPECIFICATION

For each zone entered in the SASI input, the user is required to input the number of equal-size mesh
intervals desired for that zone. This method ofspecifying the mesh .vas selected because it is easy to input while
still providing the user with control of the mesh size from zone to r The completely automatic mesh
generator developed for the SAS2 control module (see Sect. S2.2.9) is a ~ for the specific class ofproblems
for which it was designed, but unsatisfactory mesh intervals can be t 2ed when it is applied to other classes
ofproblems. Because SASI was developed for sohing general 1-D shielding problems, the currently available
automatic mesh generator was not used. Therefore, the SASI user must exercise somejudgment in specifying
the number of zone mesh intervals, or unsatisfactory results could be obtamed.

Ideally, the mesh spacing in a material should be no more than the shortest mean free path obtained by
comparing neutron and gamma cross sections for allenergy groups. This procedure has the potential to generate
a veryfme, but perhaps costly and ne~W mesh spacing. For example, in heavy metal shields where the mean,

fn:e path for low energy gammas is very short, these criteria can be loosened. Trial and error, or a lot of apriori
experience, is necessary to obtain a sufficiently adequate and efficient mesh size for a problem. The final
criterion by which to judge the input mesh is the flux profile. A smoothly varying flux profile is desired.
However, some general suggestxms can be provided for the novice user seeking a point of reference from which
to start a calculation:

1. In a gamma radiation field, the mesh size for a heavy-metal shield should range from about
0.3 (uranium) to 0.7 cm (iron). Ifno gammas are present, the r esh size can be increased to about 1.0
cm.

l

!

2. In a neutron radiation field, typical neutron moderators should have a mesh size of 0.8 to 1.0 cm. For
some materials such as carbon, the mesh size can be increased to about 2.0 cm. '

3. A typical mesh spacing for light elements is 1.0 cm.

i

4. For gases and voids, the mesh spacing can be rather large, 3 to 5 cm.

5. Radical changes in the mesh size from one zone to the next can be detrimental, particularly because
greater flux gradients typically occur at material interfaces. If necessary, the SAS1 user can pro ide

;

extra zones with intermediate mesh spacings on either side of a materialinterface to provide for better )
transition from one material mesh size to another. (Note: Radical mesh size changes within the same i
material can also cause large undesirable flux changes between the mesh inten als.)

|
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!' The prevmus suggestmas provide a niimmum of guid ace to the is.We.-M user, but all users are
L !

duly cantinnad that only after the calculation is complete can t' e results be analyzed and the mesh judgedn
i;

adequate. The appropnate check is the groupwise scalar fluxes (in XSDRNPM output). These should not
! !undergo significant changes (>50%) from one interval to the next. Again, a-cap *We occur because the low- ~

energy fluxes may be allowed to change radically from interval to interval without ancting the validity of the
final doses. Thus, when there is us-id ;f n the user's mind, the safest and best approach is to repeat thei

;
e=1~1*iaa with a finer mesh until successive cal ~1*ia== show little or no change in the desired dose results.

1

I St.2J COMBINED CRITICALITY AND SHIELDING CALCULATIONS ||

| Afla the original SASI module was dcvcleped and tested, an=E==== was added that allows the
user to takr the leakage sp Gom from an XSDRNPM criticality calculation and input it as a bom.huy source

i

)

j
to subsequent shielding calculations. This option can be valuable in assessing the effectiveness of criticahty i;
arndant alarms at various lacarians when shielded by different materials The madificarians were made using '

!' existing input variables such that there is no impact on the input for previous SASI and SASIX e=1~1*iaa=

The SASIX procedure executes BONAMI, NITAWL-II, and XSDRNPM to process cross sections for
subsequent shiekhng e=1H*iaas by XSDRNPM. Although the first XSDRNPM e=1~1=+ina called by SAS1X
was origmally =#andad by producing cell-weighted cross eactiana, the analysis can also be used to provide the
value and the leakage spectrum for the 1-D p^y input with the MULTIREGION traatment (see Sect.;

'

M7.2.43). When propaly specified, the SAS1X sequence reads the angular flux file written by the first
. XSDRNPM criticahty cahdatina and pnparts a boundary source for input to subsequent XSDRNPM ahialdiag
enhdatinna * Ibis boundsrysowce is input to the boundary of the first zone of the shiald=g problem. 'Ihis first
zone must be designated as a void region, and its boundary dimension must be identient to the outer boundt y,

'

of the XSDRNPM criticality e=1~1*iaa

Error checkmg for consistent input is performed to ensure that the input for this SAS1X option is
accurate The followmg checks are performed

1.j The geometry option input to the Matenal Infonnation Prw must be MULTIREGION.

2. The zone @ for the boundary flux input must be a void region and must be the first zone of the
shield =' analysis.

3. The boundary dimension of the zone designated for the boundary flux input must be identical to the !
outer boundary dimension of the XSDRNPM criticality calculation.

4 TF ; number ofintesvals in the zone designated for the boundary flux input must equal one. |
1

5. The angular quadrature (ISN) for the XSDRNPMS cnticality and =W1Aiag calculations must be
identiemi.

No mixture that is used in the XSDRNPM criticality e=1~1*iane may be used in the XSDRNPM shieldmg
1,.i,..iato. -
i

In order to obtam a calentaten of activities from XSDRNPM with SAS 1X, the user must input a trace
amount of the ACTIVITIES dummy miclide from the Standard Composition Library in one of the auxtures in
the XSDRNPM shiekhng cahdarian This is not nare==ary when using the SASI sequence haran=e the sequence
antnmatically places the ACTIVITIES dummy nuclide on the cross-section library. However, in the SAS1X

;

segumm theXSDRNPM cnticahtyembdatmn generates a second cross-sectionlibrarywith the cell-weighted '
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cross sections that are used in the XSDRNPM shielding calculation. This library does not contain the
ACTIVITIES nuclide; thus it must be input by the user.

The dose results from SASIX are given in rem / hour normahzed to a fission source rate of I fission
neutron born /second. In order to normahze the dose to total fissions, the following calculation should be

performed
' '

. rem /h 1 neutron /s Ih
Dose (rem) = total fission * dose rate *

.

*

neutrons /s; fission rate (Sssions/s) 3600 st

The dose rate is taken from the XSDOSE output, and the fission rate is taken from the XSDRNPM criticality case

output. Dose rates from the optional XSDRNPM calculation of activities can be interpreted in the same manner.
In order to normahze the dose rate to power, the following calculation should be performed:

Dose rate (rem /h) = dose rate e power (watts) *
neutrons /s,

t

I neutron /s I
,

. ' watt-s'fission rate (fissons/s) energy per fission
fission ji

where energy per fission is typically on the order of 3 x 10-" watt-s/ fission. Caution should be exercised in using
the equations presented above ifdose factors other than the default ANSI star'dard are used. The units of measure
for other dose factors may differ, requiring modifications to the above equations.

SI.2.4 SPECIAL FEATURES AND PARAMETER DEFAULT VALUES

The SASI contml module has been developed to enable several different shielding calculations to be run

using the same cross-section working library. This is done by separating data for the cross-section processing
and data for the stueldmg analysis by a Problem Control Card. If the Problem Control Card in the input data is
left blank, additional shielding problems following the current problem will be solved using the same cross-
section set and mixmg table. If this card contains LAST, the program temunates on completion of the current
problem. Genention of the cross-section working library can also be skipped (i.e., calls to BONAMI, NITAWL-
II, XSDRNPM fx cell-weighting are bypassed) by saving the working library from a presious S AS 1 case (output
by NITAWL-II to the file in unit 4) and using the PARM= RESTART option on the module specification card
(see Sect. SI.4). For the restart case, the working library is read from the file in unit 4, and the Material
Information Processor portion of the data (see Sect. SI.4) must be the same as that used in preparation of the
workinglibrary(to ensure a valid mixmg table is generated). Generation of a working library without execution
of the shielding analysis can also be done by using the PARM= HALT option on the module specification card.
These features for using the same working library with multiple shielding calculations are very beneficial for
design analyses when only the geometry or source specification differs between problems. To use the
PARM-HALT and PARM-RESTART options with the SASIX sequence, the working library output by
XSDRNPM to the file in unit 3 must also be saved. If the XSDRNPM boundary flux from the criticality
calculation is to be used as a source in the shielding calculation, the file in unit 94 (contammg the angular
boundary fluxes)must also be saved.

NUREG/CR-0200,
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) Another attractive feature of the SASI module is the optional COLLAPSE parameter. This keyword
,

parameter is avalable as an option in the MORE DATA sectaan of data for the Material Information Processor. j
Engagmg the COLLAPSE parameta e the thermal neutron groups available on the cross-section set to be '

collapsed to one group 'Ihe collapse is done using a typical thermal reactor flux spectrum (Maxwellian to 1/E C

| to fission). 'Ibe sources read from an ORIGEN-S file are also collapsed to remove multiple thennal neutron j

| groups, Howwr, sourses inputfom cards are assumed to be coligpsedby the userprior to input. Ia shielding
'

| problems where the neutron thermal group structure is not needed, the COLLAPSE option can signihly ;
; enhant e the calculational eWia y with little or no impact on the final dose rates. In particular, this option is !
I

anned at the 27-group neutron and 27n-18-y group libranes available in SCALE that contain 13 thermal neutron

groups. As shown in the sample problems (Sect. S1.5), the COLLAPSE option can prove very beneficial in i
reducing cpu time without affecting results. i

Default values are provided in SAS1 for parameters ===aaly used in XSDRNPM (for shielding )
| analysis) and XSDOSE. Parameters for which default values are provided, but that can be easily =adir=d. are
i shown in Table S1.4.7.* The default values were selected for a variety ofreasons An angular quadrature order

(ISN) of 16 was chosen for use in XSDRNPM because it generally provides enough scattering angles for the |

typical 1-D shielding problem. An angular quadrature of 8 is often adequate, but ISN = 16 is a more prudent !
| chnum for thick shields. The outer iteration limit (ICM) of 4 was selected based on experience with evaluatmg i

| doses from spent fuel shipping casks using the SCALE 27n-18y group library. Cases run without the
COLLAPSE option typically took more than four outer iterations to converge (because of the large amount of !,

| thennal upscattir), but the dose results were only slightly affected.
1 Default dose factor identifiers (ids) and detector inentinus for use by XSDOSE are also provided in

;

SASI. The default dose factors are the ANSI standard neutron and gamma flux-to<iose-rate factors 2 The i

default detector locations are at 0,1,2, and 4 m from the outer shield surface. In addition to the dose rates
available from the XSDOSE output of SAS1, the dose rates ir.ternal to the slueld are always provided in the 1, _

| activity tables at the cnd of the XSDRNPM outpuL ActivityNo.1 is the neutron dose (rem /h) based on the ANSI |
| neuron dose conversion factors, while Activity No. 2 i:: tk gamma dose (rem /h) based on the ANSI gamma dose ;

| conversion factors A calculation of activities for the same dose factor identifiers may also be obtamed from
j'

XSDRNPM by inputing a trace amount of the ACTIVITIES dummy nuclide from the Standard Composition
j Library in one of the nuxtures in the shielding analysis If optional dose factors are specified in the input, the

activities provided by XSDRNPM will use those =pcirmi

!

* Note that the opuceal par ===aar data in the MatenalInfonnshon Proc sor input (see Table S1.4.5) does*

not affect the XSDRNPM.S case ma for the sluokhag analysis,
'

f NUREG/CR-0200,
i St.2.5 Vol.1, Rev. 5

!

- , - , , -. =_ .



,- -. - ~ . - - . - -._- - - .- - - - . . - . - - . - . . - - - - . -

!
!
!

St.3 PROGRAMFLOW f
s

,

{

The general flow of the SAS I control module is given in this section along with a brief description of !

the subroutines. An abbreviated flowchart for the SASI sequence is shown in Fig. S1.3.1. In the figure, the |
SCALE driver is represented as the large r*==-"Ir block at the left, functional ==hda are +M by ;

hexagons, mayorprogram segments are coremmad in rectangulanzed ovals, and .avud e are denoted by boxes. ;
The SCALE driver (described in Sect. M1) initiatm.the correct sequence based on the module name read from

|
the first card (module sp. :hina card)in the user input data file Subroutme SAS1 or subroutme SASIX is ,

then === mad by the dnver. Data are transferred from the SASI module to the A=diaa=1 modules and between
sm,. tin--i n-t-ta by sequential data files. :

As noted in previous sectons, the E=rvinnal ==hda ace-ad in SASI are described in detail in f . cts. t

F1-F4 of the SCALE Manual. Likewise, the Maternal Information Processor is described in Sect. M7. Is. fact, |,

all documentation pertammg to the Material Information Library is valid here. Thus, only the initiating ;
'

subroutine C4 DATA is desenhed in the followung subroutine descriptions. All subroutmes in the Shieldag Data .

Processor program segment are briefly described.
;

t

! SASI- ' Ibis subromme intiates an analytic sequence to perform cross-section processing without cell-
weighting, solve one or more 1-D radiation transport problems by discrete ordmates j
calci arians, and generate the radiation doses at pomts in, or outside of, the problern boundary. |

d
,

! It sets information in enman to communicate with the SCALE driver. k sets the sequence {
: i=Ew=*nr and loads it in enmman MAIN is called to activate the data reading and hidag i'

procedure, and to provide information to the SCALE driver so that the desired n=etinaal
modules will be --ntad in the proper order.

| SASIX - This subroutme is idantent to subroutme SASI except the sequence initiated performs an
eigenvalue calculation using the XSDRNPM module Cell-weighted cross sections or the
leakage spesum from this XSDRNPM analysis are used in the subsequent .ht u; g
calculation.

MAIN - 'Ihis routme is called from subroimmen SASI or SASIX and opens the appropnate input / output
| units based on the sequence to be run. Subroutine IONUMS is called to define the input / output

units used by the free-form data routmes On the first call to MAIN, data preparation is
initiated, and module execution flags are set for processing the cross-section data. Flags are
set to signal the SCALE driver to execute BONAMI ac ' NITAWL-II. Ifcalled from SASIX,
==* inn ofXSDRNPM is also flagged. MAIN uses tne library subroutine ALOCAT to call

C4 DATA and intiate the Material Informatina Processor (see Sect. M7.3 for more details).
These program segments are accessed to read and check the control module input data and
prepare input data for the functional modules After completion of cross-section processing, !
the driver returns control to MAIN (via the SASI or SASIX savow). Flags are set to ;

direct the SCALE driver to execute XSDRNPM and XSDOSE for the =M,uia and dose i

analysis. DATIN is called via ALOCAT to initiate the program segment entulad Shielding )
Data Processor. 'Ihis program segment reads data input to the control module and prepares the i

! inpm data for ==* inn of the fimevinnal modules. If the program control card is set to LAST,
;

| a flag is set to termmate the control n=hde followmg execution of XSDOSE. If there are other i

| cases to folkm, the program control card is blank, and the SCALE driver is instructed to return

!
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Figure S1.3.1 General SASI flow diagram
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;

i

!
:

to MAIN followmg the eveaman of XSDOSE in order to repeat the shieldmg analpis portion !; \ of the sequence with another act of data.
it
-

ALOCAT- i
This routme is part ofthe SCALE subroutine library. It is used to dyn=nnily allocate an array t

and pass it, along with its d-==iaa, to another subroutme supplied as an argument. It is used ;
in SAS1 to call C4 DATA and DATIN. ' , '

C4 DATA - This is the subroutme through which the MaterialInformation Prw- is activated. It opens !
the units that will be used to pass data to the E==*=? modules (96 for BONAMI,97 for j
NITAWL-ll, and 98 for XSDRNPM). 71 oughout the i,.t.vuime, posters are defined for :
vanous types ofdata, and the STOP subroutme library is called to write a message if the data

{| arrays regare more storage than is available. All other subrourinas called by C4 DATA carry; out operations toprepare and check data that will be used by the E= M ==ble= activated i

<

bythe sequence. A descnption of the other subroutmes in the Material Tafna==+ian Prw |
!

is provided in Sect. M7.3. A list of warning and error messages issued by the Material
i

Information Pim ar is provided in Sect. M7.7

! DATIN - This subroutine is called from MAIN via ALOCAT to initiate the program segment designated
the Shielding Data Pics ac. It calls all the sub.voi-es used for data input and data
processing needed to prepare the XSDRNPM and XSDOSE input data files.

! FREE-FORM Subroutmes SCANON, SCANOF,IREAD, FREAD, and AREAD are a part of the SCALE
| _ READING subroutme libraryand arecalledat various places ti-vughouttheprogramtocontrolthe
l ROUTINES - readmg offree form data. SCANON and SCANOF turn on and off the scan-ahead feature that '

;
checks to see if the next item in the input is an END. IREAD, FREAD, and AREAD read input

| as integer, floatmg-point docunal, or alpha--ic data, i@vely. See Sects. M2 and M3
for more detailed desenptions of these library routmes

|

|
RDICE - This subroutme is called twice from DATIN. On the first call the ICE binary input file (vaitten '

by the Material Information Prncemanr) is read to obtam the dunansinns of the muung table.
| The sacand call reads the mixmg table data from the ICE input file.

i
SETA - This subroutmeis called by DATIN to read the problem title, coordmate system =- :"= i

and the left boundary condition needed for slab and disc .aaa aa+nen Library roimnas
SCANON, SCANOF, and AREAD are called.

:

RDZON- This subroutine reads the zone description data and transfes it to a scratch data set. It counts I

the number of various types of entnes for use in dananainn ng the appropnate data storage
arrays. Libraryroutines SCANON, SCANOF, AREAD,IREAD, and FREAD are called.

i

BFLUX- This subroutine reads the XSDRNPM angular flux file to obtam the boundary flux from the f

XSDRNPM criticality analysis input to the shielding analysis.

ZONDAT- This subroutme reads the scratch data set written by RDZON and loads the zone data into the
appropriate arrays

i

i
i
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O)SOURCE- This subroutine is called from DATIN to read the input source spectra from an ORIGEN-S
binary output data set ardor from input cards. Library routine FREAD is called. ,

SETB - This subroutiae is called from DATIN to read optional parameter values that override the
defa'ut values. Library routines AREAD, FREAD, and IREAD are called.

DOSDI- This subroutme reads the dunensions needed by XSDOSE and sets the array sizes for the rest
of the XSDOSE data arrays. Library routine FREAD is called. 1

1

DOSD2- 'Ihis subroutme is called by DATIN to read the remMnder of the data used by XSDOSE. It sets
the default values of dose factor ids and detector locations when the default values are used. I

Library routines FREAD, SCANON, and SCANOF are called.

CORMIX - This subroutine modifies the meang table to make homogemzed mixtures of source zone
material with other input nuxtures as required by the module data input. It is called from
DATIN.

SNORM - This subroutme nonmhm the input source spectra to the correct values for each source zone.
Normahzation of both ORIGEN-S and card input source spectra are done. SNORM is called
by DATIN.

XSDRNA- This subroutme is called by DATIN to prepare the input data required by the functional module
XSDRNPM. The data am written,in binary, on the appropnate units for use in the XSDRNPM
execution by the SCALE driver.

G,XSDOSA- This submutine is called by DATIN to papare the input data required by the functional module
XSDOSE. The data are written, in binary, on the appropriate unit for use in the subsequent
XSDOSE execution by the SCALE driver.

Besides the subroutmes described above, the SASI module makes use of several of the subroutines
described in the SCALE subroutine library (Sect. M2).

NUREG/CR-0200,
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; St.4 INPUT DATA DESCRIPTION
'

The input to SASI canniets of an Analytical Sequence Specification Card, the MaterialInformation,

i

Ev----edata,aproblemcontrolcard,andtheEdingproblemdata. AnoutlineoftheSASIinputisprovided
|| in Tables SI.4.1 SI.4.6. The data for each segment are entered using the SCALE free-form readmg routmes |

| hM in detailin Sect. M3. A review of the free-form input features is provided below, followed by the input
requirements for each segment of data.

De word "END" is a special data item. An "END" may have a name or label associated with it. De
name orlabel ==encued with an "END"is separated from the "END" by a single t'ank and is a maximum of 12
characters long. At least 2 blanks MUSTfollow ewry labeled and :.ntabeled "END."It is the user's )

resnonsibilityto ensure comoliance with this restriction Failure to obserw this restriction can resultin the
gge ofincorrect or incomplete data without the benefit ofwarning or error messages.

)
S1.4.1 ANALYTICAL SPECIFICATION CARDc

| (
De analytical sequence +,- 7 Vna =SASI or =SASIX (# can also be used in place of =) should begin !

in column 1. The SASIX sequence prepares cell-weighted cross sections (by XSDRNPM) for use as a jhn===iw
mixture in ti.e subsequent XSDRNPM shielding calculations Input data for the sequence can be

| chacked, or portions of the sequence execution can be skipped, by entering various keyword options begmamg
in column 11.

i
|

PARM= CHECK This option causes the input data to be read and checked without execution I

PARM-CHK of any functional modules. Appropriate enor messages are prmted.

| PARM= SIZE =nnanna The region size for a problem can be speci6ed by the user by entenng
PARM-SIZE =nnnnna startmg aAer column 10 of the analytical sequence
=pariwion. The region size, nannnn, is speci6ed in words

PARM= HALT This option causes the sequence to hak aAer generation of the cross-section library.
The Shic!6ng Problem Data input is read and chacked even though the shielding
modules are not emM

PARM= RESTART This, option allows a mixmg table to be generated with the input matenal
information data but allows the cross-section preparation modules to be skipped
and, instead, uses an existmg working library (consistent whh the material
information data) read on unit 4 and the boundary flux file on unit 94 (if
XSDRNPM boundary sourceis input).

De PARM-HALT and PARM-RESTART options can be cost-effective when many shielding analyses are to
be performed with a single cross-section library over a period of time.

To run SASI and nhhm more than one of the PARM options, use commas between each option and
parentheses or single quotes at the begmamg and end:

4

|

| NUREG/CR-0200,
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Table SI.4.1 Outline ofdata for SASI module

Data
position Type of data Data entry Commerds

1 Sequence specification =SAS1 or Begin in column 1. PARM=CHK beginning in column
=SASIX 11 checks the input for errors, while PARM= HALT and

PARM= RESTART, respectively, stop and restart the
sequence after completion of the Material Information
Pmcessor

2 Title Enter a title 80 characters (prints 72 in XSDRNPM)

3 Cross-section 27N-18 COUPLE These are the commordy used cross-section libraries
library name 22N-18 COUPLE available in SCALE for shielding analyses.

18GROUPGAMMA See Sect. M4
275URNUPLIB

4 Type of calculation thTHOMMEDIUM These are the available options. See the explanat.on
LA'ITICECELL in Sect. M7.4.3. Note the LNITICECELL specifica-
MULTIREGION tion is normally applicable only for the SAS1X sequence |

where cell-weighted cmss sections are desired

5 Standard composition Enter the Termmate this data block with END COMP. See
specification appropriate Table St.4.2. Section C4.4.4 provides a detailed
data data explanation

*
6 Cell geometry Enter the Omit for INFHOMMEDIUM.

spec cation appropriate See Table St.4.3 for LATTICECELL.3
data (Omit for See Table S1.4.4 for MULTIREGION.
INFHOMMEDIUM) Detailed explanations are pmvaded in Sects. M7.4.6 and

M7.4.7

7 Opional parameter Enter the desired Precede this data block by MORE DATA if more
, data data parameter data are to be entered. Otherwise, omit
! these data entirely. See Table $1.4.5 for parameter

description. See Sect. M7.4.8 for more information

8 Termmate END Must begin in column 1. Except for END COMP,
information this is the only END keyword in the Material
processor data Information Pmeessor data that should start in column one

i
l

9 Problem Blank or Keyword LAST (begin column one) indicates the
control card LAST subsequent shielding problem data is the last to be entered.

A blank record indicates another problem control
card / shielding problem data combination is expected

10 Shielding Enter appropriate See Table S1.4.6
problem data data

11 Termmate END Must begin in column 1. Repeat entries 9,10, and
analytic sequence 11 for additional shielding problems

i

|
|

|

|
|

|
|

| NUREG/CR-0200,
| Vol.1, Rev. 5 St.4.2

_ - __ - _--__---____ _ ___ - ___-____ ._ _ _____



_ _ . . . _ _ . _ . _.__._ _ -_ _ _ _ _ _ ._ _ . _ ._ _ _ . _ . . . . _
.

1 !

i
Table S1.4.2 Matmallnformation Praceaaar data: standard composition specific.orirm's

Entry Variable Entry
number name . Type of data requirement Comments

.

_.

i
1 . SC Standard composmon Always Enter once for each standard composition.

. !component name Enter the t*-- 4 desenption from Table M8.2.1.
!

Addataonal allowed names include those beganmng with
ARBM for arbitrary matenals, and SOLN for solutions

Al ROTH 'Ibeoretical density ARBM Enter once for each standard composition component
of material (g/cc) that is an arbitrary matenal

|

,

A2 NEL Number of elements ARBM Enter once for each standard composition < ^

.- ,

in the matenal that is an arbitrary matenal
7

A3 IVIS Mukiple isotope ARBM Enter once for each standard composson component
indicator - that is an arbarary matenal. Enter 0 for a matanal that does ;

not contam muluple isotope elements. Enter 1 if the matenal )
contains a multiple isotope element. An arbitrary matenal ;
cannot have more than one multiple isotope element, if
necessary, several arbitrary materials may be used in a
single mixture

,

i

A4 ICP Compound indatar ARBM Enter once for endt standard composition component that is
an arbitrary matenal. Enter 1 for a compound and 0 for
alloys, mixtures, etc. j

.
A5 IRS Resonance indicator ARBM Esser once for each mandard composmon - ^ that is,

an arbitrary matenal Enter 0 if all the nuclides in the
material are nonresonance nuclidos; enter 1 if one or more

i ihave resonance data. See Sect. M8.2, Table M8.2.1

A6 NCZA ID aumber (from far ARBM Repeat the sequences A6 and A7 for each element i
right column of Table in the arbitrary matenal before entenng entry -
M8.2.1) number 2. Enter the number from the far right column of

Table M8.2.1. (Pronused standard composstions cannot be j
used in an arbitrary matenal defuution.) !

A7 ATPM Number of atoms of ARBM Repeat the sequence A6 and A7 for each element
this elementper and in the arbitrary matenal before essermg entry
molecule of arbitrary ICP=1 2. Do not enter a value unless ICP=1
matenal *
or or or
Weight perocat of this ARBM Repeat the sequence A6 and A7 for each element
element in this and in the arbitrary matenal before entenng entry number
arbitrary matenal ICP=0 2. Do not enter a value unless ICP=0

2 MX Mixture ID number Always Enter once for each standard composition component
|

|' '\
i

>

i

: L
$

i
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Table St.4.2 (continued)

Entry Variable Entry
number name 'lype of data requirement Comments

S1 FD Fuel density (grams of U SOLN Enter once for a solution
or Pu per liter of solution)

S2 AML Acid molarity of the SOLN Enter once for a solution. AML=0 if there is no acid
solution in the solution

01 SPGR Specific gravity of the Optional If the speciSe gravity (SPGR) of the solution is known,
solution it should be entered as SPG=SPGR

or or or
ROTH Density of the basic If the density of a basic stardard composition (ROTH)

standard composition is to be entered, use DEN =ROTH

3 VF Density muhiplier See Enter the density muhiplier (density fraction, volume
comment fraction, or a combination). Defauh value is 1. This
column item can be omitted if entries 4, 5,6a, and 6b are aho

omitted. VF=0 is not allowed for SOLN or ARBM

4 ADEN Number density (atoms /b- VF=O Enter only if VF=0.0
cm) for the nuclide

5 TEMP Temperature, in degrees K See Defauh value is 293 K. This entry can be
comment omitted if entries 6a and 6b are mise omitted
column

6a IZA Isotope's ZA number VF*O Enter for each isotope in the standard composition
component. Omit if VF=0. Entnes 6a and 6b are entered in
pairs until cach isotope in the component is defined

6b WTP Weight percent of the VF*0 Enter for each isotope in the standard composition
isotope componenL OmitifVF=0.0. Entries 6a and 6b are entered

in pairs until cach isotope in the component is defined

7' END Tenninate a standard Always Enter once for each standard composition component.
composition This terminates the data for a standard composition

component. Enter END to terminate the component. Repeat
entries 1 through 7 until all the mixtures have been defined.
At least two blsaks must separate entry 7 from the next
entry

END Ternunate the data block Terminus Enter once for a problem. Enter the words END
COMP COMP when all the standard composition components have

been described. At least two blanks must follow the END
COMP

'See Sect. M7.4.4 for detailed description of each input variable.
* NOTE: Entry 7 should not begin in column 1 unless a name is associated with it. At least two blanks shouki separate the last

entry 7 from the END COMP.
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h Table SI.4.3 MaterialInformation Processor data: ih unit cell specification for LATTICECELL problems' )
samry variabis semy
numsbar amme Type et does segumumame Deanemmy Commames

1 CTP Typs ofimmies Mways Demaribes to type of heios er eney
casAgtumeum

SQUAREFFIDI Ues for cylindrical seds k e agense pinch
ASQUAREFr!CH Use for ammehr cylundriant sods in a equem pindi
ASQP Use for ammmhr cytheriaal sede h a square pinch
11tIANOPrICH Uas for cylhdrismi seds in a enmaguhr piedi
ATRIANGP!1CM Use far ammmhr eyhennemi sens b a trimaguhr piedi
A1BP Use for ammmier sylmensat seds in a mimaguine piedi
SPH3QUAREP Ues for sybensal pelines k e subic lumine
ASPHSQUAREP Use for ammmhr sybarismi penses in a subic huius
ASSP Ues ist emmmhr sybannel puBuns im a ambic heios
5FH11tlANGP Ues for sphensal penses a e bicamemnd er imoe eemessed hexagemal

r'r . " leasios
ASPH11tIAGP Use for sphonal palham h a boosmaand or face.comanrad hexagemal

class-peaksi heios
ASTP Use for sphenset pauses b a benemeered or ince-eameered haungammi

! L. ' immine
! 3DO451ABCELL Ues for a symmuseric anny of aimbo
j ASD451ABCELL Use for a periodic bis asymmeseric eney of einbe

! 2 P11CH Anay piedi Always Apprepnues ilne r spechg (cum) beeween fuel kamps. For
(cum) damamanom asymmetric simb cou, esser she deemmes fuesa lbs cameer of ens

madmeest to te sameer of Ibs esbar modenser (am)

3 FUE1;DD Onamide dunamssom Always Appreynnes Oumide dammseer af fust (com). er es 6memass of the inal
| ef fuel (cm) d- in a simb
i

d MFUEL Fust n==e amenbar A k eye artmure number Miamme sammber supsumammag the fuel

i s 5 MMOD md-seer mixeme Mwaye h s miember he asunber sepsessemos ths--d- aar
'

| mammber

l

|
w 6 hOdOD2 2nd andemeer M Miname number Minamre summber supnessmag es essend smederment

' aminame ammber call

7 TEMOD2 2nd sendemeer A5YMSIABCE 11hchmess lhh of es esosed h (ce) for
h ASn451ABCELL
or er er er
2nd andesmear ammuner seu Dammeur Dunnseer of hast maadessaar (om) for esbar ====3=
disameer (can) eens

8 CLADOD Oussif9_t=.ssr Ifcand Chd OD OMITIF NO CIAD. Far e almb, CIADOD is abs sums of
| of cand (ce) 6mamass of te fusi, gap, and clad

9 MCIAD Cind mineure aimmber Ifcied Miname ammber OMIT IF NO CIAD. Minasse ammber sepassmeng as chd

to CIADID lamide damasser of If gap CindID OMITIF NO GAP bessess es fusi and chd
cind (can)

11 MGAP Gap de-o number If gap Miamme =* OMIT IF NO GAP besween the fust and clad. A smineuse mummber of,

!- aere is enom used

12 END Tennemas Ahreys END Termannes iba IATTICBCELL impus doen by emnerks abs
doen IATTICBCELL werd END. De noe start in column 1. At trust see himmks must

j fausw emery 12

ses se.e. M7.d.6 fe, d. mand - . _ _ _ et an.b h,in ve,i.6is.

,

.

.
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Table Sl.4.4 MaterialInformation Processor data: geometry specification for MULTIREGION problems'

rmry Variable Entry
nimmber name Type of does regaremait Desa amery Counsumes

1 C5 - Type of gm Always Describes abs type of geanneery. he options are listed below
SIAB Une for elab g==.ery
CYllNDRICAL Use fur cylmdrical gaa-my
SPHDUCAL Use for spherscal em
BUCrf m IAB Use for simb gan==ery with a baileg correction for tha two

transvene duections
BUCKIIDCYL Use far cykeda:al seaansary wish a b-he conecuan in the

maial direction

Defauk is VACUUM. Descritne the right/outside boundary
eundaian

2 BR Right * -- Requared far VACUUM his pewides a naaresura canditias et the boundary. Do
candnam BUCKIIDSIAB REF11CrED not use for cylindrial or spbancel

& PERIODIC Do not use for cylmarical or sphencal
BUCrf mCYL WHTIE his pewides isceopic neurn at the boundary
Optmmal for cober
geosmeanos

Defmukis REFUCITD Describes the lea boundary candman

3 BL lea boundary Regured for VACUUM Ris provides a namnsurn conditico at abe basadary
condson BUCrimSIAB RIMICTED L-==amded for cylindrical or spherumi

& PElGODIC Do aos une for cylindikal or spherical
BUCl3.IDCYL WHITE his provides matropic resusn at abs boundary
Optsaast for oeber
g""*ns

d ORGN Immtian ofleft bum mSLAB Appropnsis Defendt is 0.0. Sbcsad not be changed for cyladrical or sphencal
boundary on abe & danrasian geometry. A value must be entered if subenquess dann are to
n-exis (cm) BUCKIIDCYL be emnered

Opteamal for caber
geometnes

5 DY Bucklang beight (cza) BUCrr m !AB Appropnene OMTr ICR SIAB. CYllNDRICAI. med SPHERICAI. His
& di===== cornspands to ens of the transverse darsensions of an actual

BUCKIIDCYL S-D slab assembly or to abs length of a fadie cylauter

6 DZ Buch.hng depsh (cu0 BUCKIID$1AB Appropnais OMIT UNIISS bum MSLAB WA5 SPECIFIED. his
h- is abs buckbag darsi. -. 'ing to tbs aa~=t transverse

7 END End geaumesry Akas END Ester aba word END. Do eat mart ha cohana 1. At leut two
parameters blanks must sepamme amary 7 fross abs fast entry 8

8 MXZ Mixture ===h r in Always Mixture Repet entry numbers 8-10 until au sauce are dermed. Enter
Ibezone =* the =he=e number for this name

9 RZ Outside radius of Ibs Always Appropnate Repeat smary ===h-s 810 until en zones ese dermed. Enter
some (cuQ denemsion abs -m=kla denension of Ibe zoos (cm)

10 XMOD External moderssor Optional Reyent entry members 8-10 until au semes are dermed
indes Ensry 10 is ga--I and com be -iaad. If k is a=amad. repeat

emeries 8 and 9 unail au semes are dermed
NOEXTERMOD Ne amaderneang meterials in the adpast zonas
ONEEXTERMOD A anoderating material is pneemt in ces adjacent same
1wCI%1ERMOD Moderating assiennis are present in two adjacent sames

END ZONE Ter==ma zame data END ZONE Emmr when au semes have boas defaud by repentang catries 8
drough 10 far end sons. At lenet two blauka must foBow this
autry

'See Sect M7.d.7 fur desniled informataan on end input varmble.

!
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TaNe S1.4.5 Material Information Processor data: optional parameter data'
, V
i Entry K y w rd Type of Module l

l number name data usP g data t' - - - i
'

i

Su==ary of available q tional parameter data (see Sect. M7.4.8)

11 MORE DATA Input flag XSDR11PM nis sigptals that optional parameter data are to be entered l

!2 ISN = order of XSDRNPM ne defauk value is 8. His allows using another value
angular
quadrature

3 SZF= Spatial mesh XSDRNPM ne defauk value is 1.0
size factor SZF<1.0 gives a finer mesh

SZF>1.0 gives a coarser mesh

4 IIM = Maximum XSDRNPM ne defauk value is 20. His allows using another value
number of
inner
nerabons

5 ICM= Maxunum XSDRNPM The defauk value is 25. This allows using another value
number of
outer I

gernhons

6 EPS = Overall XSDRNPM
g convergence
y criteria ,

ls
7 PTC= Point XSDRNPM ne de,fauk value is 0.0001. His albws using another value

convergence
criteria j

'

i
8 BKL= Buckling XSDRNPM The default value is 1.420892. Use ONLY for a

factor MULTIREGION problem that specifies BUCKLEDSLAB
or BUCKLEDCYL

9 IUS Upecattenng XSDRNPM ne defauk value is zero. IUS =0 does not utilize upscatter
scaling factor scaling. IUS=1 uses upscatter scaling to accelerate the

solution and/or speed convergence

10 RES = Resonance BONAMI Enter tie mixture number, geometry type (SLAB,
data NITAWL CYLINDER, SPHERE) and the thickness of the slab or I

radius of the sphere or cylinder, in cm. Optionally enter
the inner radius (cm) to specify an annular cylinder or
sphere.

11 DAN (mm)= Dancoff BONAMI Enter the mixture number mm to which the Dancoff factor
factor for the NITAWL apphes inside thep: ; erler the Dancoff factor aAer
speci6ed the equal sign
mixture

Repeat items 10 and 11 for all sceonance mixtures used in
the pudiern that are not treated in the
LATTICECELL or MULT! REGION description

; /'%\
NUREG/CR-0200,
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Table St.4.5 (continued)

Entry Keyword Type of Module
number name data using data Comments

12 BAL= Key to print XSDRN The defauh is FINE. BAL=NONE causes the balance
balance tables table print to be suppressed. BAL=ALL prints all balance

tab!cs. BAL= FINE prints only the fine-group balance
tables

13 DY= First XSDRN The first transverse dimension in centimeters used in a
transverse buckling correctaon to calculate leakage normal to the
dimension principal calculation direction (i.e., the height of a slab or

a cylinder)

14 DZ= Second The second transverse danension in centimeten used for
transverse a buckling correction (i.e., the width of a slab)
dimension

15 COF= Diffusion XSDRNPM The defauh is 0. See Sect. F3.5,35 array, variabic
coefficient IPN
option for
transverse
leakage
corrections

16 FRD= Unh from XSDRNPM Enter the unit number from which the flux guess for
which fluxes XSDRN will be read
will be read

17 Unh on XSDRNPM Enter the unit number where the binary fluxes from
which fluxes XSDRN will be written
will be written

18 DAB = Number of MIP The defauh is 200. Number of blocks allocated for di. etm
dintet access access unk 8
data blocks

19 COLL Key to MIP Enter COLL to collapse all thermal groups into one group
activate for the shielding sequences
collapse of
thermal
groups

20 END Terminus Termmate the optional parameter data

"See Sect. M7.4.8 for detaileJ information on each variable.
*MIP is the Material Information Processor.

NUREG/CR-0200,
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Table S1.4.6 Input for shielding problem data'

' W Variabin Type of limmy Does
j member amms dass m,minemen emmy Commmmm
i

1 *IITLE 11sle Alware limarr a sids to derasens
i

!

.............................................................................................................j 2 CS Type of sammesy Almers SPHElt! CAL For sphanel gesemary
! c

CYIJNDRICAL For cyledrisal seammary '
l

! SIAB Per simb seammary
DESC

( Bar shb gammmmy wh amly dmodmynd yestiam of eurinos used for does evaham,.
dans from tap of a cylmder

l

| IsA boundary SIAB er VACUUM Ne seamen osadamm at boundary
i

t) S BL condhism DISC REFIJICHID Mirmer innsamme et benader
| ............................................................................y
} 4 MKZ Wa-o member AMye Valid masame Rapest hems 415 for ema amme

..................................

| inasas ammber for amme linear 0 for void. 500 for " _ _ " mixamre '

! 5 RZ Ommer ames Always Appssprmns mains Espant unes 4-15 far ame some
, desammmam damammen of amms (ca)
1

!6 IMZ Mash imeervals for Always Number of equal Raymet hmms&15 for each amme. Ilmaar 1 for the fimut same if a bandery asurce is !same mesh imaarvels used (sms Sect 31.2.5)
|

7 ISZ Semese insmaner Always 0 me esemas; Rapest inamus 4-15 for each mens
) for sans N. esumes fream
j OltIGEN-S fils er

frean XSDRNPM|

! crumminy cass;
[ .N. eauros frees
I emmis
|

l 8 MIXC Missure number to 15Z+0 Vahd meineure member Rapset inumns 4-15 for each name !! mix whh MXZ or 0 for vond
i

l
9 VIC Volumme fiacciam of ISZ*0 Volumns functism Repeat inums 4-15 for each soms

MIXC er 0 if not used If mammare, name wit be composal of mismars MDCC and maixame MXZ eo that
pasm =(VFCXp,,,. +(I -VFCXpaan))

; 10 NSOU Unit ==har wm ISZ> 0 =0 XSDRNPM Rapest hemu 4-15 for each some
[ ONGEN4 emaps boundary asures
L fils >0 inuitammiserwish
! ORIGEN4 flis

11 NPOS Samuce position ISZ > 0 Sauros peshism Espent inums 4-15 for ansk sens
number om & NSOU>0 member Panision member ehemmed frees ORIGEN4 primeens
ORIGEN-S iDe

12 ZVOL Vahams to convert ISZ> 0 Zems vehems (can') For mye.are in per asummbly unien
| sammes no per cus' &NSOU>0 -_ Esant invemos of valms for - _ to per ess' of mans (see Sect. 31.2.1).
| basia yemamaner Asynet hems 4-15 for one asas.

. 15 NASS Number oflumi ISZ> 0 Imager member of For spesem in per ammmmb4y unin (mas Sect 51.2.1)
| enumbians hi a & NSOU> 0 sensembiian in Set to 1 if met used
| noms asas Rapset hems 415 for one amme

i
i

i 14 XNN Neueren ISZ <0 Teeni sauros Repeat hems 4-15 far each name ;
. re.bumme see se per un' "

| facnor
I

f

| 15 XNo asem. ISZ <0 Teeni s==ros R peut hems 4-15 for each a.ms
no% an= age per cm'

- f.ai.,

..............................................................................................................

1

,

I
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Table S1.4.6 (continued)

Entry Variable Type of Entry Data
number name data requirement entry Camments

END Keyword Completion of END ZONE Enter once for a pmblem after all data for zones have been entered.
ZONE to zone input

terminate data
zone

....................................................................................................

16 SOU Source spectra Any ISZ < 0 One entry per smup Repeat spectrum entries for each source
....................................................................................................

17 Optional Optaonal ISN= integer Enter to change order of angular gudrature (16)
parameter data IIM = integer Euter to change inner iteration limit (20)

ICM= integer Enter to change outer heration limit (4)
IDI =.1/0/1 Enter to change flux edit option (.1)
SCT= integer Enter to change order oflegendre expansion used (3)
PRT=.2/-1/0/N Enter to change crose-section print option (-2)
PBT=.1/0/1 Enter to change balance table print (0)
EPS= floating point ==her Enter to change overall convergence (11M)
FTC=floeting point number Enter to change flux convergence (1E-4)
DY= Goating point nu nber Buckling height of cylinder or slab (0)
DZ= Goeting point number Buckling width of alab (0)
IFS =0/1 Enter 1 to eliminate fission source (0)
NDETEC= integer Enter to change default detector locations
NFACIR = integer Ente.r to change default done factor ids

....................................................................................................

18 READ Keyword hems 19,20, READ XSDOSE Input to allow entry of data for XSDOSE-items 21,
XSDOSE 21, or 22 to 19-22

be emered

19 DIMEN! Shield If SLAB, DISC, Height for SLAB Omit if SPHERICAL geometry
dinnnaions or CYLINDRICAL Disc radius for DISC
incm geometrica Height for CYLINDRICAL

20 DIMEN2 Shield SLAB Width of SLAB Omit if DISC, CYLINDRICAL, or SPHI21 CAL
dimensions geometry geometries
in cm

21 DOSE Does factor ids NFACTR> 0 NFACTR entries See Table $1.4.8
NFACIR=0 provides ANSIIDs

22 Detector NDETEC >0 NDETEC detector NDEIEC=0 gives 0,1,2,4 m fran surface at ceserline
( coordinates

incm
R for SPHERICAL
R,Z for CYLINDRICAL Z from cylinder becom
R,Z for DISC Z fmm surface
Y.Y,Z for SLAB X from surface of Y,Z alab

|
.

| 'Sce Sect. S1.4.4 for deuuled description of each input variable. Note dashed lines indicate blocking of input data into records whose
input should begin on a new card.

NUREG/CR 0200,
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=SAS1 PARM-(CHECK, SIZE =120000)
=SASI PARM=(SIZE =120000, CHECK)
=SASI PARM=' CHECK, SIZE =120000'
=SAS1 PARM ' SIZE =120000, CHECK'

S1.4.2 MATERIALINFORMATIONPROCESSORDATA

These data are needed to generate the mixmg table and cross sections used in the shielding analysis.
The input for this portion of the data is described in detail in Sects. M7.43-M7.4.8. An outhne of the data entry
requirements is provided in Table SI.4.1. Tables S1.4.2-S1.4.5 provide a suooo.iy of the input format for the
standard composition data, cell geometry specifications, and optional parameter data. These data must be
termmated with an END begmmngin column 1.

St.4.3 PROBLEM CONTROI; CARD

:

This card allows the user to control the number of subsequent shielding analyses performed with the!
cross-section workmg library. If this card enntaina LAST (starting in column one), thejob will terminate at the
ced of the cah W for the Shbuag Problem Data followmg this card. If this card is left blank, another Problem

|

i

Control Card /Rh6m- Problem Data combinataan is arpe*ad and the same working library and mixing table will
be utilized.

SI.4.4 SHIELDINGPROBLEMDATA ;

I
The RhbWg Problem Data are used to describe the shielding geometry, radiation sources, detector, and !

dose informatxm used by the problem. This input segment must be ternunated with an END begamng in column
i

1. OtherENDs used in this input segmmt must not begin in column 1. If a blank Problect Control Card precedes
this set of Sh6mg Problem Data, the another combinshan ofProblem Control Card and Shielding Problem Data
is arpe*ad by the control module Input for the Shieldmg Probkm Data is onthnad in Table S1.4.6. The following
Mailad eg?W denotes vanable names with capital letters and input keywords or variable names by boldface
capitalletters.

1. TITLE An 80-character title of the shielding problem (only 72 characters will be printed by XSDRNPM).

2.CS Type ofgeometry The available input keywords are listed below.

SPHERICAL The shielding problem uses spherical geometry.

CYLINDRICAL The shielding problem uses cyhndncal geometry.

SLAB The shielding problem uses slab geometry.

DISC XSDRNPM solves the radiation transport problem in slab geometry, and
XSDOSE calculates the dose rates from a disc-shaped portion of the outer slab

.

surface This is the option to use in evaluating the dose out the top of a cyhnder. l

-

NUREG/CR-0200, i

s1.4.11 Vol.1, Rev. 5

. - . _ _ _ . . . _ - _. -- .- - _ __ _ _ - - . - . -



.

|

|

|

3.BL Left boundary condition. This parameter is required only when SLAB or DISC geometries are j

specified. A reflected left boundary condition is automatically used by SPHERICAL and |
'

CYLINDRICAL coorchnate systems because the lef1 boundary corresponds to the centerline. The right

boundary conditionis setto vacuum for all geometry options. The available input keywords are listed

below.

REFLECTED All particles crossmg the left boundary of the system are specularly reflected (i.e.,
i

mirrorimage reflection),

VACUUM All particles crossing the left boundary of the system leave the system.

Items 4 thmugh 15 of the Shielding Problern Data comprise the zone input data. Items 4 through 7 are

required for each zone, while items 8 through 15 are used only for source zones. If a zone has no source, only items
4 through 7 are entered. If a boundary source or a source from an ORIGEN-S output file is to be used in a zone,
items 4 through 9 and 14 through 15 are entered. The zone data must be terminated with an END ZONE keyword.

4. MXZ Mixture number ofmaterial in this zone. This must be a nuxture number defined in the Material
Information Processor data. To use cell-weighted cross sections generated by the SAS1X
cym, enter 500. Mixtures used to create the cell-weighted mixture 500 should not be used
as a zone mixture. Enter 0 for a void (SASI will instruct XSDRNPM to put the first nonzero
mixture in the zone and give it a density factor of 0.0). A 0 is required in the first zone if a
combined criticality / shielding case is desired (see Sect. S1.2.3).

5.RZ Outer radius of this zone for spheres or cylinders, or distance from left boundary for slabs and
discs,in centimeters

6. IMZ Number of space mesh intervals used by XSDRNPM in this zone (see Sects. S 1.2.2 and S 1.2.3).
Enter 1 for the first zone if a boundary source is used (see Sect. S t.2.3).

7. ISZ Source identification number for this zone.
Enter 0 for zones with no source.
Enter a positive source identification number for a source spe mu input from an ORIGEN-S
output file or from the XSDRNPM criticality analy sis.
Enter a negative source identification number for a source spectrum input from cards.

If this zone has no source (ISZ-0), this ends the data for the zone.

8. MIXC Mixture number ofmaterial to be mixed homogeneously with the source zone material such that
pzcm - VFC x pa. + (1 - VFC)pa. Enter 0 to designate a void or if the first zone of a
combined criticality / shielding case (see Sect. S1.2.3).

9. VFC Volume fraction of mixture MIXC to be blended with mixture MXZ in the source zone. The
volume fraction ofmixture MIXC in this zone will be VFC, while the volume fraction of mixture
MXZ actually used in this zone will then be (1.0 -VFC). Enter 0 if not used.

If the source spectrum is entered from cards, skip to item 14.

NUREG/CR-0200,
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!

|
t
r

I

|(f Unit number for data set with ORIGEN-S output file W E N the sowce speeum. Enter 0 if
,

10. NSOU
a boundary source is used and tennin* the data for this zone.

i

|
11. NPOS Position number ofsource spectnan on the ORIGEN-S output file. The position number and the

3

associated burnup and decay times are given in the ORIGEN-S printout. See Sect. F7 for i

information needed to generate and save an ORIGEN-S output file. The output file is saved in
a SAS2 case by saving output to unit 71 (see Sect. S2.5.6).

!

12. ZVOL Parameter used for converting ORIGEN-S output file spectra to per-zone-unit volume (cm'). t

Division of the spectra by this parameter value should Convert it to a per-cm' basis. For file !
spectra with per assembly units, ZVOL should be the zone volume in cm'. See Sect. S1.2.1 for
a discussion.

13. NASS For file spectra with per assembly units [from SAS2(H) cases and many ORIGEN-S cases),
i NASS is the ==her of ===nhl= in the zone. See Sect. S1.2.1 for a discussion. Set to 1 ifnot

;

needed. Entering 0 willeliminate source entirely.

Items 12 and 13 are used to convert the ORIGEN-S source spectra (S) to a per-cm' basis (s,) by the formula

| ScNASSi

|
s*. = ZVOL

i

Knowmg the units on S (from ORIGEN S or SAS2 printout), ZVOL and NASS can be input accordingly. If thei
j source spectra is from ORIGEN-S, this ends the data for the zone.s
i-

| 14. XNN Nan ==li== tion factor for neutron source from cards. Enter 0 if not used.

! 15. XNG Nan ==livation factor for gamma source from cards. Enter 0 ifnot used.

, XNN and XNG are typically the total neutron and gamma source strength per unit volume (per cm') in the zone.
!

For a coupled neutrun/ photon problem,ifonly one of these factors is nnnmo, both sources will be ananali'ad such

| that the spedrum correspondag to the nnawo value gives the correct total source. For example, ifXNG-0 and
XNN is nnn-o, the final neutron source total will be correct, and the gamma source, if any, will be altered by the

(, same factor as the neutron source For photon-only problems, XNN should be zero, while for neutron only
! problems,XNG should be zero.

END ZONE is used to tesnune the zone data. Enter these keywords (do not start in column 1) after input of data
for thelast zone.

16. SOU Scarce spectrum from cards in orderfrom highest to lowest energygroup. Repeat for cack source
spectra from cards. Each spectrum must have one entry for each group If more than one source is
entered, they must be in order of the zone number the source is used in. If the same source is used in
more than one mone, the spectnan must be nycated for endi additional zone. If the COLLAPSE feature

| is used, SOU should already be collapsed to reduce the thermal neutron groups to one.

|
:

i
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; 17. OptionalParameters

Some of the enmmmly used parameters for XSDRNPM shielding calculations and XSDOSE are
assigned default values that are useful for many problems. If a value different from the default is

i desued, it may be entered by inputing the parameter name followed immediately (no space) by an equal
! sign and the desired value. For example,ICM=10 changes the outer iteration limit to 10. One or more

of the parameters can be cntered in any order. Default values are used for parameters not entered. Each

entry should be separated from the previous by a blank. Table SI.4.7 provides a description of the
optional parameters and their default values.

18. READ XSDOSE
Keyword allowing entry of shield and detector data used by XSDOSE. Must be entered to allow
entry ofitems 19-21.

19. DIMEN1
Dimension (cm) describing the extent and/or location of 2 outer shield surface. For SLAB, enter
the slab height.
For DISC, enter the disc radius.

lor CYLINDRICAL geometry option, enter the height.
Omit for the SPHERICAL geometry option.

20. DIMEN2
Secondary dimension (cm) describing the extent and/or location of the outer shield surface of slab.
Enter slab width. Omit for other geometries.

21. DOSE
Dose factor ids (NFACTR entries). The available dose factor ids in SCALE are provided in Table
S t.4.8. IfNFACTR=0 (the default value), the ANSI dose factor ids are used and these entries can be
omitted.

22. Detector Coordmates (cm)
Omit ifNDETEC=0 (the default value), and the detectors will be located by default at the surface, and
at 100,200, and 400 cm from the surface along the centerline. IfNDETEC > 0, then NDETEC sets :
of coordinate entries are required. The input coordinates depend on the geometry option selected:

R Sphere radius for SPHERICAL geometry option.
R,Z Cylinder radius and height from bottom for CYLINDRICAL geometry option.
R,Z Disc radius and height from surface for DISC geometry option.
X,Y,Z Slab, x distance from the surface of a y by z section for SLAB grometry option.

23. END Termmate Shielding Problem Data. Always entered startmg in column 1. This h. keyword also
termmates the analytic sequence if LAST is entered in the precedmg Problem Control Card.

!

!

NUREG/CR-0200,
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I

-Q Table Sl.4.7 Optianal parameterinput for the shieldag problem data
-

Name Ddault Maamng,aan= nanta

ISN= 16 Orderofangularqs L4=w

| IIM= 20 Inneriterationmaxunum
i

!ICM= 4
Ouktitershon maxmaan. A9erICM meer heranons, the problem will be forced into the tennmanon phasei
and the program will contmue as iffull convergence was attained A message to this effect is printed

IDI= -1 Flux edit optum s

:;
-1 no flux priet,

| 0 scalarflux print,
I scalarflux and angularfluxprint !

SCT= 3 Order of14gendre expanmon to be used '

PRT= -2 Cross-secuan print opuon. !

Ii -2 no cross-secuan print,
;

-1 print 1-D cross sections, '

O/NprintP' arrays through orderN '
'

| PBT= 0 Balanna table print ophon-
;. -1 no balance table print,

0 fine group balance tableprint,
|1 fine and broad group balanna table prints
;

, EPS= 1.E-4 Overall problem convergence. This is used by XSDRNPM aAer each outer iteratum to determme if the !|Q problem has converged. A valueless than 0.0001 tightecs the convergence criteria; a larger value looe:ns
the convergence criteria. See Sect. M7.2.5.8 for additional krarmatim

PCT = 1.E-4 Scalar flux convergence This is the point flux convergence criteria used byXSDRNPM to desenmne if !
convergence has been actueved after an inneriteratum. A maallar value tightena convergence; a larger

!
i value k-it

'!

DY= 0 First transverse amnmarmi (an) used byXSDRNPM in a buckhng correction to calculate leakage normal
to the pnncipal ~1~$-% duection (i.e., the height of a cyhnder or alab) .- -

DZ= 0 hannd transverse dimension (cm) used by XSDRNPM for buckhng correction (i.e., the width of a slab) i

IFS = 0 A value of I will cause the fisaan source to be ehm== tad
?,

NDETEC= 0 Number of detectors for XSDOSE dose rate ~1~'-" The dafault value of NDETEC will,

i =*=nannally provule detectors located on the centerline at the surface and at 100,200, and 400 cm
;

| fromthe surface '

L NFACTR= 0 Number ofdose factorIDs for dose ruse ~1 '% The NFACTR default provules dose factor ids
for the ANSI shadard neutron and gamma dose factors

:
1

i
^

i

,(O '
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'

Table Sl.4.8 Special dose factorID numbers available in SCALE

ID No. Response function Availability'

9001 Hurst dose factors (mrad /h)/(neutrons /cm /s) 1,2,52

9002 Snyder-Neufeld dose factors (mrad /h)/(neutrons /cm /s) 1,2,52

9026 Snyder-Neufeld conversion from flux to biological dose 1,2,5
2

(mrem /h)/(neutrons /cm /s)

9027 Henderson conversion from neutron flux to absorbed dose rate in tissue 1,2,5
2

(rad /h)/(neutrons /cm /s)

2
9028 Straker-Morrison conversion factors (mrem /h)/(neutrons /cm /s) 1

9029 ANSI standard neutron flux-to-dose-rate factors 1,2,3,5,6
2

(rem /h)/(neutrons /cm /s)

2
9501 Straker-Morrison conversion factors (mR/h)/(photons /cm /s) 1,4

29502 Henderson conversion factors (rad /h)/(photons /cm /s) 1,2,4

29503 Claiborne-Trubey conversion factors (rad /h)/(photons /cm /s) 1,2,4

9504 ANSI standard gamma-ray flux-to&c-rate factors 1,2,4

(rem /h)/(photons /cm'/s)

' Reference numbers of cross-section libraries:
1. 22N-18 COUPLE
2. 27N-18 COUPLE
3. 27BURNUPLIB
4.18GROUPGAMMA
5.123GROUPGMTH
6. 27GROUPNDF4

!

1

;

i
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;

'

SI.5 SAMPLEPROBLEMS

{ St.5.1 GENERALDISCUSSION

i
The SAS1 control module provides automated analytic sequmces that use the XSDRNPM and XSDOSE |

|

codes to calculate the neutron and gamma fluxes and dose rates on the surface of a spent fuel shipping cask ori
;

other shieldad body and at otharpoints beyond the outer surface of the body. XSDRNPM is used to model one-
!

;

!
dunensional (1-D) radiation transport through the shield, while XSDOSE is used to model radiation is.uspeit

i
from the extenor surface, through an external void, to the point or points ofinterest. Pru.. irary cross-section ji processmg is =fnr-i muinmatienlly as the SAS1 control module first invokes the BONAMI and NITAWL-II '

j - self-shieldmg codes In the SASIX m , a prehmmary XSDRNPM calculation is performed to
! prepare cell-weighted cross sections for one region (typically the source region) where a %>=

representation of a heterogeneous configuration is desired. For example, the resulting nuxture 500 from a;

F SAS1X LATTICECELL calculation can be used to represent he homogemzed fuel assemblies in one or more
!

zones of the final XSDRNPM shielding calculation of the sequence On the other hand, if the cell weightmg of
! the aoss-scremn data is not deemed of great importance (as is frequently the case in shielding calculations), the
. user may specify the actual volume fraction for each material in the homogenized representation of the fuel (or
| other radioactive material) and invoke the basic SAS1 sequence
1

Although the SAS1 contml maaile is designed to solve a variety of 1-D shielding problems, the feature
of the module will be mamly illustrated via analysis of the spent fuel shipping cask shown in Fig. 51.5.1. The.

j cases that are illustrated are summanzed in Tables S1.5.1 and S 1.5.2. The heavily annotated input data for each
|; case is inchiad to illustrate how such a cask may be described under accident and nonaccident conditions using j

i a variety of modeling approximations and input options.* The mahling approximations and input options
i illustrated included etWions (1) with and without the neutron shield, (2) with and without the axial shock'

i absorber, (3) using the l=*w-H muhuegion, and infinite homogeneous media cross-section processing options,
j (4) collapsing down to 1 thermal group or retammg as many as 13, (5) using or not using the bneidmg
j

yrd...d.nn in the 1-D stuckhng analysis, (6) entermg the source spectrum directly or readmg an ORIGEN S

| source file, (7) using lower order angular quadratures, (8) allowing more outer iterations, (9) including more
detector locations than those shown in Fig. S1.5.1, and (10) using altemate sets of flux-to-dose conversion

"

j factors. 'Ibe radial and axial analpes for the shipping casks are discussed in Sects. S1.5.2 and S1.5.3. The final i
'

sample pmbleen amen ==eri in Sect. S t.5.4 derannetrates the use of the SAS1XM-aca for a wi Lireicriticality
i and shieldmg probksn as described in Sect. 51.2.3. Note that SAS1 sample problems 1-2,5-8, and 22-25 are'

not included in the distribution version of SCALE to reduce the amount of CPU time required for users to verify
.2

theirinstallation of SASI.
|

Note that allproblem results shown in Sects. 51.5.2-S1.5.4 represent those obtained during testing
ofthe mokle on the1BM-3090 at ORNL 1hese results willnot exactly match those distributed with the code
package.1he inputfor the SAS1 cases tested at ORNL wereprepared to ensure an exact match between the
source input directly and the source provided by the ORIGM-Sple. Users wishing to compare results
between cases run at theirinstallation willneedto ensure theirnurces also match (i.e., the ORIGM-Ssource
used by ORNL to test will not exactly duplicate that generated at any specipe installation).

Laos ofinput data e =-t an apostrophe (') in column 1 will be ignored by the SAS1 input processor
and treated as an embedded c==mw. This feature is very heiyful in documentag user input.

T NUREG/CR4200,
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Table S t.5.1 Efrect of using various options in the soluaan of the radial SASI sample prut,lem under difTerent widitions*
Fuel model used Collapse Neutron ORIGEN
in eross-section option shield source ISN= default (16) ISN= default (16) ISN=8c::leulation used present file used ICM= default (4) ICM=10 ICM= default (4)

LATTICECELL(SASIX) No Yes No 9.35/23.71 [1,245]* - -

LATTICECELL(SASIX) No Yes Yes 9.35/23.71 [2,245] - -

LATTICECELL(SASIX) Yes Yes No 9.72/23.89 [3,96]6 - -

LATTICECELL(SASIX) Yes Yes Yes 9.72/23.92 [4,% ] -
-

-22
INFHOMMEDIUM(SAS1) No Yes Yes 9.32/23.788[5,242]* 9.55/24.02 [6,440] -

INFHOMMEDIUM (SAS1) No No Yes 269.9/29.28[7,238] 273.3/29.29[8,370] -

INFHOMMEDIUM(SASI) Yes Yes Yes 9.70/24.00 [9,94] - 9.61/24.20 [10,33]6

INFHOMMEDIUM (SAS1) Yes No Yes 269.9/29.28[13,90] - 269.6/29.63 [14,32]

*The tabulated resuhs (Dn/Dg) show the calculated neutmn and gamma dose rates in mrem /h on the surface of the cask under the various conditions. The data in
brackets [id, t] show the case id number corresponding to the sample input and the XSDRNPM running time (s) for the shielding pmblem on an IBM-3090

' Dose rates obtained using the collapsed 15n-library vs the 27n-library may differ more if one had a thermal-neutron-absorbing / gamma-producing material like bomn
.

in the neutmn shield near the outer portion of the cask. Such situations may be evaluated on a case by-case basis.
' Input for case 15] also illustrates use of additional detector sites (NDETEC=6) and an additional set of flux-to-dose conversion factors.
' Case [111 was identical to case 110] except that an axial buckling of 595.64 em was used in the XSDRNPM shielding calculation. In this case, Dn = 8.99 mrem /h,Dg = 23.40 mrem /h, and the required epu time was 33 s.

' Case 112] was identical to case [10] except that the outer fuel region and the adjacent void were smeared together in the XSDRNPM shielding calculation. In this
case, DN 9.92 mrem /h, Dg = 24.05 mrem /h, and the required cpu time was 32 s.

h-e
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Table St.5.2 Effect of using various options in the solution of the
axial SASI sample problem under different conditions

Geometric model Geometric model Collapse
for the NITAWL for the XSDRNPM neutron With axial Without axial

cross-section shielding cross shock abarber shock absorber
calculation calculation * sections on the end on the eul

MULTIREGION 15.28/12.40 [15,40T
INFINITE SLAB BUCKLED SLAB Yes 15.27/12.38 [16,39T 143.2/19.13 [17,29]

MULTIREGION
INFINITE SLAB INFINITE SLAB Yes 132.0/31.74 [18,41] 912.7/24.45 [19,31]

INFHOMMEDIUM BUCKLED SLAB No 15.30/12.34 [20,115] 143.2/19.13 [21.85]

INFHOMMEDIUM BUCKLED SLAB Yes 15.27/12.38 [22,39] 143.2/19.13 [23,29]

l INFHOMAEDIUM BUCKLED SLAB Yes 132.0/31.74 [24,411 912.7/24.45 [25,31]

*Ihe tabulated results (Dn/Dg) show the calculated neutron and pmma dose rates in mrem /h on the end of the
cask under the various condidons. The data in brackets [id, t] show the case ID number corresponding to the sample
input, and the XSDRNPM running time (s) for the shielding problem on an IBM-3090.

in all cases the finite radius of a circular disk corresponding to the end of the cask was used in the XSDOSE
portion of the shielding calculation. For values at points on the surface (reported above), this will make no
difference, but for those points farther away from the end of the cask, the actual size will affect the cden1*d dose
rate and is correctly accounted for by XSDOSE in all cases.

' Cases [15] and [16] are identical except that case [15] illustrates how to input the 27n-18y source spectra for the
spent fuel directly after the zone input data, while case (16] shows how to use the same data directly from an
ORIGEN-S binary source file.

St.5.2 DISCUSSION OF TIIE RADIAL PROBLEMS

Cases 1 through 14 of Table St.5.1 illustrate different approaches to the 1-D radial problem for the
cask shown in Fig. S1.5.1.

Dose results using the ANSI-standard flux-to< lose mnversion factors' are summarized in Table S1.5.1

with the sespective case number and computation time. Comparisons of these results show the effect of using
the various options and modeling approximations-both in terms of the calculated neutron and gamma dose
rates on the surface of the cask and the corresponding running time for the 1-D XSDRNPM shielding
calculation. bstings of the annotated input data for cases I through 14 may be found in the following tables:

( Table S1.5.3 Cases 1-2
'

Table SI.5.4 Cases 34
Table SI.5.5 Cases 5-8
Table Sl.5.6 Cases 9-14

.
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lTable St.5.3 Annotated Input for Case 1 and 2
i[G 1#SAS1x

\ CASES 1 & 2 (PREP) - LATTICECELL USED FOR X-SECT PROCESSING, COLLAPSE =NO
I

'
27N-18 COUPLE LATTICECELL
. i

8
DESCRIPTION OF MATERIALS IN A PWR FUEL PIN:

' [SEE MIX 8, BELOW, FOR ADDITIONAL COMMENTE!

U02 1 0.90172 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END |ZIRCALLOY 2 1 560 END I

' MIX 3 IS USED BETWEEN THE INNER AND OUTER R0W OF ASSEMBLIES IN THE CASK:
$5304 3 2.1712E 2 END

|B4C 3 7.7066E 2 END
!

' MIX 4 IS THE STRUCTURAL STEEL USED IN THE CASK BODY
' MIX 5 IS THE U-METAL GAMMA SN! ELD
' MIX 6 IS THE NEUTRON SHIELD (DEEFINED HERE; USED IN SOME CASES, BUT NOT ALL)
' MIX 7 IS THE INTERNAL BASKET MATERIAL (S5304) BETWEEN ASSEMBLIES
' MIX 8 CORRESPONDS TO NITROGEN AT 2 ATM PRESSURE, 560 DEG-K (0.00122 G/CC).

*
NOTE: USERS ARE GENERALLY FREE TO USE MIXTURE NUMBER 0 TO REPRESENT A Vo!D

'

IN ANY GEOMETRIC ZONE. THE $1NGLE EXCEPfl0W IS THAT IT CANNOT BE USED AS
1

i'
THE " MODERATOR" WHEN PERFORMING A LATIICE CELL CALCULATION FOR A DRT CASK. i

8 IN THIS CASE, THE USER MUST ACTUALLY ENTER THE STANDARD COMPOSITION
'

SPECIFICATIONS FOR SOME OTHER MATERIAL THAT, FOR ALL PRACTICAL PURPOSES,'
IS THE SAME AS A VOID. HERE MIX 8 HAS BEEN USED FOR THAT PURPOSE.

e

$$304 4 END I

U(.27) METAL 5 END
H2O 6 0.944 END
$5304 7 0.11879 560 END
N 8 0.00122 560 END
e

' THE KEYWORDS "END COMP" SHOULD BEGIN IN COLUMN 1C END COMP
l *

( DESCRIPTION OF LATTICE IN A WESTINGHOUSE 17*17 PWR FUEL ASSEMBLY: |
*

SQUAREPITCH 1.2598 0.8357 1 8 0.94996 2 END |
e

'

END

CASE 1 -- LATTICECELL X SECT PROC, COLLAPSE =NO, SOURCE SPEC ENTERED BELOW
i

8 NOTE THAT A BLANK LINE, OR A LINE WI1H "LAST" TTPED IN COLUMNS 1-4,
' HAD To BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
,

CYLINDRICAL
e

* DESCRIPTION OF EACH ZONE FOLLOWS
.

e THE -1 INDICATES THAT SOURCE SPECTRUM 1 IS ENTERED BELOW (AFTER ZDNE DATA)
XNN=6.91E+02 N/S/CC IN HOMOGEN! ZED SPENT FUEL; XNG=2.59E+10 PHOTONS /S/CC8

500 12.75 20 1 7 0.17994 6.91E+02 2.59E+10
3 21.72 8 0
e

' ZONE 3 (LIKE 2ONE 1) CONSISTS OF 17.994 VOL% S$304 (MIX 7), PLUS
' 82.006 VOL% (= 100.0-17.994) NOMOGENIZED FUEL CELLS (MIX 500)
500 38.05 30 -1 7 0.17994 6.91E+02 2.59E+10
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0

! 4 61.35 6 0
t 6 72.78 16 0

| 4 73.22 1 0
8 NOTE: T';1 KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

'
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Table St.5.3 (continued)

j*

' 27N 18G SOURCE SPECTRUM 1 IS NOW ENTERED: 1

1.27E+01 1.45E+02 1.62E+02 9.06E+01 1.22E+02 1.33E+02 2.60E+01
20Z

|
3.92E-01 1.84E+00 9.41E+00 2.34E+01 4.45E+04 3.58E+05 1.20E+07 '

4.83E+06 2.74E+08 1.08E+09 1.39E+09 9.90E+09 3.10E+09 2.83E+08
4.18E+08 1.52E+09 1.75E+09 6.19E+09
s

READ XSDOSE

* ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC ("2*297.82):
595.64
END

LAST

CASE 2 -- LATTICECELL X SECT PROC, COLLAPSE"NO, SOURCE SPEC FROM ORIGEN-S FILE

e NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4,
8

HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD

CYLINDRICAL
I

DESCRIPTION OF EACH ZONE FOLLOWS:'

e

' THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE
500 12.75 20 +1 7 0.17994 60 2 1.8679E+5 1
3 21.72 8 0
e

ZONE 3 (LIKE ZONE 1) CONSISTS OF 17.994 VOL% S$304 (MIX 7), PLUS8

82.006 VOLE (" 100.0-17.994) HOMOGENIZED FUEL CELLS (MIX 500)
'

500 38.05 30 +1 7 0.17994 60 2 1.1215E+6 6
0 47.63 5 0
4 48,90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0
a NOTE: THE KEYWORDS "END 20NE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

READ XSDOSE

' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC ("2*297.82):
595.64
END

NUREG/CR-0200, '
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| Table St.5.4 Annotated input for cases 3 and 4

(dp)
,

.

,

'

#SAS1X
'

CASES 3 & 4 (PREP) -- LATTICECELL USED FOR X-SECT PROCESSING, COLLAPSE"TES
i 27N-1CCOUPLE LATTICECELL

e

8
DESCRIPTION OF MATERIALS IN A PWR FUEL PIN:

UO2 1 0.90172 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZIRCALLOY 2 1 560 END

I'

MIX 3 IS USED BETWEEN THE INNER AND OUTER R0W OF ASSEMBLIES IN THE CASK
*

; $$304 3 2.1712E 2 END
B4C 3 7.7066E-2 END
e

8
MIX & IS THE STRUCTURAL STEEL USED IN THE CASK BODY
MIX 5 IS THE U-METAL GAMMA SHIELD'

8 MIX 6 IS THE NEUTRON SHIELD (DEFINED HERE; USED IN SOME CASES, BUT NOT ALL)
MIX 7 IS THE INTERNAL BASKET MATERIAL ($$304) BETWEEN ASSEMBLIES

'

* MIX 8 CORRESPONDS TO NITROGEN AT 2 ATM PRESSURE, 560 DEG K (0.00122 G/CC).

*
NOTE: USERS ARE GENERALLY FREE TO USE MIXTURE NUMBER 0 TO REPRESENT A VO!D

8
IN ANY GEOMETRIC ZONE. THE SINGLE EXCEPTION IS THAT IT CANNOT BE USED AS l*
THE " MODERATOR" WHEN PERFORMING A LATTICE CELL CALCULATION FOR A DRY CASK. |' IN THIS CASE, THE USER MUST ACTUALLY ENTER THE STANDARD COMPOSITION

8
SPECIFICATIONS FOR SOME OTHER MATERIAL THAT, FOR ALL PRACTICAL PURPOSES,

e
15 THE SAME AS A VotD. HERE MIX 8 HAS BEEN USED FOR THAT PURPOSE.

S$304 4 END
U(.27) METAL 5 END
H2O 6 0.944 END
$$304 7 0.11879 560 END
N 8 0.00122 560 END
,

8 THE KEYWORDS ''END COMP" SHOULD BEGIN IN COLUMN 18 j
END COMPt

1

'/

D) DESCRIPTION OF LATTICE IN A WESTINGHOUSE 17*17 PWR FUEL ASSEMBLYsi *

SOUAREPITCH 1.2598 0.8357 1 8 0.94996 2 END

8
TO COLLAPSE THE 27 NEUTRON GROUPS DOWN TO 15 GROUPS ENTER:

MORE DATA COLLAPSE END
e

END

CASE 3 - LATTICECELL X SECT PROC, COLLAPSE"TES, SOURCE SPEC ENTERED BELOW

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4,
a HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
e

CYLINDRICAL
e

* DESCRIPTION OF EACH ZONE FOLLOWS
e

e THE -1 INDICATES THAT SOURCE SPECTRUM 1 IS ENTERED BELOW (AFTER ZONE DATA)
XNN"6.91E+02 N/S/CC IN HOMOGEN! ZED SPENT FUEL; XNG=?.59E+10 PHOTONS /S/CC

500 12.75 20 1 7 0.17994 6.91E+02 2.59E+10
3 21.72 8 0
e

' 20NE 3 (LIKE 20NE 1) CONSISTS OF 17.994 VOLE $$304 (MIX 7), PLUS
* 82.006 VOLE (* 100.0 17.994) HOMOGEN! ZED FUEL CELLS (MIX 500)
500 38.05 30 -1 7 0.17994 6.91E+02 2.59E+10
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0

i

! -
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Table S1.5.4 (continued)

e NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN is
END ZONE

e

8 COLLAPSED 15N-18G SOURCE SPECTRUM 1 IS NOW ENTERED:
1.27E+01 1.45E+02 1.62E+02 9.06E+01 1.22E+02 1.33E+02 2.60E+01
82
3.92E 01 1.84E+00 9.41E+00 2.34E+01 4.45E+04 3.58E+05 1.20E+07
4.83E+06 2.74E+08 1.08E+09 1.39E+G9 9.90E+09 3.10E+09 2.83E+08
4.18E+08 1.52E+09 1.75E+09 6.19E+09
e

READ XSDOSE
' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
END

LAST
CASE 4 - LATTICECELL X-SECT PROC, COLLAPSE"YES, SOURCE SPEC FROM ORIGEN-S FILE

NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4,8

* HAD To BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
e

CYLINDRICAL
e

* DESCRIPTION OF EACH ZONE FOLLOWS:
e

8 THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE
500 12.75 20 +1 7 0.17994 60 2 1.8679E+5 1
3 21.72 8 0
e

' ZONE 3 (LIKE ZONE 1) CONSISTS OF 17.994 VOL% S$304 (MIX 7), PLUS
8 82.006 VOLE (* 100.0-17.994) HOMOGEN! ZED FUEL CELLS (MIX 500)
500 38.05 30 +1 7 0.17994 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0

| 6 72.78 16 0
t 4 73.22 1 0

8 NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
| END ZONE

e

READ XSDOSE

8 ENTER FULL HEIGHT OF CASK 70 SE USED BY XSDOSE CALC (=2*297.82):
595.64
END

!

I

|
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Table St.5.5 Annotated input for cases 5-8!b
! \ #SAS1
' N

CASES 5 8 (PREP) - INFNOMMEDIA USED FOR X SECT PROCESSING, COLLAPSE =NO
27N-18 COUPLE INFNOMMEDIA

| e

!

* THE U02 AND Z!RCALLDY VOLUME FRACTIONS PRESERVE THE AMOUNT OF FUEL ASSOCIATEDl I

* WITH THE 264 FUEL PINE IN THE SPACE OCCUPIED BY A WESTINGHOUSE 17*17 ASSEMBLY
} ' (IN A 1?*17 ASSEMBLY, ONLY 264 0F THE 289 AVAILABLE PIN POSITIONS ARE USED.) f
| e HERE, THE HOMOGEN! ZED FUEL (MIX 1) NOW CONTAINS SOME 5S304 REPRESENTING THE

'

! e

INTERNAL BASKET MATERIAL BETWEEN ASSEMBLIES. (IN THE LATTICECELL X SECT{ * MODEL, THis WAS CALLED MIX 7 AND WAS LATER BLENDED WITH MIX 500 IN THE
;

* 2ONE INPUT DATA FOR THE CASK SHIELDING CALCS -- SEE CASES 1, 2, 3 OR 4.) j

UO2 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END |

ZIRCALLOY 1 0.08282 560 END 1

$5304 1 2.1375E 2 560 END -

e

8

MIX 2 15 USED BETWEEN THE INNER AND OUTER ROW OF ASSEMBLIES IN THE CASKS$304 2 2.1712E 2 END
| B4C 2 7.7066E 2 END

e

MIX 3 IS A DUMMY MATERIAL NOT USED IN THESE EXAMPLES
8

e MIX 4 IS THE STRUCTURAL STEEL USED IN THE CASK BODY
* MIX 5 IS THE U-METAL GAMMA SHIELD
' MIX 6 15 THE NEUTRON SHIELD (DEFINED HERE; USED IN SOME CASES, BUT NOT ALL)
HE 3 END
$$304 4 END
U(.27) METAL 5 END
H2O 6 0.944 END

e THE KEYWORDS "END COMP" SHOULD BEGIN IN COLUMN 1:
END COMP,

1 e

! END
-

CASE 5 - INFNOMMEDIA X SECTS; COLLAPSEmN; N SHIELD PRESENT; ISNs16,ICMm4
| *
I

* NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4, '
,

| ' HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
| ' FOR THE FOLLOWING SHIELDING CALCULATION. THIS IS ALSO TRUE FOR ANY
| ' ADDITIONAL SHIELDING CALCULATIONS THAT FOLLOW THl$ CASE.

|

| CYLINDRICAL
-

e

' DESCRIPTION OF EACH ZONE FOLLOWS
e

8 NOTES REGARDING THE DATA FOR ZONE 1:

THE +1 INDICATES THAT SOURCE SPECTRUM 1 C0FIS FROM AN ORIGEN-S FILE
*

|

e THE O 0.0 INDICATES THAT ZONE 1 IS NOT TO BE DILUTED WITH MIX 0 (VotD) '

' ORIGEN SOURCE: ON UNIT 60, 2-ND DECAY TIME IN FILE, 2VOL=1.8679E+5,
e NUMBER OF FUEL ASSEMBLIES IN THIS FIRST ZONE = 1
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
8 NUMBER OF FUEL ASSEMBLIES IN THIRD ZONE = 6
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
' INNER STEEL SHELL:

| 4 48.90 2 0
l 8 U-METAL Gape 4A SHIELD:
! 5 57.40 30 0

' OUTER STEEL SHELL:
4 61.35 6 0
' NEUTRON SHIELD (WATER):

| * (FOR THE ACCIDENT SCENARIO WHERE THE N SHIELD 18 ASSUMED
! e TO BE LOST, $1MPLY CHANGE THE "6" TO A "0" ON NEXT CARD)
'

6 72.78 16 0
; * OUTSIDE STEEL BARREL:

f NUREG/CR-0200,
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Table S1.5.5 (Continued)

4 73.22 1 0
* WOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

' SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
* THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
' IT WOULD GO HERE, As ILLUSTRATED IN CASE 1 AND CASE 3.

' NOTE: THE FOLLOWING LIST OF OPTIONAL CONTROL PARAMETERS FOR THE SHIELDING
PORTION OF THE CALCULATION DOESN'T START WITN "MORE DATA" AND DOESN'T END8

' WITH "END" - IF USED, THEY'RE JUST ENTERED BY THEMSELVES.
THE FOLLOWING LIST 18 INCLUDED FOR ILLUSTRATIVE PURPOSES ONLY.*

' GENERALLY ONE DOES NOT NEED ANY OF THE OPTIONAL CONTROL PARAMETERS,

AND THE FOLLOWING CARD MAY SIMPLY BE DELETED. THE CODE WILL SUPPLY8

THE NECESSARY DEFAULT VALUES SHOWN IN THE MANUAL.'

ISN=16 ICMs4 NDETEC=5 NFACTR=4
.

READ XSDOSE
e

' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
.
* BECAUSE WE HAD SET NFACTR=4 (ABOVE), WE MUST NOW ENTER THE CORRESPONDING

' !D NUMBERS FOR THE FOUR FLUX-TO-DOSE CONVERSION FACTORS OF INTEREST. MAD
* THE "NF ACTR=" PARAMETER WOT APPEARED ABOVE, THIS DATA WOULD NOT HAVE BEEN
' REQUIRED, AND THE CODE WOULD HAVE AUTOMATICALLY USED THE ANSI STANDARD
' FLUX-TO-DOSE CONVERSION FACTORS-(9029 FOR NEUTRONS AND 9504 FOR GAMMAS).
* NO HARM IS DONE IF SOME OF THE ID'S ENTERED ARE NOT AVAILABLE IN THE
' PARTICULAR X SECT LIBRARY BEING USED (LIKE THE STRAKER MORRISON FACTOR $,

9028 AND 9503, IN THE "27M-18 COUPLE" LIBRARY). IN SUCH CASES, THE CODE8

8 WILL $1MPLE IGNORE THOSE ID's.
9029 9504
9028 9503
e

' BECAUSE WE HAD SET NDETEC=5 (ABOVE), WE MUST NOW ENTER THE CORRESPONDING

' LOCATION FOR EACH OF THE FIVE DETECTORS. NOTE THAT THESE WILL OVERRIDE AND
' REPLACE THE 4 DETECTOR LOCATIONS THAT SAS1 WOULD NORMALLY USE BY DEFAULT
e HAD THE "NDETEC=" PARAMETER NOT APPEARED ABOVE. FOR CYL GEOMETRY ENTER:
* R(1) H(1)
' R(2) H(2)
* ETC...WHERE H IS THE HEIGHT OF THE DETECTOR ABOVE THE BASE OF THE CASK.
8 NOTE: H=0.0 ALWAYS CORRC3 PONDS TO THE BASE OF THE CASK, AND

HERE, H=595.64 WOULD CORRESPOND 10 THE TOP OF THE CASK'

73.22 297.82
173.22 297.82
273.22 297.82
473.22 297.82
473.22 595.64
.

END

CASE 6 INFHOMMEDIA X SECTS; CCLLAPSE=N; N SHIELD PRESENT; ISN=CEFAULT,ICM=10

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4, HAD
' TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
e

CYLINDRICAL
' DESCRIPTION OF EACH ZONE FOLLOWS:

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE*

1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0

,
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Table Sl.5.5 (continued),D
|

I 4 61.35 6 0|\ ' NEUTRON SHIELD (WATER):
6 72.78 16 0
4 73.22 1 0
e NOTE: THE KEYWORDS "END ZONE" MUST NOT BEG!d IN COLUMN 1
END ZONE

| *

* SOURCE SPECTRUM !$ BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
; e THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
( ' IT WOULD Go HERE, As ILLUSTRATED IN CASE 1 AND CASE 3.

' OPil0Nel CONTROL PARAMETERS GO NEXT (IF USED):
ICM=10

i '
READ XSDOSE

' ENTER FULL NEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
| 595.64
| END

| CASE 7 - INFHOMMEDIA X SECTS; COLLAPSE =N; NO N SHIELD USED; ISN,1CM= DEFAULTS
I

| ' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4, HAD
'

* TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
4

CYLINDRICAL
' DESCRIPTION OF EACH ZONE FOLLOWS
8 THE +1 IC ICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6

| 0 47.63 5 0
4 48.90 2 0

| n 5 57.40 30 0
; / 4 61.35 6 0

(b| ' NEUTRON SHIELD (NOW VOID):
| FOR THE ACCIDENT SCENARIO HERE, THE N-SHIELD IS ASSUMED8

! 8 TO BE LOST, 30 MIXTURE O WAS USED IN PLACE OF MIXTURE 6.
! 0 72.78 16 0
| 4 73.22 1 0
( ' NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
' Ee ZME

a

' SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT TNAT DATA MANUALLY. IF NEEDED,
8 iT WoutD GO HERE, AS ILLUSTRATED IN CASE 1 ANic CASE 3.

READ XSDOSE

ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):'
,

| 595.64
| END

LAST
| CASE 8 - INFHopetEDIA X SECTS; COLLAPSE =W; NO W-SHIELD USED; ISN=DEFUALT,1CM=10
|

| NOTE THAT A BLANK LINE, OR A LINE WITH "LAST* TYPED 7N COLUMNS 1 4, HAD8

TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AMD THE ABOVE TITLE CARD.

CYLINDRICAL
* DESCRIPTION OF EACH ZONE FOLLOWS:
* THE *1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0'

5 57.40 30 0
,
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Table S1,5.5 (continued)

4 61.35 6 0
8 NEUTRON SHIELD (NOW VOID):
' FOR THE ACCIDENT SCENARIO HERE, THE N-SNIELD IS ASSUMED
' TO BE LOST, So MIXTURE O WAS USED IN PLACE OF MIXTURE 6.
0 72.78 16 0
4 73.22 1 0
* NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLLE4N 1:
END ZONE

e

8 SOURCE SPECTRUM IS BEIWG READ FROM AN ORIGEN-S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
' IT WOULD GO HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.

8 OPTIONAL CONTROL PARAMETERS GO NEXT (IF USED):
ICM=10
I

READ XSDOSS

' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
END

,

O
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Table St.5.6 Annotated input for cases 9-14 i

1, ,

#SAS1

CAWS 9-14 (PREP) -- INFN0leqEDIA USED FOR X SECT PROCES$1NG, COLLAPSE *YESs

27N 18 COUPLE INFN0104EDIA

8

THE U02 AW ZIRCALLOY VOLLSIE FRACTIONS PRESERVE THE AMOUNT OF FUEL ASSOCIATED*
WITH THC 264 FUEL FINS IN THE SPACE OCCUPIED BY A WESTINGNOUSE 17*17 ASSEMBLY8
(IN A 17*17 ASSEMBLY, ONLY 264 0F THE 289 AVAILABLE PIN POSITIONS ARE USED.)

*
NERE, THE NOMOGEJIZED FUEL (MIX 1) NOW CONTAINS SOME $5304 REPRESENTING THE'
INTERNAL 4ASKET MATERIAL BETWEEN ASSEfSLIES. (IN THE LATTICECELL X SECT* MODEL, THIS WAS CALLED MIX 7 AND WAS LATER BLENDED WITH MIX 500 IN THE

*
ZONE INPUT DATA FOR THE CASK SHIELDING CALCS -- SEE CASES 1. 2. 3 QR 4.)

U02 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZIRCALLOY 1 0.08282 560 END
S$304- 1 2.1375E 2 560 END
e

8

MIX 2 IS USED BETWEEN THE INNER AND OUTER ROW OF ASSEMBL ES IN THE CASK
$$304 2 2.1712E 2 END

]B4C 2 7.7066E 2 END '

I
s

' MIX 3 IS A DisetY MATERIAL NOT USED IN THESE EXAMPLES !
' MIX 4 IS THE STRUCTURAL STEEL USED IN THE CASK BODY

i

* MIX 5 IS THE U-METAL GAMMA SHIELD
' MIX 6 IS THE NEUTRON SHIELD (DEFINED NERE; USED IN SOME CASES, BUT NOT ALL)
NE 3 END
SS304 4 END ]

L

U(.27) METAL 5 END '

N20 6 0.944 END |

8
THE KEYWORDS "END COMP" $N00LD BEGIN IN COLUMN 1:

END COMP
e

8
70 COLLAPSE THE 27 NEUTRON GROUPS DOWN TO 15 GROUPS ENTER: I

MORE DATA COLLAPSE END l

END

CASE 9 -- INFNOMMEDIA X SECTS; COLLAPSE"Y; N-SHIELD PRESENT; ISN,ICM= DEFAULTS

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" 1YPED IN COLUMNS 1 4,
* HAD 10 RE PLACED DETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
8 FOR THE FOLLOWING SHIELDING CALCULATION. THIS IS ALSO TRUE FOR ANY

ADDITIONAL SHIELDING CALCULATIONS THAT FOLLOW THIS CASE.:
e

CYLINDRICAL
e

* DESCRIPTION OF EACH ZONE FOLLOWS
e

' NOTES REGARDING THE DATA FOR ZONE 1:
THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE

*

* THE 0 0.0 INDICATES THAT 20NE 1 IS NOT TO BE DILUTED WITH MIX 0 (VOID)
' ORIGEN SOURCE: DN UNIT 60, 2-ND DECAY TIME IN FILE, ZVOL*1.8679E+5,
8 NUMBER OF FUEL ASSEMBLIES IN THIS FIRST 2ONE = 1
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
* NUMBER OF FUEL ASSEMBLIES IN THIRD ZONE = 6
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
* INNER STEEL SHELL:
4 48.90 2 0
* U-METAL GAMMA SHIELD:
5 57.40 30 0
' OUTER STEEL SHELL:
4 61.35 6 0

| 8 NEUTRON SHIELD (WATER):
j e [FOR THE ACCIDENT SCENARIO WHERE THE N SHIELD 18 ASSUMED
l

b
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Table S1.5.6 (continued)

8 70 BE LOST, SIMPLY CHANGE THE "6" TO A "0" ON NEXT CARD 3
6 72.78 16 0
* OUTSIDE STEEL BARREL:
4 73.22 1 0
8 NOTE: THE KEYWORDS *END ZONE" MUST NOT BEGIN IN COLUMN in
END ZONE

e

' SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
8 THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,

IT WOULD Go HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.'

' OPTIONAL CONTROL PARA:4ETERS WOULD GO NEXT (IF USED)

READ XSDOSE

* ENTER FULL HEIGHT OF CASK TO BE USED SY XSDOSE CALC (s2*297.82):
595.64
END

CASE 10 - INFHOMMEDIA X-SECTS; COLLAPSE =Y; N-SHIELD PRESENT; ISN=8,1CM= DEFAULT

NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4, HAD'

8 TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
e

CYLINDRICAL
8 DESCRIPTION OF EACH ZONE FOLLOWS

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE*

1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48,90 2 0
5 57.40 30 0
4 61.35 6 0
8 NEUTRON Su! ELD (WATER):
6 72.78 16 0
4 73.22 1 0
' NDTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

* SOURCE SPECTPUM IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT THAT CA7A MANUALLY. IF NEEDED,
* IT WOULD GO HERE, AS ILLUSTRATED IN CASi 1 AND CASE 3.

' orTIONAL CONTROL PARAMETFRS GO NEXT (IF USED):
' IN THIS CASE, A LOW-ORDER S8 ANGULAR QUADRATURE IS BEING USED FOR CHEAP
' SCOPING CALCULATIONS. A HIGHER-ORDER 516 (DEFAULT), S24, OR $32 SET
8 EHOULD NORMALLY BE USED IN THE FIkAL ANALYSIS.
I$N=8
e

READ ASDOSE

' ENTER FULL HEIGHT OF CASK TO BE U3ED BY XSDOSE CALC (=2*297.82):
595.64
END

CASE 11 SAME AS CASE 10, WITH AXIAL BUCKLING OF 595.64 CM USED IN XSDRN CALC

8 NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TTPED IN COLUMNS 1-4, HAD
' TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
e

CYLINDRICAL
' DESCRIPTION OF EACH ZONE FOLLOW 5:

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE
'

1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6

NUREG/CR-0200, -
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Table S1.5.6 (continued)O O 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
*

NEUTRON SHIELD (WATER):
6 72.78 16 0
4 73.22 1 0
8 NOTE: THE KEYWORDS *END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

8

SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
8 IT WOULD GO HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.

' OPTIONAL CONTROL PARAMETERS G0 NEXT (IF USED):
' IN THIS CASE, A LOW-ORDER 58 ANGULAR QUADRATURE IS BEING USED FOR CHEAP
' SCOPING CALCULATIONS, AND AN AXIAL BUCKLING OF 595.64 CM IS BEING USED IN
* THE XSDRNPM CALCULATION. (AS NOTED IN SECTION F4.1.2.10F THE SCALE MANUAL,
* HOWEVER, THE USE OF AN AXIAL BUCKLING CORRECTION IN 1-D RADIAL SHIELDING
' CALCULATIONS SHOULD GENERALLY BE AVOIDED. A HIGHER-ORDER 516 IDEFAULT),
* S24, OR S32 GUADRATURE SET SHOULD ALSO BE USED IN THE FINAL ANALYSIS.)
ISW=f DY=595.64
s

READ XSDOSE

a ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
END

CASE 12 - SAME AS CASE 10, WITH OUTER FUEL ZONE SMEARED WITH ADJACENT VOID

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4, HAD
' TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.

.

*

CYLINDRICAL
* DESCRIPT!0N OF EACH ZONE FOLLOWS
a

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
'

IN CASE 10, THE OUTER FUEL ZONE EXTENDED FROM R=21.72 CM TO R=38.05 CM,
e WITH AN ADJACENT VOID REGION EXTENDING FROM R=38.05 CM 70 R=47.63 CM.
8 IN THIS CASE (123, THE TWO ZONES HAVE BEEN MODELED AS ONE COMBINED ZONE. I
e THIS COMBINED ZONE CONTAINS 45.68 VOL% VOID (MIX 0), PLUS 54.32 VOL%
8 (=100.00-45.68) FUEL MIX 1. NOTE THAT THE VOLUME (Zv0L) 0F THE
8

COMBINED FUEL REGION !$ NOW 2.0647E+6 CC RATHER THAN 1.1215E+6 CC
(2.0647E+6 = Pl*(47.63**2 - 21.72**2)*(144*2.54)). WHEN USING SOURCE

*

' TERMS & SPECTRA FROM AN ORIGEN FILE (N/5/ASSY & PHOTONS /S/ASSY), THIS
'

VOLUME (Zv0L) MUST BE ENTERED SO THAT SAS1 PROPERLY NORMALIZES THE
8 SOURCE PER UNIT VOLUME, WHICH IS THEN USED IN THE XSDRNPM CALCULATION.
* AS IN THE PREVIOUS CASE, THIS ZONE CONTAINS 6 PWR FUEL ASSEMBLIES.
1 47.63 30 +1 0 0.4568 60 2 2.0647E+6 6
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
* NEUTRON SHIELD (WATER):
6 72.78 16 0
4 73.22 1 0
* NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

' SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
e THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLf. IF NEEDED,
' !T WOULD GO HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.
e

' OPTIONAL CONTROL PARAMETERS GO NEXT (IF USED):
' IN THIS CASE, A LOW-ORDER $8 ANGULAR QUADRATURE IS BEING USED FOR CHEAP

,
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, Table St.5.6 (continued)
l
| ' SCOPING CALCULAT!DNS. A HIGHER-ORDER $16 (DEFAULT), $24, OR S32 SET

8 SHOULD NORMALLY BE USED IN THE FINAL ANALYSIS.
,

ISN=8|
I e

| READ XSDOSE
' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
ENO
CASE 13 - INFHOMMEDIA X SECTS; COLLAPSE =Y; NO N SM1[LD USED; ISM,1CM@EFAULTS
*

|

NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TTPCD IN COLUMNS 1 4, HA3| 8

' TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
e

CYLINDRICAL
' DESCRIPTION OF EACH ZONE FOLLOWS
' THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE

| 1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
* NEUTRON SNIELD (NOW VOID):

FOR THE ACCIDENT SCENARIO HERE, THE N SHIELD !$ ASSUMED*

TO BE LOST, SO MIXTURE O WAS USED IN PLACE OF MIXTURE 6.'

0 72.78 16 0
4 73.22 1 0
8 NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

8 SOURCE SPECTRUM IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
' THEREFORE WE CONeT NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,

IT WOULD Go HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.8

I READ XSDOSE
!

' ENTER FULL HEIGHT OF CASK TO BE USED BY XSDOSE CALC (=2*297.82):
595.64
END
LAST

i CASE 14 - INFHul#4EDIA X SECTS; COLLAPSErY; NO N-SHIELD USED; ISNs8,ICM= DEFAULT

NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TTPED IN COLUMNS 1 4, HAD8

' TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE ABOVE TITLE CARD.
e

CYLINDRICAL
8 DESCRIPTION OF EACH ZONE FOLLCWS:
' THE +1 INDICATES THAT SOURCE SPECTRLM 1 COMES FROM AN ORIGEN'S FILE

i 1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
1 2 21.72 8 0

1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
8 NEUTRON SHIELD (NOW VotD):

f0R THE ACCIDENT SCENARIO HERE, THE N-SHIELD IS ASSUMED*

TO BE LOST, SO MIXTURE O WAS USED IN PLACE OF MIXTURE 6.8

0 72.75 16 0
4 73.22 1 0
* NOTE: THE KEYWORDS "END Zf.=t" MUST NOT BEGIN IN COLUMN 1
END ZONE

e

* SOURCE SPECTRUM 18 BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
* IT WOULD 00 HERE, AS ILLUSTRATED IN CASE 1 AND CASE 3.
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Table S1.5.6 (cordinuad) |

' OPTIONAL c0NTROL PARADETERs so NEXT (IF UsED):
|

}' IN TNis case, A LOW ONDER ss ANGULAR auADRATURE !s sEING USED FOR cNEAP
' SCOPING CALCULATIONS. A NIGNER ORDER s16 (DEFAULT), s24, OR s32 SET

j

' sN00LD NosNALLY BE UsED IN THE FINAL ANALYSIS. ;
i

READ XsD0sE :

' ENTER FULL NEIGHT OF cask 70 sE UsED sY XsD0sE CALC (a2*297.a2):
595.64
END ,

;

'-

|

Cases 1 through 4 of Table S1.5.1 show boa the user may invoke the SASIX control module to perform
a preliminaryXSDRNPM lathe-il al th for a W id,maz 17 x 17 fuel assembly to obtain cell-weighted |
cross-section data that may later be referred to as " mixture 500" in the specification of one or more zones in the :
1-D Wt'N probhsn. While all four cases uhh the SCALE 27n-18y cross-secten library (see Sect. M4.2.7 li

for more information), cases 1 and 2 retam all 27 neutron groups in the final 1-D =hWing calculation, while I

cases 3 and a collapse the 13 neutron energy groups below 3.05 eV down to me thermal energy smup prior to
performmg the 1-D shiekhng calculation. Because of these diffcrences, cases 1 and 2 were both run as separate!

|- steps in one SASIX calenlahan, while cases 3 and 4 were both run as separate steps in another SASIX
| calculation (cf. Table S1.5.1). Note that in cases 1 and 2, the running time for each XSDRNPM shi-idia:

calculation was approximately 4 min on an IBM 3090, while cases 3 and 4 using the collapsed neutron data )t-

required only 1.6 min for each XSDRNPM case. It should also be noted that the calculated neutron and gamma

|-
dose rates on the surface of the cask are not sigruficantly different in this case, although they may differ more if
one had a strong thmnal-neutron-absorbing / gamma-producmg material like baron in the neutron shield near the
outerportion of the cask.

Cases 1 and 3 illustrate how the user may describe the neutron / gamma source spectra directly in the
SASI or SASIXinput file for the paaral case when one retains all 27 neutron groups and for the collapsed case
where the 13 thenal groups have been collapsed to one thermal sink gmup, leavmg a total of 15 neutron groups
and 18 gamma smups Cases 2 and 4 solve exactly the same problem but illustrate how the neutron / gamma

3

source spectra may be stad from an ORIGEN-S source file on logical unit 60. Note that the same ORIGEN-S ,
source file may be used regardless of whether or not the COLI. APSE option has boca invoked. If the
COI1 APSE option is used, the SASI or SASIX control modules will collapse the source spectra as well as the
cross-souxm data. (To avoid hstag the 27n 18y or 15n-18y spectral data, an excessive number of times for the

;

various sample input cases, most of the cases shown here assume that these data are being read from an j
ORIGEN-S source file. Pnmardy for completenen, the exact same data have been given explicitly in cases 1 !
and 3.) In all four cases the neutron shield was assumed to be present. |

Ahhough mixture 500 may indeed be typical of the ht==a.",=d spent fuel in the innermost radial zone
i of the 1-D shickling al~1-da=, it does not include any of the stainless steel in the basket between me=amhlies

(mixture 7). In cases 1 thmugh 4, the zone input data for zone 3 are used to indicate that (=W=wh=Hyi the ;

material in this zone is 82% spent fuel and 18% stainless steel from the basket. !

Cases 5 through 14 assume that the user has simply entered the appropriate volume fraction of UO ,2

zircalloy, and seainlem steel necessary to describe the spent fuel and the internal basket structure as a smgle !
homogenized material that will be tiested as an infinite homogeneous media in the ressmance self-shWia: |
calenistian Because a L------y XSDRNPM latticocell calculation will not be perfonned, the SAS 1 sequencer
should be used in lieu of the SASIX sequence. Cases 5 through 8 use all 27 neutron groups, while cases 9 |j through 14 use an assumed Maxwelhan neutron spectrum to collapse the 13 thermal neutron groups down to one

'

:
,
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thermal sink group prior to the 1-D shielding calculation. While the two sets of results are generally in good
agreement, a 3% difference in the external neutron dose rate is seen in those analyses where the neutron shield
is present (cf Table Sl.5.1, case 5 vs case 9). Cases 6 and 8 show the effect of using additional outer iteratims
(ICM-10) to better converge the flux spectmm While four outer iterations are generally adequate to comcr,
the intemal fission source in a heavily poisoned cask with one thermal sink group, unpoisoned casks (or analyses
performed with more therr.ial energy neutron groups) may require additional iterations. Better convergence of
the thermal neutron flux in the outermost portion of the neutron shield may also have a slight impact on the
extemal dose ate (cf. Table S l.5.1, case 6 vs case 5). However, the penalty for increasing the number of outer
iterations is approximately 50 to 100% for the cases shown.

Cases 10 and 14 (15n-18y, with and without the neutron shield) are similar to cases 9 and 13,
respectively, except that a lower order S, quadrature was used for illustrative purposes. While an Suorhigher
quadrature is recommended for final analysis, a lower order S, quadrature may be used for debugging purposes
and/or for large series ofscoping calculations where the need for accuracy is not paramount. As shown in Table
Sl.5.1, the Su hielding calculations each required approximately 1.6 min of cpu time on an IBM-3090, whiles

the S, calculations required only 0.55 min each and gave surface dose rates that were less than 1% different from

Su results. For problems invohing thicker shields or for problems having only gamma source terms, the
sensitivity to the quadrature will generally be somewhat greater. Also, while the dose rates at the surface of the
cask may be relatively insensitive to the order of the quadrature, the calculated dose rates at more distant points
outside the cask will always be more sensitiste to the order of the quadrature.

The input data for case 11 are listed below (cf. Table S1.5.6) to illustrate how an axial buckling
correction may be used in the XSDRNPM l-D radial analysis. In this case an axial buckling of 595.64 cm was
used to approxunate the axial leakage from the cask. As noted in the footnote to Table Sl.5.1, the calculated dose

rate on the outside of the cask is just margmally lower than the normal (more conservative) case where a buckling
correction is not used. This insensitivity is charactenstic of the 1-D radial calculation due to the length of the cask
relative to its radius. It should also be realized that the DB24 correction is treated as an absorption term in the
transport equation solmi by XSDRNPM and that it, therefore, represents an " isotropic" correction; whereas, in
reality, some of the angular fluxes would be affected greatly by the finite dunensions of the cask, while the most
outward <hrected angular fluxes important in shielding calculations would be affected to a muc"1 smaller degree.
For that reason the use of an axial buckling correction should generally be avoided when performing 1-D
calculations in the radial direction. For 1 D calculations in the axial direction, however, failure to use a realistic
buckling correction may cause the calculated dose rates to be unrealistically high (cf. cases 16 and 18 in Sect.

S 1.5.3).
Lastly, the input for case 12 is listed below (cf. Table S I.5.6) to illustrate still another way in which the

interior of the cask could be modeled. Here, the outer fuel region and the adjacent void were smeared together
in the XSDRNPM shielding calculation. 'Ihis more conservative model tends to dilute the fuel in the outer region
so that it provides less spatial self-shiciding than what one might actually have when modeled as shown in Fig.
Sl.5.1. The calculated results sinw a 3% increase in the external neutron dose rate and a negligible change in
the gamma dose rate. Nevertheless, this is the type of modeling sensitivity that users should investigate when
analyzing any new shielding configuration. More extensive notes have also been provided, as commented in the
input data listing, to show how the source terms for the smeared zone (zone 3) should be modified to correctly
account for the volumetric dilution of the spent fuel.

Sl.5.3 DISCUSSION OF THE 1-D AXIAL PROBLEMS

Cases 15 through 25 (cf. Table S1.5.2) illustrate different approaches to the 1-D axial problem with and
without the axial shock absorber on the end of the cask. The effect of collapsing the cross-section data using
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' different geometne models and the effect of using a buckling correction in the 1-D =hialding analysis were all !
~( ev==M in addition, the annotated input listed in Tables S1.5.7 through Sl.5.9 is used to illustrate (1) how

;

the fuel should be smeared over the entire inner volume of the cask and how the zone desaiption data may be |
used to accomplish that task, (2) how the source terms on the zone description card (s) should be renormah-I j
to n-.J represent the neutron and gamma sources in the fuel (cf cases 15 and 16), and (3) how one might/

,

account for the activation sources in the hardware at the top ofthe fuel assemblic: 6 *. case 15). Alternate ways
of enteng these data are also illustrated in Tables S1.5.7 through S1.5.9.

;

Cases 15 through 19 used a multiregion infinite slab model in the Nordham resonance self-shielding !

calculation for the cross-section data, while cases 20 through 25 performed the resanance self shieldmg
calculation for each matenal as if one had an infinite homogeneous region of the given material. In the
muluregon case, the rmanance energyneutrons in each material have a finite free-flight escape probability, and r

tie mnderating effect of adjacent matenals may be represented in the Nordheim equation as a 1/E slowmg-down j
source (unless one has specified no external moderator, as was the case here). With an infinite hamageneous '

media, the free-flight escapeprobabihtyin the Nordhmm equation is set to zero, and only the nuchdes in the given "

matmal are assumed to have any, moderating effect on the neutron spectrum used to weight the group-averaged, ;
reannance self-shieldnd cmss-section data. Because many neutron =h;aldiag matenals do not rnntain resanance

- nuclides and because such stuelds tend to be many mean free paths thick, the infinine hamageneous media
appimunshna is generally good if the final objective is to use the resulting cross-section data in a 1-D shialdia

, analysis. Hese, for example, cases 15,16, and 22 all give identical results, cases 18 and 24 give identical itsuhs, I
'

cases 17 and 23 give idenocal results, and cases 19 and 25 give identical results (cf. Table S1.5.2).
The effect of collapsing the 13 thermal neutron groups in the 27n-18y library down to one thermal sink

group was also investigated (cf. cases 20 through 23). In all cases the external gamma and neutron dose rates

appear to be ==W although that may not be the case ifone had a strong thermal-neutron-absorbing / gamma- !
producing matenal like baron in the outer portion of the cask. It should be noted, h-cr, that the 27n-18y

]calculations ran 2.9 times longer than the collapsed 15n-18y calculations.

Unlike the 1-D radial cal ~1dinas where the buckling correction generally made veny little difference in
the external dose rate, the 1-D axial cal ~1dions generally require a buckhng correction if the calculated dose
rates at the surface are to be anywimme close to realistic. Even with a reshstic L 4Lg correction where DY and
DZ are both set equal to the rhamener of the cask, one can generally get only within 10 to 50% of the comet dose
rate using a 1-D axial model (See Table 7.4 ofref. 2 for more detailed comparisons against 3-D MORSE Monte
Carlo resuks.) Without a bwMng correction, however, the SS1 results at the surface may be off by an order of
magnitude. Results for cases 16 and 18, or for cases 22 and 24 (cf. Table S1.5.2), show that the calculated
neutra dose rate at the surface may vmy from 15.28 to 132.0 mrcm/h, depaadiag on the buckhng correction used
in the XSDRNPM calculation, while the gamma dose rate may vary from 12.40 to 31.74 mrem /h. In addition
to duectly reduceg the axial leakage of both neutrons and gammas, the transverse leakage also serves to reduce
the submacal neutron multiplication in the fueled portion of the cask. That, together with the longer mean free
path of neutrons in the dry cask, causes the extemal neutron dose rate to be more sensitive to the buckhng
correction than the extemal gamma dose rates. In both cases, however, the axial representation of the cask as

i

a series of1-D slabs must be regarded as a very crude fust-order ,w.ak appra-i=wi= and the c-er ='N
results should be treated rs-41y. For more accurate results in the axial direction, one should use the

multid-aminaal MORSE Monte Carlo code as embodied in the SAS4 control module (see Sect. S4).

!

i

i

i |

! |
i i
!
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Table S1.5.7 Annotated input for caSc515-19

#SAS1

CASES 15 19 (PREP) -- MULT! REGION SLAB USED FOR X SECT PROCESSING, COLLAPSE"YES
27N-18 COUPLE MULTIREGION
e

' THE UO2 AND ZIRCALLOY VULUME FRACTIONS PRESERVE THE AMOUNT OF FUEL ASSOCIATED
WITH THE 264 FUEL PINS IN THE SPACE OCCUPIED BY A WESTINGHOUSE 17*17 ASSEMBLY8

(IN A 17*17 ASSEMBLY, ONLY 264 0F THE 289 AVAILABLE PIM POSITIONS ARE USED.)'

' HERE, THE HOMOGENIZED FUEL (MIX 1) ALSO CONTAINS SOME SS304 REPRESENTING THE

8 INTERNAL BASKET MATERIAL BETWEEN ASSEMBLIES. NOTE THAT THIS DESCRIPTION OF
' MIX 1 IS THE SAME AS THAT USED FOR THE MATERIAL IN ZONES 1 & 3 0F THE 1 D l
8 RADIAL CALCULATIONS (SEE CASES [5] THROUGH (143). FOR THE AXIAL CALCULATIONS,
8 N0 WEVER, THE FUEL SHOULD BE SMEARED OVER THE ENTIRE INNER VOLLME OF THE ' CASK

CAVITY (f.E., OVER WHAT WERE ZONES 1-4 IN THE RADIAL MODEL). THIS ADDITIONAL'

' DILUTION IS ACCOMPLISHED BELOW, BY USING THE MIXING OPTION IN THE ZONE
* DESCRIPTION DATA FOR THE AXIAL SHIELDING CALCULATION.
U02 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 %.755 END
ZIRCALLOY 1 0.08282 560 EN3
$$304 1 2.1375E 2 560 END
i

' MIX 2 IS AN HOMOGEN! ZED MODEL OF THE HARDWARE ON THE END OF THE ASSEMBLY:
SS304 2 4.8714E-2 END
ZIRCALLOY 2 1.2838E 2 END
e

e MIX 3 IS THE STAINLESS STEEL USED IN THE CASK LID
' MIX 4 IS THE U-METAL CAMMA SHIELD EMBEDDED WITHIN THE L1D
' MIX 5 IS THE EXTERNAL SHOCK ABSORBER (BALSA WOOD) ON THE END OF THE CASK;

WHILE MIX 5 IS DEFINED HERE, IT IS ONLY USED IN SOME OF THE CASK MODELS.8

S$304 3 END
U(.27) METAL 4 END
BALSA 5 END
e

' THE KEYWORDS "END COMP" SHOULD BEGIN IN COLUMN 1:
END COMP
e

8 GEOMETRY SPECIFICATION CARD FOR X SECT PROCESSING CALC
* (NOTE: NO GEOM SPEC CARD 15 REQUIRED FOR INFNOMMEDIA)
SLAB END
.

* MULTIREGION ZONE DESCRIPTION USED IN THE CROSS SECTION
' RESONANCE SELF SHIELDING CALCULATION PERFORMED BY NITAWL
1 182.88 NOEXTERM00
2 219.02 NOEXTERMOD
0 224.10 #0EXTERMOD ,

3 225.37 NOEXTERMOD
4 233.87 NOEXTERM00
3 237.82 NOEXTERMOD
5 297.82 NOEXTERM00
e

8 NOTE: THE KEYWORDS *END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

* TO COLLAPSE THE 27 NEUTRON GROUPS DOWN TO 15 GROUPS ENTER:
MORE DATA COLLAPSE END
.
END

CASE 15 -- MULT! REGION X-SECTS; COLLAPSE"Y; BUCKLED SLAB MODEL; WITH SHOCK ABS

* NOTE THAT A DLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4,
* HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
8 FOR THE FOLLOWING SHIELDING CALCULATION. THIS IS ALSO TRUE FOR ANY
' ADDITIONAL SHIELDING CALCULATIONS THAT FOLLOW THIS CASE.
.

DISC REFLECTED
.

NUREG/CR4200,
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Table S1.5.7 (mati==f)
{

TOGETHER, IONES 1 & 2 REPRESENT THE TOP NALF 0F THE FUEL ASSENhlY. |'

' ' TWO 20NES WERE USED NERE 80 TilAT A C04REE BESN OF ABOUT 2.74 D1
!
I

e (=137.16/50) CrluLD BE USED IN THE LGE R REGION Wil!LE A FINER NESN OF
|*: ABOUT 0.91 CN (=(182.88-137.14)/50) COULD BE USED NEAR Tile TOP OF THE

ASSEf5LY WNERE TNE FUEL ITSELF PROVIDES LESS SPATIAL SELF SNIELDING. |e

' t
,*

THE -1 INDICATES THAT SOURM SPECTRUN 1 IS ENTERED BELOW (AFTER ZONE DATA). !
.

*
IN THE RADIAL SNIELDING CALCULATIONS (CF. CASES (1) THROUGH (14]) THE i8

NONOGENIZE0 FUEL stEPRESEllTED BY MIX 1 ABOVE WAS LOCATED IN RADIAL ZollES 18
(EXTENDING Fit 0N R=0.0 CP,10 R=12.75 01) AND 3 (EXTEmiliG FROM R=21.72 CN 70
R=38.05 CN), WIlle A Volt REGION (20NE 4) EXTENDING FROM R=38.05 ON TO THE

s

*
IINIER WALL OF Th( CAM /,T R=47.63 CN. TNE ACTUAL WOLtalE FRACTION OF 70118 ,

NONOGENIZED FUEL WI.M"dE INSIDE THE CASK IS TNEREFORE GIVEN SY 68

l* VPNIX1=(FVOL/2VOL)=0.50189, WIIERE

' FVOLs 1.30854E+6 CC = Pl*(12.75"2 + 38.05"2 - 21.72"2)*(2*182.88)
|2WOL=2.60600E+6CC=Pl*(47.63**2)*(2*182.85) 6

I
IN TNE AXIAL CALC, TIIE SOURE DENSITY IN TNIS LARGER NONOGENIZED REGIGIl*

00RRESPONDIGIG TO THE CASK CAVITY ira 8T BE REDUCED BY A $1NILAR AMOUNT. TNUS, I
8-

e
Xim(CASE 15)=0.50189"XNN(CASE 1,) AND XNG(CASE 15)=0.50189'XNG(CASE 1), IE:

' XIete(CASE 15)=3.468E+2 NEUT/S/CC Ale XNG(CASE 15)=1.300E+10 PHOTONS /$/CC.
,

!'
SINCE Tite BORATED STEEL BETWEEN TIIE IINIER AND QUTER R0W 0F ASSEMBLIES DOES
IIOT PROVIDE ANY SillELDING IN TME AXIAL DIRECTICII, THE NATERIAL IN RADIAL ;*

;*
ZONE 2 (LIKE RADIAL ZollE 4) SHOULD BE TREATED AB A votD. Tile EFFECTIVE

8

VOLUME FRACTICIf 0F Tile VOID SPACE INSIDE TIIE CASK CAVITY (I.E. Tile SPACE
,

I !
' NOT OCCUPIED BY NIX 1) IS TIIEN GIVEN BY VFVOID = 1.0-VFNIX1 = 0.49811.
* THE "O 0.49811= THEREFORE ISICATES TilAT AXIAL ZONES 1 & 2 CONTAIN-

49.81 VOLE Vo!D (NIX 0), PLUS 50.19 VOLE (=100-49.81) FUEL MIX 1.*

. ....................................

1 137.16 50 1 0 0.49811 3.460E+2 1.300E+10
1 182.8B 50 -1 0 0.49011 .3.468E+2 1.300E+10
e

e

8
NARDWARE ON Tile Em 0F THE ASSEllBLY (ZONE 3):

e .............................................

TNE 2 IISICATES TilAT SOURE SPECTitLSI 2 IS ENTERED BELOW (AFTER ZONE DATA).
e

e

e XilN = 0.0 ti/8/CC IN THIS 20NE & MNG = 1.2984E+7 PIIDTONS/S/CC IN THIS ZONE.
e

*
Tile GAfBIA 90UltG IN TNIS ZONE REPRESEllTS ALL THE ACTIVATION SOURCES IN TIIE

' STEEL CUNPOIIENTS AT THE E m 0F TIIE CA K. FOR IIANY 1 0 AMIAL CALCULATIONS,
*

THE DOSE RATE DUE 70 TNIS ACTIVATION IS NOT NEGLIGIBLE. ACTUAL ACTIVATION
8

SOURCE STRENGTNS (& SPECTRA) "PER NT!Ist" OR "PER ASSEMBLY" OR "PER KG OF'
164ADW4flE" 804Y BE OBTAIIIED FRWI AN ORIGEN S AalALYSIS. TIIE TOTAL WOLtaETRIC

e
SOURE TERIES (Xblef & XNG) WILL TIIEli NAVE TO BE MORMALIZED ST Tile USER TO

'
ACCOUNT FOR THE AfeOUNT OF ACT!WATED NARDWARE IN TNIS PORTIoti 0F THE 1-D

ej AXIAL IISEL OF THE PAltTICULAlt SMIPPING CASK.
i e ....................................
'

2 219.02 40 -2 0 0.0 0.0 1.2964E+7

e

' VOID BETWEN TOP OF ASSE85LY Am IllIIER LID OF CASK (OCCUPIED
' BY SMALL LOCKIIIC DEVICES Of0T INCLLSED IN TNis NODEL):
0 224.10 5 0
e

' INIIER PORTIOli 0F CAK LID (S$306):
3 225.37 2 0
e

' U-91ETAL GAfBIA Sil! ELD IN CASK LID:
4 233.87 30 0
*

i

| ' OUTER PORTI0tf 0F CAK LID (88304):
j 3 237.82 6 0

i
|
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Table Sl.5.7 (continued)

.

8 EXTERNAL SHOCK ABSORBER ON END OF CASK (BALSA WOOD):
5 297.82 60 0
0

8 WOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:

.END ZONE
I

* SOURCE SPECTRUM 1 IS BEING ENTERED DIRECTLY AND GOES NEXT,

8 NOTE: WHILE THE COLLAPSED 15N 18G SPECTRUM ENTERED HERE IS IDENTICAL
TO THAT USED IN CASE [3), THE ACTUAL SPECTRAL SOURCE DENSITIES FOR8

8 THIS AXIAL PROBLEM WILL BE RENORMALIZED USING THE VALUES OF XNN AND
' XNG GIVEN ABOVE (SEE INPUT DATA FOR ZONES 1 & 2).
1.27E+01 1.45E+02 1.62E+02 9.06E+01 1.22E+02 1.33E+02 2.60E+01
BZ
3.92E-01 1.84E+00 9.41E+00 2.34E+01 4.45E+04 3.58E+05 1.20E+07
4.83E+06 2.74E+08 1.08E+09 1.39E+09 9.90E+09 3.10E+09 2.83E+08
4.18E+08 1.52E+09 1.75E+09 6.19E+09
e

8 SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND COES NEXT.
* THIS 15N-18G SPECTRUM REPRESENTS THE ACTIVATION SOURCE IN
' THE HARDWARE NEAR THE END OF THE FUEL ASSEMBLY. BECAUSE OF

THAT, THE SOURCE IS NON-ZERO IN ONLY TWO GAMMA ENERGY GROUPS.'
8 SUCH ACTIVATION DATA MAY BE OBTAINED FROM AN ORIGEN-S ANALYS!$.
* THE ACTUAL SPECTRAL SOURCE DENSITIES FOR THIS AXIAL PROBLEM
' WILL BE RENORMALIZED USING THE VALUES OF XNN AND XNG GIVEN
* ABOVE (SEE INPUT DATA FOR ZONE 3).
15Z 8Z 0.1574 0.8426 8Z
I

8 OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION:
* IN THIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK.
8 UNLIKE THE 1-D RADIAL CALCULATIONS WHERE THE BUCKLING CORRECTION
' GENERALLY MADE VERY LITTLE DIFFERENCE IN THE EXTERNAL DOSE RATE,
' THE 1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION
' IF THE CALCULATED DOSE RATES AT THE SURFACE ARE TO BE ANYWHERE
8 CLOSE TO REALISTIC. EVEN WITH A REALISTIC BUCKLING CORRECTION, ONE
8 CAN GENERALLY ONLY GET WITHIN 10-501 0F THE CORRECT DOSE RATE USING
' A 1 0 AXIAL MODEL. WITHOUT A BUCKLING CORRECTION THE SAS1 RESULTS
' AT THE SURFACE MAY BE OFF BY AN ORDER OF MAGNITUDE. SEE TABLE 7.4
' 0F ORNL/CSD/TM-246 FOR MORE DETAILED COMPARISONS AGAINST 3-D MORSE
8 MONTE CARLD RESULTS.
DYs146.44 DZs146.44
e

READ XSDOSE

' ENTER RADIUS OF CASK USED BY THE XSDOSE CALC:
T3.22
END

CASE 16 -- SAME AS CASE 15, BUT WITH SOURCE SPECTRUM FROM ORIGEN SOURCE FILE

NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4,8

8 HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
e

DISC REFLECTED
a

a DESCRIPTION OF EACH ZONE FOLLOWS:
a

e NOTES REGARDING THE DATA FOR ZONES 1 & 2:
a .........................................

TOGETHER, ZONES 1 & 2 REPRESENT THE TOP MALF OF THE FUEL ASSEMBLY.'

' ' TWO ZONES WERE USED HERE So THAT A COA #SE MESH OF ABOUT 2.74 CM
l * (=137.16/503 COULD BE USED IN THE LOWER REGION WHILE A FINER MESH OF

8 ABOUT 0.91 CM !=(182.88-137.16)/50] COULD BE USED NEAR THE TOP OF THE
8 ASSEMBLY WHERE THE FUEL ITSELF PPOVIDES LESS SPATIAL SELF SHIELDING.
.
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Table St.5.7 (conti=wl)
'

THE +1 INDICATES TNAT SOURCE SPECTRLAI 1 COMES FROM AN ORIGEN-S FILE.'
ORIGEN SOURCES. ON UNIT 60, 2 ND DECAY TIME IN FILE, 2VOL=2.60600E+6,

*
NO. OF FUEL ASSEBOLIES IN TNESE FIRST TWO AXIAL ZONES (I.E. IN CASK)=7e-

'

IN THE RADIAL SNIELDING CALCULATIONS (CF. CASES [5] THROUGN (14]) THE
8

NOMOGENIZED FUEL REPRESENTED BY MIX 1 ABOWE ES LOCATED IN RADIAL 20NES 1
8

(EXTENDING FROM R=C.0 Of TO R=12.75 CM) AND 3 (EXTENDING FROM R=21.72 DI TO
R=38.05 CM), WITN A VOID REGION [20NE 4) EXTEISING FROM R=38.05 CN TO THE8

8 INNER WALL OF T K CASK AT R=47.63 CM. THE ACTUAL VOLLSE FRACTION OF THIS
e

NOMOGENIZED FUEL MIXTURE INSIDE TNE CASK IS TNEREFORE GIVEN BY
VFMIX1=FVOL/2VOL, WERE*

e

8 FWOL= 1.30834E+6 CC = PI*(12.75"2 + 38.05**2 21.72**2)*(2*182.88)
8

ZVOL = 2.60680E+6 CC = PI*(47.63"2)*(2*182.88)

8 THIS YlELDS VFMIX1=0.50189. SINCE THE BORATED STEEL BETWEN TE INNER AND
e

GUTER R0W 0F ASSEMBLIES DOES NOT PROVIDE ANY SNIELDING IN THE AXIAL
8 DIRECTION, THE MATERIAL IN RADIAL 2ONE 2 (LIE RADIAL ZONE 4) SNOULD BE
' TREATED AS A VOID. THE EFFECTIVE VOLUME FRACTION OF THE VOID SPACE INSIDE
'

THE CASK CAVITY (I.E. THE SPACE NOT OCCUPIED BY MIX 1) IS THEN GIVEN BY
' VFv0!D = 1.0 VFMIX1 = 0.49011. THE =0 0.49811" THEREFORE IW ICATES TNAT' AXIAL ZONES 1 & 2 CONTAIN 49.81 VOLE V0lO (MIX 0), PLUS 50.19 VOLE
* (=100-49.81) FUEL MIX 1. WEN USING SOURCE TERMS & SPECTRA FROM AN ORIGEN' FILE (N/S/ASSY & PHOT /S/ASSY), THE SMEARED SOURCE VOL (ZVOL=2.60680E+6 CC)

IRAST BE ENTERED S0 THAT SAS1 PROPERLY NORMALI2ES TNE SOURCE PER UNIT WOLt2EE,
'

'
WICH 15 THEN USED IN THE XSDANPM SNIELDING CALCULATION. THE 7 I W ICATES

'
THAT THIS SMEARED SOURCE VOLT 2E CONTAINS 7 FUEL ASSEMBLIES.

e ................................,...

1 137.16 50 +1 0 0.49011 40 2 2.60680E+6 7
1 182.88 50 +1 0 0.49011 60 2 2.60680E+6 7
e

a

8
HARDWARE ON THE END OF TNE ASSEMBLY (20NE 3):

e .............................................

THE 211SICATES TNAT SOURCE SPECTRLal 2 IS ENTERED BELOW (AFTER 20NE DATA).
8

IN THIS CASE, XNel & MNG WOULD NORMALLY EGUAL THE IRASER OF NEUTRONS /$/CC8

' IN TNIS 20NE AND THE NUMBER OF PNOTONS/S/CC IN TNIS 2ONE. WNEN BOTH ARE
8 SPECIFIED AS ZERO (AS SNOlAl NERE), IT IWICATES TNAT THE SOLRCE SPECTRLAI
'

ENTERED BELOW (AFTER THE ZONE DATA) NAS ALREADY BEEN NORMALI2ED BY THE USER
70 THE CORRECT IRASER OF NEUTRONS /S/CC AND PHOTONS /S/CC FOR TNIS PARTICULAR

*

' ZONE, AND TNAT TNIS SPECTRUM IS NOT TO BE RENORMALI2ED BY THE CIDE.
e

THE SPECTRtal REFERRED TO IN THIS CASE REPRESENTS THE ACTIVATION SOURCE IN
'

* THE STEEL COMPONENTS AT THE END OF THE CASK. FOR MANY 1-D AX1AL CALCULA-
* TIONS, THE DOSE RATE DUE TO THIS ACTIVATION SOURCE IS NOT NEGLIGIBLE.
e ....................................

2 219.02 40 -2 0 . 0.0 0.0 0.0
e

* DATA FOR REMAINING ZONES:
0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0
8 EXTERNAL SNOCK ABSORBER ON END OF CASK (BALSA W0tW):
5 297.82 60 0
* NOTE: THE KEYWORDS "END 20NE= MUST NOT BEGIN IN COLL 24N 1:
END 2ONE

e-
e

' SOURCE SPECTRtal 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
e THEREFORE lE DON'T IIEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
' IT WOULD 00 NERE, AS ILLUSTRATED IN CASE (15]. (NOTE THAT XINI & NNG
' ON THE 2ONE 1 DESCRIPTION CARD FOR CASE (15] NAVE BEEN ADJUSTED
' FOR THE SMEARED FUEL VOLUME IN ZONE 10F TNE 1-0 AXIAL MODEL.)

NUREG/CR4200,
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Table S1.5.7 (continued)

I.

e SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT.
* THIS 15N 18G SPECTRUM REPRESENTS THE ACTIVATION SOURCE IN
' THE HARDWARE NEAR THE END OF THE FUEL ASSEMBLY. BECAUSE OF
' THAT, THE SOURCE IS NON-ZERO IN ONLY TWO GAMMA ENERGY GROUPS.
' SUCH ACTIVATION DATA MAY BE OBTAINED FROM AN ORIGEN-S ANALYSIS.
152 8Z 2.044E+6 1.094E+7 82 I

|s

e OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION: I

' IN THIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK. |

(1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION) I
8

DY=146.44 DZm146.44
|

READ XSDOSE

' ENTER RADIUS 0F CASK USED BY THE XSDOSE CALC:
73.22
END

CASE 17 -- MULTIREGION X-SECTS; COLLAPSE =Y; BUCKLED SLAB; WITHOUT SHOCK ABS

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1-4,
8 HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
0

DISC REFLECTED
e

' DESCRIPTION OF EACH ZONE FOLLOWS
e ................................

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE.'

1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7

'
THE -2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).

'

' THE "0.0 0.0" INDICATES THAT SPECTRUM 2 HAS ALREADY BEEN NORMALIZED.
2 219.02 40 -2 0 0.0 0.0 0.0
0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0
' IF THE EXTERNAL AXIAL SHOCK ABSORBER WERE PRESENT IT WOULD BE NEXT.

IN THIS " ACCIDENT" SCENARIO, IT IS ASSUMED TO BE LOST OR DESTROYED.*

' NOTE: THE KEYWORDS *END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

* SOURCE SPECTRUM 1 IS SEING READ FROM AN ORIGEN-S FILE ON UNIT 60,
' THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,

IT WOULD GO HERE, AS ILLUSTRATED IN CASE (151.8

SOURCE SPECTRtm 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS*

' THE ACTIVATION SOURCE IN THE HARDWARE AT THE END OF THE ASSEMBLIES.
15Z 82 2.044E+6 1.094E+7 SZ
e

8 OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION:
IN THIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK.*

(1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION)
8

DY=146.44 DZ=146.44
e

READ XSDOSE

' ENTER RADIUS OF CASK USED BY THE XSDOSE CALC
73.22
END

CASE 18 - MULTIREGION X-SECTS; COLLAPSEmY; INFINITE SLAB MODEL; WITH SHOCK ABS

e NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4,
e HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD ANC THE TITLE CARD
.
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Table S1.5.7 (u=*i==i) -

DISC REFLECTED
e

j ' DESCRIPTION OF EACM ZONE FOLLOWS
| e ................................

| THE +1 I WICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE.
'

|- 1 137.16 50 +1 0 0.49011 60 2 2.60600E+6 7
! 1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7

THE -2 IN0! CATES THAT SOURCE SPECTRLal 2 is ENTERED BELOW (AFTER 2ONE DATA).
*

' THE "0.0 0.0" INDICATES THAT SPECTRLal 2 NAS ALREADY BEEN NORMALIZED.
2 219.02 40 2 0 0.0 0.0 0.0
0 224.10 5 0
3 225.37 2 0

| 4 233.87 30 0
3 237.82 6 0
8

EXTERNAL SHOCK ASSORDER ON END OF CASK (BALSA WOOD):
5 297.82 60 0

E m ZONE
e

| ' SOURCE SPECTRUM 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
; e THEREFORE WE DON'T NEED TO INPUT TNAT DATA MANUALLY. IF NEEDED,
| IT WOULD 00 NERE, AS ILLUSTRATED IN CASE (15).'

! '
'

' SOURCE SPECTRL51 2 IS BEING ENTERED DIRECTLY AN GOES NEXT. THIS IS'
THE ACTIVATION SOURCE IN THE MARDWARE AT THE END OF THE ASSEMBLIES.

152 82 2.044E+6 1.094E+7 82
|

*

' OPTIONAL CONTROL PARADETERS FOR THE XEDRNPM SHIELDING CALCULATIONt

,

' WOULD 00 NERE IF USED. ISINCE THE TRANSVERSE DINENS!0NS (DY & D2) ARE
| * NOT SPECIFIED NERE, MSDRNPM WILL USE AN " INFINITE" SLAS MODEL WITH NO
| ' BUCKLING CORRECTION. FOR 1 D AXIAL MODELS, TNlt WILL Y! ELD CONSERVA-
| ' TIVE (BUT UNREALISTICALLY HIGH) DOSE RATES AT THE CASK SURFACE.)

READ X8 DOSE

N ER RADIUS OF CASK USED BY THE XSDOSE CALC

END

LAST

CASE 19 - MULT! REGION X-SECTS; COLLAPSEey; INFINITE SLA8; WITNOUT $ NOCK ABS

e NOTE THAT A LINE WITN "LAST" TYPED IN COLUMNS 1 4, HAD TO BE PLACED
8 BETWEN THE PREVIOUS "END" CARD AND THE TITLE CARD FOR THIS FINAL CASE
e

DISC REFLECTED
e

8 DESCRIPTION OF EACH ZONE FOLLOWS
e ................................

( ' THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE.
. 1 137.16 50 +1 0 0.49011 60 2 2.60680E+6 7
! 1 182.8B 50 +1 0 0.49811 60 2 2.60680E+6 7

THE -2 I m! CATES THAT SOURCE SPECTRLal 2 IS ENTERED BELOW (AFTER ZONE DATA).
'

' THE "0.0 0.0" INDICATES THAT SPECTRtat 2 NAS ALREADY BEEN NORMALIZED.
2 219.02 40 2 0 0.0 0.0 0.0
0 224.10 5 0,

'

3 225.37 2 0
4 233.87 30 0

| 3 237.B2 6 0
| ' IF THE EXTERNAL AXIAL SNOCK ASSORSER 6ERE PRESENT IT WOULD BE NEXT.

' IN THIS " ACCIDENT" SCENARIO, IT IS ASSUMED 70 SE LOST OR DESTROYED.
' NOTE: THE KEYWORDS "END ZONE" IRIST NOT BEGIN IN COLUMN 1
EW ZONE

9

|' SOURCE SPECTRtsl 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,8

i * THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
"

* IT WOULD 00 NERE, AS ILLUSTRATED IN CASE [15).

.
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Table S1.5.7 (continued) |
,

SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS8

THE ACTIVATION SOURCE IN THE HARDW.RE AT THE END OF THE ASSEMBLIES. I
*

15Z 8Z 2.044E+6 1.094E+7 8Z

' OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION
WOULD GO HERE IF USED. ($!NCE THE TRANSVERSE DIMENSIONS (DY & DZ) ARE

*

8 NOT SPECIFIED HERE, XSDRNPM WILL USE AN " INFINITE" SLAB MODEL WITH NO
8 BUCKLING CORRECTION. FOR 1 D AXIAL MODELS, THIS WILL Y! ELD CONSERVA-

TIVE (BUT UNREALISTICALLY HIGH) DOSE RATES AT THE CASK SURFACE.]*

:

READ XSDOSE .

8 ENTER RADIUS OF CASK USED BY THE XSDOSE CALC: )
73.22 '

END

I

|

|
|

O
1

1

l

|
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Table S1.5.8 Annotated input for cases 20 and 21

etASi l

CASES 20-21 (PREP) - INFNOMMEDIA USED FOR X-SECT PROCES$1NG, COLLAPSE =N0
. 27N 10 COUPLE INFNOMMEDIA

,

'
THE U02 AND ZIRCALLOY VOLLNE FRACTIONS PRESERVE THE AMOUNT OF FUEL ASSOCIATED8

WITH THE 264 FUEL PINS IN THE SPACE OCCUPIED BY A WESTINGNOUSE 17"17 ASSEMBLY'

(IN A 17"17 ASSEMBLY, ONLY 264 0F THE 289 AVAILASLE PIN POSITIONS ARE USED.)'
NERE, THE HOMOGENIZED FUEL (MIM 1) ALSO CONTAINS SOE SS304 REPRESENTING TK .

*
INTERNAL BASKET MATERIAL BETWEN ASSE85 LIES. NOTE THAT THIS DESCRIPTION OF

* MIX 1 IS THE SAIE AS THAT USED FOR THE MATERIAL IN ZONES 1 & 3 0F THE 1-D8

RADIAL CALCULATIONS (SEE CASES [5] THROUGH (142). FOR THE AXIAL CALCULATIONS,
5

NOWEVER, T M FUEL SHOULD BE SMEARED OVER THE ENTIRE INNER VOLUME OF THE CASK
e CAVITY (I.E., OWER WNAT WERE 20NES 14 IN THE RADIAL MODEL). THIS ADDITIONAL
'

DILUTION IS ACCOMPLl3NED BELOW, BY USING THE MINING OPTION IN THE ZONE
'

DESCRIPTION DATA FOR THE AXIAL SHIELDING CALCULATION.
U02 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZlRCALLOY 1 0.08282 560 END
58304 1 2.1375E 2- 560 END
e

8

MIX 2 IS AN NOMOGENIZED MODEL OF THE NARDWARE ON THE END OF THE ASSEMBLY:
38304 2 4.8714E-2 END
ZIRCALLOY' 2- 1.2838E 2 END
I

* MIX 3 IS T M STAINLESS STEEL USED IN THE CASK LID
' MIX 4 IS THE U-METAL GAfstA SNIELD EMBEDDED WITHIN THE LID
e Mix 5 IS THE EXTERetAL SH0CK A880RRER (BALSA WOOD) ON THE END OF THE CASK;
a WHILE MIX 5 IS DEFIllED NERE, IT IS ONLT USED IN SOE OF THE CASK MtBELS.
SS304 3 END
U(.27) METAL 4 END
BALSA 5 END
e

' THE KEYWORDS "END tXIMP" SNGULD BEGlW IN COLLSIN is
END COMP
e

END

CASE 20 ~ INFNGISIEDIA X SECTS; COLLAPSE"II; BUCKLED SLAB N0 DEL; WITH Si40CK ABS

e NCTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 14,
8

MAD TO BE PLACEO BETWEEN THE PREVIOUS "END" CARD AND file TITLE CARD'
DISC REFLECTED

l'

8 DESCRIPTION OF EACH ZONE FOLLOWS
e ................................
a TOGETHER, ZONES 1 & 2 REPRESENT THE FUEL ASSEMBLY (Z < 182.88 CM).
'

TWO ZONES WERE USED SO THAT THE SPATIAL MESN SIZE COULD BE VARIED. i

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COES FROM AN ORIGEN-S FILE. |
*

8 THE "O 0.49811" IWICATES THAT AXIAL ZONES 1 & 2 CONTAIN 49.81 VOLT. VOID |8 (MIX 0), PLUS 50.19 VOLE (=100-49.81) FUEL MIK 1. SEE CASE [16) FOR
ADDITIONAL COMMEllTS ON THIS Ale THE SOURCE NORMALIZATION FACTOR (Zv0L).

8

11 137.16 50 +1 0 0.49811 60 2 2.60680E4 7
|1 182.88 50 +1 0 0.49011 60 2 2.60680E4 7

8
THE -2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).

* THE "0.0 0.0" INDICATES TelAT SPECTRL812 NAS ALREADY BEEN IIORetALIZED TO
THE CORRECT NUMBER OF IIEUTRollS/S/CC AND PHOTONS /S/CC FOR THIS REGION.

'
i2 219.02 40 -2 0 0.0 0.0 0.0 !

0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0

EXTEtesAL SNOCK ASSORBER 011 EIS OF CASK (BALSA WOOD): |
*

5 297.82 60 0 '

s IIOTE: THE KEYWORDS "END 20KE" MUST NOT BEGIN IN COLUMN 1
END ZONE

,

i
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Table S1.5.8 (continued)

!*
'

SOURCE SPECTRUM 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,8

' THEREFORE WE DONeT NEED TO INPUT THAT DATA MANUALLY. IF NEEDED, |

' IT WOULD GO HERE. NOTE THAT SINCE THE COLLAPSE =Y OPTION WAS NOT 1
'

USED, THE SPECTRUM WOULD HAVE TO BE INPUT USING THE 27N 18G FORMAT*

' SHOWN IN CASE [1] -- NOT THE 15N-18G FORMAT $NOWN IN CASE [15).
e

8 SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS
' THE ACTIVATION SOURCE IN THE HARDWARE AT THE END OF THE ASSEMBLIES.

SINCE THE COLLAPSE =Y OPTION WAS NOT USED, THl$ SPECTRUM MUST BE INPUT8

USING A 27N 18G FORMAT (NOT THE 15N-18G FORMAT SHOWN FOR CASES 16 20).'

27Z BZ 2.044E+6 1.094E+7 8Z
I

' OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULAfl0N:
IN THIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK.*

8 (1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION)
DY=146.44 DZs146.44
i

READ XSDOSE
8 ENTER RADIUS OF CASK USED BY THE XSDOSE CALCs
73.22
END

LAST
CASE 21 - INFHOMMEDIA X-SECTS; COLLAPSE =N; BUCKLED SLAB; WITHOUT SHOCK ABS

' NOTE THAT A LINE WITH *LAST" TYPED IN COLUMNS 1 4, HAD To BE PLACED
' BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD FOR THIS FINAL CASE
e

DISC REFLECTED
e

8 DESCRIPTION OF EACH ZONE FOLLOWS:
,

| e ................................

I 8 TOGETHEP, ZONES 1 & 2 REPRESENT THE FUEL ASSEMBLY (Z < 182.88 CM).
8 TWO ZONES WERE USED SO THAT THE SPATIAL MESN SIZE COULD BE VARIED.
' '.NE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE.

l * THE "O 0.49811" INDICATES THAT AXIAL ZONES 1 & 2 CONTAIN 49.81 VOL% VOID
(MIX 0), PLUS 50.19 VOL% (=100 49.81) FUEL MIX 1. SEE CASE (16] FOR'

8 ADDITIONAL COMMENTS ON THIS AND THE SOURCE NORMALIZATION FACTOR (ZVOL).
1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7

| THE -2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).8

' THE "0.0 0.0" INDICATES THAT SPECTRUM 2 HAS ALREADY BEEN NORMALIZED TO
| ' THE CORRECT NUMBER OF NEUTRONS /S/CC AND PHOTONS /5/CC FOR THIS REGION.
I 2 219.02 40 -2 0 0.0 0.0 0.0

0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0
' IF THE EXTERNAL AXIAL SHOCK ABSORBER WERE PRESENT IT WOULD BE NEXT.
* IN THIS " ACCIDENT" SCENARIO, IT IS ASSUMED TO BE LOST OR DESTROYED.
* NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

SOURCE SPECTRLM 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,*

' THEREFORE WE DON'T NEED TO INPUT THf! DATA MANUALLY. IF NEEDED,
8 IT WOULD GO HERE. NOTE THAT SINCE THE COLLAPSE =Y OPTION WAS NOT
a USED, THE SPECTRUM WOULD HAVE TO BE INPUT USING THE 27N-18G FORMAT

SHOWN IN CASE [1] -- NOT THE 15N 18G FORMAT SHOWN IN CASE (151.8

* SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS
* THE ACTIVATION SOURCE IN THE HAtDWARE AT THE END OF THE ASSEMBL!ES.
* SINCE THE COLLAPSE =Y OPTION WAS NOT USED, THIS SPECTRUM MUST BE INPUT

* USING A 27N-18G FORMAT (NOT THE 15N-18G FORMAT SHOWN FOR CASES 16-20).
272 82 2.044E+6 1.094E+7 82
e

* OPfl0NAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION:
' IN TH15 CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASE.
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i Table S1.5.8 (continued): -
a

j
(1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION)

'
4
.

i
4 ,

i DY=14.4 DZ=14.4
i *

4 READ X500SE
i 8

ENTER RADIUS OF CASK USED BY THE XSDOSE CALC:
i 73.22
} END
.

t

'
,

(
i

i +

i
e

!

i
s
1

!
:
.

i
*
.

t
:
:

i
4

|
4

1 Ii
i

!,
a
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Table SI.5.9 Annotated input for Cases 22 25

#SAS1

CASES 22-25 (PREP) -- INFNOMMEDIA USED FOR X-SECT PROCES$1NG, COLLAPSE =YES
27N 18 COUPLE INFHOMMEDIA
8

THE UO2 AND ZIRCALLOY VOLUME FRACTIONS PRESERVE THE AMOUNT OF FUEL ASSOCIATED8

WITH THE 264 FUEL PINS IN THE SPACE OCCUPIED BY A WESTINGHOUSE 17*17 ASSEMBLY8

(IN A 17*17 ASSEMBLY, ONLY 264 0F THE 289 AVAILASLE PIN POSIT 10NS ARE USED.)'

' HERE, THE HOMOGENIZED FUEL (MIX 1) ALSO CONTAINS SOME $5304 REPRESENTING THE

8 INTERNAL BASKET MATERIAL BETWEEN ASSEMBLIES. NOTE THAT THIS DESCRIPTION OF
' MIX 1 IS THE SAME AS THAT USED FOR THE MATERIAL IN ZONES 1 & 3 0F THE 1-D
8 RADIAL CALCULATIONS (SEE CASES I5) THROUGH (14} }. FOR THE AXIAL CALCULATIONS,
' HOWEVER, THE FUEL SHOULD BE SMEARED OVER THE ENTIRE INNER VOLUME OF THE CASK
' CAVITY (1.E., CVER WHAT WERE ZONES 1 4 IN THE RADIAL MODEL). THIS ADDITIONAL
* DILUTION IS ACCOMPLISHED BELOW, BY USING THE MIXING OPTION IN THE ZONE
8 DESCRIPTION DATA FGR THE AXIAL SHIELDING CALCULATION.
U02 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZlRCALLOY 1 0.08282 560 END
$5304 1 2.1375E-2 560 END
0

MIX 2 IS AN HOMOCEN! ZED MODEL OF THE HARDWARE ON THE END OF THE ASSEMBLY:*

$5304 2 4.8714E-2 END
ZlRCALLOY 2 1.2838E-2 END
e

MIX 3 IS THE STAINLESS STEEL USED IN THE CASK L!D8

' MIX 4 IS THE U-METAL GAMA SHIELD EMBEDDED WITHIN THE LID
MIX 5 IS THE EXTERNAL SHOCK ABSORBER (BALSA WOOD) ON THE END OF THE CASK;8

WHILE MIX 5 IS DEFINED HERE, IT IS ONLY USED IN SOME OF THE CASK MG)ELS.8

SS304 3 END
U(.27) METAL 4 END
BALSA 5 END
e

8 THE KEYWORDS "END COMP" SHOULD BEGIN IN COLUMN 1:
END COMP
e

* TO COLLAPSE THE 27 NEUTRON GROUPS DOWN TO 15 GROUPS ENTER:
MORE DATA COLLAPSE END
e

END

CASE 22 -- INFHOMMEDI A X-SECTS; COLLAPSE =Y; BUCKLED SLAB MCDEL; WITH SHOCK ABS

' NOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4,
,

HAD 70 BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD8

' FOR THE FOLLOWING SHIELDING CALCULATION. THIS !$ ALSO TRUE FOR ANY
' ADDITIONAL SHIELDING CALCULATIONS THAT FOLLOW THIS CASE.

DISC REFLECTED
0

8 DESCRIPTION OF EACH ZONE FOLLOWs
e

8 NOTES REGARDING THE DATA FOR ZONES 1 & 2: i

i ......................................... 1

8 TOGETHER, ZONES 1 8 2 REPRESENT THE TOP HALF OF THE FUEL ASSEMBLY.
;

TWO ZONES WERE USED HERE SO THAT A COARSE MESH OF ABOUT 2.74 CM !
*

[=137.16/501 COULD BE USED IN THE LOWER REGION WHILE A FINER MESH OF*

8 ABOUT 0.91 CM [=(182.88-137.16)/50) COULD BE USED NEAR THE TOP OF THE
8 ASSEMBLY WHERE THE FUEL ITSELF PROVIDES LESS SPATIAL SELF SHIELDING.
e

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE.*

' ORIGEN SOURCE: ON UNIT 60, 2-ND DECAY TIME IN FILE, Zv0L=2.60680E+6,
8 NO. OF FUEL ASSEMBLIES IN THESE FIRST TWO AXIAL ZONES (1.E. IN CASK)=7

|

IN THE RADIAL SHIELDING CALCULATIONS (CF. CASES [5] THROUGH [14)) THE
8

HOMOGEN! ZED FUEL REPRESENTED BY MIX 1 ABOVE WAS LOCATED IN RADIAL ZONES 1*

NUREG/CR-0200,
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! \ Table S1.5.9 (Continued)

f (- *
(EXTENDING FROM R=0.0 CM To R=12.75 CM) AND 3 (EXTENDING FROM R=21.72 CM TO
R=38.05 CM), WITH A VO!D REGION (ZONE 4) EXTENDING FROM R=38.05 CM TO THE

5

8
INyER WALL OF THE CASK AT R=47.63 CM. THE ACTUAL VOLUME FRACTION OF TH15

8

HOMOGENIZED FUEL MIXTURE INSIDE THE CASK IS THEREFORE GIVEN BY
a VFMIX1=FVOL/ZVOL, WHERE

' FVOL= 1.30834E+6 CC = Pl*(12.75**2 + 38.05**2 - 21.72**2)*(2*182.88)
'

IVOL = 2.60680E+6 CC = Pl*(47.63**2)*(2*182.88)

e THIS Y! ELDS VFMIX1=0.50189. SINCE THE BORATED STEEL BETWEEN THE INNER AND
8

OUTER ROW OF ASSEMBLIES DOES NOT PROVIDE ANY $NIELDING IN THE AXIAL
' DIRECTION, THE MATERIAL IN RADIAL ZONE 2 (LIKE RADIAL ZONE 4) SHOULD BE
' TREATED AS A V0 D. THE EFFECTIVE VOLUME FRACTION OF THE VOID SPACE INSIDE
8

THE CASK CAVITY (I.E. THE SPACE NOT OCCUPIED BY MIX 1) IS THEN GIVEN BY
VFVOID = 1.0-VFMIX1 = 0.49811. THE =0 0.49811= THEREFORE INDICATES THAT

'

* AXIAL ZONES 1 & 2 CONTAIN 49.81 VOL% VO!D (MIX 0), PLUS 50.19 VOL%
8

(=100-49.81) FUEL MIX 1. WHEN USING SWRCE TERMS & SPECTRA FROM AN ORIGEN*
FILE (N/S/AS$Y & PHOT /S/ASSY), THE SMEARED SOURCE VOL (Zv0L=2.60680E+6 CC)'
MUST BE ENTERED S0 THAT SAS1 PROPERLY NORMALIZES THE SOURCE PER UNIT VOLUME,

8

WHICH IS THEN USED IN THE XSDANPM SHIELDING CALCULATION. THE 7 INDICATES'
THAT THIS SMEARED SOURCE VOLUME CONTAINS 7 FUEL ASSEMBLIES.

e ....................................

1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7
e

s

8

HARDWARE ON THE END OF THE ASSEMBLY (ZONE 3):
s .............................................
8

THE -2 IN0! CATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).

8
IN THIS CASE, XNN & XNG WOULD NORMALLY EQUAL THE NUMBER OF NEUTRONS /S/CC

i(N IN THIS ZONE AND THE NUMBER OF PHOTONS /S/CC IN THIS ZONE. WHEN BOTH ARE
'

\

{ SPECIFIED AS ZERO (AS SHOWN HERE), IT INDICATES THAT THE SOURCE SPECTRUM'

i *
ENTERED BELOW (AFTER THE ZONE DATA) HAS ALREADY BEEN NORMALIZED BY THE USER' '
TO THE CORRECT NUMBER OF NEUTRONS /S/CC AND PHOTOWS/S/CC FOR THIS PARTICULAR

8 ZONE, AND THAT THIS SPECTRUM IS NOT 70 BE RENORMALIZED BY THE CODE.

8

THE SPECTRUM REFERRED TO IN THIS CASE REPRESENTS THE ACTIVATION SOURCE IN
*

THE STEEL COMPONENTS AT THE END OF THE CASK. FOR MANY 1 D AXIAL CALCULA-
* T!ONS, THE DOSE RATE DUE TO THIS ACTIVATION SOURCE !$ NOT NEGLIGIBLE.

8

ACTUAL ACTIVATION SOURCE STRENGTHS (& SPECTRA) "PER MTIHM" OR "PER ASSEMBLY ='
OR "PER KG OF HARDWARE = MY BE OBTAINED FROM AN ORIGEN-S ANALYS!$. THE
TOTAL VOLUMETRIC SOURCE TERMS (OR SPECTRA) WILL THEN HAVE TO BE NORMALIZED

'
8

BY THE USER TO ACCOUNT FOR THE AMOUNT OF ACTIVATED HARDWARE IN THIS PORTION
*

OF THE 1-D AXIAL MODEL OF THE PARTICULAR SHIPPING CASK.
s

.

.................................... +

2 219.02 40 -2 0 0.0 0.0 0.0
e

e

8
VOID BETWEEN TOP OF ASSEMBLY AND INNER LID OF CASK (OCCUPIED

8
BY SMALL LOCKING DEVICES NOT INCLLDED IN THIS MODEL):

0 224.1D 5 0
e

8 INNER PORTION OF CASK LID ($5304):
3 225.37 2 0
e

* U-METAL GAMMA SHIELD IN CASK LID:
4 233.87 30 0
s

* OUTER PORTION OF CASK LID (S5304):
3 237.82 6 0
' ;

8
EXTERNAL SHOCK ABSORBER ON END OF CASK (BALSA WOOD): f
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Table S1.5.9 (continued)

e

e NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

- e

e

SOURCE CPECTRUM 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,*

' THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
IT WOULD GO HERE, AS ILLUSTRATED IN CASE (15). (NOTE THAT XNN & XNG8

' ON THE 20NE 1 DESCRIPTION CARD FOR CASE (15) HAVE BEEN ADJUSTED
' FOR THE SMEARED FUEL VOLLME IN ZONE 10F THE 1-D AXIAL MODEL.)

8 SOURCE SPECTRLM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT.
8 THIS 15N 18G SPECTRUM REPRESENTS THE ACTIVATION SOURCE IN
' THE HARDWARE NEAR THE END OF THE FUEL ASSEMBLY. BECAUSE OF
' THAT, THE SOURCE IS NON-ZERO IN ONLY TWO GAMMA ENERGY GROUPS,
8 SUCH ACTIVATION DATA MAY BE OBTAINED FROM AN ORIGEN-S ANALYS15.
15Z 8Z 2.044E+6 1.094E+7 82
e

OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION:*

IN THIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK.8

UNLIKE THE 1-D RADIAL CALCULATIONS WHERE THE BUCKLING CORRECTION'

GENERALLY MADE VERY LITTLE DIFFERENCE IN THE EXTERNAL DOSE RATE,'

THE 1-D AX!AL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION'

8 IF THE CALCULATED DOSE RATES AT THE SURFACE ARE TO BE ANYWHERE
' CLOSE TO REALISTIC. EVEN WITH A REALISTIC BUCKLING CORRECTION, ONE
* CAN GENERALLY ONLY GET WITHIN 10-50% OF THE CORRECT DOSE RATE USING
8 A 1-D AXIAL MODEL. WITHOUT A BUCKLING CORRECTION TH2 SAS1 RESULTS

t

e AT THE SURFACE MAY BE OFF BY AN ORDER OF MAGNITLDE. SEE TABLE 7.4
* OF ORNL/CSD/TM-246 FOR MORE DETAILED COMPARISONS AGAINST 3-D MORSE
* MONTE CARLO RESULTS.
DYs146.44 DZs146.44

READ XSDOSE

' ENTER RADIUS OF CASK USED BY THE XSDOSE CALC:
73.22
END

| CASE 23 - INFHOMMEDIA X-SECTS; COLLAPSE =Y; BUCKLED SLAB; WITHOUT SHOCK ABS

1
'
8 WOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4,,

8 HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
e

DISC REFLECTED
e

8 DESCRIPil0N OF EACH ZONE FOLLOWS:
e ................................

TOGETHER, ZONES 1 & 2 REPRESENT THE FUEL ASSEMBLY (Z < 182.88 CM).*

TWO ZONES WERE USED SO THAT THE SPATIAL MESH $!ZE COULD BE VARIED.*

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE.*

8 FOR ADDITIONAL COM4ENTS ABOUT DATA ON NEXT TWO CARDS, SEE CASE [22).

| 1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7|

THE 2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).
8

* THE "0.0 0.0" INDICATES THAT SPECTRUM 2 NAS ALREADY BEEN NORMALIZED TO
8 THE CORRECT NUMBER OF NEUTRONS /S/CC AND FNOTOWS/S/CC FOR THIS REGION.
2 219.02 40 2 0 0.0 0.0 0.0
0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0

IF THE EXTERNAL AXIAL SHOCK ABSORBER WERE PRESENT IT WOULD BE NEXT.'

8 IN THIS " ACCIDENT" SCENARIO, IT IS ASSUMED TO BE LOST OR DESTROYED.
8 NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:

NUREG/CR-0200,
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Table St.5.9 (continued)

END ZONE

' SOURCE SPECTRUM 1 IS BEING READ FRON AN ORIGEN S FILE ON UNIT 60,
' THEREFORE lE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
* IT WOULD G0 NERE, AS ILLUSTRATED IN CASE (15).

8
SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS !$

|
'

THE ACTIVATION SOURCE IN THE HARDWARE AT THE END OF THE ASSEMBLIES.
15Z 8Z 2.044E+6 1.094E+7 82
9

8
OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION:
IN TNIS CASE, DY & DZ ARE BOTH SET TO THE DIAMETER OF THE CASK.'

'
(1-D AXIAL CALCULATIONS GENERALLY REQUIRE A BUCKLING CORRECTION)

DYs146.44 DZs146.44
e

READ XSDOSE
8 ENTER RADIUS OF CASK USED BY THE XSDOSE CALC:
73.22
END

CASE 24 - INFHoleqEDIA X-SECTS; COLLAPSE =Y; INFINITE SLAB MODEL; WITH SHOCK ABS

8 WOTE THAT A BLANK LINE, OR A LINE WITH "LAST" TYPED IN COLUMNS 1 4,
*

HAD TO BE PLACED BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD
0

DISC REFLECTED
I

| 8 DESCRIPT!0el 0F EACH ZONE FOLLOWS
e ................................

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN S FILE.
8

' FOR ADDITIONAL COMMEN15 ABOUT DATA ON NEXT TWO CARDS, SEE CASE [22).

i p) 1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
' 1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7j THE -2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).

8

' THE "0.0 0.0" INDICATES THAT SPECTRUM 2 HAS ALREADY BEEN NORMALIZED 70
'

THE CORRECT NUMBER OF NEUTRONS /S/CC AND PHOTONS /S/CC FOR THIS REGION.
2 219.02 40 -2 0 0.0 0.0 0.0
0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.82 6 0
'

EXTERNAL SHOCK ABSORBER ON END OF CASK (BALSA WOOD):
5 297.82 60 0

END ZONE
8

SOURCE SPECTRUM 1 IS BEING READ FROM AN ORIGEN-S FILE ON UNIT 60,8

! * THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
'

' IT WOULD GO HERE, AS ILLUSTRATED IN CASE [15).

' SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS
* THE ACTIVATION SOURCE IN THE HARDWARE AT THE END OF THE ASSEMBLIES.
15Z 8Z 2.044E+6 1.094E+7 8Z

l
'

! ' OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION
!

' WOULD GO HERE IF USED. ($!NCE THE TRANSVERSE DIMENSIONS (DY & DZ) ARE
f 8 NOT SPECIFIED HERE, XSDRNPM WILL USE AN "!NFINITE" SLAB MODEL VITH No

e BUCKLING CORRECTION FOR 1-D AXIAL MODELS, THIS WILL YIELD CONSERVA-
* T!VE (BUT UNREALIST1;'1LY HIGH) DOSE RATES AT THE CASK SURFACE.3
e

READ XSDOSE

' ENTER RADIUS OF CASK USED BY THE XSDOSE CALC
73.22
ENDe
LAST

'
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Table St.5.9 (Continued)

CASE 25 -- INFHOMMEDIA X SECTS; COLLAPSEsY; INFINITE SLAB; WITHOUT SHOCK ABS

* NOTE THAT A LINE WITH "LAST" TYPED IN COLUMNS 1-4, HAD TO BE PLACED
' BETWEEN THE PREVIOUS "END" CARD AND THE TITLE CARD FOR THIS FINAL CASE
8i

DISC REFLECTED
E

, e DESCRIPTION OF EACH ZONE FOLLOWS
e ................................

THE +1 INDICATES THAT SOURCE SPECTRUM 1 COMES FROM AN ORIGEN-S FILE.
8

e FOR ADDITIONAL COMMENTS ABOUT DATA ON NEXT TWO CARDS, SEE CASE [22).
1 137.16 50 +1 0 0.49811 60 2 2.60680E+6 7
1 182.88 50 +1 0 0.49811 60 2 2.60680E+6 7

THE 2 INDICATES THAT SOURCE SPECTRUM 2 IS ENTERED BELOW (AFTER ZONE DATA).
8

* THE "0.0 0.0" !NDICATES THAT SPECTRUM 2 NAS ALREADY BEEN NORMALIZED TO
8

THE CORRECT NUMBER OF NEUTRONS /5/CC AND PHOTONS /S/CC FOR THIS REGION.
2 219.02 40 -2 0 0.0 0.0 0.0
0 224.10 5 0
3 225.37 2 0
4 233.87 30 0
3 237.* ' 6 0
*

IF THL EXTERNAL AXIAL SHOCK ABSORBER WERE PRESENT IT WOULD BE NEXT.
' IN THIS " ACCIDENT" SCENARIO, IT IS ASSUMED TO BE LOST OR DESTROYED.
8 NOTE: THE KEYWORDS "END ZONE" MUST NOT BEGIN IN COLUMN 1:
END ZONE

e

8 SOURCE SPECTRUM 1 IS BEING READ FROM AN ORIGEN S FILE ON UNIT 60,
8 THEREFORE WE DON'T NEED TO INPUT THAT DATA MANUALLY. IF NEEDED,
' IT WOULD GO HERE, AS ILLUSTRATED IN CASE (153.

SOURCE SPECTRUM 2 IS BEING ENTERED DIRECTLY AND GOES NEXT. THIS IS
8

THE ACTIVATION SOURCE IN THE HARDWARE AT THE END OF THE ASSEMBLIES.8

152 82 2.044E+6 1.094E+7 82
e

OPTIONAL CONTROL PARAMETERS FOR THE XSDRNPM SHIELDING CALCULATION
8

'
WOULD GO HERE IF USED. !$!NCE THE TRANSVERSE DIMENSIONS (DY & DZ) ARE
NOT SPECIFIED HERE, XSDRNPN WILL USE AN "!NFINITE" SLAS MODEL WITH NO8

8 BUCKLING CORRECTION. FOR 1-D AXIAL MODELS, THIS WILL YlELD CONSERVA-
T!VE (BUT UNREALISTICALLY HIGH) DOSE RATES AT THE CASK SURFACE.1

8

e

READ XSDOSE

* ENTER RADIUS OF CASK USED BY THE XSDOSE CALC:
73.22
END

NUREG/CR-0200,
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St.5.4 DISCUSSION OF THE COMBINED CRITICALITY / SHIELDING PROBLEM

Another sample problem, case 26, illustrates the application of the SASIX capability to perform a
combined 1-D criticality and shielding analysis by taking the leakage spectrum from an XSDRNPM criticality
calculation and inputting it as a boundary source to subsequent .hielding calculations. This problem models a
sphere ofk-,-P ;nd fuel, clad, and moderator surrounded by 4.6 m (15 ft) of water. A critical radius search
was performed with XSDRNPM in stand-alone mode to determme the critical size of the homogemzed
fuel /cla&modarator sphere surrounded by an infinite water reflector (30 cm). SASIX was then used to analyze
this problem. The criticality calculation in SASIX modeled the homogenized fuel / clad / moderator sphere
surrounded by 30 cm of water, identical to the XSDRNPM search case. The shielding case modeled the
remamder of the 4.6 m (15 ft) ofwater surroundmg the sphere. The SAS IX input deck for this case is presented

| m Table Sl.5.10.
!
!

|

|

|
!

%

i

!

|

!
!

!

i

4

4
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Table S1.5.10 Annotated input for case 26

#SAS1X PARM=' SIZE =300000'
CASE 26 -HOMOGENEOUS SPHERE OF FUEL / CLAD / MOD SURROUNDED BY 15 FT OF H2O
a

8 THE SIZE PARAMETER MUST BE SPECIFIED BECAUSE OF THE LARGE NUMBER OF ZONES
' NECESSARY TO MODEL 15 FEET OF H2O REFLECTOR.

,

27N-18 COUPLE MULTIREGION
8

8 MULT! REGION MUST BE SPECIFIED TO RUN COMBINED CRITICALITY / SHIELDING PROBLEM.
e

' MIX 1 15 THE HOMOGEN! ZED MIXTURE OF FUEL, CLAD, AND MOD
U-235 1 0 5.20215-4 END

U-238 1 0 3.77716-5 END

H 1 0 3.14930-2 END

0 1 0 1.72350-2 END
AL 1 0 3.00340-2 END
e

8 MIX 2 IS THE WATER REFLECTOR FOR THE CRITICALITY CALCULATION
H2O 2 END
e

8 MIX 3 IS THE WATER REFLECTOR FOR THE SHIELDING CALCULATION.
e THIS MUST BE A DIFFERENT MIXTURE THAN THE ONE USED IN THE CRITICALITY CALC,

BECAUSE XSDRNPM PERFORMS CELL-WEIGHTING ON MIXTURES IN THE CRITICALITY CALC,8

8 AND SAS1X DOES NOT ALLOW THEIR USE IN THE SHIELDING CALCULATION.
' A TRACE OF ACTIVITIES IS INCLUDED IN ORDER TO OBTAIN THE CALCULATION OF
' ACTIVITIES FROM 1HE XSDRNPM SHIELDING CALCULAT!''8-
H2O 3 END
ACTIVITIES 3 0 1.0E-24 END

END COMP
e

' THE CRITICALITY CALCULATION INPUT
SPHERICAL VACUUM END
1 18.5136
2 48.5136
Ep ZmE

,

'

' ISNa16 15 SPECIFIED TO MATCH THE ANGULAR QUADRATURE IN THE SHIELDING CALC.
MORE DATA ISh=16 END MORE DATA
END
LAST
STORAGE POOL DOSE

' THE SHIELDING CALCULATION INPUT
5

SPHERICAL

FIRST MIXTURE MUST BE VO!D OF 1 INTERVAL WITH OUTER DIMENSION THAT MATCHES'

' OUTER DIMENSION OF SHIELDING CALCULATION.
8 FLAGS INDI: ATE BOUNDARY SOURCE WILL BE INPUT FROM XSDRNPM CRITICALITY CALC.
0 48.5136 1 1 0 0 0
3 475.71 427 0

END ZONE
READ XSDOSE
END

.

1

|
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St.5.5 ILLUSTRATION OF OUTPUT
j

1
,

j The SAS1X output for cases 3 and 4 is shown in Table Sl.5.11, while the SASI output for cases 9
i through 14 is shown in Table S t.5.12. These listings are limited to the output actually produced by the SASI !

,

| control module with the PARM=CHK option (i.e., the XSDRNPM and XSDOSE output for each case is not
! hsted) Annouded exunple output hstmgs forXSDRNPM and XSDOSE may be found in Sects. F3.7 and F4.5, ,

| respectively. The bulk of the SAS1X or SAS1 output shown in Tables Sl.5.11 and S1.5.12 is common to all ;
'

control mnr61am that use the SCALE MatenalInformatxm Processor. Only the final subsections, labeled System i

Geometry" and "XSDOSE Data," are unique to the SASI control module and the 1-D shielding configuration
specified by the user. ,

-
,

i

!

P

!

I
l

|

;

! i

;\
I

'

;

&

,

|
|

|

!
,

t

!

!

I -

i. !
: ;

i .

'

I

,

s

i

i
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Table S1.5.11 SASIX output for cases 3 and 4 with PARM=CHK

PRIMARY MODULE ACCESS AND INPUT RECORD ( SCALE DRIVER - 95/03/29 - 09:06:3'r )
MODULE SAS1X WILL BE CALLED

CASES 3 & 4 (PREP) -- LATTICECELL USED FOR X-SECT PROCES$1NG, COLLAPSE =YES
27N 18 COUPLE LATTICECELL
U02 1 0.90172 5f0 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZlRCALLOY 2 1 560 END
$5304 3 2.1712E-2 END
B4C 3 7.7066E-2 END
$5304 4 END
U(.27sMETAL 5 END
H2O 6 0.944 CND
S$304 7 0.11879 560 END
N 8 0.00122 560 ENO
END COMP

SQUAREPITCH 1.2598 0.8357 1 8 0.94996 2 END
MORE DATA COLLAPSE END

CASE 3 -- LATT!CECELL X SECT PROC, COLLAPSE =YES, SOURCE SPEC ENTERED BELOW
CYLINORICAL
500 12.75 20 -1 7 0.17994 6.02E+02 2.65E+10
3 ;1.72 8 0
500 38.05 30 -1 7 0.17994 6.02E+02 2.65E+10
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0

Ei4D ZONE
8 SOURCE FOR 2ONE 1
1.10E+01 1.26E+02 1.41E+02 7.89E+01 1.06E+02 1.16E+02 2.26E+01
BZ

3.39E-01 1.60E+00 8.15E+00 2.03E+01 4.68E+04 3.78E+05 1.24E+07
5.07E+06 3.08E+08 1.20E+09 1.32E+09 1.00E+10 2.97E+09 2.98E+08
4.38E+08 1.60E+09 1.92E+09 6.50E+09
' SOURCE FOR 20NE 2
1.10E+01 1.26E+02 1.41E+02 7.89E+01 1.06E+02 1.16E+02 2.26E+01
8Z

3.39E 01 1.60E+00 8.15E+00 2.03E+01 4.68E+04 3.78E+05 1.24E+07
5.07E+06 3.08E+08 1.20E+09 1.32E+09 1.00E+10 2.97E+09 2.98E+08
A.38E+08 1.60E+09 1.92E+09 6.50E+09
READ XSDOSE
595.64

CASE 4 - LATTICECELL X-SECT PROC, COLLAPSE =YES, SOURCE SPEC FROM ORIGEN S FILE
CYLINDRICAL
500 12.75 20 +1 7 0.17994 60 2 1.8679E+5 1
3 21.72 8 0
500 38.05 30 +1 7 0.17994 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 6
i 73.22 1 0
END 20NE

READ XSDOSE
595.64

W.DULE SAS1X ls FINISHED. COMPLETION CODE 0. CPU TIME USED 12.03 (SECONDS).

NUREG/CR-0200,
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C Table S1.5.11 (Continued)
'(

CASES 3 & 4 (PREP) -- LATTICECELL USED FOR X SECT PROCES$1NG, COLLAPSE =YES I
1

I

.
**** PROBLEM PARAMETERS ****

!

| LIS 27N-18 COUPLE LIBRARY
MXX 8 MIXTURES
MSC 9 COMPOSITION SPECIFICATIONS
IZM 3 MATERIAL ZONES I

| GE LATTICECELL GEOMETRT '

MORE 1 0/1 DO NOT READ / READ OPTIONAL PARAMETER DATA
MSLN 0 FUEL SOLUTIONS

**** PRm LEM COMPOSITION DESCRIPTION ****
|

SC 002 STANDARD COMPOSITION
MX 1 MIXTURE No.

!Vr 0.9017 VOLUME FRACTION
ROTH 10.9600 THEORETICAL DENSITY

| NEL 2 No. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND
TEMP 560.0 DEG KELVIN

92000 1.00 ATOM / MOLECULE
92234 0.029 WTX

,- 92235 3.200 WTX'

92236 0.016 WTX
l; 92238 96.755 WT% i

8016 2.00 ATOMS / MOLECULE
!

END

O I, / SC ZIRCALLOY STANDARD COMPOSITION '
i

( MX 2 MIXTURE No.( VF 1.0000 VOLUME FRACTION
ROTN 6.5600 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND |,

| TEMP 560.0 DEG KELVIN j
; 40302 1.00 ATOM / MOLECULE l
| END

SC SS304 CTANDARD COMPOSITION
MX 3 MIXTURE No.
VF 0.0217 VOLUME FRACTION
ROTN 7.9200 THEORETICAL DENSITY

| NEL 4 No. ELEMENTS
, !CP 0 0/1 MIXTURE / COMPOUND
l 24304 19.000 WTX

25055 2.000 WTX i

26304 69.500 WTX
28304 9.500 WTX

END

!
l- SC 54C STANDARD COMPOSITION
! MX 3 MIXTURE NO.

VF 0.0771 v0LUME FRACTION
ROTH 2.5400 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND

| 5000 4.00 ATOMS / MOLECULE

{ 5010 18.431 WTX
5011 81.569 Wi%<

6012 1.00 ATOM / MOLECULE
-

END

( NUREG/CR-0200,
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Table Sl.5.11 (Continued)

SC 55304 STANDAC COMPOSITION
MX 4 MIXTURE N0.
VF 1.0000 VOLUNl FRACTION
ROTH 7.9200 THEORETICAL DENSITY
NEL 4 NO. ELEMENTS
ICP 0 b/1 MIXTURE / COMPOUND

24304 19.000 WTX
25G5 2.000 WTZ
26304 69.500 WT%
28304 9.500 WT%

END

SC U(.27) METAL STANDARD COMPOSITION
MX 5 MIXTURE NO.
VF 1.0000 VOLUME FRACTION
F.0TH 19.0500 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 0 0/1 MIXTURE / COMPOUND

92235 0.270 WTE
92238 99.730 WTX

ENO

SC H2O STANDARD COMPOS!T10N
MX 6 MIXTURE No.
VF 0.9440 VOLUME FRACTION
ROTN 0.9982 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND

1001 2.00 ATOMS / MOLECULE
8016 1.00 ATOM / MOLECULE

END

SC SS304 STANDARD COMPOSITION
MX 7 MIXTURE No.
VF 0.1188 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSITY
WEL 4 No. ELEMENTS
ICP 0 0/1 MIXTURE / COMPOUND
TEMP 560.0 DEG KELVIN

24304 19.000 WT%
25055 2.000 WTX
26304 69.500 WT%
28304 9.500 WTX

END

SC N STANDARD COMPOSITION
MX 8 MIXTURE NO.
VF 0.0012 VOLUME FRACTION
ROTH 1.0000 THEORETICAL DENSITY
NEL 1 No. ELEMEtiTS
ICP 1 0/1 MIXTURE / COMPOUND
TEMP $60.0 DEG KELVIN

I

7014 1.00 ATOM / MOLECULE
END

**** PROBLEM GEOMETRY ****

CTP SQUAREPITCH CELL TYPE
1

PITCH 1.2598 CM CENTER TO CENTER SPACING
1

FUELOD 0.8357 CM FUEL DIAMETER OR SLAB THICKNESS
MFUEL 1 MIXTURE No. OF FUEL
MMOD 8 MIXTURE No. OF MODERATOR
CLAD 00 0.9500 CM CLAD OUTER DIAMETER

NUREG/CR-0200,
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Table S1.5.11 (continued)
\

MCLAD 2 MIXTURE No. OF CLAD
4

**** SPECIAL PARAMETERS ****

ISN
8 ORDER OF ANGULAR QUADRATURE5 IIM 20 INNER ITERATION MAXIMUM

j ICM 25 OUTER ITERATION MAXIMUM
| SZF 1.00000E+00 SIZE FACTOR FOR SPATIAL MESN

EPS 1.00000E-04 DVERALL PROBLEM CONVERGENCE
PTC 1.00000E-04 SCALAR FLUM CONVERGENCE

-

SKL 1.42069E+00 BUCKLING FACTOR
. IUS 0 THERMAL UPSCATTER SCALING
} BAL FINE BALANCE TABLE PRINT FLAG'

DY 0.00000E+00 SUCKLING NEIGHT
, DZ 0.00000E+00 BUCKLING DEPTN
i IPN O DIFFUSION COEFFICIENT OPTION

FAD 0 LOGICAL UNIT NUMBER 70 READ FLUX GUESS
FWR -1 LOGICAL UNIT NUMBER 70 WRITE FLUX GUESS

,

MSN 2001 NUMBER OF INTERVALS FOR RES. INTGRTNS
,

MLV 2 MAX LVALUE FOR RES. INTGRTNS
,

AXS 0 LOGICAL UNIT NLMBER TO WRITE ANISN LIS
COLL

COLLAPSE ALL THERMAL NEUTRON GROUPS TO ONE GROUP
,

i
i ZONE SPECIFICATIONS FOR LATTICECELL GEOMETRY
j

ZONE 1 IS FUEL
ZONE 2 IS CLAD
ZONE 3 I$ MOD

|
i

i b
;(

.

1

i !

1

i

1

1

j '

:
i
*

,

F

i

i
i

|
i
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Table si.5.11 (Continued)

. . . . . . . . . . . . . . .....eeeeee ...seese****...............seeeeeeeeeee eeee e***. ...s e** ..... e ee.**ee ee.e**
..e
***CASES 3 & 4 (PREP) ~ LATTICECELL USED FOR X-SECT PROCES$1NG, COLLAPSE =YES***
...

e.e****e . **.... eee...***eee...... ......ee.. eeee *ee**eeeee*e** .****ee** eeeeee**eeee******eeeeee
e_u n;n_n_n n;__u n____.a ee *ee.. ...... ........a. . ..................e*....e**....esee ***** e

***e
****** ********** DATA LIBRARY INFORMATION **********
e..ee.
****** UNIT VOLUME
****** NLNBER DATA SET NAME NAME UNIT FUNCTION
**e*** ...... ............. .... .............

....

.
*** 89 C:\ scale 43\DATALIB\FT89F001 STANDARD COMPOSITION LIBRARY ***

! eenee.
*** 88 C:\ scale 43\DATALIB\FT88F001 CROSS SECTION LIBRARY ***

i ...' e
"* 11 C:\scele43\ work \FT11F001 SHORT CROSS SECTION LIBRARY ***

e ...

*** 90 C:\ scale 43\ work \FT90F001 INPUT DAVA DIRECT ACCESS ***

e ...

eeen u n;n u n n_n u n n u ne eee***eeeeeeeeee*****ee**eeeeeeeeeeee**ee e***.e eeeeeeeee**eeeeeeeeeeeeeee
n _ = = = = n _ = = n ------ : = =*een n n = n :.=eeeeee.esseee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenseeeeees
ese **e

.*e e**
****** STAWARD COMPOSITION LIBRARY DATA
**e

.

*** .................................

| ee.e**
|
|

*** UNIT NLDEER : 89 ***

*** ee.

*** DATASET NAE : C:\ scale 43\DATALIB\FT89F001 ***

**e ...

*** LIBRARY TITLE: SCALE-4 STAEARD CO@ OSITION LIBRARY ***

| 637 STA@ARD COMPOSITIONS, 490 NUCLIDES ******

| 90 ELEENTS WITH VARIA8LE ISOTOPIC DISTRBUTIONS. ******
' eee see

*** CREATION DATE: 6/30/95 ***

*** *ee

**e
ese

*** CROSS SECTION LIBRARY DATA ***

........................... **e

| eee

| *** UNIT NLMBER : 88 ***

I ese ***
'

*** DATASET NAE : C:\scalo43\DATALIB\FT88F001 ***

eee ***

*** LIBRARY TITLE: SCALE 4 27 NEUTRON 18 GAMMA GROUP SHIELDING LIBRARY *** !
*** SASED ON E EF-8 VERSION 4 DATA e.e
*** CDFILED FOR NRC 1/27/89 *** .

*** LAST UPDATED 08/12/94 ***
*** L.M.PETRIE ORNL een
ese see 1

eee
ee. **e
eee

|
ese

! . . . . . . . . . . . . . .eeeeeeeeee e.***eee e*** ....... **ee s**e e** eeeeeeeee eeee **** ee e ** eseee...e eeeeee e* **e.****.
......................................................:..v. .. . .. ..... ............ . . . .................

**** XSDRN MESH INTERVALS ****

6 MESH INTERVALS IK ZONE 1
4 MESH INTERVALS IN ZONE 2
4 MESH JNTERVALS IN 10NE 3

NUREG/CR.0200,
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T8ble S1.5.11(continued)
J

**** ADDITIONAL DATA ****

MIXING TA8LE FR(34 STANDARD COMP 06til0NS DATA

MIXTURE NUCLIDE ATON W.I.T.
NO. NO. DENSITY POINTER

1 1092234 6.50089E 06 454
1 1092235 7.14277E-04 455
5 5092235 1.31783E-04 455
1 1092236 3.55623E-06 456

! 1 1092238 2.13240E 02 458
'

5 5092238 4.80620E-02 458
1 1008016 4.40967E-02 33
6 6008016 3.15151E-02 33
2 2040302 4.33078E-02 179
3 3024304 3.78409E 04 96
4 4024304 1.74286E-02 %
7 7024304 2.07034E-03 96
3 3025055 3.76992E 05 98
4 4025055 1.T3633E 03 98
7 7025055 2.06259E 04 98
3 3026304 1.28878E 03 106+
4 4026304 5.93579E-02 106
7 7026304 7.05113E-03 106
3 3028304 1.67632E-04 117
4 4028304 7.72070E-03 117
7 7028304 9.17142E 04 117
3 3005010 1.69854E-03 23
3 3005011 6.83682E-03 24
3 3006012 2.13384E-03 26
6 6001001 6.30301E-02 6
8 8007014 5.24670E 05 30

COMPLETE MIXING TA8LE

MIXTURE NUCLIDE ATON
NO. NO. DEN $1TY

1 1092234 6.50089E 06
9 1092234 2.24678E-06
1 1092235 7.14277E 04 |

9 1092235 2.46862E-04 i

5 5092235 1.31783E-04
'

1 1092236 3.55623E 06
9 1092236 1.22907E 06
1 1092238 2.13240E-02
9 1092238 7.36982E 03 1

5 5092238 4.80620E 02
1 1000016 4.40967E 02
9 1008016 1.52403E 02

'

6 6008016 3.15151E-02
2 2040302 4.33078E-02 |

9 2040302 4.37266E 03 I
3 3024304 3.78409E 04
4 4024304 1.74286E 02
7 7024304 . 2.07034E 03
3 3025055 3.76992E-05
4 4025055 1.73633E 03

! 7 702505s 2.06259E 04
3 3026304 1.28878E-03
4 4026304 5.93579E-02

; 7 7026304 7.05113E-03

!
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Table Sl.5.11 (Continued)
'

3 3028304 1.67632E-04
4 4028304 7.72070E-03
7 7028304 9.17142E-04
3 3005010 1.69854E-03
3 3005011 6.83682E 03
3 3006012 2.13384E-03
6 6001001 6.30301E 02
8 8007014 5.24670E-05
9 8007014 2.90364E-05

MMT 26 NUCLIDES FROM CROSS SECTION LIBRARY
IRES 10 RESONANCE NUCLIDES
ICL 1 LEFT SOY CONDITION 0/1/2/3 VACUUM / REFLECTED / PERIODIC / WHITE
18R 3 RIGHT SOY CONDITION 0/1/2/3 VACUUM / REFLECTED / PERIODIC / WHITE
MS 26 ENTRIES IN THE MIXING TABLE
ISCT 3 ORDER OF SCATTERING
DY 0.0000 FIRST TRANSVERSE BUCKLING DIMENSION
02 0.0000 SECONO TRANSVERSE BUCKLING DIMENSION
VSC 0.0000 VOID STREAMING

O

..
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Table St.5.11 (continued)

RESONANCE DATA (3* ARRAY)
t

ID TEMP GEOM ASAR DANCOFF INNER RAD. NSU50 ITA M1 SIGMA 1 IT1 N2 SIGMA 2 IT2 LUMP VOL i
1092234 560.00 2 4.17850E-01 9.59610E-01 0.00000E+00 6.50089E-06 1 15.991 2.63660E+04 1237.955 4.17470E+04 1 1.0000
1092235 560.00 2 4.17850E 019.5%10E-010.00000E+00 7.142TTE-04 1 15.991 2.39966E+02 1 238.049 3.68163E+02 1 1.0000
5092235 293.00 0 0.00000E+00 0.00000E+00 0.00000E+00 1.31783E-04 1 238.051 4.49548E+03 1 0.000 0.00000E+00 0 1.0000
1092236 560.00 2 4.17850E-01 9.5 % 10E-01 0.00000E+00 3.55623E-06 1 15.991 4.81978E+04 1 237.954 7.63248E+04 1 1.0000
1092238 560.00 2 4.17850E-01 9.59610E-01 0.00000E+00 2.13240E-02 1 15.991 8.03798E+00 1 235.040 4.04452E-01 1 1.0000
5092238 293.00 0 0.00000E+00 0.00000E+00 0.00000E+00 4.80620E-02 1 235.044 3.26360E-02 1 0.000 0.00000E+00 0 1.0000
2040302 560.00 2 4.74980E-01 8.43998E-01 4.17850E-01 4.33078E-02 1 0.000 0.00000E+00 0 0.000 0.00000E+00 0 1.0000
3025055 293.00 0 0.00000E+00 0.00000E+00 0.00000E+00 3.76992E-05 1 11.009 9.12983E+02 1 21.192 8.31474E+02 1 1.0000 .

4025055 293.00 0 0.00000E+00 0.00000E+00 0.00000E+00 1.73633E-03 1 55.845 3.46630E+02 1 55.925 1.25576E+02 1 1.0000 |

7025055 560.00 0 0.00000E+00 0.00000E+00 0.00000E+00 2.06259E-04 1 55.845 3.46630E+02 1 55.925 1.25576E+02 1 1.0000 !

t
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Table s1.5.11 (continued)

| NITAWL DATA CSA5(XSDRN) DATA BONAMI DATA

NUCLIDE THERMAL 20NE MIXTURE SCATTER SIGMA H TEMPERATURE
IDENTIFIER SCATTER TEMP. BOUNDARIES NUMBERS BY 20NE BY MIXTURE BY MIXTURE

1 1092234 5.60000E+02 0 1 3 4.90122E-02 0
2 1092235 5.60000E+02 4.17850E-01 2 3 1.44256E+00 0
3 5092235 2.93000E+02 4.74980E 01 8 3 0 0
4 1092236 5.60000E+02 7.10766E-01 0 0
5 1092238 5.60000E+02 0 0

! 6 5092238 2.93000E+02 0 0
| 7 1008016 5.60000E+02 0 0
l 8 6008016 2.93000E+02 0 0

9 2040302 5.60000E+02
10 3024304 2.93000E+02
11 4024304 2.93000E+02:

| 12 7024304 5.60000E+02
13 3025055 2.93000E+02:

l 14 4025055 2.93000E+02
'

15 7025055 5.60000E+02
16 3026304 2.93000E+02
17 4026304 2.93000E+02

| 18 7026304 5.60000E+02
! 19 3028304 2.93000E+02
1 20 4028304 2.93000E+02

21 7028304 5.60000E+02
22 3005010 2.93000E+02;

| 23 3005011 2.93000E+02
24 3006012 2.93000E+n
25 6001001 2.93000E+02
26 8007014 5.60000E402

0

|
\

|

|

I
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| O Table S1.5.11 (continued) )Q '
,

**** SYSTEM GEOMETRY **** i

CASE 3 -- LATTICECELL X-SECT PROC, COLLAPSE =YES, ScuRCE SPEC ENTERED BELOW '

CS CYLINDRICAL COORDINATE SYSTEM
|

t ZONE NLNWER 1

MXZ 500 MIXTURE No.
RZ 12.75 Di RIGHT BOUNDARY LOCATION
IMZ 20 MESN INTERVALS
ISZ -1 SOURCE SPECTRUM No. '

MIXC 7 MIXTURE NUMBER FOR NOMOGENIZED CORE
VFC 0.1799 VOLUME FRACTION FOR MIXC MATERIAL

| XNN 6.0200E+02 NEUTRON SOURCE WORMALIZATION
| XNG 2.6500E+10 GAMMA SOURCE NORMALIZATION
i

! ZONE NUMBER 2
I MXZ 3 MIXTURE No.

RZ 21.72 CM RIGHT BOUNDARY LOCAT!0N jIMZ 8 NESN INTERVALS
'

l ZONE NUMBER 3 l
'

I MXZ 500 MIXTURE NO.
I RZ 38.05 CM RIGNT BOUNDARY LOCATION

INZ 30 IESN INTERVALS
!$Z -2 SOURCE SPECTRUM No.

| MIXC 7 MIXTURE NUMBER FOR NOMOGENIZED CORE
l VFC 0.1799 VOLUME FRACTION FOR MIXC MATERIAL
l XWN 6.0200E+02 NEUTRON SOURCE WORMALIZATION
i XNG 2.6500E+10 GAMMA SOURCE NORMALIZATION

ZONE NUMBER 4
MXZ 0 MIXTURE NO.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ 5 MESN INTERVALS

ZONE NUMBER 5
MXZ 4 MIXTURE Wo.
RZ 48.90 CM RIGHT BOUNDARY LOCATION
IMZ 2 MESN INTERVALS

ZONE NLMBER 6
MXZ 5 MIXTURE No.
RZ 57.40 Di RIGNT BOUNDARY LOCATION

]IMZ 30 MESN INTERVALS '

ZONE WMBER 7 j
MXZ 4 MIXTURE No.
RZ 61.35 CM RIGNT BOUNDARY LOCATION
IMZ 6 MESH INTERVALS

ZONE NUMBER 8
MXZ 6 MIXTURE NO.
RZ 72.78 CM RIGHT BOUNDARY LOCATION |
IMZ 16 NESH INTERVALS i

ZONE NUMBER 9
MXZ 4 MIXTURE NO.
RZ 73.22 CM RIGHT B0(WDARY LOCATION
IMZ 1 MESN INTERVALS

I ' SOURCE FOR ZONE 1

i NUREG/CR-0200,
'

S1.5.47 Vol.1, Rev. 5

1

!
,

. .. . . - -- -



_. ._

Table S1.5.11 (Continued)

SOURCE SPECTRI.M NO. -1 FROM CARDS

* SOURCE FOR ZONE 2

SOURCE SPECTRUM NO. -2 FROM CARDS

**** X500SE DATA ****

NDETEC 0 NUMBER OF DETECTORS
(0 INDICATES DEFAULT DETECTOR LOCATIONS)

NFACTR 0 NUMBER OF DOSE FACTOR ID NUMBERS
(0 IND! CATES DEFAULT ID FOR ANS! STANDARD)

DIMEN1 73.22 PRIMARY DIMENSION, CM
DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NUMBERS 9029. 9504.

DETECTOR NO. 1

R= 7.3220E+01 Z= 2.9782E+02

DETECTOR NO. 2
R= 1.7322E+02 Z= 2.9782E+02

DETECTOR NO. 3
R= 2.7322E+02 Z= 2.9782E+02

DETECTOR NO. 4
R= 4.7322E+02 Z= 2.97B2E+02

**** SYSTEM GEOMETRY ****

CASE 4 - LATT!CECELL X-SECT PROC, COLLAPSE =YES, SOURCE SPEC FROM ORIGEN S FILE

CS CYLINDRICAL COORDINATE SYSTEM

ZONE NUMBER 1

MXZ 500 MIXTURE NO.
RZ 12.75 CM RIGHT BOUNDARY LOCATION
IMZ 20 MESH INTERVALS
152 1 SOURCE SPECIRUM NO.
MIXC 7 MIXTURE NUMBER FOR HOMOGEN! ZED CORE
VFC 0.1799 VOLtmE FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN-S SOURCE UNIT NO.
NPOS 2 ORIGEN-S SOURCE POSITION
ZVOL 1.8679E+05 ZONE VOLUME
NASS 1 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 2
MXZ 3 MIXTURE No.
RZ 21.72 CM RIGHT BOUNDARY LOCATION
INZ 8 MESH INTERVALS

ZONE NUMBER 3
MXZ 500 MIXTURE No.
RZ 38.05 CM RIGHT SOUNDARY LOCATION
IMZ 30 MESM INTERVALS
ISZ 2 SOURCE SPECTRUM NO.
MIXC 7 MIXTURE NUMBER FOR NOMOGENIZED CORE
VFC 0.1799 VOLUME FRACTION FOR MIXC MATERIAL
WSOU 60 ORIGEN-S SOURCE UNIT NO.
WPOS 2 ORIGEN-S SOURCE POSlf!ON
ZVOL 1.1215E+06 ZONE VOLUME

NUREG/CR-0200,
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Table S1.5.11 (catinued)
i'

NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4<

i MXZ 0 MIXTURE No.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ 5 NESN INTERVALS

,

!

ZONE NUMBER 5
MXZ 4 MIXTURE No.
RZ 48.90 CM RIGHT BOUNDARY LOCATh0N
IMZ 2 MESN INTERVALS

ZONE NUMBER 6
MXZ 5 MIXTURE No.
RZ 57.40 CM RIGHT BOUNDARY LOCATION *

IMZ 30 MESH INTERVALS

ZONE NUMBER 7
MXZ 4 MIXTURE NO. '
RZ 61.35 CM RIGMF BOUNDARY LOCATION
IMZ 6 MESN INTERVALS

.

ZONE NUMNER 8
MXZ 6 MIXTURE NO.

!RZ 72.78 CM RIGHT BOUNDARY LOCATION !
IMZ 16 MESH INTERVALS

ZONE NUMBER 9
MXZ 4 MIXTURE No.
RZ 73.22 CM RIGHT BOUNDARY LOCATION
INZ 1 MESN INTERVALSs

SOURCE SPECTRUM No. 1 FROM ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM No. 2 FROM ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

**** XSDOSE DATA ****

NDETEC 0 NUMBER OF DETECTORS

(O INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NLMBER OF DOSE FACTOR ID NLMBERS

(0 INDICATES DEFAULT ID FOR ANSI STANDARD)
DIMEN1 73.22 PRIMARY DIMENSION, CM

i
DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NUMBERS 9029. 9504.

DETECTOR NO. 1

R= 7.3220E+01 Za 2.9782E+02

DETECTOR No. 2
R= 1.7322E+02 Z= 2.9782E+02

i

DETECTOR NO. 3
R= 2.7322E+02 Z= 2.9782E+02 |

DETECTOR NO. 4
Re 4.7322E+02 Za 2.9782E+02

C
NUREG/CR-0200,
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Table S1.5.12 SASI output for cases 9-14 with PARM=CHK

PRIMA'tY MODULE ACCESS AND INPUT RECORD ( SCALE DRIVER - 95/03/29 - 09:06:37 )
MCDULE SAS1 WILL BE CALLED

CASES 914 (PREP) - INFh0 MEDIUM USED FOR X-SECT PROCESSING, COLLAPSE =YES
27N 18 COUPLE INFHo MEDIUM
U02 1 0.25553 560 92234 0.029 92235 3.2 92236 0.016 92238 96.755 END
ZlRCALLOY 1 0.08282 560 END
S$304 1 2.1375E-2 560 END
$5304 2 2.1712E 2 END
B4C 2 7.7066E-2 END
HE 3 END
$5304 4 END
U(.27) METAL 5 END
H20 6 0.944 END
END COMP

MORE DATA COLLAPSE END

CASE 9 -- INFHOMMEDIUM X-SECTS; COLLAPSE =Y; N-SHIELD PRESENT; ISN,1CM= DEFAULTS '

CYLINDRICAL
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0

END ZONE
READ XSDOSE
595.64

CASE 10 - INFHOMMEDIUM X-SECTS; COLLAPSEsY; N-SHIELD PRESENT; ISN=8,1CM=0EFAULT
CYLINDRICAL
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0

END ZONE
ISN=8
READ XSDOSE
595.64

CASE 11 - SAME AS CASE 10, WITH AXIAL BUCKLING OF 595.64 CM USED IN X50RN CALC
CYLINDRICAL
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
6 72.78 16 0
4 73.22 1 0

END ZONE
ISN=8 CYs595.64
READ XSDOSE
595.64

NUREG/CR-0200,
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Table S1.5.12 (continued)L

! \
l

CASE 12 - SAME AS CASE 10, WITN OUTER FUEL ZONE SMEARED WITH ADJACENT vo!D
CYLINDRICAL
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 12 21.72 8 0,

| 1 47.63 30 +1 0 0.4568 60 2 2.0647E+6 6'

4 48.90 2 D;

| 5 57.40 30 0
| 4 61.35 6 0
| 6 72.78 16 0
| 4 73.22 1 0
| END IONE
'

ISN=8
READ XSDOSE
595.64

,

CASE 13 - INFHOIO4EDIUM X-SECTS; COLLAPSE =Y; NO N SHIELD USED; ISN,1CM=0EFAULTS'

CYLiteRICAL
1 1 2. 75 20 +1 0 0.0 60 2 1.8679E+5 1
2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 60 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
0 72.78 16 0
4 73.22 1 0

END ZONE

READ XSDOSE
575.64

CASE 14 - INFNOMMEDIUM X-SECTS; COLLAPSE =Y; N0 N-SHIELD USED; ISN=8,ICM= DEFAULT
| -

CYLINDRICAL
1 12.75 20 +1 0 0.0 60 2 1.8679E+5 1) 2 21.72 8 0
1 38.05 30 +1 0 0.0 60 2 1.1215E+6 6
0 47.63 5 0
4 48.90 2 0
5 57.40 30 0
4 61.35 6 0
0 72.78 16 0
4 73.22 1 0

END ZONE
ISN=8
READ XSDOSE
595.64

MODULE SAS1 IS FINISHED. COMPLETION CODE 0. CPU TIME USED 16.20 (SECONDS).

I

i
|

|..

;
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Table S1.5.12 (Continued) )
CASES 9-14 (PREP) -- INFH0 M EDIUM USED FOR X SECT PROCESSING, COLLAPSE =YES j
**** PROBLEM PARAMETERS ****

l
LIB 27N-18 COUPLE LIBRARY
MXX 6 MIXTURES j

'

MSC 9 COMPOSITION SPECIFICATIONS
IZM 1 MATERIAL ZONES
GE INFHOMEDILM GEOMETRY ,

MORE 1 0/1 D0 NOT READ / READ OPfl0NAL PARAMETER DATA |

MSLN 0 FUEL SOLUTIONS

**** PROBLEM COMPOSITION DESCRIPTION ****

SC U02 STANDARD COMPOSITION
MX 1 MIXTURE NO.
VF 0.2555 VOLUME FRACTION
ROTH 10.9600 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND
TEMP 560.0 DEG KELVIN

92000 1.00 ATOM / MOLECULE
92234 0.029 WT%

, 92235 3.200 WTX
l 92236 0.016 WT%

92238 %.755 WT%
8016 2.00 ATOMS / MOLECULE

END

SC ZIRCALLOY STANDARD COMPOSITION
MX 1 MIXTURE No.
VF 0.0828 VOLUME FRACTION
ROTH 6.5600 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND
TEMP 560.0 DEG KELVIN

40302 1.00 ATOM / MOLECULE
END

SC $$304 STANDARD COMPOSITION
MX 1 MIXTURE NO.
VF 0.0214 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSITY
NEL 4 No. ELEMENTS
ICP 0 0/1 MIXTURE / COMPOUND
TEMP 560.0 DEG KELVIN

24304 19.000 WTX
25055 2.000 WTX,

| 26304 69.500 WTX
| 28304 9.500 WTX
l END

'

; SC 55304 STANDARD COMPOSITION
| MX 2 MIXTURE NO.
| VF 0.0217 VOLUME FRACTION

| ROTH 7.9200 THEORETICAL DENSITY

| NEL 4 NO. ELEMENTS
! ICP 0 0/1 MIXTURE / COMPOUND

24304 19.000 WTX
25055 2.000 WTX
26304 69.500 WTX
28304 9.500 WT%

END

NUREG/CR-0200,
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Table Sl.5.12 (Continued)
\;

SC 54C STANDARD COMPOSITION
MX 2 MIXTURE Mo.
VF 0.0771 VOLUME FRACTION
ROTH 2.5400 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS,

ICP 1 0/1 MIXTURE / COMPOUND
5000 4.00 ATOMS / MOLECULE

5010 18.431 WT%
5011 81.569 WT%

6012 1.00 ATOM / MOLECULE,

'
END

SC ME STAWARD COMPOSITION
MX 3 MIXTURE NO.
VF 1.0000 VOLUME FRACTION
ROTH 1.0000 THEORETICAL DENSITY
NEL 1 N0. ELEMENTS,

ICP 1 0/1 MIXTURE / COMPOUND
> 2004 1.00 ATOM / MOLECULE
d

END

SC SS304 STANDARD COMPOSITION
MX 4 MIXTURE No.
VF 1.0000 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSITY
NEL 4 NO. ELEMENTS
ICP O 0/1 MIXTURE / COMPOUND

24304 19.000 WTX
25055 2.000 WTX
26304 69.500 WTX
28304 9.500 WTX

'

SC U(.27) METAL STAWARD COMPOSITION
MX 5 MIXTURE NO.
VF 1.0000 VOLtME FRACTION
ROTH 19.0500 THEORETICAL DENSITY
WEL 2 No. ELEMENTS
ICP 0 0/1 MIXTURE / COMPOUND

92235 0.270 WT%
92238 99.730 WT%

END

SC H2O STANDARD COMPOSITION
MX 6 MIXTURE No.
VF 0.9440 VOLUME FRACTION
ROTH 0.9982 THEORETICAL DENSITY
WEL 2 NO. ELEMENTS
ICP 1 0/1 MIXTURE / COMPOUND

1001 2.00 ATOMS /MOLEQJLE
8016 1.00 ATOM / MOLECULE

END

**** PROBLEM GEOMETRY ****

**** INFINITE NOMOGENECUS EDILM ****
MFUEL 1 MIXTURE No. OF THE INFINITE HOMOGENEOUS MEDIUM

**** SPECIAL PARAMETERS ****

ISN 8 ORDER OF ANGULAR QUADRATURE
IIM 20 INNER ITERATION MAXIMUM

{- NUREG/CR-0200,
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Table S1.5.12 (Contmued)

ICM 25 OUTER ITERATION MAXIMUM
SZF 1.00000E+00 $1ZE FACTOR FOR SPATIAL MESH
EPS 1.00000E-04 OVERALL PROBLEM CONVERGENCE

| PTC 1.00000E 04 SCALAR FLUX CONVERGENCE
| BKL 1.42089E+00 BUCKLING FACTOR

IUS 0 THERMAL UPSCATTER SCALING
SAL FINE BALANCE TABLE PRINT FLAG
DY 0.00000E+00 BUCKLING NEIGHT
DZ 0.00000E+00 BUCKLING DEPTH
IPN 0 O!FFU5!ON COEFFICIENT OPTION

!
FRD 0 LOGICAL UNIT NUMBER TO READ FLUX GUECS
FWR -1 LOGICAL UNIT NUMBER TO WRITE FLUX GUESS
MSN 2001 WUMBER OF INTERVALS FOR RES. INTGRTNS
MLV 2 MAX LVALUE FOR RES. INTGRTNS
AXS 0 LOGICAL UNIT NUMBER TO WRITE ANISN LIB
COLL COLLAPSE ALL THERMAL NEUTRON GROUPS TO ONE GROUP

O

.

I NUREG/CR-0200,
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Table S1.5.12 (continued) !
l;________. ... .. . ...... n ..u. ................ m ........... ............ .. .

! *** .

CASES 9-14 (PREP) -- INFHOMNEDILM USED FOR X-SECT PROCESSING, COLLAPSE.YES' ***

enn___=x___=_=_______.........m.m.......u...............m...m.....w...n u = ____u________ = _2__ m u __u u n _2 ..... . ... .... ..... ....... ......... .....
...***

***"*" DATA LIBRARY INFORMATION ********** ***
...*** UNIT VOLUME ******

| IRMBER DATA SET NAE NAME UNIT FUNCTION ***
; **. ...... ............. .... ............. .1 .n

!
...*** 97 C:\ scale 43\DATAL18\FT89F001 STANDARD COMPOSITION LIBRARY ***i .
.*** 88 C:\ scale 43\DATALIB\FT88F001 CROSS SECTION LIBRARY ***
.*** 11 C:\scate43\ work \FT117001 SHORT CROSS SECTION LIBRARY ***
...*** 90 C:\ scale 43\ work \rT90F001 INPUT DATA DIRECT ACCESS ***
w.

| n = = u u 2 1 _________ _ = = ____u = = x ................... .......... ......... .... .

n u u u u__ = _______ = n u n m .. ......................... .... .................. .......... m . .
...
...

***
5TAlsARD COMPOSIT10N LIBRARY DATA ***

..* ................................. .
***

.
*** UW1T 148SER : 89 ***
***

.
***

DATASET NAME : C:\ scale 43\DATALIB\FT89F001 ***( .

'( LIBRARY TITLE: SCALE-4 STAleARD 03P061 TION LIBRARY
*

***
***

637 STAICARD COMaOSITIONS, 490 NUCLIDES ***
***

90 ELEENTS WITH VARIABLE !$0TOPlc D!$TRBUTIONS. ***
.

.
"* OtEATION DATE: 6/30/95 ***

)o.
m

!m
***

CROSS SECTION LIBRARY DATA *** |* ........................... * j
...

*** UNIT NL8eER : 88 *** |* .
*** DATASET NAME : C:\ scale 43\DATALIB\FT88F001 *** j

***
LIBRARY TITLE: SCALE 4 - 27 NEUTRON 18 GAMMA GROUP SHIELDING LIBRARY )***

*** BASED ON EscF-B VERSION 4 DATA ***
*** CalFILED FOR IntC 1/27/89 ***
* LAST UPDATED 08/12/94 ****** L.M.PETRIE ORNL ***

...
. .

. j

. i

= = = = = = = ____= = _ = . . m . . . .. ... m ... ....... m .. m .... m . .. .... m ..
=_ = = =__: = _ = = = =_ = = == = = = m m ..... m .. m .... m . m .. ~ .. m . m m m m ..n.

|
,

N
;
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Table S1.5.12 (continued)

**** ADDITIONAL DATA ****

MIXING TABLE FROM STANDARD COMPOSITIONS DATA

MIXTURE NUCLIDE ATOM W.I.T.
40. NO. DENSITY POINTER

1 1092234 1.84223E-06 454
1 1092235 2.02412E-04 455
5 5092235 1.31783E 04 455
1 1092236 1.00777E-06 456
1 1092238 6.04282E 03 458
5 5092238 4.80620E 02 458
1 1008016 1.24962E-02 33
6 6008016 3.15151E 02 33
1 1040302 3.58675E-03 179
1 1024304 3.72536E 04 %
2 2024304 3.78409E-04 %
4 4024304 1.74286E 02 %
1 1025055 3.71140E-05 98
2 2025055 3.76992E-05 98
4 4025055 1.73633E-03 98
1 1026304 1.26878E 03 106
2 2026304 1.28878E 03 106
4 4026304 5.93579E 02 106
1 1028304 1.65030E-04 117
2 2028304 1.67632E 04 117
4 4028304 7.72070E-03 117
2 2005010 1.69854E-03 23
2 2005011 6.83682E 03 24
2 2006012 2.13384E-03 26
3 3002004 1.50456E 01 15
6 6001001 6.30301E-02 6

COMPLETE MIXING TABLE

MIXTURE NUCLIDE ATOM
NO. NO. DENSITY

1 1092234 1.84223E-06
1 1092235 2.02412E-04
5 5092235 1.31783E-04
1 1092236 1.00777E-06
1 1092238 6.04282E-03
5 5092238 4.80620E-02
1 1008016 1.24962E-02
6 6008016 3.15151E-02
1 1040302 3.58675E 03
1 1024304 3.72536E-04
2 2024304 3.78409E-04
4 4024304 1.742E6E-02
1 1025055 3.71140E-05

| 2 2025055 3.76992E-05
4 4025055 1.73633E-03
1 1026304 1.26878E 03
2 2026304 1.28878E 03
4 4026304 5.93579E 02
1 1028304 1.65030E 04

| 2 2028304 1.67632E-04
4 4028304 7.72070E-03
2 2005010 1.69854E 03
2 2005011 6.83682E-03
2 2006012 2.13384E 03

NUREG/CR-0200,
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Table S1.5.12 (Continued) ,

3 3002004 1.50456E 01
6 6001001 6.30301E-02

i

MIT 26 NUCLIDES FROM CROSS SECTION LIBRARY
| IRES 10 RESONANCE NUCLIDES

,

'

ISL 1 LEFT BDY CONDITION 0/1/2/3 ''ACUUM/ REFLECTED /PERIODsC/WNITE
IBA 1 RIGHT BDY CONDITION 0/1/2/3 VACUUM / REFLECTED / PERIODIC / WHITE
MS 26 ENTRIES IN THE MIXING TABLE
ISCT 3 ORDER OF SCATTERING

| DY 0.0000 FIRST TRANSVERSE SUCKLING DIMENSION
! DZ -0.0000 SECOND TRANSVERSE BUCKLING DIMENSION

VSC 0.0000 VotD STREAMING

i
!

|
|

!

1

:

d'

|
,

i

r*

|

j.
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Table S1.5.12 (contmued)

cNITAWL DATA CSAS(XSDRN) DATA BONAMI DATA

NUCLIDE THERMAL 20NE MIXTURE SCATTER SIONA H TEMPERATURE
>

I
IDENTIFIER SCATTER TEMP. BOUNDARIES. NUMBERS BY 20NE BT MIXTURE BY MIXTURE1 1092234 5.60000E+02 0 1 3 0 0

2 1092235 5.60000E+02 1.00000E+00 0 0
3 5092235 2.93000E+02 0 0
4 1092236 5.60000E+02 0 0
5 1092238 5.60000E+02 0 0
6 5092238 2.93000E+02 0 0
7 1008016 5.60000E+02 '

)'8 6000016 2.93000E+02
9 1040302 5.60000E+02

10 1024304 5.60000E+02
11 2024304 2.93000E+02
12 4024304 2.93000E+02

| 13 1025055 5.60000E+02
'

, 14 2025055 2.93000E+02
15 4025055 2.9300T+02

1 16 1026304 5.60000E+02
! 17 2026304 2.93000E+02

18 4026304 2.93000E+02
19 1028304 5.60000E+02

l 20 2028304 2.93000E+02
21 4028304 2.93000E+02
22 2005010 2.93000E+02
23 2005011 2.93000E+02,

1 24 2006012 2.93000E+02
25 3002004 2.93000E+02
26 6001001 2.93000E+02:

i C

!

l

f
:

|

|

|
\

l

.

i

:

i
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Table Sl.5.12 (continued)

**** SYSTEM GEOMETRY ****

CASE 9 -- INFNOMMEDIUM X SECTS; COLLAPSE =Y; N-SH!rl.0 PRESENT; ISN,ICM= DEFAULTS

CS CYLINDRICAL COORDINATE SYSTEM

ZONE NUMBER 1

MXZ 1 MIXTURE No.
RZ 12.75 CM RIGHT BOUNDARY LOCATION
IMZ 20 MESH INTERVALS
ISZ 1 SOURCE SPECTRUM NO.
MIXC 0 MIXTURE NUMBER FOR HOMOCENIZE0 CORE
VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN-S SOURCE UNIT Wo.
NPOS 2 ORIGEN S SOURCE POSITION
ZVOL 1.8679E+05 ZONE VOLUME
NASS 1 NO OF FUEL ASSEM8 LIES IN ZONE

ZONE NUMBER 2
MXZ 2 MIXTURE No.
RZ 21.72 CM RIGHT BOUNDARY LOC 4 TION
IMZ 8 MESH INTERVALS

ZONE NUMBER 3
MX2 1 MIXTURE NO.
RZ 38.05 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS
ISZ 2 SOURCE SPECTRUM NO.
MIXC 0 MIXTURE NUMSER FOR HOMOGEN! ZED CORE
VFC c.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN-S SOURCE UNIT No.
NPOS 2 ORIGEN 5 SOURCE PDSIT10N
ZVOL 1.1215E+06 ZONE VOLUME
NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4
MXZ 0 MIXTURE No.
RZ 47.63 CM RIGNT BOUNDARY LOCATION
IMZ 5 MESH INTERVALS

ZONE NUMBER 5
MXZ 4 MIXTURE NO.
RZ 48.90 CM RIGHT BOUNDARY LOCATION
IMZ 2 MESH INTERVALS

ZONE NUMBER 6
MXZ 5 MIXTURE NO.
RZ 57.40 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS

ZONE NUMBER 7
MXZ 4 MIXTURE NO.
RZ 61.35 CM RIGHT BOUNDARY LOCATION
IMZ 6 MESH INTERVALS

ZONE NUMBER 8
MXZ 6 MIXTURE NO.
RZ 72.78 CM RIGHT BOUNDARY LOCATION
IMZ 16 MESH INTERVALS

ZONE NUMBER 9
MXZ 4 MIXTURE No.
RZ 73.22 CM RIGHT BOUNDARY LOCATION

NUREG/CR-0200,
Vol.1, Rev. 5 s1.5.60 '
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Table S1.5.12 (Continued)
v

IMZ 1 MESN INTERVALS

SOURCE SPECTRUM NO. 1 FROM ORIGEN-S
PoslTION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM NO. 2 FROM ORIGEN S |
,

| POSITION 2 FOR 1826.3 DAYS j
l i

**** XSDOSE DATA ****

NDETEC 0 NUMBER OF DETECTORS

(O INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NUMBER OF DOSE FACTOR ID NUMBERS

,

!
(0 INDICATES DEFAULT ID TOR ANSI $1ANDARD) I

DIMEN1 73.22 PRIMARY DIMENSION, CN I
DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NUMBERS 9029. 9504.

I

DETECTOR No. 1
R= 7.3220E+01 Za 2.9782E+02

DETECTOR NO. 2 l

Rs 1.7322E+02 Za 2.9782E+02

DETECTOR NO. 3
R= 2.7322E+02 Z= 2.9782E+02

DETECTOR No. 4
Ru 4.7322E+02 Z= 2.9782E+02

d **** SYSTEM GEOMETRY ****
!

CASE 10 - INFNOMMEDIUM X SECTS; COLLAPSE =Y; N-SNIELD PP.ESENT; ISN=8,1CM= DEFAULT

CS CYLINDRICAL COORDINATE SYSTEM

ZONE NUMBER 1

MX2 1 MIXTURE NO.
RZ 12.75 CM RIGHT BOUNDARY LOCATION

1
IMZ 20 MESN INTERVALS l

ISZ 1 SCURCE SPECTRLM NO.
MIXC 0 MIXTURE NUMBER FOR NOMOGENIZED CORE
VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL

5NS00 60 ORIGEN S SOURCE UNIT Wo.
NPOS 2 ORIGEN-S SOURCE POSITION 1

ZVOL 1.8679E+05 ZONE VOLUME |
NASS 9 NO OF FUEL ASSEMBLIES IN ZONE

20NE NUMBER 2
Mx2 2 MIXTURE No.
RZ 21.72 CM RIGNT BOUNDARY LOCATION
IMZ 8 NESH INTERVALS j

I
ZONE NUMBER 3
MKZ 1 MIXTURE No.
RZ 38.05 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESN INTERVALS

j ISZ 2 SOURCE SPECTRUM No.

i MIXC 0 MIXTURE NUMBER FOR NOMOCEN! ZED CORE
i VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL

NS00 60 ORIGEN-S SOURCE UNIT NO.,

NUREG/CR-0200,
'
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Table S1.5.12 (Continued)

l
MPOS 2 ORIGEN-S SOURCE POSITION
Zvol 1.1215E+06 ZONE VOLUME
NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4
MXZ 0 MIXTURE No.
RZ 47.63 (A RIGHT BOUNDARY LOCATION
IMZ 5 MESH INTERVALS

ZONE NUMBER 5
MXZ 4 MIXTURE No.
RZ 48.90 CM RIGHT BOUNDARY LOCATION
IMZ 2 MESH INTERVALS

ZONE NUMBER 6
MXZ 5 MIXTURE NO.
RZ 57.40 CM RIGHT BOUNDARY LOCAT10N
IMZ 30 MESH INTERVALS

ZONE NUMBER 7
MXZ 4 MIXTURE NO.
RZ 61.35 CM RIGHT BOUNDARY LOCATION
IMZ 6 MESH INTERVALS

ZONE NUMBER 8
MXZ 6 MIXTURE No.
RZ 72.78 CM RIGHT BOUNDARY LOCATION
IMZ 16 MESH INTERVALS

ZONE NUMBER 9
MXZ 4 MIXTURE NO.
RZ 73.22 CM RIGHT BOUNDARY LOCATION
IMZ 1 MESH INTERVALS

SOURCE SPECTRUM NO. 1 FROM ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM NO. 2 FROM ORIGEN S
POSITION 2 FOR 1826.3 DAYS

OPTIONAL PARAMETERS

ISN 8 ORDER OF ANGULAR QUADRATURE

**** XSDOSE DATA ****,

!

I NDETEC 0 NUMBER OF DETECTORS

(O INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 WUMBER OF DOSE FACTOR ID NUMBERS

(0 INDICATES DEFAULT ID FOR ANSI STANDARD)
DIMEN1 73.22 PRIMARY DIMENSION, CM
DIMEN2 595.64 SECONDARY DIMENSION,CM

| DOSE FACTOR ID NUMBERS 9029. 9504,

l
DETECTOR NO. 1

R= 7.3220E+01 Z= 2.9782E+02

DETECTOR No. 2
R= 1.7322E+02 Z= 2.9782E+02

DETECTOR No. 3
R= 2.7322E+02 Z= 2.9782E+02

NUREG/CR-0200,
Vol.1, Rev. 5 S t.5.62

- _ _ - - - _ _ - - - - _ - - - _ _ _ _ _ - - _ _ - _ _ .



- .. .. - - . . . _ -. ... .

1
i

Table S1.5.12 (continued)td ,

DETECTOR NO. 4
R= 4.7322E+02 Za 2.9782E+02

**** SYSTEM GEOMETRY ****

CASE 11 - SAME AS CASE 10, WITH AXIAL BUCKLING OF 595.64 CM USED IN XSDRN CALC

CS CYLINDRICAL C00kDINATE SYSTEM

ZONE NUMBER 1

MXZ 1 MIXTURE No.
RZ 12.75 CM RIGHT BOUNDARY LOCATION,

| IMZ 20 MESH INTERVALS
! ISZ 1 SOURCE SPECTRUM Wo.
| MIXC 0 MIXTURE NUMBER FOR HOMOGEN! ZED CORE
!

VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN S SOURCE UNIT No.
NPOS 2 OR! GEN-5 SOURCE POSITION
ZVOL 1.8679E+05 ZONE VOLUME
WASS 1 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 2
MXZ 2 MIXTURE NO.

| RZ 21.72 CM RIGHT BOUNDARY LOCATION

| IMZ 8 MESH INTERVALS

ZONE NUMBER 3
MXZ 1 MIXTURE No.
RZ 38.05 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS
ISZ 2 SOURCE SPECTRUM NO.

i MIXC 0 MIXTURE NUMBER FOR HOMOGEN! ZED CORE
! VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
|

NSOU 60 ORIGEN S SOURCE UNIT No.
NPOS 2 OR! GEN 5 SOURCE POSITION
2VOL 1.121'vi+06 ZONE VOLtME
NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4
MXZ 0 MIXTURE NO.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ 5 MESH INTERVALS

ZONE NUMBER 5
,

| MXZ 4 MIXTURE No.
| RZ 48.90 CM RIGHT BOUNDARY LOCATION

IMZ 2 MESH INTERVALS
,

!

! ZONE NUMBER 6
| MXZ 5 MIXTURE NO.
! RZ 57.40 CM RIGHT BOUNDARY LOCATION

| INZ 30 MESH INTERVALS

l ZONE NUMBER 7
MXZ 4 MIXTURE NO.
RZ 61.35 CM RIGHT BOUNDARY LOCATION
INZ 6 MESH INTERVALS

I

! ZONE NUMBER 8
MXZ 6 MIXTURE No.
RZ 72.78 CM RIGHT BOUNDARY LOCATION

* IMZ 16 MESH INTERVALS
.

NUREG/CR-0200,
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Table S1.5.12 (continued)

ZONE NLMBER 9
MXZ 4 MIXTURE No.
RZ 73.22 CM RIGHT BCAJMDARY LOCATION
IMZ 1 MESN INTERVALS

SOURCE SPECTRUM NO. 1 FROM ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM No. 2 FROM ORIGEN S
POSITION 2 FOR 1826.3 DAYS |

OPTIONAL PARAMETERS

ISN 8 ORDER OF ANGULAR QUADRATURE l
DY 5.95640E+02 WUCKLING HEIGHT OF SLAB OR CYLINDER

ee** XSDOSE DATA ****

NDETEC 0 NUMBER OF DETECTORS

(0 INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NUMBER OF DOSE FACTOR ID NUMBERS

(O INDICATES DEFAULT ID FOR ANS! STANDARD)
DIMEN1 73.22 PRIMARY DIMENSION, CM
DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NUMBERS 9029. 9504.

DETECTOR NO. 1

R= 7.3220E+01 Za 2.9782E+02 I

DETECTOR NO. 2
R= 1.7322E+02 Z= 2.9782E+02

DETECTOR NO. 3
R= 2.7322E+02 Za 2.9782E+02

DETECTOR No. 4
R= 4.7322E+02 Z= 2.9782E+02

**** SYSTEM GEOMETRY ****

CASE 12 - SAME AS CASE 10, WITN DUTER FUEL ZONE SMEAF,ED WITH ADJACENT VOID

CS CYLINDRICAL COORDINATE SYSTEM

ZONE NUMBER 1

MXZ 1 MIXTURE NO.
RZ 12.75 CM RIGHT BOUNDARY LOCATION
IMZ 20 MESN INTERVALS
ISZ 1 SOURCE SPECTRUM NO.
MIXC 0 MIXTURE NUMBER FOR HOMOGENIZED CORE
VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN-S SOURCE UNIT NO.
NPOS 2 ORIGEN-S SOURCE POSITION
ZVOL 1.8679E+05 ZONE VOLUME
NASS 1 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 2
MXZ 2 MIXTURE 40.
RZ 21.72 CM RIGNT BOUNDARY LOCATION
IMZ 8 MESN INTERVALS

NUREG/CR-0200,
Vol.1, Rev. 5 St.5.64
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/9|N) Table S1.5.12 (continued)
\

.

ZONE NUMBER 3
MXZ 1 MIXTURE NO.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS
ISZ 2 SOURCE SPECTRUM No.

,

! MIXC
0 MIXTURE NLMBER FOR HOMOGENIZED COREl VFC 0.4568 VOLUME FRACTION FOR MIXC MATERIAL

NSOU 60 ORIGEN B SOURCE UNIT Wo.
NPOS 2 ORIGEN-S SOURCE POSITION
ZVOL 2.0647E+06 ZONE VOLUME
NASS 6 10 0F FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4
MXZ 4 MIXTURE NO.
RZ 48.90 CM RIGHT BOUNDARY LOCATION
IM7 2 MESH INTERVALS

ZONE NUMBER 5
| MXZ 5 MIXTURE NO.
I RZ 57.40 CM RIGHT BOUNDARY LOCATION
i IMZ 30 MESH INTERVALS
i

I
ZONE NUMBER 6
MXZ 4 MIXTURE No.
RZ 61.35 Cr RIGHT BOUNDARY LOCATION
IMZ 6 MESH INTERVALS

ZONE NUMBER 7
MXZ 6 MIXTURE No.
RZ 72.78 CM RIGHT BOUNDARY LOCATION
IMZ 16 MESH INTERVALSg

f J ZONE NUMBER 8
(/ MXZ 4 MIXTURE No.

RZ 73.22 CM RIGHT BOUNDARY LOCATION
; IMZ 1 MESH INTERVALS
I

SOURCE SPECTRUM No. 1 FROM ORIGEN S
POSITION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM NO. 2 FROM ORIGEN-S

| POSIT 10N 2 FOR 1826.3 DAYS

| OPTIONAL PARAMETERS
l

ISN 8 ORDER OF ANGULAR QUADRATURE
,

!

!

**** XSDOSE DATA ****

NDETEC 0 NUMBER OF DETECTORS

(0 INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NUMBER OF DOSE FACTOR 10 NUMBERS;

(O INDICATES DEFAULT ID FOR ANSI STANDARD)
;

| DIMEN1 73.22 PRIMARY DIMENSION, CM
i DIMEN2 595.64 SECONDARY DIMENSION,CM

,

'

DOSE FACTOR ID NUMBERS 9029. 9504. |
,

'

DETECTOR No. 1

| Rs 7.3220E+01 Z= 2.9782E+02

DETECTOR NO. 2
R= 1.7322E+02 Z= 2.9782E+02

.

s
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Table S1.5.12 (Continued)

DETECTOR No. 3
R= 2.7322E+02 Za 2.9782E+02

DETECTOR No. 4
R= 4.7322E+02 Z= 2.9782E+02

**** SYSTEM GEOMETRY ****

CASE 13 - INFHOMMEDIUM X 4ECTS; COLLAPSEsY; NO N-SNIELD USED; ISN,1CM= DEFAULTS

CS CYLINORICAL COORDINATE SYSTEM

ZONE NUMBER 1

MXZ 1 MIXTURE NO.
RZ 12.75 CM RIGHT SOUNDARY LOCATION
IMZ 20 MESH INTERVALS
ISZ 1 SOURCE SPECTRUM No.
MIXC 0 MIXTURE NUMBER FOR HOMOGEN! ZED CORE
VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN-S SOURCE UNIT NO.
NPOS 2 ORIGEN-S SOURCE POSITION
ZVOL 1.8679E+05 ZONE VOLUME
ESS 1 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 2
MXZ 2 MIXTURE No.
RZ 21.72 CM RIGHT BOUNDARY LOCATION
IMZ 8 MESH INTERVALS

ZONE NUMBER 3
MXZ 1 MIXTURE No.
RZ 38.05 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESN INTERVALS
152 2 SOURCE SPECTRUM NO.
MIXC 0 MIXTURE NUMBER FOR NOMOGENIZED CORE
YFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN S SOURCE UNIT No.
NPOS 2 ORIGEN-S SOURCE POSITION
Zvol 1.1215E+06 ZONE VOLUME
NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NLMBER 4
MXZ 0 MIXTURE No.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ $ MESH INTERVALS

| ZONE NUMBER 5
MXZ 4 MIXTURE NO.
RZ 48.90 CM RIGHT BOUNDARY LOCATION
IMZ 2 MESN INTERVALS

| ZONE NUMBER 6

| MXZ 5 MIXTURE NO.
RZ 57.40 CM RIGNT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS

ZONE NUMBER 7
MXZ 4 MIXTURE NO.
RZ 61.35 CM RIGHT BOUNDARY LOCATION
IMZ 6 MESH INTERVALS

NUREG/CR4200,
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Table S1.5.12 (Contmued)

,
,

I t

k
ZONE NLMBER 8
MXZ 0 MIXTURE NO.
RZ 72.78 CM RIGNT BOUNDARY LOCATION
IMZ 16 NESN INTERVALS

ZONE NUMBER 9
MXZ 4 MIXTURE NO.
RZ 73.22 CM RIGHT BOUNDARY LOCATION

| IMZ 1 MESH INTERVALS

SOURCE SPECTRUM No. 1 FRON ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

SOURCE SPECTRUM No. 2 FROM ORIGEN-S
POSITION 2 FOR i826.3 DAYS

!
**** XSDOSE DATA ****

1

NDETEC 0 NUMBER OF DETECTORS

(0 INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NUMBER OF DOSE FACTOR ID NUMBERS

(O INDICATES DEFAULT ID FOR ANSI STANDARD),

! DIMEN1 73.22 PRIMARY DIMENSION, CM
^

,

DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NUMBERS 9029. 9504.

DETECTOR NO. 1
| R= 7.3220E+01 2= 2.9782E+02

| DETECTOR No. 2
i R= 1.7322E+02 Za 2.9782E402
| l

k DETECTOR NO. 3 |

R= 2.7322E+02 2= 2.9782E+02 I
i

| DETECTOR NO. 4
| R= 4.7322E+02 Z= 2.9782E+02

I
I

**** SYSTEM GEOMETRY ****

| CASE 14 - INFNOMMEDIUM X SECTS; COLLAPSE =Y; WO N-SHIELD USED; ISN=8,ICM= DEFAULT

CS CYLINDRICAL C00RDlbATE SYSTEM
i

| ZONE NUMBER 1 I
| MXZ 1 MIXTURE No.
| RZ 12.75 CM RIGHT BOUNDARY LOCATION
| INZ 20 MESH INTERVALS

j

'

152 1 SOURCE SPECTRLM NO.
| MIXC 0 MIXTURE NUMBER FOR HOMOGENIZED CORE'

VFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NS00 60 ORIGEN-S SOURCE UNIT No.
NP05 2 ORIGEN-S SOURCE POSITION

! ZVOL 1.8679E+05 ZONE VOLUE
NASS 1 NO 0F FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 2
MXZ 2 MIXTURE No.
RZ 21.72 CM RIGHT BOUNDARY LOCATION
IMZ 8 MESH INTERVALS

! NUREG/CR-0200,
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Table S1.5.12 (Continued)

ZONE NUMBER 3
MXZ 1 MIXTURE NO.
RZ 38.05 CM RIGHT BOUNDARY LOCATION
IMZ 30 MESH INTERVALS
ISZ 2 SOURCE SPECTRUM No.
MIXC 0 MIXTURE NUMBER FOR NOMOGEN! ZED CORE
YFC 0.0000 VOLUME FRACTION FOR MIXC MATERIAL
NSOU 60 ORIGEN S SOURCE UNIT NO.
NPOS

_

2 ORIGEN S SOURCE POSITION
ZVOL 1.121)E+06 ZONE VOLUME
NASS 6 NO OF FUEL ASSEMBLIES IN ZONE

ZONE NUMBER 4
MXZ 0 MIXTURE NO.
RZ 47.63 CM RIGHT BOUNDARY LOCATION
IMZ 5 MESH INTERVALS

ZONE NUMBER 5

MXZ 4 MIXTURE NO.
RZ 48,90 CM RIGHT BOUNDARY LOCATION

IMZ 2 MESH INTERVALS

ZONE NUMBER 6
MXZ 5 MIXTURE No.
RZ 57.40 CM RIGHT BOUNDARY LOCATIOd
IMZ 30 MESN INTERVALS

ZONE NUMBER 7
MXZ 4 MIXTURE NO.
RZ 61.35 CM RIGHT BOUNDARY LOCATION

| IMZ 6 MESH INTERVALS

ZONE NUMBER 8
MXZ 0 MIXTURE N0.
RZ 72.78 CM RIGHT BOUNDARY LOCATION
IMZ 16 MESH INTERVALS

ZONE NUMBER 9
( MXZ 4 MIXTURE NO.
I RZ 73.22 CM RIGHT BOUNDARY LOCATION
| IMZ 1 MESH INTERVALS

SOURCE SPECTRUM NO. 1 FROM ORIGEN-S
POSITION 2 FOR 1826.3 DAYS

'
SOURCE SPECTRUM No. 2 FROM 08tlGEN-S
POSITION 2 FOR 1826.3 DAYS

OPTIONAL PARAMETERS

!$N 8 ORDER OF ANGULAR QUADRATURE

**** XSDOSE DATA ****

NDETEC 0 NUMBER OF DETECTORS

(0 INDICATES DEFAULT DETECTOR LOCATIONS)
NFACTR 0 NUMBER OF DOSE FACTOR ID NUMBERS

(0 INDICATES DEFAULT ID FOR ANSI STANDARD)
DIMEN1 73.22 PRIMARY DIMENSION, CM
DIMEN2 595.64 SECONDARY DIMENSION,CM
DOSE FACTOR ID NLMBERS 9029. 9504.

NUREG/CR-0200,
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Table S1.5.12 (continued) .

DETECTOR NO. 1

R= 7.322dE+01 .2= 2.9782E+02
|

DETECTOR NO. 2 !
R= 1.7322E+02 2= 2.9782E+02

DETECTOR No. 3
R= 2.7322E+02 Z= 2.9782E+02 i

DETECTOR NO. 4 !
R= 4.7322E+02 Z= 2.9782E+02 i
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D
ABSTRACT ,',.(

,

.
,

The SAS2 control maaile was originally developed for SCALE to provide a --* that generated !

radiation source tern:s for spent fuel and subsequently unli=I these sources within a one dimensional (1 D),

{ radial shielding analysis of a shippeg cask. One of the principal uses of SAS2 over its historyhas been fuel
;

depletion analyses to obtam radiation and heat generation sources and spent fuel isotopics to be used in
subsequent analyses. This docencar describes the new, sigmficantly enhaami version of the SAS2 control
maante wbidii1 tr1 yed as SAS2H. For each tme* fuel composition, SAS2H performs 1 D neutron 4,

! transport malyscy (via XSDRNPM) of the reactor fuel assanbly using a two-part procedure with two separate <

; latacemell madeL. Tae first model is a unit fuel-pin cell from which cell-weighted cross sections are obtained. I

! 'lhe namnd model i+- a larger unit cell (e.g., an ammanhly) withm an infinite lattice. W larger unit-cell j
; zones canbe strummed for ddfesent types of BWR or PWR assemblies contammg water holes, burnable poison ;

;
rods, gedalunn= fueirods,etc. 'Ibe fuel neutron flux spectrum obtamed from the second (large) unit-cell model
is used to determine the appropnate auchde cross sections for the spacifiad burnup-dependant fuel composition.;

i 'Ihe csoss sections doived from a transport analysis at each time step are used in a point-depletion computation
! (via ORIGEN 5) that produces the burne' fuel composition to be used in the next Fium
: caindahnn This sequece is repeated onr the operating history of the reactor. Optionally, a 1-D cask shielding
! analysis is performed after the depletion portion of the sequence is completed. This &e a=t presents input
j requirements, computational prc adures, applications and uncertainties, subroutine descriptions, and sample

{ problems for the SAS2H sequence.
;
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'

S2.1 INTRODUCTION

!
The Shieldag Analysu Sequase No. 2 (SAS2) control niarhile was origmally developed for the SCALE

code systen to panide a sequense that generated radation source terms for spent fuel and subsequently utilnad !

;

these sources within a one diniannional (1 D) stuckhng analysu of a shipping cask. Although the shielding
! porten af the sequence can still be optianally ==naad, the pnncipal use of SAS2 over its history has been fuel

deplenan analysis to obtain radiatian sources, decay heat, and spent fuel isotopics. The sequence can be halted
!

after the depleten/docay portion is complete. When calculation ofradiarian sources was the pnme objective, a
!

unit fuel-pin cell could be used to obtain the burnup dependent flux spectnan naccesary to prepare burnup- |

depand=v auss martians dunng the ruedar dapheian analysu. This simple procedure has been shown to produce
conservative actinide inventores for pressunaed-water reactor (PWR) spent fuel and does not provide thet

I

flexibility regered for depleten of bodmg-water reactor (BWR) fuel. Thus, the original SAS2 sequence was
considerably enhannad to produce the SCALE-4 version wiuch is denoted SAS2H.

The critssia applied in developing SAS2 were the following-

!
1. to predet spent fuel characteristics for spent fuel assemblies having a specified reactor history;

! 2. to pre het radiation dose rates for a radial model of a shipping cask contammg spent fuel with the
| calculated charactenstics;
'

,

3. to permit the user to supply a minimal quantity ofinput in the relatively convenient format of the !SCALE system,
!

4. to apply standard analytmal niadale that ny a the physics of the system being analyzed (within |the 1-D transport limits of the problem);

5. to apply acceptable and dan =nantad data bases that can be updated in the future; and .
j

6. to munarnase the use c(known methods of=1-Mag some of the input parameters and the selechonC of appropriate control options for the vanous codes applied in the analysis.

Using a prescribed reactor history and cooling time, the SAS2H module is able to determine the spent;
'

fuel charactenstus (isotopecs, best generanon, and radiatian sources) and then subsequently compute the neutron j
and gamma dose rates at various diatmar*= from a specifed shipping cask. The fuel region in the cask may be !

either dry or fdled with water. A 1 D transport treatment is applied in the burnup dependent flux calculation of
the fuel assembly and the stueldmg analysis of the shipping cask. A matrix exponential expansion model is used
to solve the nuclide generation and depletion rate equatens

The neutron transport analysis of the reactor fuel assembly for each time dep=h fuel compositiont
is basically a two-part procedure in wiuch two separate lattice-cell calculations are performed, detenmnmg the
neutron spectnan and, subsequently, the nuclide cross sections. At specified times during the burnup, the cmss ;

[ noccons are updated using resonance processmg code: and 1-D transport analyses. These updated cross sections
are used in the dgletion computarian that produces the timeJap-h fuel composition to be used for the next 1t
cross-secuan update This sequence is repeated over the operating history of the reactor. ;

Even though the flux in the axial duechon of the assembly is assumed to be constant, the two part '
_

procedme more acady charadaues the mapor two dimensonal (2-D) effects than the one-step procedure applied
in the SCALE-3 version of SAS2. For example, in addition to simulating the fuel pins in the method used in
earlier versions, the model may include either the guide tubes or burnable poison pins that may be a part of
vanous types of assemblies. Also, the model description may contam the fuel element casing and the channel
modarator, which may significantly affect the flux, particularly in a BWR. Nuclide compositions are computed

!
for a specified reactor assembly, winch is allowed to decay for a given cooling time after discharge. The
subsequent gamma source includes radiation from fission products, activation products of both the fel and,

i NUREG/CR-0200,
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structural materials, and (n,y) reactions resulting from neutrons produced by some of the heasy isotopes. The
neutra. source includes neutrons from spontaneous fission and (a,n) reactions with oxygen isotopes. The final
dose rates are calculated in the shielding analysis by applying these sources in a specific radial model of a
shipping cask.

Only basic data are required to perform the SAS2 evaluation of a shipping cask. These data, briefly,
include:

1. the material zone dunensions of the shipping cask, the fuel-pin cell, and the larger unit-cell
representation of the fuel assembly;

2. the material densities of the fresh-fuel assembly and the shipping cask;
3. the materialtemperatures;
4. the speedic pour, exposure time and shutdown time of the fuel assembly in each appropriate cycle

of the reactor history;

5. vanous control parameters used to select libraries, optional parameters preferred over the defaults,
the level of printout, and modifications te the transport computations (e.g., the fineness of mesh;

intervals or the problem convergence criteria);,

6. other optional data such as dose detector distances that differ from default values or light-element
weights per assembly; and

7. an optional input method, where the shorter and easier input description of the larger unit cell
normally supplial to SAS2H is replaced by user input of the actual data used by the codes (e.g., the
l$ or the 35 * arrays in XSDRNPM, Sect. F3) in performmg the second cell computation.

The SAS2 control module converts the user input to data required by the functional modules, which are
used in the em'*= of the case. The SCALE system driver (reported in Sect. M1) invokes the execution of the
vanous codes r~=W by SAS2 and then retums control to SAS2. Pertinent results computed by one functional
module are used in generating input data for subsequent modules. Passes through the functional modules are
repeated until the case is completed.

The model and the meth<vl= or techniques involved in the SAS2 control module are discussed in the

following section. Then, the general stmeture and subroutine descriptions are presented. Finally, the input
requirements are described, and sample cases are presented.

4

NUREG/CR-0200,
Vol.1, Rev. 5 S2.1.2



_ _ - . _ . _ _ _ ___. - . _ _ _ _ . _ ._ _ _ _ . _ _._. _._.. _ _ _ _._ _ __ _

*
\

I

S2.2 METHOD ANDTECHNIQUES (
:

| 'Ihe nushad foBowed by SAS2 in perfarnung the fuel dgistion and analysis of a spent fuel shipping cask I
l

is pr== dad here. 'Ihe procedme, basically, is a combination of techniques by winch data are prepared for the
crarutian of the vanous SCALE nincrinnal modules required for the problem.

i
l

S2.2.I OVERVIEWOFMODULES ANDLIBRARIES

Six different codes plus several routmes in the SCALE subroutine library are utihzed by the SAS2
control madate The basic functions of the six functional =Milaa, as applied by SAS2, are described below.
References are given to sections in the SCALE manual or other reports that describe the codes in detail.

' BONAMI apphes the Bondarenko ==*had ofremanance self-shieldmg for nuclides that have Bondarenko
data included with their cross sectaons BONAMIis described in Sect. F1, and the Bondarenko methods and
applicability are d>=a==M in Sects. M7.2 and M7.A.

NITAWL-II performs the Nonham - self-sluckhng conatans for nuclides that have resonance
parameters included with their cross aarenne NITAWL-II is described in Sect. F2, and the Nordheim Integral
Trearmant is also diaa==M in Sects. M7.2 and M7.A.

XSDRNPM perfonns a 1 D discrete-ordinatea transport calculation based on various specified
geometnes r-M in the data supplied by SAS2H. The code, as applied by SAS2H, has three particular

.

!
functions-

| 1. to produce cell-weighted cross sections for fuel depletion calculations;
2. to determme cell-waghted cross sections for spent fuel assemblies in a specified shipping cask; and i

j 3. to compute the angular flux data for the specified shipping cask, which are then applied by|b XSDOSEin computmg dose rates.
.

XSDRNPM is described in Sect. F3 and Ref.1, Also, the automatic quadrature generator, the unit cell mesh
generator, and convergence entena applied by the code are presented in Sect. M7.2.5.

COUPLE updates the cross-section constants included on an ORIGEN-S nuclear data library with data|

! from the cell-weighted cross-section library produced by XSDRNPM. Also, the weighting spectrum cannipM
by XSDRNPM is applied to update all nuclides in the ORIGEN-S library that were not specified in the

; XSDRNPM analysis COUPLE is described in Sect. F6.
'

ORIGEN-S perfonns both nuclide generation and depletion calculations for the specified reactor fuel
history. Also, the code c-- the neutron and gamma sources generated by the fuel assembly. ORIGEN-S
is describedin Sect. F7.

; XSDOSE applies the angular flux at the surface of a shipping cask, as produced by XSDRNPM, to
compute dose rates at eeGad detactar positions outside the shipping cask. XSDOSE is described in Sect. F4.I

Other subroutme packages apphed by SAS2 are

1. the SCALE Free-form Readmg Routmes (Sect. M3);
2. the Material Infonnation Pus or of the SCALE systern (Sect. M7); and
3. the SRCALC subroutine package for woy dog neutron sources SRCALC is a separate utility

| code that has also been imepui.ed into ORIGEN-S. The routine was originally written for SAS2
i (Sect. S2.2.7).

Data libraries that are utilized by SAS2 include:
!
,
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Ol1. SCALE Cross-Section Libraries (Sect. M4), <

2. the SCALE Standard Composition Library (Sect. M8);
3. an ORIGEN-S Binary Working Library (Sects. M6.1.2 and M6.7); and
4. an ORIGEN-S Master Photon Binary Data Base (Sect. M6).

S2.2.2 GENERAL DESCRIPTION OF METHOD !

Eree an:as require the knowledge and attention ofcask shielding analysts-radiation source generation,
radiation t-st and dose evaluaton, and proper utihntion of cross-section data. Several different codes may
be required to determme an egn* radiation source and, subsequently, to calculate the required dose. The
nelerity of the radiation trimsp1 analysis that is applied can vary widely depending on the desired accuracy,
the level of geometry detail to be included, and the mmme time limitations. The SAS2 control module provides
an =n'amw~i q= to gawate the radiation source, performs a 1-D radiation transport analysis through the
side of a cask, and evaluates the dose at selected points away from the cask. The complete shielding analysis is
performed with a single set ofinput specifications.

De method applied by SAS2 starts with the data describing a fuel assembly as it is initially loaded into
a particular reactor. The composition, temperatures, geometry, and time-dependent specific power of the fuel
assembly are required. For each time <lependent fuel composition, the new SAS2H sequence performs 1-D
neutron transport analysis (via XSDRNPM) of the reactor fuel assembly using a two-part procedure with two
separate unit-cell-lattice models. The first modelis a unit fuel-pin cell from which cell-weighted cross sections
are obtamed. The second model represents a larger unit cell (e.g., an assembly) within an infmite lattice. The
larger unit cell zones can be structured for different types of BWR or PWR assemblies contammg water holes,
bumable poison rods, gadohnium fuel rods, etc. Problem *pm*nt resonance self-shielding of the cross sections
is performed using the BONAMI and NITAWL modules.

The neutron flux spectnnn obtamed from the second (large) unit-cell model is used to detemune the
appropriate nuclide cross sections for the specified burnup-dependent fuel composition. The cross sections
derived from a transport analysis at each time step are used in a point-depletion computation (via ORIGEN-S)
that prnare= the bumup-dependent fuel compositions to be used in the next spectrum calculation. This sequence
is repeated over the operatmg history of the reactor. Ultimately, the nuclide inventory (actinides, fission products,
and light elements) is computed at the bumup corresponding to the discharge of the assembly from the reactor.

Le buildup and decay of the nuclides in the fuel assemblies are subsequently computed by ORIGEN-S
for the cooling time (from disci-p) ofinterest for the assemblies. The gamma source spectrum, in the required
energy group structure,is computed from photon-intensity data for nuclides present in the final compositions of
the fuel, its activation products, the fission products, and the activation products of the clad and structural
matenals Also, the neutron source spectrum, in the appropriate energy group structure, is derived from actinide
mrW data for neutron emission during spnntaneous fission and neutron production by the interaction of alpha
pamcles with the "O and "O enmt in the fuel. The heat generation rate (total and by nuclide) is also computed
in the fmal ORIGEN-S case.

Le shielding analysis of the shipping cask is performed in three parts: First, cell-weighted cross sections
are mmnnt~i for the fuel-pin lattice representation of the given assemblies, either moderated or dry, within the
specified shipping cask. For a dry cask calculation, cell-weighting of the fuel cross sections is usually not
necessary and can be optionally skipped in order to reduce the overall computing time requirements. Second,
applying pre d cross-section data of other zone matenals in the shipping cask, together with the cell-weighted
fuel cross sections and zone-averaged fixed sources of the fuel zone, angular neutron and photon fluxes are,

computed for the system. The use of coupled neutron-photon cross sections in the fixed-source transport
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cale=l=rian ===*= for ===l=y gamma prdW dunng the ra&aten transport. Third, a multi &mensional
tremenw=4 is apphed to the angular leakage fluxes to compute gamma and neutron dose rates at specified datartar
lacariaan outside of the shipping cask.

'Ihc SAS2 nwade allows the foBowing data sets to be saved: ORIGEN-S reactor cross-section libranes,
wifonnamed suchde anar=*stens and rasatan sowcas, fonnected = elide atom densities and assembly sources,
and caserestart data. These data sets are used as interfaces to ORIGEN-S (Sect. F7), PLORIGEN (Sect. F15),
SASI (Sea. SI), SAS4 (Sect. S4), restarts of SAS2, and other codes The data sets are described father in the
input / output requunnanes of Sect. S2.5.5.

The above desenpten is a briefs =nmery of the cetire SAS2H procedure The followmg subsections
S2.2.3 through S2.2.9 &scuss the vanous parts of the procedure in more detail.

S2.2.3 PREPARATION OF FUEL CROSS SECTIONS

The prevous sectica provided a briefdescription of the entire SAS2H procedure A diagram of the basic
flow path invoked by SAS2H and the SCALE drivw is shown in Fig. 52.2.1. Appropriate parameters are returned
to the SCALE driver to properly invoke the functional modules in the SAS2H method. The upper part of
Fig. S2.2.1 shows the basic fkm for the neutronics-depletion analysis " passes" that create a cross-section library
at ==4Ead bumup meervals. First, in path A, BONAMI, NITAWL-II, and XSDRNPM are invoked to produce '
the cell-weighted cross sections of the fuel zone. The second return to the driver for path B of the reactor pass
invokes all five functmaal nwwinnen. The cornpositions for the first reactor library pass are simply the nuclide
mixtmes of the new, or freshly loaded, fuel anaemnhly. After completag the neutronics code computations,
execution conh=nen with COUPLE updating an ORIGEN-S workmg library with data on the XSDRNPM

1waghted worlonglibray. The ORIGEN-S execution is invoked to c===** the time daaaadaat densities of the
nuchdes in the fuel and burnable poison, ifpresent, for the specified power and exposure times. Finally, SAS2
is invoked for the next control fi w rian in the procedure

The neutronics marials used in path A and path B of the computational flow are di ~ -d below in
Sect. S2.2.3.1. 'Ihen Sect. S2.2.3.2 provides more infonnation on the procedures used to process data for the
neutronics.depleton analysis

1
S2.2.3.1 Description of the Neutronics Models

The flow chart ofFig. S2.2.1 indic=*a= two computatonal paths (path A and path B) for the neutronics
portion of the &pleton analyss. Although the neutsumes =wnde= used in these sequential flow paths are similar
(both accus BONAMI/NITAWI1XSDRNPM), the snarlek analyzed are quite different. The model used in path

,

A is sanilar to that used in earlier SAS2 versions, through SCALE-3, inclusively. The addition of flow-path B |and its model produces the new version of SAS2 that is denoted SAS2H.
|

Basically, the model used in path A reywas the fuel by an infmite lattice offuel pins. Cross sections j

are pracessed using a mance self shieldmg calculation followed by a discrete-ordmates 1-D transport |
compreticm ofthe neutron flux in a unit cell with white boundary conditions. The cell-weighted cross sections |
pro &wP.y this path-A model are then applied to the fuel region of the path-B model. The model used in path |
B is a largr miit cell model used to represent put or all of an assembly. The concept of using cell-weighted data |

in the 1-D XSDRNPM analysis ofpath B is an approximate method for evaluating 2-D effects found in fuel-pin
,

lattices contaimng different types of rods or water " holes." The path-B model l

I
|
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is used by SAS2H to calculase an "asaamhly-averaged" fuel region flux that considers the effects due to the path-,

! A modd and channa1 moderation, if present.
;| De path-B model repreamts a larger unit cell within an infinite lattace Two examples of the larger unit
): cells are depicted in Fig. S2.2.2, where diagram (a) applies to a PWR control rod assembly and diagram (b)'-

apphes to a BWR burnable poisce assemby. Vanations to diagram (b) (e.g., omitting the casing and channel
moderator) would apply to different types ofBWR or PWR assemblics. The essential rule in deriviag the zone

|i radiiis to aminaam the relative volumes for all zones in the actual assembly. The control region of the larger cell
|| can be modeled as an assembly guide tube, a burnable posson rod e-e"; no fuel, an orifice rod, an axial
p

peeldag rod, a fuel rod coetainmg a burnable poison, or almast any other pin-cell-type rod. The moderator of'

the path.A modelis incluawl with an outer radius equal to the unit-cell radius. Then a fuel region surrounds the
modarator with a radius that mamtens volume conservation of fuel and moderator for the entire assembly (see

,

Sect. S2.6.7 for an example). Also, the fuel assembly housmg matenal, or casmg, and channal moderator
i

i
betwesi assembhes may be added bysxamsvmg volumes A fuel assembly in which only part of the guide tubes'

nnat=n burnable poison rods deng a =a-Aari operatag cycle is analyzed by an approximate effective macle-up,|.
|

conservmg maamal mass. Assembly rod spacers and other hardware that may be present are usually ignored.
! However, if their effects are estimated to be significant, they may be input by using zone average or effective

,

-

desities. Reaciar types, other than PWRs and BWRs, in which the path-B models require more than one fuel
. zone may also be imd within certain conditions or limitations.
!

Although thee is a distect irnprovemmt in the geometry apphed by SAS2H over that of earlier versions, i

. there still remam p, iiical apprei==*iana In designing assemblies there appears to be an attempt to have! '

| control rods or bumable poison pins separated at equal &=r-cee But, in practice, these distances are not exactly
| equal, as assumed in the model Also, when there is a channel moderator, the simulation places part ofit as the

.

'

outer mone of each larger unit cell (winch may only represent a portion of the assembly) instead of placing all of
it around the whole assembly. However, in either of these cases, the approximations in the placement of the
ma&rator, burnable poison, or assembly casing appear to be sigmficantly less than in models depicting those;

materials (with volume consesvation) in an extra mone mound each fuel-pin cell. In these cases, a neutron leaving
,'

a fuel pin may be scattered by the extra maerator before entermg the adjacent cell, whereas in the SAS2H model

and in artual asaamhlies the neutron would normally cross at least two fuel-pin cells before interactmg with the
extra maderator or poison.

l

|

S2.2.3.2 Data Processing Procedures

| To prepare the fuel cross-section library for ORIGEN-S, the SAS2H sequence uses several SCALE
fimetumal modules. Fundammtally, the chief function of the SAS2 control module is to convert user input data,

| plus data available within the SCALE system into the input required by these 6eia==1 rnarinlea and
I rAsequently write the input on the interface units read by the codes To assist in this process, SAS2H uses the

Material Information Piac ar (see Sect. M7) and another neutronics data processor similar to the Material
'nformataan Pim ac.

Isotopic and other material densities, reqmrod by the codes, are prepared by the Material Information
Axessor from both the user input (e.g, volume fractions) and the contents of the Standard Composition Library. |

,

The mixture compositions of the reactor-loaded fuel assembly (i.e., fresh-fuel isotopics) and the shipping' cask I

matmals me ==~ inari in the user input, i,-ding a " total problem" composition description. The spent fuel
| cornpasenn is excluded, since it is na-aM in the SAS2H procedure. The first three input mixtures are used

to deemibe the fuel-pin unit-cell of the path-A mod , all other mixtures apply to either the larger unit cell of the
path-B model or the shippmg cask. This nushad produces a single " input nuxing table." The term "mixmg table"
pertams to the grouping of composition data for nuclides into three mi-pordiing

I
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( ets that ifine the nuchde ulentifmabon (ID) number, the auxture number, and the number density of the nuclide

in the mixture. A " master auxing table" for the problem is derived from the input mtxmg table plus trace
desities (1 x 10" atoms /b<:m) of those actandes that are both on the specified neutron cross-section library and
in the Block Data list for the OMMON/FUELID/ (listed in Table S2.2.1). Trace amounts of tlese selected
nuclides are automatically included by SAS2 to ensure appropriate cross sections are available for important
nuclides that build up in the fuel during depletion. AMitian=1 race nuclides can be input by the user.t

Table S2.2.1 List offuel nuclides automatically
included by SAS2 for inclusion in neutronics

processing'when on SCALElibrary

Xe-135 Pu-240
Cs-133 Pu 241
U-234 Pu-242
U-23S Am-241
U-236 Am-242m
U-238 Am-243
Np-237 Cm-242
Pu-238 Cm 243
Pu-239 Cm-244

1/v absorber *

O "[Jnless ovemdden by user input, these nuclides

are added to the initial fuel mixture with a numberV density of10%1 oms /b-cm.

*tJsed to calculate the TIERM parameter applied
in ORIGEN-S (see Sect. F7.6.12).

For the fuel-pin-cell model (path A of Fig. S2.2.1), the input data files for BONAMI, NITAWL-II, and
XSDRNPM are pn:pami as described in Sect. M7. The cell-weighting option is used with the fuel-pin-cell model
to produce cross sectens appropriate for th: region denoted as the fuel zone in the larger unit cell of the path-B
model De interface data sets for the thn ; neutronics codes pertammg to the path-B model are then developed
by techniq=n that are either similar to those used for the fuel pin cell or, at least, reasonably appropriate for thistype of analysis.

Two geometry-dependent para.neters are computed by the Material Information Processor for the fuel.
pin model of path A that are prepared differently by SAS2 for the larger unit-cell model of path B. The first
parameter is the effective escape cross-section input to account for heterogeneous effects in BONAMI (see
Sect. F1.2.1). If the zone contams fuel and is the most central zone, the value is taken from the fuel zone of path
A. If this is not true, the effective escape cmss section is taken to be the reciprocal of the mean chord length for
the zone or 0.5/(r, r ) for the ith zone, where ri are zone radii and to = 0. He second parameter computeda

differently in the path-B prnerare is the Dancofffactor (see Sect. M7.2.5.3 for a dermition) used in NITAWL Il
for the resonance nuclides not in the fuel zone. If the zone is interior to tie fuel zone, the contribution to the
Dancoffcorrecton from neutrons escaping outward from the zone is neglected since their probability of colliding
orinteractmg with the large fuel zone is rather high. Thus, the Dancoff factor for resonance nuclides in a zone
mienor to tie fuel zone is computed based on the volume-weighted nuclide densities in zones interior to the zone

C
(
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n=rMaing the resonance mrMe For nuclides in zones exterior to the fuel zone, the Dancoff factor is not likely
to affa:t final results and is set to zero. The path-B model also uses the cell-weighted cross-section option and

collapses the cross sections as required in updatmg an ORIGEN-S library.
After the neutromes code interfaces are completed, SAS2 generates interface files for codes that couple

bumup. dependent densities into the model for producing tune-dependent cross sections. First, an interface data
set is produced for COUPLE, which updates cross-section constants on libraries input to ORIGEN-S. Finally,
an inpW data set for ORIGEN-S is developed to execute a depletion case in which computed densities of the fuel
are saved in a data set at prescribed time intervals. Mo:e about the meaning of these intervals will be discussed

in the next section.

S2.2.4 FUEL IRRADIATION ANALYSIS TO PRODUCE TIME-DEPENDENT CROSS SECTIONS

'Ihe fuel cross sections vary with burnup because of the chage in nuclide concentration and because of
the resultmg shift in the energy spec: rum of the neutron flux. The neutronics-depletion procedure of Fig. S2.2.1,
as dkcm=M in Sect. S2.2.3,is applied repeatedly by SAS2H to produce cross-sectica libraries for the irradiation
intervals requested in the input. This subsection discusses the " bootstrapping" method by which SAS2H
repeatedly " passes" through the neutronics-depletion procedure. The major data differences for the sequential
" passes" are in the nuclide densities and reactor history parameters. Note that each " pass" through the procedure
involves (1) + 4;on of new data interfaces by SAS2, (2) retum of control to the SCALE driver for execution
of the three codes in the path-A model, (3) SAS2 preparation of the code interfaces for the path-B model, (4)
another netum to the SCALE driver for execution of the five codes in the path-B model, and (5) return to SAS2.

The user input specifies the number of cycles (e.g., the number of years the assembly resides in the
reactor), the number oflibraries to make per cycle, the specific power in each cycle, and both the total operation
time and downtime ofeach cycle. Thus, the irradiation-time interval associated with each library is derived from
the input. With the exception of the initial fresh-fuel library, each cross-section library is based on number
densities obtamed for the midpoint of the irradiation-time interval. The midpoint number densities for an
irradiation interval are computed from an ORIGEN-S case that uses the library from the previous irradiation,

'

inten al.
The procedure is illustratal A =#y in Fig. S2.2.3 for a twos:ycle case where two libraries per cycle

are requested. The first step is to produce the " PASS 0" library prepared using the fresh-fuel isotopics. This
initial library is used in the first ORIGEN-S case to generate number densities at the midpoint of the first
irradiation intervr.l. Next, the SAS2 module (1) computes density-dependent parameters for the resonance

' eMahe,(2) increments the required data set unit numbers, (3) adds " PASS 1" to the ORIGEN-S library title,
l

(4) updates the ORIGEN-S input for the second case to save number densities for the starting point and the
midpoint of the second irradiation interval, and (5) rewrites all code interfaces using the new datt Then, the
" PASS 1" library is produced by invoking execution of the five codes in both path A and path B of Fig. S2.2.1
a second time with the new input interfaces Each additional pass applies the same procedure as used for " PASS
L" The midpoint densities are applied to the neutronics analysis to produce a new library. The depletion

| o,mn"taen applies this library and the densities calculated for the start of the pass. A decay computation with
! zero power is applied for reactor downtime, if specified for the end of a cycle, before deriving densities for the

next pass. All ORIGEN S libraries are saved, starting with the " PASS 1" library. The last pass is the only one
in which there is a major dirTerence in the procedure. After the completion of COUPLE in the final pass, the
required libraries have been produced. The final ORIGEN S case corresponding to the last pass uses all the
libraries and runs through the entire reactor history input the SAS2
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Figure S2.23 Schemauc of = era ==ve ORIGEN-S cases used to produce the burnup-dependent number

densities

marble 'lhis final case is desaibed in dmailin Sect. S2.2.5. Startmg with SCALE 4.2, all the cross-section data

libranes produced dunng all passes are combmed into the final multiburnup de~aA -t ORIGEN-S binary library
made by the case.

The timeA-~he number densities applied in the neutromes analysis are obtained by ddrerent
nwharts. Nunber densities for the heavy nuchdes of the fuel, together with their activation products and fission
products, are all computed by ORIGEN S. In addition, ORIGEN-S calculates the dW6 of most light
elaments, includag the burnable poisons baron, gadohnium, and cadmium, and most isotopes of the specified
structural mataials However, the de==itiae of alloys or elements in the clad, moderator, or structural materials,
and oxygen in the fuel nsnain onnstant 'the une of time-dependent densities for structural matenals or clad light
clanents in place of constant desities is probably not very si ir=* in the neutronics analysis oflight-water

| manors (LWRs), except for the isotopes ofburnable poisons In general, within a single subcase to ORIGEN-S,
'

a depleted density may be computed for only one initial density of each nuclide. Thus, light element nuclide
depletion (typically of a bwnable poison) is notnceed to either those nuchdes in mixtures outside of the fuel zone

of the larger unit cell or those in the fuel and clad. Detailed selection conditions are presented in Data Note A
of Sect. S2.5.4. Note two ==*iaa= to the point depletion limitation of ORIGEN-S within SAS2H concommg |
light-elennent (LE) nuclides. Some of the fission-product (FP) nuchdes are on both the FP library and the LE !
library. Sudi a nachde input as a trace in the fuel mixture is =n: Mad as bemg prathred from fissioning in the

'

fuel. In the case where the fission-product nuclide is input in both the clad and the fuel, the computation for '

production and depletum in the fuel is calculated for the nuchde as an FP isotope, and the depletion and activation
produm ralmI=*ian in the clad is treated for the auchde as an LE isotope The same nuclide (the FP in the fuel) _<

input in a nonmoderator zone outside of the fuel zone of the path-B model (see Fig. S2.2.2) may also undergo )t

[ a LE depletion calmle The other ~~d6 o the single depletion restnction concerns a LE nuclide (not in {
t

} the FP library) contamed in both the fuel and the clad. A single depletion of a properly combined density for the |
!

;
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nuclide is applied by SAS2H to subsequently derive the individual depleted densities in both of the materials.
Many of the LE depletion capabilities of SAS2H have a more significant value in certam product or research
reactor designs rather than in the usual LWR designs.

De moderator (water) density does not change from the initial material specification unless requested
by the user. The fraction of the first cycle (initial material specification) density of the water or soluble boron
may be specified by the user for each cycle. Also, the moderator boron concentration is automatically changed
during the passes of a cycle, ifmore than one library per cycle is requested. The boron density is assumed to vary
knearly from 1.9 to 0.1 times its average (input) density during the time interval of the cycle. The value applied
is d--mi from linear interpolation to the midpoints of each library time interval. This method is applied to
somewhat appronmate a typical decrease in the boron as a function of time for each cycle. Thus, if multiple
libraries are requested per cycle, the user should ensure that the i;near fit is appropriate for the cycle history. 1

Alternatively, a user can increase the number of cycles requested, request only one library per c)cle, and input
a boron fraction that best models the actual amount of soluble boron in the reactor.

Le pin-cell zone temperatures also may be changed at different cycles. Note that all temperatures are
changed to the same value, which is input to BONAMI and NITAWL-II. This feature is not applicable to periods
during normal reactor exposure operations. Usually the fuel temperature change is either small or none between
cycles. Howevcr, SAS2 has been used to compute (via XSDRNPM) the infinite multiplication factc Ik ) for cold
spent fuel at vanous bumup or decay times by applying an irradiation pulse and reducing the systt . .perature.>+

S2.2.5 FINAL DEPLETION AND DECAY ANALYSES

Be ORIGEN-S case in the final pass of the reactor irradiation period has a different function than that
ofprevious passes. Prior to the final pass, the purpose of the neutronics depletion method was to produce a set
of time-dependent, cross-scx: tion ORIGEN-S working libraries that apply to the specified fuel assembly at various
points during its irradiation history. Now, these libraries, which are ultimately combined into a multiburnup-
dependent ORIGEN-S binary library, and the initial nuclide densities form the input to the final ORIGEN-S
depletion case. The user may observe from the SAS2 printout that densities in the presious ORIGEN-S cases
are in atoms /b-cm, while the quantities input in the fmal case are given in total grams per assembly. A short
(zero-time)-decay subcase is applied, in order to list input grams, simply to aid as a problem dermition check.
During depletion calculations, ORIGEN-S prints results only in units of gram-atoms per fuel input (e.g., gram-
atoms / assembly for the final SAS2 application).

A separate depletion subcase is performed, in turn, for each of the input ORIGEN-S working libraries.
All the nuclides in the library on unit number 21 (the large ORIGEN-S binary library) are available in the
analysis. These include over 1600 nuclides (for details see Sects. M6, F6.5, and F7.6.3). All chains are
a+ma+ ally provided in the library proo:ssing by ORIGEN-S and COUPLE. Cross-section constants are either
updated directly from XSDRNPM output, or for those nuclides not included in the pin-cell analysis, from broad-
group flux weight factors (Sects. F6.2.1 and F6.4.2).

First, in the procedure given here, the nuclide generation and depletion computation using the " PASS 1"

library is pcrformed. The first-cycle power and " PASS 1" time interval are applied. Four equal-size time steps
are used during the irradiation time, followed by a single downtime interval. If no downtime was specified, a
zero-tune interval is applied. Next, a smular computation is performed using the compositions determmed at the
end of the " PASS 1" calculation and the cross-section data on the " PASS 2" library. The analysis proceeds with
each succeedmg library and correspondmg assembly power and time interval. Ultimately, the discharge
composition of the fuel assembly is determmed. Finally, a decay-only subcase (six equal-size time steps) is
computed for the requested spent fuel cooling time. These calculated compositions are applied in both the fmal
shipping cask analysis and the determmation of neutron and gamma sources.

NUREG/CR-0200,
Vol.1, Rev. 5 S2.2.10

_ _ - . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ ____



_ ____m _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ . _ _

I
,

1

|

The use may note that while light clanet inventory in lolograms/ammarnhly may be specified in the input
des @ ion, there is no correspondung input for the fuel. In addnian to standard composition and unit-cell

,

!"
specification data, the ==nher of fuel pins per assembly and the fuel length of the pins are the only fuel data |

regered by SAS2. 'lhe code samply ===p*== fresh-fusi nuchde mventories from this density and s=,Jy data. '

The assembly lisht al-n===. converted to proper units, are applied in both the cross-section processing and the
fmal ORIGEN-S cases. 'Ibeir ==npaniev= has a small effect upon the conversion ofinput power to the flux
apphed in the n==peanna because ORIGEN-S uses a recoverable energy per fission that includes energy from!
the (n,y) reactions for all specified mel=len Also, the contribution to the gamma source by the light clanante
(e.g., cobalt) may be :i T -4 and is computed by ora.~ s. When an clanant or nuclide is input both as
a et-wi=d ansnpa-ann ag=c#emev= and a light einnet in kuograms/ assembly, the standard composition density

j is used onlyin the ORIGEN-S casm for auss-section processmg, and the light.elana* data are used in the final
'

ORIGEN-S case to derive final spent fuel results

!

! S2.2.6 THE GAMMA SOURCE SPECTRUM

'Ihe last subcase (decay pation) dthe ORIGEN-S case described in Sect. S2.2.5 invokes the option for
computmg the gamma source spid-. of the spent fuel assembly. The spectrum is calculated for the photonu

L
energy group structure present on the cross-section library specified for use in the shipping cask shielding
analysis.

The code first converts inventories of all nuclides of the cooled fuel assembly to disintegrations per
second 'Ihen, applying the ORNL Master Photon Data Base,2 it sums individual nuclide photon spectra to
detemune the total samma source spectnan. The iremany of a line at energy E, from the data base, is normalized
to E.,, the average energy of the group, using drect muhiplication by the factor E/E,,,, with one exception. In
cases where E-E or E -E is less than 0.03 (E -E ), where E and E are the boundanes of a group, one-half3 2 2 i i 2

the initial intensity is applied to each of the two groups having the boundary near the line. These procedures
mamemn the consavation of energy rather than photon intensity, which should give a more correct computation
ofdose rates in the stueldag analysis As a final correction, the ratio of total nuclide gamma energy (from data
in the ORIGEN-S working library) to the gamma energy of only those nuclides having line data, is multiplied

- times the spectnen computed from the data base. Later, the spectrum is converted to a uniform vdumetnc
photon source for the stueldmg analysis.

The ORNL Master Photon Data Base includes photon intensity and energy data for the followmg ;
2

physical processes X rays and gamma rays anitted during radu=ctive decay of 427 nuclides, or more, taken j
j
t

from the Evalussed Nuclear Struceme Data File (ENSDF);" prompt fissica gamma rays from spontaneous fission
|

ofheavy mehdes; gamma rays from the fissian products produced in ipst ecus fission; gamma rays from (a,n)
reactions for heavy-metal dioxides; and 6-estrahlung pr~ls from beta and positron dea = ion in UO

!2
and water using beta energy data from ENSDF (see Sect. M6). i

S2.2.7 THE NEUTRON SOURCE SPECTRUM

An energy dar i-* neutron source is required for computing neutron dose rates in the shielding
analysis Since ORIGEN-S did not calculate neutron source spectra at the time SAS2 was written, the procedure
for computing neutron spectra described here was developed for SAS2. Also, substantially improved
spantan~== finninn and (a,n)rnamna yisid data wac applied. The data and method originally used in ORIGEN'

!j overpredicted the (a,n) yields by a factor of approximately 2. Presently, the model described here is used in
ORIGEN-S and supplied to SAS2, in place of making the calculation in SAS2.3

|
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The major part of the neutron source is prnduced from spontaneous fission of the beasy nuclides. Data
requand to compute the neutron production rate from this process include the spontaneous fission half-life, the !
average neutron yield per spaarma-r fission, v,, and the concentration for each contributing nuclide. l

Spontaneous fission half-lives for the more sigmficant nuclides are those from the ORIGEN-S card image '|
actinide decay data library' (see ORIGEN-S Data Libranes, Sect. M6). For several less-important nuclides, l

u a=M half-lives are taken from Ref. 8. These data were estimat~3 with a correlation between measured !

data and so called fissility parameters * The v,dat. are taken from Ref. 8. Measured values are available for
21 meMm inrMag themost signi&=at An ~==%, derived' to compute v , produces values that are withina
twe w-stal standard deviations for all except three nuclides. This equation is applied by the model for
nuclides that do not have mumidata.

A significant neutron source is produced from "O(a,n) and "O(a,n) reactions in the UO and other2

oxygen compounds of the spent fuel. Thin target cross sections'' for these reactions and alpha styping pov.w
data were applied to compute neutron yields of the fuel material. Measurements'' of thin target cross sections
for the "O(a,n) and "O(a,n) reactions produced unprovement over earlier data." Thick target energy-dependent
(a,n)yiekis for"U"O were ma,=p~i,"having estimated accuracies within 10%. These data are applied by2

ORIGEN-S to the various alpha energies of the actinide nuclides. Although alpha energies are not explicitly
given in the ORIGEN-S decay data base (Sect. M6), these data were derived from the same sources as those used

to produce the decay data base. ENDF/B-VI data" were used for a large majority of the actinides. Evaluated
Nuclear Structure Data File (ENSDF) data 5d were used,if available, for those not in ENDF/B-VI. Then, for the
mining actuudes (oflesser seni&ance), available alpha-energy data from the Table ofRadioactive Isotopes"
were applied. All the yields, ernrgies, and associated data are edited during the execution of the neutron source
option if the edit of the actinide library option is requested. These data, which are not contained in the
ORIGEN-S library, are supplied in the Block Data COMMON /SPECDT/.

"Ibe isotopes *Cm and 2"Cm charactenstically produce all except a small percentage of the spontaneous
2

fission and (a,n) neutron source in spent PWR fuel over a 10-year decay time. The next largest contribution is
usually from the (a,n) reaction of alphas froin "Pu, which is approxunately I to 2% of the source. Neutron
energy spectra of both the spontaneous fission and (a,n) reactions have been determined for the curium
isotopes'*"and "Pu (Ref.16). The measured spontaneous fission neutron spectrum of 2*Cm was found to be

2
quite similar to that from "U and 2"Cf Thus, the spectrum for2cCm was computed" from these measurements.
The (a,n) neutron spectra were determmed by extrapolating the neutron spectrum from Po-a-O source
measurements" to the alpha energies of 2"Cm,2"Cm, and "Pu. The energy distribution of the spontaneous

.

fission neutron spectrum is =nm*~i from the spectra for "Cm and 2"Cm described above, using the calculated2

| concentratxms of those two isotopes This spectrum is then renormalized to include the total neutron source from

| all spantan=aly fissioning isotopes A similar calculation, using the data for all three isotopes, is performed
i for the (a,n) neutron spectrum The spectra are collapsed from the energy group structure of the data to that of

the SCALE library requested for the shipping cask computation. The procedure a.;sumes uniform distribution
within each group and simply sums the quantities based upon energy fractions common to both groups in the two
group structums, The total neutron source spectrum is then computed as the sum of the spontaneous fission and

; (a,n) spectra
Neutrons produced by photofission and photoneutron reactions are not included in the source term

computed by SAS2. Cross sectxms for these reactions have been reported for several heavy nuclides" (e.g., "U)
and for the light nuclides " H, *I),"Li, 'Be, and "C. The photon reaction energy thresholds in these data are
1.67 MeV for'Be,2.23 MeV for H, and aprmumiely 5 MeV for the other nuclides. The gamma-source energy

2

range in spent fuel for significant intensities is 0 to 10 McV, with only a somewhat minor fraction >5 McV.
Cross sections for the light arMa arc <2.5 millibarns for energies <10 MeV. Since the effective photoneutron
cross sections (i.e., in the range 5 to 10 MeV) of nuclides ofintermediate mass ' are smaller than that of *U,2

relatively fewer neutrons would be produced from these nuclides. Calculations, applying the photon flux
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!p =ng=W for typical PWR spent fuel,vanous d- f+;=L < gamma sources derived by ORIGEN-S cases, andG the referenced auss-section data, indicate the quanhtahve sigmficance of the photon reactions The contributions
i fromphnenfinnina and photoneutron reactions with 2'*U are approximately 0.1% of the neutron source at a 1 d;

coohng time, appnaumately 0.01% st 90 d, and less at lasar times. Calenlatinne, considenng masses equal to that
t

!
of 2''U, produce comparable results for 'Li and an appreciable decrease for "C. However, due to the quantity

i of photon anisminn in the 2.5- to 3.0-MeV range, sources from H and 'Be may require consideration.2

Appr====tely 1 kg of either of these two isotopes in the fuel region of the shipping cask may produce a
:

sigadicant part of the neutmn source and donc rate. The evalustaan of a dry shipping cask, where the neutron and
i

samma dose rates tend to be near the same magnitude, may requae an mMinnnat analysis of photoneutrons if
,

appreciable quannhee of 2H and 'Be are present. One source of 2H is the 0.015 atom % deuterium in natural
hydrogm in the water raalant of various shippag casks. Fortunately, when the reduction in neutron dose fmm

i
the efEd of wateris taken into account, the entanat=I 2H neutron source fraction is <1% at 1-d cooling time and

;
less significant at later times. However, SAS2 may not produce an % " neutron source for systems

(|
containmg large quantities of'Be intamixed with the fuel.

Give the ennemaratens otheavy-ehnant aneMan in spent fuel, the major uncertamty in the computed
!

neutron source senmgth is in the neutrons produced by spontaneous fission of 2"Cm and "Cm. Le uncertamties
i

in v,for these isotopes is npoued' to be 3 to 4% and the nported'uncatamty of the spontaneous fission half-lifei

is 10% for 242Cm and 01% for "Cm. Thus, over a 10 year coohng time the combined uncertamty in the
computed neutron source from the spontaneous fission is in the range 4 to 8%, with a dm as a function of
time resultag from the 163 4 half life of 2cCm. By considenng the uncertamty of the thick target (a,n) yield

,

data,"the possible murin applymg "UO stoppmg powers for other nuclides of the spent fuel, and the fact that
2

2

the computed (a,n) source is 10% of the total, it is estimated that the total neutron source has an additional
uncertanty of about 2%. This total acertamty (<10%) in the complete neutron source strength is less significant

t

{ than inaccuracies arismg from the neutron spectrinn data, the concentration predictions and the neutronics
j analysis which are ultimately applied by SAS2 in computing the neutron dose rate.
!
I

S2.2.8 DOSE RATES FROM THE SHIFI.nING ANALYSIS OF THE SPENT FUEL SHIPPING CASK
'

'

i
d

Two mMitional passes through SAS2 are required after the fmal ORIGEN-S calculation is performed.
j These passes prepare data for the shielding analysis and the computation of dose rates outside the spent fuel

|
slupping cask. De purpose of the first pass is the cell-weighted calculation of the fuel-pin lattice cross sections !

1

withm fuel mones in the cask. Dunng the second pass, the cross sections for other zones of the shipping cask are
processed and the transport calenlahan for the entire shipping cask is performed to get the neutron and photon;

i
angular flux at the surface of the cask. Alternatively, the user can request the cell-weighting pass be skipped

| because the cell-weightmg feature changes dose results insignificantly when used for a cask in which the fuel
j zones are dry. Finally, gamms and neutron dose rates are computed at either specified or default detector

ĵ

locations outside of the shipping cask.
|'

'Ihe all-weighted auss-eachan e=le"'% is optionally provided for the user who desires to correct the
{

spent fuel auss ==*inna by a self-shieldmg - treatment and weight the cross sections in accordance with
flux magnitudes of the unit-cell zones SAS2 pepares the data similar to that used in the Path-A model of the

-

i sra bhan analysis. The fuel zone nuclide densities of the unit cell are those calculated by the last ORIGEN-S'
case (i.e., that of the cooled spent fuel). The moderator zone densities, for the cask cooled with water, are
computed by using a routme from the LEOPARD code ' and applying the user input temperature and pressure

2
i

of the cask. The cask input temperature is also used to change the fuel temperature from that applied in the
irradiation cases. The XSDRNPM case is supplied the following: the fixed gamma and neutron sources,
buckhng parammers for the cask fuel zone (the largest radius of multiple fuel zones), and print options or control

'
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parameters supplied by the user input. The SCALE library specified in the input may contain either neutron-
photon or only neutron or photon cross sections, producing corra =Ang type dose rates. The BONAMI,
NITAWL-II, and XSDRNPM n=ctinaal modules are invoked by the driver during the pass to attam the final
objective (i.e., the production of the cell-weighted workmg library).

During the final pass, SAS2, completes preparation of other data required for the shielding analysis.
Important considerations here pertam to data describing both the materials and geornetry of the shipping cask,
and the type ofcross-section treatmcats to apply for these matenals The convention used in SAS2 input assumes
that standard wouans xlentified by mixture mmdws >3 may apply to the shipping cask materials other than
the fuel pin cell. (Note: the fuel asscrnbly, as defined here, includes the moderator of the unit cell used in the

optional cell-weightmg case.) Other materials, such as the fuel basket and water between the assemblies, may be
.pu.irwa as extra material in a fuel zone. The user speedies the radial dunensions of all zones and the number
of fuel assemblies per fuel zone. Then, SAS2 converts all unit-cell densities from the cell-weighted case to
homogemzed densities of a fuel zone by applying the consenation ofmass. The source densities are similarly
mm=*~8. consening the total source. The light-elements input for the depletion analysis by ORIGEN-S, other
than that =p~ irva in mixtures 1 and 2 (e.g., O in UO or Zr in clad), are not applied unless specified again with2

a mixture number >3. Thus, all densities are supplied from either the spent fuel composition computed by
ORIGEN-S, or the master mixing table described in Sect. S2.2.3, and only nuclides in the nuxmg table are used. !

In addition to the nuxmg tables applied by the shielding analysis codes, other specifications are used as presented
in the following paragraphs.

The BONAMI case applies an infinite homogeneous geometry in the treatment of nuclides be ,
Bondarenko data with their aoss sections. Material from all of the zones, except the cell-weighted nucli ,, are
considered.

The NITAEII case applies the infinite homogeneous medium Nordheim integral method. t , required,
for all materials not in a fuel zone. Any materials added to the cell-weighted nuclides of a fuel zone are -

considered for the resonance htment in the analysis of a " dry" shipping cask. This resonance computation is
omitted in the case of a " wet" cask, because the assumption that the water is homogeneous produces more
unsatisfactory results than the appbcation of the unprocessed cross sections of the nuclides (e.g., those of the fuel
basket). Also, theNITAE1I case merges the cross sections from the other zones with those that have been cell
weighted, to produce the workmg library needed by XSDRNPM.

The XSDRNPM case performs the transport shielding analysis for the fixed volumetric sources and the !

multnegion geometry of the shipping cask. In addition to the application ofdata described above in this section,
the spatialintervals of all zones are developed from the mesh generator discussed in Sect. S2.2.9. Since fission

cross secuans offuel nuclides are supplied, both neutron multiplication and attenuation are computed. Secondary
gamma production is computed from (n,y) transfer data on the neutron-photon library applied. The atten=t~i
neutron and photon flux is ultimately calculated, producing the angular flux at the shipping cask surface.

The final 6=ennaal module -dai in the last pass through SAS2 is XSDOSE. This module performs
the required numerical integration of the angular flux over the finite surface of the cylindrical shipping cask to
compute the scalar flux at specified detector incations Flux-to< lose-rate conversion factors on the SCALE cross-

section libranes are applied in the ultimate calculation of the desired ganuna and neutron dose rates predicted for
the case. The standard, or default conversion factors are those derived (in multigroup format) from the American
National Standard Institute Neutron and Gamma-Ray Flux-to-Dose-Rate Factors.22 The dose rates that are
midnmatically evaluated by SAS2 are at locations on the midplane of the shipping cask at distances of 0,1,2, and
4 m from the surface, unless specified differently in the user input. |

1
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S2.2.9 THE SHIELDING GEOMETRY MESH GENERATOR

!
The user input to SAS2 does not require mesh interval input for the Geometry of the problem. 'Ibe

nadamanc mesh generator derived (see Sect. M7.2.5.6) for the Matenal Information Prw is applied in all
unit fuel cell cale=1=hane in SAS2. A maMiad version of this mesh generator, applied to the multiregion
geometry in the shipping cask analysis, is described here.

Three additional enaavierations for the stuckhng analysis probicans are

! 1. the application is for the treatment of both neutrons and phasans, !
2. the mones may be thick in comparison with mixture diffusion lengths, and ;
3. the incallidad flux tends to be reduced by the inverse square law. '

1
'Ihe first pen =wess an=pead in the algonthm of the mesh generator are the total neutron cross sections

ofneutronshiekhngzones,E ,the- '" - ' asymptotic dihaion lengths of neutrons within fuel zones, L, and jr
an analogous vanable for pivvans, L,. 'Ihe e=h== tem ofL and I, for a mivewe ofKnuclides in the zone included i

byradii r,., and r, are derived from.
1

(1/L)2 - 3 E,E,(1 -E)(1 - 4 E,/5E,) , (S2.2.1) I

|-
| K

1/L, = [ (10-3'M/ + M/10)N , (S2.2.2)j j
j=1

:

where,

!

nuclide M-atiE-in the auxture of zone i,J =

E, macroscopic absorption cross section of zone i,=

E, macroscopic total cross sectaan in zone i,=

E average cosme of scattering angle per collision in zone i,=

| Mj= atamic mass ofnuclidef,
' Nj atom density ofnuclidef.=

The method demaibed lure produces the smallent intenals near the inner boundary, with increasing sizes
in the first one-fourth of the zone thickness Then, equal size intervals are applied along the remamder of the
radial distance across the zone, except that the outer two intervals are reduced to half the size.,

! The number of intervals, T, in the first one-fourth of the zone of thickness, d, is computed fmm the
followmg definitions and set ofequations

a = 2Ud
b = 6L/d
Y, = [l+9/(10'- 16 far inner zones including the outer fuel zone
T, = 0.5 dE,, for zones beyond the fuel zone !

6Y, = [l+9/(10 - 1)]w
T = max (Y,,T,) (S2.2.3)

,

1

|
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For each zone, let r, be mesh radii for n = 1 to Tand r, be the inner radius of the zone. Then, r,is the
smaller of 1.14 r., and that derived by

r, = r., + 0.25 dlogw(1 + 9(10T 9n)] . (S2.2.4)

A constant size interval, S, .yywhly equal to the maximum interval size computed by Eq. (S2.2.4), is
determmed by:

2 = [0.75 d/(r,-r .1)]wr

S = 0.75 d/Z. (S2.2.5)

All the mesh radii beyond the first one-fourth of a zone are computed from S, of Eq. (S2.2.5), except for the
additional split in the last interval using S.

The mesh interval sizes may be changed from those generated by the above method, through the
pree fSZFCASK in the user input. Sizes are approximately the value of SZFCASK thnes their defaulto
values, which are produced by SZFCASK= 1.

O
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S2.3 APPLICATIONS, LIMITATIONS, AND UNCERTAINTIES '

The SCALE-4 versma of SAS2, referred to enmatimas as SAS2H, has elimiad~t much of the,.

! nan ==vatism inhmet in earlier SAS2 vusmos, particularly, at long cooling times. Earher SAS2 versions used
an infmite lattice pin-cell model for the neutronics analysis and so only variatens in lattice design and
compositen could be considered. With the SAS2H =adal, the presence of water holes, control rods, burnable !

poison rods (BPRs), enfice tubes, and other assembly design features can be considered in an appronmate
fash on 1his new capability alkms actuude naan-trations to be more accurately computed by the SAS2H

.

'

piwd and thus leads to a more accwate evaluataan of source tmns and dose rates at long cooling times (>10
years) where actmide conenbutions are more important. However, the SAS2H procedure still requires only a
relatively sunpleinput Lyuan.

.

Evam though mimeous improvanets have bem made in the SAS2 control module, definite assumptions ;
;

I and hn=tatinas remain. The neutron flux and compantiana are assumed to be constant in the axial direction of

the mana=hly. Although this is a relatively small appron= atma in the PWR case, there is a large enough axial
change in BWR fuel moderator density that a prior determmation of a power weighted madarator density is
rmnaun=dmi Othermapor limitatman to the SAS2 nmdnte are in the final dose rate computations Dose rates
mant be catmlmiad for the ends of the cask or for any drain or instrumentation ports that may be included in a
cask design. Techniques are available, however, for using ORIGEN-S and the neutronics modules in order to
estimate the photon source in the assembly end fittings. These sources can subsequently be used in other
shieldmg analysis codes (e.g., SAS4 sequence of SCALE) to obtam end dose rates.

Even though the end product from SAS2 is to en=;=Aa shipping-cask dose rates, it has a much wider
applicataan First, it has the capability of updatmg the cross-section constants on time dapaada=* ORIGEN-S

| libraries ihm, from these libranes, ORIGEN-S may compute rurhda inventones, cooling-time-depmdant decay'

heat powers, neutron and gamma source strengths, and neutron and gamma source spectra. The i=*a=~iida
results pnnted in the ORIGEN-S cases of SAS2 may be useful since the accuracies of the dose rates computed

;
by SAS2 depend, in part, upon the accuracy ofintermediate ORIGEN-S results. '

The purpose of this section is to discuss the limitations and uncertainties in SAS2H as they affect the
miennediate results (i.e., auchde inventones, decay heat, etc.).;

i
! S2.3.1 NUCLIDEINVENTORIES

With the development of the SAS2H version in SCALE-4, the nuclide inventory comparisons with
measuren=*= 4 '"to in the SCALE-3 documentaten of SAS2 no longer apply. Nuclide inventory results
computed bySAS2H have been compared with measurements * and reported 25 for fuel rod sample D01-G10-42

rradiatad in the Turkey Point Unit 3 (PWR) reactor. SAS2 versions from both SCALE-3 and SCALE-4 were
used, and both cases applied the same SCALE ENDF/B-IV 27-group cross-section library. The differences of
calculated mmus measured values before and aAer the new SAS2H version changed from 3% to -5% for
*U/2"U, from 19% to 3% for "Puf"U, and 13% to -1% for total PuF"U. Prelimmary (unreported) cases,2

using the new version and the same libraries for comparisons with other spent fuel measurements, indicate less
*U differences and either the same or slightly higher "Pu differences Also, there were indbeinae that2

changmg to ENDF/B-V cross sections tend to reduce the computed 2"Pu nventory (approximately 4%).
The most important admide auchde for which imwuones me ma==~i. in regard to contribution to final

dose rates, is '"Cm. At cooling times of general interest (<20 years), the actinides contribute only a small
; fracten to the photon dose rates of typical cas ? ' course, actinides produce all the neutron dose rates. The
j. radietina in compmed quantities of 244Cm in cl%ug to the SCALE-4 version has been at least as great as the
!
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decrease in Pu. Some calculations indicate that the SCALE-4 version with ENDF/B-IV data might even
uraA 2*Cm, although the evidence presently remains indefinite. Expenmental errors in *Cm densities,2

when quoted, have always been at least 20% Thus, both the quantity and quality of 2"Cm expenmental
deterr Mations limit the degree to which 2*Cm can be validated.

The effect ofiMg additional fission products in the depletion analysis should be considered by the
user. SAS2 input requires the composition of the initial fresh fuel. However, time-dependent cross sections are
produced for only the fuel nuclides included in the input to the neutronics codes Thus, in order to update cross
sections for important nuclides that are generated during depletion but are not present in the initial composition,
the trace densityof1&2 atoms /b-cm is usually included for each nuclide. The most significant actinides, together
with '"Xe and 2"Cs, are always added by the code (see Table S2.2.1). Also, the user may add other fission
products included in the SCALE cross-section library. Since these nuclides are applied in the neutronics
computation and influence the neutron flux, their inclusion in the case may somewhat change the calculated
actinide inventories.

As dic=ced in Sect. S2.2.3, the SAS2H neutronics model attempts to provide a simple, yet accurate,
model of the neutronic charactenstics within a fuel assembly. Besides the geometry model, other simplifying
approximations within SAS2H are

1. axial uniformity;
2. densities within the fuel pin are considered uniform with space;
3. a constant temperature is applied in each zone of the unit cell; and
4. a single fuel-pin unit-cell type is assumed (i.e., all assembly pins are assumed to have a constant

enrichment and pitch.

These simplifying approxunations can somewhat affect the neutronics variables within fuel pins. In addition,
the substantially different burnups and assembly enrichments that exist across a reactor core can influence the
neutroruc characteristics of a particular assembly. Howeva, as noted above, preliminary validation of SAS2H
against measured isotopic data indicates acceptable actinide inventories are obtained with SAS2H. To obtain
more accurate results for actinide inventories in neutronically complex systems may require application of a
multidimensional neutronics model. Even though the acceptability of actinide inventories computed by SAS2
depends upon both the reactor characteristics and the intended application, fission-product inventories, with the
exception of two or three important isotopes, are not significantly dependent upon cross-section calculations.
The total fission-product inventory computed for a given bumup is expected to be highly accurate, since it
depends directly upon a relatively accurate calculation of removable energy per fission. Also, little difference in
fission-product inventory is expected in between the SCALE-3 and SCALE-4 versions of SAS2.

S2.3.2 DECAY HEAT POWERS

Next, consider decay heat pown computed by ORIGEN-S and the SAS2H-produced libraries. The part
of the power from actinides is 3 to 5% during the first 30 d ofcooling time and increases to 15 to 25% at 10 years
for most LWR fuel after bumup exposure in the range of 25 to 50 GWd/MTU. Thus, the uncertamties in nuclide

compositions of actinide nuclides convert to a much lower percentage of the total decay heat power. More
uncertainty exists in fission-product power at discharge and immediately thereafter than at later cooling times.
The lo uncertamty of fission-product power at the later times, excluding that from *Cs, is estimated 23 to be
approxunately 3% At cooling times where the actinide power is less than 10% of the total (i.e., cooling times

| less than 0.5 to 2 years for most cases,25) the total decay heat power uncertainty is about 4.5% There is an
' 2increase thereafter because the uncertamty in "Cm and other actinide inventories have an increased importance.

NUREG/CR-0200, |

Vol.1, Rev. 5 S2.3.2

1



!

f
!Relatrvelygood agr=nawwas imhosted in companaans ddocay best power ~===*dby the SCALE-3

versma ofSAS22* and three measur=namn otronssor mannhhes with coohng times near 2.5 years.2' This older
;

vamon of SAS2 overprodused the power wittun 5.6% Also, the total finainn-product power from "U and 2"Pu,2
:A shst resulang from (n,y) r==ctiane, was computed by both the earher SAS2/ORIGEN S and the ANSI
!Standard" mahad ne marin=== differences were 3.5% for 25U and 2.6% for 'Pu, with the larger values2

computed by the ANSI method. The data in the ANSI method were precipally derived from ENDF/B-IV data,
and that for the SAS2/ORIGEN-S method were f eiily from ENSDF23 data. The average beta energy is
derived from a more accurate method 2' for ENSDF data than that applied"3" for ENDF/B-IV data, which
accounts for a major part of the difracaces

With the svadal= hey of additianat cakh;c measurement < ofspent fuel assembly heat rates, a more
thorough vahdarian of the c=1cidat=I decay heat powcr has beat performed'2 for the new SAS2H version within
SCALE.4 In this stiady, calcidmeat and measured resuhs were compared for ten PWR and ten BWR spent fuel|as-nhhas

ne fud was from three reactors Point Beach Unit 2 PWR, Turkey Point Unit 3 PWR, and Cooper
Nuclear Staten BWR. A si=nmary ofpercasage differences in comparisons ofmeasured and calculated spent
fuel decay heat rates for all cases and an-nblies is presental i i Table S2.3.1. He average heat rate computed
was less than the measured for the BWR assemblies, and the opposite was true for the PWR assemblies. The
final average difference for all 20 spent fuel assemblics was 0.4 * 1.4% At a confidence level associated with
two standard deviatians, the pacentage differences lie in the range 2.4 to 3.2% Thus, at the 20 canhec level
and for the design and operating parameters of the given assamblics, the nonconsen ative (negative decay heat)
error in computed decay heat rates does not exceed 2.4% plus any nonconservative bias in the measurements.
Detailed results and discussion ca the measured and calculated decay heat rates are presented in Ref. 32.

Table S2.3.1 Summary ofdecay heat rate comparisons

Type of summary Number % diffew * std dev
Summarybycases:
Average Point Beach case 6 3.6*2.3
Average Turkey Point case 8 0.1*1.3
Average PWR case 14 2.1 1.4
Average BWRcase 25 -1.4*1.7

Average PWR and BWR av-case 0.3 A 1.1

Summary by assemblies:

Average Point Beach assembly 6 3.0 1.9
Average TurkeyPoint assanbly 4 -0.7 1.7
Average PWR assembly 10 1.5 * 1.3
Average BWR assembly 10 -0.7 2.6

Final averase, all assemblies 20 0.4 1.4
'(Calculated / measured- 1)l00%
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S23.3 GAMMASOURCESPECTRA

The accuracy ofgamma source spectra is dep-lant upon the energy. Photon rates computed for fission
products tend to be more accurate than those for actinides, since the calculations of their inventories have less
uncertainty Even though the uncertainty offission-product photon rates of some groups may be comparable with
that of their decay heat power, there could be a tendemy for the spectra uncertamties to be somewhat greater !

because when fewer nuclides daminara the emission for the energy group, it becomes less likely that opposite l
biases in data will have a cancen.eina effect. Note that shortly after discharge and thereafter, the photon emission
rates in the higher energy range are nmina'ad by actiniA~ Typically, this is true at energies above 4 MeV ata

all cooling times and at energies above 3.5 MeV after 10 years. The major part of this higher range of the
2 2spectrum is contributed by "Cm after 90 d and at least 90% appears to be from "Cm during the range of 10 l

to50 years cooling time.25

nerance there is a sigm6 cant uncertainty in the measured 2"Cm in spent fuel, there is a correspondingly
large uncertamty in the higher energy gmups of the gamma spectra. Fortunately, for spent fuel there is a
reduction by many orders of magnituda in the source above 3.5 MeV. After weighing the importance of each
energy group source strength upon the dose rate from typical shipping cask shield dimensions, the effective
uncertamty in the gamma spectra tends to increase from that of decay heat power to the vicinity of 10 to 15% in
the energy range 0.5 to 2.5 MeV where the spectrum has a dommant effect upon the dose rates for most cases.
The uncertainty detennmed from fission yield data and half-lives alone would not be this large. However, a
significant part of the spectrum in this range is contributed by ""Cs and '"Eu, two fission products that are
produced only from the neutron reaction with 8"Cs and 8"Eu rather than from the more commonly assumed
process ofdirect fission yields and subsequent decays. The uncertamty in the computed cross sections for these
reactms is expected to be greater than that of fission yield and decay data. Also, there is additional uncertamty
applied to the sluckhng analysis. If there were no other sources ofuncertamty or bias in the computation, the 10
to 15% spectra uncertainty discussed above leads to an uncertamty of 5 to 7.5% in the calculated gamma dose
rates.

S23.4 NEUTRONSOURCESPECTRA

'lhe uncertamties aancia'ad_ with the neutron source strength are dicensced in Sect. S2.2.7. The neutron

emissionis mamly from242Cm at shorter cooling times and from *Cm at longer times. The source computed2

from a given quantity of 2"Cm is more accurate due to less uncertamty in its spontaneous fission half-life.
Probably the largest contribution to final neutron source stre igth uncertainties is from the inventory calculation.
Although the (a,n) reactions prrdred a mammum of abod 10% of the source, its importance is increased by the
fact that it contributes almost all of the emission in the two highest energy groups of the SCALE 27-group
neutron library. No reported uncertamties were noted in the data applied for calculating the neutron spectnim.
Spectra measurements that include uncertamties have been reported" for252Cf and 242Cm total neutron yields.
A comparison with the data applied by SAS2 indicates that uncertamty for the data used in the lower neutron
energy range is grv-etely 10% and for the higher energy range, which includes the (a,n) produced neutrons,
the data uncertamty is probably in the vicinity of 20%.

At discharge, the neutron source is almost equally produced from '2Cm and 2"Cm. The half-lives of2

2d2Cm and 2"Cm are about 163 d and 18 years, respectively. The measurements of absolute quantities of these
isotopes in spent fuel were usually performed by determmation of peak intensities with alpha counters. Because

; the energies of the peaks differ by only a few percent, and differences in measurements" of three dissolver runs
! were significant, it is difficult to adequately derive a very precise uncertamty in the computed inventory of the

two isotopes Thus, there remains some deficiency in the knowledge of the curium isotope uncertainties.
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However, applying re==<=ahle estimates of uncertanties ===aci= tart with the spectnam, the total uncertainty of

i the neutron spectnan is ava-*~i o lie in the range between 10 and 35%.t
I !

!
!

j S2.3.5 SHIPPING CASK DOSE RATES i

} As discesed above, there has bem no complete uncertainty analysis perfonned for the dose rates |
!

computed by SAS2.1his acertainty would depend upon uncestamties in the source spectra, the cross sections,
; and the appravimatir== in the sluokhng analysis Also, the uncertamty would tend to be problem depa-6+
) The pasence of water in a shipping cask tends to reduce the neutron dose rate more than the gamma dose rate.
j in these cases (i.e., " wet" "3 -; casks) the gamma source may be considerably more significant on a relative )

i

basis. 'lhus, the total dose rate acertamty from the " wet" cask depends substanhally upon the gamma dose rate
|

:

| uncertamty.
|

, Several types of errors or uncertainhas could be introduced into the shieldmg e=61-% applying the
| primary gamma source. For diaennenna purposes, these errors are divided into the folkming five categories
| pertasung togamma uncertamhan input data; point cross sections; collapsed cross eactinne; control parameters

''

selected for the case; and approximahans or assumptions inherent in the shipping cask problem. The following
|j provides a simplified analysis of the gamma dose-rate uncertainties When " uncertainty"is used,it implies a ;j magmtude oflo.
j

j The major uncertainty in the input, for a given cask design, is usually that of the gamma source spectrum
; (Sects. S2.3.2 and S2.3.3). Uncertaintias in the calculated spent fuel inventories (Sect. S2.3.1) applied for the
]' fuel zone auxture should be of much less importance.

[ 'Ibe menairmty ofthe transmiapan fractica Forn--- =puc photons through a thickness x can be seen
i in the following simplified equations (i.e., with buildup for scattenng ignored). Let I be the linear attesmation
!, nne&wne or total auss section,I, and Ibe the incident and transmitted intensities, a be standard deviation, and

\ o, = 0. 'Iben,
.

! F = I/I, = e-#' , (S2.3.1)4

I j

o = a)F/62 - a,xe-* . (S2.3.2)r .

The uncertamtyinFis:

a /F=-xMa/4 =InF(a/4 (S2.3.3)r

This applies rigorously only to a single energy for I, and I. For multienergy photons there are scattenng
trannihn== from higher meripes to the lower energy ofI. This would mean that for part of the path at the higher
energyI would be somewhat less, but the path length increase from angular scattenng may have a greater and
opposite effect. A more rigorous treatnumit would be required to take these effects into account. However, i

Eq. (S2.3.3) does provide an estunate of the relationship between the uncertamties of the flux attenuation and
cross sackinns In the agmficant energy groups of a sample cask problem, the transnussion fraction varied from

10-5to 104 Since in (10-5) = -11.5 and in (104 ) = -16.1, it follows, from Eq. (S2.3.3) that the uncertamty in
the fhec annemanhan and, mihaarywnely, the dose rate at the shipping cask surface, is about an order ofmagnitude '

greater than that of the cross sections

'Ihe 18-group g- nma libranes of the SCALE system were pnpared using the SMUG code" and accurate

ENDF/B point cross-section data such as that of Ref. 36. The evaluated uncertamty in the total photon point
cross sections for heavy elements (e.g., uranium and lead) is in the range of 1 to 2%' "58 for energies most
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d:WGe=t to the problem (i.e.,0.4 to 3 MeV). hse pw-...g to lighter elements are somewhat lower, but they
have less effect upon most shipping cask analyses Another source of error, possibly more important, is that a
flat flux was assumed in the process for collapsmg point data to cross sections for the energy group structure of
the library. Also, the gamma line intensity of a source nuclide is converted to a group intensity in ORIGEN-S
by applymg the ratio ofits energy to that of the nudpoint of the group h application of a photon energy group
structure, which is very fine and properly distributed around the major line data, would indicate the magnitude
of the uncertamty from collapsing gamma line data into broad energy groups.

& sizes of control parameters input to the case (e.g., mesh interval size) can significantly affect the
quality of the results. Defaults of these parameters are input to sample case 2 in Sect. S2.6. Other values are

applied in sample case 1 for the same problem, wluch decreases the computer time but also reduces the accuracy.
The gamma dose rate at 2 m decreased by 27% in the computation in sample case 1. This illustrates the
combined effect of the particular parameter changes.

The 1-D radial model in SAS2 assumes each mq== of the cask to be cylindrical in the radial
direman and infinely umform in the axial direction. W infinite height of the cask is assumed for the radiation
transport through the cask walls and ralentatmn of the surface angular flux. Honver, in calculating the flux and

J
dose outside the shield, the XSDOSE module only integrates the surface angular flux over an axial height

{
specified by the user as the cask height. His analysis procedure has been shown to provide favorable dose results 1

along the axial centerline in comparison to analysis techniques that accurately model the radial and axial shape |
of the cask.8" Another approxunation is required from the fact that square cross-sectional areas of the !
assemblics are represented by circular zone geometries. Equal areas (i.e., equal densities) may be maintained in

|describing the problem, or the radius may be conservatively extended to the outer comer of the assemblies. The <

type of geometry conversion scheme applied in SAS2 for the fuel zone is decided by the user and should be
evaluated if the nonconservative scheme (equal areas) is selected.

It is Mfienit to derive a good estunate of the uncertamty of the computed ganana dose rates. However, '

Eq. (S2.3.3) shows that the uncertainty in the cross-section data can be highly significant for the large |

attenuat>ons that are usually encountered in spent fuel cases. The indication that the error depends upon Er, in
addition to o ., shows that the final uncertainties tend to vary proportionately with the thickness of a givenra
material. Thus, at least for some problems, the cross-section uncertamty may be the dominant source of error.

|

Examples of the prnpagatM uncertamty were calenWM assummg: the cross-section uncertainty after collapsing, 1

is 1.5 to 3%; the cross-section bias is 0.5 to 1%; the lo of the source spectrum is 10 to 15%; other lo is 5 to i
10%; In F is 12 to 15 for a uranium shield thickness of 10 cm; and the final dose rate is equally disided
distributed into four energy groups (causing the 10 of each group to be 5 to 7.5%). The computed
gamma-dose-rate uncertainty, based upon Eq. (S2.3.3) and quadratic error propagation was in the range 17 to
39% [i.e.,12 x 0.015 = 0.18 and 0.5(0.182 + 0.12 + 0.052)s + 12(0.005) = 0.166, etc.). A reduction from the
10-cm thickness would produce correspondmgly lower uncertamties.

De uncertamty in the computed neutron dose rate is more difficult to estimate than the photon dose rate.
There are much larger cross-section and source uncertamties for neutrons. Improved detemunations of
heavy. element inventory uncertainties and a neutron sensitivity analysis are required to evaluate this uncertamty.

In addition, a photon source is produced from (n,y) reactions. It appears that for many shipping cask
designs, the fraction of the dose rate fmm this source is relatively small, although certam aspects of a cask design
may make the fraction significant. Several neutron-photon cross-section libraries are included in the SCALE

package h user may determme the contribution from these secondary photons by comparing the gamma dose
rates of two cases that are identical in all input with the single exception that one applies the neutron-photon
library and the other applies the library for only photon reactions.
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S2.4 LOGICALPROGRAMFLOW
,

l
1

This section presents the logmal program flow and description ofroutmes of the Shielding Analytical
h- No. 2. Subroutme desenptmas are combmed into blocks, in separate subsections, accordmg to their
r-l=tinn=hq= in pnxhcag a maman n=reinn, rather than using an alphahetw=1 order by names This pramhre
should anhance the clarity of the flow and structure of the program.

"Ihe SAS2 control markila is bemcally a program that prepares or preprocesses data for other codes. All
SCALE functional nwwhilae (other codes) may receive their code input data from a binary interface data set.
Because these code interfaces are produced and updated later in the erm*ian of the SAS2 case, the general
approach in SAS2 is to pnxksce a "maerinterface data set" contammg each type of A=w*ia==1 module case and

then perform an updated copy of the proper data interface case as rW in the logmal flow of the program.
It is helpful, or perhaps necessary, to read parts or all of Sects. S2.1 and S2.2 before readmg this section. The
program is divided into the follomog subroutme blocks: basic contml and regma allocation preparation roisman;
Matenal Infonnarian Prw and neutronics data preprocessor for the path-A model (see Fig. S2.2.1);
neutronics data preprocessor for the path-B model (see Fig. S2.2.1); depletion analysis input and data
preprocessor;inaster mixing table prw, shielding analysis input and data pryisssor; and recycle update
processor. The chief controlling subroutme name is given in each block of routines. The routme that calls it is
inn-=*M (or, sometimes the multiple path of routmes in the flow are listed). Major routines are shown, which
are either directly or indirectly called. Other utility routmes, common to various blocks, are listed. They are
described either in Sect. S2.4.10 orin the SCALE section referenced in Sect. S2.4.ll. A briefexplanation of the

,

'

functen of each block of routmes is also presented.

"Ihe final three subsections show the mastcr and supplementary interface formats, briefly describe utility i

roiemen not given elsewhere, and present a cross reference to all routines in alphabetical order.
|

S2.4.1 BASIC CONTROL AND REGION ALLOCATION

Routine Name: SAS2

Calling Routine: This is the entry routme from the SCALE driver.

Routines Called: . MAINS 2, SAPREP, RECYC, ALOCAT, STSAS2, NEXPAS

Utility Routines: ENDNOW, CHARIN, ERROR, GETMS, OPNFIL, RESETM

Fu=ceia=: 'Ihis block of subroutmes (1) checks flags from the SCALE driver and returns a stop flag if error is
in the last execution of a f==dia==1 module [i.e., IC(7) = 0], and (2) saves and restores the array list from the
driver, estabbshag a list of funreinnal machilen mvoked by the driver in array AC. On the first pass, flow through
MAINS 2 and SAPREP prints the unit am4wes, opens data sets either for the required file connection on a CRAY

computer (or other machmes) or for proper region allocation by ALOCAT on an IBM computer, and proceeds<

( to perform data preprocessug in STSAS2. On later passes, these routmes proceed to a type of update processor
j controlled by RECYC and NEXPAS. ENDNOW and CHARIN pertam to use of the halt and restart features of
'

SAS2. GETMS and RESETM get and store arrays that interface with the SCALE driver.
e

i
4

:
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S2.4.2 MATERIAL INPUT AND NEUTRONICS Path-A DATA PREPROCESSOR

Routine Name: STSAS2 l

Calling Routine: SAPREP via ALOCAT
|

Routines Called: NIXSUB, KNIGHT, NIXNEW, NITXSD, COPYNX, REDSAS, SETPRG, SETDRG, I
SHIELD )

Utility Routines: BINRCF, BINRCX, FINDID, IDXCIT, MIPID, UPDATE, GETLIB, WI, VOLJB,
STOCHK, EPSIG,IDSET,INQOPN, LENWRT, MESAGE, and routines associated with

KNIGHT (Sect. M7.3).

Function: This block of routines activates the KNIGHT Material Infonnation Processor (for converting user
input and Standard Composition Library data to arrays for preprneecenr routmes), the NIXNEW master mmng
table pv.m, and the NITXSD data preprocessor (for processing data and writing code interface data sets for
the BONAMI-S, NITAWL-II and XSDRNPM-S depletion analysis ofpath A). The KNIGHT routine block is
described in other SCALE sections. COPYNX modifies the interfaces obtamed from NITXSD for neutronics
codes through calls to UPDATE, BINRCF, BINRCX and writes these interface files on the master interface data
set,unitnumber MAS. REDSAS, SETPRG, and SETDRG are described in Sect. S2.4.3. See Sect. S2.4.4 for

NIXNEW and NIXSUB and Sect. S2.4.6 for 6=chnm of SHIELD. STSAS2 performs the major control of flow
dunng the first pass through SAS2 plus mmor data and pointer management. It also wTites the header and last
records on MAS. Note that data processing for the path A model is done by NITXSD, whereas the path-B model
processing is produced by S2HDAT (see Sect. S2.4.5).

S2.4.3 DEPLETION ANALYSIS INPUT AND DATA PREPROCESSOR

Routine Names: REDSAS, SETPRG, SETDRG

Calling Routine: STSAS2

Routines Called: SETDCO,WRITRG, S2HDAT

Utility Routines: UPDATE, BINRCF, BINRCX, COPYNX, LENWRT, WRTBYI, WRFLUX, ERROR,
SCALE Free-Form Readmg Routines.

Function: ' Ibis block ofreutmes reads operatmg history data for the reactor fuel assembly and converts it to the
interface case data required for COUPLE and ORIGEN-S. REDSAS applies the SCALE Free-Form Readmg
Routmes in readmg data, checks for errors, and prints the " Reactor History Data." SETDCO writes the interface

for COUPLE. SETPRG sets pointers for ORIGEN-S arrays. SETDRG prepares data for each pass through
ORIGEN-S dunng the depW enhdation (looping NCYC*NLIB/CYC times), and saves values of power and
time ofeach pass on MAS (see Sects. S2.2.3 and S2.2.4). SETDRG calls WRITRG to write the case interface

and then copies it onto MAS. (Later, the interface case is simply updated in each recycle pass.) Following the
tmeAeplatinn loops, SETDRG and WRITRO repeat the process (IPASS=2) with power and mass converted to
that of the assembly, as applied in the final case (Sect. S2.2.5). Note that concentrations during the
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;

i, !

i

.I <

.

j h ti@ library production cases are in atoms %za, which can be more easily updated a neutromes code
} j interfaces. h poneris converted ==milarly. Finally, the decay subcsse is prepared (Sect. S2.2.5). The call from ;

REDSAS to S2HDAT initiates the neutronics data prepromssor for the path B model (Sect. S2.4.5). i
;

: I

j S2.4.4 MASTER MIXING TABLE PROCESSOR l
i

j Routine Name: NIXNEW

lCalling Routine: STSAS2 viaNIXSUB,

4 ,

s

] Routines Called: NUCFLG, NEWMIX, NITIDS, NITEMP, NITDAT
i

1 ;

| Utility Routines: GETLIB, SHLIB,NUCFLG, STOCHK, WI |
i j
; Function: There is a twofold purpose for reprocessing the mixing table produced by the MaterialInformation (
i Processor. First, several trace m=* of=rwe are added to the fresh fuel, so that cross sections are produced |
j for all important nuclides (see Table S2.2.1). Second, since the moung table from input contams path-A and !
! path-B unit cell data and shippmg-cask data, NIXNEW separates the data for the separate problems. NIXNEW
3 calls NUCFLG to check the SCALE library before addmg new nuclides in the /FUELID/ list of Table S2.2.I.
;

From the new size, MSNEW, of the depletion case mixing table, it sets pointers used by NITXSD. NIXNEW !
} then: calls NEWMIX to expand the auxing table of the unit cell to include the trace nuclides; calls NITIDS to ;
j reords the ID array for NITAWL II when necessary; calls NITEMP to se temperature data for NITAWL-II; and,

finally, calls NITDAT for addmg r===re data for the trace nuclides applied by NITAWL-II.

i
|j' S.2.4.5 NEUTRONICS Path-B DATA PREPROCESSOR

i

| Routine Name: S2HDAT
:

{ calling Routine: STSAS2 via REDSAS
.

j Routines Called: BPMOCK, RDIS2H, RD2S2H, SETGEO, MTAB2H, S2HBON, S2HNIT, S2HXSD,
j S2HOUT

! Utility Routines: BALNCE, ERDX, GETLIB, INQOPN, LENWRT, SCALE Free-Form Readmg Routmes
i
; Function: This blod;ofroutmes controls the four main phases in data processing for the path-B portion of the

depletion model (i.e., the larger unit-cell computation). First, user input data are read in calls to RDIS2H (for
j level-1 or level-2 input) and RD2S2H (for level-2 or level-3 input). Second, S2HDAT prepares most of the

mnaining parameters for the neutronics codes through calls to BPMOCK,.SETGEO, and MTAB2H. The main
purpose of SETGEO is to stan6rdue goametry data of the wait cell from lower-input levels (0 and 1) to that read4

| with level-2. Most of the other data regered by neutromes modules are prepared into a more organized form by j
! MTAB2H. The optional call to MPMOCK is triggered if the input (BPRNUM) specified that only part of the !
: guide tubes contain burnable poison rods (BPRs). Then the mock-up geometry is derived by conserving mass, |

and a material balance table of BPRs is pnoted by BALNCE. The dormnant part of the process in MTAB2H
'

;

i

i NUREG/CR-0200,
j S2.4.3 Vol.1, Rev. 5 I

i
e

i

'
-. - - - - - - ,



. _ _ _

l

is the constrirten of all moang-table arrays for the larger unit cell. This step involves the storing or calculating
ofdata for arrays contammg ID numbers, nuxture numbers, atom densities, and temperatures of all nuclides in
the depletion analysis.

The pruming in MTAB2H includes various features that " smear" fuel zone densities, account for fuel
mnel with burnable poisons, store neutron pouon nuclides at the start of the nuxmg array (to obtain depleted
dmsities of these nuclides through a later call to DPOISB), compute approxunate estunates of Dancoff factors
through the call to SHELC (Sect. M7.3.8), set up NITAWL II input data for resonance nuclides, and generate
mesh intervals for XSDRNPM-S. W afandard intcaval size for a burnable poison zone (with no fuel) is set near

,

0.05 cm. All fuel zones use a 0.2-cm interval, while all re==ining zones use 0.08 cm. Inten als adjacent to zone )
boundaries are split into two intervals of equal size. These standard sizes are multiplied by the input factor |

FACMESH (see Table S2.5.1) when it is input.
'

The third control phase ofS2HDAT produces the neutronics code input data interfaces, on unit No. 70,
for the path-B model. This control phase is performed by S2HBON, S2HNIT, and S2HXSD. Note that for
level-3 input, the level-2 input preparation is simply overndden by any FIDAS-type array data input by level-3
rules (see Appendix A).

The fourth phase of S2HDAT is the printout of user input (non-FIDAS) through a call to S2HOUT.

S.2.4.6 SHIELDING ANALYSIS INPUT AND DATA PREPROCESSOR

Routine Name: SHIELD

Calling Routine: STSAS2

Routines Called: SHDATA, SHRITE, SHRHO, SHDRY, CELLWT, SHMIX, SHBON, SHRES, SHNIWR,
SHMESH, SHXSWR, WI, SCALE Free-Form Readmg Routines

Utility Routines: STOCHK, DENH20, UPDATE, NEWREC, SHLIB, WI, SHXI, EPSIG, GEPSIG,
BINRCX, ERROR, GETLIB, INQOPN, LENWRT

Function: h objective of this subroutme block is to set up, using initial data, the cell-weighted case (optionally
applied for the fuel cross sections in the fmal shielding analysis), and the fmal region geometry case applied to
analyze the shipping cask. Then, the only changes required in the pass to SAS2 before these cases are executed

are the final spent-fuel densities and neutron and gamma source data. In controlling the flow, SHIELD computes
pomters derived mamly from muung table sizes. SHIELD calls SHDATA to read and check the shipping cask
input data, including the geometry, control parameters, etc. The data are printed and volume fractions are
computed in SHRITE SHRHO returns atom densities of the water from FUNCTION DENH2O for the input
temperature and pressure in the cask,ifDENFM = 0 and DRYFUEL = NO (see Table S2.5.1). Then, CELLWT
makes the three code interfaces requaed for the cWIAng cell-weighted case by using the interfaces from the path-
A model depletion case and makmg the necessary changes in moderator nuclides, their densities, zone
teruiu.ae, and control parameters (e.g., for fixed source and cell-weighting). Moderator densities are either
DENH and DENO, from DENH20, or the input DENFM times the old reactor values. Allowance for sodium
(e.g., from LMFBRs)is provided only by using DENFM. Update copies of an interface are perfonned with calls
to UPDATE and NEWREC. CELLWT writes the interfaces for BONAMI-S, NITAWL-II and XSDRNPM-S
in the next positions on the master interface data set.
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!
SHIELD then calls acimms to pnpare the regica socmetry case. SHMIX pnpmes the muong table from '

arrays of the masser meang table (see Seet. S2.4.4). 'Ibe three nauticec codes can have lengths and ID nunbcss

(idenhfiers) in their muong tables that are different. The ids of the SCALE library me used in array NBl (45 1

data) and duplicate ids are ==Wiari in NBX (10$ data) of BONAMI-S. 'Iham, XBX, the density array, is the !
same fu BONAMI-S and XSDRNPM-S. Note that the size ofNBX is the sum of the number ofmaster library

i
nuchdes toquested by NITAEH (MMT) plus the product of the number ofcell weighted ==Iulas (NWT) times :
the number of zones contaming fuel. A counter, KOUNT, is incr==*arl for BONAMI S and XSDRNPM-S, >

whaons KOUNIN is used forNITAEH. Duplicate ids are avoided by addag MS (n==her ofcompositions I

forpath A unit cell) to the position value, or KOUNT. 'Ibc first MMT postions for NITAWL II (25 data) me
new muchdas of the cask, and the last MWT poenaans contain the same ids as in the cell-weighted case, wiuch

,

,

gives the required order for hbrary incrging. An appe=iainhan is apphed by using the fresh-fuel densities in !
;

! BONAMI-S. A segle tanpename of the cask is applied, in order to simplify input. Individual code parameters !of the shieldmg case are selected as desenbod in Sect. S2.2.8.
i

SHIELD calls SHRES to prepare - input dass forNITAWL II and calls SHMESH to produce
the mesh intervals for XSDRNPM-S (Sect. S2.2.9). 'Ibe cask sinaldag came data are written in the next positions
on the manier interface data set by: SHBON for BONAMI-S; SHNIWR for NITAWL-II; and SHXSWR for

L XSDRNPM-S. Data for XSDOSE are not written until a later pass in SAS2 (see Sect. S2.4.7).
!

S2.4.7 RECYCLE UPDATE PROCESSOR

Routine Name: NEXPAS

Calling Routine: RECYC via ALOCAT

Routines Called: PASNEW, CWTCYC, CASCYC, XSDOSE, FINXSD, NSOUR, SRCALC, DPOISB,
DPOISN,DPOISX, WRFT33

Utility Routines: STOCHK, UPDATE, NEWREC,NEWDEN, CWTDEN, IDXCIT, INQOPN, MOVMAS,
ENDNOW

F== eda =: 'Ihis subroutme blodc controls the flow during all passes into SAS2 after the first pass. 'Ibe method
used by SAS2 for managmg problem data is to set up a typical interface case for all functional module cases

!

,

dunng the first pass, to save the data on the master and supplementmy interface data sets. Then, during later i

SAS2 passes, the interface data sets are updated as necessary using data produced by the execution of earlier
,

cases. 'Ihis p****an or updatag process is the main function ofroutmes called by NEXPAS. Also, prior to I

cathng other routmos,NEXPAS wntes (in BCD) atom densities, source spectra and other data for each cycle on
unit No. 72. Dunng the passes pertamng to the production of tme cross sections (see Sect. S2.2.4), 1

the flow is duccted to PASNEW. 'Ihe paths taken for processing the path-A or path-B models of the depletion
analysis (see Fig. S2.2.1) are descrmined by the condition of WHICHP equaling FIRST or SECOND,
napamvely. These accool vanables me set in MAINS 2, winch is called by the entry routme, SAS2. NEWDEN |

supphes or agusts the auchde densees produced by ORIGEN-S. Burnable poison nuclide densities are obtamed
orprocessed by calls to DPOISB, DPOISN, and DPOISX. New mixmg-table densities are applied in producing
interfaces for BONAMI-S,NITAEII, XSDRNPM-S and ORIGEN-S. In the processing for path A, the " full"
densees produced by an ORIGEN-S depletion case are input to the neutrorucs codes. In the processing for path
B, these densities are reduced properly or " smeared" over the cell, with the exception of those for burnable ;

l
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9poisons (which must remain " full" densities, as input to the path-B case). Boron in the moderator is treated as
stated in Sect. S2.2.4. Proper unit numbers are changed for COUPLE and ORIGEN-S. The times and powers
of the cycle are read from MAS in NEXPAS. ORIGEN-S libraries produced in the previous pass through
COUPLE are consohdated into a final library by WRFT33.

In the pass to SAS2 following the completion of the depletion analysis, NEXPAS calls CWTCYC for
preprocessing the data from the optional chield;ag cell-weighted case. CWTCYC copies the BONAMI-S
inscrface fmm MAS, since it is not changed. Then, the spent-fuci densities are returned from CWTDEN and used

in wiring the updated NITAWL-II interface. Similarly, the XSDRNPM-S interface is updated. Source data are
read in FINXSD from the data sets produced by ORIGEN-S. The gamma source is converted from that of an
assembly to source per cm'. The neutron source is hiw from NSOUR and SRCALC (Sects. S2.2.7 and_

S2.4.8). Then the XSDRNPM-S interface is completed in FINXSD.
'Ihe final pass into SAS2 calls CASCYC and subroutme XSDOSE from NEXPAS. CASCYC produces

interfaces by copying them from MAS for BONAMI-S and NITAWL-II (since there is no new resonance
treatment for the cell-weighted fuel nuclides), and obtains daa<in and sources similar to that for the
cell-weigined case. The XSDRNPM-S interface is produced by CASCYC and FINXSD (with KASK-1, set to
denote the shipping cask case). Finally, subroutine XSDOSE produces the interface for the XSDOSE module
using default or input detector distances

S2.4.8 FORMATS OF MASTER INTERFACE AND SUPPLEMENTARY INTERFACE DATA SETS

Scratch data sets are applied to communicate data from one pass to another in SAS2. These sets are
called the master interface data set and the supplementary interface data set. Most of the information is in tlw
form of the data interface to one of the feinnal modules. It is either exactly the data as applied, or it has the
general structure so that new data (e.g., time dependent atom densities) may be easily substituted. In addition to
interface data, there are control parameters and variables in header records and the two last records. This
subsection lists the type of each record, or set of records, to assist in reading or modifying the code.

A. Header Records on Master Interface Data Set:

1. The header record containing JPL and JP plus a list of parameters in the commons /SASCM/,
/SASCM2/,/EXTRCM/ and /FRACIN/.

2. Powers and times applied by ORIGEN-S for each of the NSEG different time-dependent libraries
produced. There are NSEG records, NSEG=NCYC*NLIB/CYC, from input data.

B. Sets of Master Interface Data (By Code, Case Type):

1. BONAMI-S, depletion unit-cell of path-A model;

2. NITAWL-II, depletion unit-cell of path-A model;

3. XSDRNPM-S, depletion unit-cell of path-A model;

4. COUPLE, depletion library update;

5. ORIGEN-S, tune-dependentdepletiondensities;
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;p 6. ORiGEN.S,F Aldepletmoanddecaycase;
! d
| 7. BONAMI-S, cell-weightshieldunitcell;

| 8. NITAWL-II, cell-weight shield unit-cell;

9. XSDRNPM-S, cell-weightslueldunit< ell;

| 10. BONAMI-S, region geometry shipping cask;

!- 11. NITAWL-II, shippmg cask library merge;

12. XSDRNPM-S, region My shipping cask.

C. Final Records on Master Interface Data Set:

1. dose rate detector @- from shipping cask surface;'and

2. stuckhng library unit number, group sizes, fuel zone size, factor, and light element data.

D. Sets of Supplementary Interface Data (By Code, Case Type):

1. BONAMI-S, depletion unit cell ofpath B model;

2. NITAWL-II, depletion unit-cell of path-B model; and

3. XSDRNPM-S, depletion unit-cell ofpath B model.

The three sets are repeated for each of the NSEG libraries, ifMXFIPEATS-0 (see Table S2.5.1).

S2.4.9 UTILITY ROUTINES

Unhty ran=== apphed by SAS2, whdi ase not described above or in other SCALE sections, are brie 0y|

pic_=:M The labeled common /FUELID/ is also included.

CHARIN- Reads characters for " Halt," " Restart," and otlur features from "=SAS2" card.

COPYNX- Copas code interface data, with nunor updatmg, to MAS for BONAMI S, NITAWL-II and
XSDRNPM-S.

ENDNOW- Prints STOP 0 when " Halt" feature invoked, writing restart data on unit No. 55.

!

ERDX- Prints level 3 input errormessages.
!;

'

ERROR- Calls STOP and prmts STOP 100, when an error occurs
!

! !
'

I

!
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FINDID - Converts SCALE ID to ORIGEN-S ID and library type No.

/FUELID/- ' Ibis is a COMMON that is initiahzed in a BLOCK DATA routine. It contains the list of |

nuclides which SAS2 always inputs in trace quantities (1 x 10-2o toms /b-cm) when not Ia

input by user. The nuclide list is '"Xe, ""Cs,2ng, 2ng, 2ng, 2mg, 25'Np, 2"Pu, 2"Pu,
2*Pu,2*Pu,2*Pu,2*Am,2""Am,2"Am,2cCm,2cCm,244Cm, and the 1/v absorber. The
1/v absorber is used to calculate the THERM parameter applied in ORIGEN-S
(Sects. F6.2.1 and F7.6.12, and Eqs. F6.2.7, F6.2.8, and F7.6.13).

GEPSIG- Computes 1/L, in Eq. (S2.2.2) for mesh generator.

GETLIB- Converts input library name to appropriate output unit number (see Table M4.1.1 of
Sect. M4).

IDSET- Reduces SCALE neutron cross-section library to include only the nuclides for the case,
through a call to SHORTX (Sect. M7.3).

IDXCIT- Computes ID for excited-state nuclides in ORIGEN-S.

INQOPN- Opens a file via OPNFIL, when INQUIRE finds the file not opened.

LENWRT- Writes the array allocation size data in the -lSS record on binary interfaces to functioni
modules,ifneeded.

MOVMAS - Reads to start of current cycle interface data on MAS 2 for path-B model PASNEW
processing, if MXREPEATS4 (see Table S2.5.1).

NEWREC- Writes and possibly edits one pair of code interface records.

SHLIB - Reads number of energy groups and nuclide ID numbers of a SCALE " master" library.

STOCHK- Compares total array size used with that allocated. If within 400 words, prints message.
Iffull, calls ERROR to stop.

SHXI- Deternunes scattermg power of nuclide for preprocessing of resonance data by subroutine
SHRES.

UPDATE- Copies standard interface formatted data until the array identifier, IA, and data entry
number, IBGN, are found. Only reads the record pair requested. Usually, the calling
routine updates the record pair with NEWREC, BINRCX or BINRCF. When the output
unit number is zero, the routme simplyreads or skips to the proper record. The routine also
returns after readmg a negative identifier since this signals the end of a code interface.
Thus, a complete code interface, excluding the single record of title for XSDRNPM-S, is
skipped by requestmg an identifier -1 (or -9 as usually sent by SAS2).

WI/WJ - Debug type edit of: name, array size, and array. WI is fo- floating-point data and WJ is for
integers. Used in HALTXX case.
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,

)

;
WRFLUX- Sets the " flux guess" array to 1 and wntes the " flux guess" and " moments" array.

WRTBY1 -
Writes pair ofinterface records for all nt==ro parameters in data list, L, for array
idmhbr,IA. This is simdar to specifying all data with an Ai in FIDO (see Sect. M10), ;
where i dmotes the ith catry. This method allows the use of UPDATE more effectively.

,

'

S2.4.10 SUBROUTINE REFERENCEINDEX
!

The refesence abces to subramnes wnste for SAS2 or duectly caBod in the new SAS2 coding are given!
bekm.1he Amesinns afother subrouunes (e.g., those applied by KNIGHT) are presented in Sects. M7.3.1 and

| M7.3.2. The conventions and applicarians of Free-Form Reading Routmes are given in Sect. M3.
;

,

| Name Si h W W orAaa M
|l ALOCAT M2.2.I, S2.4.1, S2.4.2, S2.4.7 l

| AREAD M2.2.3, M7.3, S2.4.3, S2.4.5, S2.4.6 !
BINRCF M7.3, S2.4.2, S2.4.3 l

BINRCX ' M7.3, S2.4.2, S2.4.3, S2.4.6
CASCYC S2.4.7

j CELLWT S2.4.6
| CHARIN S2.4.1, S2.4.9

COPYNX . S2.4.3, S2.4.9
CWTCYC S2.4.7

i

CWTDEN S2.4.7
DENH2O S2.4.6, Ref. 21
DPOISB S2.4.5, S2.4.7

i DPOISN S2.4.7
DPOISX S2.4.7
ENDNOW S2.4.1, S2.4.7, S2.4.9
EPSIG C4.3.3, M7.3, S2.4.2, S2.4.6
ERDX S2.4.9
ERROR S2.4.9, S2.4.1-S2.4.8
FINDID S2.4.2, S2.4.9
FINXSD S2.4.7
FREAD M2.2.32, M3.3, S2.4.3, S2.4.5, S2.4.6

! GEPSIG S2.4.6, S2.4.9
L GETLIB S2.4.2, S2.4.4, S2.4.5, S2.4.6, S2.4.9

GETMS C4.3.2, S2.4.1
|

| IDSET S2.4.1, S2.4.9 '

IDXCIT S2.4.2, S2.4.5, S2.4.7, S2.4.9
INQOPN S2.4.2, S2.4.5, S2.4.6, S2.4.7, S2.4.9 ;
IREAD M2.2.40, M3.3, S2.4.3, S2.4.5, S2.4.6
KNIGHT M7.3, C4.3.3, S2.4.2
LENWRT S2.4.3, S2.4.5, S2.4.6, S2.4.9

i LREAD M2.2.48, M3.3, S2.4.5
MAINS 2 S2.4.1
MESAGE M2.2.49, S2.4.2
MOVMAS S2.4.7, S2.4.9

,

|
.
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MTAB2H S2.4.5
NEWDEN S2.4.7
NEWMIX S2.4.4
NEWREC S2.4.5, S2.4.6, S2.4.7, S2.4.9 )
NEXPAS S2.4.1, S2.4.7
NITDAT S2.4.4
NITEMP S2.4.4
NITIDS S2.4.4
NITXSD S2.4.2
NIXNEW S2.4.2, S2.4.4
NIXSUB S2.4.2, S2.4.4
NUCFLG S2.4.4
OPNFIL C4.3.2, S2.4.1, S2.4.9
PASNEW S2.4.7
RDIS2H S2.4.5
RD2S2H S2.4.5
RECYC S2.4.1, S2.4.7
REDSAS S2.4.2, S2.4.3
RESETM C4.3.2, S2.4.1
SAPREP S2.4.1, S2.4.2
SAS2 S2.4.1
SCANON M2.2.61, M3.3, S2.4.3
SETDCO S2.4.3
SETDRG S2.4.2, S2.4.3
SETGEO S2.4.5
SETPRG S2.4.2, S2.4.3
SHBON S2.4.6
SHDATA S2.4.6
SHDRY S2.4.6
SHIELD S2.4.2, S2.4.6
SHLIB S2.4.4, S2.4.6, S2.4.9
SHMESH S2.4.6
SHMIX S2.4.6
SHNIWR S2.4.6
SHORTX M7.3, S2.4.9

| SHRES S2.4.6
; SHRHO S2.4.6

SHRITE S2.4.6
SHXI S2.4.6, S2.4.9
SHXSWR S2.4.6
STOCHK S2.4.2, S2.4.4, S2.4.6, S2.4.7, S2.4.9
STOP M2.2.63, S2.4
STSAS2 S2.4.1,S2.4.2,S2.4.3,S2.4.4,52.4.6
S2HBON S2.4.5
S2HDAT S2.4.2, S2.4.5
S2HNIT S2.4.5
S2HOUT S2.4.5
S2HXSD S2.4.5
UPDATE S2.4.2, S2.4.3, S2.4.6, S2.4.7, S2.4.9
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VOUB M7.3, C4.3.3, S2.4.2
WI . S2.4.2, S2.4.4, S2.4.6, S2.4.9

|

,

WJ S2.4.9 '

WRFLUX S2.4.3, S2.4.9
WRITRG S2.4.3
WRTBY1 S2.4.3, S2.4.9
XSDOSE S2.4.7

,
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|
|
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S2.5 INPUT DATA DESCRIPTION

| The user prepares SAS2 input by followmg the SAS2 input data requirements table in this section.
Vanous free-form input features are reviewed to assist new users of SCALE control modules. A brief outhne
of allimps data is give. "Ihe input descnption is presented by a st=nmary-type format in the input requirements
table. However, prior to the table, a chamanian on ccatain meamngs and use of the table is presented. Following
the table, data ac';< are jwM for clanfying detads of the desenption and denotang particular exceptions to
the definitions. baally, a " Halt" and " Restart" feature and other major supplemental options are dcscibed.

'Ibe user f===har with the SCALE-3 vcsinon of SAS2 may note the additions to input resulting from the
change to the SAS2H =arial In practice, the amount of the additional data depends largely upon the type of fuel
assembly modeled. Usually either short or no input additions are requimd for PWR control rod assemblies.;

There may be sigmficant input additions, however, for BWR or PWR burnable poison assemblies.

|

S2.5.1 REVIEW OF FREE-FORM INPUT FEATURES

All 80 colurnas of a card (or card-image record or line) may be used.

A data entry, numenc or alphanumenc, may be entered anywhere on the line, but without disiding the
entrybetween twolines.

Numencal data must be followed immediately by a comma or one or more blanks.

Alphanummcal data must be followed by two blanks or an equal sign (=). Sanwin= alphanumerical
data may be followed by one blank in place of two (e.g., after entries for EL in Table S2.5.1) and within the data
following the requirements of CSAS4. Even though some users may prefer to correctly apply one blank, the
"two-blank rule" is the general convention of SAS2, and always produces correct results.;

l Montag-pomt data may be entered in various forms (e.g., the value 12340.0 may be entered as: 12340,
'

12340.0,1.234+4,1.234E+4,1.234E4,1.234E04, or with exponent indicator D replacing E). (Also 0.012 may
be 12-3,1.2-2, etc.)

Ca===* lines may be added to the input by using an apostrophe (') in column one and followed by a
j comment in the other 79 columns. These lines may appear anywhere (before or after any of the data entries in
| the input) except the positions just prior to a title line or a module activator line (e.g., -SAS2H).
! Other features are presented in Sect. M3.
l

!
! S2.5.2 OUTLINE OFINPUT DATA

1. Reactor Material and Lattace Data
| A. Title, Library, and I attw-Type
| B. MaterialCompositions
i 1. Fuel-Pin Cell
! 2. OtherPin Cellor Guide Tube Cell

3. FuelElement Casing
4. Channel Moderator
5. Shipping Cask

C. Fuel-AssemblyUnit-CellGeometry

i

NUREG/CR-0200,
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i
i

I

II. Reactor History Data and Larger Unit Cell Geometry
,

A. Fuel-AssemblyParameters
B. LargerUnit-CellGeometry
C. PowerandModeratorHistory

III. Shipping-Cask System Data
A. LibraryandCaskParameters
B. Shipping Cask Geometry

1 DetectorPositions(Optional)
2. ;'oneDescription 1

3. Fuel-Assemblies / Fuel-Zone

S2.5.3 USE OFIN5 J2' DATA REQUIREMENT TABLES

Before preparing input, the user should read Sects. S2.1 and S2.2. The input requirements are presented )
in Table S2.5.1. h icA-hand column of the table gives the data block reference number, which is not an input
entry. The next column of the table lists the variable name or keyword of the entry, and the remainder of each
line defines the vmiable and gives useful comments. Sometimes the name is only for reference purposes and for !

denoting either integer (I, J, K, L, M, and N as first character) or floating-point data (unless specified in
comments). Some of the variable names and keywords must be entered as part of the input data. These required
cntnes are denoted by an astmsk. The variable names may be reduced to the first four left-hand characters plus
the equal sign, if the user prefers that they be more concise than descriptive. If additional characters we added
to the first four, a name may not exceed 12 characters before the "=." Variable names without an asterisk should
not be entered.

The input description is divided into separate blocks of data, which are included between consecutive

hanzcmtal dashed lines. The first entry of a block of data must begin on a new line. Additional entries may be !

entered on the same line. When the block ends with the keyword END, the next entry must be on a new line.
Except for the module activator (e.g., =SAS2H) and the title line, more than one line is permitted per block. |
Examples are sometmes shown after the block of data.

The gmeral .prvech applied in SAS2 is to use the MatenalInformation Processor of SCALE in readmg
all data through data block 6 (under I in the outline of Sect. S2.5.2). Except as noted in Table S2.5.1, any
appropnate opton listed in Table M7.4.3 and described in Sect. M7.4 is permitted in SAS2 also. For example,
arbitrary materials could be iww~i in the material data. These data blocks include all data for the initial case

~~w~i by the neutronics codes ewept for trace nuclides (see Table S2.2.1) which are added automatically by
SAS2. Additionally, the ' Standard Composition block includes all material descriptions for the shipping cask
except for the spent fuel compositions and cask coolant densities in the fuel zone. The multiple application of .

fthe Standard Composition block requires the fixed specifications of certam mixture numbers as shown (i.e.,
MX s 3 for the fuel pin nuxtures). Also, the volume used in computing the volume fractions, VF, of components i

in spent fuel zones should total the zone volume minus the total number of pins in the fuel zone I

(FUELBNDL*NPIN/ASSM) times the unitel volume. Any extra water in the assembly (e g., lattice " holes")
(see Sect. S2.3.1) should be part of the additional components in spent fuel renes (see Data Note A in
Sect. S2.5.4).

Any data entry cr-hi in the table is always required unless a condition for its omission or " optional"
is stated in the comments. When the entry may be omitted, a default value is supplied by the code, usually the
value is shown in parentheses at the end of the comments. The only exceptions to this method are the defaults
computed by equations listed in Data Note B for INPLEVEL-0.

NUREG/CR-0200,
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i
Table S2.5.1 SAS2 input data requimnents

Data Name or
block keyword

Definitions, comments, and examples

1 -SAS2'
(or =SAS2H as an alias name) Module activator, column 1. See Halt

_ .. ...___ Feature _and other QRM=_ parameters in Sect. S2.5.6_____,___

,
_ __

2______,T_I_T_I:3________,,, An__8_0h3_ title.__(P,, rints_only72 in XSDR}iPM _SJ________
LIB

Name of SCALE library to be used in reactor analy sis:
44GROUPNDF5 (m-- vA~f); 27BURNUPLIB (next altemative);3
27GROUPNDF4; 238GROUPNDF5; HANSEN-ROACH; or for any
other nam: the code uses library on unit number 70. See Sect. M4 for
more information on available libraries

GE Reactor lattice type. SAS2 always requires LATTICECELL

Example: 44GROUPNDF5 LATTICECELL ___, , _

___ _ _ _ _

(Formore details, see Data Note A.)
SC

Component name from Standard Composition Library (see Table
MS.2.!). (For input of arbitrary materials, see Table M7.4.5.)MX
Mixture number of SC. MXs3 ifpin-cell; MX24 ifcask or larger unit-
cellmixture

DEN =*
Dcasity of the standard composition (optional), g/cm'

VF
Densitymultiplier. Set tozeroifusing ADEN. MayomitifENDis
next(1)f ADEN Atomdensity, atoms / barn-cm. EnteronlyifVF=0'

4 TEMP
Temperature, K, applied only ifMX s 3 or iflarger unit-cell mixture
MayomitifENDis next(293)

IZA
SCALE ZA number. Omit if VF=0. Use only for multiple isotope
elements in Table M8.4.1

WTP Wt % for IZA. Repeat IZA-WTP pairs for 100% sum
END* End of this SC data. Repeat for all SC of case

Examples: UO2 10.941000 92235 3.192238 96.9 END
FE 4 0 4.2-3 END
SS304 6END

END COMP * Ends entire material data input. See Data Note A and Table M7.4.5 for
moreinformation

. - - - - - - - - - - - - .-- _.. . --. . --_ .- --
_
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Table S2.5.1 (continued)

Data Name or
block keyword Defmitions, comments, and examples

CPT Type of fuel lattice: SQUAREPITCH, TRIA13 DITCH, or
SYMMSLABCELL only allowedin SAS2

PITCH Center-to-center spacing between fuel pins or fuel slabs, cm
FUELOD Outside diameter of fuel in pin or fuel thickness in slab, cm
MFUEL Mixture number of fuel. Always enter 1 in SAS2
MMOD Moderator mixture number. Always 3 in SAS2

5 CLADOD Clad outside diameter ofrod or distance between outer clad surfaces of
slab,cm. There must be SC for clad.

MCLAD Clad nuxture number. Always 2 in SAS2
CLADID Clad inside diameter ofrod or distance between inner clad surfaces of

slab, cm. Omit this and next entry if no gap.
MGAP Gap mixture number,ifgap. Always 0 in SAS2
END* End of reactor-lattice. See Data Note A and Table M7.4.7 for more

information
Example: SQUAREPITCH 1.5 0.94 1 3 1.06 2 END

__ .__ ._____. __ .__. __ _______ .......__.. ...._________..__.

MORE DATA * Optional data for XSDRNPM cases run during depiction analysis Entries
may be in any order

SZF=* Spatial mesh factor. SZF: <1 for finer; >l for coarser mesh (1)
ISN=* Order of angular quadrature (8)
IIM=* Maximum number ofinner iterations (20)

6 ICM * Maximum number of outer iterations (25)
EPS=* Overall convergence criteria (0.0001)
PTC=* Scalar flux point convergence (0.0001)
IUS=* IUS=:1, upscatter scaling to speed convergence; 0, not scaled (0)
END* End of option. See Table M7.4.9 and accompanying description for

additional options and more detailed information
Example, MORE DATA ISN=16 SZF=0.9 END__________...______. . _______

i

|
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Table S2.5.1 (r=h=ad) {
Data Name or

{
l .b_ lock,,_,k,egwgrd,,,,, ,,,,,,,,Defmipons ,camnents, and,examp,les,,,,,,,,,,,,,,,,,3, _ _ , , _

,,

*

(The fast seven of the followmg may be in any order. See Data Note B !
for diernanian ) {NPIN/ASSM * Nanbar of fuel-rods / assembly; control rods not included; j
bumable-poison fuelrodsincluded

iFUEL.NGTH=* Activelength of fuelinrods,cm
!

NCYCLES=* Number of cycles =-yes; naa-aaly ==her of years (3) :NLIB/CYC=* Numberoflibraries madepucycle(1) !

LIGHTEL=* Number oflight ain==anta in clad and mesesnhly input in Data Block 10,

! PRINTLEVEL=* Print level (integer) rW See Data Note C (4) ;
i (Omit the r=namdar of this block and Data Block 8, ifINPLEVEL-0 or !
| PARM-OLDSAS2.) (

VOLFUELTOT=* ' Total volume of the fuel (MX-1) in the entire assembly or quantity to
|which POWER applies, cm'. Always apphed ifnon-zero. Do not enter
!

for cyhndrical fuel rods. Always enter for slab-lattice See Data Note B
( for d>=ra=== of slab. (0,0) )
! INPLEVEL=* Inputlevelofdata below(0) !l

NUMHOLES=* Number ofsace=d type pins or " holes"/ assembly
Requuod onlyifINPLEVEL=1

;
i NUMINSTR=* Number ofinstrument tubes /anaamhly (1). Required only if .

| INPLEVEL-1
|MXTUBE=* Mixture number of guide tube (2). Reqmrod only ifINPLEVEL=1

ORTUBE=* Outside radius of guide tube, cm. Required only ifINPLEVEL-1
|

,

SRTUBE=* Inside (small) radius of guide tube, cm. Required only ifINPLEVEL=1 ;
'

7 ASMPITCH=* Pitch between assemblies, cm. Required onlyifINPLEVEL-1 |
NUMZTOTAL=* Number of zones in describing larger cell. Requred only ifINPLEVEL=2 1

; or 3 |

! MXREPEATS=* =0/1; MIXES and RADIUS roquaed: for each library madelonly once
| (1). Requaed onlyifINPLEVEL-2 or 3

{
i

| MIXMOD=* Mixture number of moderator (3). Required only ifINPLEVEL-2 or 3'

BPRNUM=* Array data of number of burnable poison rods (BPRs) per assembly for
each library segment of the NCYCLES*NLIB/CYC libraries. (First entry
applies to first segment of fast cycle, etc.) Not reqmrod if no BPRs or if
all guide tubes contam BPRs. May omit fmal zeroes in the array. See
next entry. Never required unless INPLEVEL=2 or 3. See Data Note F
for discussion ofBPRs.

GTHOLENUM=* Number of guide tubes without BPRs per assembly in first cycle of case.
The ==her of guide tubes without BPRs for the remaming cycles is
known implicitly by the total number ofguide tubes minus BPRNUM.
May include if BPRNUM is input or let code er-ae it. Never requued
unlema INPLEVEL=2 or 3. See Data Note F.

FACMESH=* Mesh size factor: Interval size = (default size)(FACMESH) is applied
(1.0). RequredifINPLEVEL-2 or 3

LIMINTGEO=* Upper limit to the number of geometry intervals, after the default interval
'

sizes and FACMESH are applied. If this value is ~W FACMESH
is increased to where LIMINTGEO is not cyraadad (200). Required only.

} ifINPLEVEL=2 or3.
i END* End ofINPLEVEL scalar constants, required ifINPLEVEIA0

| See Appendix S2.A, which gives additional input, for INPLEVEL-3

, ___ . . ... _ ..
. ...... . .

,
.
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Table S2.5.1 (continued)

Data Name or
block keyword Dermitions, comments, and examples

1

8 (Repeat the following, as pairs of data, NUMZTOTAL
(Enter times.)
NCYCLES* MD S Mixture number of path-B zone, inner zone first. The
NLIB/CYC next pair of data applies to the adjacent zone, etc. Use
times if 500 for the fuel zone, composed of densities of the
MXREPEATS=0) homogenimi path-A unit cell computed by code. Use

auxture numbers 50 to 59, inclusive, for additional fuel
zoaes. RequiredifINPLEVEL = 2 or 3

RADIUS Outer radius of zone; ascending order, em
Example: 31.3 21.4 3 1.7 500 5.197

56.178.25012.6 7 16.1 500 22.2 6 30.1
____ .____.__ . . .._- . ______________..___.. ... ... _ _ _.

Enter the following set for each cycle or NCYCLES times.
Entries may be in any order, except for "END." See Data
Note B

POWER =* Average power (megawatts) of either the assembly, an
extended assembly increased to FUELNGTH, or the total

fuelvolume(if VOLFUELTOT > 0.0)
BURN =* Fuel irradiation period ofreactor, d
DOWN=* Downtime, d, following BURN; except for last cycle

9 where it is cooling time of spent fuel used in cask analpis
BFRAC=* Fraction of first-cycle baron density (from Data Block 4)

for this cycle (1)
H2OFRAC=* Fraction of first-cycle H O density for this cgle. Note,2

"O" m H20 FRAC is aletter(1)
TEMKCYC * Temperature of all nuclides this cycle, K. Defaults to

Stendard Composition value
END* Requiredif anyentryomitted

Example: POWER-15.2 BURN =330 DOWN=35.25
END

.. .__.___-._-__.--___ ______--__-_-____ -- .__. . . ___.__ _ _.

(Repeat the following LIGHTEL times, if LIGHTEL > 0)
10 Chemical symbol of element for which gamma source is to
(Enter EL be included and (n,y) Q-value/ fission applied
LIGHTEL Effective weight / assembly, kg. See Data Note D
times) WTLITE Example: FE 6.2 CO 0.04 ZR 100

__ _____ - ______.-_-_________________ . ..._____ ___.

NUREG/CR-0200,
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Table S2.5.1 (contmuod)

Data Name or
block keyword Dermitions, comments, and "=-i-les

1

IALIB Name of SCALE library used for cask shielding |
analysis. 27N 18 COUPLE; 22N-18 COUPLE; or;

!
lSGROUPGAMMA, or those listed for LIB

j!

(The followmg entries may be in eny order.)
iTEMPCASK * Cask temperature, used for all mixtures, K. Replaces
,

TEMP in standard rampr=tum data for cask cases '

NUMZONES=*
! Number of matmal zones in cask (i.e., number of radii,
,

R)
DRYFUEL * Enter YES (ifdry,i.e., no H O) to denote removal of2

11
l

fuel zone water derived from the marierator mixture,
i

MX-3. Default ofNO is for flooded cask. Follow with
twoormoreblanks (NO)

DETECTORS =* Number (integer) of dose detector locations. Limit of
30. If zero, locations are 0,1,2, and 4 m from cask
surface in midplane. If 20, ANSI s+Jmdard dose

conversion factors are used. If<0, other factors,
possibly, are used (see Data Note F) (0)

END Required only if one of the above entnes is omitted

Fr== ale: 27N 18 COUPLE TEMPCASK-300
g NUMZONES=6 END

-- ..______._____. ______ ______________________________________ _____.

12 (DETECTORS numberofentries. Omit,if
| DETECTORS =0)
i (Enter DTEC Surface-to-detector distance, cm
! DETECTORS Example: 0 34.5 100 500

tinrs)
__________________ --_ ____..__________________ ______________.

13 (Repeat pair of entries NUMZONES times. See Data
!

(Enter MXZ Note E.) Zone mixture number; applies all SC of Data !

NUMZONES Block 4,where MX-MXZ !
times) R Radius of zone,cm '

Example: 424.5 624.8 550.2 650.4 760.8 661
3

:

i

i i

! l

'

,

;

{
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Table S2.5.1 (continued)

Data Nam or
b, lock ,,,,,, keywoj,d,,,,,,,,,,,,__,,,,,,,,Definitionsganments_, and,,cxamples

, _

(Repeat pair of entries for each fuel zone; limit of 5)
14 ZONE =* Zone number of fuel zone, or position of MXZ-R pair

(Enter for FUELBNDL=* Number of spent fuel assemblies in zone. See Data Note

each fuel zone) E
Example: ZONE =1 FUELBNDL-1 ZONE =3
FUELBNDL-5

-- .

(Enter, if required, or for changing defaults; in any order)
PRESSURE =* Cask water pressure, psia, for deriving densities. Either

this or next entry required if DRYFUEL-NO (14.696)
DENFM=* Ratio of coolant density to that of the same moderator in

reactor case. Always required in treatmg sodium
(In entries below, x=C or x=S. The entry applies to
XSDRNPM-S in the cell weight case if x=C, and for
XSDRNPM S in the shipping cask case if x-S)

15 SZFCASK * Mesh size factor: Interval size =(default size) x
(SZFCASK)is rpplied(1.0)

ISNx=* Order of angular quadrature (8 for ISNC,16 for ISNS) .

ICMx=* Maximum number of outer iterations (25)
EPSx=* Overall convergence criteria (0.0001)
PTCx=* Scalar flux point convergence (0.0001)
ICMx=* Maximum number of outer iterations (25)
ITMx=* Maximum computer (CPU) time allowed in

XSDRNPM S, min. (defaults: 10,ifx=C; 30,if x=S)
END* Required if all of the above entries are omitted Otherwise,

it is optional. Starts after column one

16 END* End of SAS2 module data. Starts in column one. A new
SCALE case may follow

* Word, words or name (including =), which must be part of data entry. Requires only first four characters
ofnames
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!

:

!
!

At the time of the present writing, the 123-group SCALE library, wiuch may be specified by LIB, j
=dmins incomplete data for appkahan by SAS2. It is recpured that Duxes (MT=1099) be added for properly ;

weightmg the library dunng the energy collapse with XSDRNPM-S. j

i

|
S2.5.4IMPORTANT DATA NOTES

The usar cicpenenced in applying SAS2 or otha SCALE control marhales ray find that Table S2.5.1 is !
sufficient for most cases. However, since some defimtens or ===== = in the table could be subject to !

meerpretation or may have an unusual ~W the follomag data notes are included. ;

i
'

S2.5.4.1 Note A,MaterialandImtsieeInput

Data Blocks 2-6 provide input to the Material Informahan Processor as described in Sect. M7.4.
Iim.w, the input and desenption in Table S2.5.1 is significantly reduced from that shown in Table M7.4.3.
'Ihe use should refer to Table M7.4.5 to augment Table S2.5.1 if an arbitrary material (one for which a standard ;

composition is not available) is needed in the mixture specificatian Also, the MORE DATA data block of i

Table S2.5.1 does not list all the optional parameters allowed by the Material Information Prw, however,
it does list all the ones that are the most important to typical LWR designs. The recommended library to use for i

most LWR cases is denoted by 44GROUPNDF5. Finally, the restnction of SAS2 applicability to ;

LATTICECELL geometnes limits the necessary input description. The following informatmo in this Data Note !

ymWds; additional informaten to help the user better understand the Mate:ial Information Pracessor input as |
required by the SAS2 controlmodule. !

As in other control modules of the SCALE system (e.g., Sect. C4) material def' itions are input as !m
" standard composition spaci& atma data." Each mixture of a meterial zone includes all standard composition !
mnpanets, SC, having the same value ofMX. All standard composition input names (e.g., UO2, U-235, H20, i

or ZlRCALIDY), their theoretical denetwa, the master libranes on which they are included, and other significant |
data are available to the user in Table M8.2.1 (see 'Ihe Standard Composition Library, Sect. M8). The code i
ignores nuclides that are not on the SCALE master library and alerts the user in a nonfatal warning message. |
When there is no entry for DEN, ADEN, or IZA and an arbitrary material is not being requested, the nuclide i

composition densities are derived from VF times the theoretical density included in the standard composition i
library. Pairs ofIZA and WTP are entered only when the desired isotopic distribution is different from the ;

natural isotopic distribwaan ofTable M8.4.1. Note the sum of all WTP input must equal 100%. The theoretical
density in the Standard Composition Library (see Table M8.2.1) may be replaced by input of DEN = value, i

entered between MX and VF. Then the matenal density used is DEN *VF. !
In order to apply the total matenal description to both the depletion calculation of the r:. actor and the !

shipping cask shielding analysis, it is na==ary to restrict mixtures 1-3 (MXs3) to the anaembly pin-cell
depletion cases. Specifically, the user should apply MX=1 for the fuel mixture, MX=2 for the pin-clad, and i

MX-3 for the moderator nuxture Since all nuclides that are generated dunng the irradiatiari penod and have :

sigmficant effects upon the probican should be included in the neutrome analysis portion of SAS2 (to ensure the
]currait s,, i..- calculation), the code =damatic=Uy introduces the most important nuclides in trace amounts i

!(10 2o toms /b<:m) to the fuel nuxture MX=1 if they are not already input by the user. These automaticallya

supphed michden must be on the mestarlibrary and in the list for /FUELID/ (see Sect. 52.4.9 and Table S2.2.1).
Other auchdes may be input by the use by entenng SC (e.g., TH-232) and also MX-1, VF=0, and ADEN=1-20.

Other mixture numbers (MXa4) apply to either the larger unit cell of tise SAS2H model or the
muhuespan geometry sluppeg cask case. The user may refer to Fig. S2.2.2 and Data Note B for details of how
the auxture numbers of the larger unit cell are applied in the complete cell description. This more complex
geometry repnsents the fuel mese-hly coupled with the spider assembly contammg either guide tubes, bumable.
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poison pins, or rods of some other type. Also, channel moderator (between assemblies) and the casing or housing
enclosing the assembly in some designs, require mixture numbers. In particular, mixtures (other than 2,3, or
500) specified by MXTUBE, MIXMOD, or MIXES, in Data Blocks 7-8 require standard composition
specifications for the nuxture

Since part of the light eksnents (e.g., clad demena or alloys) are not depleted by SAS2 during the library
production of the burnup analysis, the following special selection conditions are used to determme which
light-element nachdes are =*ahta for depletion in ORIGEN-S during the library production portion of SAS2.

1. The ligP-element nuclide must be input as a standard-composition (SC) isotope, instead of an element
cr an alby. WTP catnes change ekments appropriately to isotopes Refer to Table M8.2.1 in Sect. M8
to desmnine ifa standard composition is a SC isotope It must represent a single nuclide whose numeric
IDis not a multiple of1000.

2. The nuclide der.:;ity must be at least 10* atoms /b-cm.

3. The mixture number, MX, partly controls its selection. Only the fuel-zone (MX-1) and the clad-zone
(MX-2) nuclides, except for 'H and "O, are depleted in nuxtures of the fuel-pin case. This excludes
nuchdes in the moderator (i.e., MX-3). In the larger unit-cell case, in addition to the fuel-zone nuclides,
any other light-element nuclides for which Z<84 (where Z is the atomic number) and 4sMXs10 are
acceptable for depletion.

4. When a nuchde appears more than once in nonfuel zones of the larger unit cell, the one with the largest
acceptable mixture numberis used.

5. When a rww is acxxptable to both the larger unit cell and the fuel pin cell, the one with the larger mass
per assembly calculated by the code is used.

|

Be light elements selected by the above criteia are included in the ORIGEN-S case of each pass, and
the depleted number densities are used in the neutronics codes to update the cross-section libraries. The effect

that otherlight elements have on the ORIGEN-S input power-to flux conversion is considered by including the
light,iceus input in Data Block 10 (and not selected by the above criteria). If a light-element nuclide is being

,

'

depleted in accordance with the above criteria and it is not included in the data associated with Data Block 10,
the densities input for the neutromes codes are converted to the weight per assembly for use in the final assembly
depletion computation by ORIGEN.S. Also, if the nuxture in which the nuclide is teing depleted in the library
passes is not the only material contammg the nuclide, the correct total quantity of the nuclide may be depleted
in the final ORIGEN-S case by including it in Data Block 10. (Also, see Data Note D on light elements of fuel
assembly.)

ne above rules prevent neutron depletion from being computed for moderator (MX-3) boron which is
changed by input and/or linear intapolation (see Sect. S2.2.4). The moderator boron input in the standard
composition specification should be the average (midpoint) boron for the first irradiation cycle. Over a cycle
irradiation time (input as BURN entry in Data Block 9), a linear interpolation (assuming 1.9 times the average
initially and 0.1 times the average at the end) is used to detmnine the appropriate boron level (at the midtime
betweenlibranes)ifmuluple libranes per cycle are requested (NLIB/CYC of Data Block 7). Avange moderator
baron levels for later cycles are set by entering BFRAC in Data Block 9. This entry value is used in each cycle
to multiply the first-cycle boron level to obtain the correct average boron.

As stated above, nuxtures denoted by MX24 pertam to either the larger unit cell or materials to be used

in the shipping cask analysis. Three of the materials in the shipping cask are not input as standard composition

; NUREG/CR-0200,
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. data of Data Block 4. 'Ihey are (1) the spent fuel matmal, wiuch is computed and applied by the code; (2) the!

.

{ clad, which is derwed from tin code for each fuel zone; and (3) the shipping cask coolant (or part of the coolant,
j at least, as explained below), wluch is derived from oths input data. These three mataials are part of that :

carwamad in a cask fuel zone (see Data Note E).
a

!
i For each sluppmg cask fuel zone, a unique mixture munher must be available to identify the extraj

matmal to be added to the zone for the shieldmg analysis 'Ihe extra mataial mixture identiGad for a fuel zone
,

is combmed with the spent fuel nuxture and then the total mixture (spent fuel plus extra material) is idantiGad
:

!
in the code with the unique " extra matenal" nurture n=nhar input by the uscr. For K fuel zones, the extra
matenel nuxture numives must be MX=3+k, k=1, K. Nonfuel amnes then must have mixture numbers MX>3+K., ,

;
i If no extra matenal is desired for a fuel zone, the use should supply a danmy mixture with VF=0 and I

ADEN=1-20 to be used in the MXZ cetry of Data Block 13 for the fuel zone.;

;} Extra matenal to be included in a shipping cask fuel zone is desammad with the same methods as used
j

for othamatmals Its zone-averaged atom densay may be amtered in ADEN, or, if an element or compound is
,

at full theonocal denty, its vohane fracean in the zone may be entesed in VF. Otherwise, VF = (fraction of the )i

I ;
anne voksne) * (fraction of theoretical density). Usually, for the wet cask, extra water (water in the cask cavity

i
be not included in the powell desenption) must be added by using the following nile. Compute the extra water '

} volume from.
i

. '

j

j V ,,,= (the zone volume)
;

-(other extra mataial volume)
!

- (FUELBNDL*NPIN/ASSM* PITCH 2*FUELNGTH), (S2.5.1)

where the last line is the total volume of all the pin cells in the cask as computed by the input prosided in Data
Blocks 7 and 14. Using V,,,,,,, the volume fraction VF may be derived.

'Ihe code uses the material and geometry input data for the fuel pin cell, the fmal spent fuel inventory,
the number ofpins per pascunhly (NPIN/ASSM entry of Data Block 7), the number of assemblics per cask (sum

\

ofFUELBNDL entries in Data Block 14), and the fuel length (FUELNGTH entry of Data Block 7) to calculate
i

the appropriate matmal number densities for the cask fuel zones. Note that setting DRYFUEL=YES removes

that part of the shipping cask coolant (specifically H O compositions) in the fuel zone derived from the input2

moderator mixture MX-3 (a necessity to ensure a " dry" cask).

Certam lastations of SAS2 are required for LMFBR cases. The LMFBR ORIGEN-S library must be !
inpm to SAS2 on unit No. 21. Since sedium is the reactor moderator, either sodium must be the shipping cask
coolant or a dry cask case must be applied. Changing to water is not an available feature in the present SAS2
code.

Data describeg the gap between fuel and clad may be onutted in the reactor-lattice data. The differences

in results between the use of hot or cold dimensions usually is not significant, if total fuel per assembly is the
same.

Water densities at various pressures and temperatures may be interpolated from Tables S2.5.2 and

S2.5.3, winch wue computed by the DENH2O routme borrowed from the LEOPARD-II code.2' These data may
be used in deriving VF for the reactor moderator or DENFM for the shipping cask coolant.

.
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Table S2.5.2 Density of subcooled water (g/cm') at various temperatures and pressures

Pressure, paia

Temperature Temperature
('C) (*F) 3000 2500 2000 1500 1000 800 600 400 200

10.0 50 1.0064 1.0069 1.0055 1.0040 1.0025 1.0019 0.0013 1.0007 1.0000
37.8 100 1.0018 1.0004 0.9989 0.9975 0.9960 0.9954 0.9948 0.9942 0.9936
65.6 150 0.9893 0.9878 0.9864 0.9849 0.9834 0.9828 0.9822 0.9815 0.9809
93.3 200 0.9725 0.9709 0.9694 0.9679 0.9663 0.9656 0.9650 0.9644 0.9637

121.0 *50 0.9522 0.9505 0.9489 0.9472 0.9455 0.9449 0.9442 0.9435 0.9428
148.9 14 0 0.9289 0.9271 0.9252 0.9234 0.9215 0.9208 0.9200 0.9192 0.9185
176.7 350 0.9026 0.9006 0.8985 0.8964 0.8943 0.8934 0.8925 0.8916
204.4 400 0.8733 0.8709 0.8685 0.8660 0.8634 0.8624 0.8613 0.8603
232.2 450 0.8405 0.8375 0.8345 0.8314 0.8281 0.8268 0.8255
260.0 500 0.8029 0.7992 0.7952 0.7911 0.7869 0.7851
265.6 510 0.7947 0.7907 0.7866 0.7822 0.7776
271.1 520 0.7862 0.7820 0.7776 0.7729 0.7680
276.7 530 0.7775 0.7729 0.7682 0.7632 0.7579
282.2 540 0.7683 0.7635 0.7584 0.7530 0.7472
287.8 550 0.7589 0.7537 0.7482 0.7423
293.3 560 0.7490 0.7434 0.7374 0.7310
298.9 570 0.7386 0.7326 0.7261 0.7190
304.4 580 0.7278 0.7212 0.7141 0.7062
310.0 590 0.7164 0.7092 0.7012 0.6923
315.6 600 0.7043 0.6963 0.6874
321.1 610 0.6915 0.6825 0.6724
326.7 620 0.6777 0.6676 0.6558
332.2 630 0.6629 0.6512 0.6370
337.8 640 0.6467 0.6329
343.3 650 0.6288 0.6119
348.9 660 0.6086 0.5866
354.4 670 0.5850
360.0 680 0.5559
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Table S2.5.3 Water densities (g/cm')in low range
of*-aaratures and pressures '

(Computed bythe DENH2O routme)

Pressure, psia

Tennpwature Temperature
('C) ('F) s25 50 100 150 200

10.0 50 0.9995 0.9996 0.9997 0.9999 1.0000
23.9 75 0.9972 0.9973 0.9974 0.9976 0.9977
37.8 100 0.9930 0.9931 0.9933 0.9934 0.9936

| 51.7 125 0.9874 0.9874 0.9876 0.9877 0.9879
65.6 150 0.9804 0.9805 0.9806 0.9808 0.9809
79.4 175 0.9723 0.9724 0.9725 0.9727 0.9728
93.3 200 0.%32 . 0.% 32 0.9634 0.% 36 0. % 37

107.2 225 0.9531 0.9532 0.9534 0.9535 0.9537
121.0 250 0.9423 0.9425 0.9426 0.9428

| 135.0 275 0.9305 'O.9307 0.9309- 0.9311
! 148.9 300 0.9181 0.9183 0.9185'

162.8 325 0.9046 0.9049 0.9051
176.7 350 0.8905 0.8908
190.6 375 0.8755

!

| p-sat 0.9467 0.9276 0.9035 0.8858 0.8717
(T-sat, 'F) (115.6) (138.3) (163.9) (181.1) (193.9) I

1

i,

! i

S2.5.4.2 Note B, Asseeably, Larger Unit Cell, and Cycle Parameters

| This data note discusses the input in Data Blocks 7-9. !
! . 'Ibe number of fuel rods /mananhly, NPIN/ASSM, for a square-lattice of the reactor, is usually smaller

than the square of the ==d= ofrods per row, (i.e., there me gedes and control rods in the assembly). The actual
,

number of pins in an assembly should be input. !

The time for each reactor cycle (entries of Data Block 9) may contspond to (1) the time between reactor
'

ref4 (traditionally cue year), (2) shorter times, at which the history changes (due to power steps or
al=*inwns), or (3) the complete irradiaten time of the assembly. The latter option is used to only app ua-stely |
..,,,.4 the average history and requires the least computer time. The user as A.w NCYCLES, the total |

number of cycles. NLIB/CYC is the number of equally spaced hhranes produced per cycle irradiation time, !
BURN. The total ==nhar oflibraries pmduced for the final depletum calculation equals NCYCLES *NLIB/CYC.
For cach cycle, the average moderator baron concentration can be set using the multiplier BFRAC of Data Block |

9. ThevalueofBFRACis multipliedbythe baronnumber densityinthe moderator (MX=3) toobtamthe
average baron for a cycle. IfNLIB/CYC>1, then the baron concentration for the midtune between libranes is

j ahtainad using the average bcron en==*stion and a linear interpolaten (assuming 1.9 and 0.1 times the average
i baron is present at the start and completion of the cycle, respectively). If the actual boron curve over the cycle

time cannot be ra==anahiy approvimatad by this linear interpale'iaa, then the number of cycles should be:
:
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mereased and NLIB/CYC set equal to 1. The baron change over the reactor history can then be approximated
using the BFRAC entry. Note that if H20 FRAC and BFRAC are equal, the boron concentration remains
mostant. Where important shutdowns or power magnitudes change within the refueling cycle, it may be logical
to increase the number ofegles.

In addition to the standard type fuel pin, a second type of rod or guide tube may be included in the SAS2
assembly model description. Unless "PARM-OLDSAS2" is denoted on the modch activator card (see
Sect. S2.5.6), a larger-unit-cell description is required in the input. Two examples of the larger unit cell are
shown in Fig. S2.2.2. The cell geometry starts with the INPLEVEL entry of Data Block 7. The four input-level
requirements are A-sed below.

Imel 0 Data Block 7 requires no additional input data. A PWR control rod assembly is developed from
the fuel-pin cell and number of fuel pins input plus an assumed guide tube size. Default data are
given below. If the INPLEVEL entry is omitted (giving level 0 input by default), the END entry

| must be excluded and Data Block 8 is skipped. Even though the input data can be identical to that
if PARM=OLDSAS2 is apacht, the older version assumes an infmite lattice of fuel pin cells and
does not include the effect of water holes and guide tubes.

Level 1 This input level uses the same assembly design model (i.e., Fig. S2.2.2(a) with fuel pins and an
empty guide tube) as that in level 0, except that the guide tube and assembly pitch data may be
specified.

Level 2 This input level is needed for all other types of PWR and BWR assemblies and allows the larger
unit-cellmodel to be specified.

Level 3 Input for this level is explained in Appendix S2.A. INPLEVEL-3 is a more complex method of
providing user-supplied data to each functional module and allows more complex models to be
evaluated. However, the adding or changing of one or two parameters from that set in level-2
input, usuallyis not difficult.

All the following defaults are applied in level-0 input and also in other input levels when required and not
overridden:

MXTUBE = 2;
MIXMOD = 3;

NUMHOLES =(# PIN /ASSM| + 1)2 - (NPIN/ASSM) - 1;

NUMINSTR = 1;
ASMPITCH =(# PIN /ASSM|, + 1)(PITCH),
ORTUBE = (0.5)(PITCH)- 0.05;
SRTUBE = ORTUBE - 0.045085.

All the above variable names are dermed in Data Block 7 (except PITCH, which is found in Data Block
5) ofTable S2.5.1. The equation for NUMHOLES assumes one instrument tube and NPIN/ASSM2(N-1)2 for
an NxN assembly lattice. These conditions may not always be correct, and, if not, the user may apply corrected
data in level 1 input. The equatxm for ASMPITCH assumes the same conditions and no additional channel space.
Although ORTUBE is arbitrary, the thickness of the guide tube is the average of that found in a 15 x 15 and a
17 x 17 fuel assembly. The truxtures used for the clad and moderator are the same as tbse used in the fuel pin-
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j cell naladahna 'Ihe auxtme ==dw of the fuel zcne is always set internally by SAS2 to 500. The mixture 500
|js an=pasihan is compmed miemelly by the code using cell-averaged or homogemzed densities of the fuel-pin-cell

'

case.
,

.

!
Six of the seven default values oflevel-0 input may be changed in level-1 input. The other parameter,

[ MIXMOD, can be only changed by level-2 input. Note that changmg MXTUBE to aaoacr auxtwe number
i requuss a standard nampa=>tv= (with SC, etc.) for the auxtwe
'

level-2 inpd is more dotaded and requa an explicit geometry description of the entire larger unit cell, ;

as dqnded in Fig. S2.2.2(b). 'Ihe "second" type ofpin, diffment than the fuel pin, is at the center of the cell. The '

moderator suroundmg it has an outer radius which should be equal to the manmum radius of the fuel pin cell '

(producing an area of PITCH 2). Then the fuel zone should be next, with an outer radius that conserves the

fuellmodsator volume ratio and a nmxture ==Jw always set 1o 500. Finally, zones such as a fuel element casing
or aannel moderator may be given outade the fuel zone. Note that a different moderator composition from that
of the fuel could be used. OAen there is no change in the moderator nampanente, but their density is different.
This density change can be input by addag standard composition data using new densities with a different

t

auxturenumber.

Although the pnmary appbcatum of SAS2 is to the depletion analysis of PWR or BWR fuel assemblies,
the SAS2 procedure may adequately apply to otMypes of reactors These reactors include the Canadian
deuterium-uranium reactor (CANDU), the High Flux haope Reactor (HFIR), the materials testing reactor
(MTR), the Molten Salt Reador Expenent (MSRE), and possibly other types. SAS2 accepts either the cylindncal !

fuel rod geomary ofPWRs and BWRs, or fuel plates (slab geometry) of MTRs and the HFIR. Also, the use of
multiple fuel zones (e.g., as in the HFIR) may be itcluded in the input by using nuxtwe numbers 50 to 59,
inclusive. Then, additional st=wlard composition data may specify other material additions to these fuel zones

by using the same nuxture numbers (i.e., MIXES =MX). The code ca==~ the total fuel volume for cylindncal
geomeuy from the fuel pin input and NPIN/ASSM. Howevw, the total fuel volume, VOLFUELTOT, is required

Ox if specifymg a slab w.my. Then, POWER must be the power (megawatts) for the volume of fuel equaling :
,

VOLFUELTOT. Although some reactors or their fuel assemblies are not adequately described by the limited
featwes of SAS2, it is possible to sufficiently model the entire core ofother reactors

'Ibere are cases in wluch the coupled assembly is changed during reloadmg to a different type, such as
from a burnable poison assembly in one cycle to a control rod assembly in the next cycle. A different set of
nuxture numbcas and radii can be input for each library pradacad by setting MXREPEATS-0. The MIXES and
RADIUS data must be r+ ecd NCYCLES* NLIB/CYC times,if MXREPEATS-0. If a nuclide is pradami
essentially from one of the nuclides bemg removed as part of an urJoaded mixture, the product nuclide is also
unloaded (as may be necessary ir. the evaluation) only by including it with a density 210-'' atoms /b-cm as part

,

of the same mixtme,

All bwnable poison amamnhhes (for either BWR or PWR fuel) require level-2 input data. Note that the
neutron poison el===t may be contamed either within a fuel pin or within a rod containing only light elements
Whm fuel and bumable poison are in the same pin, the standard composition specification data for the fuel and
bumable poison elesnent or isotopes should have the same nuxtwe number and the fuel composition cannot be
changed from that of the standard fuel pin in the assembly. Since the SAS2 method does not deplete more than
one set offuel desities in these cases, the code sets the fuel composition to be uniform throughout the fuel and
bumable poison regum. Eve though n=arant fuel desity and u ncra are m=at the effects from the flux
disnges due to the neutron poison, as well as that from zones outside of the fuel zone, are weighted into the final
cross eachane.

Burnable poison rods (BPRs) in cwrent PWR designs typically contam borosilicate glass and clad
located willun all or part of the guide tubes of the fuel assembly. The level-2 input described above applies to
the case in wluch BPRs are coupled fato all of the guide tubes. However, in normal reactor operations, the BPRs
are frequetly cont =nad in only part of the guide tubes. An option is provided in SAS2 that uses an approximate
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!

mockup to effectively analyze the fuel assembly during cycles in winch the guide tubes are partially filled with
BPRs.42 The number of BPRs is entered in BPRNUM and the number of guide tubes without BPRs in the !
starting cycle may be entered in GTHOLENUM. As a default, GTHOLENUM is

'

GTHOLENUM = (/NPIN/ASSM L + 1)2 - (NPIN/ASSM) - NUMINS - BPRNUM(1) .

The input to BPRNUM is array data for the numbcr oflibrary segments, NCYCLES*NLIB/CYC (or the number
ofcycles ifNLIB/CYC = 1) & latcr data entries to BPRNUM may be omitted if all remaining data are zeroes
(usually the case after the first cycle). Note that Data Bock 8 does not need to be repeated if i
MXREPEAT=1, which is permitted when using BPRNUM data. Also, the user's labrious precalculation of l
effective mock-up BPR input data is unnecessary in applying this option. |

The models utilinA by SAS2, either in path A or path B, always assume a constant material composition
arut power in the axial direction of the fuel assembly. Even though only a part of the as2mbly designs have axial I

variations in fuel and burnable poison compositions, there are axial changes in moderator densities and power
|

in all asscmblies. h approximation used to deternune the average water density may have a significant effect )
upon the results.

The axial moderator density of the PWR assembly, in general, changes considerably less than that for |

the BWR. Thus, a frequent practice in using SAS2 for PWR assemblies is to derive the average density from
Table S2.5.2, using the water pressure and the average core temperatures. Of course, accurate values of axial

water densities and powers could be used to derive a power-weighted value as a better effective density.
However,in PWR cases, there probably would not be a highly significant change in the results from this method
because the density change is not extremely large.

A much greater axial change occurs in the moderator density in fuel assemblies for the BWR than those
for the PWR. C-q=tly,it has been shown that a signhntly improved approximation of the effective water
density in the BWR is an important requirement in achieving more nearly the same accuracy in isotopic results
for the BWR as that obtamed for the PWR. In general, the BWR assembly is contained within a casing, u hich
separates the water into the fue! zone modcrator and the channel moderator. Different methods are used to obtain

" effective" moderator densities. Acceptable values of effective moderator density may be known from presious
analyses. If moderator density and relative power are known as a function of axial zone, a power-wrighted
density may be applied. When the data are available at various fuel burnups, the densities may be changed in
SAS2 for each cycle used. Where only the moderator densities are given, BONAMI-S, NITAWL-II, and
XSDRNPM-S may be applied to unit-pin-cell (cylindrical) and slab models to estimate the axial power
distribution. In one possible method, only the power for fresh fuel, as derived by these neutronics codes, may be
applied. In an extension of this method, prelinunary depletion calculations may be used to change the fuel
composition and the computed power as a function of burnup or cycle. Also, simple applications of axial
densities would be to use either the average density or the volume-weighted density.

Other considerations in making the BWR model may be very significant. Using the same procedure as
that described for the PWR plus axial pour weighted moderator densities tends to overmoderate the system and
=Matly u .Muate the resonance:rgian cross sections. The decreases in computed cross-section values
appear to have a major influence on elements heavier than uranium. The following considerations may help
reduce the overmoderation bias:

1. Deternune the effective axial moderator density from volume weighting instead of power weighting,
which is usually significantly larger.
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2.
Frequently,it is ====wl that the density of the water in the channal is that of the inlet or the average of
the first node (about 20% of height) of the axial di-6 h may be estimatad that this density is

,

=== tant because there is a very low transfer of heat through the moderator having large void fractions
!

inside the channal tube. However, any density decrease plus the channel water displacement resulting
from the average axial paneian of the control rods may be simulatarl by reducing the channel moderator
densdy Even though the re& sten may be onlyameimmead a reasonable Aw (about 10%) may avoid
part of the overmoderation bias.

1

3. Add baron (or *B) to the aannel modsator m=pasitian in order to simulate the baron in the cruciform
2

rod and make the average k-effective dunng the burnup approach unity. It mayrequire one or two trial
cases to derive an estimate of the baron density.

4. Do not represent the mamanhly with larger unit cells contamag only one gadolinia-bearms rod per cell.
Instand, model one =E - N -q rod at the center, surround with a fuel zone equivalent to all of the
ranasung rods of the assembly, add the aannel ube and moderator, and then insert withm the fuel zonet

a thin ring matammr the rernamder of the gadolinium of the assembly. Conserve the gadolinium mass
by applymg the prepar vah== and density. The volume is determmed from the density and mass. The
gadolinium density throughout the model is required to remam constant (applying the same mixture
number as that of the central gadolinium zone) in order to permit the single density depletion limit by
SAS2 to be conect in both zones. Also, place the gadohnium ring at a position so that the fuel zone area

1

l
extesnel to the center of the ring is equal to the area of the fuel pins surro ikg the gadohnium pins in
the assembly. This method of splitting the assembly in the model of the larger unit cell avoids a

i
sigruficane bias in the moderation of the system and tends to outweigh the somewhat local influence of
the gadolmium, which rapidly W depleted during part of the first operational cycle.

As can be sunmsed from the previous di=~ 6, development of a BWR assembly model that gives-

;

acaarate results is not a straightforward task. The user should be careful in the selection of a final model for his

apphcatinn Refmances 32 and 41 pnmde good examples of BWR models developed for SAS2H. In particular,
Ref 41 is intestating because three separate SAS2H cases were used to represent, respectively, the top, middle,
and bottom regions of the fuel ===amhly. Use of three cases allowed the changing axial moderator density to be
considered more accurately.

S2.5,4.3 Note C, Control of Print Level

1he quantity ofprinted outpia is descrmined in SAS2 from the value entered for PRINTLEVEL in Data

Block 7. ' sic range ofintegers between "1" and "10," inclusive, produce substanu lly different quantities of
print. Infonnation such as problesa definitions, vanous monitor data, and certam computed results are printed
without a user optum. Other data, which the user may apply for analyzing quality or other purposes, are allowed
to be optinnal The entry ofPRINTLEVED L (where L is an integer in the range 1 to 10, inclusive) will produce
all tables tngsmed by the value of L. Lower L-values usually produce the most important tables. For L27, the
quantity of output is extremely large; so unless particular data from the option are needed, the user is
rammmended to input Ls6. PRINTLEVEL values of 4,5, and 6 are most frequently applied. The default is
L-4.

Table S2.5.4 is pd to describe the L values required for optional tables. A type of table produced
by a functmaal madale may have &ffment L-values for dificsent types of cases ~W by the code. These case
differences are listed on lines below the table name. When there is no difference for all
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Table S2.5.4 Print produced by PRINTLEVEL=L
(Default: PRINTLEVEL=4)

Tables primed, if L meets required lealue Required Tables primed, If L meets required L value Required

(apply to au cases, unless specified) 1-value (apply to aH cases, unless specifwd) lealue

BONAMI: ORIGEN-S:

A. Shalded Croes Sections A. Light Demsat Concentrations
1. No edit in first pin <en case - 1. Exposure,if depleted,3-atoms La1

2. All other cases La6 (Note: Below are decay case table units.)

B. Bondarenito Factors 2. Nuclides listed, grams La5

1. No edit of first pia <en came - 3. Bements listed, curies 4sLs6;L=10

2. All other casse La7 4. Nuclas listed, curies La7
5. sements Ested, wous 4sLs6;L-10

NfTAWL-II: 6. Nuclides lissed, wens La7

A. Reaction Crose Sections 7. Ements Ested, y-wans L-4;L-10

1. No edit of first pin <eu came - 8. Nuclides tissed, y-wans La5

2. Other pin cou depletion cases L= 10 9. Nuclides listed, m' air for guide La9
3. Cell-weighted shield case La9 10. Nuclides listed, m' water for guide La9
4. Region geometry shield caos La9 B. Actinide Concentrations

B. P. Transfer Cross Sections 1. Exposure cases, nuclides, g-atoms La1

1. Region geometry shield case L-10 (Note: Below are decay case table units.)

2. No edit of other cases - 2. Dements listed, g-atoms La1
3. Nuclideslisted,3-stoms b1

XSDRNPM-S: 4. Dementa listed, grama La3

A.1-D Mixture Cross Sections La8 5. Nuclides listed, grama La3

B. P. Mixture Cross Sections L-10 6. Bements listed, curies 4sLs5;L=10

C. Scalar Group-Interval Wxes 7. NuclWs timed, curies b6
1. First pin. cell depletion case La5 8. Elements lined, watts 4sLs6;L=10

2. Other pin-cell depletion cases La4 9. Nuclides timed, waus La7
3. Ceu-weighted shield case La5 10. Bements listed, y-wans L= 4;L- 10

4. Region geometry shield case La1 11. Nuclides listed, y-wans La5

D. Angular Fluxes 12. Nuclides listed, m' air for guide La9
8

1. Region geometry shield cans L=10 13. Nuclides lissed, m water for guide La9

2. No oce of other cases - C. Fission Product Concentrations
E. Fine-Group Balance Tables 1. Exposure cases, nuclides, g-atoms L-10

1. Region geometry shield case La1 (Note: Below are decay case table units.)

2. AH other cases La2 2. Bements listed, g-atoms La9

F. Broad 4"nwp Balance Tables 3. Nuclides listed, g-stoma La9

1. All pin. cell depletion cases La8 4. Dements listed, grams b4
2. Not couapsed in shield cases - 5. Nuclides listed, grams La4

G. Weighted 1-D Cross Sections 6. Dements listed, curies 4sLs5;L=10
1. None in region geometry shield case - 7. Nuclides listed, curies La6

2. All other cases La7 8. Gements listed, wous 4sLs6;L=10

H. Weighted P. Transfer Cross Sections 9. Nuclideslisted,wous La7
1. None in region geometry shield case - 10. Dements listed, y-wans La5

2. All other cases Le10 11. Nuclides listed, y-watts La4

L Zone Does Rate Activities 12. Nuclides listed, m' air for guide b9
1. Region geometry shield case Lai 13. Nuclides listed, m' water for guide La9

2. None for other cases -

J. Interval Dose Rata Activities
1. Region geometry shield came La1
2. None for other cases -
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O Table S2.5.4 (continued)

Tables priated, if L meses seguised L.vakis (apply to eu cases, Required,
t unless specified) L.value

D. Nuclide concentration Priat-DelseioecnoNe
(CunoNessend at AAh timme seep.)

1. Esposuse. IE4 seeme4<se or 3-ecomme of elemmat Lal
2. Decay casse: 3-atome, grame, curies

i s. 154 Ls4
b. 7E.7 L=$
c. SE.7 L-6
d. IE.7 La7

3. Decay casse for all esbar unise
a. 1E4 Ls4
b. 7E-9 L-5
c.554 L=6
d. 15-9 La7

E. Th= P:; ' - Cooled Phoece Spectra (not used) La4
F. ORIGEN-S Cooled Neussee Soisrce Uesd La4 .

G. Cooled Fuel Asseenbly y-Spectrum Uesd La1
H. Neutrue Absorptaca and L. Final Caec

| 1. Neutros production, absorption and L La5
| 2. Fiasion product absorption fraction La6

3. Absorption fractions of all nuclides La7

| XSDOSE:
A. Does Ratu et Iyrlic in Midplane La1
R. Does Rates at IyrEC in Manu FUELENGTH/4 La7

and FUELENorH/2 from Midplane

SAS2:

| Special edit of code laserfaces, as wreen, and later,
'

as updeasd ' Debug * type of arrays and scalers La7
-

prinned. Some are prinsed also by using HALTXX. LaI
since triggers are L= 10 or L < 0, apply absolute Lal
value of L in Ibc above tests. L=10,Ls0

|
|

!

! % spectrum is idemaical. The print may be desired in the first
case pass when the case le haked aAer that pane.

|
|

|
|

,

.
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cases, a single L-value is given. The print cutoffs in D under ORIGEN-S apply to the precedmg table output
described in A, B, and C, and patam to tables printed for the specified " units." The note "Not Used" means that >

| another type of computation of the data, printed elsewhere, is performed for the application by SAS2.
The print produced by the neutronics modules for the larger unit-cell case is not directly specified in

Table S2.5.4. However, the print controls for XSDRNPM-S in Mag these cases (the large cell of the SAS2H
model) are precisely the same as for the second and later pin-cell depletion cases. The prints produced by higher
print levels in BONAMI-S and NITAWL-II for the pin-cell cases are not produced by any print level for the
larger unit-a:ll cases. There would tend to be less interest in these prints. (Often there are no nuclides processed
with resonances for these cases.) If the prints are absolutely necessary, they may be requested in the level-3 input
for the case.

S2.5.4.4 Note D, Light Elements of Fuel Assembly

It is not required to input the light elements of the fuel assembly other than the input of clad, guide tubes,
and burnable poisons as standard cxunpositions (SC) in the execution of SAS2. Also, the default, LIGHTEL=0,
may be applied. However, there are cases in which a significant improvement in the computed dose rates and
isotopic quantities may result from specifying LIGHTEIp0 in Data Block 7 and listing the light elements in Data
Block 10.

The improvement in results for LIGHTEI>0 is caused by two features. First, the energy computed from
Q values of neutron reactions with the atoms of the light elements are applied in converting power to flux in
ORIGEN-S. Second, the gamma source spectrum computed by ORIGEN-S includes all photons emitted from
the activation products oflight elements in addition to that of actinides and fission products. The weights of
elements entered in this part of the input do not affect densities in the neutronics analysis, which uses only the
standard compositions (SC) entered in the unit-cell material description.

The quantity input for each light element should be the weight, in kilograms, of that element in all of the
clad and structural material [e.g., spacers, contained a' ag the active fuel length (FUELENGTH) of the
assembly). The material is assumed by SAS2 to be uniform in the axial dunension. A user may also wish to
calculate activation products oflight elements in the end fittings and plenum regions of the assembly by using
the input of Data Block 10. However, since these light elements are not in the fuel region, their input quantity
needs to be reduced to -:yeud to the acebrM change in the absolute magnitude of the neutron flux and shifts
in the neutron spectrum. References 23,43, and 44 discuss the reduction (or scaling factors) needed for different
assembly regions and different light elements.

When data are available, the user may include almost all elements of the clad and stru;turel materials
in order to be complete. Houver, many elements have only a nunor effect upon the results and cc uld be omitted.
The importance of a nuclide in the conversion of power to flux may be derived by comparing th: product ofits
absorptxm reaction Q-value times its reaction rate per assembly with the product of 200 MeV tiraes the fission
reaction rate per assembly of the major fissile isotopes. A simplified formula was derived as a first-order measure
ofF, the percentage inaease in the energy per fission from the inclusion of a given nuclide. A Q-value of 5 MeV
was ==mi since the reaction cnergy Q-value of most nuclides is in the vicinity of this value or smaller. A 3.3
wt % 2"U PWR fuel assembly was applied. Then,

F * 0.1 Mo/A , (S2.5.2)

where

A = atomic mass of the nuclide,
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a, = mWwia (ORIGEN-S) absorption cross section, b,

u = ma i,masatamme-wiy,kg.

For example, ifA = 50, a, = 3 b, andM= 50 kg, the F= 0.3%. The fannula given by Eq. (S2.5.2) shouki be
applied only as a guide for detenamng the importance ofincluding an alamant as input and shouki not be
<==iniared to be exact.

The samma source produced from light ate ==ta is usually more important to the fmal dose rates than
the percatage musease in energy per finamn from light ehmte. Mataial of high-cobalt content and spent fuel
that is cooled for several years or more are can<teman whee light alamant activation products need to be
<=airlered. In a case applymg a 90<l coohng time, about 1% of the gamma source of the spent fuel nasamhly
is from cobak. Other alanwama producag at least half the source strength of cobalt are zuconium and niobium.

4

It was duenninmi that the cobak praksced 1.5% of the total dose rate, by companng the sample case with results
<=g=* al in a sanilar case without includag cobalt in the input. Ant *her companson was made bel- cases,
where the decay time was danged to a 5 year coohng time. The contnbutaan from cobalt was 28% of the gamma
dose rate and 17% of the total dose rate. A case applying a 10-year cooling time iah'~i a higher fraction of
the gamma dose rate from cobak and about the same fraction of the total dose rate from cobalt. (Of course, these

,

I

fractions may be cask-design <lapaM=* ) In e===ce, these cases illustrate the large significance that cobalt
content can have in the final resuhs The user may be able to obtam good estunates of the cobalt content of
matmals or, possibly, use a safety factor commensurate to the intentieri application of the results. Furthermore,
the user may decule to omit cobalt and other light ala==*= frorn the input, upon consideration of their
importance.

S2.5.4.5 Note E, Zone Description of Cask

The zone description of the shipping cask is somewhat sinular to geometry information input to other
codes (e.g.,XSDRNPM). A single nuxture number identifies all the w. yewsts in the material dermition data
that are uniformly " mixed" in a smgle matenal zone. In order to prepare data, the user may depict the cross-
sectional area of the shipping cask as a number of concentric cire!cs. The radius of each circle represents the
boundary betwom diffamt materials. The innennost nonfuel zone would be identified by mixture number 4+K,
where K is the number of fuel zones (see Data Note'A), the nuxture of the next nonfuel zone by 5+K, and
incnemtsg one mixture number by 1. When a nonfuel zone contains a material identical to that in a previous
nonfuel zone, an identical mixture number may be used. Each pair of a mixture number, MXZ, and a
conespondag outer raduas boundmg the auxture, R, are repeated in the input for NUMZONES number of times.

The radii must be in ascendmg order. The zone number, wiuch is not input, is identified by the position of the
pair MXZ= and R (i.e., the first pair rey. zone number I or the most central zone, etc.).

Fuel almnmen maybe ennsamari either in one or more zones, dependmg upon the cask design. The fuel
mone manh- and number of assenbha in the mone are enteral for every fuel zone, as described in the input table.
SAS21imits the number of fuel manas alkmed to five. The densities of" extra" material in the fuel zone, which
is not in the fuel annembly, must be en=== '~i frorn proper consideration of fuel zone radii (see below). Data-

Note A <li===as the need to define a unique mixture number of" extra" material for each fuel zone. The spent
fuelisotopics me added to this " extra" matenal nuxture to create the fuel zone mixture which is identified by the
" extra" mixture number input by the user.

Since the SAS21-D radial cairmlahan requires the dermition of zones as concentric cyhnders, the square
i geometry of ammemhhes must be approximated. Even though the method applied is a user decision, two examples
! are pr .;ed in the followmg CaaN hat a square array of four fuel elements are at the center of the cask.t

f. (A specal conventum shouki be used to i+a the czoss-sectional area of an assembly in order to be consistent
!
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with the SAS2 conversion ofunit-cell densities to zone-averaged densities. An assembly having an NxN square
lattice and a pitch, P, is depicted by a square having sides equal to N*P.) In the first example compute the area
of the square that cucumscribes the four fuel elements, as depicted by the SAS2 convention. Then, compute the
radius of the circle that has an equal area. This is the radius applied as that of the fuel zone. This method
conserves volume and maintains equal zone-averaged densities between the square and circular representations
of the zone. The square georetry tends to cause the dose rate on the cask surface at the midplane to be a
variable; the maximum values are at the intersections with the edad diagonals of the square, and the nunmmm
values are at midpoints along the are between adjacent maximum points. The volume conservation method is
evp~*M to produce dose rates that are near the average of the variable values. In the second example, the inner
zone radius is taken to be the distance from the center to the corner of the square circumscribing the four fuel
*m This method would tmd to produce a dose rate greater than that from the first method. More than one
fuel zone may be applied if there are a larger number of fuel assemblies and significant space and/or shielding
material (i.e., a basket wall) between them.

S2.5.4.6 Note F, Optional Flux-to-Dose-Rate Factors

The flux-to<iose-rate factors applied, as the default, in SAS2 are multigroup values derived from those
in the ANSI Standard. It is rm- 4ed hat these be applied by the user, because they were the choice oft
evaluators and applying others can result in a degree ofconfusion. However, since a user may want to apply odier
dose conversion factors, the option was made available by entering a negative value for DETECTORS. Then,
for all sets available on the SCALE library, ALIB, the dose conversion factors identified by any of the following
MT numbers will be applied: 9001,9002,9026,9027,9028,9029,9501,9502,9503, and 9504. An edit of the

|
SCALE library shows which of the MT numbers are on the library (the identifier is ID=900). Also, XSDOSE
prints the identification title of all dose conversion factors requested and applies those available on the SCALE
library. The identifcation title of the above dose conversion factors is listed in Table SI.4.8.

S2.5.5 INPUT / OUTPUT UNIT REQUIREMENTS

Ajob control prerrane for IBM systems is included as a file on the SCALE tape received by users. The
statcznents in this section assume the use of thisjob control procedure. Otherwise, thejob control language (JCL)
should include the data set dermitions for the proper libraries and all scratch data sets, with parameter
modifications as indicated. Some of the data set definition parameters are problem-dependent. For example,
larger-group libraries may require increases in the SPACE parameters of some IBM data sets.

Aeohine 27-Group Libraries

Table S2.5.5 presents a list ofI/O regmrements for most problems that apply the 27 neutron-group
SCALE library in the Amledm cases and the 27n-18y-group SCALE tibrary in the shield cases. All the data sets
for units listed in the table are scratch data sets, unless the " restart" feature is being applied. Other data sets
(permanent) which are accessed by SAS2 are the ORIGEN-S Binary Working Library on unit 21; the Master
Photon Data Base on unit 26; and SCALE cross-section libraries selected from units 81-88, inclusive.

Note that the space used on a unit may be problem-dependent. The required allocation with the IBM
i SPACE parameter is depmdmt upon track size and the tracks per cylinder. The space allocation specified in
| Table S2.5.5 and the SCALE procedure (where there is no override) is intended to be adequate when the units

are either 3330 or 3350 unit types. However, there is no guarantee that these allocations will prmide the required
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) Table S2.5.5 I/O r=i__--- =:= for =M e IBM system

(Unk muuhere and peessueers liened aso ehher -=1 or
for probleme using 27-seoup libranes, when thees are

not liseed, the overnde is mesasy eat necessary,1he onder of umies throush unis 90, inclusively, is the emme as the SCALE IBM
seoceduse and sesy not be chaesed3

i

Unit SPACE *
No. 'I1tK.G.D RECPM **L BIJCsIZE BUPL 7___

1 VBs X 9440 10232 Ra=aah thammar 1Asery for NrrAwL 11) I

r

4 VB5 X 9440 10232 semesh (Workies IArary froen NrrAWL.I1) '

12 VB5 X 9440 10232 seseech '

13 FA 133 150 ORioEN4 FIDO edit !14 VB5 X 9440 10232 XsDENFM palh-B Gux,

| 15 VB5 X 9440 10232 COUPIE ousput libenry
16 200,50<

XsDENFM angular Saxes
| 17 VBs X 9440 10232 semesh
i- Is VB5 X 9440 10232 sosseek
| 19 Vas X 9440 10232 senash

90 10,s
haamme Isameface (sect. 32.4.s)33' 30,5 VBs X 9440 10232 OIUGEN4 aushiburnup binney library; 60 10.s VB5 X 9440 10232 supplomassary leastface (sect. 82.4.s)

| 71' 10,5 VB5 -X 9440 10232 OldGEN4 concentratsoas
i 72* 10,5 FB s0 6400 BCD, SA32 concentrations
i 74 2,2 FB 30 300 ORIGEN4, n,y-spectre
| 53 90,5 FBs X 3664 40ss XsDRNFM pash-A model Sux
| 55' 2.1 FBs X 3664 40ss Driver hah date

j

' Applies to sisber 3330 or 3350 unit types in MM4ype conyueers. If blank, use anaianame procedum,

! 'For sestber descripsion and format, see seces. P6.5.1, F7.6.3, M6.1.2, and M6.7.2.
i *For the exact forseet, ses embeautes sCALEN in ORIGEN4 code. ;

| vorum pme ned in Appenda s2.B. i
'

mpus.d to be included seiy for hak, sammet, or v. ty fassum
,

!l
'

|
1

i space fcr all prnhlerna avv==aned. Whom there is inadarrue space (i.e., a B37 message code on m- ..f. w IBM
| systems), lacrease the space substantially and resubmit the case,

3

j
In addman to the I/O requeninants ofTable S2.5.5, other scratch data sets and three permanent data sets '

are requend. Because all of these data sets are in the procedure, they will auta==%11y be altrentad on the IBM
| system for any SAS2 case. An input ORIGEN-S bmary library, which determmes the nuclides available to the
'

ORIGEN-S casm,is onlaiit No. 21. The specific applications of all of the scratch data sets used by the Various
| naruman=1 modules are not ph in this section. Except for the space allocation requirements given in this
| section, the additional information is not usually needed in using SAS2 with the SCALEjob control procedure
| forIBM systeen

Anolving Larger-Group Libraries

SCALE libraries with group structures as large as 218 groups have been applied in the depletion cases
by SAS2. Numerous space allanneinn increases were required. Important size parameters were ISN=8 (defauh)
and SZF=0.87,producmg 22 mah intervals (more than default). The space sizes were adjusted to that required
by a 218-group structise library and appbcation of 3350 type units. The space allocations, after adjustment, are
as follows.

1
,

|

|

|
1
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Unit 1, SPACE =(TRK,(2000,40))
Unit 4, SPACE =(TRK,(500,40))
Unit 8, SPACE =(CYL,(6,1))
Unit 9, SPACE =(CYL,(13,1))

. Unit 12, SPACE =(TRK,(1500,30))
'

Unit 16, SPACE =(TRK,(80,20))
Unit 18, SPACE =(TRK,(1500,20))
Unit 19, SPACE =(TRK,(50,20))

The allocations should be properly corrected for other unit types.

S2.5.6 HALT, RESTART, AND OTHER FEATURES

The " Hah," " Restart," " Keep," and other features are available to reduce the computational cost and allow
intermediate computations by other SCALE modules within a single submission of a job. Various parametric
saxhes and projects ry--g only intermediate results may be performed with savings exceedmg one-half of the
cost of the standard completo-type executions. A very short " data check" case may be submitted. Also, cases
may be restarted with certam types of data modifications or after an early termmation of a prior case, if proper
data sets are saved.

The above features are applied through information input on the module activator line (i.e., the line
mntammg "=SAS2"). 'Ibe SCALE driver permits character data input following the entry of PARM=, with "P"
cntered in column 11. Then the keywords must be entered following the " " with no blank spaces permitted in

-

the list. 'lhe keywords may be separated by commas if the entire list is enclosed in parentheses or apostrophes.
! An example is shown below for each feature and their combinations.

The keywords requested using PARM are printed in the output. Do not be surprised to see other
keywords listed. Sometimes these extra keywords are added to the PARM list automatically in the IBM job
control procedure being used,in order for SCALE to work with various local operating systems. Also, the CRAY
log listing may have spaces after every four characters

Halt Feature

=SAS2 PARM-HALTii

'Ibe " Halt" feature causes the SAS2 case to tennmate following the path-B calculation of a specified pass
through SAS2 and the funnimal modules invoked by the SCALE driver and the subsequent return from SAS2.
Refer to subsections S2.2.4 and S2.2.8 for definitions of" pass." The two characters "ii" specify the number of
the last pass to be completed. For example: HALT 02 halts SAS2 after the " PASS 2" library is produced;
HALT'00 halts it after makmg the " PASS 0" library; and HALTXX halts it after all preprocessing of data
mterfaces, makmg the master interface data sets (on units 70 and 90), and before invoking functional modules.
Ixt J-NCYCLES*NLIB/CYC (see Table S2.5.1), where J is the number of ORIGEN-S libraries produced by
the case. Ifii=J, the SAS2 case halts after the final ORIGEN-S case and, ifii=J+1, it halts after the cell-weighted
fixed source case. Note that ii must be two characters, requmng a zero to precede ifiis9. Typically, the input
for an entire case must be entered, even when not applied before the halt. However, if the SKIPSHIPDATA
feature is used, the shipping cask data can be omitted.

One of the objectives ofusing a " Halt" case is to restart the case later. When the restart feature is used,
as explained below, the case begins where the HALTii case temunated with one exception. A HALTXX case,
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|

|
|

1
| may not be restarted at the point of ter-marinn Instead afrestartmg the HALTXX case, rerun the complete case.
| Only a small fraction of the case time is used in the part g4 the HALTXX tenmnation. However, when I

| a case has been hahed aAer pass ii, some ofthe data on units 70 and 90 may be respecified with a HALTXX case |
| before restarting the first case from the point aAer pass ii.

!
| When a " Restart" case is to be submitted later, the proper data sets must be saved. Always save data i

on unit 55, since it contams data returned to the SCALE driver for a proper restart. Save data on units 70 and
90 either in the first halt case or a subsequent HALTXX case, winch prepares input data modifications to

| navninnel maale cases that have not been invoked before the halt. Save the " flux data" on units 14 and 53 and
! atom-density data on unit 72, ifii<J. Also, save all ORIGEN-S librancs produced before the halt, ifii<J or

whenever they are to be applied in a later ORIGEN-S case. Save data on unit 74, ifiiaJ. Data on unit 71 are|

| regured for all " Restart" casa. The enanantrations on unit 71 are those at dierharge, in the first pair ofrocords, |

| and those aAer the SAS2 case coohng time (DOWN on last " cycle" card) in the eacand pair, when ii2J. When
! 1 < ii < J, the nn==*ations in the fint two posmans on the data set, are those at the =W and startag times
| of the ORIGEN-S library produced by the next pass. The gamma spectrum computed at DOWN is on unit 74.
L Thus, an ORIGEN-S case may be executed to produce modified data on units 71 and 74. Two examples are (1) I
! the discharged concentrations may be cooled for a different time with updated values written on 74 and 71

(position 2); and (2) elements or muchdes may be added to or removed from the concentrations (e.g., cobalt)
I

before computmg the spectrum to be applied by SAS2. !

When there is no intention to restart SAS2 or execute another code applying the SAS2 data sets, it is|

| unnecessary to saye any of the data sets. However, if SAS2 halts the case when a code execution was
| unsuccessful (when specifying a halt case), data are written on unit 55 as though it were a halt aAer the last |

===dul pass. Bis type of termmatuvi can be cause.d from ew=75 the requested lines, I/O counts, or CPU |time. A restart may be applied only if the proper data sets were saved. '

Restart Feature:

i,

=SAS2 PARM= RESTARTS
l

The restart festme may be applied only aAer a successful halt (other than a HALTXX) of a SAS2 case. !
! His rule imphes that all proper data sets have bem saved, as explained above. The new case simply starts where
| the halt case termi==*ad The case contmues until ovnalaead if all module executions are successful. All
| PARMs input in the previous SAS2 case, except the HALT which is optioned, are required in the new

case.

The only data required aAer the madute activation card are a title line and an END line. Applying the,

i same data (i.e., all inpit aAer the module activation card) used in the halt case, however, does not cause the case
to fail. The title card in the first halt case is used throughout the depletion case, and the title card of the restart
case is used in the shipping cask case. Also, see comments on " Restart, Halt, and Keep."

One of the primary poposes of the restart feature is to contmue processing the data specified by the user
input (Sect. 2.5.3). New user input, other than the title line, is ignored in the restart case. The user input to the
imtial SAS2 case is pica ~d and stored in the master interface data set on units 70 and 90. Thus, the restart
case may be a-=*ad o complete the original SAS2 case.t

However, the restart featme may be applied for other purposes Several data sets are produced by SAS2
and apphed later in the flow of the execution During the intermission between a halt case and a restart case, the
user may remake one or more of the data sets for an appropriate change in the problem. An example of this is
shown in sample case 3, where ORIGEN S is -w for a different cooling time before the last restart case is

i, invoked.
:
i
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Also, time is an entuely ddferent type of application of the restart feature, in which the user input to the
initial SAS2 case may be moddied (e.g., restart a case with a new cask geometry specification. Since user input
to the restart case is ignored, the following procedure is required. A new case, applying PARM-HALTXX and
the mmplete user input contauung desired moddications, should be submitted. Then, this new case writes a new

masterinterface data sets on units 70 and 90. Finally, a subsequent restart case will apply the different data, as
i

specified on the interfaces. Only appmpnate changes (i.e., data that apply to the restart case) should be specified. '

Restart and Halt:

-SAS2 PARM=RESTARTSHALTil

A restart and a new halt may be applied with this PARM option. The case starts where the old halt case
terrmnated and halts after "PASSii"is completed. A subsequent restart case starts after "PASSii." Only the title
and END lines are required.

Restart. Halt. and Keco:

-SAS2 PARM=RESTARTSHALTiiKEEP

His PARM sperm ban em*m the same passes as the precedmg feature; however, the user plans toea

make a subsequent case start where this case started, so the data written on unit 55 are not changed. Note that
any data sets that are rewritten during the executed passes, except for that on unit 55, may need to be copied
elsewhere before execution of this case. Then, they can be remade before the subsequent case. Only the title and
ENDlines arc required.

Skinoine Cask Cell-Weicht Case in Cask Anahsis:

-SAS2 PARM-SKIPCELLWT

This feature skips almost all ofthe cell-weighted case in the shipping cask analysis. Dose results change
insignificantly when this option is used for a cask in which the fuel zones are dry. This option can save
considerable execution time in the shielding analysis.

Executina SCALE-3 Version of SAS2: |

|
=SAS2 PARM=OLDSAS2 )

This feature solves the complete problem in the method using the SAS2 method of SCALE-3. The model

is an infinite lattice of the fuel-pin-cell representation of the path-A model. The only exception is that the
ORIGEN-S cross sections are cell-weighted (as in SAS2H) instead of region-weighted (as in SCALE-3). This
option requires INPLEVEL=0 in Data Block 7.

Chancine to Recion ~Weichted Cross Sections:

-SAS2 PARM='OLDSAS2,NOCELLWT
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This feature executes the older version of SAS2 (fran SCALE-3) producing region-weighted cross
=rtiaan, as in SCALE-3. Apostrophes or parentheses allow use of a comma between keywords.

Skinnine Shmmne Cask Na ifFal*ine-

=SAS2 PARM=(HALT 03,SKIPSHIPDATA)

This festise can be used only when the case is haked prior to the cask analysis (e.g., at reactor discharge).
The sluppeg cask data, which previously were required even when not used because of the HALTii, do not have
to be included (starung with ALIB ofData Block 11 in Table S2.5.1). If a restart is to be used later for the cask
analyss, this festise may not be used. Use of this option without settmg the halt feature will force a halt for ii=J.

Naeine SAS2 Core Atlae=tiaa-

-SAS2 PARM-SIZE-

This feature changes the word size allocated to arrays in SAS2 from 200,000 to value of xxxxxxxx

Check in Matmal Taran==*ina Prnm=ar

-SAS2 PARM-CHECK

'Ihis feature checke all standard composition specificauon data and the fuel-pin-cell geometry, writing
error messages and stops before ruumng case. HALTXX does this and edits more data.

V S2.5.7 PRECAUTION IN USING NON-SCALE LIBRARIES (ZA NUMBERS, MU)

The cross-section library to be used by SAS2 is specified by LIB in data block 3 of the input
requeanuts listed in Table S2.5.1. Four libraries are appropnate for SAS2, which are identified by the following
input entries

1. HANSEN-ROACH
2. 27GROUPENDF4
3. 27BURNUPLIB
4. 218GROUPNDF4

'Ihe SCALE library specified by "123GROUPGMTH" may not be used by SAS2 without proper preprocessing.
In addition to the cross-section data, SAS2 requires each set of data for a nuclide to contain a proper

SCALE idenfw, a ZA number, and flux data (given in the MT 1099 data) All SCALE neutron cross-section

libranes, miless otherwise =aacihd. are considered to contain the proper data to be used by SAS2 for any of the
=rLd= on the library. Note that anymaterial winch is an alloy or element, and, thus, not identified as an isotope
by the idannrw and ZA number, cannot be depleted by SAS2. Although such matenals may not be depleted or
generated by the code, they may be input (e.g., as clad) and used with a constant density in the flux calculation
of the neutronics treatment.

Cross-section librancs have been produced and used by SCALE modules that are not under the
4 2. control of the SCALE system. The user is advised to take certain precautions before using any of
these libraries with SAS2. 'Ihe idaatifiers should follow the proper SCALE procedure of being the ZZAAA
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nunber for any ground-state isotope or ZZ601 for an excited-state isotope These identifiers are required to use
any of the SCALE neutronics control modules (e.g., CSAS4 or CSASN). Before applying the library to SAS2
cases, the user should also determine (possibly using editing codes) that the nuclides have proper ZA numbers
in the duectory records and flux data in the MT 1099 data. Users producing non-SCALE cross-section libraries
that have potential use with SAS2 should use procedures that supply the data required by SAS2.

O
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:

;

!
S2.6 SAMPLE CASES

,

The input to four sample cases and examples of some of the pnnted output are included in this
enh-rmr=

ne frst three cases are vanations of the same problem for a PWR fuel assembly. The fourth case
is an example for a BWR fuel an==nhly. The first case tv=*=== a =l~h of relatively large-interval-size
par ==*=s in order to have a test case using has computer time than the more typical cases. The printout shown
apphes to the fast case only. However, the ev=ng=mai dose rates for all cases are tabulated for companson checks
with the results from other sample cases psfu. e4 by the usev, or in the fourth case, for comparisons with
measur===ta.

S2.6.1 SAMPLE CASE 1 DESCRIPTION

The desenption for sample case 1, which is basically the same for the first three cases, is iwM in
full for the fust case only. Thm, only changes in data will be given for sample cases 2 and 3.|

!
'

GeneralDescrintion of Problem

| A slupping cask is designed with a stainless steel basket, a B C neutron poison for criticality control, a
I depleted wannan shield for absorbing photons, and a water shield for reducing the neutron dose. The cask is to
! tv=d=n PWR fuel anamnblics having a 33-mwd &gU bumup The assentlies had been coupled with control rods
! while within the reactor.
!

The data ammanal to be given are presented first. It is followed with calculated data required for the
mput. Then, muong tables are wird and the final sample case 1 input is listed.

Given Assembiv-Descrintion Data

UO fuelrods on 17 x 17 squarelattice2

Numberoffuelrods per maannhly = 264
Number of guide tubes per fuel manenhly = 24
Active fuel length = 365.76 cm (144 in.)
Fuelmass = 461.4 kg Uper assembly
Cantent ofU, wt %: SU = 0.028,2"U - 3.2,5U = 0.015,5U - 96.757
Zircaloy guide tubes and clad for fuel rods
Average'w.i=s.,K: fuel,811; clad,620;H 0,5702

Average water-moderator pressure = 1.55 x 107pascals (2250 psia)
; Average moderator 'e-,-.iure, degrees F = 567
; Average moderator boron content = 550 ppm (by weight)

Rod pitch = 0.4% in. = 1.25984 cm
Fuel rod clad OD = 0.374 in. - 0.94996 cm

( Fuel rod clad ID = 0.329 in. = 0.83566 cm
i Gmde tube outside radius = 0.241 in. - 0.61214 cm

Guide tube inside radius = 0.225 in. - 0.57150 cm

;

!
'

:

}
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Effective light-element mass, kg/ assembly:

C = 0.05999 N = 0.03377 O - 62.14 Al = 0.04569
Si = 0.06586 P = 0.1422 Ti = 0.04983 Cr = 2.340
Mn = 0.1096 Fe = 4.599 Co = 0.03344 Ni = 4.402
Zr = 100.8 Nb = 0.3275 Mo = 0.1816 Sn - 1.652

4

Qht elements in end fittings and plenum are included with effective weights as obtamed with scaling factors
Scza lef. 43. The user may round offinput values to 2 or 3 signif'emnt figures./

,Givpn Power and Cooline History of Assemblies

Bumup = 33 GWd/tU = 33 mwd /kgU
Specific power = 37.5 kW/kgU = 17.3025 MW/ assembly
Cycles in (simplified) first sample case = 1
Cycle time - bdnup/ power = 33,000/37.5 - 880 d
Spent fuel cooling period = 5 years = 1826.25

Given Shinnine-Cask Descrintion Data

Type offuel coolant: none, dry fuel
Temperature ofcask (assumed), K = 325
Pressure = 1.032 x 105pascals (14.969 psia) (not used in dry fuel case)
Number of zones- 9
Materials by zone radii (densities given later in the nuxmg table):

1; 12.75 cm; I fuel assembly, SS304,N
2; 21.72 cm; B C,SS304
3; 38.05 cm; 6 fuel assemblies, SS304, N
4; 47.63 cm; Void
5; 48.90 cm; SS304
6; 57.40 cm; U-metal at 0.27 wt % 2"U
7; 61.35 cm; SS304
8; 72.78 cm; water
9; 73.22 cm; SS304

Given SAS2 Parameter Selections (Not Defaulis)

Reactor-fuel-depletion-caselibrary: 27(n) groups
Shielding-analysis-caselibrary 27(n)-18(g) groups
Number oflibraries produced / cycle = 1
Inputlevel(SAS2H data) option = 1
Printlevel option = 5
Fuel pin-case mesh size factor (coarser mesh) = 1.2
Larger-unit cell interval size increase factor = 1.4
Shield case interval size increase factor = 2.0
Shield region-geometry cask case com crgences = 108
Order of angular quadrature of cask case - 8

NUREG/CR-0200,
Vol.1, Rev. 5 S2.6.2

!
i

__ - _ _ _ _ _ _.-- _ _.___



.. . - - _. . -
,

| |

| ,

'
'

Skip cask cell-weight case, or PARM='SKIPCELLWT'
,

.

Trace of"Co in reactor coolant to update its cross section (included in the moderator because its flux is felt to
better iwa the flux in the structural regions where the "Co is pnmarily located)
Default dose detector locations: 0,1,2, and 4 m from surface

ra!.=!e en of V"-- - Fraeda- (VF) for UO. Fuel

First, compute atomic weights of U and UO as A, and Ar, respectively.2

23*N = 0.00028 p, N/23 4.041 = 0.00120 x 10-' p,N,
2"N = 0.03200 p, N/235.044 = 0.13614 x 10-8 p, N,
2'*N = 0.00015 p, N/236.046 - 0.00064 x 10-8 p, N,
2"N = 0.%757 p, N/238.051 - 4.06455 x 10-8 p, N,
N,= 4.20253 x 10-8 p, N.
A,- p,N/N, = 1/4.20253 x 10-8 = 237.952
Ao= 31,999

Ar= 269.951

Then, compute mass, volume, and density of UO :2

Moo 2 = M, AgA, = (461.4)(269.951)/(237.952) = 523.448 kg
V,s_ = 264 x (0.83566/2)2(365.76) = 5.2%02 x 10d cm'
puo2 - 5.23448 x 108/5.29602 x 104 - 9.8838 g/cm'
p(theor., UO ) = 10.96/cm (Table M8.2.1)S

2

VFw = 9.8838/10.96 = 0.9018, for UO (MX-1)2

Calculation of Density (DEN) for Reactor Moderator

T, degrees F = 567
P, psia = 2250

pm (or DEN) = 0.733 g/cm' (Table S2.5.2, interpolated) !

Comments on Calculations of VF and DEN

Note that parts of the above cahdatr=u were made to illustrate the details of a more complete procedure j
in deriving input data. The lengthy atomic weight computation is not needed if the UO weight and volume of |2

an assembly are given or if either the UO density or volume fraction is given. In practice, simply setting the 12

atomic weight of umnium to equal 238 (in the 2 to 5 wt % 2"U range) is correct for a three-place accuracy of VF.
(Note on accuracy: The fractional changes in isotopic inventories usually computed are approximately the same
or less than the fractional change in the H/U atomic ratio of the case. Thus, three-place accuracy should be
sufficient.)

A volume fraction (VF) could have been used in place of density (DEN) for H 0. The boron content of2

550 parts pa mdhon in the moderator was input for this case as an arbitrary material, permitting a direct meGod
of entering the 550 and avoiding the necessity of the user converting from ppm to atom /b-cm for either the
elemental boron or ''B and "B. The description and examples of arbitrary materials are given in Sects. M7.4,
M7.5, and C4.4.4.

,.
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Preparation of Mixine Tables

Next, derive the input "nuxing tabics" (dima=4 in Sect. S2.2.3 and Data Note A of Sect. S2.5.4). All l

the data required for the nuxing table of the fuel-pin cell, shown in Table S2.6.1, are either given or calculated.
The data for the shipping cask mixmg table in Table S2.6.2 have been similarly derived. This is the same

shipping cask applied in sample cases for SAS1 in Sect. S1. Figure S2.6.1 shows the geometric model of the !

shipping cask. SAS2 computes only the radial detector dose rates, whereas SAS1 can compute both radial and |
axial Merinr dose rates. Results for a problem evaluated by SASI and SAS2 in the radial direction are nearly

,

1identical, if similar parameters are used.

Table S2.6.1 Fuel-pin-cell mixing table of sample cases 1 to 3

MX Component Wt % Density VF Atoms /b-cm T,K T3pe

1 UO 0.9018 811 Fuel2

SU 0.028
235U 3.200
SU 0.015
*U 96.757

2 Zircaloy 1.0 620 Clad
3 HO 0.733 1.0 570 Mod.2

Boron 100.0 0.733 550.0E-6
5'Co 0.0 1.0E-20

0
Table S2.6.2 Shipping cask mixing table of sample cases 1 to 3

MX Component Wt% Density VF Atoms /b-cm T3pe

4,5 SS304 2.1375E-2 Fuel zones
N 1.22E-3 0.5530 2 atm. pres.

6 SS304 2.1712E-2 Neutron poison
6 BC 7.7066E-2
7 N 0.0 1.0E-20 Void
8 SS304 1.0 Cask body
9 U-metal 1.0 Photon sideld

mU 0.27
"U 99.73

12 H,0 0.9440 Neutron shield

NUREG/CR-0200,
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S2.6.2 SAMPLE CASE I INPUT

=SAS2H PARH=' SKI PCELLWT'
SA52 SAMPLE CASE 1 33 MWD /KGU, 17*17 PIN, PWR, 1 CYC, DRY-IVEL CASK
27GROUPNDF4 LATTICECELL
e ................................
e

' THIS PART OF INPUT: MIXTURES OF SVEL-PIN-UNIT-CELL

UO2 1 0.9018 811 92234 0.028 92235 3.2 92236 0.015 92238 96.757 END
' ....ABOVE METHOD USES NT l's OF URANIUM ISOTOPES
ZIRCALLOY 2 1 620 END
H2O 3 DEN =0.733 1 570 END
ARBM-BORMOD 0.7331 1 0 0 5000100 3 550.0E-6 570 END
' ....ABOVE IS 550 PPM BORON IN MODERATOR
CO-59 3 0 1-20 570 END
e

e ................................
e

' MIKTURES OF SHIPPING CASK
e

SS304 4 2.1375-2 END
N 4 DEN =1.22-3 0.553 END
SS304 5 2.1375-2 END
N 5 DEN =1.22-3 0.553 END
SS304 6 2.1712-2 END
B4C 6 7.7066-2 END
N 7 1-20 END
SS304 8 END
U(.27) METAL 9 END
H2O 12 0.944 END
END COMP
e

e ................................

e

* FUEL-PIN-CELL GEOMETRY:

SQUAREPITCH 1.25984 0.83566 1 3 0.94996 2 END
MORE DATA SZ F=1. 2 END
e

e ................................
e

' ASSEMBLY AND CYCLE PARAMETERS:
e

NPIN/ASSM-264 IVELNGTH-365.76 NCYCLES=1 NLIB/CYC=1
PRINTLEVEL=5
LIGHTEL=16 INPLEVEL=1
NUMINS= 1 ORTUBE= 0.61214 SRTUBE=0.5715 FACMESH=1.4 END
' ....ABOVE IS LARGER-UNIT-CELL GEOMETRY ADDITIONS
POWER =17.3025 BURN =880 DOWN=1826.25 END
C 0.05999 N 0.03377 O 62.14 AL 0.04569
SI 0.06586 P 0.1422 TI 0.04983 CR 2.340
HN 0.1096 FE 4.599 CO 0.03344 NI 4.402
ER 100.8 NB 0.3275 MO 0.1816 SN 1.652

* ....ABOVE DATA ARE LIGHT ELEMENTS (KG) PER ASSEMBLY

.................................

.

' ZONE DESCRIPTION OF CASK
4

27N-18 COUPLE TEMPCASK(K)=325 NUMZONES=9 DETECT =0 DRYFUEL=YES END
4 12.75 6 21.72 5 38.05 7 47.63 8 48.90
9 57.40 8 61.35 12 72.78 8 73.22
ZONE =1 IVELBNDL-1 ZONE =3 IVELBNDL-6

SZFCASK=2 ISNS=8 EPSS=1-3 PTCS=1-3 END
e

e ................................
.

END
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Outout and Comonted Dose Rates

See Sect. S2.6.9 for a desenption of some of the pnnted output from sample case 1. Computed dose
rates for the first three sample cases, wiuch are similar problans, are listed in Table S2.6.3. These dose rates
represent the ' values calm 1=*~I with SCALE 4.3. Subsequent updates to SCALE may cause results somewhat
d:Nerent from those reported in Table 52.6.3.

i
i

Table S2.6.3 Dose rates computed in similar cases

!
j Dose rates (mrem /h) at 2 m I

Sample Coohng
case time, y Gamma rav Neutron

1 5 3.51 1.38
2 5 4.79 1.54

3A 5 4.61 1.55 '

| 3B 10 1.86 1.29

|

|

S2.6.3 SAMPLE CASE 2 DESCRIPTION

. Sample case 2 illustrates the eKoct of applying some of the default parameters in place of those used in :
I

sample case 1. The input data for the two cases are identical, except for the following changes in sample case |
| 2:

|

|1. Apply the default mesh interval sizes in the fuel-pin-cell geometry.
|

I2. Apply the M=* size guide tubes, which are automatically supplied by changing the input level 1 to the
default input level 0, for the larger unit-cell data.

3. Apply the default mesh intaval sizes in the larger unit-cell geometry. Because only defaults are applied
to the larpr unit cell, the input for the case reverts to that of the SCALE 3 version of SAS2. However,

l the code still applies for the improved SAS2H procedures

!

| 1

L
,
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S2.6.4 SAMPLE CASE 2 INPUT

=SAS2H PARM=' SKIPCELLWT'
SAS2 SAMPLE CASE 2: 33 MWD /KGU,17*17 PIN, PWR, 1 CYC, DRY-WEL CASK
27GROUPNDr4 LATTICECELL
e ..______........................

THIS PART OF INPUT MIXTURES OF FUEL-PIN-UNIT-CELL |
'

|
UO2 1 0.9018 811 92234 0.028 92235 3.2 92236 0.015 92238 96.757 END |

....ABOVE METHOD USES NT l'S OF URANIUM ISOTOPES'

ZIRCALLOY 2 1 620 END j
H2O 3 DEN =0.733 1 570 END
ARBM-BON 10D 0.733 1 1 0 0 5000100 3 550.0E-6 570 END I

....ABOVE IS 550 PPM BORON IN MODERATOR I
'

CO-59 3 0 1-10 570 END
e

e ............ _____...-.___......
e

' MIXTURES OF SHIPPING CASK
e

SS304 4 2.1375-2 END
N 4 DEN =1.22-3 0.553 END
SS3C4 5 2.1375-2 END
N 5 DEN =1.22-3 0.553 END
SS304 6 2.1712-2 END
B4C 6 7.7066-2 END
N 7 1-20 END
SS304 8 END
U(.27) METAL 9 END
H2O 12 0.944 END
END COMP
e

e . ...._...............____._....
e

' FUEL-PIN-CELL GEOMETRY:
e

SQUAREPITCH 1.25984 0.83566 1 3 0.94996 2 END

e .___....___......._____..... _._

e

' ASSEMBLY AND CYCLE PARAMETERS:
e

NPIN/ASSM=264 WELNGTH=365.76 NCYCLES=1 NLIB/CYC=1
PRINTLEVEL-5
LIGHTEL=16
* . . . .ABOVE SHOWS NO LARGER-UNIT-CELL GECMETRY ADDITIONS, DEFAULTS USED
POWER =17.3025 BURN =880 DONN=1826.25 END
C 0.05999 N 0.03377 O 62.14 AL 0.04569
SI 0.06586 P 0.1422 TI 0.04983 CR 2.340
MN 0.1096 FE 4.599 CO 0.03344 NI 4.402
ER 100.8 NB 0.3275 MO 0.1816 SN 1.652

' . . . .ABOVE DATA ARE LIGHT ELEMENTE (KG) PER ASSEMBLY

e ...... _....._____...........___
e

' ZONE DESCRIPTION OF CASK
e

27N-18 COUPLE TEPPCASK(K)=325 NUMZONES=9 DETECT =0 DRYWEL=YES END
4 12.75 6 21.72 5 38.05 7 47.63 8 48.90
9 57.40 8 61.35 12 72.76 8 73.22
ZONE-1 FUELBNDL=1 ZONE =3 WELBNDL=6

END
e

e .._____.......... ..............
.

END

NUREG/CR-0200,
Vol.1, Rev. 5 S2.6.8



. . - . - - .- . - - - . -.~.- - .- . .- _ . - .. _ . - _ _ .. - - - _ - .

!

| 1

(

9 4. Apply the defaults for the angular quadrature (i.e.,16), the problem convergences (i.e.,10d), and the
~
imesh interval sizes in the shipping cask case.

5. Make proper titleline.

No pnntout is listed here for this sample case. However, the computed dose rates at 2 m from the cask

surface are listed in Table S2.6.3. 'Ibe infh== fronn the ddiennt inputparameters to sample cases 1 and 2 (e.g.,
the mesh intervals) may be noted by companson with the correspondag dose rates. j

,

, S2.6.5 SAMPLE CASE 3 DESCRIPTION
l

Sample case 3 provides examples of two major changes from sample case 2. It illustrates the use of the|

| " halt" and " restart" features of SAS2. Also, a more detaded reactor history is applied.
| Canader a project in which the user is requested to compute dose rates as a function of cooling time of

the spent fuel. Even though only two different coohng times are used in this example, more could be included.
;

The sample case shows the method of computing multiple cases within the submission of only one job. The
calculation of the reactor discharge concentrations is not repeated, which saves computer time. This feature is
particularly signi&=at in this case, because the case produces three libraries.

The given data for this case are the same as that given for sample case 2, except for the following
changes:

i

.Given SAS2 Par ===*ers Selected

Number of cycles in esse = 3
Printlevel option = 4,

'

|
|Given Power and Cooline History of Assemblies
!

l

Cycle 1

Reactor power = 18.3025 MW/ assembly
Irradiation penod- 290 d
Shutdown period = 30 d

Cycle 2:

Reactorpower = 17.3025 MW/ assembly
Irradiation period = 300 d
Shutdown period = 60 d
Fraction of first-cycle boron density = 0.95

Cycle 3:

Reactor power = 163025 MW/ assembly
Irradiation penod = 290 d
Fractaan of firsta:ycle boron density = 0.92

l Spent fuel cooling penods.
A.5y
B.10 y
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Ahhough there is no pnntos listed here for this Sample case, the dose rates at 2 m from the cask surface
are given in Table S2.6.3.

S2.6.6 SAMPLE CASE 3 INPUT

=SAS2N PARM=8 MALT 03,5KIPCELLWT'
SAS2 SAMPLE CASE 3: 33 MW/KGU,1P17 PIN, PWR, 3 CYC, DRY FUEL CASK
27GROUPMDF4 LATTICECELL
002 1 0.9018 811 92234 0.028 92235 3.2 92236 0.015 92238 96.757 END
ZIRCALLOY 2 1 620 END
N20 3 DEN =0.733 1 570 Elf
ARAM-BORMOD 0.733 1 1 0 0 5000 100 3 550.0E-6 570 END
Co-59 3 0 1-20 570 END
$1304 4 2.1375-2 END
N 4 DEN =1.22-3 0.553 END

$1304 5 2.1375-2 END
N 5 DEN =1.22-3 0.553 Em
S$304 6 2.1712 2 END
B4C 6 7.7066-2 END
N 7 1-20 END

S$304 8 END

U(.27) METAL 9 END
H2O 12 0.944 END
END COMP

SQUAREP!TCH 1.25984 0.83566 1 3 0.94996 2 END
NPIN/ASSM=264 FUELNGTHs365.76 NCYCLES=3 NLIB/CYC=1
PRINTLEVEL=4
LIGHTEL=16
POWER =18.3025 BURN =290 DOWN=30 END
POWER =17.3025 suRN=300 DOWN=60 BFRAC=0.95 END
POWER =16.3025 BURN =290 DOWN=1826.25 BFRAC=0.92 END
C 0.05999 N 0.03377 0 62.14 AL 0.04569
SI 0.06586 P 0.1422 TI 0.04983 CR 2.340
MN 0.1096 FE 4.599 CO 0.03344 NI 4.402
ZR 100.8 NB 0.3275 Mo 0.1816 SN 1.652

27N-18 COUPLE TEMPCASK(K)=325 NUNZONES=9 DETEiCT=0 DRTFUEL=YES END
4 12.75 6 21.72 5 38.05 7 47.63 8 48.90
9 57.40 8 61.35 12 72.75 8 73.22
ZONE =1 FUELBNDLs1 ZONE =3 FUELBNDL=6

END

END
=SA52N PARMs'REETARTS,5KIPCELLWT'
SAS2 SAMPLE CASE 3A 33 MWD /KGU, 1 P 17 PIN, PWR, 3 CYC, DRY-FUEL CASK
END
=0RIGENS
Oss A8 26 A11 -71 E if

| SAMPLE CASE 35
5t$ 21 0 1 -88 A33 88 4** A4 1 35 2T

| 35$$ 0 4T
[ 56SS A14 5 1 74 E ST

( SAMPLE CASE 35
60** 0.351178.510
65t$ 1 82 1 22 1 82 2021 61** F1 3
8188 2 0 26 1 E 82S$ A10 2
6T

SAMPLE CASE 38
! 5688 F2 A1010 E 6T

5684 F0 T
END
=St.S2N PARMa' RESTARTS,SK!PCELLWT8
SAS2 SAMPLE CASE 38: 33 M W /KGU, 1 P17 PIN, PWR, 3 CYC, DRY-FUEL CASK
END

NUREG/CR-0200,
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S2.6.7 SAMPLE CASE 4 DESCRIPTION
;

Sample case 4 is an example pertaining to an analysis of an actual storage cask designed to contain 52;
BWR spent fuel amanmM== G==ma and neutron dose rates have beni measured"" at various positions on thei

maface of the cask. Note: the man =nWy demsp and reactor modestor denny data" used in tMs case are different!.

'
i

than that for the assembhes in the measurnments because the readdy available data"" did not include some of2
the regered assembly speificariana

The operatag history and burnup of the assembly nearest the detector ,

! lacariana ese apphed in the calculations. Also, the case applies a somewhat different cask model, which is more
complete (e.g., forpart of the basket matenal) than that used in the reported"" calculations Although this case

3
*

is not ir*=ded to be as complete as a nure detaled analysis, it should at least give an estunate of the companson
of a SAS2 thick shield caten1=&= with dose rates that are actually measured. i

Given C=_a* A - "w n =_u;A Datae

Generally, the assanbly and moderator W% used in this case are those of Ref. 47. The
189-kg U assembly and fuel rod data are listed in Table S2.6.4. The weighted average SU enrichment is
2.40 wt % zuU and other uranium motops contents are 0.021 wt % SU,0.011 wt % SU, tnd 97.568 wt % "U.

'Be SAS2H madel for the assanblylocates a gadolinium poison rod at the center of the larger unit cell.
Four gadolinium poison rods (type 5 rods listed in Table S2.6.4) are located in the asserrbh as shown in Fig.
S2.6.2. Thus, one fowth of the channel casing material and channel moderator should be placw in the two zones
outside of the fuel zone of the larger unit cell. The axially fission-weighted water density of 0.4817 for the
fuel-pin-unit-cell case is davved fran a reflected slab case computed by XSDRNPM-S using the moderator zone
densities of Table S2.6.5 (see discusau= in Data Note B in Sect. S2.5.4) and case 3 (Fig. S2.A.3) in S2.A.
Exogt for gadohnhan and cobalt, light alarnant masses per assembly shown in the SAS2H input (Sect. S2.6.8)O amilarly applyng data from Tables 3.7,4.3, and 4.4 ofRef. 43. Gadolmium content is computed from data inare derived by a method can=>= tant with that used in other SAS2 cases in Refs. 23 and 48 and Sect. M6.7 by
Table S2.6.4. The "Co cantants in Ref 43 are one4alf the maxunum handbook values for the various materials.
However, for this case, itis assumed that the "Co content is zero (for materials influencing the side dose rate).
Note that in the few cases in the past (known to the authors) where the cobalt content was measured, the
measured amount was sufficiently less than that of the handbook value. Thus, it was felt that this assumption
on the "Co cantant would produce less bias than that generated from using the higher assumption. (However,
a zero "Co assumption may not be good when it is required to maintsi conservatism.) The mixing table |

densities for the fuel-pin < ell input and the larger-unit cell input are listed in Tables S2.6.6 and S2.6.7, i
respectively.

Given Oneratine Power and Cooline History of A=====bly

The BWR assembly CZ209 located at 26.5* from the reference point and at an outer position in the I
basist, was analyzed for the radiation sources It is assumed that the assembly cooled for 2.6 y after discharge
and has the operatmg history (Table 4.3 of Ref. 45 and Table 4.1 of Ref. 46) given in Table S2.6.8. '

i

;

NUREG/CR-0200,
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Table S2.6.4 BWR assembly description for sample case 4

Assembly general data- 1

|
Lattice, designer 8 x 8,GeneralElectric |
Type Burnable poison ;

Water density, vol-av, g-cm-8 0.392 '

Water temperature, av K 558 )
Number ofpoison rods 4
Number ofholes 1

Channelmaterial Zircaloy-4;

Channel water density, av, g-cur $ 0.743

|
Fuelrod data: )

i
,

Pellet diameter,in. 0.4160 I

( Gap (diametrical),in. 0.0090 |
Rod OD,in. 0.493

'
[

Fuel rod pitch,in. 0.640
Pellet stack density, % TD 94 |

Clad material Zircaloy-2 -

Active fuellength,in. 148
Plenum (fuelrod) length,in. 10 ;

Fuel temperature, K 840
Clad temperature,K 620
Type 1: 31 rods, wt % "5U 2.64
Type 2: 16 rods, wt % n5U 2.30

|
Type 3: 8 rods, wt % "5U 2.12
Type 4: 4 rods, wt % "5U l.65'

Tvpe 5: 4 rods, wt % v5U 2.30, with 2.0 ut % Gd,0,

|

|
.

|

|

!
.

.

|

|

|

l
i

|
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Figure S2.6.2 BWR assembly schematic for sample case 4

|

Table S2.6.5 Axial water densities of BWR for sample case 4 |

Average density Average water '

Top ofnode Density at Z in node temperature
(Z, in.) (g-cm 5) (g-cm-8) (K)

30.83 0.692 0.743 552
43.17 0.569 0.600 558
55.50 0.472 0.494 558
67.83 0.400 0.417 558
80.17 0.347 0.360 558
98.67 0.293 0.309 558

123.33 0.250 0.264 558
148.00 0.228 0.234 558

NUREG/CR-0200,
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Table S2.6.6 Fuel-pin-cell mixing table for sample case 4

MX C - .:- w at Wt % Density VF T,K Typea

1 UO 9.87 1.0 840 Fuel2

23*U 0.021
2"U 2.400
23'U 0.011
2''U 97.568

2 Zircaloy 1.0 620 Clad
3 H,0 0.4817 558 Mod.

' Input as DEN.

Table S2.6.7 Larger-unit-cell mixmg table for sample case 4

MX Component Wt % Densitv VF T,K Radius, ema

9 UO 9.87 1.0 840 0.539752

Gd 0 9.87 0.022 3
'"Gd 2.18
'"Gd 14.80
is'Gd 20.47
"'Gd 15.65
"'Gd 24.84
8"Gd 21.86 !

O 150.006
2 Zircaloy 1.0 620 0.62611
3 HO 0.4817 558 0.917152

500 (Smeared fuelcalculated by SAS2) 3.6398

10 Zircaloy 1.0 588 3.8103
11 H0 0.743 552 4.32613

* Input as DEN (arbitrary material described in Sect. C4.4).
6 Equivalent oxygen, considering total gadolinium = 100.

Table S2.6.8 BWR assembly operating history for sample case 4

Accumulated Time Burnup, Cycle burnup, Power,
Cycle time, d difference, d GWd/MTU GWd/assm MW/assm. |

1
1 807 807 10.651 2.013 2.494

866 59 10.651 0 0
2 1367 501 21.430 2.037 4.066

2166 799 21.430 0 0
3 2878 712 25.383 0.747 1.049 ;

NUREG/CR-0200,
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Given SAS2 Parameter Selections

O Reactor-fuel-depletion-caselibrary: 27(n) groups
Shielding-analysis-caselibrary 27(n)-18(g) groups
Number oflibraries produced / cycle = 1
Inputlevel(SAS2H data) option = 2
Printleveloption = 4;

1 Skipcaskcell-weightcase,orPARM 'SKIPCELLWT'
Detector locations (at midplane, only): 0,2.54,100, and 200 cm from cask
Defaults for all mesh sizes, angular quadratures, time, and comwgences

j

Given Storane-Cask-Descriotion Data

Type of fuel zone coolant: none, dry fuel
Tsw.iare ofcask, K = 380
Number ofzones = 9
Materials by zone radii (densities given in Table S2.6.9):

1; 75.32 cm; 52 fuel assemblics, SS304, boral, Cu, zircaloy
2; 75.70 cm; zircaloy
3; 75.93 cm;boral
4; 76.57 cm; Cu
5; 79.29 cm; SS304
6; 90.09 cm; Pb
7; 95.17 cm; SS304
8; 110.41 cm; ethylene glycol water solution

,g 9; 111.05 cm; SS304

Table S2.6.9 Storage cask mixing table for sample case 4

MX Component ATPM' Densitv6 VF Type (part)

4 SS304 0.1624 (Fuel zone,with
Cu 3.832E-2 part of basket and
BC 2.034E-2 casing)
Al 2.486E-2
Zircaloy 3.97E-2

12 Zircaloy Casing
13 B,C 2.156 0.35 Boral

B 4
C 1

Al 100 0.65
14 Cu 1.0 Basket
5 SS304 1.0 Shield clad
6 Pb 1.0 Gamma shield

! 7 H O soln. 1.0 Neutron shield2

| C 0.212 (Water and
0 0.732 ethylene glycol)

! H 0.109

' Atoms of this element per molecule of arbitrary material (Sect. C4.4).
6 Input as DEN (Sect. C4.4).

,

'
NUREG/CR-0200,

[ S2.6.15 Vol.1, Rev. 5
,



.

Measured Data

A profde ofmeasured gamma done rates was obtamed along the axial elevation of the cask surface. An

average of the gamma dose rates measured at 26.5' from a reference point was derived by height-segment
weighting of the averages of consecutive dose rates detemuned between 60- and 420-cm elevations (the active
fuel region). The thermolummescent dosimeters (TLDs) used to obtain the profile of dose rates may require a
calibration to the gamma sptrmu because the TLDs do not measure energy spectra. However, by applying
photon spectra determmed by other instrumen% it was concluded that a TLD recalibration was not necessary.
& average gamma dose rate derived by height-segment weighting is 12.5 mrem /h. The gamma dose at the cask
midplane (peak)is 14.4 mrem /h.

& deten=== of the average neutron dose rate to be used for compansons is somewhat less direct.
Neutron measurements at 26.5' using track etch hime*mi(TEDS) are applied, following the same method used
for photons, with one exception. At the elevation of 223 cm, the 26.5' dose rate value appears questionable
because it is about twice the size of the average of the other four measurements over the 0 to 45' range at the
same elevation. Also, this large menarement is 1.8 to 4.1 times any of the other values measured at the same
angle and at heights correspondmg to the lower half of the fuel location. Rather than completely discarding the
questionable value, the large value plus the other four values at 223-cm elevation are averaged to obtain the
neutron dose rate at that height. 'Then, the height-segment weighted neutron dose rate, before calibration, is 2.66
mrem /h. Three ddrerent types ofneutmo spectra measunng instruments and flux-to-dose rate conversion factors

were used for calibration of the TEDS. The final everage neutron dose rate, after applying the average
calibration factor, is 1.24 mrem /h The midplane (peak) neutron dose rate is 1.77 mrem /h after calibration.

Comparison of Calculated and Measured Doses

Table S2.6.10 compares the measured doses with the calculated doses obtained from the SAS2H
q =a The calculated doses are low compared with the measured neutron dose and high compared with the
measured gamma dose. The differences between measured and SAS2H-computed values may result from several
reasons.

Table S2.6.10 Computed dose rates and measurements
for case 4,* in mrem /h

Average dose Midplane dose
Radiation type SAS2HS measurement * measurement

Gamma dose rate 19.0 12.5 14.4
Neutron dose rate 1.02 1.24 1.77

* Located at 26.5 on cask surface.
' Computed with difTerent BWR assembly design.
' Height-segment weighted average at side ofcask (after calibration).

1. The SAS2H analysis used a different BWR assembly design.

2. Uncertamty in the spent fuel depletion model.

NUREG/CR-0200,
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3. The SAS2H analysis assumed the cask to be fully loaded with assemblies having the charactenstics of
the one assembly nearest the detector tacew=t

l
t
! 4. The SAS2H model homogemzes the fuel over the entire cask cavity.

5. General limitations of a 1-D computatxmal maM

6. Umwyin the cross-section data.

Gamma and neutron sources were ralrated by ORIGEN2 in the computations reported in Refs. 45 and
46 and may be compared with those ofsample case 4. Ahhough different group structures limit the comparisons,;

'

the gamma source above 1 MeV computed by ORIGEN2 was 12% greater than that calculated by
SAS2H/ORIGEN-S. The total neutron source derived by ORIGEN2 was 43% greater than that determmed by
SAS2H/ORIGEN-S. This neutron source difference is consistent with that of a comparison study"in which the
neutron source, for BWR fuel aAer five years decay, computed by ORIGEN2 was 29% greater than that;

calculatedt- SAS2H/ORIGEN-S.j

A more edensive ceiralahnnal compenson (using =*Mm==ional models, etc.) with the measured data

is needed to better qua:My the sources of diw prccy with the measured data. An inharakat effort is being
made to study these sources of diw viccy.

S2.6.8 SAMPLE CASE 4 INPUT

CSAS2 PARM=' SKIPCELLWT '
'

SA52 S|Vr.! CASE 4 25 MWD /KGU, 8*8 PIN, BWR, 3 CYC, DRY IVEL CASK
* ..._........'...............

9

' MIXTURES OF FUEL-PIN-UNIT-CELL:
e

27BURNUPLIB LATTICECELL
UO2 1 DEN =9.87 1 840 92234 0.021 92235 2.4 92236 0.011

92238 97.568 END
ZIRCALLOY 21 620 END
H2O 3 DEN =0.5039 1 558 END
e ..........................___.
e

' MIXTURES OF SHIPPING CASK
e

SS304 4 0.1624 END
CU 4 3.832-2 END
B4C 4 DEN =2.034-2 1 END
AL 4 DEN =2.486-2 1 END
ZIRCALLOY 4 3.97-2 END
' . . ..ABOVE IS AVERAGE SS, CU & BORAL IVEL BASKET
* AND CHANNEL DENSITIES OF IVEL SONE. . . .
2IRCALLOY 12 END
* ....ABOVE IS ZIRC. IN ASSEMBLY CHANNEL
ARBM-84C 2.156 2110 5000 4 6012 1 13 0.35 END
ARBM-AL 2.156 1000 13027 100 13 0.65 END
' ....ABOVE IS BORAL IN OUTER SIDE OF TUBE
CU 14 END
* ....ABOVE IS THE CU IN OUTSIDE OF BASKET
SS304 5 1 END
' ....ABOVE IS STAINLESS STEEL CLAD, 3 PLACES IN CASK
PB 6 END
e ....ABOVE IS THE LEAD IVR GAMMA SHIELD
C 7 DEN =0.212 1 END.

) NUREG/CR-0200,i
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O 7 DEN =0.732 1 END
H 7 DEN =0.109 1 END i

' ....ABOVE IS ETRYLENE GLYCOL /H2O FOR NEUTRON SHIELD
9

e ..............................

MIXTURES OF LARGER-UNIT-CELL:

UO2 9 DEN =9.87 1 840 92234 0.021 92235 2.4 92236 0.011
92238 97.568 END

ARBM-GDBURN 9.07 7011
64154 2.18 64155 14.80 64156 20.47
64157 15.65 64158 24.84 64160 21.86
8016 150.0 9 0.02 840 END

' . . . . ABOVE IS 2 WT 4 GADOLINIUM (AS GD2-OX3) IN THE
' BURNABLE POISON PINS OF BWR ASSEMBLY....
ZIRCALIOY 10 1 588 END
' ....ABOVE IS ZIRCALLOY CASING AROUND ASSEMBLY
H2O 11 0.743 552 END
' ....ABOVE IS CHANNEL MODERATOR AT HIGHER DENSITY
END COMP
0

s ..............................
.

' FUEL-PIN-CELL GEOMETRY:
e

SQUAREPITCH 1.6256 1.0795 13 1.25222 2 END

. ..............................
e

' ASSEMBLY AND CYCLE PARAMETERS:
9

NPIN/ASSM=63 FUELNGTH-376 NCYCLES=3 NLIB/CYC=1
PRINTLEVEL=4 LIGHTEL-15 INPLEVEL-2 NUMZONES=6 END
9 0.53975 2 0.62611 3 0.91715 500 3.6399 10 3.8103 11 4.3261
' . .THESE MIXTURES & RADII P! ACE GADOLINIUM PIN AT CENTER
' OF 1/4 OF ASSEMBLY WEL, CASING & CHANNEL MOD.
POWER =2.49 BURN =807 DOWN= 59 END
POWER =4.07 BURN =501 DOWN=799 END
POWER =1.05 BURN =712 DOWN=950 END

C 0.03222 N 0.01534 0 28.86 AL 0.008748
SI 0.01796 P 0.008133 TI 0.01070 CR 0.4274
MN 0.03348 FE 1.197 NI 0.4139 CU 0.00231
ZR 93.93 NB 0.003161 SN 1.535

.

s ..............................
e

' ZONE DESCRIPTION AND OTHER PARAMETERS OF CASK:

27N-18 COUPLE TEMPCASK(K)=380 DETECTORS =4 NUMZONES=9 DRYIVEL=YES END
0 2.54 100 200
4 75.32 12 75.70 13 75.93 14 76.57 5 79.29
6 90.09 5 95.17 7 110.41 5 111.05
ZONE =1 WELBNDL=52

END
END

NUREG/CR-0200,
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|

!

f S2.6.9 SAMPLE OUTPUT DESCRIPTION
|

Samphs of16 pages from the pnnted output dsample case 1 are shown in Figs. S2.6.3 through S2.6.21, |

inclusively. The output list of parameters, composition data, and My (unit cell) of the problem are i

described in Sect. C4.6. The ranamung input processor lists are shown in Figs. S2.6.3, S2.6.4, and S2.6.5. These

figures are followed with a few of the tables prmted dunng the depletion calculation passes and the final
ORIGEN-S decay case. The computed gamma and neutron spectra are shown in Figs. S2.6.14 and S2.6.15,
nspectively. Other figures show some of the stueldmg analysis data and results, which includes mixing tables
and computed dose rates at the 2-m <leserenr. Even though none of the output from sample cases 2 and 3 are

| shown, the dose rates computed at the 2-m detector are listed in Table S2.6.3. Note that the output of all of these

cases is provided here pnmanly to illustrate the fonnat of the output. Updates to the codes or data libraries may
, cause the output provided by the code distribution center to differ slightly from that provided in this section.
|

1

|

|

i

;

i
| 1

i

t |

!
I
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**** REACTOR HISTORY DATA ****

HPIN/ASSH= 264
RIELNGTH= 3.658E+02
NCYCLES= 1
NLIB/CYC= 1
LIGHTEL= 16
PRINTLEVEL- 5

...... AVERAGE DENSITY......
CYCLE PCHER(MW) BURN, DAYS DOWN, DAYS RELATIVE TO THAT IN CYCLE 1

BORON WATER
1 1.730E+01 8.800E+02 1.826E403 1.000E+00 1.000E+00

LIGHT ELEMENTS KG/ ASSEMBLY

C 0.060
N 0.034
0 62.140
AL 0.046
SI 0.066
P 0.142
TI 0.050
CR 2.340
MN 0.110
TE 4.599
CO 0.033
NI 4.402
ZR 100.800
NB 0.327
MO 0.182

Figure S2.6.3 Input processor list of reactor history and light-element data

O
**** LARGER CELL DATA (USING SAS2H) ****

INFLEVEL= 1
NUMHOLES= 24
NUMINSTR= 1
MXTUBE= 2
SRTUBE= 5.715E-01
ORTUBE= 6.121E-01
NUMZONES= 4

MIXMODER= 3
MXREPEATS= 1
FA G ESH= 1.400E+00

**** LARGER CELL GECMETRY

ZONE XSDRNPM MIXTURE RADIUS (CM)

1 3 5.715CE-01
2 2 6.1214E-01
3 3 7.1079E-01
4 1 2.4367E+00

Figure S2.6.4 Input processor list oflarger unit-cell options and geometry

NUREG/CR-0200,
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**** SHIPPING CASK PARAMETERS ****

LIB 27N-18 COUPLE LIBRARY (CN UNIT NO. 88)
MKX 9 MIXTURES, PLUS SPENT WEL
NUMZONES 9 MATERIAL ZONES
N WELZONES 2 ZONES CONTAINING WEL
DETECTORS 4 RADIAL DISTANCES TO DOSE DETECTORS
TEMPCASK(K) 3.2500E+02 TEMPERATURE OF WEL IN CASK IPRESSURE 1.4696E+01 MATER PRESSURE IN WEL ZONES
SEFCASK 2.0000E+00 FACTOR TIMES DEFAULT SPATIAL INTERVAL SIZE ']

**** PARAMETERS INPUT TO OVERRIDE DEFAULTS *"*

ISNS 8 CASK ORDER OF ANGUIAR QUADRATURE
EPSS 1.000E-03 CASK OVERALL PROBLEM CONVERGENCE
PTCS 1.000E-03 CASK SCALAR FLUX CONVERGENCE

*"* CASK GEOMETRY - MATERIAL DESCRIPTION ****

ZONE RADIUS MIXTURE NUMBER NUMBER OF FRACTION OF- FUEL ZONE
(CH) INPUT XSDRNPM ASSEMBLIES ZONE VOLUME CONDITION

1 12.750 WEL 1 1 0.82047 DRY
1 12.750 4 1 - - -

2 21.720 6 3 - - -

3 -38.050 WEL 2 6 0.81991 DRY-3 38.050 5 2 - - -

4 47.630 7 4 - - -

5 48.900 8 5 - - -

6 57.400 9 6 - - -

7 61.350 8 5 - - -

8 72.780 12 9 - - -

9 73.220 8 5 - - -

**** DETECTOR DISTANCES TO CASK SURFACE, CM ****

l0.000 '

100.000
200.000 j

'

400.000

**** SHIELD MESH INTERVALS ****
|

4 MESH INTERVALS IN ZONE 1
2 MESH INTERVALS IN ZONE 2
5 MESH INTERVALS IN ZONE 3
2 MESH INTERVALS IN ZONE 4
2 MESH INTERVALS IN EONE 5

22 MESH INTERVALS IN EONE 6
2 MESH INTERVALS IN EONE 7
9 MESH INTERVALS IN ZONE 8
2 MESH INTERVALS IN EONE 9

. . . D:D OF INPUT DATA PROCESSING . . .

Figac '2.6.5 Input processor list of shipping cask data

NUREG/CR-0200,
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t
AT 0 D, SAS2 SAMPLE CASE 1: 33 MND/KGU, 17*17 PIN, PWR, 1 CYC, DRY-ITEL CASK

GENERAL PROBLEM DESCRIPTION DATA BLOCK

GENERAL PROBLEM DATA

IGE 1/2/3 = PIANE/ CYLINDER / SPHERE 2 ISN QUADRATURE ORDER 8
IZM NUMBER OF ZONES 3 ISCT ORDER OF SCATTERING 3
IM NUMBER OF SPACIAL INTERVALS 14 IEVT 0/1/2/3/4/5/6-Q/K/ ALPHA /C/2/R/H 1
IBL 0/1/2/3 = VACUUM /REFL/PER/ WHITE 1 IIM INNER ITERATION MAXIMUM 20
IBR RIGHT BOUNDARY CONDITION 3 ICH OUTER ITERATION MAXIMUM 25
MXX NUMBER OF MIXTURES 3 ICLC -1/0/N--FIAT RES/SN/ OPT 0
MS MIXING TABLE LENGTH 23 ITH 0/1 = FORWARD / ADJOINT 0
IGM NUMBER OF ENERGY GROUPS 27 IFLU NOT USED(ALMAYS WGTD) 0
NNG NUMBER OF NEUTRON GROUPS 27 IPRT -2/-1/0/N= MIXTURE XSEC PRINT -2
NGG NUMBER OF GAMMA GROUPS 0 IDI 0/1/2/3=NO/PRT ND/PCH N/BOTH 53
IITG NUMBER OF FIRST THERMAL GROUP 15 IPBT -1/0/1=NONE/ FINE /ALL BAL. PRT 0

SPECIAL OPTIONS

IFG 0/1 = NONE/ WEIGHTING CALCULATION 1 IPN 0/1/2 DIFF. COEF. PARAM 0
IQM VOLUMETRIC SOURCES (0/N=NO/YES) 0 IDfH 0/1 = NONE/ DENSITY FACTORS 38* O
IPM BOUNDARY SOURCES (0/N=NO/YES) 0 IAZ 0/N = NONE/N ACTIVITIES BY ZONE O
IIH 0/1/2 = INPUT 33*/34*/USE LAST 53 IAI 0/1=NONE/ ACTIVITIES BY INTERVAL 0
ITMX MAXIMUM TIME (MINUTES) 10 IFCT 0/1=NO/YES UPSCATTER SCALING 0
IDT1 0/1/2/3=NO/XSECT/SRCE/ FLUX--OUT 0 IPVT 0/1/2=NO/K/ ALPHA PARAMETRIC SRCH 0
ISX BROAD GROUP FLUXES 0 ISEN OUTER ITERATION ACCELERATION O
IBLN ACTIVITY DATA UNIT 0 NBND BAND REBALN PARAMETER 0
JBKL 0/1/2 BUCKLING GEOMETRY 0

WEIGHTING DATA (IFG=1)

ICON -1/0/1= CELL / ZONE / REGION WEIGHT -1 IHTF TOTAL XSECT PSN IN BRD GP TABLES 3
IGMF NUMBER OF BROAD GROUPS 27 NDSF PSN G-G OR FILE NUMBER 4
ITP 0/10/20/30/40 0/C/E/AC/A 0 NUSF TABLE LENGTH OR MAX ORDER 4
IPP -2/-1/0/N=WGTED XSECT PRINT -2 MSCM EXTRA 1-D X-SECT POSITIONS 0
IAP -1/N ANISH XSECT PRINT -1

FLOATING POINT PARAMETERS

EPS OVERALL CONVERGENCE 1.00000E-04 DY CYL/PLA HT FOR BUCKLING 0.00000E+00
PTC POINT CONVERGENCE 1.00000E-04 D2 PLANE DEPTH FOR BUCKLING 0.00000E+00
XNF NORMALIZATION FACTOR 1.00000E+00 VSC VOID STREAMING CORRECTION 0.00000E+00
EV EIGENVALUE GUESS 0.00000E+00 PV IPVT=1/2--K/ ALPHA 1.00000E+00
EVM EIGENVALUE MODIFIER 0.00000E+00 EQL EV CHANGE EPS FOR SEARCH 1.00000E-03
BF BUCKLING FACTOR =1.420892 1.42089E+00 XNPM NEW PARAM MOD FOR SEARCH 7.50000E-01

THIS CASE WILL REQUIRE 2367 LOCATIONS FOR MIXING
THIS CASE HAS BEEN ALLOCATED 200000 LOCATIONS

Figure S2.6.6 XSDRNPM path A of PASS 0 problem dermition page
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I
AT 0 D, SAS2 SAMPLE CASE 1: 33 HND/KGU, 17*17 PIN, PWR, 1 CYC, DRY-FUEL CASK

13Q ARRAY HAS 23 ENTRIES.

14Q ARRAY HAS 23 ENTRIES.

15Q ARRAY HAS 23 ENTRIES.

DATA BLOCK 2 (MIXING TABLE, ETC.)

| NUCLIDES CCCC MIXING TABLE EXTRA'

ON TAPE IDENTIFICATION MIXTURE CCMPONENT ATOM DENSITY XSECT ID'S
1 999 1 92234 6.27728E-06
2 1001 1 92235 7.14337E-04
3 5010 1 92236 3.33426E-06 |4 5011 1 92238 2.13264E-02 '

5 8016 1 8016 4.41006E-02
6 6 3 6 2.45150E-02
7' 27059 2 40302 4.33078E-02 |8 40302 3 1001 4. 90301E-02

)9 54135 3 5010 6.47995E-06
i10 55133 3 5011 2.60826E-05 |

11 92234 3 27059 1.02186E-22
'

12 92235 1 54135 1.00000E-20
13 92236 1 55133 1.00000E-20 114 92238 1 93237 1.00000E-20
15 93237 1 94238 1.00000E-20 <

16 94238 1 94239 1.00000E-20 |17 94239 1 94240 1.00000E-20
i18 94240 1 94241 1.00000E-20
|'19 94241 1 94242 1.00000E-20
;20 94242 1 95241 1.00000E-20

21 95241 1 95243 1.00000E-20 122 95243 1 96244 1.00000E-20

(-
23 96244 1 999 1.00000E-20

15507 LOCATIONS WILL BE USEDt

,

1350 ARRAY HAS 15 ENTRIES. I

36Q ARRAY HAS 14 ENTRIES. [
39Q ARRAY HAS 3 ENTRIES.

400 ARRAY HAS 3 ENTRIES.
1

470 ARRAY HAS 27 ENTRIES. |

|

51Q ARRAY HAS 27 ENTRIES.

|

j

Figure S2.6.7 XSDRNPM mixing table data of path A of PASS 0 |

|

|

*
,

l
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LOGICAL ASSIGNMENTS

MASTER LIBRARY 12
WORKING LIBRARY 17
SCRATCH FILE 18
NEW LIBRARY 1

PROBLEM DESCRIPTION

IGR--GEOMETRY (0/1/2/3--INF MED/ SLAB /CYL/ SPHERE 2

IZM--NUMBER OF EONES OR MATERIAL REGIONS 4

MS--MIXING TABLE LENGTH 29

IBL--SHIELDED CROSS SECTION EDIT OPTION (0/1--N0/YES) 0

IBR--BONDARENKO FACTOR EDIT CPTION (0/1--N0/YES) 0

ISSOPT--DANCOFF FACTOR OPTION 0

CONVERGENCE CRITERION 1.00000E-03

GEOMETRY CORRECTION FACTOR IVR WIGNER RATIONAL APPROXIMATION 1.350E+00

30 ARRAY HAS 29 ENTRIES.

4Q ARRAY HAS 29 ENTRIES.

5Q ARRAY HAS 29 ENTRIES.

60 ARRAY HAS 4 ENTRIES.

7Q ARRAY HAS 4 ENTRIES.

8Q ARRAY HAS 4 ENTRIES.

9Q ARRAY HAS 4 ENTRIES.

10Q ARRAY HAS 29 ENTRIES.

11Q ARRAY HAS 4 ENTRIES.

MIXING TABLE

ENTRY MIXTURE ISOTOPE NUMBER DENSITY NEW IDENTIFIER
1 3 8016 2.45150E-02 201
2 3 1001 4.90301E-02 202
3 3 5010 6.47995E-06 203
4 3 5011 2.60826E-05 204
5 3 27959 1.02186E-22 205
6 2 40302 4.33078E-02 206
7 1 92234 2.16915E-06 200007
8 1 92235 2.46843E-04 200008
9 1 92236 1.15217E-06 200009

10 1 92238 7.36945E-03 200010
11 1 8016 1.52392E-02 200011
12 1 8016 1.35679E-02 200012
13 1 40302 4.37381E-03 200013
14 1 1001 2.71357E-02 200014
15 1 5010 3.586332-06 200015
16 1 5011 1.44354E-05 200016
17 1 27059 5.65548E-23 200017
18 1 54135 3.45556E-21 200018
19 1 55133 3.45556E-21 200019
20 1 93237 3.45556E-21 200020
21 1 94238 3.45556E-21 200021
22 1 94239 3.45556E-21 200022
23 1 94240 3.45556E-21 200023
24 1 94241 3.45556E-21 200024
25 1 94242 3.45556E-21 200025

Figure S2.6.8 BONAMI mixing table data of path B of PASS 0
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! AT 0 D, SECOND PART OF SAS2H PASS TO MAKE LIBRARY
r

|V 13Q ARRAY HAS 29 ENTRIES.

14Q ARRAY HAS 29 ENTRIES.

150 ARRAY HAS 29 ENTRIES.

DATA BLOCK 2 (MIXING TABLE, ETC.)

| NUCLIDES CCCC MIXING TABLE EXTRA-| ON TAPE IDENTIFICATION MIXTURE COMPONENT ATOM DENSITY XSECT ID'S! 1 202 3 201 2.45150E-022 203 3 202 4.90301E-023 204 3 203 6.47995E-06
4 201 3 204 2.60826E-055 205 3 205 1.02186E-226 206 2 206 4.33078E-027 999 1 92234 2.16915E-068 1001 1 92235 2.46843E-049 5010 1 92236 1.15217E-06

s

10 5011 1 92238 7.36945E-0311- 8016 1 8016 1.52392E-0212 6 1 6 1.35679E-0213 27059 1 40302 4.37381E-0314 40302 1 1001 2.71357E-0215 54135 1 5010 3.58633E-0616 55133 1 5011 1.44354E-0517 92234 1 27059 5.65548E-2318 92235 1 54135 3.45556E-2119 92236 1 55133 3.45556E-2120 92238 1 93237 3.45556E-2121 93237 1 94238- 3.45556E-2122 94238 1 94239 3.45556E-2123 94239 1 94240 3.45556E-21
' '/ 24 94240 1 94241 3.45556E-21

{ 25 94241 1 94242 3.45556E-2126 94242 1 95241 3.45556E-2127 95241 1 95243 3.45556E-2128 95243 1 96244 3.45556E-21-29 96244 1 999 3.45556E-21

19939 LOCATIONS WILL BE USED

35Q ARRAY HAS 22 ENTRIES.

36Q ARRAY HAS 21 ENTRIES.

39Q ARRAY HAS 4 ENTRIES.
|

40Q ARRAY HAS 4 ENTRIES.

47Q ARRAY MAS 27 ENTRIES.
!

51Q ARRAY MAS 27 ENTRIES.

:

!

Figme S2.6.9 XSDRNPM mixmg table data ofpath B of PASS 0

:

|

f
;

1
!

|
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SAS2 SAMPLE CASE 1 33 MND/KGU I?*17 PIN
FLUE =1 CYC[+ DRY-FUEL CASK
PWR ACTINIDES PAGE 1POWER = 1.968E-04MW, BURNUP=8.8574E-02 MWD 4.01 13N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAM ATm S
BASIS = CONVERTED TO ATms/(BARN-DO

CHARGE 110.0 D 220.0 D 330.0 D 440.0 D
HE 4 0.00E+00 2.61E-10 1.57E-09 6.67E-09 2.19E-08 '

U230 0.00E+00 8.76E-22 2.58E-21 5.78E-21 1.16E-20
U231 0.00E+00 2.74E-20 6.64E-20 1.35E-19 2.54E-19
U232 0.00E+00 1.65E-13 4.29E-13 9.05E-13 1.71E-12
U233 0.00E+00 1.37E-11 2.41E-11 3.20E-11 3.79E-11
U234 6.28E-06 S.93E-06 5.61E-06 5.29E-06 4.98E-06
U235 7.14E-04 6.11E-04 5.22E-04 4.44E-04 3.76E-04
U236 3.33E-06 2.20E-05 3.75E-05 5.06E-05 6.17E-05
U237 0.00E+00 7.71E-08 1.09E-07 1.40E-07 1.68E-07
U238 2.13E-02 2.13E-02 2.12E-02 2.11E-02 2.11E-02
U239 0.00E+00 1.12E-08 1.12E-08 1.15E-08 1.18E-08
U240 0.00E+00 6.98E-39 1.11E-35 8.09E-34 1.69E-32
U241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NP235 0.00E+00 3.64E-15 1.76E-14 4.47E-14 8.10E-14
NP236M 0.00E+00 2.04E-14 5.36E-14 9.85E-14 1.54E-13
NP236 0.00E+00 2.62E-13 1.34E-12 3.57E-12 7.28E-12
NP237 0.00E+00 5.79E-07 1.52E-06 2.72E-06 4.13E-06
NP238 0.00E+00 1.47E-09 .3.88E-09 7.12E-09 1.12E-08
NP239 0.90E+00 1.62E-06 1.62E-06 1.66E-06 1.71E-06
NP24 0M 0.00E+00 5.96E-41 9.45E-38 6.90E-36 1.44E-34
HP240 0.00E+00 5.45E-11 5.46E-11 5.72E-11 6.10E-11
NP241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PU236 0.00E+00 3.43E-13 1.71E-12 4.43E-12 8.81E-12
PU237 0.00E+00 7.61E-14 1.93E-13 3.17E-13 4.64E-13
PU238 0.00E+00 2.26E-08 1.14E-07 2.98E-07 5.99E-07
PU239 0.00E+00 4.00E-05 6.52E-05 8.06E-05 9.00E-05
PU240 0.00E+00 3.20E-06 8.97E-06 1.45E-05 1.89E-05
PU241 0.00E+00 7.30E-07 3.96E-06 9.32E-06 1.56E-05
PU242 0.00E+00 2.17E-08 2.48E-07 9.38E-07 2.25E-06
PU243 0.00E+00 5.45E-12 6.24E-11 2.42E-10 6.01E-10
PU244 0.00E+00 3.48E-28 5.52E-25 4.03E-23 8.43E-22
PU245 0.00E+00 6.19E-34 9.84E-31 7.37E-29 1.59E-27
PU246 0.00E+00 6.42E-36 1.02E-32 7.86E-31 1.76E-29
AM239 0.00E+00 7.96E-20 8.59E-19 3.07E-18 6.95E-18
AM240 0.00E+00 3.42E-17 3. 7 0E-16 1.33E-15 3.01E-15
AM241 0.00E+00 2.70E-09 2.91E-08 1.01E-07 2.22E-07
AM242M 0.00E+00 2.54E-11 4.50E-10 2.01E-09 5.11E-09 '

AM242 0.00E+00 7.05E-12 7.60E-11 2.72E-10 6.15E-10
AM243 0.00E+00 4.22E-10 9.91E-09 5.86E-08 1.96E-07
AM244M 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AM244 0.00E+00 2.86E-13 6.73E-12 4.08E-11 1.41E-10
AM245 0.00E+00 4.61E-32 6.94E-29 4.93E-27 1.01E-25
AM246 0.00E+00 1.60E-38 2.56E-35 1.96E-33 4.39E-32
CM241 0.00E+00 2.48E-21 1.72E-19 1.76E-18 8.29E-18
CM242 0.00E+00 1.31E-10 2.76E-09 1.44E-08 4.23E-08
CM243 0.00E+00 4.72E-13 1.98E-11 1.56E-10 6.16E-10 j
CM244 0.00E+00 8.98E-12 4.35%-10 4.02E-09 1.88E-08 i
CM245 0.00E+00 4.97E-14 4.61E-12 6.16E-11 3.72E-10
CM246 0.00E+00 5.72E-16 1.09E-13 2.28E-12 1. 91 E-11
CM247 0.00E+00 9.19E-19 3.52E-16 1.11E-14 1.26E-13

|
1

Figure S2.6.10 Part of ORIGEN.S actinide table of PASS 0

l

|
|

i

I
|
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CN SAS2 SAMPLE CASE la 33 MND/KGU,17*17 PIN, PWR,1 CYC, DRY-FUEL CASK ACTINIDES FAGE

POWER = 1.968E-04MW, BURNUP=8.6574E-02 MWD, FLUX = 4.01E+13N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAM ATOMS
BASIS = CONVERTED TO ATCNS/ (BARN-CM)

CHARGE 110.0 0 220.0 D 330.0 D 440.0 D :CM248 0.00E+00 6.59E-21 5.15E-18 2.50E-16 3.93E-15 j

CH248 0.00E+00 6.59E-21 5.15E-18 2.50E-16 3.93E-15
CH249 0.00E+00 7.83E-26 6.14E-23 3.06E-21 4.96E-20
CH250 0.00E+00 3.98E-30 6.35E-27 4.87E-25 1.09E-23

iCH251 0.00E+00 2.36E-37 3.77E-34 2.97E-32 6.85E-31 '

TCTIALS 2.21E-02 2.20E-02 2.19E-02 2.18E-02 2.17E-02
FLUX 3.92E+13 3.93E+13 4.03E+13 4.16E+13

.RESULTS ON LOGICAL UNIT NO. 71, POSITION 1, FOR TIME STEP 4, SUBCASE 1. (RUN POSITION 1, CASE POSITION 1)
TITLE: SA32 SAMPLE CASE 1: 33 MWD /KGU, 17*17 PIN, PWR, 1 CYC, DRY-FUEL CASK

.RESULTS ON LOGICAL UNIT NO. 71, POSITION 2, FOR TIME STEP 4, SUBCASE 1. (RUN POSITION 1, CASE POSITION 1)
TITLE: SAS2 SAMPLE CASE 1: 33 MND/KGU, 17*17 PIN, PWR, 1 CYC, DRY-EVEL CASK

.RESULTS ON LOGICAL UNIT NO. 71, POSITION 3, FOR TIME STEP 0, SUBCASE 1. (RUN POSITION 1, CASE POSITION 1)
TITLE: SAS2 SAMPLE CASE 1: 33 MWD /KGU,17*17 PIN, PWR, 1 CYC, DRY-fVEL CASK

.RESULTS ON LOGICAL UNIT NO. 71, POSITION 4, FOR TIME STEP 1, SUBCASE 1. (RUN POSITION 1, CASE POSITION 1)
TITLE: SAS2 SAMPLE CASE 1: 33 MWD /KGU, 17*17 PIN, PWR, 1 CYC, DRY-fVEL CASK

. TERMINATED LOGICAL UNIT NO. 71 WITH ZERO FLAG RECORD.

Figure S2.6.10 (continued)
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440 D, SAS2 SAMM.E CASE 1: 33 MND/KGU, 17*17 PIN, PWR, 1 CYC, DRY-WEL CASK

13Q ARRAY HAS 23 ENTRIES.

140 ARRAY HAS 23 ENTRIES.

15Q ARRAY HAS 23 ENTRIES.

DATA BLOCK 2 (MIXING TABLE, ETC.)

NUCLIDES CCCC MIXING TABLE EXTRAON TAPE IDENTIFICATION MIXTURE COMPONENT ATOM DENSITY XSECT ID'S
1 999 1 92234 4.98491E-06
2 1001 1 92235 3.76136E-04
3 5010 1 92236 6.16618E-05
4 5011 1 92238 2.10881E-02
5 8016 1 8016 4.41006E-02
6 6 3 6 2.45150E-027 27059 2 40302 4.33078E-02
8 40302 3 1001 4.90301E-02
9 54135 3 5010 4.46893E-06

10 55133 3 5011 1.79880E-05 l11 92234 3 27059 1 02186E-22 !12 92235 1 54135 8.24237E-09 113 92236 1 55133 2.40421E-05 I
14 92238 1 93237 4.12985E-06
15 93237 1 94238 5.98876E-07
16 94238 1 94239 8.99544E-05
17 94239 1 94240 1.88569E-05
18 94240 1 94241 1.56412E-05
19 94241 1 94242 2.25334E-0620 94242 1 95241 2.22100E-07
21 95241 1 95243 1.95977E-07 1

22 95243 1 96244 1.88089E-08 |
23 96244 1 999 1.00000E-20

15507 LOCATIONS WILL BE USED
.

i

35Q ARRAY HAS 15 ENTRIES. I

i
36Q ARRAY HAS 14 ENTRIES.

I

39Q ARRAY HAS 3 ENTRIES.

400 ARRAY HAS 3 ENTRIES.

47Q ARRAY HAS 27 ENTRIES.

51Q ARRAY HAS 27 ENTRIES.

Figure S2.6.11 Mixing table data ofpath A ofPASS 1

NUREG/CR-0200,
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SAS2 SAMPLE CASE 1: 33 MND/KGU, 17*17 PIN, PWR, 1 CYC, DRY-IVEL CASK ACTINIDES PAGE 5POWER = 17.30MW, BURNUP= 15226.MND, FLUX = 4.17E+13N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAM ATOMS
! j'"'% BASIS = SINGLE REACTOR ASSEMBLY |

I

ig \ CHARGE 220.0 D 440.0 D 660.0 D 880.0 D '
' \ J HE 4 0.00E+00 1.32E-04 1.54E-03 8.47E-03 2.73E-02 )N.r PB206 0.00E+00 1.33E-18 2.73E-17 1.71E-16 6.81E-16s,

PB207 0.00E+00 2.80E-15 3.49E-14 1.53E-13 4.28E-13 i

!PS208 0.00E+00 6.85E-12 7.10E-11 3.34E-10 1.09E-09 iPB209 0.00E+00 2.44E-18 1.47E-17 5.46E-17 1.54E-16
: PB210 0.00E+00 1.14E-15 7.79E-15 2.92E-14 8.16E-14

.

|| PB211 0.00E+00'2.00E-18 1.18E-17 3.27E-17 6.58E-17
I PB212 0.00E+00 6.45E-14 3.79E-13 1.31E-12 3.40E-12'

PB214 0.00E+00 7.31E-20 2.58E-19 5.12E-19 7.99E-19
RA222 0.LOE+00 7.32E-21 2.98E-20 8.84E-20 2.06E-19
RA223 0.00E+00 9.12E-16 5.37E-15 1.49E-14 3.00E-14 ,RA224 0.00E+00 5.32E-13 3.13E-12 1.08E-11 2.80E-11
RA225 0.00E+00 2.66E-16 1.60E-15 5.97E-15 1.68E-14
RA226 0.00E+00 2.30E-12 8.12E-12 1.61E-11 2.51E-11
RA228 0.00E+00 3.67E-19 2.39E-18 1.04E-18 1.48E-17
TH226 0.00E+00 3.57E-19 1.45E-18 4.31E-18 1.00E-17
TH227 0.00E+00 1.47E-15 8.67E-15 2.41E-14 4.84E-14
TH228 0.00E+00 1.02E-10 5.97E-10 2.06E-09 5.34E-09
TH229 0.00Z+00 4.99E-12 2.75E-11 1.01E-10 3.07E-10
TH230 0.00E+00 7.19E-07 1.29E-06 1.57E-06 1.67E-06
TH231 0.00E+00 1.57E-09 2.50E-09 3.20E-09 3.64E-09
TH232 0.00E+00 3.43E-08 1.1dE-07 2.25E-07 3.54E-07
TH233 0.00E+00 5.91E-14 2.03E-13 4.31E-13 7.34E-13 '

TH234 0.00E+00 2.75E-08 2.74E-08 2.72E-08 2.70E-08
PA231 0.00E+00 1.27E-07 3.76E-07 6.83E-07 9.93E-07
PA232 0.00E+00 2.13E-10 6.52E-10 1.28E-09 2.01E-09
PA233 0.00E+00 3.72E-09 1.10E-08 2.03E-08 3.04E-08
PA234M 0.00E+00 9.29E-13 9.28E-13 9.27E-13 9.26E-13
PA234 0.00E+00 9.04E-13 1.91E-12 3.38E-12 5.21E-12
PA235 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
U230 0.00E+00 3.46E-16 1.41E-15 4.18E-15 9.73E-15
U231 0.00E+00 7.20E-15 2.64E-14 7.49E-14 1.71E-13
U232 0.00E+00 4.32E-08 1.69E-07 4.64E-07 9.96E-07
U233 0.00E+00 2.44E-06 3.79E-06 4.46E-06 4.68E-06
U234 5.52E-01 4.90E-01 4.33E-01 3,80E-01 3.29E-01
U235 6.28E+01 4.57E+01 3.29E+01 2,31E+01 1.58E+01 ,

U236 2.93E-01 3.38E+00 5.55E+00 7.06E+00 8.03E+00\ U237 0.00E+00 9.60E-03 1.41E-02 1.83E-02 2.20E-02
U238 1.88E+03 1.86E+03 1.85E+03 1.84E+03 1.83E+03'- U239 0.00E+00 1.04E-03 1.07E-03 1.15~-03 1.23E-03
U240 0.00E+00 8.62E-31 1.31E-27 9. 5'. 46 1.99E-24
U241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NP235 0.00E+00 1.85E-09 8.79E-09 2.21E-08 4.22E-08
NP236M 0.00E+00 5.61E-09 1.51E-08 2.86E-08 4.51E-08
NP236 0.00E+00 1.41E-07 7.39E-07 2.03E-06 4.22E-06
NP237 0.00E+00 1.37E-01 3.59E-01 6.29E-01 9.17E-01
HP238 0.00E+00 3.62E-04 9.7 8E-04 1.85E-03 2.91E-03
NP239 0.00E+00 1.51E-01 1.54E-01 1.66E-01 1.78E-01
NP240M 0.00E+00 7.36E-33 1.12E-29 8.16E-28 1.70E-26
NP24 0 0.00E+00 5.33E-06 5.63E-06 6.51E-06 7.54E-06
NP241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PU236 0.00E+00 1.80E-07 8.93E-07 2.33E-06 4.57E-06 >

PU237 0.00E+00 2.13E-08 4.99E-08 9.53E-08 1.70E-07
PU238 0.00E+00 1.07E-02 5.38E-02 1.43E-01 2.84E-01 '

PU239 0.00E+00 6.26E+00 8.80E+00 9.77E+00 1.01E+01
PU240 0.00E+00 8.97E-01 2.12E+00 2.97E+00 3.43E400
PU241 0.00E+00 2.56E-01 1.12E+00 2.15E+00 2.97E+00
PU242 0.00E+00 1.51E-02 1.46E-01 4.75E-01 9. 7 5E-01
PU243 0.00E+00 4.01E-06 4.00E-05 1.40E-04 3.10E-04
PU244 0.00E+00 4.29E-20 6.53E-17 4.76E-15 9.92E-14
PU245 0.00E+00 7.65E-26 1.20E-22 9.44E-21 2.12E-19
PU246 0.00E+00 8.08E-28 1.31E-24 1.11E-22 2.69E-21
AM239 0.00E+00 5.93E-14 5.13E-13' 1.49E-12 2.70E-12
ANG 4 0 0.00E+00 2.55E-11 2.22E-10 6.45E-10 1.17E-09 ;
AM241 0.00E+00 1.86E-03 1.56E-02 4.20E-02 7.06E-02
AM242M 0.00E+00 2.71E-05 3.33E-04 1.06E-03' 1.94E-03
AM242 0.00E+00 4.64E-06 4.02E-05 1.17E-04 2.12E-04
AM243 0.00E+00 6.29E-04 1.29E-02 6.73E-02 1. 97E-01

Figure S2.6.12 Part of final case actuude depletion table
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EL c:

h-$$
e2s
.y O SAS2 GA 'E a,a. CASE 1 33 MWD /KGU, 17*17 PIN, PWR, 1 CYC, DRY-fVEL CASK ACTINIDES PAGE 13% DECAY, FOLLONING REACTOR IRRADIATION IDENTIFIED BY: POWER = 17.30MW, BURNUP= 15226. MWD, FWX= 4.17E+13N/ m**2-SEC
LA d)

M NUCLIDE CONCENTRATIONS, GRAM ATm3

,8 BASIS = SINGLE REACTOR ASSEMBLY
INITIAL 304.4 D 608.8 D 913.1 D 1217.5 3 1521.9 D 1826.3 D

HE 4 2.73E-02 4.98E-02 5.92E-02 6.50E-02 6.99E-02 7.47E-02 1.94E-02
TH230 1.67E-06 2.45E-06 3.23E-06 4.01E-06 4.80E-06 5.60E-06 6.40E-06
TH232 3.54E-07 5.52E-07 7.50E-07 9.48E-07 1.15E-06 1.34E-06 1.54E-06
PA231 9.93E-07 1.01E-06 1.02E-06 1.04C-06 1.05E-06 1.06E-06 1.07E-06
U232 9.96E-07 1.82E-06 2.4BE-06 3.01E-06 3.44E-06 3.79E-06 4.06E-06
U233 4.68E-06 4.96E-06 5.25E-06 5.53E-06 5.82E-06 6.11E-06 6.39E-06
U234 3.29E-01 3.31E-01 3.33E-01 3.35E-01 3.37E-01 3.39E-01 3.41E-01
U235 1.58E+01 1.58E+01 1.58E+01 1.58E+01 1.58E+01 1.58E+01 1.58E+01
U236 8.03E+00 8.03E+00 8.03E+00 8.03E+00 0.03E+00 8.03E+00 8.03E+00
U238 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03 1.83E+03

HP236 4.22E-06 4.22E-06 4.22E-06 4.22E-06 4.22E-06 4.22E-06 4.22E-06
NP237 9.17E-01 9.39E-01 9.39E-01 9.40E-01 9.40E-01 9.41E-01 9.42E-01
PU236 4.57E-06 3.77E-06 3.09E-06 2.53E-06 2.07E-06 1.70E-06 1.39E-06
PU238 2.84E-01 3.03E-01 3.06E-01 3.06E-01 3.04E-01 3.02E-01 3.00E-01
PU239 1.01E+01 1.03E+01 1.03Et01 1.03E+01 1.03E+01 1.03E+01 1.03E+01
PU240 3.43E+00 3.43E+00 3.43E+00 3.43E+00 3.43E+00 3.43E+00 3.43E+00
PU241 2.97E+00 2.85E+00 2.74E+00 2.63E+00 2.53E+00 2.43E+00 2.33E400
PU242 9.75E-01 9.75E-01 9.75E-01 9.75E-01 9.75E-01 9.75E-01 9.75E-01
AM241 7.06E-02 1.88E-01 3.00E-01 4.08E-01 5.11E-01 6.10E-01 7.05E-01
AM242M 1.94E-03 1.94E-03 1.93E-03 1.92E-03 1.91E-03 1.9]E-03 1.90E-03
AM243 1.97E-01 1.97E-01 1.97E-01 1.97E-01 1. 97 E-01 1.97E-01 1.97E-01
CH242 1.51E-02 6.93E-03 1.90E-03 5.25E-C4 1.47E-04 4.40E-05 1.56E-05
CM243 7.35E-04 7.20E-04 7.06E-04 6.91E-64 6.78E-04 6.64E-04 6.51E-04
CMT 4.66E-02 4.53E-02 4.39E-02 4.2SE-02 4.12E-02 3.99E-02 3.86E-02

1.70E-03 1.70E-03 1.70E-03 1.70E-03 1.70E-03 1.70E-03 1.70E-03CM -

0 6 2.10E-04 2.09E-04 2.09E-04 2.09E-04 2.09E-04 2.09E-04 2.09E-04
r e7 3.03E-06 3.03E-06 3.03E-06 3.03E-06 3.03E-06 3.03E-06 3.03E-06

TU 1.87E403 1.87E+03 1.87E403 1.87E+03 1.87E+03 1.87E+03 1.87E+03.

tn
H
[. Figure S2.6.13 Final decay case actinide table
O
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GN94A SOURCE SPECTRUM FOR GMe% LINES (SAS2)

U
1826.25 DAY TIME OF THE REQUESTED NUCLIDES

ENERGY INTERVAL IN MEV PHOTONS / SECOND MEV / SECOND

1.0000E-02 TO 5.0000E-02 1.2481E+15 3.7443E+135.0000E-02 TO 1.0000E-01 3.6968E+14 2.7726E+131.0000E-01 TO 2.0000E-01 3.0824E+14 4.6236E+132.0000E-01 TO 3.0000E-01 8.4463E+13 2.1116E+133.0000E-01 TO 4.0000E-01 5.7983E+13 2.0294E+134.0000E-01 70 6.0000E-01 5.1129E+14 2.8565E+146.0000E-01 TO 8.0000E-01 1.8986E+15 1.3290E+158.0000E-01 70 1.0000E+00 2.5066E+14 2.2559E+14 {
i

.

1.0000E+00 TO 1.3300E+00 2.2467E+14 2.6174E+141.3300E+00 TO 1.6600E+00 5.8644E+13 8.7672E+131.6600E+00 TO 2.0000E+00 1.0093E+12 1.8471E+122.0000E+00 TO 2.5000E+00 2.5303E+12 5.6931E+122.5000E+00 TO 3.0000E+00 1.5170E+10 2.0672E+11'3.0000E+00 TO 4.0000E+00 9.3162E+09 3.2607E+104.0000E+00 TO 5.0000E+00 3.7096E+06 1.6693E+075.0000E+00 TO 6.5000E400 1.4806E+06 8.5593E+066.5000E+00 70 8.0000E+00 2.9197E+05 2.1168E+068.0000E+00 TO 1.0000E+01 6.1984 E+ 04 5.5786E+05

TOTALS 5.0760E+15 2.3503E+15

TOTAL ENERGY FROM NUCLIDES WITH SPECTRUM DATA 2.3502E+15=

TOTAL ENER3Y FROM NUCLIDES WITH NO SPECTRUM DATA = 5.7962E+10

Figme S2.6.14 ORIGEN-S gamma sowce spectnan
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TOTAL (ALPHA-N PLUS SPON. TISSION) NEUTRON SOURCE SPECTRUM AI A FUNCTION OF TIME
(USING REACTION SPECTRA FOR URANIUM DIOXIIt)

EAS2 SAMPLE CASE 1: 33 MWD /KGU, 17*17 PIN, PWR, i CYC, DRY-FUEL CASK
NEUTRON SPECTRA, NEUTRONS /SEC/ BASI.'

BASIS = SINGLE REACTOR ASSEMBLY

BOUNDARIES, MEV INITIAL 304.4 D 600.8 D 913.1 D 1217.5 D 1521.9 D 1826.2 D

1 6.4 3E+00 - 2.00E+01 4.733E+06 2.982E+06 2.44 3E+06 2.245E+06 2.142E+06 2.066E+06 2.090E+06
2 3. 00E+ C0 - 6. 4 3E+ 00 6.38 9E+07 3. 673E+07 2. 860E+ 07 2. 57 9E+07 2. 4 4 8E+07 2.360E+ 07 2. 285 '+07
3 1.85E+00 - 3.00E+00 6.939E+07 4.025E+07 3.156E+07 2.859E+07 2.721E+07 2.628E+0? 2.549E 07
4 1.40E+00 - 1.85E+00 3.418E+07 2.131E+07 1.738E+07 1.596E+01 1.524E+07 1.472E+07 1.427E+0?
5 9.00E-01 - 1.4 0E+00 4.512E4 07 2.852E+07 2.342E+07 2.155E+01 2.058E+07 1. 987E+07 1.924E+07
6 4.00E-01 - 9.00E -01 4.932E+07 3.114E+07 2.555E+07 2.34 9E+07 2.242E+07 2.164E+ 07 2.095E+07
7 1.00E-01 - 4.00E-01 9.696E+06 6.100E+06 5.004E+06 4.600E+06 4.389E+06 4.235E+06 4.100E+06
8 1.70E-02 - 1.00E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
9 3.00E-03 - 1.70E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

10 5.50E-04 - 3.00E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
11 1.00E-04 - 5.50E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
12 3.00E-05 - 1.00E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
13 1.00E-05 - 3.00E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
14 3.05E-06 - 1.00E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
15 1.77E-06 - 3.05E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
16 1.30E-06 - 1.77E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
17 1.13E-06 - 1.30E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
18 1.00E-06 - 1.13E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
19 8.00E-07 - 1.00E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
20 4.00E-07 - 8.00E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
21 3.25E-07 - 4.00E-07 0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00
22 2.25E-07 - 3.25E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
23 1.00E-07 - 2.25E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
24 5.00E-08 - 1.00E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
25 3.00E-08 - 5.00E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
261.00E-08 - 3.00E-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
27 1.00E-11 - 1.00E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

2. 7 63E+ 08 1. 670E+ 08 1. 34 0E + 08 1. 222E+ 08 1.165E+ 08 1.12 4 E+08 1. 08 9E+08

Figure S2.6.15 ORIGEN-S neutron source spectnun
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_ MIXINO TABLE-

|
ENTRY MIXTURE ISOTOPE NUMBER DENSITY MEN IDENTIFIER

! 1 1 92234 1.10085E-06 92234l' 2 2 92234 1.10010E-06 1000002 'l

e

3 1 92235 5.08340E-05 92235 i
4 2 92235 5.00000E-05 1000004 '
5 6 92235 1.31763E-04 28 6

6 1 92236 2.58915E-05 92236 !7 ~ 2 92236 2.58638E-05 1000007
8 1 92238 5.09485E-03 92238

y

{9 2 92238 5.89081E-03 1000009
10 6 92238 4.80620E-02 33 |

:11 1 0016 1.25034E-02 8016 !12 2 8016 1.24948E-02 1000012
13 9 8016 3.15151E-02 36
14 1 40302 3.58060E-03 40302
15 2 40302 3.58614E-03 1000015
16 1 54135 2.83519E-19 54135
17. 2 54135 2.83325E-19 1000017
18 1 55133 1.28740E-05 55133
19 2 55133 1.28652E-05 1000019
20 1 93237 3.03707E-06 93237
21 2 93237 3.03499E-06 1000021

!22 1 94238 9.67482E-07 94238
[23 2 94238 9.66819E-07 1000023

24 1 94239 3.31291E-05 94239
!

,

25 2 94239 3.31064E-05 1000025
i26 1 94240 1.10648E-05 94240
i27 2 94240 1.10573E-05 1000027 t28 1 94241 7.52311E-06 94241 '

29 2 94241 7.51795E-06 1000029 'l'30 1 94242 3.14259E-06 94242
31 2 94242 3.14044E-06 1000031 !

,

32 1 95241 2.27267E-06 95241 >33 2 95241 2.27111E-06 1000033 i34 ' 1 95243 6.35873E-07 95243 '

35 2 95243 6.35437E-07 1000035
!36 1 96244 1.24576E-07 96244

37 2 96244 1.24491E-07 1000037
,

'
38 9 1001 6.30301E-02 61 1

' 39 3 5010 1.69854E-03 62
40 3 5011 6.83682E-03 63
41 1 24304 3.72536E-04 24304
42 2 24304 3.72536E-04 65
43 3 24304 3.78409E-04 66
44 5 24304 1.74286E-02 67
45 1 25055 3.71140E-05 25055
46 2 25055 3.71140E-05 69

!

1

47 3 25055 3.76992E-05 70
48 5 25055 1.73633E-03 71
49 1 26304 1.26878E-03 26304 |50 2 26304 1.26878E-03 73 !51 3 26304 1.28878E-03 74 I
52 5 26304 5.93579E-02 75
53 1 28304 1.65030E-04 28304 1
54 2 28304 1.65030E-04 77 ,

55 3 28304 1.67632E-04 78
!56 5 28304 7.72070E-03 79

57 1 7014 2.90142E-05 7014
,

;58 2 7014 2.90142E-05 81 -

59 4 7014 4.30057E-22 82 e
60 3 6012 2.13384E-03 6012

;

i

*

|

Figure S2.6.16 BONAMI muung table of cell-weighted case !

I
'

|
,

I

!

i NUREG/CR-0200,
[ S2.6.33 Vol.1, Rev. 5

1

, .-- _ . -. .- _ _ ., ,



.

THIS XSDRN WORKING TAPE WAS CREATED 09/07/95 AT 04:30:00
THE TITLE OF THE PARENT CASE IS AS ICLLONS
THIS XSDRN WORKING TAPE WAS CREATED 09/07/95 AT 04:30:0J '

THE TITLE OF THE PARENT CASE IS AS FOLLOWS
SCALE 4 - 27 NEUTRON 10 GAMMA GROUP SHIELDING LIBRARY

TAPE ID 8054036 IAMBER OF NUCLIDES 44
NUMBER OF NEUTRON GROUPS 27 NO(P"* SF GAMMA GROUPS 18
FIRST THERMAL GROUP 15 LOLICAL UNIT 4

TABLE OF CONTENTS
DOSE FACTORS UPDATED 1/07/89 ID 900

'

HYDROGEN ENDF/B-IV HAT 1269/THRM1002 1PDATED 08/12/94 ID 61BORON-10 ENDF/B-IV MAT 1273 W DATED 08/12/94 ID 62
BORON-11 ENDF/B-IV MAT 1160 UTDATED 08/12/94 ID 63CARB(N-12 ENDF/B-IV MAT 1274/THRM1065 UMDATED 08/12/94 ID 6012
NITROGEN-14 ENDF/B-IV 14AT 1275 UPDATED 08/12/94 ID 7014
NITROGEN-14 ENDF/B-IV MAT 1275 U FDATED 08/12/94 ID 81
NITROGEN-14 ENDF/B-IV MAT 1275 UPDATED 08/12/94 ID 82OXYGEN-16 ENDF/B-IV MAT 1276 LPDATED 08/12/94 ID 36
CHROMIUM (SS304)ENDF/B-IV MAT 1191 UPDATED 08/12/94 ID 24304
CHROMIUM (SS304)ENDF/B-IV MAT 1191 UPDATED 08/12/94 ID 6b
CHROMIUM (SS304)ENDF/B-IV MAT 1191 UPDATED 08/12/94 ID 66
CHRCHIUMISS304 )ENDF/B-IV MAT 1191 UPDATED 08/12/94 ID 67
MANGANESE ENDF/B-IV MAT 1197 UPDATED 08/12/94 ID 25055
MANGANESE ENDF/B-IV MAT 1197 UPDATED 08/12/94 ID 69
MANGANESE EF. 'B-IV MAT 1197 UFDATED 08/12/94 ID 70
MANGANESE ENDl/B-IV MAT 1197 UPDATED 08/12/ M ID 71
IRON (SS304) ENDF/B-IV MAT 1192 UPDATED 08/12/N ID 26304
IRON (SS304) ENDF/B-IV MAT 1192 UPDATED 08/12/94 ID 73
IRON (SS304) ENDF/B-IV MAT 1192 UPDATED 08/12/b4 ID 74
IRON (SS304) ENDF/B-IV MAT 1192 UPDATED 08/12/94 ID 75
NICKEL (SS304) ENDF/B-IV MAT 1190 UPDATED 08/12/9', ID 28304
NICKEL (SS304) ENDF/B-IV MAT 1190 UPDATED OS/12/ 4 ID 77d
NICKELISS304) ENDF/B-IV MAT 1190 UPDATED 08/12/94 ID 78
NICKEL (SS304) ENDF/B-IV MAT 1190 UPDATED 08/12/94 ID 79
URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 ID 28
URANIUM-238 ENDF/B-IV MAT 1.62 UPDATED 08/12/94 ID 33
OXYGEN-16 ENDF/B-IV MAT 1276 UPDATED 08/12/94 ID 8016
ZIRCALLOY ENDF/B-IV MAT 1284 UPDATED 08/12/94 ID 40302
XENON-135 ENDF/B-IV MAT 1294 U PDATED 08/12/94 ID 54135
CESIUM-133 ENDF/B-IV MT 1141 UPDATED 08/12/94 ID 55133
URANIUM-234 ENDF/B-IV MAT 1043 UPDATED 08/12/94 ID 92234
URANIUM-235 ENDF/B-IV MAT 1261 UPDATED 08/12/94 ID 92235
URANIUM-235 ENDF/B-IV MAT 1163 UPDATED 08/12/94 ID 92236
URANIUM-238 ENDF/B-IV MAT 1262 UPDATED 08/12/94 ID 92238
NEPTUNIUM-237 ENDF/B-IV MAT 1263 UPDATED 08/12/94 ID 93237
PLUTONIUM-238 ENDF/B-IV MAT 1050 UPDATED 08/12/94 ID 94238
PLUTONIUM-239 ENDF/B-IV HAT 1264 UPDATED 08/12/94 ID 94239
PLUTONIUM-240 ENDF/B-IV MAT 1265 UPDATED 08/12/94 ID 94240
PLUTONIUM-241 ENDF/B-IV MAT 1266 UPDATED 08/12/94 ID 94241
PLUTONIUM-242 ENDF/B-IV MAT 1161 UPDATED 08/12/94 ID 94242

AM-241 1056 SIGP=5+4 NEWXLACS 218NGP P-3 293K UPDATED 08/12/94 ID 95241
AM-2431057 218 GP WT F-1/E-M 090376 P3 293K UPDATED 08/12/94 ID 95243

CURIUM-244 ENDF/B-IV MAT 1162 UPDATED 08/12/94 ID 96244

TAPE COPY USED 0 I/O's, AND TOOK 20.27 SECONDS

Figure S2.6.17 NITAWL-II merged library con *.ents edit
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SAS2 SAMPLE CASE 1: 33 MND/KGU, 17*17 PIN, PNR, 1 CYC, DRY-IVEL CASK

GENERAL PROBLEM DESCRIPTION DATA BLOCK i

GENERAL PROBLEM DATA

IGE 1/2/3 = PLANE /C1LINDER/ SPHERE 2 ISN QUADRATURE ORDER 8 fIEM HUMBER OF SONES 9 ISCT ORDER OF SCATTERING 3i IM NUMBER OF SPACIAL INTERVALS 50 IEVT 0/1/2/3/4/5/6=Q/K/ ALPHA /C/2/R/H 0
'

,'IBL 0/1/2/3 = VACUUM /REFL/PER/ WHITE 1 IIM INNER ITERATION MAXIMUM 20'

IBR RIGHT BOUNDARY CONDITION 0 ICM OUTER ITERATION MAXIMUM 12! MXX NUMBER OF MIXTURES 9 ICLC -1/0/N--FIAT RES/SN/ OPT 0MS MIXING TABLE LENGTH 60 ITH 0/1 = FORMARD/ ADJOINT 0IGH NUMBER OF ENERGY GROUPS 45 IFLU NOT USED(ALMAYS WGTD) 4
e

NNG NUMBFA Or NEUTRON GROUPS 27 IFRT -2/-1/0/N= MIXTURE XSEC PRINT -2
,

NGG NUMBER OF GAM 4A GROUPS 18 ID1 0/1/2/3=NO/PRT ND/PCH N/BOTH 53IFTG NUMBtR OF FIRST THERMAL GROUP 15 IPBT -1/0/1=NONE/ FINE /ALL BAL. PRT 0

SPECIAL OPTIONS
I

IFG 0/1 = NONE/ WEIGHTING CALCULATION O IPH 0/1/2 DIFF. COEF. PARAM 0 t2 01 VOLUMETRIC SOURCES (0/N=NO/YES) 2 IDIN 0/1 = NONE/ DENSITY FACTORS 38* OIPM BOUNDARY SOURCES (0/N=NO/YES) 0 IAZ 0/N = NONE/N ACTIVITIES BY ZONE 2
,

IIN 0/1/2 = INPUT 33*/34*/USE LAST 53 IAI 0/1=NONE/ ACTIVITIES BY INTERVAL 1
*

ITMX MAXIMUM TIME (MINUTES) 14 IFCT 0/1=NO/YES UPSCATTER SCALING 0IDT1 0/1/2/3=NO/XSECT/SRCE/ FLUX--OUT 0 IPVT 0/1/2=NO/K/ ALPHA PARAMETRIC SRCH 0ISX BROAD GROUP FLUXES 0 ISEN OUTER ITERATION ACCELERATION 0IBLH ACTIVITY DATA UNIT 0 NBND BAND REBALN PARAMETER -1JBKL 0/1/2 BUCKLING GEOMETRY 0

FLOATING POINT PARAMETERS

EPS OVERALL CONVERGENCE 1.00000E-03 DY CYL/PLA HT FOR BUCKLING 0.00000E+00PTC POINT CONVERGENCE 1.00000E-03 DZ PLANE DEPTH FOR BUCKLING 0.00000E+00XNF NORMALIZATION FACTOR 0.00000E+00 VSC VOID STREAMING CORRECTION 0.00000E+00EN EIGENVALUE OUESS 0. 00000E4 30 PV IFVT=1/2--K/ ALPHA 1.00000E+00 '

EVM EIGENVALUE MODIFIER 0.00000E+00 EQL EV CHANGE EPS FOR SEARCH 1.00000E-03SF ' BUC%ING FACTOR =1.420892 1.42089E+00 XNPM NEN FARAM MOD FOR SEARCH 1.50000E-01
,

THIS CASE WILL REQUIRE 3640 LOCATIONS FOR MIXING
i

g THIS CASE HAS BEEN ALLOCATED 200000 ICCATIONS

Figure S2.6.18 XSDRNPM problem definition page of shipping cask case
,
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SAS2 SAMPLE CASE 1: 33 MWD /KGU, 17*17 PIN, PWR, 1 CYC, DRY-FUEL CASK

130 ARRAY HAS 60 ENTRIES.

14Q ARRAY HAS 60 ENTRIES.

150 AkRAY HAS 60 ENTRIES.

DATA BLOCK 2 (MIXING TABLE, ETC.)

NUCLIDES CCCC MIXING TABLE EXTRA
ON TAPE IDENTIFICATION MIXTURE COMPONENT ATOM DENSITY XSECT ID'S

1 900 1 92234 1.10085E-06
2 61 2 92234 1.10010E-06
3 62 1 92235 5.08340E-05
4 63 2 92235 5.08000E-05
5 6012 6 28 1.31783E-04
6 7014 1 92236 2.58815E-05
7 81 2 92236 2.58638E-05
8 82 1 92238 5.89485E-03
9 36 2 92238 5.89081E-03

10 24304 6 33 4.80620E-02
11 65 1 8016 1.25034E-02
12 66 2 8016 1.24948E-02
13 67 9 36 3.15151E-02
14 25055 1 40302 3.58860E-03
15 69 2 40302 3.58614E-03
16 70 1 54135 2.83519E-19
17 71 2 54135 2.83325E-19
18 26304 1 55133 1.28740E-05
19 73 2 55133 1.28652E-05
20 74 1 93237 3.03707E-06
21 75 2 93237 3.03499E-06
22 28304 1 94238 9.67482E-07
23 77 2 94238 9.66819E-07
24 78 1 94239 3.31291E-05
25 79 2 94239 3.31064E-05
26 28 1 94240 1.10648E-05
27 33 2 94240 1.10573E-05
28 8016 1 94241 7.52311E-06
29 40302 2 94241 7.51795E-06
30 54135 1 94242 3.14259E-06
31 55133 2 94242 3.14044E-06
32 9'234 1 95241 2.27267E-06
33 92235 2 95241 2.27111E-06
34 92236 1 95243 6.35873E-07
35 92238 2 95243 6.35437E-07
36 93237 1 96244 1.24576E-07
37 94238 2 96244 1.24491E-07
38 94239 9 61 6.30301E-02
39 94240 3 62 1.69854E-03
40 94241 3 63 6.83682E-03
41 94242 1 24304 3.72536E-04
42 95241 2 65 3.72536E-04
43 95243 3 66 3.78409E-04
44 96244 5 67 1.74286E-02
45 1 25055 3.71140E-05
46 2 69 3.71140E-05
47 3 70 3.76992E-05
48 5 71 1.73633E-03
49 1 26304 1.26878E-03
50 2 73 1.26878E-03
51 3 74 1.28878E-03
52 5 75 5.93579E-02
53 1 28304 1.65030E-04
54 2 77 1.65030E-04
55 3 78 1.67632E-04
56 5 79 7.72070E-03
57 1 7014 2.90142E-05
58 2 81 *2.90142E-05
59 4 82 4.30057E-22
60 3 6012 2.13384E-03

Figure S2.6.19 Mixing table of shipping cask case
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''''N DETECTOR 3 (R= 2.73220E+02, E= 1.82880E+02) i

I
'

MT= 9029
l ANSI STANDARD NEUTRON FLUX TO-DOSE-RATE FACTORS (REM /HR)/(NEUT/CM**2/SEC)

SCALAR DOSE CALCULATED
GRP TLUX FACTOR DOSE

1 3.56552E-01 1.49160E-04 5.31832E-05
i 2 1.35240E+00 1.44640E-04 1.95612E-04
!. 3 1,66302E+00 1.27010K-04 2.11220E-04

4 8.91862E-01 1.2811U4-04 1.14256E-04
5 1.2375BE+00 1.29770E-04 1.60601E-04 .

*

6 2.85554E+00 1.02810E-04 2.93579E-04
| 7 2.53881E+00 5.11830E-05 1.29944E-04
| 8 1.69350E+00 1.23189E-05 2.08620E-05

I9 1.18760E+00 3.83650E-06 4.55622E-06 '

10 1.21098E+00 3.72469E-06 4.51054E-06
|11 1.27682E+00 4.01500E-06 5.12641E-06 '

12 1.01048E+00 4.29259E-06 4.33756E-06
! 13 1.00208E+00 4.47439E-06 4.48372E-06'

14 1.17277E+00 4.56760E-06 5.35672E-06
15 5.97676E-01 4.55809E-06 2.72426E-06

i16 3.60322E-01 4.51850E-06 1.62811E-06
| 17 1.68121E-01 4.48790E-06 7.54512E-07 ;

| 18 1.48799E-01 4.46649E-06 6.64600E-07
-19 2.78462E-01 4.43450E-06 1.23484E-06 |

20 9.41221E-01 4.32709E-06 4.07275E-06
21 3.34900E-01 4.19750E-06 1.40574E-06
L2 1.11154E+00 4.09759E-06 4.55464E-06 l23 9.47043E+00 3.83900E-06 3.63570E-05 )24 1.57838E+01 3.67480E-06 5.80022E-05
25 9.47812E+00 3.67480E-06 3.48302E-05
26 7.25754E+00 3.67480E-06 2.66700E-05
27 1.10151E+00 3.67480E-06 4.04783E-06

1.38458E-03 (TOTAL)

I
Figure S2.6.20 XSDOSE neutron dose rates at 2 m

)
I

DETECTOR 3 (R= 2,73220E+02, E= 1.82880E+02)

MT= 9504 ANSI STANDARD GAMMA-RAY FLUX-TO-DOSE-RATE FACTORS (REM /HR)/(PHOTONS /CM**2/SEC)

SCALAR DOSE CALCULATED
GRP FLUX TACTOR DOSE

28 6.57152E+00 8.77160E-06 5.76427E-05
29 1.43387E+01 7.47849E-06 1.07232E-04
30 7.06587E+00 6.37479E-06 4.50434E-05
31 4.45273E+00 5.41360E-06 2.41053E-05
32 6.23836E+00 4.62209E-06 2.88343E-05
33 7.13374E+00 3.95960E-06 2.82468E-05
34 1.47932E+02 3.46860E-06 5.13118E-04
35 7.10440E+01 3.01920E-06 2.14496E-04
36 2.62896E+0? 2.62759E-06 6.90782E-04

| 37 3.07753E+02 2.20510E-06 6.78625E-04
38 1.88076E+02 1.83260E-06 3.44668E-04
39 1.88431E+02 1.52280E-06 2.86943E-04
40 2.06225E+02 1.17250E-06 2.41799E-04
41 1.10914E+02 8.75940E-07 9.71544E-05
42 1.32266E+02 6.30610E-07 8.34080E-05
43 1.66930E+02 3.83380E-07 6.39975E-05
44 6.12213E+00 2.66930E-07- 1.63418E-06
45 1.65122E-02 9.34720E-07 1.54343E-08

| 3.50774E-03 (TOTAL)

Figme S2.6.21 XSDOSE gamma dose rates at 2 m j
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!

S2.A DESCRIPTION AND EXAMPLES OF INPUT LEVEL-3
,

:
:

Dunng the development of the SCALE-4 versica of SAS2, it was *4+N to read the case data used
i by the neutronics codes in the additional pass (path B) with the NAMELIST method. Once the new SAS2H

procedure was developed, the simplified free form ofinput and amadatal processing of the input was added.;
'

Only the simplified input deswibed in Table S2.5.1 is used,ifINPLEVEL is set to 0,1, or 2. However,if the
,

!

user wants to supply any different data to the neutramcs codes than that meamatwally derived by SAS2H for
:

j INPLEVEL-2, the user can specify INPLEVEL=3 and supply input using the following procedure-
3

,

'

l. First, set g the SAS2H impw exactly as it should be done for an INPLEVEL-2 case, except change the
i "=2" to "=3." The code sets up data for the three neutroncs codes with the level-2 input, but then ;
j pernuts mMdwmal data to ovesride any of the path-B derived input to the neutronics codes

i 2. Usag theinput desmptacas for BONAMI-S,NITAWL-II, and XSDRNPM-S given in Sects. F1, F2
and F3, respectively, docule whidi data arrays are to be altered. It may be helpful to look at the pnntout '

; ofthe SAS2H case using level 2 and PARM-HALT 00 to determine the default input before changing
J the data.
}

] 3. Change the format from that of FIDO (FIDAS) requnements, where integer arrays or floatmg-point
: arrays are dmoted byis$ orj**, rispectively (e.g., ISS or 24**). Replace the dollar signs with an equal
i sign "=" and place the letter "I" on the left (e.g.,11= or 114=). Replace the astensks with " " and place
1

an "X" on the left (e.g., X24= or X35=). The data entnes following the equal sign may be separated by
an immoduse en-ma or one or more spaces. Note that any data array ~Miy supplied by SAS2H
that is amar= vary does not nood to be rupested. Ifno data change is required for the code, aput, no input

i data array is needed for the code. The only -*W to this rule is that the XSDRNPM title card is
i roquand. 'Ihe SCALE froo form input rules (see Sect. M3) nplace those of the FIDO input system. Thr,
! s complete length of the data array is not required. Some of the input rules are discussed below in
j procedure 6.
.

1 4. 'Ihe entire input data for each code must be enclosed berm a keyword for the code and an END. The
;_ END may not start in column one. The code keywords are the first three letters of the code's name, or

BON, NIT, and XSD. h XSDRNPM-S title record should immediately follow a separate data record
'

with the XSD keyword. The XSDRNPM-S title card must remam (as in FIDO input) as a single card
image. If no data ar: input for the code, only the code's 3-letter name and END are required. The

! complete set of data for the three codes must follow SAS2 input entries for Data Block 8 of Table
! S2.5.1. 'Ibe level-3 input must be in the order ofdata for BONAMI S, NITAWL-II, and XSDRNPM-S.
j The data required by Table S2.5.1 should continue with entries for Data Block 9.
s

i 5. The feature to change data between cycles, MXREPEATS=0, may also be used with input level-3. In
! tha e cases, the combination of both the data for Data Block 8 plus the data for the three codes for the !

{ cycle must be included for NCYCLES*NLIB/CYC number of times before contmuing with POWER,
j etc.

6. The array data are input either by using general SCALE free-form input rules or by using special
!

,

YREAD pecmainns acrespondung more nearly to FIDO-type input. The general rules apply to all of the
BONAMI,NITAWL-II, and XSDRNPM data except for four data arrays. The X33, X35,136, and X38 j
data arrays are input using the YREAD provisions. The general input rules are more direct but not as
extensive as FIDO-type rules (e.g., the options for skipping data entries or filling arrays with a single
value are not allowed). Also, all values in the first entries (including the normal defaults) must be read
when a later entry is required. The end of the data array may be skipped when the skipped values

''
produced byINPLEVEL-2 are correct. The end of an array is detected when starting a new data array

'( NUREG/CR-0200,
S2.A.1 Vol.1, Rev. 5



I
|

|

|

(e.g.,I2=) or when the"END"is read at the end of the code data. The general free-form system has the
provision for multiple entries of the same data vlaue. This feature requires first the number of repeats,
irredy folkmed by an R, *, or S, and finally followed by the value (integer or floating point) to be
repeated. For example,12R25 causes the value 25 to be repeated 12 times. In contrast to the general
free-form input rules, the special YREAD systan has provisions for significantly more options. Similar
to the FIDO system: the Aj option sets the current array position to j; the Fj option fills the remaMer
of the array with j; the iQj option repeats the previous j entries i times; the iljk option linearly
interpolates i entries between the j and k end points; the iRj, i*j, and iSj options repeat j for the next i
cntries; and the T option terminates the data reading for the array. The array input always requires the
T option, unless it is the last data array for the code (requiring an "END" to be input). The four data .

!arrays for which the YREAD provisions apply are usually large and may have greater need for options
such as the Q, F,I, or R options.

Three examples oflevel-3 input are givcn in Figs. S2.A.1 through S2.A.3. The main difference between
the first two examples and the same cases submitted by input level-2 is the mesh inten al structure. The cases
are examples only and are not intended as an improvemmt over the input level-2 data. The input of the first case
(Fig. S2.A.1)is vay short. The second case (Fig. S2.A.2) shows a much more extensive input and includes input
for mixing table data, mesh inten als, and other data.

The third example of level-3 input (Fig. S2.A.3) is a special case designed to determme an axially
power-weighted modcrator density to be input as the water density in the fuel-pin cell of a BWR assembly case.
The example may be used for the slab-scometry case prrhng (after fission weighting slab moderator densities)
the final water density (DEN-0.5039) applied in sample case 4 (Sect. S2.6.7). The first estimate of the
moderator density (VF=0.4323)in the case is the simple volume-weighted density. Other details of the input may
be obscsved from the case data below. Because power-volume weighting of the slab zone water densities is the
objective of the case, the "pomr-volume" product may be replaced com cuticatly by the " integrated fission source"
(listed on line for " group" 28) produced in the zone balance tables of XSDRNPM-S printout. The advantage of
using SAS2 in the case, over the use of functional modules throughout the analysis, is the use of the more
simplified unit-pin-cellinput.

Limits on UsineInout level-3

A few limitations are not given in the above five-step procedure on using input level-3. The size
parameters input, or those derived from input level-2, must correspond to sizes of associated arrays. Also, there
are maximum size limits to data arrays. Limits are 20 zones, 200 intenals (or reset by input entry
LIMINTGEO),100 resonance nuclides,1000 total nuclides (or nuxmg table size),249 energy groups,600
activity pnxesses, and 80 values correspondmg to an angular quadrature of 16. These and other array sizes are
used in label commons /XSD/ and / NIT /; the subroutines S2HBON, S2HNIT, S2HXSD, and MTAB2H; and
the BLOCK DATA initialization statements for /XSD/. Thus, a few simple " patches" in the code would be
required as a method ofincreasing these limits, if the need should ever be required.

There are certam data, not expected to be wanted in input level-3 cases, that may not be input. The -15
data, for core nWh. may not be used. All other data arrays may be used in the BONAMI-S input. All data
arrays, except the -15 data and 6S data, may be used in the NITAWL-II input. The only data arrays that may be
used in the XSDRNPM-S input are those denotal by OS,1 S, 25, 35, 45, 5 *,135,145,15 *, 35 *, 365, 38 *, 39S,
405,41*,42*,43*,465,47*,48*,49$,505,515, and 525. The SCALE free-form input system is used in place
of the FIDO input system. See the above procedure 6 and Sect. M3 for details ofinput rules.
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' es =SA52 PARN=' HALT 03,SKIPSHIPDATA' - '
''( SA32H, (POR APPENDIX CASE 1) 33 GWD/NTU PWR, 3.1% U235

- 27GROUPNDF4 IATTICECELL
Uo2 1 0.945 811 92235 3.1 92238 96.4725 92234 0.0275 END '

EIRCALLOY 21 620 END
BORON 3 1.58587-4 570 END
H2O 3 0.7295 570 END
Co-59 3 0 1-20 570 END
END COMP

SQUAREPITCH 1.25984 0.81915 1 3 0.94996 2 0.83566 0 END
MORE DATA SEP=0.7 END
NPIN/ ASSN =264 FUELNGTH=787.2856 NCYCLES=3 NLIB/CYC=1
PRINTLEVEL=4
LIGHTEL=16 INPLEVEL-3 NUMEONES=4 END
3 0.57150 2 0.61214 3 0.71079 500 2.46
BON 10= 12, 17, 18, 1 END
NIT 10= 1, 3, 0, 4 END

XSD
SAS2H - (17X17) PWR TYP. IRR. HIST., 3.1% ENRICH - 33 GWD/MTU, CYC 1
I1= 2, 4, 29
X35= 0.0,0.1,0.2,0.3,0.4, 0.5,0.5715,0.59,0.61214,0.64, '

O.68,0.71,0.8,0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5 T
I36= 1 1 1 1 1 1 22 333444444
444444444444 T

END

POWER =37.36 BURN =293.3333 DOWN=1-20 END
POWER =37.36 BURN =293.3333 DOWN=1-20 END
POWE3=37.36 BURN =293.3333 DOWN=1826.25 END
C 0.13 N 0.07 0 134 AL 0.10 '

SI 0.14 P 0.31 TI 0.11 CR 5.0
MN 0.24 FE 9.9 Co 0.072 NI 9.5
ER 217 NB 0.71 Mo 0.39 SN 3.6
END

O
'

i
Figure S2.A.1 Example 1 oflevel-3 input

|

|
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=SA52 PARM= HALT 03SKIPSHIPDATA
SAS2H, (FOR APPENDIX CASE 2) 33 GWD/MTU PWR, 3.1% U235
27BURNUPLIB LATTICECELL
UO2 1 0.945 811 92235 3.1 92238 96.8725 92234 0.0275 END j
U-233 1 0 1-20 811 END '

KR-85 1 0 1-20 811 END
SR-90 1 0 1-20 811 END
Y-89 1 0 1-20 811 END
ER-94 1 0 1-20 811 END
ER-95 1 0 1-20 811 END
NB-94 1 0 1-20 811 END
TC-99 1 0 1-20 811 END
EU-155 1 0 1-20 811 END
RU-106 1 0 1-20 811 END
RH-103 1 0 1-20 811 END
RH-105 1 0 1-20 811 END
XE-131 1 0 1-20 811 END
XE-132 1 0 1-20 811 END
XE-135 1 0 1-20 811 END
XE-136 1 0 1-20 811 END
CS-134 1 0 1-20 811 END
CS-137 1 0 1-20 811 END
BA-136 1 0 1-20 811 END
LA-139 1 0 1-20 811 END
CE-144 1 0 1-20 811 END
PR-143 1 0 1-20 Bil END
ND-143 1 0 1-20 811 END
ND-145 1 0 1-20 811 END
ND-147 1 0 1-20 811 END
PM-147 1 0 1-20 811 END
SM-149 1 0 1-20 811 END
SM-151 1 0 1-20 811 END
SM-152 1 0 1-20 811 END
EU-153 1 0 1-20 811 END
EU-154 1 0 1-20 811 END
EIRCALLOY 21 620 END
BORON 3 1.58587-4 570 END
H2O 3 0.7295 570 END
Co-59 3 0 1-20 570 END
END CCMP
SQUAREPITCH 1.25984 0.81915 1 3 0.94996 2 0.83566 0 END
MORE DATA SEF=0.7 END
NPIN/ASSM=264 FUELNGTH=787.2856 NCYCLES=3 NLIB/CYC=1
PRINILEVEM 4
LIGHTEL=16 INPLEVEL=3 NUMEONES=4 END
3 0.57150 2 0.61214 3 0.71079 500 2.46
BON I1= 2, 3, 6, 0, 0, 9 X2=1.0E-3, 1.35 I3= 1 1 1 1 1 2
I4 = 92235, 1001, 8016, 5010, 5011, 40302
X5 = 8.0E-4, 4. 8 70-2, 2. 4 35-2, 4. 42 6-6, 1. 7 97-5, 4.2 52E-2
I6= 1, 2, 1 X7=0.65024, 0.69342, 0.806802 XB-591 591 591 X9=0 0 0
110= 200, 201, 202, 203, 204, 205 Ill= 0, 1, O END
NIT 10= 1, 3, 0, 4 I1= 0, 5, 53, 0 0 0 0 0 0 0 0 0
I2= 201, 202, 203, 204, 205,
92235, 92238, 92234, 92236, 8016, 5,
40302, 2001, 5010,
5011, 27059, 54135, 55133,
93237, 94238, 94239, 94240, 94241,
94242, 95241, 95243, 96244, 999,

92233,36085,38090,39089,40094, 40095,41094,43099,63155,44106,
45103,45105,54131,54132,54336, 55134,55137,56136,57139,58144,
59143,60143,60145,60147,61147, 62149,62151,62152,63153,63154

END

Figure S2.A.2 Example 2 oflevel-3 input

.
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XSD
SA52H - (17X17) PWR TYP. IRR. HIST., 3.1% ENRICH - 33 GWD/NTU, CYC 1
I1= 2, 4, 29, 1, 3, 3, 58, 8, 3, 1, 20, 25, 0, 0, 0

; X5= 1.0E-4, 1.0E-4, 1.0, 0.0, 0.0, 1.420892, 365.76, 219.3, 0 1
|'- 1.0E-3, 0.75
i I13= 1 1 1 1 2 3 3 3 i

1'

33333 33333 '

33333 33333
33333 33333
33333 33333
33333 33333
114= 201, 202, 203, 204, 205,
92235, 92238, 92234, 92236, 8016, 5,
40302, 1001, 5010,
5011, 27059, 54135, 55133,

93237, 94238, 94239, 94240, 94241,
94242, 95241, 95243, 96244, 999,

92233,36085,38090,39089,40094, 40095,41094,43099,63155,44106,
4b103,45105,54131,54132,54136, 55134,55137,56136,57139,58144,
59143,60143,60145,60147,61147, 62149,62151,62152,63153,63154
X15= 4.870-2, 2.435-2, 4.426-6, 1.797-5, 4.2525-2,
2.408-4, 7.429-3, 2.145-6, 1.00-22, 1.534-2, 1.348-2,
4.294-3, 2.695-2, 2.450-6, 9.946-6, 1-22 1-22 1-22

-1-22 1-22 1-22 1-22 1-22
1-22 1-22 1-22 1-22 1-22
X35= 0.0,0,1,0.2,0.3,0.4, 0.5,0.5715,0.59,0.61214,0.64,
0.68,0.71,0.8,0.9, 1. 0, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6, 1.7, 1.8, 1.9, 2.0, .2.1, 2.2, 2.3, 2.4, 2.5 T
I36= 1 1 1-1 1 1 22 333444444
444444444444 T
I39= 1, 2, 1, 3 END

POWER =37.36 BURN =293.3333 DOWN=1-20 END
POWER =37.36 BURN =293.3333 DOWN=1-20 END
POWER =37.36 BURN =293.3333 DOWN=1826.25 END
C 0.13 N 0.07 'O 134 AL 0.10
SI 0.14 P 0.31 TI 0.11 CR 5.0

iMN 0.24 FE 9.9 Co 0.072 NI 9.5 !
ER 217 NB 0.71 No 0.39 SN 3.6

'''' END

Figwe S2.A.2 (<=h==i)
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SA52H PARM=' HALT 00,SKIPSHIPDATA'
APPENDIX CASE 3, SA33, SLAB FOR AXIAL FISSION-WEIGHTED H2O DENSITY USED
27BURNUPLIB LATTICECELL
UO2 1 0.940 840 92235 2.64 92238 97.3366 92234 0.0234 END
ZIRCALLOY 21 620 END
BORON 3 1.0000-22 558 END
H2O 3 0.4323 558 END
Co-59 3 0 1-20 558 END
SS304 51 END
END COMP
SOUAREPITCH 1.6256 1.05664 1 3 1.25222 2 1.0795 0 END
MORE DATA SZF=0.7 END
NPIN/ASSM=59 FUELNGTH=2128.424 NCYCLES=3 NLIB/CYC=1
PRINTLEVEL=4
LIGHTEL=3 INPLEVEL=3 NUMZONES=4 END
3 0.5 2 0.6 3 0.7 500 2.0
BON I1= 2, 4, 8, 0, 0, 0, X2=1.0E-3, 1.35, I3= 5*1, 2, 3, 3,

I4= 92235, 92238, 26304, 28304, 8016, 40302, 8016, 2001,
X5= 5.24-4, 2.20-2, 9.62-5, 8.59-5, 4.64-2, 4.25-2,
.02,.05 I6a 3 2 3 1 X7=0.5 0.6 0.7 2 XB= 558.,620.,558.,840.
X9= 4*0.0,
I10= 201, 202, 203, 204, 205, 206, 207, 208, Ill= 1, 2, 1, 0, END
NIT II= 0, 8, 2, 9*0,

I2= 201, 202, 203, 204, 205, 206, 207, 208,
92235, 92238,

END
XSD

SA52H, (8X8) BWR POW-WTED MOD-DEN, 2.64% ENRICH, 27.5GWD/MrU, CYC 1
I1= 1, 12, 120, 0, 0, 12, 43, 8, 3, 1, 20, 55, 0, 0, 0,

14= 1, 3, 0, -1, 3, 4, 0, - 1, 0, I3= 1, 0, 0, 14, 12, 7*0,
XS= 2*1.0E-4, 1.0, 0.0, 1.0, 1.420892, 416., 416., 0.0, 1.0,
1.0E-3, 0.75,
I13= 1, 1, 3*2,
4*3, 4*4, 4*5, 4*6, 4*7, 4*B, 4*9, 4*10, 4*11, 2*12,
I14= 207, 208, 207, 208, 203,
92235,92238,207,208, 92235,92238,207,208,

92235,92238,207,208, 92235,92238,207,208,
92235,92238,207,208, 92235,92238,207,208,
92235,92238,207,208, 92235,92238,207,208,
207, 208, 203, 206, 207, 208,

X15= 0.28748E-01, 0.57495E-01,
0.21561E-01, 0.43121E-01, 0.21026E-01,

0.14594E-03, 0.53120E-02, 0.25956E-01, 0.30069E-01,
0.14594E-03, 0.53120E-02, 0.24128E-01, 0.26414E-01,
0.14594E-03, 0.53120E-02, 0.22773E-01, 0.23705E-01,
0.14594E-01, 0.53120E-02, 0.21789E-01, 0.21736E-01,
0.14594E-03, 0.53120E-02, 0.21061E-01, 0.20279E-01,
0.14594E-03, 0.53120E-02, 0.20409E-01, 0.18976E-01,
0.14594E-03, 0.53120E-02, 0.19834E-01, 0.17825E-01,
0.14594E-03, 0.53120E-02, 0.19450E-01, 0.17059E-01,

0.15794E-01, 0.31589E-01, 0.42052E-02, 0.29760E-02,
0.21059E-01, 0.42119E-01,

X3S= 0.0, 2.54, 5.08, 7.62, 10.16, 12.70, 15.24, 17.78,
20.32, 22.86, 25.40, 28.45, 31.50, 34.54, 37.59, 40.64,
43.69, 46.74, 49.78, 52.83, 55.88, 63.71, 71.54, 79.37,
87.20, 95.03, 102.86, 110.70, 118.53, 126.36, 134.19, 137.32,

140.46, 143.59, 146.73, 149.86, 152.99, 156.13, 159.26, 162.40,
165.53, 168.66, 171.80, 174.93, 178.06, 181.19, 184.32, 187.45,
190.59, 193.72, 196.85, 199.98, 203.11, 206.25, 209.38, 212.51,
215.64, 218.77, 221.90, 225.04, 228.17, 231.30, 234.44, 237.57,
240.71, 243.84, 246.97, 250.11, 253.24, 256.38, 259.51, 264.21,
268.91, 273.61, 278.31, 283.01, 287.71, 292.40, 297.10, 301,.80,
306.50, 312.77, 319.03, 325.29, 331.56, 337.82, 344.08, 350.35,
356.61, 362.87, 369.14, 375.40, 381.67, 387.94, 394.20, 400.47,
406.74, 413.00, 419.27, 425.53, 431.80, 436.88, 441.96, 447.04,
452.12, 457.'20, 462.28, 467.36, 472.44, 477.52, 482.60, 485.14,
487.68, 490.22, 492.76, 495.30, 497.84, 500.38, 502.92, 505.46,
508.00, T
I36= 10*1, 10*2, 10*3, 10*4, 10*5, 10*6, 10*7, 10*B,
10*9, 10*10, 10*11, 10*12, T
I39= 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 151= 27*1, END

POWER =26.13 BURN =353.9257 DOWN=1-20 END
POWER =26.13 BURN =353.9257 DOWN=1-20 END
POWER =26.13 BURN =353.9257 DOWN=1826.25 END
ZR 564 FE 43 NI 3.9
END

Figure S2.A.3 Exampic 3 oflevel-3 input
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S2.B FORMAT OF FUEL ATOM DENSITIES AND RADIATION SOURCES
.

i

A formatted (BCD) data set is output on unit No. 72 to preserve significant atom densities and neutron I
and photon sourm spectra of the spent fuel, The data are stored at the time of startmg the burnup of the loaded
assembly, at the time of reactor shutdown of each cycle (as input to SAS2), and at the end of the spent fuel
coohng time for slupment (as speedied to SAS2).

In order to keep the same format thr=W, the arrays for photon and neutron spectra and neutron
source senmsths are always incW However, they are valid only at the last time (after the coohng time). They

,

'

are zero or meamngless values, which were not c-=dd at the other times. Each card-image record uses 80 i

columns, with the last card-image padded to the cod with cather zeros or blanks as indicated by the format. '

Except for the first and last records (each a smgle card image), the remamder of the written records
eclude the id=tical type of data (sometunes conveted to differrat units) as written (in binary) on unit No. 71.
Only aems and blanks are added. De order is the same as that on unit No. 71, except that nuclide ids and atom
densities are in pairs instead oftwo separate arrays De value of makmg the unit No, 72 data set is that the
card image output can be transported to other c=,=*=s and applications should be easier than using the
==-h-specific binary input written on unit No. 71.

The isotopic quantity values written on unit No. 72 for the fmal decay case are converted from the
g-menma/assemblyread fran unit No. 71 to atoms /b cm, masistent with the dunensions or units used at the earlier

times. Other data of the decay case remam in units per assembly. Densities oflight-element nuclides that are
outside the fuel ame and depicted dunng the bumup analyses passes are converted from adjusted densities (scaled
for fuel vohane equivalence) to their actual density used by the neutromes codes This conversion prosides the
adjustment in the light. element densities required by ORIGEN-S to compute the total removable fission energy
plus (n,y) r=ctinn energy per fission.

De format of the data set for each time step written is presanted below. Each write statement is given,

'

separately as a different write number and its format. Each variabic is listed by a position number, the variable
name,and a comment orMuntinn If the vanable is an array, the variable giving its size is shown in par-h==

| What scalar variables are not used as a size, the comment usually refers to the data array in ORIGEN-S input
that fully dermesit.

In all cases, for either neutron or photon spectra, the value in the first position in the spectrum array
pcrtams to the group bounded by the first two values in the correspondmg group structure arrays, etc. Thus, note
carefully the order for ENER and ENEUTS in using spectral data. -

| Write No.1; FORMAT (2Il 0,6(IX,1P,E9.3)).

; 1. LPASS: library pass No. used for ORIGEN-S case

2. MTIME: position No. of data from unit No. 71

|

| 3. TW: time from start of assembly burnup, d

| 4. BURMTU. azumulated burnup at TW, kWd/kg heavy metal (applying initial weight)

5. BURASM: accumulated burnup at TW, mwd / assembly

( 6. PWMTU. specific power of cycle, kW/kg heasy metal (initial heasy metal)
J
i
i

j NUREG/CR-0200,
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7. PWASM: specific power ofcycle, MW/ assembly

8. WTMTU: initial metric ton heavy metal, heavy metal / assembly

Write No. 2; FORMAT (8Il0/8110/8Il0/6110,2(IX,lP,E9.3)/IP,E10.3,6X,A4,6(IX,lP,E9.3)).
/

1. ITOT: total No. of nuclides in complete library

2. IL: No. oflight-element-library nuclides

3. IA: No. of actinide-library nuclides

4. IF: No. of fission-product-library nuclides

5. NRFLAG: =0, for SCALE-3 and later SAS2 versions

6. MSUB: time step No. of ORIGEN-S case

7. NSTEPO: step position No. in subcase on unit No. 71

8. KASEPO: case position No. on unit No. 71

9. JOBPOS: =1, thejob position No. on unit No. 71

10. NOCS: =1, subcase number

11. NOBLND: see IS data (in ORIGEN-S input; and, also, below)

12.NDSET: see 3S data

13. NTYPE: see 35 data

14. NORP: number of neutron spectrum energy groups (see SPNEUT)

15.NELEM: see 3S data

16.NVERT: see 3S data

17. NG: No. of total gamma spectrum energy groups (see DSAV and ESAV)

18. MMN: see 56S data

19. MOUT: see 565 data

20. INDEX: see 56S data

21. MSTAR sce 56S data

NUREG/CR-0200,
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!

! 22. NUNIT: = 4, ===aing TW time ofdata is given in d

23.KBLEND see565 data *

!

24. NENLE. No. ofgroups in light-alamant spectnan (see SPECLE)

25. NENAC: No. of groups in actmide spectnan

26. NENFP: No. ofgroups in Assion-product spectnan

| 27. Ll: maximun ofNENLE and 1, or MAX (NENLE,1)

28.L2: MAX (NENAC,1)

| 29.L3: MAX (NENFP,1)

30.L4: MAX (IA,1)

31. TMO: time at start of cycle,d

32. FRACPW: see 57* data
|

33. TCONST: see 57* data

34. TUNIT: see NUNIT = 6 in 565 data
,

35. TWRITE: = TW, time from start of assembly burnup, d

| 36. PW: maamnbly specific power in time step, MW/b-cm

,

37. FW: reactor thermal flux in time step, n/sen2

|

38.ZER: zerowrittenthreetimes,

,

Write No. 3; FORMAT (4(18,2X,lP,E10.4))

1. NUCL(1): ORIGEN-S nuclide ID as ZAS (note, S = 0 or I for ground or excited state) for first
nuclide

2. D(1): densityofNUCL(1), atoms /b-cm

3. NUCL(2): sameasNUCL(1)forsecondnuclide

4. D(2): same as D(1) for second nuchde
I

| S. etc. for all library nuclides through D(ITOT), see ITOT in Write No. 2
:

!

! NUREG/CR-0200,
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Write No. 4; FORMAT (20A4)

1. TITLE (20): ORIGEN-S case title, same as SAS2 title

Write No. 5; FORMAT (20A4)

1. BASIS (10): ORIGEN-S case BASIS input; see case printouts

2. BASIS (ll to 20): blank characters

Write No. 6; FORMAT (1P,8E10.4)

1. EGROUP(NENLE+1): see 37* data

2. EACTGP(NENAC+1): see 36* data

3. EFPGRP(NENFP+1): see 39* data

4. SPECLE(LI): break downintolight-element spectrum

5. SPECAC(L2): break down into actinide spectrum

6. SPECFP(L3): break down into fission-product spectrum

7. ENER(NG+1): total gamma spectrum group structure in ascendmg order, MeV

8. DSAV(NG): total SAS2 gamma sgGum, photons /s-assembly

9. ESAV(NG): total gamma energy spectrum, MeV/s-assembly

Write No. 7; FORMAT (20A4)

1. TISAV: ORIGEN-S title of total SAS2 gamma spectrum

Write No. 8; FORMAT (IP,8E10.4)

1. SPNNUC(L4): nuclide neutron spontaneous fission source,n/s-assembly

2. ALPNUC(L4): nuclide(a,n) source,n/s-assembly

3. SPNEUT(NGRP): total neutron spectrum, n/s-assembly

4. SPECAN(NGRP): (a,n) neutron spectrum, n/s-assembly

5. SPECSP(NGRP): spontaneous fission neutron spectmm, n/s-assembly

6. ENEUTS(NGRP+1): neutron spectrum group structure in descending order, eV

NUREG/CR-0200,
Vol.1, Rev. 5 S2.B.4

_ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _



y . _ _ - _ _ _ _ . . ._ _ _ _ _ . _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ .

!-
<
1-

.

i
~

Write No. 9 with nolist;

FORMAT (' END OF STEP DATA - ' 50X),

(Note These h prmide an easy way to search to end of the step data.);
e

:

;

.i

.

;

f
!

|

;

!
1
.

|
!
i
i

}
,

I

I
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ABSTRACT
!,

I

I
SAS3 is the SCALE Shickling Analytical Sequence for throedmensional geometry problems. The

'

system incorporates the input and cross-section processmg capabdities found in CSAS with the radiation
transport capabilities of the MORSE-SGC Monte Carlo code. Three dimensional geometry features of the !
combinatorial MARS (Multiple Array System) package can be used within the MORSE model specification. ,

The SAS3 contml module executes in mm BONAMI, NITAWL II, XSDRNPM (optionally), ICE, and |
the MORSE-SGC codes. 1

i

|
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O S3.1 INTRODUCTIONb
'Ibe SAS3 control madute executes Shicklig Analysis Wa~ No. 3 for automating cross-section

processing and wife Jng eidelding analysis. 'Ihe programs executed in the SAS3 sequence are BONAMI,
NITAWIAI, XSDRNPM (optionally), ICE, and MORSESGC. 'Ibe BONAMI program is used to correct ;
cross sections with anndarenico self-shiekhng factors. NITAWL is used to perform resonance self-shielding.
XSDRNPM may be opdonally used to generate cell-weighted cross sections for use by MORSE. MORSE-SGC

| is the SCALE version of the MORSE family of Monte Carlo programs. It cordains the MARS geometry j
system (see Sect. M9) with =nhinnenrial geometry. This geometry system allows case in modalia multiple- |

array symma by using a repeatig array feature along with an unlimited array-nestig capability. MORSS |
; SGC incorporates supergroup cross-section storage and tracking. This feature is advantageous in running I

! prohbmm requing exteneve crosHection storage due to many med a, high-order legendre expansion of the '
scattering cross section, or a fine energy group mesh, haeinn is controlled by a simple input gw,
which reads the standard composition input (see Sect. C4) and the additional input required to run MORSE.
The MARS geometry system in MORSESGC is very versatile in modeling complicated lattice geometry.
Execution of MORSE-SGC in SAS3 requires the following input:

1. combinatorial MARS geometry input,
2. fixed source terms for each energy group,
3. energy importance weights for each group if running a coupled neutron gamma problem,
4. splitting and Russian roulette parameters by importance region and energy group, |
S. MORSE-SGC control parameters for problem input, and
6. CSAS standard composition input and geometry options for calculating the Dancoff factor.

S3.1.1 MORSE-SGC PROBLEM SETUP IN SAS3

' Ibis version of SAS3 assumes all dialding calculations are fixed-source problems. Criticality
problems may be run for spadels containing fissile material, but it is not possible to run a criticality calculation
simuhaneously with a shiekkng calculanon. SAS3 runs MORSESGC in a " fully coupled" mode for neutron-
gamma problems. This mode treats the gamma production as an energy transfer, as opposed to a true
secondary particle. 'Ihis method makes the neutron nonabsorption probability greater than 1. To enhance
neutron transport and encourage samma geduction, energy baasing is invoked to bias selection of the scattered

! particle energy. The following biasing features are available in MORSE:

1. Russian roulette,
*

2. u-r i.-ce splitting,w-

3. pathlength stretching,
|4. source angular biasing, and

5. energy biasing.

'Ihe following analysis systems are available in SAS3:

! 1. point detector response, !

2. array collision edits by location and media, and
'

3. boundary crecing estimates that require a user-supplied subroutine.-

i I

; NUREG/CR-0200,
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'Ibe source description in SAS3 is composed of:

| 1. defining the source volume, XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX,
2. defining the source in each energy group, and
3. optionally defining the source media.

MORSE-SGC is configured e reduce the necessity of user-supphed subroutines. SAS3 with MORSE-
SGC offers the user many input options to simplify his problem setup.

S3.1.2 SAS3 VERSUS SAS3X

SAS3 has the ability to optionally generate cell-weighted cross sections for use by MORSE. This
opuon is initiated by executing the SAS3X sequence, instead of the SAS3 sequence. The cell-weighted cross
sections are for an LWR or BWR fuel pin cell. The flux weighting of the cross sections is performed by
XSDRNPM. Normally in a SAS3 execution, XSDRNPM is not executed. The cell-weighted cross sections |

generated by XSDRNPM are given the last media number in a run. For example, for a SAS3X run with seven
|

mixtures, the cell-weighted cross sections would be available in MORSE-SGC as media No. 8. SAS3X ard !
SAS3 may generate resonance-corrected fuel cross sections for only one fuel enrichment.

1

O

I

|
1

:

I

I

i
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f
S3.2 BIASINGTECHNIQUESINSA53

Monte Carlo calculations represent a statistical model of physical particle transport. As a statistical
calculation, the results have a deviation associated with them which is a function of the number of estimates
made. Each particle track has a weight associated with it from whidi estimates of different types can be made.
If the distribution of the particle weights is small in a particular energy range located in a portion of the
geometry model, then the estimate distribution for that energy range and region will have a small variance
anunciand with it. To achieve a small variance from random samplea requires a balance between the number
of particles tracked in a given portion of the geometry and the weigb distribution of the particles in each
energy range. The user assigns a set of weights for biasing in each geometry zone. All the geometry zones
using the ame set of biasing weights compose an importance region. Each region's weight distribution and
paracle populatinn in each energy group may be controlled by Runnian roulette and splitting techniques. The
biasing techniques discussed below are p M in more detail in Sect. F9.3 which also provides helpful
guidelines for biasmg Edsig gdh .

I S3.2.1 RUSSIAN ROULETTE
i
'

j Rn==en roulette is a way of terminating a particle's history when its weight is too small to contribute'

meaningfully to a particular estimate Leing made. Runnian roulette, escape, and time are the only three ways
i a particle's history may be terminated. W user must enter both a Russian roulette cutoff weight and a
j survival weight for each energy group and importance region in the model.
j The cutoff weight is the weight at which Russian roulette is initiated. When a particle's weight,
j WATE, is reduced below the cutoff weight, then Runnian roulette is played to determine if the particle's,

i history will be terminated. The particle's weight is compared with the product of a random number and the
; Russan roulette survival weight. If the particle's weight is greater than this product, then the particle survives
i the Rumian rouleme game and is given the survival weight. If the ps:ticle weight is less than this product, then
j the particle history is terminated. The frequency with which R'amia, roulette is played in a given energy group
j and Mi nce region is determined by the Russian rosette tatoff weights, WTLOW. The frequency
i particles survive the Russian roulette game is WATE/WTAVE, where WTAVE is the survival weight.
| Playing Russian roulette in this way is an efficient way of reducing the number of particles being tracked in
i a given energy group of a particular geometry region.
!

{ S3.2.2 PARTICLE SPIIITING
i
! Particle (or importance) gliaing is another method used to control the size of a particle's weight. As
j a result of pathlength stretching, source angular biasing, or a high probability of multiple-particle generation
j at a enihmine site (i.e., n,2n and n,y reactions for neutrons, or pair production for gammas) the particle weight'

may increase at a enIhmian To keep the distribution of particle weights from becoming too large in a geometry
j region, a particle may be split into two particles, each with half the original particle weight and, thereby,
i ennmarving the original particle weight.1he disadvantage of this process is that, after splitting, MORSE must
; track two particles from the collision site instead of one. The advantage of splitting is keeping the particle
! weights uniformly distributed and increasing the number of collision estimates in a part of the geometry as a
) result of tracking split particles. Splitting gives a way to increase the particle population in parts of the
j geometry where collisions may be significant to the final result. For deep-penetration problems, splitting is
[ a useful and e y tool.

.*
a'

| NUREG/CR-0200,
,4 S3.2.1 Vol.1, Rev. 5

s

. . _ . -_ -- ._- - . - - - . .- . - - -



_ _ _ .- ._, _

The user should be careful not to oversplit or the computational time for his problem may increase
rapidly. Similarly the user should not set his Rudan roulette cutoff weight, WTLOW, so low that much
calculational time is spent tracking particles oflow weight. No easy and clear prescription is available for
determining the Russian roulette and splitting weights for a problem. The user should be aware that
overbiasing a problem may lead to erroneous results. Overbiasing may provide results with small standard
deviations but incorrect answers. Monte Carlo biasing terhniers are an art and as such require user
awareness and thought.

S3.2.3 DIRECTION BIASING OPTIONS FOR PATHLENGTH STRETCHING

In many htding problems, it is desirable to increase the number of collisions near a detector. One
way to accomplish this is to stretch the pathlength of particles traveling in the direction of the point detector
and shrink the pathiength of particles traveling away from the pcint detector. His is a means of encouraging
particles to travel towards and have collisions near the detector. Whenever the pathlength of a particle is
altered, the particle weight must be corrected for the bias applied to the particle pathlength.

In the older versions of MORSE, the user had to supply a subroutine called DIREC. It was to return
the amount of pathlength alteration upon its call. DIREC computed the angle 0 between the particle trajectory
and the preferred direction of travel. It returned the cosine of this angle.

The current version of MORSE-SGC gives the user many options for biasing the pathlength of a
particle without regturing a user-supplied subroutine. The current subroutine DIREC gives the user an input
option to choose which method of pathlength stretching to apply. His often eliminates the need for the user
supplying his own subroutine.

The extent of pathlength stretching is determined by the parameter " PATH." This information is
entered as a function of both energy group and importance region. Each particle whose path has been altered
by pthlength stretchmg must have its weight adjusted to compensate for the bias. The particle pathlength will
be stretched by a factor " BIAS", where

BIAS = 1.0 / (1.0 - PATH (IG,NREG)*DIREC)

Figure S3.2.1 is a polar diagram of BIAS versus 0 for various values of PATH. DIREC is taken to
be the cosine of 8. For large values of PATH, large degrees of pathlength stretching will occur, and
correspondmgly large changes in a particle's weight will occur.

Pathlength stretching is often referred to as the " exponential transform method." It should be used very
cautiously. Overbiasing with pathlength stretching can lead to erroneous results. Whenever pathlength
stretching is invoked, it modifies the particle weight distribution and changes the effect of the Russian roulette
and splitting parameters. This change occurs as a result of the weight correction applied to particles due to
the pathlength stretching. Pathlength stretching should be applied only when absolutely necessary. The user
should apply Russian roulette and splitting and then, as a "last resort" apply pathlength stretching. Splitting
is preferred for deep-penetation problems instead of pathlength stretching to increase the number of collisions
near a detector.

|

| S3.2.4 ENERGY BIASING IN SAS3

Since MORSE runs in a " fully coupled" mode in SAS3, the neutron nonabsorption probability is
greater than I when running neutron-gamma problems. The definition of a nonabsorption probability

NUREG/CR-0200,
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Figure S3.2.1 Polar diagram of BIAS versus 0

i
!

is the ratio of the scattered cross section to the total cross section. In the " fully coupled" case for MORSE,
,

the scanering cross section includes neutron-to-gamma transfers; therefore, the total scattering cross section
'

will be larger than the total cross section.' 'Ihis causes particles to increase in weight at collision sites, until
| they transfer into the gamma groups. Energy biasing is a technique to preferentially select a downscatter ;

group. 'Ibe particle weight is corrected for the bias applied to the selection. By encouraging the neutrons to
l

scener ineo the gamma groups, the calculation can be accelerated. Again, as in all kinds of biasing, be careful |

not e overbias. One of the most important means of reducing the number of particles tracked is with Russian
roulette. Unfortunately, in a " fully coupled" mode it is not possible to easily kill particles with Russian
roulette. E-m h :he life of a particle may significantly increase computer time requirements. Therefore,

I biasing particles into the gamma groups is one way of attempting to make the calculation more efficient and
cost effective,

l
i NUREG/CR-0200,
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S3.3 SOURCE SAMPLING AND ANALYSIS TECHNIQUES ;

;

In running a Monte Carlo calculation, one must take many factors into consideradon to describe a !
problem. fha source sampling technique, the biasing games played, and the analysis methods applied are
severalimportant mn-iarations in using any general Monte Carlo transport code. 'Ihis section describes the l

source sampling technique avadable in MORSE-SGC and several of the analysis approaches operational in |
MORSE-SGC.

{

S3.3.I VOLUMETRIC SOURCE SAMPLING IN SAS3

In SAS3 the user inputs a source volume space dannari with bounds XMIN, XMAX, YMIN, YMAX,
ZMIN, and ZMAX. 'Ihe source suhroutine in MORSE uniformly samples locadons within this defined
volume. If the SAS3 user specified a source nwiin (MSM in SAS3 input), the code accepts only points found
in the source moda. If a source nwha is not given, then all points sampled in the defined source volume are

===nwi to be valid source pomes. For shielding calculations, this process occurs at the beginning of every
batch. For criticality calculations, this process occurs only at the beginning of the first batch. Subsequent
batch source particles are generated by fission collision sites from the previous batch.

The user is given the option of having the source particles started with a uniform isotropic angular
;

distribution or having ibe initial source direction sampled from the biased distribution described in the previous
{section. ~

For shiekhng problems in SAS3, the user must give the particle source for each energy group. 'Ihe
source is summed over all energy groups, and a norsnahml distribution is computed. 'Ibe user must enter a )
source multiplication constant. 'Ihis constant is multiplied by the source sum. 'Ihe product mus'. be in units i

of particles /second. Each detector response is multiplied by this factor to compute absolute reaction rates|b properly normali=1 for the problem source descripton. Point-source problems may be run by setting XMAX
t

equal to XMIN, YMAX equal to YMIN, and ZMAX equal to ZMIN. Planar source may be run in a sinular
manner. Hemispherical angular sampling is not available in the current source routine. Also nonuniform
sampling distributions are not available in the current version of MORSE-SGC.

S3.3.2 POINT DETECTOR ESTIMATES

MORSE-SGC allows the user two methods of computing the reaction rate at a point detector. Either {
| a single or multiple endmate may be made to each point detector from each collision sie. 'Ihese estimates are '

| made by subroutine RELCOL or RELCOA. For some problems, cuking multiple estunates from each
possible downscatter group at a mHy gite to the point detector will improve the standard deviation of a
response. The user decides which method to use by setting IFLAG(9) in the MORSE input. Subroutine
RELCOA makes multiple estimates from a milisine site. It is called when IFLAG(9) is set to -1. Subroutine
REIIOL makes a single estunate to each point detector from each collision site when IFLAG(9) is set to + 1.
When IFLAG(9) is set to zero, then no point detector estimates are made from collision sites.

On some prohlama it is possible to compute negative fluxes wi'.h the colhded point detector estimators.
When this occurs, the problem has yielded erroneous results. Ner,ative estimates can result from negative
angular scattering probabilities. When the point detector resulte 2re negative, the user should modify his
problem and/or his biasing schemes.

When making point detec:or estimates, subroutine SDATA makes uncollided flux estimates from

! source locations. The total flux response printed out by SAS3 is actually the collided flux response.
.

'

i
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S3.3.3 MARS ARRAY ANALYSIS

The MARS geometry system in MORSE-SGC provides the user with the ability to model very
complicated lattice arrays with minir mm effort. In Monte Carlo tracking, the user should be aware of where
particles are tracked and the number of collisions occurnng throughout the user's model. This information
is-hy to properly determine if the calculational results are realistic or in error. MORSE-SGC contains
a collided flux editor for the MARS system. This editor allows the user to obtain reaction rates throughout
his array geometry as a function of array or universe (cell type) and as a function of media. The collided flux
editor for MARS is described in detail in Sect. M9.4. The Collided Flux Edit system (CFE) provides the user
with valuable information without addmg additional computation time. The MARS user in MORSE-SGC
should utilize the CFE feature where possible to obtain the maximum amount of information from his |

calculation. I

1

S3.3.4 AUTOMATED RESPONSES IN SAS3

3AS3 is set up to automatically retrieve standard neutron and gamma ANSI standard dose responses
from the SCALE master cross-seenon libranes. Table S3.3.1 lists the response ID Number and corresponding
units for each of the responses available in the SCALE libraries. At present not all SCALE cross-section
libraries contain these responses. The responses are present as a fake material ID 500000

Table S3.3.1 SCALE standard response sets

Dose factor
ID No. Identification Units

29001 Hurst (mrad /h)/(neutrons /cm -s)
29002 Snyder-Neufeld (mrad /h)/(neutrons /cm -s)

9026 Snyder-Neufeld (mrem /h)/(neutrons /cm -s)
2

Conversion from flux
to biological dose

29027 Henderson conversion (rad /h)/(neutrons /cm -s)
from flux to absorbed
dose rate in tissue

9028 Straker-Morrison (mrem /h)/(neutrons /cm'-s)
9029 ANSI standard neutron (rem /h)/(neutrons /cm .3)

2

9501 Straker-Morrison (mrad /h)/(photons /cm'-s)
9502 Henderson (rad /h)/(photons /cm .3)2

9503 Claiborne-Trubey (rad /h)/(photons /cm -s)2

9504 ANSI standard gamma ray (rem /h)/(photons /cm -s)2

'Ibe ANSI standard neutron and gamma-ray dose conversion factors (ids 9029 and 9504) are selected 4

as the default SAS3 responses. See the Input Description for "NRE=". SAS3 will not allow the user to run j
without any responses in the problem. The user may optionally enter a set of responses, which will be added to !
the standard responses retrieved from SCALE libraries. These rules apply to both criticality and shielding prob-
lems. If the user utilizes the point detector estimator, then for each point detector he will receive results for all
responses in his problem.

NUREG/CR-0200,
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:
1

S3.4 SAS3 SUBROUTINE DESCRIPTION

Many of the subramnas in the SAS3 driver are from CSAS4 (see Sect. C4). De subroutines described
in this section are subroutines added to CSAS4 to incorporate MORSE-SGC, SAS3 utilizes the SCALE
Subroutine Library extensively. Both subroutines in CSAS4 and in the SCALE library are described in other
sections of the SCALE documentation. ,|

Figure S3.4.1 shows the SAS3 execution sequence as executed by SAS3 and SAS3X. De SAS3 input
'

processor is called before any of the SCALE mndales are executed. SAS3 and SAS3X are identical, with the
exception that SAS3X executes XSDRNPM. De choice between SAS3 and SAS3X is made in the input data
(=SAS3 or =SAS3X). De SAS3 input processor program flow is shown in Fig. S3.4.2. De individualt

subroutines shown in the figure are described below.

ACTIE is called from MANRY. ACTIE reads the SCAIE master cross-section library and retrieves the ANSI
standard neutron and gamma dose responses in the fake material set 500000. If no standard dose
responses are found, a' warning message is printed out. If the user receives the warning and enters no
responses of his own, his job is aborted.

| CPYJOM is called from RINPUP. It copies MARS data to unit 95.

DPDATA is a utility routme for SAS3. RINPUP writes binary fi'.es using DPDATA for later use by subsequent
programs.

JOMIN is called by RINPUP to process MARS geometry input data. It calls JOMINI, JOMIN2, AZIP,
RESTOR, and SAZAR.

MANRY is alled from OAKIltE to manipulate the readmg of the responses from both the SCALE cross- section
library and from user input. MANRY calls ACTIE to retrieve responses and RESPTI to obtain titles for
the responses retrieved. It reads user responses and prints out all responses and titles.

OAKTRE is called from SAS3. De MORSE SAS3 control options are read in this routine. Most of the input
in bloct 1 of MORSE is initiatired in OAKTRE.

RESPTI is calitid from MANRY. It returns titles for standard responses retrieved from SCALE cross-section
library files.

3

RINPUP prints out the edit of the MORSE input and controls the MORSE input setup. RINPUP is a modified
version of RINPUI in MORSE-SGC. It calls CPYJOM, DPDATA, FREAD, JOMIN, and STORK.

SAS3 is the main controlling routme for SAS3 execution. SAS3 calls C4 DATA to control the CSAS input
processing and calls OAKTRE to control the MORSE input processing.

|

STORK is called from RINPUP to write out in binary the MARS combina*arial geometry data and labeled
commons for later use by MORSE. De records written by STORK are read by RESTOR in MORSE. (
STORK returns to RINPUP the number of regions in the problem geometry.

F

.;
,

I
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I

S3.5 SAS3 INPUT DESCRIPTION

All the SAS3 iriput is free form. 'Ibe first portion of the input is the standard composition input as
described in Sect. C4.4. 'Ihis information is followed by a SAS3 title card. The next portion of the SAS3
input is the SAS3 parameter input. 'Ihe combinatorial MARS geometry is entered after the parameter input.
See Sect. M9.A for a h;ye;on of the geometry input. 'Ibe MARS geometry input is followed by some

l miscellaneous Monte Carlo input requirements for use by MORSE-SGC. 'Ihis input description concerns
SAS3 requirements. The user is referred to Sect. C4.4 for the standard composition input description and to
Sect. M9.A for the w Mnidorial MARS input description.

'Ibe SAS3 user must enter either the " NOD =" parameer for point detector ptobicms or the "NKC ="
i.+= = for criticality 94ks.;. Under no circumstances should both parameters be entered. 'Ihe SCALE
user is strongly recommended to use CSAS for his criticality problem instead of SAS3, whenever possible.
It requires much less computer time, and the KENO geometry is much less susceptible to geometry tracking
errors than the combinatorial MARS system. For these reasons, where the criticality lattice model permits,
run CSAS instead of SAS3. Furthermore, the user is recommended to model as many of his universes in

|

MARS as " simple" rather than "comjom." The simple universe simulates KENO tracking and requires less
computer time than the comjom universes. See Sect. M9 for a more detailed discussion on combinatorial
MARS geometry modeling.

i

K AR1 Inmit Der =>iremente:

**** Material Information Processor Input (see Sects. C4.4.2 and S3.4)****

,b SAS3 Title Card (80 col.)
!
|

| SAS3 Parameter Input

|

... Input format is "XXX=Y," where XXX is a variable name and Y is the value XXX is being
assigned. Either " NOD =" or "NKC=" is required; all other variables are optional. Variable names in

i parentheses indicate the correspondmg MORSE-SGC names.

|

PARAMETER NAME DESCRIPTION
!

NOD = Number of point detectors for a fixed-source shielding problem

| NKC= The number of the first batch to be included in the estunate of k; if less than or equal to zero, no
estimate of k is made. ' Ibis parameter must be entered for criticality problems

NST= (NSTRT) Number of particles per batch (default is 100)

NMO = (NMOST) Maximum number of particles allowed for in the bank (s); may equal NSTRT+ 1 if no
splitting, fission, and secondary generation (default is 300)

NIT = (NITS) Number of batches (default is 100),

!

NUREG/CR-0200,4
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NKI= (NKILL) Set greater than zero if Russian roulette is allowed (default is 1)

NSR= (NSPLT) Set greater than zero if splitting is allowed. If NSR=-1, then the user must input splitting,
Russian roulette, and direction biasing parameters (default is 1)

NOP= Number of user input responses

NRE= Library Response Flag Option
NRE>0 Number of response ids re<y*d

User must enter response ID required immediately following parameter input
See Table S3.3.4 for available response ids
Not all SCALE libraries contain responses

NRE=0 Default ID requested for standard neutron and ganuna dose
ids requested are 9029 and 9504

NRE=-1 All available response ids requested
NRE =-2 All available neutron responses requested
NRE=-3 All available gamma responses requested

MAL = (MEDALB) Specular Reflection Media

NDS= Number of array analysis edits requested

RAN= User input random number seed (2Z8 Format)

IST= (ISTR) Switch to print cross sections

IMO = (IMOM) Switch to print moments of angular distribution

MSM= SOURCE MEDIA Flag; if set to a valid media number, then all source particles will start in MSM

IPR = (IPRIN) Switch to print angles and probabilities

NPA= Set greater than zero if pathlength stretching (exponential transform) is invoked

NDG= Used only when NPA is set greater than zero. Selects the option for direction biasing to be used

IPU= (IPUN) Switch to print results of bad Legendre coefficients

MAX = (MAXGP) Group number oflast group for which Russian roulette, splitting, or exponential transform
is to be performed.

IFM = (IFMU) Switch to print intermediate results of the scattering angles calculated from the Legendre
coefficients if >0

END TERMINATES INPUT OF VARIABLES

If NRE > 0, then NRE response ids are entered.

NUREG/CR-0200,
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I

I

. If NOP> 0, then NOP responses and titles are entered as follows.

NOP response sets are entered, one entry for each energy group for each set. Enter first response
set, all groups, second response set, all groups... NOP response set, all groups.

NOP title cards are entered

Nnse mH rnannnman are nne- Hvad an tne armrce vrdn-.,

****** MARS Combinatorial Geometry INPUT (See Sect. M9.A) ******

'Ibe following eight variables are required input.!

L

TMAX - Maximum m----= time for MORSE execution (min.)

C1 - Enter wro. If wro is not the value entered, then WTSTRT is set to the value.

C2 - Enter aro. If aro is not the value entered, AGSTRT is set to the value.

| XMIN, XMAX, YMIN, YMAX, ZMIN, and ZMAX - Source volume boundaries

If NSR=-1, then the following splitting, Runnian roulette, and pathlength stretching parameters must be
entered.

i
!.

((WTHI(I,J),I= 1,MAXGP), J=1,MXREG) Weight above which splitting will occur I

((WTLOW(I,J),1= 1,MAXGP), J = 1,MXREG) Weight below which Russian roulette is played |i
'!

((WTAVE(I,J),1=1,MAXGP), J=1,MXREG) Weight parameters for particles surviving Russian I
,

| roulette.

((PATH (I,J),1= 1,MAXGP), J= 1,MXREG) Pathlength .Eslig parameters for use in exponential
transform.

|

Energy bias factors are required input if running a coupled neutron gamma problem.

((EPROB(I,J),I=1,NNGA+NGGA), J=1,MXREG). Values of the relative importance of
particles leaving a collision in region J going to enter energy group I.

Source energy distribution and source normaliation.

{(FS(I), I-1, NNGA+NGGA), SRCNRM.} This input should not be entered for criticality
prrelems where NKC is greater than uro. 'Ibe appropriate fission spectrum will be automatically
selected by SAS3. ' Ibis input is required for shielding problems where NOD (number of detectors)
is greater than aro. Enter one value for each energy group and a source normalization factor.
'Ihe units are arbitrary providing:-

!

!
' NUREG/CR-0200,
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NNGA*NGGA

Total source in particles /s = N [ K
i.

where

i = energy group number i
K = source fraction in energy group i

N = source normalization factor
NNGA = number of neutron energy groups
NGGA = number of gamma energy groups

If NOD > 0, then NOD point detector locations must be entered.

XDET, YDET, ZDET (Absolute coordinates)
If NOD was not entered or is zero, then enter three zeroes for a detector coordinate.

END CARD *****

"END" in Column 1 will termmate input processing for SCALE SAS3.
t

O
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|{ S3.6 SAS3 SAMPLE PROBLEM -TANK SHIELDING PROBLEM\\
!
\

S3.6.1 OBJECT AND CALCULATIONAL PROCEDURE !

Object:

Determine the neutron and gamma dose per source neutron from a tank containing 9 g/L Pu-nitrate
solution at nine point locations.

Procedure:

Point detector results at nine locations were computed with MORSE-SGC in the SCALE SAS3
system by sampling from a uniformly distributed source in the Pu-nitrate solution. Uncertainty in the
MORSE results leads to a simpler approach to determine an upper limit on the dose at the nine point
detectors "Ihe upperlimit was obtained by running the MORSE problem with a point source in a void tank
as opposed to a distributed source, and computing results for all point detectors.

S3.6.2 TANK MODEL AND CALCULATIONAL ASSUMPTIONS

The atomic number densities used in the calculation am given in Table S3.6.1. The geometry model
is given in Fig. S3.6.1 and was modeled in combinatorial geometry for MORSE, as shown in Fig. S3.6.2.
The cross-section library used is the 27 neutron 18 gamma SCALE library based on ENDF/B IV data. The

cross sections are corrected automatically by SAS3 for resonance self-shielding using the Nordheim Integral
treatment in the NITAWL code. The cross sections were mixed in the ICE code and then used by MORSE
for the particle transpon.

[ '\ For the tank calculation, MORSE sampled source particles from a uniform distribution within theV tank solution. The sampling process involved defining a rectangular volume of space containing the tank.
Uniform samples were obtained within this volume and only samples found in the tank solution were
accepted as source locations. For the point source calculation, MORSE sampled source particles from a point
(0,0,63.69) at the center of the voided tank. The source energy spectrum used was a "U fission spectrum2

given in Table S3.6.2.
.

The ANSI standard neutron and gamma dose response functions were used to obtain the neutron and

gamma dose results at the point detectorlocations. The response functions are given in Table S3.6.3, where
RESP (1) is the neutron dose response and RESP (2) is the gamma dose response set. The units on the
response function times the flux are REM / HOUR.

A fully coupled MORSE calculation was performed where the secondary gamma panicles are treated
as an energy downscatter. Blas techniques employed in this problem were Russian roulette, splitting, and
energy biasing. The energy biasing scheme biased the possible downscatter groups to accelerate the trackfrig
procedure and reduce the number of thermal scatterings. The complete SAS3 input for the point source
calculation is given in Table S3.6.4

S3.6.3 CALCULATIONAL DIFFICULTY AND CONCLUSIONS

Monte Carlo point detector estimates are made from each source location and from each collision

site. As a result, statistical fluctuations are aggravated by large distributed sources and by detector locations
near a large scattering source. Most of the tank calculation involved making estimates from collision sites

i in the Pu-nitrate solution. Many collision and source estimates are required to accurately calculate the
leakage flux

iI^ NUREG/CR-0200,
| S3.6.1 Vol.1, Rev. 5
!

_ . .



Table S3.6.1 Mixture atomic compositions

Media Atom density
No. Nuclide (atom / barn.cm) Description

1 H 0.066522 Plutonium
1 N 9.0675 E-05 Nitrate
1 0 0.033533 Solution
1 Pu-240 1.129 E-06
1 Pu-239 2.154 E-05

2 ' Stainless Steel 304

3 H 0.054782 Benelex
3 C 0.033852
3 0 0.023862

4 H 0.014868 Concrete
4 C 0.003814
4 0 0.041519
4 Ca 0.011588
4 Si 0.006037
4 Mg 0.000587
4 Fe 0.000968
4 Al 0.000735
4 Na 0.000304

i

!

1

.
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p Table S3.6.2 Neutron source spectrum
,
'

b ,

IGroup Fractional source
No, Energy (eV) spectrum

>

|

2.000 + 07
! 1 6.434 + 06 0.02107

,

1
2 3.000 + 06 0.1883

,

i ~- 3 1.850 + 06 0.2149
| 4 1.400 + 06 0.1245 '

!- 5 9.000 + 05 0.1662
6 4.000 + 05 0.1805 *

'7 1.000 + 05 0.08965
8 . 1.700 + 04 0.01385 '

9 3.000 + 03 0.001006
!

.

10 5.50 + 02 . 7.470 E-03 !

'

11 1.00 + 02 5.877 E-04
12' 3.00 + 01 4.128 E-05 )

,

13 1.00 + 01 0
-14 3.05 + 00 0
15 1.77 + 00 0,

1 16 1.30 + 00 0
17 1.13 + 00 0
18 1.00 + 00 0
19- 0.800 0

t 20 0.400 0
f 21 0.325 0

22 0.225 0
23 0.100 0
24 0.050 0,

t

; 25 0.030 0
26 0.010 0
27 1.000-05 0

I,

i
j

.-

.

I

!
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i

Table S3.6.3 Neutron and gamma dose response sets

Neutron Response Gamma Response
Group RESP (l) RESP (2)

1 0.1492 E-03 0.0
2 0.1446 E-03 0.0
3 0.1270 E-03 0.0
4 0.1281 E-03 0.0
5 0.1298 E-03 0.0
6 0.1028 E-03 0.0
7 0.5118 E-M 0.0
8 0.1232 E-M 0.0
9 0.3836 E-05 0.0

10 0.3725 E-05 0.0
11 0.4015 E-05 0.0
12 0.4293 E-05 0.0
13 0.4474 E-05 0.0
14 0.4568 E-05 0.0
15 0.4558 E-05 0.0
16 0.4518 E-05 0.0
17 0.4486 E-05 0.0
18 0.4466 E-05 0.0
19 0.4434 E-05 0.0
20 0.4327 E-05 0.0
21 0.4197 E-05 0.0
22 0.4098 E-05 0.0
23 0.3839 E-05 0.0
24 0.3675 E-05 0.0
25 0.3675 E-05 0.0
26 0.3675 E-05 0.0
27 0.3675 E-05 0.0
28 0.0 0.8772 E-05
29 0.0 0.7478 E-05
30 0.0 0.6375 E-05
31 0.0 0.5414 E-05
32 0.0 0.4622 E-05
33 0.0 0.3960 E-05
34 0.0 0.3469 E-05
35 0.0 0.3019 E-05
36 0.0 0.2628 E-05
37 0.0 0.2205 E-05
38 0.0 0.1833 E-05
39 0.0 0.1523 E-05
40 0.0 0.1173 E-05
41 0.0 0.8759 E-06
42 0.0 0.6306 E-06
43 0.0 0.3834 E-06
44 0.0 0.2669 E-06
45 0.0 0.9347 E-06

NUREG/CR-0200,
Vol.1, Rev. 5 S3.6.6
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Table S3.6.4 SAS3 sample input for tank shielding problem

IO!

=ses3 |t

'

tank shielding problem, Jim west, ornl, august, 1980 '
! 27n-18 couple infhonunedium

h -1 0.0 0.066522 end
n 1 0.0 9.0675e-05 end
o 1 0.0 0.033533 end '

pu-240 1 0.0 1.129e-06 end
pu-239 1 0.0 2.154e-05 'end
as304 2 1.0 end
h 3 0.0 0.054782 end
c 3 0.0 0.033852 end
o- 3 0.0 0.023862 end
h 4 0.0 0.014868 end
c 4 0.0 0.003814 end
o 4 0.0 0.041519 end
ca 4 0.0 0.011588 end
si 4 0.0 0.006037 end
mg 4 0.0 0.000587 end

i fe 4 0.0 0.0001968 end
! at .4 0.0 0.000735 end
| na 4 0.0 0.000304 'end

end comp
shielding problem

! ran=35a467b nod =9 nit =25 end
shielding problem

| 0000
rec 0.0 0.0 1.5875 0.0 0.0 179.715 74.6125
rce 5*0.0 182.88 76.2
rpp 100.0 100.0 -100.0 100.0 -100.0 76.2
rpp -1500.0 182.88 -182.88 1500.0 -30.48 3 % .24
rpp -1500.0 205.74 205.74 1500.0 -30.48 396.24
rpp -127.0 183.00 183.00 106.68 0.0 182.88

; rpp -133.35 183.00 -183.00 113.03 0.0 182.88
i rpp -1.De+05 1.0e+05 -1.0e+05 1.0e+05 -1.0e+05 1.0e+05
[. rpp -1500.0 1500.0 -1500.0 1500.0 -30.48 396.24

rpp -1500.0 1500.0 -1500.0 1500.0 45.72 408.94
end,,

sol +1 +3
l- air +1 3
| tnk +2 -1 i

! wal +5 -4 -
i saw +7 - 6 +4

air +6 2 +4 or +9 -7 +4 or +9 -5 i
spc +8 -10
tbc +10 9

end
3'1 5*2
8*0

1000 1000 2 4 3 1000 0 4
0 !

70.0 2*0.0 4*0.0 2*63.69
8*1.0 12*0.5 7*0.3 13*0.8 5*0.5
8*1.0 12*0.5 7*0.3 13*0.8 5*0.5

| .2107e-01.1883 .2149 .1245 .1662 .1805 .8%5e 01.1385e-01.1006e 02 t

| .7470e-04 .5877e-05 .4128e-06 33*0.0 1.0
|- 134.0 0.0 64.49
| 0.0 113.5 64.'9
| 0.0 206. 64.49

206. -194.31 64.49
243.84 0.0 64.49

-742.95 0.0 64.49
448.58 -205.74 64.49-
0.0 1179.83 64.49
0.0 0.0 379.

end

:
4

,

6
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i

to a point detector location. 'Ihe closer the detector is to the scattering source, the more difficult it is to
obtain satisfactory statistics with a reasonable amount of computer time.

'Ihe final results output from MORSE for the point-source neutron and gamma dose are shown in
Table S3.6.5. Recall that the point-source, void-tank values represent an upper limit on the dose.

Table S3.6.5 MORSE output for the point-source neutron and gamma dose

ansi standard neutron dose rate (rem per hour)
|

responses (detector) shielding problem

detector uncoll fsd ' total fsd
response uncoll response total

1 5.5438E-11 0.01121 1.4954E-10 0.30463
2 7.7271E-11 0.01121 2.1202E-10 0.23039
3 1.9174E-12 0.01869 3.2965E 10 0.89384 i

4 2.4658E-13 0.02651 1.7120E-12 0.32786 1

5 1.3685E-12 0.01869 3.8978E-11 0.33417
6 1.8036E-12 0.01121 1.8338E-11 0.06015
7 2.2728E-13 0.02059 5.2634E-12 0.10679
8 7.1517E-13 0.01121 7.0838E-12 0.07319
9 6.2308L-11 0.00415 2.1918E-10 0.11009

ansi standard gansna dose rate (rem per hour)

responses (detector) shielding probt'em

detector uncoli fsd total fsd
response uncoll aesponse total

1 0.0000E+00 0.00000 4.1971E-12 0.20912
2 0.0000E+00 0.00000 3.5155E-11 0.88572
3 0.0000E+00 0.00000 4.2746E-13 0.24693
4 0.0000E+00 0.00000 7.9442E-13 0.89965
5 0.0000E+00 0.00000 8.0764E 13 0.15459
6 0.0000E+00 0.00000 4.0651E-13 0.10226
7 0.0000E+00 0.00000 3.1222E-13 0.12298 |
8 0.0000E+00 0.00000 1.8521E-13 0.18254 !
9 0.0000E+00 0.00000 2.5337E-12 0.19426 i

l

i
|
|

l

I

l
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r~ ABSTRACT

%

The SAS4 control module performs a three-dimensional Monte Carlo shielding analysis of a spent
fuel shipping cask using an automated biasing procedure. Biasing parameters required by the Monte Carlo
calculation are generated from results of a one-dimensional adjoint discrete-ordinates calculation. SAS4
performs resonance self-shielding treatment with either the BONAMI or NITAWI II 2anctional module and
cell weighting with the XSDRNPM functional module; then it carries out adjoint discrete-ordinates and
Monte Carlo calculations, respectively, with the XSDRNPM and MORSE-SGC functional modules.

Similar to other control modules in the SCALE system, simplified input is adopted in SAS4. In
particular, for MORSE-SGC the user is neither required to specify all biasing parameters nor to set up the
detailed MARS geometry input for the Monte Carlo calculation.
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S4.1 INTRODUCTION
'

'

The pnmary function af the Stueldmg Analysis E+7 =e No. 4 (SAS4) control module is to perform
a throeA=*==ianal (3-D) Monte Carlo shieldmg analysis of a spent nuclear fuel shipping or storage cask using

8
i

an automated biasmg procedure To cany out a Monte Carlo slueldmg calculation of a cask, the user is
confronted by three magor input tasks: (1) the preparation of cross-secten data; (2) the preparation of biasing
parameters such as Russian roulette and splitting weights, path-length stretchmg parameters, source biasing
parameters, etc.; and (3) the setup and verificarian of sec ;,ry input. The preparation of cross-section data is,

! done in SAS4 using the methade and input data for the Material Infonnation Piew ci (see Sect. M7.2 for-

i
'

tachniques and Sect. M7.4 for input data), which is used by CSAS and other SCALE control ==bl~ SAS4
assists the user with the other tasks by using a procedure that aantamahc. ally calcialata= biasing p sters for a
Monte Cado calenlahnn and by using a geometry input processor that generates detaded MARS soc.may input
(see Sect M9) of a cask model fnun amphrwl user isps. Simplified input is also adopted for the other portions

f of the controlmadale
! The SCALE functional ==blan executed by SAS4 (and the function of each) are given sequentially
! below:
!
i

i BONAMI perfanns rmnnance self-shielding cale *iaa= for nuclides that have Bondarenko datad
-

==caciatad with their cross sections (See Sect. F1 for a module description.)

NITAWL-II applies a Nordheim resonance self-shielding correction to nuclides having resonance
parameters (See Sect. F2 for a module description.)

XSDRNPM provides cell-weighted cross sections based, for the LATTICECELL option, on the
specified unit cell. (See Sect. F3 for a module description.)

XSDRNPM performs an adjoint calculation to generate biasing parameters for the Monte Carlo )
j analysis.

MORSE-SGC performs a Monte Carlo simulation of the radiation transport through a cask and
evaluates the dose rates exterior to the cask. (See Sect. F9 for a module description.)

|

SAS4 is able to c71, neutron or gamma dose rates at any user-specified points outside a cask. By
default, four surface-averaged dose rates are r@d H on the outside surface of the cask and at 1,2, and 3 m |

from this swface. 'Ibe source energy spectrum can be input directly or read from an ORIGEN-S source file (see I
Sea. F7). The response fi=*ian (dose famor) can be input directly or read from the standard response functions
available in some of the SCALE cross-section libraries For ou. my checkmg by the PICTURE functional ,s .
trable (see Sect. M13), the user has the option of saving the detaded MARS geometry input generated by the |
input processor 1

Finally, a cask model has been developed to implement the automated biasing procedure and the
sunphfied geometry input option. The cask model has the followmg common features found in many shipping
and storage casks: a radial waterjacket for neutron shielding, axial impact limiters, comer coolant holes, and a
fuel basket (or insert). For the fuel region, homogeneous and Le;a -;= -s models are allowed This cask

,

rand 4 combined with the available fuel configuratens, should cover a broad class of cask shiciding problems. |

Howenr, as a last resort, an option is provided for the user to supply a detailed MARS soc.ary input duectly )
; to SAS4.

i
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S4.2 METHODS AND TECHNIQUES

In a Monte Carlo shieldag analysis of a deep-penetration problem such as a spent fuel cask, variance
reduction techniques must be used to calculate renaanahiy good results at an affordable cost. Generation of
biasing parammers and applicatinn of the parameters to solve a particular problem are no trivial tasks.
N,,. .;.a , a symansene approach has bem developed recently for biasing a Monte Carlo transport calculation
of a spent fuel cask.8 This approach uses adjomt fluxes from a one dimeneianal (1-D) discrete-ordmates
cabilmina perfarned with the XSDRNPM code to generate the biasing parameters for a Monte Carlo analysis
by the MORSE-SGC code. The maire procedse for auss-secten preparation, adjoint flux calculation, automatic
generataan of Monte Carlo biasmg parameters, and a Monte Carlo calculation has been implemented in this
contml module to pawide calenlatad radiatina dose levels exterior to a cask at a remannahic computational cost.

This section details the method used by SAS4 in perfarnung a 3-D Monte Carlo shielding analysis of
a nuclear fuel cask using the amnmated inassig procedse The techniques of cross-section me .iion andinputer

data gensation for =menan of the fundinnal modules are prmantad The cask py model and the different
optaans of calculating neutron or gamma-ray doses outside a cask are described.

S4.2.1 GENERAL DESCRHTION OF THE SAS4 METHODOLOGY

SAS4 embil=*= radiarian doses extenor to a nuclear fuel shipping cask with the Monte Carlo method
*Ihe wwhnd uses the existung fimwinnal modules and cross-section and subroutme libraries in the SCALE system
to cany out the analysis The functional wwhiten -ai~i by SAS4 are BONAMI, NITAEII, XSDRNPM,

,

and MORSE-SGC, alor g with the Malenallnformatian Processor described in Sect. M7. An outhne of the SAS4 '

cahilmein==1 seguance is shown in Fig. 54.2.1. 'Ihe basic functon ofeach functional module, as applied to SAS4,
is described below.

BONAMI apphes the Bondarenko method for resonance self-shielding calculations for nuclides

| whose cross =* inns melude Bondannko data. BONAMI is described in Sect. F1, and
the Bondarenko method is discus;ed in Sect. M7.2.5.1.;

:

| NITAWL H performs the Nordheim resonance self-shielding corrections to cross sections for
j nncham whose cross semons include resonance parameters NITAEll is described
j in Sect. F2, and additznal information on the Nordheim integral treatment is provided
j in Sect. M7.2.5.2.
4

! XSDRNPM performs two 1 D discrete-ordmates calculations to provide two very different
i functions in SAS4. First, it is used to produce cell-weighted cross sections if the
! LATIlCECELL option is input for the fuel lattice type. Then, it is executed in the,

a40mt mode with a slab geometry to calculate adjoint fluxes that are used to generate
biasmg parameters for the Monte Carlo analysis More details on XSDRNPM can be
found in Sect. F3.

MORSE-SGC performs a Monte Carlo fixed-source analysis that calculates dose rates outside a
transport or storage cask. All the standard biasing options in the MORSE code,
including source biasing, splitting and Russian roulette, path length stretchmg, and

,

|
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| nath=an energy biasmg. are invoked. All the mquired biasing parameters are derived
,- from results of the a4 cat XSDRNPM amiculahan and are automatically input to !

MORSE so that the user is rid of this difficult input task. For more details on the i
j MORSE code, refer to Sect. F9 and Ref. 2. I
j-
) SAS4 uses a : "N input procedure simdar to other contml andata= in SCALE. The input to SAS4
i basically consists of three parts: (1) the material aformahan data, (2) the a4oint discrete ordmates input data,

! and (3) the Monte Carlo input data. A cask madal has been dcydegd to facilitate implementation of the !

4 simplified geometry input and the mutamatad biasmg procedure in MORSE-SGC calculations
|

l The precedag descnption gives a brief ===nmy of the SAS4 nethadalogy. Detailed discussions of the |
; techniques employed by SAS4 serdin the followmg eachans |
|

{ S4.2.2 DESCRIFTION OF THE SAS4 CASK MODEL
i

i A grat deal ofconsideration was given to the da4_ ; of the SAS4 cask model. Three basic criteria
to be satisfied by the cask model were the followag-

1

1. The model should be quite general and shanid include most, if not all, of the common features in current

cask design so that this control module would be of practical value and useful for shielding analysis.

2. The cask madel must be able to incorporate the manmatad biasmg procedure so that accurate and reliable
,

resuks could be @M cven by an inexpenenced Monte Carlo user, at a re==anable computing cost. |

3. Simplified geomet;y input would be used to describe the model

With these conditions in mad, a cask model (Fig. S4.2.2) was developed This cask model basically
cannines of a ermtninerregion and a source regen The cask is ca=aa-i of right circular cylinders of shielding
materials with a cetral cavity to macammadate the source region The cask is symmetrical about the cask
midplane. Because most spent fuel casks are tall cylinders, more than 4 m in height, this assumption on
symmetry should not introduce significant error to the results of the +d4 There are two reasons for
applymg syme =*y to this madel (1) synummy unproves the calculational efficiency and, more importantly, (2)
the symmetry is necessary to implament the automated biasing procedure in the Monte Carlo analysis. In the
Monte Carlo analysis, the entire cask is modeled in the py.

In more datad, the enntamur of the cask model consists of an inscst (fuel basket), a casity, an inner liner,
an outer liner, three radial sluelds, three axial ahmide, impact limiters, a waterjacket, and corner holes. This
model is a rather elaborate aantainer geometry and probably has more components than typically needed
However, with the default features, this cask model can easily describe casks with less comp" ated geometnes
"Ihe usar can spedfy a cask geometry using the simplified ,3c.wy input opten, which is invoked by settag the
parameter IGO s 3 in the Monte Carlo input data. The IGO parameter perfonns two input functions: (1) it
signals whether the geometry is to be input with the simplified sec. ey input option (IGO s 3) or with the
MARS geometry input option (IGO = 4) and (2) if the simplified geometry input option is chosen, the value of
IGO specifies the geometry of the source region

The simplified geometry input opten allows four different geometne configurations for the source
region. The four source regma geometries corra pa=86g to IGO = 0,1,2, and 3 are illustrated in Figs. S4.2.3
and S4.2.4. Note that for all the geometnes, the source region is disided into three axial sections in which the
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fuel hardwme is located on both ends of the active fuel. The fuel hardware represents such materials as claddmg,
plenum spnng, cad fitung, etc. Activation products ("Co in parucular)in the fuel hardware can be a significant
source ofgamma-ray doses at the ends of a cask.

For IGO = 0, the source region (fuel and fuel hardware) is a cylinder ofradius FRD; for IGO = 1, the
source region is two or three canna *ic cylinders For IGO = 2 and 3, the source region is fdled with identical
fuel units. A fuel unit consuts of a fuel mamanMy surrounded by an extra space. As shown in Fig. S4.2.3, the
fuel pins in an anneanMy me hamng===I insule the fuel channel for IGO = 2 and s%.;sd explicitly for IGO
= 3. The fuel unit is defined solely for modehng conveniame The lateral dunanminne of a fuel unit are APCH
x APCH, and the axial dunenson is 2*HHWR. The center-to. crater separauan offuel units is APCH cm. The
==nhar offuel units allowed for these two opuans is 1,2,3,4,7,10,18,24, and 52. The packmg arrangements
of the fuel units me shown in Fig. S4.2.4. Note that for modehag convanence, for IGO = 3 all lattice cells in the
mndal are ma==nad to be completely filled with fuel rods; any vacant cells in the actual anaemhlies are accounted
for by reducing the radial Anwmemns of the fuel rods to conserve the mass of the materials in each assembly.

h is believed that this cask model with the simplified geometry input is applicable to a wide variety of
nuclear cask dangas because it possesses many mn=nna features found in enstag casks. With some imagination
and ennsideranon, the user can use this cask model to perform Monte Carlo analyses of nest nuclear fuel cask
shiekhns problems.

Finally, for IGO = 4, the user can model any casks using the detailed MARS geometry input. When
modeling cask geometnes with this opuon, the following four conditions must still be satisfied: (1) the entire cask
must be modeled in the geometry, (2) the gec sy must be symmetrical about the cask midplane, (3) the source
region must be axiaDy dmded into the fuel section and the hardware sectmns at both ends, and (4) the geometry
must indude surfaces for the four default surface detectors described in Sect. S4.2.4. The reader is referred to the
input description in Table S4.4.3 (Sect. S4.4.1), sample problem 4 in Sect. S4.5, and Sect. M9 of the SCALE
system for more information on settag up MARS geometries for Monte Carlo analyses.

Although it appears that the SAS4 cask model is devcicped only for intact fuel assemblies, actually the
model can also be used to analyze casks loaded with consolidated fuel or other forms of fuel arrangements. Fce
the intact fuel assenbhes loadag, the LATTICECELL option should be input for cross-section processing in the
material information picc ci, all the geometry options IGO = 0,1,2,3, and 4 are permitted. For a tightly
packed fuel loadsg such as annanhdatad fuel, the INFHOMMEDIUM option should be input; only the geometry
optmas 1GO - 0,1, and 4 are allowed. More arn== inns rc,.sg the LATTICECELL and INFHOMMEDIUMa
opuons are presented in the next secuan.

S4.2.3 CROSS-SECTION PREPARATION AND APPLICATION

As described in Sect. S4.2.1, input to SAS4 is cw.pc.e4 of three parts: (1) the material information
data, (2) the adjoint discrete-ordmatan input data, and (3) the Monte Carlo input data. SAS4 makes use of the
MatenalInformation"s. -----(see Sect. M7.4)to read the material infonnation data and to cany out resonance
self-shiekhng treatment and cell-weighting calculation (if required).

The SAS4 cask model can be loaded with intact nuclear fuel assemblies, consolidated fuel rods, or
homogeneous fuel. For the mtact assemblies loadmg, the user describes a unit cell pc .r,;ry using the
LAT11CECELL option for the fimi latuce type in the material information processor data. For this option, fuel-
rod matenals me mance corrected using the unit cell geometry, while other resonance matenals are treated
using an inr==ne hamngeneous geometry. A cell-weighting e=1~1-* ion is performed on the fuel-rod materials by
the XSDRNPM funcuonal module All five Monte Carlo gay input options (IGO = 0,1,2,3, and 4) are
pomutted for the LATTICECELL option For consoluisted fuels or other tightly packed fuels, the user can use
the INFHOMMEDIUM option for the fuel lattice type, wiuch performs resonance treatment for all resonance
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materials with an infinite homogeneous geometry. For this option, only IGO = 0,1, and 4 are allowed in the
Monte Carlo geometryinput.

An outline of the calculational sequences in SAS4, along with the units that transfer data among the
functional modules, is presented in Fig. S4.2.5. The resonance-corrected microscopic cross-section data in
working library format are written on logical unit 4 by the NITAWL-II functional module. This library is
subsequently read by the XSDRNPM function module to perform a cell-weighting calculation if the
LATTICECELL option is specified for the fuel (see Table S4.4.2 in Sect. S4.4.7). However, if the
INFHOMMEDIUM option is chosen, the cell-weighting calculation is omitted. In either case, XSDRNPM is
called to perform an adjoint slab-geometry transport calculation in the radial or axial direction that produces
adjoint angular fluxes on logmal unit 12. Finally, SAS4 processes the adjoint angular fluxes into various biasing
parameters, which are subsequently transmitted to MORSE-SGC via the input processor and logical unit 96.
MORSE-SGC reads the appropriate microscopic cross-section data from either logical unit 3 or 4 and receives
a nuxing table generated by the SAS4 input processor. The entire processes of cross-section data preparation
and data transmission are carned out automatically within the SAS4 control module.

After defining the nuxtures in the material infoanation data, the user must apply them in the unit cell
specification (if needed) and in the adjoint direrete-ordMs and Monte Carlo calculations. The nuxtures in
SAS4 can be separated into two categones (1) fuel matai md (2) cask materials. The fuel materials are used
to describe the source region, and the cask materials are used for the insert, the cavity, and the rest of the
geometry shown in Fig. S4.2.2. The mtxture numbers and densities of the cask materials remain constant
throughout the control module. Therefore, their applications in the adjoint discrete-ord. nates and Monte Carlo
calculations are straightforward. The applications of the fuel materials in the source region are complicated by
the fuel lattice types and the source region geometry options.

For the LA*ITICECELL optxm, nuxtures used to defue the fuel mataials should not be used for the cask
matenals, and vice versa. 'Ihis rule must be observed because the fuel materials have been processed to account
for resonance and cell-weighting effects and will be homogenized or nuxed for a particular source region
geometry option (IGO = 0,1,2, or 3). Among these processes, the fuel materials (including the fuel hardware)
are given differmt nuxture numbers Haxe, their applications in the adjoint discrete-ordinates and Monte Carlo
calculations are more involved. However, for source region geometry options IGO = 0,1,2, and 3, SAS4
antam=denUy assigns the appropriate nuxture numbers of the fuel materials to the two calculations. For IGO =
4, the user should use the mixture numbers MFUEL and MHW, respectively, for the fuel and fuel hardware in
the Monte Carlo c=Im1= don. More detailed descriptions are presented in Sect. 4.4.1 (Tables S4.4.2 and S4.4.4)

and in Sect. S4.4.1

For theINFHOMMEDIUM option, SAS4 does not perform any homogentzation or nuxmg of the fuel
malenals. The user must define all materials via the material information data and apply them accordingly in the

adjoint discrete.ordmates calmiadan as well as the Monte Carlo calculation. Again, refer to Sect. S4.4.1 (Tables

S4.4.2 and S4.4.4) and Sect. S4.4.2 for more details.

S4.2.4 SOURCE AND DETECTOR OPTIONS

In a Monte Carlo shielding r=Imlaen. the user must define the source parameters (position, energy, and

direction) and the detector conditions (location, geometric shape, and response function) of the problem. SAS4
assumes source particles start isotropically in the source region (consisting of the active fuel and fuel hardware)
with an energy spectrum opWd by the ur. 'Ihe source spatial distribution is uniform in the hardware but may
have an axial profile in the active fuel. SAS4 also provides four surface detectors in addition to the point
detectors input by the user.

.
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The cask model(described in Sect. S4.2.2) consists of the container and the source region. Although the>

source region may have many radial configurations, it is axially separated into three sections-the active fuel
sectico and the fuel hardware sections on both ends of the active fuel. For the Monte Carlo calculation, source
particles start in the volume ofone of the two materials (active fuel and fuel hardware) in the source region. The
user irwheata his chon of startmg matmal by supplying a value for the parameter ISO of the Monte Carlo input
in Sect. S4.4.1 (Table S4.4.2). The source strength is assumed to be adly uniform over the fuel hardware, but
for the active fuel an axial profile may be input via the IPF parameter in the Monte Carlo input data in Sect.
S4.4.1 (Table S4.4.2). The IPF parameter deternunes the axial distribution of the active fuel region. It allows
the user to select a distribution from the following three options: (1) a uniform distribution (IPF = 0); (2) a
typical PWR axial profile for gamma or neutrons (IPF = *l); or (3) a user input axial profile (IPF > 1).

The IGO parameter of the Monte Carlo input in Sect. S4.4.1 (Table S4.4.2) satisfies two input functions:
(1)it signals whether the simplified geometry input option (lGO s 3) or the MARS geometry input option (IGO
= 4) is to be used for geometry input; (2) if the simplified input is used, IGO indicates the source region
configuration for the problem. For IGO = 0 and 1, the radial position of source particles is sampled uniformly

. over the cross-section area of the source region. For IGO = 2,3, and 4, a rejection procedure is used whereby
'

source particle coordmates are detemuned by sampling uniformly within an appropriate volume and only points
inside the correct material (active fuel or fuel hardware) are accepted.'

The source energy spectrum is supplied to SAS4 cither by direct input or from a file generated by
ORIGEN-S. When the source energy spectrum is input via an ORIGEN-S file, it is imperative that the input file
contain the appropriate neutron and/or gamma-ray spectra represented in the same multigroup cross-section
structure used in the calculation.

Sometimes cask analysts exclude fission neutrons from the transport process and instead add them
initially to the fixed source The option ofexcluding fission neutrons in the transport process is allowed in SAS4.
'the user may invoke this option by setting IFS > 0 in the parameter card of the adjoint discrete-ordinates input.
This approach of treating fission neutrons is an approximation and, although it perhaps may save some
mmyMag cost,it is discouraged because the correct treatment of fission is straightforward and handled directly
in the SAS4 shielding calculation.

Two types of detectors are used in the Monte Carlo calculation: surface detectors and point detectors.
The surface detectors are analog detectors that calculate averaged responses based on particles crossing the !
detector surfaces. The accuracy and precision of the responses depend on the number of particle, and their

,

respective weights crossing the detector surfaces. Four surface detectors are automatically imple .ne: sed in the !

SAS4 Monte Carlo calculation. Depending on the direction of the transport calculation indicated by the IDR f
parameter in the adjomt discrete ordmates input data (IDR = 0 for a radial calculation and IDR > 0 for an axial |
catmlatinn), the surface detectors are located radially or axially on the outermost surface of the cask and I,2, and |

3 m from this outermost surface. )
The axial detectors are circular disks with radii FRl'RCAV cm for the first detector and are, 1

respectively, FR2*(RCAV + 100), FR3*(RCAV + 100), and FR4*(RCAV + 100) cm for the other three
detectors, where FR1, FR2, FR3, and FR4 are input parameters that allow the user to specify the size of the
surface Menes, and RCAV is the radius of the cavity input by the user. The value of FRI, FR2, FR3, and FR4
should be greater than 0 and less than 1. Two sets of axial surface detectors are arranged synunetrically on the
top and bottom ends of the geometry. Flux estimates are made on both sets of surfaces, and the averaged
responses are computed for each detector in the Monte Carlo analysis. A similar method is used for the axial
point detectors when IDR = 1. In Fig. S4.2.6, the top axial detectors are shown and labeled as detectors la
through 4a. The radial Mmnrs are side surfaces ofcylinders hasing appropriate radii. As shown in Fig. S4.2.6,
the radial detectors are detectors Ib through 4b. The heights of the radial detectors are, respectively,

1
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FRl*2*(HFUE), FR2*2*(HFUE + 100), FR3 *2*(HFUE + 100) and FR4*2*(HFUE + 100) cm, where HFUE |

is the height of the active fuel measured from the midplane of the cask. The values of FRI, FR2, FR3, and FR4
should be such that 9EcWf histories will cross the surfacc detectors to obtain reasonable uncertamty. For axial
detectors,1.0 is recommended for all four. For radial detectors, tw. =.M values are 1.0 for FR1 and 0.7
for the others

In the Monte Carlo c2bMa, the four surface detectors are numbered as detectors 1 to 4 and the point I

detectors (ifinput) are numbered as detectors 5 to NOD +4, where NOD is the number of point detectors input
in the parank, urd of the Mate Carlo input data. hce of the method of particle tracking used by MORSE-
SGC, a surface detector must be pan of a surface between two different media or two different importance
regions In the geometnes automatically generated by SAS4 for the simplified geometry input option (IGO s 3),
the four default surface detectors (radial or axial) are located on surfaces between different importance regions.
As shown in Fig. S4.2.2, the surfaces of the impact limiters (top and bottom) are the outermost axial surfaces of
the cask, and the surface of the waterjacket is the outermost radial surface. Thus, the axial and radial surface
doses, respectively, are scored on these surfaces. Similarly, the surface doses at 1,2, and 3 m are scored on
surfaces at the respective distances from the appropriate cask surface. To correctly calculate the cask surface -

doses, the following conditions must be satisfied: for an axial calculation, if the impact limiters are input by
the user (see the cask geometry cards in Table S4.4.3 in Sect. S4.4.1), the radius of the limiters RIMP must
be greater than FRl*RCAV. For a radial calculation, if the waterjacket is input, the height of thejacket HJAC
must be greater than FRl*HFUE.

When using the geometry input option IGO = 4 to explicitly model a shipping cask, the user must include
in the cask an outermost radial surface at radius RMAX and an outermost axial surface at height HMAX (see the
source volume boundary array card in Table S4.4.2 of Sect. S4.4.1). Also, the height of the outermost radial
surface must be greater than FRl*HFUE, and the radius of the outermost axial surface must be greater than
FRl*RCAV. Furthermore, the usa must include in the geometry three cylindrical surfaces with radii and heights,
respectively,1,2, and 3 m away from the outermost cask surfaces. These surfaces should be enclosed in an ;

!mternal void zone, which in turn is surrounded by a's external void zone. Finally, the zones sharing any one of
these four surfaces should be given different importance region nunit>ers, preferably regions 1 and 2. The user
is referred to sample problem 4 in Sect. S4.5 for an example of MARS geometry input.

The point detectors are input by the user. Tne user indicates the number of point detectors and their
ccuumates in the Monte Carlo input data. It is important that the positions of the point detectors (radial or axial)
are consistent with the dua: ton of the transport calculation indicated by the IDR parameter. For point detectors

l
that lie within the axial projection of the cask cylinder, IDR should be set greater than zero to indicate a
calculation with axial biasing. For point detectors located outside this projection, IDR should be zero, indicating
a calculation with radial biasing. In a radial biasing calculation, next-event estimations are made from all l

collision and source points to the point detectors In an axial biasing calculation, two options are available for |
next evert estunation to point detectors The first option is IDR = 1, and next-event estimations are made from |

points that lie in the half (top or bottom hall) of the cask nearest the detectors This procedure assumes that i

contributions from collision and source points in the opposite half of the cask are negligible. The second option !

is IDR= 2, and next-event estimations are made from all points to the point detectors. With this option, source
axiallocation biasing is not used, but particle transport is still biased axially away from the midplanc and toward
the top and bottom of the cask.

It is appropnate to h," the application of the two axial options,1DR = 1 and 2. For spent fuel casks,
the IDR = 1 option has cahW good results for axial point detectors. This is not surprising because spent fuel
casks generally have large axial dunensions (greater than 4 m) and are filled with high-density materials.
Therefore, the contribution from the opposite half of the cask can be ignored. Hence, this option is appropriate I
only for systems smular to spent fuel casks. For smaller systems with axial dunensions less than 3 m, or systems j
filled with low density matenals, the IDR = 2 option should be a better choice. Finally, note that of the two axial

'
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opnons the IDR = 2 opten may consume a great deal more computauen time due to estunatw= from the whole
geometry.

The user is remindad that next-event eshmahans to point detectors can be very time consummg,,

! especially if a heterogeneous fuel model is used. In a next. event a=*i==*iaa tracking is made from a source er
collision point to point desarears which are many mean-free paths away. Since tracking is the most
R - -- - Q portion ofMonte Carlo transport analysis, next-event esrimation will sigm6cantly add on to the
cost of a eg61winn

The respcase functions are fluenoc-to< lose-rate conversion factors The user can choose one from the

SCALE standard response funchans described in Table 54.2.1 or can specify a response function in the input.
Note that when neutron response is desired, only the neutron source spectrum is input. However, both

neutron and gamma-ray source spectra must be input when the total gamma-ray response is to be calculated.
| Clearly,if the usar vnsbes to caknilate only the pnmary gamma-ray dose (dose contributed only by the gamma-ray
j source), the neutron source spectrum should be set to 0. On the other hand, if the secondary gamma-ray dose

(dose concibuted by neutron-captured gamma rays) is desired, the gamma-ray source .ge um should be set to
0.

Because of the automated biasing pracedme in SAS4, neutron and gamma doses are computed in
separate cahdarums Also, ddierent cahilasiane are required for radial and axial detectors. Therefore, to obtam
a full charactermanna of a spent fuel cask by SAS4, the user must perform at least four calculations Two more
calculations are needed if eshmatas of gamma doses contributed by the fuel hardware material are desired.
Finally, the normal results output by MORSE-SGC are given in response-per-source-patticle-per-second To
obtain the total stapanse, the user must muluply MORSE's results by the total source strength in source-particles-
per-manand For source particles origmating from the active fuel, the total source strength is the source intensity
in the fulliength of the fuel. For source particles origmatmg from the fuel hardware, the total source strength is
two times the source inte==sy in one end (top or bottom) of the fuel hardware being analymd. In SAS4, a source
strength factor, SFA,is includad in the parameter card of the Monte Carlo input data. The MORSE-SGC results
are msnmancally multiplied by this factor. Therefore, if SFA is set equal to the total source strength in source-,

| per-manand, all of the results output by MORSE-SGC are per total source strength.

54.2.5 THE AUTOMATEDBIASINGFROCEDURE

This enman is devoted to desaibing the automated biasing procedure in the MORSE-SGC calculation
and explanung the setup of the adjoint XSDRNPM calculation with respect to the spent fuel cask geometry and
the MORSE-SGC calculation. The reader is referred to Ref. I for the detailed theoretical developments on
generation of the vanous biasing parameters from the adjoint fluxes and application of the biasing parameters
in the MORSE-SGC code. The automated biasing procedure basically involves

1. cale"idion of adjoint fluxes of a simplified 1-D slab model of a cask using the XSDRNPM 6.=reinaal
module,

2. pocessmg of the adjoint fluxes into different biasing parameters by the SAS4 control module,

3. application of the biasing parameters to particle random walk in MORSE-SGC cab =1=*ia=, and

|

:

i
i
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Table S4.2.1 SCALE standard response function ID numbers

ID No. Response function Availability'

9001 Hurst dose factors (mrad /h)/(neutrons /cm /s) 1, 2, 52

9002 Snyder-Neufeld dose factors (mrad /h)/(neutrons /cm /s) 1, 2, 52

9026 Snyder-Neufeld conversion from flux to biological dose 1, 2, 5
2

(mrem /h)/(neutrons /cm /s)

9027 Henderson conversion from neutron flux to absorbed dose rate in tissue 1, 2,5
2(rad /hy(neutrons /cm f,)

9028 Straker-Mornson conversion factors (mrem /hy(neutrons /cm /s) 1
2

9029 ANSI standard neutron flux-to-dose-rate factors 1, 2, 3, 5, 6
2

(rem /h)/(neutrons /cm /s)

9501 Straker-Morrison conversion factors (mR/hy(photons /cm fs) i,4
2

i

9502 Henderson conversion factors (rad /h)/(photons /cm /s) 1, 2, 4 I
2

I
9503 Claibome-Trubey conversion factors (rad /hy(photons /em 2/s) 1,2, 4 |

2

9i9504 ANSI standard gamma-ray flux-to-dose-rate factors I,2, 4 ,

2(rem /hy(photons /cm f,) j

1

" Reference numbers of cross-section libraries: j
1. 22N 18 COUPLE
2. 27N-18 COUPLE
3. 27BURNUPLIB
4.18GROUPGAMMA
5.123GROUPGMTH
6. 27GROUPNDF4
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4 ?

i
1'
;

I
I

i
! 4. est=netian ofr=&=tian doses exterior to the cask.
:
4

For Monte Carlo shieldag analysis of a spat fuel cask, the purpose of biasing (or importance sampling)
i is to encourage and increase the propagatan otraamenan perass toward the cask outer surface so that better
j mennaam ofextenor doses can be nhemmad Because nuclear fuel casks generally have a long, cylindrical shape,

it is A&=lt to 44-@ bias parecies toward all three sides of a cask. For this reason, the SAS4 Monte Carlo;

! cask model is assumed to be symmetncal about the midplane. Even with the symmetnc cask model, the
| characteristics of peticle transport radially and axially may be drastmally different because of the geometnc
! shapes, the shicidag materials, and possibly the streaming effect in the fuel materials Because of these
j- complications, the biasmg procedure in the Monte Carlo cablatian is apphed separately for radial and axial

datamars Forradial detectors, particle transport is biased radially toward the side. For axial Adactars. partmie;

{ transport is biased axially away from the midplane and toward the top or bottom surfaces.
i For cablahan of axial doses, the user should =dicate an axial transport calculation in the input by
{. settag the parameter IDR > 0 in the a4omt discrete-ordmatan input. The a4aat XSDRNPM calculation will
i start with an a4omt source on the outermost axial surface, using the response fimchna as the adjoint source
i s, iium. For calculatma ofradial doses,IDR is set to 0 and the adjoint source starts on the outermost radial
| surface In eidur case, a 1-D slab geometry mndel is used in XSDRNPM, and each layer of material is idenhnad
i as a zone. Hace, ama@ the user needs to input as many zones as the number of material layers along the axial
i dredian startmg from the midpiane of the cask. The thicknans of the first zone should be the height of the fuel

measured from the midplane.' Radially the antire source region is considered one zone and other material layers |
make up other roues in the radial duection. The tincknean of the first zone should be the radius of the source'

! region. For example, p Fig. 54.2.2, if the inner liner, the shields, and the outer liner are made of one material,
j they me treated as one mane in the a4amt XSDRNPM geometry. SAS4 uses the SAS2 automatic mesh generator
4 / . (see Sect. S2.2.9) to generate spatial maaham for the adjoint XSDRNPM e=1ent-*iaa XSDRNPM outputs the

| a4omt angular fluxes and flux mamants on logmal unit 12, which are s+=~:==*1y converted by the control
j module to the appropnate biasung parameters for MORSE-SGC. I

,

{ MORSE-SGC has several standard biasing options available to the user: source energy biasmg, energy |i biasmg at calhelan sites, sphetag and Russian roulette, sul path-imsth stretchmg. The efEcbaay of a calculation j
is determined by the proper siWMon of the biasing parameters It has been shown'd hat a near optimal ;t
importance funcrina for selection of emergent partste parameters, that is, energy and direction of a peticle

'

emerging from a source or a colhsion point, is the adjoint flux. The event-value function has been shown to5d

be the proper biasmg n=r*mn for path-length -l~+ian In SAS4, these adjoint n>=etinae in the form of angular
fluxes and flux mammen me calculatad by the a4amt XSDRNPM using a slab geometry cask model and are used
to specify the appropnate parameters for all the biasing schemes in MORSE-SGC.

SAS4 invokes most of the standard biasing options in MORSE-SGC for the cask shielding calculation.
The io.rur w. regions in MORSE-SGC are determined by the control module, using the adjoint XSDRNPM
zone boundaries as a startag point. Each zone in XSDRNPM --yosas to one or more importance regions |

. in MORSE-SGC, darad% on the approximate optical thickness of a zone. The importance functions are |
calculated from the adjoint 6= *ia=5 and are spatially averaged over each importance region. The detailed
gewanon ofthe importance fimchnne is presented elsewhere. The importanz functions for the biasing options
se tran=nunna deemly to MORSE-SGC by the input file, whereas the source position biasing function for axial
calculation and the eshmation probabilities for next event eshmahnns to point detectors are passed to !

MORSE SGC through logical unit %. The appi;catv=i of esti==tv=i probabilities to next-event estunations is
a time-savmg procedure and has been explained thoroughly in Ref.1. Finally, for situations where azunuthal !
symmary exists, point detectors me replaced by ring detectors to improve the efficiency of the calculation. This
techniqueis explained elsewhere.'
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,

S4.3 PROGRAMFLOW ANDSUBROUTINEDESCRIPTION

This section desenbos the logical flow ofinformatian tirough the SAS4 analytac sequence and the t

subrouanes of this scatrolmaanle The calailatirmal sequence of this control module is =dimari in Fig. S4.2.1. !
To ar==iphah the objecarves of SAS4, more than 20 subroutmos were wntten for the control module and about '

10 subroutmes in MORSE.SGC wue maafiari or amated. The subroutmes of the control marinle are described
in Sect. S43.1, and the subran== of the MORSE-SGC n=rman=1 module are iga,ied in Sect. S43.2. The
input / output units used by SAS4 are explamed in Sect. S433.

S4.3.1 DESCRIPTION OF SAS4 SUBROUTINES
.

Subradi== of the SAS4 control marinle are pr==darf in this secten. Excludag the input / output (I/0)
routmas of the SCALE subroutme library, SAS4 is composed of 29 subroutmes Figure S43.1 provides a flow
diagram of the SAS4 subroutmes. The user is referred to the subroutme library in Sect. M2 for a detailed
desenpten of the followmg I/O routmes: ALOCAT, AREAD, CLEAR, ERRO, FREAD,IREAD, LREAD,
RSTPTR, SCANON, SCANOF, STOP, and ZREAD The rest of the routmes in Fig. S43.1 are described
accordmg to their logical order, startmg with subroutme SAS4.

SAS4 is the executive routme for this control mariate. It calls C4 DATA, READIN, AXDINP, and
MORINP. It also checks the 'PARM=' parameter of the module vih*iaa card to allow two
other entry points into SAS4 and to set the maximum numbar of words given to each functanal
module for erannian

C4 DATA is dmaibed in detail in Som. C433. It amavates the Matenal Informauan Processor and opens the
units that will be used to pass data to the funcemaal marinlm It has been modified to call
AXSDRN.

AXSDRN is called by C4 DATA to store L.atmal data on 11 records aflogical unit 92. These data are needed
for prepanns input to the adjoint XSDRNPM and MORSE-SGC calculations.

READIN reads adjoet discsete<rdmates input and Monte Carlo input and weites them back on logical unit
91, it comits the number ofinpm cards of both input strc uns and records them on logical unit 92.

AXDINP prepares input for the adjomt XSDRNPM <=1tulatian . The input is in binary format and is written ;
on logmal unit 98. h calls subroidin= RESPFN, SIZCHK, MESHGE, and WRITXD !

RESPFN is called by AXDINP to read a response funcuan from the SCALE imp functions described
in Table S4.2.1 of Sect. S4.2.4.

SIZCHK compares the size of the storage array with the storage size needed during setup of the storage area.
Ifin=nmaar storage is C4 error messages are pnnted indk. dug the additional needed
storage and 3m exact tar =tir= where the probian occus

-
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.

i
; MESHGE ma*wnner.nyguermes spatial awahm for the adjoint XSDRNPM transport c=19 =C= giventhed
i material and dirnanaian of each zone.

'

i

i,
WRITXD is called by AXDINP to write binary input on logical unit 98 for the adjoint XSDRNPM

caten1sta

i

; NEPSIG is called by MESHGE to F----+ the epithennal asymptotac diffusion length of each mixture.
!

| PEPSIG is called by MESHGE to compute a single total photon cross section (at 0.5 MeV) for each
j mixture.

! MORINP is the inps processor routme for the MORSE-SGC e=W-+iaa. It reads SAS4 Monte Carloinput
i

from logical unit 91, matenal mixmg data from logical unit 92, and XSDRNPM adjoint fluxes
{ from logical unit 12. Then it generates biasing parameters from the adjoint fluxes. Finally, it
; prepares binary MORSE-SGC input on logical unit 95. MORINP calls the following routmes'

besides the SCALE I/O routmes READOS, SIZCHK, IMPREG, DOQ, IMPORT, WRITMO,
RDGEOM, STORK, and JOMIN.

READOS is called by MORINP to read ORIGEN-S source spectra from logical unit 30.
I

i IMPREG is called by MORINP. It subdivides any important regions, except region 1, wluch have numbers
! ofintsrvals greater than MAXIN. MAXIN is initially set to 10, but may increase (if necessary) so
! that the number of subregions for each region will never be more than 4.

| DOQ, QUADWT, Q, ROOTS, and FIND compute a quadrature set of the order specified through the
; arguments Their description can be found in Sect. F3.3.
,

1

: IMPORT guerates biasing parameters for MORSE-SGC. It reads the adjoint angular fluxes and moments
; from logical unit 12. Then it calculates the region-averaged weight standards, path-length
{ parameters, and source and colliainn energy biasing parameters Finally, it writes on logical unit

% six records of data which are used by MORSE-SGC for source spatial biasing and next event.

| astunation probability,
i

1, |

j READN4 is called by IMPORT to read from logical unit 4 a fission sgh um of the uranium isotopes "U, |'2

i 2"U, or "U. If a fission spectrum cannot be found, the wum array is set to 0.0.2

}
,

* GETCHI is called by READN4 to transfer data from one array to another array.

WRITMO is called by MORINP to write binary input for MORSE-SGC on logical unit 95.

i

RTITLE is called by WRITMO to provide the title of the reyeese function IRF.

RDGEOM is called by MORINP to read the simplified geometry input and generates a detailed MARS
geometry input of the cask for use by MORSE-SGC.

|

)
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WRGEOM is called by RDGEOM to write the detailed MARS geometry input in card image on logical unit j

JOMIN is called by MORINP to read card-image MARS geometry data from logical unit 91 and to process
the datainto binary data.

STORK is called by MORINP to write two binary records of geometry data on logical unit 95. )
|

S4.3.2 DESCRIPTIONOFMORSE-SGCROUTINES
i

To perfonn the Monte Carlo analysis of a shipping cask in SAS4, three new subroutines have been added |
to MORSE-SGC and nine subroutines have been modified. The new subroutines are SOURS 4, NETLEV, and
000106. The Mird subroutines are DIREC, RELCOA, SDATA, SGAM, BDRYX, NXTCOL, SOURCE,
MAIN, 000006, NDBTCH. When MORSE-SGC is called from SAS4, the variable JYPE in
COMMON /SCALOP/ is set equal to 1. Through the value of JTYPE, MORSE-SGC will perfonn the special
functions such as source sampling and biasing, importance region detemunation, and special estimation
tuhnir required by SAS4. A detaded description ofeach of the 12 subroutines is given below. An additional i

description of the modified subroutines can be found in Sect. F9.B.I.
1

000106 is a new routine. It is the entry point to MORSE-SGC from SAS4. In this routine, JTYPE is set !
equal to 1 andITYPEis set equalto 1.

000006 has been modified by setting JTYPE=0. 000006 is the entry point to MORSE-SGC from the )
SAS3 controlmodule.

MORSE has been Wird_ by adding a statement JTYPE=0. It is the normal entry point to MORSE-SGC.

SOURCE has been modified to call SOURS 4 ifJTYPE=1. Other normal functions are unchanged.

SOURS 4 is a new subroutme called by SOURCE. It generates source particle parameters for the cask model
according to the source region geometry option IGO. The source paiticle distribution is uniform
in the radial direction, but axially the source is uniform in the hardware and may have a profile in
the active fuel. For an axial calculation with IDR = 1 and source particles originating from the fuel
(ISO = 0), the axial position of the source particles is sampled from a biased distribution.

NXTCOL has been miird Besides its normal function ofdetermirung the next collision site and optionally
calling BDRYX,it detennmes for SAS4 the importance region of a collision point according to the
distance from the point to the outer boundary of the cask.

NETLEV is a new subroutine. It converts the coordinates of a point from the global to the local coordinate
system or vice versa, depending on the arguments it receives.

NDBTCH has been modified to print out responses by response functions and detectors at the end of each
batch.

SDATA makes uncollided flux estimates from a source point to each detector. It has been modified to
include an estimation probability when MORSE-SGC is executed through SAS4.

NUREG/CR 0200,
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t

( SGAM is similar to SDATA but an uncollided flux estimate is made from each =araadary particle
( prnrkr*ian point. hnnadary peticles are fission neutrons and captmed gamma rays. SGAM has

. beni modified to include an estimation probability when MORSE-SGC is ev=d~8 by SAS4.;.

! RELCOA makes next event stimatian from a colksion point to each detectar For neutron collisions,
cetanaten are made to each possible mergy group For gamma-ray collisions, a pair-prrwhMiaa

,

;

Klein-Nishira estanatar is used. It has been modified to include an estimahon probability when,

| MORSE-SGCis executed by SAS4.

BDRYX is ==~ ihmHy writta for SAS4. It returns immadiately ifJTYPE*l. It scores surface-averaged
fluxes at four surfaces. Refer to Fig. S4.2.6 and Sect. S4.2.4 for more details of the surface
detectors

DIREC has been modified to annnmmadate the SAS4 module. Other normal functions remam nack g d; !

|

| |

I
S433 INPUT / OUTPUT LOGICAL UNITS AND CONTENTS

. ,

t

j FiAcan logical units are used by SAS4. Table S4.3.1 gives a summary of these units and their creation
;

| and usage by vanous inndules Cantente oflogical units 92 and 96 are presented in Tables S4.3.2 and S4.3.3.
! 'Ihe nur might want to save the data in logical units 3,4, and 12 because they are needed for execution of SAS4

| via two other entry points. See Sect. S4.4.1 (Table S4.4.1) and Sect. S4.2.3 (Fig. S4.2.5) for the application of
'

these units. If the user desires to examine the MARS geometry with the Wha! mcdule PICTURE, the user
must save the card-image gec c:iy data in unit 91. At this point, the geometry data are put in the input stream !

of the PICTURE madule for execution l

I
.s

|
1

|

|
|

|

|

l

|

C'
-
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Table S4.3.1 D:scription oflogical units used by SAS4

Unit Type of Creatmg User
No. data module module

-

1 AMPXmasterlibrary BONAMI NITAEII

3 AMPX cell-weighted library XSDRNPM XSDRNPM,
MORSE-SGC

4 AMPX wodanglibrary NITAEII XSDRNPM,
MORSE-SGC

5 Cardinput DRIVER

6 Printed output All functional modules Allfunctionalmodules

12 XSDRNPM adjoint angular XSDRNPM MORSE-SGC
flux output

16 MORSE geometry storage MORSE-SGC MORSE-SGC

17 MORSE scratch file MORSE-SGC MORSE-SGC

30 Source spectrum ORIGEN S Controlmodule

91 Scratch file to store card Control module MORSE-SGC
input later read by XSDRNPM
XSDRNPM and MORSE; also
used by WRGEOM to store
card-image MARS input

92 Scratch file to transfer Control module Control module
cross-section and other
data to XSDRNPM and MORSE

95 MORSE binaryinput Control module MORSE-SGC

96 BONAMIbinaryinput; Control module BONAMI,
later used to transfer MORSE-SGC
data to MORSE

97 NITAWL binaryinput Controlmodule NITAEII

98 XSDRNPM binaryinput Control module XSDRNPM

NUREG/CR-0200,
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Table S4.3.2 Contents oflogical unit 92*
bv a-ad

No. Contents Conunents

1 MMTBA.NNG,NGG,MXX,MXX1, Written by AXSDRN
MS,NNUC,(TITLE (I),I=1,20)

2 MFUEL.MMOD,MCLAD,MOAP,FUELOD, Written by AXSDRN
CLADOD,GAPOD, PITCH,IGEOM

3 LMIX(1)J=1,MS Records 3 to 5 written by
AXSDRNbefore cell

4 LMID(I),I=1,MS averagmg; they are used to

form nuxmg tables for p.ruy
5 ADEN(I),I=1,MS optionsIGO = 3 and 4 of

LATTICECELL option and all
and allIGO options of
INFHOMMEDIUM option

6 LMIX(I),I=1,MS Records 6 to 8 written by;

| AXSDRN aAer cell aw:ragmg;
7 LMID(1)l=1 they are used toformmixing

| tables for geometry options
| 8 ADEN(I),I=1,MS 100 = 0, I and 2 of
i

LATTICECELL option records
9 FSIGS(I),1=1,MS 9 to 1I writtenby AXSDRN;

.

'

i they are used to generate spatial
| A 10 FSIGT(I),1=1,MS rneshes foradjoint XSDRN

| 11 FAM(I),I-1,MS

12 ISCARD,MOCARD Written byREADIN

| 13 NASY,NCEL,NVAC,MSPA MCAN, Records 13 to 22 are written by
MBET,MZl,MHWR,TCAN,XY,FR AXDINP

14 ACEL,AARR,AFCL,AVAC,ASPA.ACAN

15 IDRITY,IRFJGRESP,IM,1ZM,ISN,
j IFS,MSP MXXP

16 D(LRES+I-1),1=1,IGRESP

17 D(LRN+I 1)J=1, IMP 1

18 D(LNZ+I-1),1=1,IM

19 D(LZB+I-1),I=1JZM

20 LMIX(I),1=1,MSP Records 20 to 22 are written

| aAcrcellaveraging and fuel

j 21 LMID(I)J-1,MSP zone Wintion;they are
i used to form mixing table for
| 22 ADEN(I),1=1,MSP geometry option IGO = 0 of,

LATTICECELL option

" Note: AXDINP reads the first 12 records, and MORINP reads all the reconis.>

;
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Table S4.3.3 Contents oflogical unit 96*

No. Contents Comments

1 IDR.IRF,IZM,IGO,INTFZ, Records 1 to 6 are written by
ISO,MFUEL,MHWR IMPORT

2 ZB(I),I-1,IZM

3 PROB (I),I-1,IZM
4 DEL (IM),IM-1,INTFZ
5 RN(IM),IM-1,INTFZ
6 FLUX (IM,IG),IM 1,INTFZ,IG-1,NGPFS
7 IfIGO=0,

RFUE,HFUE,HHWR Written by RDGEOM

IfIGO=1,
RIN(I), ROUT (I),HFUE,HHWR,
I-1,3 Written by RIKiEOM

IfIGO-2 or 3,
APCH,HFUE,HHWR,MXX Written by RDGEOM

IfIGO-4,
XMIN,XMAX,YMIN,YMAX,
ZMIN, ZMAX,HFUE Written by MORINP

8 RJAC,RCAV,HIM1,SFA,FR1,FR2, Written by MORINP
FR3,FR4,MSM,IPF

IfIPF.GT.0
9 D(LBUB+I-1),I=1,IPF Written by MORINP

10 D(LBUF+I 1)I=1JPF Wntten by MORINP

' Note: All ten records are read by SOURS 4 in MORSE-SGC.

O
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! !
;

'
:j
; S4.4 INPIR DATA DESCRIPTION ;

I( i
This section describes input data for the SAS4 control avvinle. Similar to other control modules a.

t SCALE, the input data of SAS4 begin with the avvinte speancatinn card and end with the module termmation jj card. The bulk of the inpm is campnaari of the Matenal lnformahan Pmeessor data, the adjoint discrete.ordmates ;
i data, and the Monte Carlo data. Table S4.4.1 gives a enmmpy of the input data, and Fig. S4.2.1 illustrates the
j vanous r=hi1=ha==1 paths of the SAS4 nwvhile There are three entry posts into the SAS4 analytic seqivmre.
: Figure S4.2.5 and Table S4.4.1 illustrate these entry poets and the necessary logical units for data transfer among ,

2
the functional awwinles !

j All data are entered in free form (i.e., alphani=neric, floating-post, and integer data can be entered in |
an urm. stured manner). All 80 mhunna of any card may be used. Data can usually start or cod in any column. !
Each data entry must be followed by one or more blanks (a camma can also be used in place of a blank for
numa catries) to tenannte the data entry. Integers may be entered for floatag values. For example,10 will

j be interpreted as 10.0. Imiwwirbwi blanks are not allowed within a data cetry unless an E precedes a single blank ,

| as in an unsigned exponent in a floating-point ==nhes. For example,1.0E 4 would be correctly interpreted as
f 1.0 x 10*.
; Multiple entnes of the same data value can be achieved by entering the number of repeats, followed by
j either R, *, or S, followed by the data value to be rep:sted. Imbedded blanks are not allowed between the number !
!* ofrepests and the repeat flag. For example, SR12,5*12,5$12, or SR 12, etc., will enter five successive 12s in |
j the inpd data. Multiple zeroes can be specified as nZ, where n is the number ofzeroes to be repeated. The )
1 SCALE free-fonn readmg routmes are described in more detail in Seet. M3.

J
1.

I S4.4.1 INPUT DATA SUMMARY I

I
SAS4 uses a sunph6ed inpw pmcedse smular to other control modules in SCALE. The input to SAS4-

basically ansists of three parts: (1) material infonnation data, (2) adjoint discrete-ordinates input data, and (3)
; Monte Carlo input data. Input data for SAS4 are outhned in Table S4.4.1 and are elaborated in Tables S4.4.2

and S4.4.3. Cask and fuel assembly models -E+, = h to the pa;c input are provided in Figs. S4A.1
and S4.4.2. Basically, the SAS4 control module is made up of five functional modules, namely: BONAMI,
NITAWL-II, XSDRNPM, XSDRNPM, and MORSE-SGC. The BONAMI and NITAWL-II functional wwwinles

perform reannance self-shiekhng calculations. The first XSDRNPM functional module perfonns cell-weighting
r=le=I=hans for the LATTICECELL optica. The earnarl XSDRNPM functional module performs an adjoint 1-D
slab gay transport e-1~wiaa, which provides the adjoint faae'iaan necessary for generstmg importao !-

sampling parameters for subsequent Monte Carlo analysis. The MORSE SGC functional module perfonns a
Monte Carlo shiekhng analysis of a cask.

Besides the basic calculational sequence through the f==c*ianal modules described in the precedmg,
SAS4 can be WM via two other entry pomts, ia< lie =*M in Figs. S4.2.1 (Sect. S4.2.1) and S4.2.5
(Sect. S4.2.3), by using the PARM- fashne in the module specification card. This feature allows users to start
SAS4 calculations without having to repeat the faae*iaan! modules that have been previously executed. The
mnrhile sP * card, the functional modules executed, and the logical units required to tran fer data for all=

entry points are described in Table S4.4.1 and Fig. S4.2.5 (Sect. S4.2.3). Except for the module spoMcation
card, the same input data are requend for the same problem for SAS4 regardless of the entry point to thc module
Finally, if the user desires to save the MARS geometry input genwated by SAS4 for use in the PICTURE
functional wwwinte, the user must save the content oflogical unit 91 on a storage desice.

The PARM- featue in the nwwhile =parine=*iaa card is also used to set the maximum number of words
given to each functionalinarinle for execution. It overndes the default value of each functional module. A few
examples of this option are as follows:
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Table S4.4.1 Summary of SAS4 input data

Data files required from
Type ofdata Functional modules executed previous SAS4 calculation

1. Module specification

=SAS4 BONAMI,NITAWL-II,(XSDRNPM), None ,

XSDRNPM, MORSE-SGC !

-SAS4 'PARM=AX XSDRNPM, MORSE-SGC Cross sections from units 3 and
4 for the LATTICECELL
optica and from unit 4 for the
INFHOMMEDIUM option

=SAS4 'PARM=MO MORSE.SGC Cross sections from units 3
and 4 orjust 4 as above, and
adjoint angular flux from
unit 12

2. Materialinformation
processor data

3. Adjoint discrete-
ordmates data

4. Monte Carlo data

5. Module temunation
END

'The "P" starts from column 11 or beyond.

NUREG/CR-0200,
Vol.1, Rev. 5 S4.4.2



-. . - - _ . - - . . - - - - - . - - _ _ - - - . . - - . . - . . - . - .

,

&

Table S4.4.2 SAS4 input data reqmrements|

;
,

.

Name or| !

| keyword Definitions, <==nenta, and examples [

Module specipcation andmaterialinformationprocessor data ;

| =SAS4' Module speci&arma startmg at column 1. Use the PARM= feature for execution from other
'

entry posts. The "P" must start from column 11 or beyond

--_-____________________-___________---_--______________
TITLE An 80-charactertitle,

I ,

l
,

___-_---_________________--_-----____-___-_-___-_-_- _-_ .

| LIB Name ofcross-section library; e.g.,27N-18 COUPLE,22N-18 COUPLE, etc. See Sect. M4 !
| and Table S4.2.1 in Sect. S4.2.4 for more detads For neutron dose (ITY = 1), may use a
| neutron or a neutron-gamma coupled library. For gamma dose (ITY = 2), must use a

|
| neutron gamma coupledlibrary

GE Type of fuellattice. Must be LATTICECELL or INFHOMMEDIUM. For spent fuel
| assemblies LATTICECELL is rw-. =L-i For consolidated fuel or other tightly pachwl
| fuels, INFHOMMEDIUM is tw- = w (see Sects. S4.2.3 and S4.4.2 for more details)

SEridard "cEn~po~sitioE~shiE~aiS~dE[See feI:t 5E4da5 TabielE77475 for adEtioIEIciail a:Id
~ ~ - -~~~ ~ -~

! information on making arbitrary materialimxtures See Sects. S4.2.3 and S4.4.2 for application of material
mixtures.),

| SC C - --=t name from standard composition library (see Sect. M8)-

MX Mixturenumber ofSC

h VF Volume fraction. Enter 0 if SC is an isotope or element
V ADEN Atom density, menena/ barn-cm. Enter only if VF = 0

| TEMP Tm me, K. May omitif END is next (293)
| IZA SCALE ZA number. Omit if VF = 0 (see Table M8.2.1)
| WTP Wt % for IZA. Omit if VF = 0. Repeat IZA-WTP pairs for 100% sum ;

ENIy End of this SC data. Repeat for all SC of case
,

Examples: UO2 10.941000 92235 3.192238 %.9 END '

FE 4 0 4.2-3 END I

! SS304 6 END !

_____-----_-__--______-__---___--____---_-_---_---------

END COMP' Ends entire materialdata input

-f g g-- g__ -__ ___-___.._____-_

CPT Type of rod-lattice. Must be SQUAREPITCH
PITCH Center-to<: enter spacing between fuel pins, cm

For IGO = 3, PITCH must be less than four significant figures (otherne, SAS4 may have
difficulty generstag the geometry input for MORSE-SGC because of numerical roundof!)

FUELOD Outside diam offuelpin,cm

|

3

i

i
.

:
#
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Table S4.4.2 (continued)

IIame or
keyword Dermitions, conunents, and examples

Module specipcation and materialinformation processor data (continued) !

!
MFUEL Mixture number offuel
MMOD Moderator nuxture number
CLADOD Clad outside diam, em
MCLAD Clad nuxture number
CLADID Clad inside diameter, cm (omit this and next entry if no gap)
MGAP Gap mixture number,if gap (always 0)

;

END' End ofunit cellspecification '

Optional parameter data (omit for INFHOMMEDIUM)
MORE DATA' (The following entries may be in any order but must be tammated by END)
SZFs Spatial mesh factor. SZF < 1 for fmer; >l for coarser mesh (1)
ISN=" Order of angular quadrature (8)
IIMs Maximum number ofinner iterations (20)
ICMs Maximum number of outer iterations (25)
EPS=" Overall convergence criteria (0.0001)
PTC=" Scalar flux point convergence (0.0001)
IUSs IUS = 1, upscatter scahng applied to speed convergence; 0, no scaling applied (0)
END' End of option

Example: MORE DATA ISN=16 SZF=0.9 END

--------------------------------------------------------

Adjoint discrete-ordinates input data

Parameter Card (Entries in this card can be in any order, but must be termmated by END)

IDR=" Direction of transport calculation. IDR = 0 for radial calculation; IDR > 0 for axial
calculation (0). For axial calculation with IDR = 1, next-event point-detector estimation is
made from half of the system, with the opposite halfignored. For IDR = 2, estimation is
made from the whole system. Estimation probabilities are used for all three IDR options.
See Sect. 54.2.4 for discussion on selection ofIDR option.

ITY ' Type of response. ITY = 1 for neutron response; ITY = 2 for gamma-ray response (2).
IZMs Number of separate material zones (must be input). IZM22 for IDR = 0 and 23 for IDR > 0.
ISNs Order of quadrature set (8)
IRFs Identification number of response function (flux-to-dose-rate factor) in Table S4.2.1. IfIRF

< 0, response function array RES0 must be input by the user. The defaults are ANSI
standard response functions: IRF=9029 for neutron and 9504 for gamma ray.

IFSs IFS > 0 means no neutron fission in the adjoint XSDRNPM and MORSE-SGC calculations
(0). The user should use the default value of 0 unless fission is accounted for by other
means

MHWs Mixture number of the fuel hardware material (0). A zero indicates void. The SAS4 shipping
cask model assumes a fuel hardware material at both ends of the active fuel (see Fig. S4.2.3
in Sect. S4.2.2). The purpose of this feature is to allow calculations of dose rates contributed
by the activated materials in the fuel hardware.

O
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t

Table S4.4.2 (cor.tinued)
,

:

Name or
keyword Dermitions, cornmmtm, and examples

i
Adjoint discrete. ordinates input data (continued) '

t

For the LATTICECFLL option, MHW represents the material at both ends of a fuel rod. It >

is normally a hamngeneous mixture of any of the followmg materials: claddmg, plenum !

sprmg, and fittag, and expansion sprmg, etc. 'Ibe stamm densities ofthe constituents should
he calculated based on the outside diameter of the fuel rod CLADOD and the length of the i

;

aardware material HHWR-HFUE. For this option, auxture number MHW should be used
|

only for the fuel hardware matenal and not for any other matenals in the geceery. For the i
i

| INFHOMMEDIUM option, MHW is the auxtwe at both ends of the fuel zone of height |
|

HHWR-HFUE. For this option and IGO = 4, MHW is not used and need not be input |

| FRD=* Radius of the fuel zone (must be input). For the LATTICECELL option, (x*FRD*FRD)
I must be equal to or greater than (NASY*XY*XY), where XY is the outside dunension of a

fuel unit (see Fig. S4.2.3)
FRD is the radius of the fuel zone (source region) of the Monte Carlo calculation with IGO =
0

For IDR = 0 (radial calculation), FRD = ZB(1) in the zone boundary array
FRD < RINS where RINS is the radius of the insert. If the inscrt is omitted, FRD < (RCAV-
0.001), where RCAV is the rdius of the cavity

SZFs Spatial mesh factor. SZF < L for fmer mesh; SZF > L for coarser mesh (1)
END' End ofparameter card

Eins~en~Ely caId (Innst IIc~oInit:Ixffor Is5EEIM56IIJM ope 5ihie~n~tries erided with tfuIke>v oId7~ ~~ ~~~ ~- -~~
~~

END. Refer to Fig. S4.4.2 for an assembly model and Sect. S4.4.2 for more description) j

NASY Number of assemblies in the cask. IfIGO = 2 or 3 in Monte Carlo input, NASY must be
one ofthe followmg: 1,2,3,4,7,10,18,24, or 52

j
NCEL Number of unit cells on each side of an assembly (17 for a 17 x 17 PWR assembly) '

NVAC Number of vacant cells in an assembly (25 for a typical 17 x 17 PWR assembly) iMSPA Mixture number of the vacant cells and of the spacing between the outermost cells and the j
fuel channe] (typically water or air). A zero may be used to indicate void

MCAN Mixtwe number of the fuel channel. A zero may be used to indicate void
|MBET Mixture number of the material between assemblies. A zero may be used to indicate void

TCAN Thickness of the fuel channel, cm
XY Outside rhmannina of a fuel assembly, cm
END' Termmates the fuelzone card

For IGO = 1, the material of MBET must be identical to that of the insert, MINS (or of the
cavity MCAV, if the insert is omitted)

i

!'
4

} NUREG/CR 0200,
! S4.4.5 Vol.1, Rev. 5
|
.

L

!
'

- - , - _ _ . -



Table S4.4.2(continued)

Name or
keyword Definitions, comments, and examples

Adjoint discrete-ordinates input data (continued)

Zone bourxlary array
(ZB(I),I-1,IZM), END' - outer boundary of each material zone in cm.

Must have IZM catries followed by the keyword END

- -----------------------------------------

(MZ(I),I-1,IZM),END' - Mixture number of zone 1 to IZM. Must have IZM entries followed by the
keyword END. A zero nuxture number is allowed to indicete a void zone
For the INFHOMMEDIUM option, all MZ(1)'s should not be greater than MXX where
MXX is the total number of mixtures input in the material information processor
For the LATTICECELL option, MZ(1) is the fuel zone and is set to MXX2 = MXX+2
regardless of the input value. For the LATTICECELL option and IDR > 0 MZ(2)is the
fuel hardware zone and is set to MXX3 - MXX+3. All other MZ(1)'s should not be greater
than MXX and not equal to MSPA, MCAN, MBET, MHW, or any nuxtures in the unit cell
description (MFUL, MMOD, MCLAD, and MGAP). For this option, SAS4 performs cell
calculation to create a cell-averaged nuxture, MXXI - MXX+1, for the fuel cell. In the
adjoint discrete-ordinates calculation, MZ(1) is composed of mixtures MXXI, MSPA,
MCAN, and MBET and is given a mixture number MXX2 - MXX+2. Mixture number
MXX3 is composed of mixtures MHW, MSPA, MCAN, and MBET. Sec Table S4.4.4 for
nuxture number assignment of the fuel and the fuel hardware zones

------------- ------------------------------------------

Response function array (enter only ifIRF < 0)
(RES(I),I=1,IGRESP), END' - Must be IGRESP entries followed by the keyword END, where IGRESP

equals to the number of neutron enerEy groups for ITY = 1 or gamma-ray energy groups
forITY = 2

_____--_--__--____-----------_______________---_________

XEND' Termmation card for adjoint discrete-ordinates input. Must start from column one.

------------------------------------------------------.-

Monte Carlo input data

Parameter card (entries in this card can be in any order, but must be termmated by END)
RAN=* RANDOM, starting random number in 2Z8, but use only 12 characters
TIMs TMAX. computing time allowed for MORSE run in minutes (1.0)
NST=" NSTRT, number of source particles per batch (100).100 is m- - ied for neutron

response, and 1000 is renmmendad for gamma response
NMT=' NMOST, maxunum number of particles allov al(4*NST). NMT should be at least 2*NST
NIT'' NITS, number of batches for this run (100)
NCO=' NCOEF, number oflegendre coefficients for each mixture, including P,(4)

NUREG/CR-0200,
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{ , 4 S4.4.2 (ennt=nad)

Name or
keyword 9efmitions, en-mante, and examples

Monte Carloinput data (continued)

IST=" ISTR, switch to print the cross a~tiane as they are stored if>0 (0). Beware that large
amount of output is generated when IST > 0

IPRs IPRIN, switch to print the discrete scattenng angles and probabilities if>0 (0). Beware that
large ammmt ofoutput is generated when IPR > 0

ISOs Source location startmg option. IfISO = 0, source starts from the active fuel. IflSO > 0,

source starts from the fuel hardware above and below the active fuel (0)NOD ' Numberofpoint detectors (0)
SFA=* Source normalization factor (1.0). This is the total source strength (particles /second)

multiplied to the MORSE-SGC results. Refer to the last paragraph of Sect. S4.2.4 for
disenesion on source normahration

FRl=* Fraction multiplied to the first surface detector (1.0). Must be greater than zero and not
greater than 1.0. The value 1.0 is is:- -- =w for either axial or radial detector. See Sect.
S4.2.4 and Fig. S4.2.6

FR2s Fracten multiplied to the meand surface detector (1.0). Must be greater than zero and not
greater than 1.0. Rarnmmandad value is 1.0 for the axial detector and 0.7 for the radial
detector

FR3 * Fraction multiplied to the third surface detector (1.0). Condition and is -----= ':-i value are ;

identral to those ofFR2
FR4=* Fraction multiplied to the fourth surface daterar (1.0). Condition and rea==aadad value )areidenticalto thoseofFR2 '

IGO=* Flag for My input opten and source region geometry (0)
See Figs. S4.2.3 and S4.2.4 for geometries of the source region for IGO = 0,1,2, and 3 i

For LATTICECELL option, IGO can have a value between 0 to 4

For INFHOMMEDIUM option, IGO can only be 0,1, or 4
For IGO = 0, simplified >&y input option is used, and the fuel is a cylinder of
hnmagenized mixture, wiuch is the same fuel nuxture used in the adjomt XSDRNPM
at~'-*ia= As p k,usly described in the zone auxture array of the adjomt discrete-
ordmates aput, for the LATTICECELL option the fuel mixture is MXX2 and is 9 g-:= '
of MSPA, MCAN, MBET, and MXXI, where MXXI is the cell-averaged mixture of the
unit fuel cell. 'Ibe hardware zone is given a mixture number MXX3 = MXX+3, and is
composed ofnuxtures MHW, MSPA, MCAN, and MBET. For the INFHOMMEDIUM
option, the fuel mixture is MZ(1) in the zone mixtrre array, The hardware zone is nuxture
MHW. See Table S4.4.4 '

For IGO = 1, simplified geormtry input option is med, and the fuel is two or three
ennnantriq linders with mixture MIN $ (or MCAV if the insert is omitted)in between. For
the LATflCECELL option, the fuel mixture is MXX2P = MXX+2 and is w esed ofr
MSPA, MCAN, and MXXI, where MXXI is also the cell-averaged mixture of the unit fuel
cell. The hardware zone is given a mixture number MXX3P = MXX+3, and is composed ofi

j nuxtures MHW, MSPA, and MCAN. Furthermore, the volume of each fuel region should
i be an integer multiple of the fuel assembly volume. For the

|

I

}.
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Table S4.4.2 (continued)

Nameor
keyword Dermitions, comments, and examples

Monte Carloinput data (continued)

INFHOMMEDIUM option, the fuel mixture is MFU input by the user and the hardware
auxture is MHW
For IGO = 2, simplified geometry input option is used with each fuel assembly modeled
separately. The INFHOMMEDIUM fuel option is not allowed. In each assembly, the
nnxtures inside the fuel channel are homogenized. For the active fuel section, this
homogemzed mixture is given a nuxture number, MXX2Q = MXX+2, and is composed of
mixtures MSPA and MXXI, where MXXI has been previously defined. For the hardware
sections, the homogemzed nuxture is given a mixture number MXX3Q = MXX+3 and is
composed of nuxtures MHW and MSPA. For this option, NASY in the fuel assembly card
of the adjoint discrete-ordinates input must be one of the following: 1,2,3,4,7,10,18,24,
or 52

For IGO = 3, simplified geometry input option is used, but unlike the last option, each fuel
assembly is modeled in great detail with each fuel rod represented explicitly. The
INFHOMMEDIUM fuel option is not allowed. All fuel assemblies are assumed to be
identical and contain no vacant cells. If the number of vacant cells, NVAC, in the fuel
assembly card of the adjoint discrete-ordinates input, is not ruo, the radial dimensions of
each fuel rod are reduced in order to conserve the total mass of the fuel material in each

,

assembly. For this option, NASY in the fuel assembly card of the adjoint discrete-ordinates
input must be one of the following: 1,2,3,4, 7,10,18,24, or 52.
For IGO = 4, detailed MARS geometry must be input by the user

| MFUs Fuel nuxture number must be input when the INFHOMMEDIUM option is used and 1G0=1
| ISP=" A flag for source energy spectrum input option (0)

For ISP = 0, the source energy spectrum is input via the SOE array
For ISP = N, the sourre energy spectrum written by ORIGEN-S is read from logical unit 30
and N is the position of the pair of records contammg data (including the source energy
spectrum) of a time step of ORIGEN-S results. The user must make sure that ORIGEN-S
spectrum is in the same multigroup structure as the one used in SAS4

IPF=* Flag for source axial profile input option in the active fuel (0)
For source in the hardware (ISO > 0), IPF is irrelevant because only uniform distribution is
allowed in the hardware
For IPF = 0, a flat axial profile is used
For IPF = 1, default top profiles are used

i For IPF = -1, default bottom profiles are used
The default axial profiles are typical of neutron and gamma sources for PWR with half
active fuel length of 182.88 cm (6 ft). The default profiles are shown in Table S4.4.5.
For IPF > 1, the user must input axial boundary array BUB and the corresponding source
strength array BUF. Linear interpolation is assumed between the data points. IPF is the
length of BUB and BUF arrays and must be less than 300. The user is remmded that when

the axial profile is input, the height of the pmfile must be equal to HFUE in the
.

NUREG/CR-0200,
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Table S4.4.2 (continued)

Name ors
V keyword Definitions, con ==mts, and examples

]

,

|
Monte Carlo input data (continued)

\
fuel re . xy card (s) or in the source volume boundary array. HFUE is the height of thec

active fuel sw.r wid from the midplane of the geometry. For PWR, HFUE is equal to
i

182.88 cm.

! If the height of the axial profile is not equal to HFUE, execution will be ternunated and an
|

error message willbe pnnted.

END' Termmates the parameter card

--_------__--____---____--_---------_----_---__----_-___ ;

Source energy spectrum array (must be ski; pod ifISP > 0);

SOE',(FS(I),I=1,NGPFS), END"- Begms with the keyword SOE and ends with the keyword END.
FS(I) is the source for group 1, and NGPFS is the number of entries. FS(I) need not be i

nar-EM NGPFS equals to the number of neutron groups when neutron response is
| desired; that is, ITY = 1 in the adjoint discrete-ordmates input data. NGPFS equals to the '

sum of neutron and gamma-ray groups when gamma-ray response is desired (i.e., ITY = 2)
'

EiiItEnr~a~rray (~m2E[s~khIed ifR55 4)------------------------------
| DET',((XD(I),YD(I),ZD(I)),1=1, NOD), END'- Begins with the keyword DET and ends with the keyword ,

| END XD, YD, ZD are the detector coordmates with respect to the igu. c;ric center of the '

| cask. Must have 3* NOD entries between the keywords

i f~ -------------------------------_---_-------------------_
|( Source volume boundary array (enter only iflGO = 4)

SXY' MSM XMIN,XMAX,YMIN,YMAX,ZMIN, ZMAX,RCAV,HFUE,RM AX,HMAX END' '

Begins with the keyword SXY, ends with the keywords END, and has 11 entries in between :

MSM is the auxture number from wluch source particles start. XMIN, XMAX, YMTN, '

YMAX, ZMIN, and ZMAX define the boundaries of the upper half of the source volume.
<

nerefore, both ZMIN and ZMAX must be positive, and ZMAX must be greater than ,

ZMIN. ZMIN must equal to zero for source starts from the active fuct (ISO = 0). The ;

nuxture number, combined with the source volume boundaries, provide a procedure for
random sampling of source particles startmg coordmates in a relatively complicated
heterogcmeous source geometry. Since source pomts sampled from the sp&d volume ,

must also be in nuxture MSM to be valid source particles, the user must make sure that
I nuxture MSM does exist in the volume specified by the source volume boundary anay and ,

the source lacatum starting option ISO is consistent with the source volume boundanes !
Otherwise, no source particles will be generated to start the calculation and the calculation is
aborted. RCAV is the radius of the cask cavity and is used to detenmne the radii of the axial ;

| surface de*~*ars HFUE is the height of the active fuel measur.4 from the cask midplane r

and is used to detenmne the heights of the radial surface detectors RMAX is the radius of +

the outermost radial surface of the cask where the radial surface dose is desired. HMAX is >

the height of the outermost axial surface of the cask where the axial surface dose is desired.
For the SAS4 cask model shown in Fig. 54.4.2, RMAX = RJAC and HMAX = HIM1. See
Sects. S4.2.2 and S4.2.4 for more detads :

'
---------------------_----------------------------------
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Table S4.4.2 (continued)

Name or
keyword Definitions, comments, and examples

Monte Carlo input data (continued)

Axial source profile boundary array (enter only ifISO = 0 and IPF > 1)
BUB',(BB(I),1=1,IPF), END'- Begins with the keyword BUB and ends with the keyword END.

BB(I) is the boundary for the axial source profile measured from the midplane of the cask.
Therefore, BB(1) must be zero and BB(IPF) must be equal to HFUE, the height of the active fuel
measured from the midplane. IPF is the number of entries and must be greater than one

Axial source profile array (enter only ifISO = 0 and IPF > 1)
BUP, (PP(I),I-1,IPF), END'- Begins with the keyword BUF and ends with the keyword END.

PP(I) is the source strength corresponding to boundary BB(I). Linear interpolation is
assumed for PP between the boundaries. In principle, PP(IPF) ir zero for spent fuel, but
SAS4 will run for any reasonable axial source profile

__________________________-____________-_______--__-____

GEND' Termination card for Monte Carlo nongeometry input deta, starting from column one

-_____________________________--__--______-__________-__

Monte Carlo geometryinput
For IGO = 0,1,2, or 3, input simplified geometry data (see Table S4.4.3).
For IGO = 4, input detailed MARS geometry. See Se:t. S4.2.2 for the conditions that the
cask must satisfy, and Sect. M9.A for MARS input

_--_--------_--_______________--_-______________________

END' SAS4 module temunation card. Must start from column one

* = Keywords that must be part of the input data entry.

NUREG/CR-0200,
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Table S4.4.3 Simplified Monte Carlo geometry input
'

Geometry title card

A 60-character (or less) title for pay

________________________________________________________
Fuel geometry cards

| For IGO = 0: (one cylmdncal fuel zone with radius FRD)
FUE* HFUE HHWR END* - Begins with the keyword FUE and ends with the keyword END.
HFUE and HHWR are, respectively, the heights of the fuel zone and fuel hardware, measured
from the midplane of the cask pay. The followmg conditions must be satisfied
1. HFUE <HHWR
2. HHWR < HINS, where HINS is the height of the fuel insert
3. If the insert is omitted, HHWR < (HCAV - 0.001), where HCAV is the height of the cavity

' For IGO = 1: (two or three r=vmenc cylindncal fuel ma=)
FUl* RIN(1) ROUT (1)HFUE HHWR END*
FU2' RIN(2) ROUT (2)HFUE HHWR END*
FU3* RIN(3) ROUT (3)HFUE HHWR END*
FUI, FU2, FU3, and END are keywords. HFUE and HHWR are as defined above. RIN(I) is the
inner radius of fuel zone I, and ROUT (1) is the outer radius of fuel zone I. The FU3 card may be
omitted if there are only two concentric cylindrical fuel zones. The following conditions must be
satisfied
1. HFUE < HHWR, and HHWR < HINS

2. RIN(1) < ROUT (I) < RIN(I + 1)
3. ROUT (3) < RINS, where RINS is the radius of the insest
4. If the insert is omitted, ROUT (3) < (RCAV-0.001) and HHWR < (HCAV-0.001)

j h* 5. If the FU3 card is omitted when only two fuel zones are present, ROUT (2) < (RINS-0.002)
6. If both the FU3 card and insert are omitted, ROUT (2) < (RCAV-0.003) and HHWR <*

(HCAV-0.001)
For IGO = 2 or 3: (separate representation of fuel assemblies, homogemzed, or explicit fuel pins) HET*
APCH HFUE HHWR END* - HET and END are keywords. APCH is the distance

, between the centers of assemblies. The following conditions must be satisfied:
| 1. HFUE < HHWR, and HHWR < HINS

2. If the insert is omitted, HHWR < (HCAV - 0.001)
3. APCH > XY, where XY is the outside dimension of a fuel assembly input by the user in j

the fuel assembly card of the adjoint discrete-ordmates input. APCH must be less than 4 i

significant figures. Otherwise, geometry error may occur due to numencal roundoff )
4. k*APCH < 2*RINS, where k is a parameter dependmg on the number of assembhes j

NASY input in the fuel assembly card of the adjoint discrete-ordmates input.
'

If the insert is omitted, k*APCH < 2*(RCAV - 0.001). The table below gives the value
ofk as a functon ofNASY

NASY l 2 3 4 7 10 18 24 52 !
k 1.42 2.24 2.59 2.83 3.61 4.25 5.66 6.33 8.95

|
________________________________________________________

Termination card for fuel geometry ;

FEND * Startsfromcolumnone

___________________________________________-____________

n
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Table S4.4.3 (continued)

Cask geometry cards (input one component per card in any order; see Fig. S4.4.1 for details).
Component Keyword Mixture Radius Height

Inner shell INN * MINN RINN(<RRSI)* HINN(<HASI) END'
Radial shield 1 RSl* MRS1 RRSl(<RRS2) HRSl(<HAS3) END'
Radial shield 2' RS2' MRS2 RRS2(<RRS3)[RRSl+0.001]' HRS 2(=HRSI){HRSl] END'
Radial shield 3' RS3' MRS3 RRS3(<ROUR)[RRS2H).001] HRS 3(=HRSI)[HRSl] END"
Outer shell OUR' MOUR ROUR(<RWTR) HOUR (>HAS3) END'
Radial water' WTR* MWTR RWTR(<RJAC)[ROUR+0.01] HWTR(<1UAC)[HJAC-0.01] END'
Waterjacket' JAC* MJAC RJAC[ROUR+0.02] HJAC(<HIM2)[HIM2/).01] END'
Axial shield 1 ASl* MASI RASl(=RINN) HASl(<HAS2) EhTr
Axial shield 2' AS2' MAS 2 RAS 2(=RINN)[RINN] HAS2(<HAS3)[HAS140.001] END'
Axial shield 3' AS3' MAS 3 RAS 3(=RINN)[RINN) HAS3(< HOUR)[HAS2+0.001] END'
Impact limiter' IMP * MIMP RIMP[ROUR+0.01] HIMl(> HOUR)[ HOUR +0.01]

HIM2(<HIM1) [ HOUR-0.01] END'
Comer hole * HOL' MHOL END'
Cavity CAV* MCAV' RCAV(<RINN) HCAV(<HINN) END'
Insert * INS' MINST* RINS(<RCAV)[RCAV-0.001] HINS(<HCAV)[HCAV-0.001] END'

__ _ _____________________________________

CEND* Starts from column one.

" Keywords that must be part of the data entry.
'The condition in the parmt% must be satisfied by the corresponding input value.
'Any one of these enmpanats can be omitted. The insert mixture MINS is set equal to MCAV if the

msert is omitted; the mixture numbers of all other omitted components are set to 1000.
#The dunensions of the omitted components are given the values in the brackets.
'For the LATTICECELL option and IGO=1, the material of MINS must be identical to the materials of

mixture MBET. If the insert is omitted, the material of MCAV must satisfy this condition.

O
NUREG/CR-0200,
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Figure S4.4.2 Fuel assembly model used in LA'ITICECELL option (only the top half shows)
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Table S4.4.4. Mixture numbers of fuel and fuel hardware used in MORSE-SGC and adjoint XSDRNPM
for different IGO options and LATTICECELL and INFHOMMEDIUM options

IGO Options

0 1 2 3 4

LATTICECELL
$ Fuel MXX2(MXX2)* MXX2P(MXX2) MXX2Q(MXX2) MFUEI4MXX2) (MXX2)*
O Fuel hardware' MXX3(MXX3) MXX3P(MXX3) MXX3Q(MXX3) MHW(MXX3) (MXX3)*
* i

i

INFHOMMEDIUM
(MZ(1))* f

dFuel MZ(1)(MZ(1)) MFU (MZ(1)) - -

Fuel hardware' MHW(MZ(2)) MHW(MX(2)) - - (MX(2))'

' Quantities in parentheses are mixture numbers used in adjoint XSDRNPM. ,

* MORSE-SGC mixture numbers specified by the user in MARS input. Should use MFUEL for fuel and MHW for fuel ,

'

hardware.
' Fuel hardware exists in the adjoint XSDRNPM calculation only for the axial calculation with IDR>0.
' Input via the parameter card of the Monte Carlo input data. r

' MORSE-SGC mixture numbers specified by the user in MARS input.

dm
t,x-

- ,

..
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Table S4.4.5 Axial source profile for a typical PWR

|
Source profiles

Axial boundaries Top Bottom
(measured from

midolane) Neutron Gamma Neutron Gamma
1

0.0 1.554 1.117 1.554 1.117
'

11.43 1.537 1.114 1.571 1.120
22.86 1.521 1.111 1.588 1.123
34.29 1.504 1.108 1.605 1.126
45.72 1.486 1.104 1.622 1.129 j
57.15 1.464 1.100 1.636 1.131 l
68.58 1.438 1.095 1.648 1.133
80.01 1.401 1.088 1.657 1.135
91.44 1.350 1.078 1.654 1.134

102.87 1.277 1.063 1.625 1.129
114.30 1.165 1.039 1.554 1.117

I125.73 0.998 0.9995 1.414 1.091
137.16 0.769 0.9365 '1.172 1.041
148.59 0.492 0.8375 0.816 0.951
160.02 0.220 0.6850 0.402 0.797
171.45 0.046 0.4625 0.092 0.551
182.88 0.0 0.0 0.0 0.0

0
1

l

!

|

|
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; - 1. PARM= SIZE =200000
it
3 2. PARM=' SIZE =200000'
,

3. PARM-(SIZE =200000)
-

i 4. PARM ='AX, SIZE = 200000'
:

5. PARM = (AX, SIZE = 200000)

6. PARM=MO
,

i 7. PARM-(MO, SIZE =250000)
i

i Examples 1,2, and 3 are equivalent and specify that SAS4 is executed firam the 4 h.g and that 200,000i'
words are alkmed for each functinn=1 markde h==ala 4 and 5 are equivalent; SAS4 will execute from adjoint
XSDRNPM and 200,000 words are allowed. Examples 6 and 7 are obvious. One important rule to remember;

i is that when both features are used, as in examples 4,5, and 7, AX or MO must come before SIZE. Finally, note
j that no blank space is allowed between the parentheses or between the quotation marks.
;
;

S4.4.2 FUEL LATTICE TYPES AND USAGE OF FUEL AND CASK MATERIALS
i

'lhis =*nn describes the octails of using input materials under various options in SAS4. This secten
'

(O
supplements the description in Sect. S4.2.3.

/ h input mesmals of SAS4 are identified as fuel matuials and cask materials. SAS4 allows two fuel
lattice types (GE=INFHOMMEDIUM or GE=LATTICECELL). Fcr the INFHOMMEDIUM option, SAS4 does
not homogenize nor mix the fuel materials. Hence, the usage of the fuel and cask materials in the functional
marknem is straightforward. h=aa the mixture numbers and densities given to all the input materials (fuel and
cask matenals) reenam unchanged throughout the control module, the user can use the mixtures in any manner
in the adjoint XSDRNPM and the MORSE-SGC HM1 =~W~

For the LATTICECELL optum, SAS4 hamm=ai= the fuel materials based on the unit cell and the fuel

assembly geometnes input by the user. The unit cell geometry is input in the material information data, whereas
the fuel assembly geometry is defined in the adjoint discrete-ordmates input data via the fuel assembly card. In
SAS4, a imit oeil is composed of a fuel rod and a moderator. A fuel rod may have a clad on the outside and the
gap betwee the fuel and the clad is optional The fuel assembly geometry used by the LATTICECELL option
is shown in Fig. S4.4.2. AxiaDy, the fuel asaanhly is divided into three sections, a middle active fuel section and
two fuel hardware sections at both ends. Honzontally, the assembly has a square cross section v.ith outside
dunension XY cm. 'Ihere are NCEL cells along each side and a total ofNCEL*NCEL cells in the assembly.
Vacant cells (cells without fuel rods) are allowed in this model, and the number of vacant cells NVAC is input
by the user.

As shown in Fig. S4.4.2, for the active fuel section, there are a spacing and a fuel channel surroundmg
the fuel lattsce cells. The matenal of the spacmg is identica' to that of the vacant cells and is given a nuxture
number MSPA. The fuel channeJ has a thk6= of TCAN an and is gisen a nuxture number MCAN. For
assemblies without fuel channels, the user still must define a mixtere MCAN with a ehkhe TCAN outside the

spacing. This fuel assembly model allows two matenal zones (smcing and fuel channel, as they are called here)
to be used surroundmg the lattice. The material outside the fuel assemblics is given a mixture number MBET.

NUREG/CR-0200,
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Although MBET is normally void (air) or water, the user can use it to represent any material that separates the
assemblics. If any of the materials MCAN, MSPA, and MBET are void, zeroes can be used for their mixture
numbers.

For the fuel hardware sections, there are fuel hardware reds and the material in between. The fuel
hardware rods luive the sarr,e diameters as the fuel rods and represent such materials as cladding, plenum spring,
end fitting, expansion springs, etc. The mixture number of the fuel hardware (rods) is MHW and is dermed by
the user in the parameter card of the adjoint discrete-ordinates input. The material between the hardware rods
is nuxture MSPA,whereas the material outside the assemblies is nuxture MBET. For IGO = 1, MSPA must be
xlentical to the mgenal of the insert MINS or the material of the cavity MCAV if the insert is omitted (see Table

S4.4.3).
In summary, for the LATTICECELL option, the user must define the fuel materials based on the unit

cell geometry and the assembly geometry described hendn. Specifically, the user must uniquely define (except
for zeroes) the folkung fuel material mixtures in the input: MFUEL, MMOD, MCLAD, MSPA, MCAN, MHW,
and MBET. Execpt for nuxture zero, these nuxtures must not be used in the cask geometry. Any other mixtures
defined in the material infonnation data can be used in the cask geometry. Moreover, several cask components
(see Table S4.4.3) may use the same mixture. More description on the application of the materials is presented
in Sect. S4.2.3 and Table S4.4.2.

O
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1

i

S4.5 SAMPLE PROBLEMS

|

| Presented in this secten are eight sample problems, each of which is described in more detail in
;

subsequent sectmas Input hstmas of each sample problem have been included. However, only a portion of
computer output of sample problem I is included in the Apd Note that the input and output for these

4

ydh.a are for illustrative purposes only. The input and output may not exactly match that actually used for
j testing and/or distributed with the SCALE system.

!
! S4.5.1 SAMPLE PROBLEM 1

i 1his t=a Anwnsinnal (2-D) dry cask problem is pres,ented in Ref.1. Radial neutron doses were calcu-
_

j; lated in this problem. The geometry of the probicm is shown in Fig. S4.5.1. h cask wall is e +-:= ' of a layer
ofdepleted wannan sandwiched between steel inner and outer liners. The source is made up of seven PWR fuel
assembhas, but the source region is modeled as two concer.tric cylinders The inner cylinder represents one fuel;

;
namennhly, and the oder cylinderiW3 six fuel assemblies. The fuel hardware at the ends of the assemblies
has been ignored. Each assembly has 17 x 17 unit cells ofwhich 25 are vacant cells. The pitch dimension
between the cells is 1.26 cm. The A-'~ of each fuel pin is 0.83566 cm, and the diameter of the clad is
0.94996 cm. There is no gap between the fuel and the clad. The outside dunension of an assembly is 21.4493

; cm. The height of the fuel is 365.76 cm (12 ft). Three point detectors are located outside the cask two radial
*

detectors on the midplane of the cask 91.4 cm (3 ft) and 182.8 cm (6 ft) away from the cask surface, and a comer
; detectar is located 91.4 cm from the rim of the cask on a 45' plane.
! The input for this problan is shown in Fig. S4.5.2.1he 22N-18 COUPLE neutron-gamma coupled library
| was used, and LATTICECELL was employed for the fuel lattice type. Mixtures 1,2, and 3 described the unit

cell. Mixtures 4 and 5 were, respectively, steel and depleted uranium. The material information data were:

! followed by 5 lines of discrete.ordmates input data and 17 lines ofMonte Carlo input data. Note that mixtures
| 4 and 5, iw =g the matenals outside the source region, were used in both the adjoint discrete-or nniaea
! calmineian and the Monte Carlo calailatinn The input values of FR1, FR2, FR3, and FR4 in the parameter card
! ofMonte Carlo inpw dd Jr.e the height of the radial surface detectors to be 182.88 cm from the midplane of
! the cask.
; Portions of the computer output of MORSE-SGC and SAS4 have been included in the Appendix.
! ca===* and explanations have bem added to help the user understand the results of the calculation. The out-

puts of BONAMI, NITAWL-II, and XSDRNPM for cell-weighting have been omitted to limit the size of this
j 2-: . =^

| Although only 10 hatches of 100 histories per batch were processed in this problem, reasonable results
were aheanwd However, for actual analyses, it is re===a=M hat a muumum of 30 batches be executed ands t
the minen=n size of each batch should be 500 histones for neutron problems and 2000 for gamma problems.

The results given in the MORSE-SGC output indicate that reasonable fractional standard deviations
(FSDs) were obtainad for detectors 1 to 6. 'Ihe FSD for detector 7 is 26%, and the result is not ==*able.
Because the source nonnahzation factor, SFA, was omitted in the input, results of this calculation are per-
neutron per-second. To obtam dose ran per assembly, the user must multiply the results by the source strength
ofeach assembly, winch is 2.614 x 10' nec s/s (33 GWd/MTU PWR spent fuel with 120-day cooling time).

I
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Figure S4.5.1 Upper half of depleted uranium shipping cask of sample problem 1
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h

=sas4
sample problem 1, radial neutron doses of dry depleted uranium cask i22n-18 couple latticecell i

u-235 1 0.0 1.6736-4 end
u-238 1 0.0 1.9602-2 end
pu-239 1 0.0 1.0409-4 end
pu-240 1 0.0 4.7534-5 end
o 1 0.0 3.9877-2 end
zr 2 0.0 1.9350-2 end
o 3 0.0 1.000-9 end
cr 4 0.0 1.662-2 end

Material an 4 0.0 1.200-3 end
! information fe 4 0.0 5.775-2 end
I input data ni 4 0.0 7.520-3 end,

; no 4 0.0 1.100-4 end Neutron doses are calculated
j u-235 5 0.0 1.070-4 end
| u-238 5 0.0 4.770-2 end
'

end ceap
squarepitch 1.26 0.83566 1 3 0.94996 2 endi

i Adjoint ity=1 izmp5 frd=36.42 end
! discrete 7 17 25 0 0 0 0.01 21.4493 end
! ordinates 36.42 44.55 45.82 53.44 57.27 end IDR not input, radial calculation by default
I input data 0 0 4 5 4 end
I xend

timp15.0-nst=100 nit =10 nod =3 igo=1 ran=f2ae3ebfbleb frl=1. fr2=0.6465
fr3=0.6465 fr4=0.6465 end;

! soe 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10
4.542-10 9.070-11 3.824-10 4.990-10 3.982-10 1.836-10 1.761-14
8z end

det 148.69 0.0 0.0 240.13 0.0 0.0 22 entries required
121.91 0.0 305.96 end

gend
Monte Carlo sample problem 1, 2 homogenized fuel zones
input data ful 0.0 12.10 182.88 182.89 end,

! fu2 21.16 36.42 182.88 182.89 end
| - fend j
| cay 0 44.55 228.60 end '

l inn 4'45.82 229.87 end
! rsi 5 53.44 237.49 end

our 4 57.25 241.30 end
asi 5 45.82 237.49 and
cend

| end

! l
Figure S4.5.2 Input listing of sample problem 1

1
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S4.5.2 SAMPLE PROBLEM 2

his sampk probkm c=Wid= axial neutron doses of the depleted uranium cask used in sample problem
1. The SAS4 input of this problem is shown in Fig. S4.5.3. As might be expected, the input of this problem is
very similar to that of problem 1. The differences between the two inputs are (1) the title cards were changed to
ddrerentiate between the two cases, (2) the IDR parameter in the adjoint discrete-ordinates input data had been
set to one to indicate an axial calculation, (3) the zone boundary array and the zone mixture array were modified
for the axial calculation, and (4) the point detectors array in the Monte Carlo input data was changed to axial
lacath< The first and seccax! point detectors were on the cask centerline and were, respectively,91.44 cm and
182.88 cm from the top surface (or 332.74 and 424.18 cm from the origin of the geometry). The third point
detector was a comer detector identical to the third point detector of sample problem 1.

The FSDs are quite good (less than 10%) for detectors 1 to 6, but are not acceptable (26%) for detector
7. The calculated neutron dose rates for the two axial point detectors (detectors 5 and 6) are 8.92 and
2.76 mrem /h per assembly. %ese dose rates are in agreement with the corrected results (9.05 and 2.85) reported
in Ref 1. Le corner detector of these two sample problems illustrates the interesting question of selecting the
direction of the transport calculation with the IDR parameter discussed in Sect. S4.2.4. It was stated in that
section that for point detectors lying within the axial projection of the cask, an axial calculation should be made
withIDR> 0. For detectors outside this projection, a radial calculation should be made. For the corner detector

in q=r= the radial calculation is preferable because next-event estimation to the detector is treated correctly,
whereas next-event estimation is made only from half of the cask in the axial calculation.

S4.5.3 SAMPLE PROBLEM 3

For this sample problem, the seven fuel assemblies in sample problem I were modeled explicitly using
theIGO = 3 option. Recall that for IGO = 3, the LATTICECELL option must be used. The fuel material was
no longerlxuwpumi, and each fuel rod in the assanblies was modeled separately. Neutron dose rates at radial
lac ='h= identical to those of sample problem I were calculated. Input of this problem is shown in Fig. S4.5.4.
Except for the title cards, the IGO value, and the fuel geometry cards in the Monte Carlo input, the input of this
problem is identical to that of sample problem 1. Note that PARM = MO was used in the module specification
card to indacate execution of the MORSE-SGC hethal module only. Cross-section data on logical units 3 and
4 and adjoint angular fluxes on logical unit 12 from sample problem I had to be saved and used in this
e*hlath Also, a source strength of SFA = 1.8298 x 10' neutrons /s was input so that results of this case are
expressed per total source strength.

The FSDs of the results are quite good (much less than 10%) for detectors 1 to 6, and not acceptable
(33%) for detector 7. The calculated neutron dose rates are comparable with those of sample problem 1,
indicating that, for this problem, radial neutron dose rates are not affected by the two fuel geometry models.

S4.5.4 SAMPLE PROBLEM 4

This sample problem illustrates a calculation with IGO = 4, which requires the user to input MARS
geometry This cask is the same as the one used in the previous sample problems. Axial neutron doses were
cabla*M for the heterogeneous fuel identical to sample problem 3. In fact, the MARS geometry input to thi.=
case was generated by the last sample problem. Execution of this problem started with the adjoint XSDRNPM
bet =al module, using the PARM=AX option in the module specification card. Again, cross-section data in
logical units 3 and 4 from previous problems were input to this problem. Actually, this problem could have
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!

=sas4
( sample problem 2, axial neutron doses of dry depleted uranium cask

22n-18 couple- latticecell
u-235 1 0.0 1.6736-4 end
u-238 1 0.0 1.9602-2 end
pu-239 1 0.0 1.0409-4 end !
pu-240 1 0.0 4.7534-5 end
o 1 0.0 3.9877-2- end
zr 2 0.0 1.9350-2 end
o 3 0.0 1.000-9 end
cr 4 0.0 1.662-2 end-

: mn 4 0.0 1.200-3 end
! fe 4 0.0 5.775-2 end

ni 4 0.0 7.520-3 end
mo 4 0.0 1.100-4 end
u-235 5 0.0 1.070-4 end
u-238 5 0.0 4.770-2 end

end coup
squarepitch 1.26 0.83566 1 3 0.94996 2 end,

| idr=1 ity=1 izm=5 frd=36.42 end Indicates axial calculation
i 7 17 25 0 0 0 0.01 21.4493 endl' 182.88 228.60 229.87 237.49 241.30 end zone boundaries of axial calculations

7 8 4 5 4 end
xend
tim =50. nat=120 nit =90 nod =3 igo=1 ran=178e3ebfeb39 end
soe 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10

4.542-10 9.070-11 3.824-10 4.990-10 3.982-10 1.836-10 1.761-14
82 end

det 2r0.0 332.74 2r0.0 424.18 Axial detectors
121.91 0.0 305.96 end

gend
sample problem 2, 2 homogenized fuel zones
ful 0.0 12.10 182.88 182.89 end
fu2 21.16 36.42 182.88 182.89 end
fend
cay 0 44.55 228.60 end

inn 4 45.82 229.87 end
rsi 5 53.44 237.49 end
our 4 57.25 241.30 end
asi 5 45.82 237.49 end
cend
end

| Figure S4.5.3 Input listing of sample problem 2

i
,
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=sas4 parm=mo
sample problem 3, radial doses of heterogeneous fuel with 7 assemblies
22n-18 couple latticecell
u-235 1 0.0 1.6736-4 end
u-238 1 0.0 1.9602-2 end
pu-239 1 0.0 1.0409-4 end
pu-240 1 0.0 4.7534-5 end
o 1 0.0 3.9877-2 end
zr 2 0.0 1.9350-2 end
o 3 0.0 1.000-9 end
er 4 0.0 1.662-2 end
mn 4 0.0 1.200-3 end
fe 4 0.0 5.775-2 end
ni 4 0.0 7.520-3 end
mo 4 0.0 1.100-4 end
u-235 5 0.0 1.070-4 end
u-238 5 0.0 4.770-2 end

end comp
squarepitch 1.26 0.83566 1 3 0.94996 2 end
ity=1 izm=5 frd=36.42 end
7 17 25 3r0 0.01 21.4493 end
36.42 44.55 45.82 53.44 57.27 end
7 0 4 5 4 end
xend
tim =60.0 nst=100 nit =50 nod =3 igo=3 sfa=1.8298+9
frl=1. fr2=0.6465 fr3=0.6465 fr4=0.6465 ran=abc123456789 end
soe 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10

4.542-10 9.070-11 3.824-10 4.990-10 3.982-10 1.836-10 1.761-14
82 end

det 148.69 0.0 0.0 240.13 0.0 0.0
121.91 0.0 305.96 end

gend
sample problem 3, heterogeneous fuel with 7 assemblies
het 24.65 182.88 182.89 end
fend
cav 0 44.55 228.60 end
inn 4 45.82 229.87 end
rsl 5 53.44 237.49 end
our 4 57.25 241.30 end
asl 5 45.82 237.49 end
cend
end

Figure S4.5.4 Input listing of sample problem 3
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started with MORSE-SGC had the adpoint angular fluxes in logical unit 12 of sample problem 2 been saved and
input to this mimlahan Aside from the IGO p...e. and the source volume boundaries array, the input of this

;

probian is Weni to that of sample problem 2, up to the gec.imiy input data. Focusing on the source volume i
boundanes aray, we find that mixtiac 1 is the fuel material from which source particles originate, and the source

volume hauarlsrus enclose only the top halfof the source It is imperative that the source volume includes only
the top nelfof the source, whether the source is the active fuel or the fuel hardware, and that the source mixture
MSM must beinside the source volume.

Although the geometry input in Fig. S4.5.5 is specifically for this problem, the fact that many features
in this geometry are genenc to the SAS4 cask model deserves some discussion. In this geometry, there are 36
bodus (25 RCCs and 11 RPPs),39 input zones,5 universes (universes 1 to 4 and the absolute universe), and 4

,

'

arrays The first 20 bodies are used to construct input zones 1 to 18 (zones designated as INN to CAV), which
make up the cask body. Hence, this portion of geometry data is genenc for the SAS4 cask model. The rest of
the bodies and input zones are used to describe the fuel geometry.

To discuss w- - % of the 1.a.# a fuel geometry, we must refcr to the fuel assembly model shown
'

in Fig. S4.2.3. Recall that each unit collin the fuellattice consists of three sections, an active fuel section and two

| hardware sections at both ends. In MARS geometry input, the active fuel section of the unit cell is designated
!

as umverse 1 and the top and bottom hardware sections are designated as universes 2 and 3, respectively. Hence,
the fuellattxe is an array cana=~I of universe 3 at the botwm, universe 1 at the middle, and universe 2 on the

top. 'Ihus, for this problem, the fuel lattice is designated as array 1 having 17 x 17 x 3 elements of universes 1,
;

2, and 3. Note that body 29 is the outside boundary (ar ay reference body) of array 1. Outside of array 1 there '

are a specmg and a fuel channel to make up a fuel assembly. An assembly and the material between assemblies

constitute a fuel unit having lateral dimensions of APCH cm, as shown in Fig. S4.2.3. In the MARS geometry
martel, the fuel unit is At H as universe 4 in the geometry input. Finally, universe 4 is nested inside arrays
2, 3, and 4 to form the packmg arrangement of seven fuel units showri in Fig. S4.2.4. For this packing i

[ arrangement, arrays 2 and 4 have 2 x 1 x 1 elemenrc ofuniverse 4; and array 3 has 3 x 1 x 1 elements ofuniverse {4.

Similarly, other packmg arrangements in Fig. S4.2.4 were constructed by nestmg universe 4 in other
array patterns For example, for the fuel geometry having 52 fuel units, there are six arrays of which arrays 2 to
6 are filled with universe 4. 'Ibe size of arrays 2 and 6 is 4 x 1 x 1, and the size of arrays 3 and 5 is 6 x 1 x 1.
Finally, array 4 is 8 x 4 x 1.

The FSDs of the resuhs are less than 10% for detectors 1 to 6 and are 42% for detector 7. The calculated
dose rates are slightly lower than those of sample problem 2.

S4.5.5 SAMPLEPROBLEM5

This sample probkm A=-4.ies a calculation using the INFHOMMEDIUM option. Radial neutron
doses for the problem identical to sample problem I were calculated. Input of this problem is listed in Fig.
S4.5.6. Note that mixture 1 is the fuel material used in the Monte Carlo calculation, but mixture 5, having lower
atom densities,is the material of the fuel zone in the adjoint XSDRNPM calculation. The fuel assembly card in
the ad, poet discrites C.A. input must be omitted for the INFHOMMEDIUM option. The fuel material mixture
MFU = 1 was needed in the parameter card of the Monte Carlo input because of the INFHOMMEDIUM option
in winch IGO - 1.

!
i

;

!
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=sas4 parm=ax
sample problem 4, axial doses of 7 heter. assemb., user input geometry 1

22n-18 couple latticecell
u-235 1 0.0 1.6736-4 end

i

u-238 1 0.0 1.9602-2 end I
pu-239 1 0.0 1.0409-4 end |
pu-240 1 0.0 4.7534-5 end
o 1 0.0 3.9877-2 end
zr 2 0.0 1.9350-2 end
o 3 0.0 1.000-9 end i
er 4 0.0 1.662-2 end I

en 4 0.0 1.200-3 end
fe 4 0.0 5.775-2 end |
ni 4 0.0 7.520-3 end I

mo 4 0.0 1.100-4 end j
u-235 5 0.0 1.070-4 end
u-238 5 0.0 4.770-2 end

end coup
s quarepitch 1.26 0.83566 1 3 0.94996 2 end
ity=1 izm=5 frd=36.42 idr=1 end
7 17 25 3r0 0.01 21.4493 end
182.88 228.60 229.87 237.49 241.30 end

i
14 15 4 5 4 end

|
xend

l
timm65.0 nat=100 nit =50 sfa=1.8298+9 nod =3 igo=4 ran=f2ae3ebfbleb end
soe 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10 '

4.542-10 9.070-11 3.824-10 4.990-10 3.982-10 1.836-10 1.761-14
8z end

det 2z 332.74 2z 424.18 121.91 0. 305.96 end
Iaxy 1 -37.05 37.05 -37.05 37.05 0.0 182.88 44.55 182.88 '

57.27 241.31 end
gend
sample problem 4, heterogeneous fuel with 7 assemblies

0 0 1 20 |
rec 1 0.00 0.00 -2.29870e+02 0.00 0.00 4.59740e+02 4.58200e+01 |
rec 2 0.00 0.00 -2.37490e+02 0.00 0.00 4.74980e+02 5.34400e+01
rce 3 0.00 0.00 -2.37490e+02 0.00 0.00 4.74980e+02 5.34410e+01
rce 4 0.00 0.00 -2.37490e+02 0.00 0.00 4.74980e+02 5.34420e+01
rce 5 0.00 0.00 -2.41300e+02 0.00 0.00 4.82600e+02 5.72500e+01
rec 6 0.00 0.00 -2.41270e+02 0.00 0.00 4.82540e+02 5.72600e+01
rec 7 0.00 0.00 -2.41280e+02 0.00 0.00 4.82560e+02 5.72700e+01
rec 8 0.00 0.00 -2.37490e+02 0.00 0.00 4.74980e+02 4.58200e+01
rec 9 0.00 0.00 -2.37491e+02 0.00 0.00 4.74982e+02 4.58200e+01
rce 10 0.00 0.00 -2.37492e+02 0.00 0.00 4.74984e+02 4.58200e+01
rce 11 0.00 0.00 -2.41310e+02 0.00 0.00 4.82620e+02 5.72600e+01
rec 12 0.00 0.00 -2.41290e+02 0.00 0.00 4.82b80e+02 5.72600e+01
rce 13 0.00 0.00 -2.37492e+02 0.00 0.00 4.74984e+02 5.34420e+01
rec 14 0.00 0.00 -3.41310e+02 0.00 0.00 6.82620e+02 1.57270e+02
rec 15 0.00 0.00 -4.41310e+02 0.00 0.00 8.82620e+02 2.57270e+02
rce 16 0.00 0.00 -5.41310e+02 0.00 0.00 1.08262e+03 3.57270e+02
rec 17 0.00 0.00 -2.24131e+03 0.00 0.00 4.48262e+03 2.05727e+03
rce 18 0.00 0.00 -2.34131e+03 0.00 0.00 4.68262e+03 2.15727e+03
rec 19 0.00 0.00 -2.28600e+02 0.00 0.00 4.57200e+02 4.45500e+01
rec 20 0.00 0.00 -2.28599e+02 0.00 0.00 4.57198e+02 4.45490e+01
rec 21 0.00 0.00 -1.82880e+02 0.00 0.00 3.65760e+02 3.99349e-01
rec 22 0.00 0.00 -1.82880e+02 0.00 0.00 3.65760e+02 4.26660e-01
rec 23 0.00 0.00 -1.82880e+02 0.00 0.00 3.65760e+02 4.53971e-01
rec 24 0.00 0.00 0.00000e+00 0.00 0.00 1.82890e+02 4.53971e-01
rce 25 0.00 0.00 -1.82890e+02 0.00 0.00 1.82890e+02 4.53971e-01

Figure S4.5.5 Input listing of sample problem 4
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O rpp

rpp 26 -6.3000e-01 6.3000e-01 -6.3000e-01 6.3000e-01 -1.828Be+02
1.8288e+02

27 -6.3000e-01 6.3000e-01 -6.3000e-01 6.3000e-01 1.8288e+02
1.8289e+02

rpp 28 -6.3000e-01 6.3000e-01 -6.3000e-01 6.3000e-01 -1.8289e+02
-1.8288e+02

rpp 29 -1.0710e+01 1.0710e+01 -1.0710e+01 1.0710e+01 -1.8289e+02
1.8289e+02

rpp 30 -1.0715e+01 1.0715e+01 -1.0715e+01 1.0715e+01 -1.8289e+02
1.8289e+02

rpp 31 -1.0725e+01 1.0725e+01 -1.0725e+01 1.0725e+01 -1.8289e+02
1.8289e+02

rpp 32 -1.2325e+01 1.2325e+01 -1.2325e+01 1.2325e+01 -1.8289e+02
1.8289e+02

rpp 33 -2.4650e+01 2.4650e+01 -3.6975e+01 -1.2325e+01 -1.8289e+02
1.8289e+02

rpp 34 -3.6975e+01 3.6975e+01 -1.2325e+01 1.2325e+01 -1.8289e+02
1.8289e+02

rpp 35 -2.4650e+01 2.4650e+01 1.2325e+01 3.6975e+01 -1.8289e+02
1.8289e+02

end
inn 1 -19 Zones 1-18 describe the cask body,
ral 2 -10 This portionis genene for the SAS4
rs2 3 -2 cask mode.
rs3 4 -3
our 5 -13
wtr 6 -5
jac 7 -6 -5
asi 8 -1
as2 9 -8
as3 10 -9
imp 11 -5 -12
hol 13 -4 -10

O de4

de2 or 14 -5 -7 -11 or 12 -5 -7
de3 15 -14

16 -15
inv 17 -16
exv 18 -17
cav 19 -20
ins 20 -33 -34 -35
fue 21
gap 22 -21
cla 23 -22
fel 26 -23
uv1 18 -26 Universe 1
hr2 24 -23
hc2 27 -24
uv2 18 -27
hr3 25 -23
hc3 28 -25
uv3 18 -28
arl 29 Array I
spa- 30 -29
can 31 -30
unt 32 -31
uv4 18 -32
-ar2 33
ar3 34
are 35

end

Figure S4.5.5 (contim:ed)
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12r1 2 1 2 23r1 Region Specification
19*0 5*1 3*2 3*3 5*4 3r0 Universe Specification

4 5 1000 1000 4 1000 1000 5 1000 1000 1000 1000 4*1000 Medium number |
0 1000 1000 1 2 2 1000 -1000 1000 1000 for each zone ;

-1000 1000 1000 -1000 -1 1000 1000 1000 |-1000 -2 -3 -4 '

17 17 3 2 1 1 3 1 1 2 1 1 0 0 |
289*3 289*1 289*2 7*4

4r0
end

Figure S4.5.5 (continued)
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S4.5.6 SAMPLE PROBLEM 6

i
This sample probian uses the IPF = 1 option to input the top axial gamma profile provided by SAS4 to )

* tw axial prunary gamma-ray doses of the depleted uranium cask. Input of this problem is shown in Fig.
| S4.5.7. It is vay saslar to the input of sample problem 2 except for the following items: (1) in the Monte Carlo

paramekr card, IPF = 1 is input to invoke the top axial profile provided by the code; (2) ITY = 2 in the adjoint
j deante.orsnates pannneter card to in&cate gamma responses to be +1a~i; (3) in the Monte Carlo parameter
j card,NST = 600 inmari of 100 for nautica mhi1*=, and SFA = 6.3693 + 17 for gamma source strength; and
j (4) the source spectrum array has 40 entnes mstead ofjust 22 entries for neutron responses. Note that the ITY =

- 2 input can be anunart because the default value ofITY is 2. Finally, for gamma responses, a batch size of NST =a

} 400 or larger is sw r =-f+1 whereas NST = 100 is normally sufficant for neutron responses
i

|
i S4.5.7 SAMPLE PROBLEM 7 )1

.:
j This problem computes axial total gamma-ray responses of a large steel cask containmg

115-GWd/MTU PWR spent fuel that ha; b.an (cded for slightly more than 13 years. The geometry of this.

! prA snis shown in Fig. S4.5.8. 'Ihe cask canty has a radms of 91.1 cm and a height of 436.58 cm, and the cask
I wall is a solid steel shcIl of 23.5 cm thick on the side and 22.09 cm thick on both ends. The outside dunensions
i of the cask are 114.6 cm in radius and 480.76 cm in height. On both ends of the cask are impact limiters. The
j sowce region is a cyhnder with an amive fuel mane at the miMie and fuel hardware zones on both ends. The height
i of the active fuel is 365.76 cm, and the height of the bl hardware zones is 35.4 cm. The radius of the source

region is 72.% cm. Only the gamma-ray dose from thetise fuel zone is evaluated in this problem.
'Ibe input for this probian is shown in Fig. S4 5 9. "Ihis pmblem used the 27N 18 COUPLE cross-section

bbrary with INFHOMMEDIUM opton for the fuel lattice type. Six material mixtures were input in the material
aformeian input data. Mixture 1 is the spent fuel. Mixture 2 is a borated steel, but is not used in the problem.
Moese 3 is the cask wall matenal, and nuxture 4 is the impact limiter matenal. Mixture 5 is the fuel hardware
matmal, and nuxtue 6 is void to represent the cavity. The default value of the source geometry option was used,
because IGO was not input in the Monte Carlo parameter card. For the SOE array, both neutron and gamma-ray
sportra was input because total gamma-ray doses were desired. Four point detectors were located on the z-axis
and were, respectively,10,100,200, and 300 cm above the top impact limiter.

1

S4.5.8 SAMPLE PROBLEM 8 i
i

"Ihis sample problem calmid= axial samma ray doses resulting from the "Co gamma source in the fuel
hardware for the cask described in sample problem 7. Input of this problem is shown in Fig. S4.5.10. Ncte that
evarnhan starts from the MORSE-SGC functional module using the PARM=MO opten in the first card. ISO
in the parameter card of Monte Carlo input was set to 1 to indmate source would be starting from the fuel
hardware. The source normalinhan factor SFA was not input for this problem. In the source spectrum array
SOE, only group 37 has a nnn-o value, wiuch in& cates that the source is gamma rays of energies between 1.00
and 1.33 MeV. Finally, cross-secten data on lopct; unit 4 and angular fluxes on logmal unit 12 from the last
sample problan must be saved and used in this prutaem.

i
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4

=sas4
sample problem 5, runs sample problem I with infhonnedium option
22n-18 couple infhannedium
u-235 1 0.0 5.2672-5 end
u-238 1 0.0 6.1692-3 end
pu-239 1 0.0 3.2759-5 end ruel material mixture used in Monte
pu-240 1 0.0 1.4960-5 end Carlo calculation
o 1 0.0 1.2550-2 end
zr 1 0.0 1.7799-3 end
er 2 0.0 1.662-2 end
an 2 0.0 1.200-3 end
fe 2 0.0 5.775-2 end
ni 2 0.0 7.520-3 end
no 2 0.0 1.100-4 end
u-235 3 0. ft 1.070-4 end
u-238 3 0.0 1.770-2 end
o 4 0.0 1.00-9 end
u-235 5 O. 4.07074-5 end
u-238 5 0. 4.76784-3 end
pu-239 5 0. 2.53180-5 end Material of fuel zone in adjoint
pu-240 5 0. 1.15618-5 end discrete ordinates calculationo 5 O. 9.69937-3 end
zr 50, 1.37556-3 end

end comp
ity=1 izm=5 mhw=4 frd=36.42 end For INTHOMMEDIUM with IGO=1, the fuel
36.42 44.55 45.82 53.44 57.27 end mixture number MTU must be input
5 4 2 3 2 end
xend
tim =20.0 nat=100 nit =10 nod =3 igo=1
ran=f2ae3ebfbleb
mfu=1 frl=1. fr2=0.6465 fr3=0.6465 fr4=0.6465 sfa=1.8298+9 end
see 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10

4. 5 42-10 9. 070-11 3. 82 4-10 4. 990 *.J 3. 982-10 1. 83 6-10 1. 761-14
8z end

det 148.69 0.0 0.0 240.13 0.0 0.0
121.91 0.0 305.96 end

gend
2 homogenized fuel v
ful 0.0 12.10 182.88 182.89 end
fu2 21.16 36.42 182.88 182.89 end

, fend
' cay 4 44.55 228.60 end Could have used zero insteadinn 2 45.89 229.87 end
rsl 3 53.44 237.49 end
our 2 57.25 243.30 end
asi 3 45.82 23' 9 end
cend
end

Figure S4.5.6 Input listing of sample problem 5
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=sas4
sample problem 6, axial ganana doses of dry depleted uranium cask
22n-18 couple latticacell
u-235 1 0.0 1.6736-4 end
u-238 1 0.0 1.9602-2 end
pu-239 1 0.0 1.0409-4 end
pu-240 1 0.0 4.7534-5 end
o 1 0.0 3.9877-2 end
zr 2 0.0 1.9350-2 end
o 3 0.0 1.000-9 and
er 4 0.0 1.662-2 end
an 4 0.0 1.200-3 and
fe 4 0.0 5.775-2 and
ni 4 0.0 7.520-3 end
no 4 0.0 1.100-4 and

": ': : :: 2:" : :"' c- do rc1cutta
and coup

squarepitch 1.26 0.83566 1 3 0.94996 2 end
idr=1 ity=2 izap5 frd=36.42 end
7 17 25 3r0 0.01 21.4493 end Neutron source spectrum is zero.
182.88 228.60 229.87 237.49 241.30 end only primary gamma doses are calculated.
2 0 4 5 4 end
xend
tim =5.0 nat=600 nat=900 nit =90 nod =3
sfa=6.3693+17 igo=1 ipf=1 end
see 22z 1.108-12 7.217-12 4.421-11 4.181-11 2.604-6 3.893-5
1.506-3 8.461-4 3.708-3 6.424-3 1.643-1 1.328-1 8.194-2
1.193-2 2.266-2 6.945-2 8.459-2 4.198-1 end

det 2r0.0 332.74 2r0.0 424.18
[N 121.91 0.0 305.96 end
( ) gend !

\. d sample problem 6, 2 homogenized fuel zones
ful 0.0 12.10 182.88 182.89 end 40 entries are

required !fu2 21.16 36.42 182.88 182.89 end
fend
car 0 44.55 228.60 end
inn 4 45.82 229.87 end
Is1 5 53.44 237.49 end
our 4 57.25 241.30 end
asi 5 15.82 237.49 end
cend i

and
'

|

Figure S4.5.7 Input listing of sample problem 6

l

4

4

'
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ORit.-DWG 86 -42627

|

ff fffff/

/ IMPACT LIMITER //////////
'' '|VA5'5V/h.4 ,

$yitI6.M$SEQh 207.36

2"2522 / -o
482.88

oFUE

-
\ R

72.96 94.40 444.60

MI LANE

l

!
Figure S4.5.8 Upper half of steel cask of sample problem 7

NUREG/CR-0200,
Vol.1, Rev. 5 S4.5.14

._



.. .- .. .- ~. -- .. . . - - . . - . . . - ..

|

=sas4
; \s_ - sample problem 7, axial total gamma ray doses of a large steel cask
! 27n-18 couple infhonenedium i

! u-238 1 0' 6.104-3 end
'

' u-235 1 0 2.229-4 end
o 1 0 1.265-2 end
zr 1 0 3.577-3 end

| fe 2 0 5.804-2 end
; cr 2 0 1.658-2 end
| ni 2 0 1.064-2 end
! b-10 2 0 1.484-3 end

fe 3 0 8.211-2 end
er 3 0 1.822-4 end
an 3 0 1.035-3 end
ni 3 0 1.130-3 end
si 3 0 3.373-4 end
c 4 0 6.274-3 end
h 4 0 9.035-3 end
o 4 0 4.141-3 end
er S 0 1.988-3 and
an 5 0 1.980-4 and

i

fe 5 0 6.720-3 end
ni 5 0 8.339-4 end
zz 5 0 1.307-3 end

end coup
idr=1 ity=2 izam4 irf=S504 mhw=5 frd=72.96 end
182.88 218.28 240.38 306.38 end
1534 end- '

xend
timm60.0 nst=1200 nat=2000 nit =60 nod =4 sfa=2.(408+16 end i

soe 1.204+4 2.068+5 3.468+5 1.376+5 1.449+5 1.345+5 2.600+4 20z
4.1669+2 1.9727+3 1.0131+4 2.5454+4 8.19::4+6 6.7708+7 2.3506+9

'\ 2.183:l+10 1.9167+12 9.7254+12 4.7619+12 3.1923+14 1.0531413
.

'

J' B.2641+12 1.1979+13 3.9054+13 5.7276+13 1.9742+14 end
d det 2r0.0 316.98 2r0.0 406.98 2r0.0 506.98 2ro.0 606.98 end

gend
large steel cask with eTe source region
fue 182.88 218.28 end
fend
cay 0 91.1 218.29 end
inn 3 93.0 220.0 end
rsi 3 110. 233.0 end
asi 3 93.0 233.0 end ,

our 3 114.6 240.38 end
imp 4 165.4 306.38 207.36 end
cend
end

.

'#shell
ep it04f001 $RTNDIR/sas4g.ft04f001
ep ft12f 001 $RINDIR/sas4g.f t12f 001

r
end '

,

,

i
,

Figwe S4.5.9 Input listing of sample problem 7 |

i
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#shell
in -fs $RTNDIR/sas4g.ft04f001 ft04f001
in -fs $RTNDIR/sas4g.f t12f 001 ft12f 001
end
=sas4 parm-mo
sample problem 8, axial gamma doses due to source in hardware
27n-18 couple infhommedium
u-238 1 0 6.104-3 end
u-235 1 0 2.229-4 end
o 1 0 1.265-2 end
zr 1 0 3.577-3 end
fe 2 0 5.804-2 end
er 2 0 1.658-2 end
ni 2 0 1.064-2 end
b-10 2 0 1.484-3 end
fe 3 0 8.?11-2 end
er 3 0 1.822-4 end
an 3 0 1.035-3 end
ni 3 0 1.130-3 end
si 3 0 3.373-4 end
c 4 0 6.274-3 end
h 4 0 9.035-3 end
o 4 0 4.141-3 end
er 5 0 1.988-3 end
an 5 0 1.980-4 end
fe 5 0 6.720-3 end
ni 5 0 8.339-4 end
zr 5 0 1.307-3 end

end comp
idr=1 ity=2 izm=4 irf=9504 mhw=5 frd=72.96 end
182.88 218.28 240.38 306.38 end
1534 end
xend *

tinp60.0 nst=1200 nmt=2000 nit =60 nod =4 iso =1 end
soe 36x 1.0 8z end
det 2r0.0 316.98 2r0.0 406.98 2r0.0 506.98 2r0.0 606.98 end
gend
large steel cask with one source regio's
fue 182.88 218.28 end
fend
cay 0 91.1 218.29 end
inn 3 93.0 220.0 end
rsi 3 110. 233.0 end
asi 3 93.0 233.0 end
our 3 114.6 240.38 end
imp 4 165.4 306.38 207.36 end
cend
end

Figure S4.5.10 Input listing of sample problem 8
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4 m mm ooo h rrrrrrrrrrrr assssssssss eeeeeeeeeeeee sssssssssss ggqqqqqqqqq sssssssssss
9. mmm nenm ooooooooooooo trrrrrrrrrrrr asssssssssses eeeeeeeeeeeee sssssssssssss qqqqqqqqqqqqq sssssssssssss

mmmm rnmmm oo oo rr rr as as ee ss as gg gg ss ss
,
. rnm mm mm mm oo oo rr rr as ee as gg as

m mm mm mm oo oo er rr as ce as gg as
y (s") mm mmm mm oo oo rrrrrrrrrrrrr asssssssssss eeeeeeeee asssssssssss gg ggggggg sssssssssssan
4 W m m mm oo oo rrrrrrrrrrrr assssssssssa eeeeeeeee sesssssssssa qq ggggggg asssssssssas

u mm mm oo oo rr rr as ee as gg gg as

mm mm oo oo rr rr ss ee se gg qq ss

mm mm oo oo rr er as as ce as ss gg qq ss as
- m mm oocoooooooooo rr rr assssssssssss eeeeeeeeeeeee assssssssssss qqqqqqqqgaggg sssssssssssss

mm mm ooooooooooo rr rr assssssssss eeeeeeeeeeeee sasssssssas gggggqqqqqq sssssssssss

xx xx 44 sssssssssss
xx xx 444 ssssssssssses

xx xx 4444 ss ss
xx xx 44 44 ss
xx xx 44 44 ss
xxx 44 44 ssssssssssss
xxx 44 44 assssssssssa

xx xx 444444444444 ss
xx xx 4444444444444 ss

xx xx 44 as ss
xx xx 44 sasssssssssas

xx xx 44 assssssssss

0000000 99999999999 // 0000000 7777777777777 // 99999999999 5555555555555
,> 000000000 9999999999999 // 000000000 777777777777 // 9999999999999 5555555555555
- 00 00 99 99 // 00 00 77 77 // 99 99 55p

00 OA 99 99 // 00 00 77 // 99 99 55
00 00 99 99 // 00 00 77 // 99 99 55
00 00 9999999999999 // 00 00 77 // 9999999999999 555555555555
00 00 999999999999 // 00 00 77 // 999999999999 5555555555555
00 00 99 // 00 00 77 // 99 55
00 00 99 // 00 00 77 // 99 55

00 00 99 // 00 00 77 // 99 55 55
000000000 9999999999999 // 000000000 77 // 9999999999999 5555555555555

0000000 999999999999 // 0000000 77 // 999999999999 55555555555

0000000 44 33333333333 0000000 0000000 0000000
000000000 444 3333333333333 000000000 000000000 000000000

00 00 4444 :.. 33 33 00 00 9.* 00 00 00 00
00 00 44 44 .:: 33 00 00 .:: 00 00 00 00

00 00 00 0000 00 44 44 *:- J3 00 00 *-

00 00 44 44 333 00 00 00 00 00 00
00 00 44 44 333 00 00 00 00 00 00
00 00 44st'i444#44 :.: 33 00 00 .: 00 00 00 00
00 00 4444444444444 ::t 33 00 00 :: 00 00 00 00

00 00 44 :: 33 33 00 00 ::- 00 00 00 00
000000000 44 3333333333333 000000000 000000000 000000000
0000000 41 33333333333 0000000 0000000 0000000

0 0 0
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***** ****.

program verification information **********
..... ..*+.

,

;

code system: scale version: 4.3 **********
..... ..**.

.....++ .+.*** .......***........+++ . .+....******* ......******........ ***... i
* * . . . . . * * * * * * * * . * * * * . . . . . . . . . . * * . . * * * * * * * * * . . . . . . . . * * * . . . * * * . . . . . . . . . . * * * * * * * *
..+.* **...

*..... .....

program: o0o106 **********
...+. *****

*****
*

***** creation date: 09/13/95 I..*** ....+

library: / scale 4.3/ bin ***** ******
..... ..**. .

t..... .+...

production code: morse **********
..**. *****
***** version: 3.0 ***** '

***** **...
$2 i

jobname: x4s **********

->> ***** .....
***** date of execution: 09/07/95 .....

La ,

..... ,,,,,

***** time of execution: 04:30:00 *****
.

P

*** * .b...

....e ..e.. ,

***...**...**.444.*6.**4.***..++446...........4......+.**e+++.e.46e***.6..
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iIq array har 14 entries.

2q array has 5 entries.
3q array has 20 entries.
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O[
#h

sample prob 1'em 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995
'

1 S array

indjra adjoint indicator 0 nspit splitting indicator 1

natrt number of particles per batch 100 nkill russian roulette indicator. I

nmost max nurnber of particles allowed 400 npast exponential transform indicator 1

nits number of batches 10 noleak non-leakage indicator 0

nquit number of sets of batches 1 ieblas energy bias indicator 1

neoltp not used 0 nkcale batch used in k-calculation 0
|

| 1 stat indicator to store legrendre coeff 1 normf normalization indicator 0

2 3 array

media number of cross section media 8 mxreg number of regions B

nmix number of mixing operations 19 afistp fission indicator 1

medalb albedo indicator 0

Only neutron is analyzed for neutron dose calculation
3 $ array /

g k
. nnga number of n-gps to be analyzed 22 1rdsg print cross sections as read O

7
g ngga number of g-gps to be analyzed 0 istr print cross sections as stored 0*

nngtp completely coupled indicator 0 ifmu print results of mu calculation 0
J

ngopt not used 0 imom print moments of angular distribution 0

iqqopt not used 0 1prin print angles and probabilities O

ndsn number of array analysis collision edits 0 1 pun print bad legendre coef results O

ndsg option of path-length stretching 9 1xt. ape logical unit # if x-s from ampx working lib I
neoef number of legendre coefficients 4 jxtape logical unit f if x-s from ice tape O

nset number of discrete angles 2 fo6r not used 0

maxgp last gp for r.r., splitting, or p l. stret 22 source particles medium number 0

& 9
< Not used for homogeneous Cross section from unit 3 for

fuel models (1G0=0 and 1) LATTICECELL option and. s-n
:e IGO=0 or i-

b
g. ,

9
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sample problem I, radial neutron doses of dry depleted uranium cask thursday, september 7,1995
4Z 4 S array
2. C

isour source energy group 0 isbias source energy bias indicator 1*

,
.

ngpfs number of source groups 22 nsour fixed source indicator 0
s

0
4 50
m6 0 $ $ array

nd number of detectors 7 na number of angle bins o

nne number of neutron energy bins 22 nresp number of response functions 1

ne number of energy bins 22 nex no of extra nnga+ngga size arrays 6

nt number of time bins 0 nexnd number of extra nd si=e arrays 4

the following analysis subroutines will be called

subroutine nrun version 1

subroutine nbatch version 1 Always called in a MORSE-SGC/S calculation
subroutine stbtch version i

subroutine adata version 1

subroutine sgam version 1

>
* subroutine bdryx version 1 4- Always called in SAS4e

subroutine relcoa version -1

SDATA, SGAM, and RELCOA are called when point detecors are input in SAS4

|
t

i
.

9 9 9
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sanple problem 1, radial neutron doses of dry depleted uranium cast thursday, september 7,1995
6q array has 10 entries.
Bq array has 704 entries.
9q array haa 176 entries.

10q array has 184 entries.
12q array has 19 entries.
13q array has 19 entries. |
14q array has 19 entries. '

17q array has 22 entries.
18q array has 22 entries.
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995
6 * array

tmax maximum cpu time 0.1500E+02 xmax upper x limit of source volume 0.0000E+00,,
.

tcut age particles retired 0.0000E+00 ymin lower y limit of source volume 0.0000E+00s,

*0Pd wtstrt input starting weight of particles 0.1000E+01 ymax upper y limit of source volume 0.0000E+00.

ut b
N agstrt starting age of source particles 0.0000E+00 zmin lower z limit of source volume 0.0000E+00

( ) lower x limit of source volume 0.0000E+00 zmax upper z limit of source volume 0.0000E+00-

A k
7 * array In SAS4, these values are set internally.

group neutron velocity
1 0.5093E+10
2 0.4608E+10
3 0.4170E+10
4 0.3729E+10
5 0.3290E+10
6 0.2937E+10
7 0.2600E+10
8 0.2287E+10
9 0.2145E+10

.>> 10 0.1999E+10
* 11 0.1677E+10g,

12 0.1260E+10
13 0.7951E+09
14 0.3307E+09
15 0.6133E+08
16 0.2558E+03
17 0.1115E+08
18 0.6115E+07
19 0.3548E+07
20 0.1999E+07
21 0.1211E+07
22 0.6368E+06

O O O
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un:- a
<b.n
on 6 1 3 0.4187E+00 0.3426E+00 0.3768E+00 0.3398E+00

9 2 3 0.4848E+00 0.3967E+00 0.4363E+00 0.2927E+00

-8 3 3 0.5120E+00 0.4189E+00 0.4608E+00 0.2683E+00
4 3 0.6097E+00 0.4988E+00 0.5487Z+00 0.2577E+00
5 3 9.7342E+00 0.6007E+00 0.6607E+00 0.2500E+00
6 3 0.7 915E+ 00 0.6476E600 0.7123E+00 0.2575E+00
7 3 0.8218E+00 0.6724E+00 0.7396E+00 0.2568E+00
8 3 0.8448E+00 0.6912E+00 0.7603E+00 0.2568E+00
9 3 0.8546E+00 0.6992E+00 0.7691E+00 0.2701E+00

10 3 0.8735E+00 0.7147E+00 0.7861E+00 0.2860E+00
11 3 0.1068E+01 0.8740E+00 0.9614E+00 0.3186E+00
12 3 0.1157E+01 0.9469E+00 0.1042E+01 0.3150E+00

L J w ,

yy

Path length
Russian roulette and splitting parameters stretching parameters
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sample problem 1, radial neutron ..s of dry depleted uranium cask thursday, september 7,1995 '

8 + array

group ' region splitting wt rr weight surviving wt stretch parameters
13 3 0.1855E+01 0.1517E+01 0.1669E+01 0.2358E+00'

14 3 0.1222E+02 0.1000E+02 0.1100E+02 0.8933E-01
15 3 0.1977E+02 0.15892+02 -0.1768E+02 -0.4127E-02
16 3 0.3483E+02 0.2298E+02 0.2777E+02 -0.1911E-01 -

17 3~ 0.4374E+02 0.2778E+02 0.3395E+02 -0.2003E-01
18 3 0.3207E+02 0.1818E+02 0.2327E+02 -0.4737E-01
19 -3 0.3245E+02 0.2316E+02 0.2614E+02 -0.5796E-01. I
20 3 0.3957E+01 0.3237E+01 0.3361E+01 -0.3739E-02 i

'
21 3 0.3222E+01 0.2477E+01 0.2807E+01 0.7222E-01
22 3 0.1386E+01 0.1055E+01 0.1247E+01 0.1392E-01 i

!
1 4 0.3641E+00 0.2979E+00 0.3277E+00 0.1210E+00
2 4 0.4230E+00 0.3461E+00 0.3807E+00 0.1247E+00 [
3 4 0.4492E+00 0.3675E+00 0.4042E+00 0.1351E+00 *

f
4 4 0.5436E+00 0.4448E+00 0.4893E+00 0.1705E+00
5 4 0.6729E+00 0.5506E+00 0.6056E+00 0.2126E+00 (
6 4 0.7247E+00 0.5929E+00 0.6522E+00 0.2175E+00 -

7 4 0.7602E+00 0.6219E+00 0.6841E+00 0.2239E+00 r

8 4 0.7858E+00 0.6430E+00 0.7073E+00 0.2449E+00 *
?

9 4 0.7898E+00 0.6462E+00 0.7108E+00 0.2547E+00
10 4 0.7975E+00 0.6525E+00 0.7178E+00 0.2639E+00
11 4 0.9901E+00 0.8101E+00 0.8911E+00 0.3204E+00 >

12 4 0.1072E+01 0.8774E+00 0.9651E+00 0.3203E+00 -

*
13 4 0.1708E+01' O.1398E+01 0.1537E+01 0.2436E+00
14 4 0.1280E+02 0.1047E+02 0.1152E+02 0.1319E+00 i

j[ 15 4 0.2513E+02 0.2056E+02 0.2262E+02 0.6232E-01 |

16 4 0.6255E+02 0.3900E+02 0.5203E+02 0.6731E-01 i

.?> 17 4 0.1065E+03 0.5159E+02 0.8520E+02 0.5236E-01 |
== 18 4 0.8537E+02 0.3927E+02 0.6718E+02 0.6912E-01 i

19 4 0.9453E+02 0.4091E+02 0.7263E+02 0.8024E-01 t""
'

20 4 0.3892E+01 0.3185E+01 0.3503E+01 -0.2597E-01
21 4 0.2442E+01 0.1998E+01 0.2190E+01 -0.2280E-01 y

22 4 0.1315E+01 0.1076E+01 0.1183E+01 -0.6465E-01 ;

!
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E'
pd , 1 5 0.3174E+00 0.2597Et00 0.2856E+00 0.1923E-01

m () 2 5 0.3678E+00 0.3009E+00 0.3310E+00 0.8124E-01
4 PO 3 5 0.3915E+00 0.3203E+00 0.3523E+00 0.9807E-01
tn 4 5 0.4758E+00 0.3893E+00 0.4282E+00 0 1486E+00

5 5 0.5926E+00 0.4849E+00 0.5334E+00 0.2045E+00
6 5 0.6362E+00 0.5205E+00 0.5726E+00 0.2130E+00
7 5 0.6702E+00 0.5483E+00 0.6032E+00 0.2225E+00-

8 5 0.6937E+00 0.5676E+00 0.6243E+00 0.2477E+00
9 5 0.6944E+00 0.5681E+00 0.6250E+00 0.2582E+00

10 5 0.6952E+00 0.5688E+00 0.6257E+00 0.2671E+00
11 5 0.8629E+00 0.7060E+00 0.7766E+00 0.3355E400
12 5 0.9284E+00 0.7596E+00 0.8356E+00 0.3407E+00
13 5 0.1471E+01 0.1204E+01 0.1324E+01 0.2597E+00
14 5 0.1244E+02 0.1018E+02 0.1120E402 0.1702E+00
15 5 G.2848E+02 0.2330E+02 0.2563E+02 0.1152E+00
16 5 C.7320E+02 0.5989E+02 0.6588E+02 0.1169E+00
17 5 0.1129E+03 0.9238E+02 0.1016E+03 0.7909E-01
18 5 0.9718E+02 0.7951E+02 0.8746E+02 0.1004E+00
19 5 0.1030E+03 0.8423E+02 0.9266E+02 0.1107E+00
20 5 0.3792E+01 0.3102E+01 0.3413E+01 -0.5352E-01
21 5 0.2117E+01 0.1732E+01 0.1906E+01 -0.1003E+00
22 5 d.1127E+01 0.9225E+00 0.1015E+01 -0.1445E+00

1 6 0.2708E+00 0.2215E+00 0.2437E+00 -0.3899E-01

32 2 6 0.3126E+00 0.2557E+00 0.2813E+00 -0.4116E-01

.
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995
8 * array

group region splitting wt rr weight surviving wt stretch parameters
3 6 0.3323E+00 0.2719E+00 0.2991E+00 -0.2429E-02
4 6 0.3996E+00 0.3270E+00 0.3597E+00 0.9071E-01
5 6 0.4891E+00 0.4002E+00 0.4402E+00 0.1794E+00
6 6 0.5214E+00 0.4262E+00 0.4693E+00 0.1971E+00
7 6 0.5490E+00 0.4480E+00 0.4941E+00 0.2129E+00
8 -6 0.5660E+00 0.4606E+00 0.5094E+00 0.2477E+00
9 6 0.5655E+00 0.4600E+00 0.5089E+00 0.2604E+00

10 6 0.5636E+00 0.4581E+00 0.5072E+00 0.2679E+00
11 6 0.6939E+00 0.5489E+00 0.6168E+00 0.3600E+00
12 6 0.7430E+00 0.5822E+00 0.6573E+00 0.3792E+00
13 6 0.1176E+01 0.9249E+00 0.1041E+01 0.2902E+00
14 6 0.1049E+02 0.8424E+01 0.9441E+01 0.2142E+00
15 6 0.2650E+02 0.2168E+02 0.2385E+02 0.1696E+00
16 6 0.6244E+02 0.4903E+02 0.5565E+02 0.1813E+00
17 6 0.9200E+02 0.7386E+02 0.8244E+02 0.1318E+00
18 6 C.7994E+02 0.6411E+02 0.7162E+02 0.1523E+00
19 6 0.8482E+02 0.6859E+02 0.7633E+02 0.1828E+00
20 6 0.3713E+01 0.3038E+01 0.3342E+01 -0.1085E+00
21 6 0.1917E+01 0.1508E+01 0.1725E+01 -0.2320E+00
22 6 0.9714E+00 0.7940E+00 0.8743E+00 -0.3365E+00

1 7 0.2408E+00 0.1970E+00 0.2167E+00 -0.3683E+00
2 7 0.2782E+00 0.2276E+00 0.2504E+00 -0.3714E+00
3 7 0.2946E+00 0.2410E+00 0.2651E+00 -0.2558E+00
4 7 0.3432E+00 0.2808E+00 0.3089E+00 -0.4657E-01

3[ 5 7 0.3999E+00 0.3272E+00 0.3599E+00 0.1205E+00
6 7 0.4216E+00 0.3449E+00 0.3794E+00 0.1630E+00

-?" 7 7 0.4414E+00 0.3612E+00 0.3973E+00 0.1954E+00
== 8 7 0.4504E+00 0.3657E+00 0.4054E+00 0.2532E+00
DJ 9 7 0.4498E+00 0.3651E+00 0.4048E+00 0.2714E+00

10 7 0.4484E+00 0.3649E+00 0.4036E+00 0.2727E+00
11 7 0.5293E+00 0.4099E+00 0.4687E+00 0.4155E+00
12 7 0.5606E+00 0.4293E+00 0.4938E+00 0.4765E+00
13 7 0.8919E+00 0.6950E+00 0.7921E+00 0.3651E+00
14 7 0.8103E+01 0.6006E+01 0.7081E+01 0.2481E+00
15 7 0.2105E402 0.1583E+02 0.195BE+02 0.2166E+00
16 7 0.4670E+02 0.2353E+02 0.3560E+02 0.3121E+00
17 7 0.7151E+02 0.2857E+02 0.5356E+02 0.3620E+00
18 7 0.6187E+02 0.2812E+02 0.4781E+02 0.4034E+00
19 7 0.6621E+02 0.0504E+02 0.4852E+02 0.4600E+00 .

20 7 0.3854E+01 0.3153E+01 0.3468E+01 -0.1673E+00
21 7 0.2023E+01 0.1650E+01 0.1615E+01 -0.3748E+00
22 7 0.1174E+01 0,8298E+00 0.9128E+00 -0.6610E+00

Z
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sample problem 1, radial neutron doses of dry depleted uranium cask

p. 9 * array

I" group region relative importance
1 1 0.1124E-05 je.,

() 2 1 0.9955E-06
50 3 1 0.9487E-06.

(n 6 4 1 0.7975E-06
9 5 1 0.6572E-06
(3 6 1 0.6013E-06

7 1 0.5719E-06-

8 1 0.5493E-06
9 1 0.5445E-06

10 1 0.5073E-06 Collision energy biasing parameters Calculated

$$2E:$ from the adjoint XSDRNPM-S results. They are}$ [
,2$'$:g input as function of energy group and importance} [

15 1 0.3836E-07 region.
16 1 0.2639E-07
17 1 0.2108E-07
18 1 0.3331E-07
19 1 0.1995E-07
20 1 0.1386E-06
21 1 0.1004E-06
22 1 0.6682E-06

1 2 0.1240E-05

-j[ 2 2 0.1081E-05
3 2 0.1025E-05

>> 4 2 0.8609E-06
*
== 5 2 0.7157E-06
db 6 2 0.6619E-06

7 2 0.6390E-06
8 2 0.6174E-06
9 2 0.6084E-06

10 2 0.5921E-06
11 2 0.4854E-06
12 2 0.4476E-06
13 2 0.2784E-06
14 2 0.4530E-07
15 2 0.3167E-07
16 2 0.2245E-07
17 2 0.1856E-07
18 2 0.2894E-07
19 2 0.2093E-07
20 2 0.1385E-06
21 2 0.1413E-06
22 2 0.5174E-06

O O O
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1 3 0.1282E-05
2 3 0.1107E-05
3 3 0.1049E-05
4 3 0.880SE-06
5 3 0.7313E-06
6 3 0.6783E-06
7 3 0.6533E-06
9 3 0.6355E-06
9 3 0.6282E-06

10 3 0.6146E-06
11 3 0.5026E-06
12 3 0.4639E-06
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, septerber 7,1935
9 * array

[ group region relative importance
..
p, 13 3 0.2895E-06
o 14 3 0.4392E-07
4 15 3 0.2733E-07
on 6 16 3 0.1740E-07

N 17 3 0.1423E-07
$3 18 3 0.2076E-07

19 3 0.1848E-07-

20 3 0.1357E-06
21 3 0.1721E-06
22 3 0.3873E-06

1 4 0.1474E-05
2 4 1.1269E-05
3 4 0.1195E-05
4 4 0.9876E-06
5 4 C.7978E-06
6 4 0.7408E-06
7 4 0.7062E-06
e 4 0.6832E-06
9 4 0.6798E-06

10 4 0.6732E-06
11 4 0.5422E-06
12 4 0.5007E-06
13 4 0.3143E-06

$[ 14 4 0.4195E-07
15 4 0.2136E-07

.>> 16 4 0.9287E-08
La 17 4 0.5671E-08
Ch 18 4 0.7192E-08

19 4 0.6652E-08
20 4 0.1379E-06
21 4 0.2199E-06
22 4 0.4083E-06

1 5 0.1692E-05
2 5 0.1460E-05
3 5 0.1371E-05
4 5 0.1128E-05
5 5 0.9059E-06
6 5 0.8438E-06
7 5 0.8011E-06
8 5 0.7739E-06
9 5 0.7731E-06

10 5 0.7722E-06
11 5 0.6222E-06
12 5 0.5782E-06

9 9 e
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995
9 * array

I

; q:oup region relative importance
13 5 0.3649E-06j
14 5 0.4315E-07

,

f 15 5 0.1885E-07
! 16 5 0.1334E-09 ,

17 5 0.4755E-08 i

| 18 5 0.5524E-08
19 5 0.5215E-08
20 5 0.1416E-06

,

!

21 5 0.2535E-06
22 5 0.4762E-06

1 6 0.1983E-05
2 6 0.1718E-05

l,
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3 6 0.1615E-05
<d 4 6 0.1343E-05
GL 5 6 0.1098E-05
*

6 6 0.1030E-05
**

7 6 0.9779E-Of.

8 6 0.9485E-06~,

() 9 6 0.9494E-06
50 10 6 0.9526E-06.

gn 11 6 0.7833E-06
12 6 0.1351E-06
13 6 0.4640E-06
14 6 0.5118E-07-

15 6 0.2026E-07
16 6 0.8682E-08
17 6 0.5861E-08
18 6 0.6746E-08
19 6 0.6330E-08
20 6 0.1446E-06
21 6 0.2801E-06
22 6 0.5527E-06

1 7 0.2230E-05
2 7 0.1930E-05
3 7 0.1822E-05
4 7 0.1564E-05
5 7 0.1342E-05
6 7 0.1273E-05
7 7 0.1216E-05
0 7 0.1192E-05

$2 9 1 0.1194E-05
10 7 0.1197E-05

.>> 11 7 0.1031E-05
'

12 7 0.9785E-06
00 13 7 0.6100E-06

14 7 0.6824E-07
15 7 0.2601E-07
16 7 0.1357E-07
17 7 0.9022E-08
18 7 0.1011E-07
19 7 0 9958E-08
20 1 0.1393E-06
21 1 0.2661E-06
22 7 0.5293E-06

O O O
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10 * eney, Essica meetson weights

sesion mweight
1 0.1353E+01
2 0.Il50E+0!
3 0.1121E+01
4 0.1054E+01 Weights given to fission neutrons

'
6 75 as a fianctiort ofitnportanz regiort.
7 0.5790E+00
8 0.354tE+ 00

123,133, sad 14* eneye s

snedient eieniens density
7 1092235 5.26721W5
5 5092235 1.0700EW4
7 1092238 6.1692 5 03
5 5092238 4.7700E02
7 1094239 3.27595 05
7 1094240 1.49tKE45
7 1000016 1.2550EW 2
7 3000016 5.0430E-10
7 2040000 1.7799E03
4 4024000 1.6620E02 Cross-section mixing table

-

T 4 4025055 1.2000so3
4 4026000 5.7750542-

> 4 4029000 7.5200 5 03 ;,

- 4 4042000 1.1000E04* I 4042000 1.0000510
2 4042000 1.0000510
3 4042000 1.0000E-10 $

*

6 4042000 1.0000 5 10
8 4042000 1.0000510

;

|
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995

17* and 18* arrays, *

." group fatigt bfs(ig)
*

W, 1 2.4740E-13 1.1239E-06

g ()5 2 2.0960E-12 9.9549E-07
5 3 5.7660E-12 9.4869E-07.

on 4 2.8990E-11 7.9747E-07
5 7.2280E-11 6.5718E-07
6 1.4570E-10 6.0130E-07

- 7 6.0990E-10 5.7194E-07
8 4.5420E-10 5.4933E-07
9 9.0700E-11 5.4455E-07

10 3.8240E-10 5.0733E-07
11 4.9900E-10 4.0123E-07
12 3.9820E-10 3.5235E-07
13 1.8360E-10 2.1728E-07
14 1.7610E-14 4.8203E-08
15 0.0000E+00 3.8356E-08
16 0.0000E+00 2.6394E-08
17 0.0000E+00 2.1085E-08
18 0.0000E+00 3.3307E-08
19 0.0000E*00 1.8953E-08
20 0.0000E400 1.3860E-07
21 0.0000E+00 1.0041E-07
22 0.0000E+00 6.6821E-07

A Ag
~

>
io

Source energy Source energy
spectrum biasing parameters
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, septenber 7,1995

detector y z rad to

1 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 - 0.0000E+00
2 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 Deectors I to 4 are surface -3 0.0000E400 0.0000E400 0.0000E+00 0.0000E+00 0.0000E+00
4 0.0000t+00 0.0000t+00 0.0000E+00 0.0000E+00 0.0000E+00 detectors and detectors 5,
5 "1 4869E+02 0.0000E+00 0.0000E+00' 1.4869E+02 2.9196E-08
6 2.4013E+02 0.0000E+00 0.0000E+00 2.4013E+02 4.7151E-08 6, and 7 are P0 tnt deteC90rS

. .

7 <1.2191E+02 0.0000E+00 3.0596E+02; 3.2935E+02 6.4671E-08

k
response functions

group respl il
1 1.9448E-04
2 1.5971E-04 Coordinates of the point detectors input by the user in SAS4
3 1.4706E-04
4 1.4772E-04
5 1.5339E-04
6 1.5062E-04
7 1.3892E-04
8 1.2843E-04
9 1.2527E-04

10 1.2632E-04
11 1.2894E-04
12 1.1687E-04

-$ 13 6.5278E-05
14 9.18 97 E-06

f 15 3.1134E-06
g 16 4.0086E-06

17 4.2946E-06
18 4.4761E-06
19 4.5673E-06
20 4.5355E-06 ,

21 4.3701E-06
22 3.7147E-06

,
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b *ee
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sample problem 1, radial neutron doses of dry depleted uranium cask thursday, september 7,1995

GL CO
*

primary energy bins
,,
.

p6 ~. bin no lower group no lewer energy limit
G ()< 70 1 1 1.2200E+07.

on b 2 2 .0000E+07
N 3 3 :.1800E+06

h3 4 4 6.3600E+06
5 5 4.9600E+06-

6 6 4.0600E+06
7 7 3.0100E+06
8 8 2.4600E+06
9 9 2.3500E+06

10 10 1.8300E+06
11 11 1.1100E+06
12 12 5.5000E+05
13 13 1.1100E+05
14 14 3.3500E+0*
15 15 5.8300E+02
16 16 1.0100E+02
17 17 2.9000E+01
18 18 1.0100E+01
19 19 3.0600E+00
20 20 1.1200E+00
21 21 4.1400E-01

.$[
22 22 1.0000E-02

time required for input was less than one second.
?> **** start batch 1 random = F2AE3EBFBIEB
bJ source data
** wtave lave uave vave wave :tave yave zave ageave

9.968E+01 9.23 -0.0219 -0.1388 0.0625 -1.323E+00 -8.428E-01 9.576E+00 0.000E+00
you are using the default version of gtmed which assumes that the geometry and xsee media are the same
uncol responses by resp. function & detector

0.0000E+00 0.0000E+00 0. 00 '0E+ 00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
total responses by resp. function 6 detector:
4.8215E-10 1.0974E-10 4.8524E-11 3.2272E-11 1.8373E-10 8.2896E-11 1.3861E-11

number of collisions of type neoll
source split (d) fishn gamgen realcoll albedo bdryx escape e-cut timekill r r kill r r surv gamlost

100 531 2645 61 3320 0 2838 158 0 0 534 1184 0
time required for the preceding batch was 2 seconds.
**** start batch 2 random = 1DF706314AAC
source data

wtave inve uave wave wave xave yave zave ageave
9.710E+01 9.01 0.0095 -0.0256 -0.0620 -6.476E-01 8.614E-01 1.261E+01 0.000E+00

uncol responses by resp. function & detector:
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

total responses by resp. function & detector:
4.0994E-10 9.7217E-11 4.8508E-11 2.9282E-11 1.5097E-10 7.2747E-11 5.7533E-11

9 O O
-
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number of collisions of type neoll
source splittd) fishn gamgen realcoll albedo bdryx escape e-cut timekill r r kill r r surv gamlost

100 431 2122 43 2671 0 2470 134 0 0 440 947 0
time required for the preceding batch was 1 second.
**** start batch 3 random- 52F30D6D7819

source data
wtave lave uave vave wave xave yave zavs ageave

1.035E+02 9.52 0.0438 0.0448 -0.0385 -9.189E-01 -3.406E+00 -1.42;E+01 0.000E+00
uncol responses by resp. function & detector:

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.0483E-13 1.9997E-13 1.0112E-18
total responses by resp. function & detector
6.4353E-10 1.5511E-10 7.4484E-11 4.1041E-11 2.3439E-10 1.0389E-10 3.2819E-11

number of collisions of type neoll
source splitidi fishn gamgen realco11 albedo bdryx escape e-cut timekall r r kill r r surv gamlost

100 642 3189 60 4043 0 3416 211 0 0 591 1459 0

time required for the preceding batch was 2 seconds.
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Tallies of source particles in each batch:

WTAVE -totalweight of source particles
IAVE - mean energy group number of source particles
UAVE - mean direction cosine with respect to the X axis
VAVE - mean direction cosine with respect to the Y axis
WAVE - mean directin cosinewith respect to the Z axis
XAVE - mean X-coordmate
YAVE - mean Y-coordinate
ZAVE -mean Z coordmate
AGEAVE - mean age (used for time-depenAnt problems)

Tallies ofdifferent events in each batch:

SOURCE -number of source particles
SPLIT - number of sp)N oarticles
FISHN - number of codisons in fissile materials
GAMGEN - number of wnndary particles generated (fission neutrons in this case)
REALCOLL -number of colhions
ALBEDO - number of particles crossing albedo boundaries
BDRYX - number of particles crossing zone boundaries
ESCAPE - number of particles escape from the system
E-CUT - number of particles tennmated by energy cumff
TIMEKILL - number of particles termmated by time cutoff
RRKILL -number of particles
RRSURV - number of particles sunive Russian roulette
GAMLOST - number of secondary particles lost due to lack of storage space

'

Note: SOURCE + SPLIT + GAMGEN = ESCAPE + E-CUT + TIMEKILL + R R KILL

For batch 1,100 + 531 + 61 = 158 + 0 + 0 + 534 = 692

NUREG/CR-0200,
Vol.1, Rev. 5 S4.A.26
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combinatorial geometry zone transfer sumary tables

exit exit loc. in entering no. of loc. for
zone body ma array zone entries next zone

1 1 '

228 2 9836 642
642 3 278 0

1 -19
233 19 8426 0

2 2
239 3 17307 636
636 4 634 654
654 12 110 0

2 -10
244 1 8513 675
675 8 13 0

3 3
250 4 17307 0

3 -2
255 2 6212 0

4 4

261 5 17941 0
4 -3

266 3 6212 0
g 5 5

272 6 25193 657.

f 657 11 280 0
M S -13

277 4 6212 663
663 12 26 672
672 10 17 0

6 6

283 7 25193 0
6 -5

288 0 0 0
7 7

294 13 25193 0
7 -6

299 0 0 0
7 -5

304 0 0 0
8 8

310 S 173 660
660 2 76 0

8 -1

< 315 1 92 0
C, 9 9
* '- 321 10 171 669
." 669 2 2 0

9 -8gg
.<g
tJn .

i

. _ _ - - _ - _ - - _ _ _ - . . _ - . . _ . _ _ . _ _ - - _ _ _ - _ - _ _ _ _ _ - . _ - - - _ _ _ _ _ - - . _ - - - _ _ - - - - - -- , . . - , - -



combinatorial geometry zone transfer summary tables

0
.- exit exit loc. in entering no. of loc. for

zone body ma array zone entries next zone_-

k3 9 -8

,< pg 326 8 17 0
g6 10 10

9 332 5 171 0

8 10 -9
337 9 17 0*

11 11
343 , 13 200 0

11 -5
348 0 0 0

11 -12
353 0 0 0

12 13
359 5 110 0

12 -4
364 2 26 0

12 -10
369 0 0 0

13 14
375 15 9553 0

g 13 -5
380 0 0 0

13 -7

N 0 0 0
g3 ,g1

390 0 0 0
14 12

396 0 0 0
14 -5

401 0 0 0
14 -7

406 0 0 0
15 15

412 16 1593 0
15 -14

417 0 0 0
16 16

423 17 1593 0
16 -15

428 0 0 0
17 17

434 18 1593 0
17 -16

439 0 0 0
18 18

445 0 0 0

0 0 0
- -
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combinatorial geometry zone transfer summary tables

exit exit loc. in entering no. of loc. for
zone body ma array zone entries next zone

18 -17
450 0 0 0

19 19
456 1 9591 0

19 -20
461 20 8426 0

20 20
467 19 9591 678
678 1 3 0

20 -32
472 29 5926 639
639 31 137 645
645 22 41 666
666 30 13 0

21 31
478 29 2 0

21 -30
483 0 0 0

21 -25
483 0 0 0

,> 22 29
bJ 4 94 20 117 648*

648 28 11 0
22 -28

499 0 0 0
22 -23

504 25 41 0
23 27

510 27 1 0
23 -21

515 0 0 0
24 25

521 29 6802 630
630 21 2 0

24 -30
526 28 5926 0

25 23
532 28 3647 627
627 22 128 0

<h 25 -28
2. g 537 27 1975 0
*% 26 21

."h 543 23 1 0

*a|f A 27 22
M 54 fi 25 2162 6514

651 30 31 0-

v,

. . _ _ . . . . . . . . . . . . . . . . . . .
_ _ _ _ _ _ _ _ . _ _ ___
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combinatorial geometry zone transfer sumary tables

r" exit exit loc. in entering no. of loc. for
zone body ma array zone entries next tone

,

f~ 27 -21,h< 554 26 1 0
28 24m

560 24 6804 633 ,

633 31 339 0 i

28 -23*

565 25 3547 0
29 26

571 20 6804 0
29 -25

576 24 5926 0
30 28

582 20 31 0
30 -27

587 0 0 0
30 -22

592 27 19 0 ,

31 30
598 20 339 0

31 -29

g 603 0 0 0
31 -24

.> 608 28 137 0
i

,

g 32 32
614 0 0 0

32 -31
619 0 0 0

32 -26
624 0 0 0

1

O O O
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this case was run on thursday, september 7,1995

ansi standard neutron dose rate trem per hour)

responses (detector) [
detector unco 11 fsd total fsd *

response unco 11 response total
1 0.0000E+00 0.00000 4.8000E-10 0.05345
2 0.0000E+00 0.00000 1.1386E-10 0.06182
3 0.0000E+00 0.00000 5.5749E-11 0.01077
4 0.0000E+00 0.00000 3.1917E-11 0.06275
5 3.9557E-13 0.5990s 1.5550E-10 0.09045 ;

6 1.9712E-13 0.54340 7.6541E-11 0.06416 '

7 7.7966E-16 0.97327 1.907BE-11 0.25929 ;

Detectors 1 to 4 are radial surface detectors, respectively, at radii 57.27,
157.27, 257.27, and 357.27 cm (see surface detector information in SAS4 |'
output). Ihns 5,6, and 7 are the point detectors input by the user. The i

results are g_..id in dose rate (rem per hour) per source stres.ph input by
the user. For this problem, a unity sourm strength was input. Since there are i

g 7 PWR assemblies each emitting 2.614 x if neutrons per second, the total -

-> source strength is 1.8298 x If neutrons per second. Hence, the total

9 responses must be multiplied by 1.8298 x If to obtain the correct dose rates.
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fluence lenergy, detector) pa rticles/sec/cm* * 2/ev

detector no. 1 2 3 4 5 6 7,g gg
o energies
E" 1.492E+07

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000"+00 0.000E+00 0.000E+00
f"C} 0.000 0.000 0.000 0.000 0.000 0.000 0.000pd
rn () 1.220E+07
4

PU 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00.

La 0.000 0.000 0.000 0.000 0.000 0.000 0.000

b O.000E+00 0.000E+00 0.000E+00 0.000E+00 4.376E-16 2.690E-16 3.842E-19
0.000 0.000 0.000 0.000 0.995 0.949 0.950

8.180E+06
8.885E-15 2. 830E-15 1.405E-1~5 8.333E-16 2.650E-15 1.857E-15 9.590E-20

0.596 0.573 0.527 0.569 0.630 0.407 0.485
6.360E+06

2.221E-14 7.577E-15 3.645E-15 1.579E-15 3.270E-15 4.262E-15 2.308E-16
0.264 0.269 0.322 0.353 0.382 0.400 1.515

4.960E+06
3.156E-14 1.062E-14 5.054E-15 3.010E-15 6.849E-15 8.565E-16 4.501E-17

0.392 0.389 0.383 0.387 0.546 1.238 0.990
4.060E+06

6.842E-14 1.894E-14 9.9?4E-15 6.207E-15 2.046E-14 8.905E-15 9.930E-15
0.334 0.238 0.238 0.255 0.315 0.244 0.967

3.010E+06
9.194E-14 2.537E-14 1.365E-14 8.944E-15 3.628E-14 2.20%E-14 7.244E-15

*h2 0.141 0.135 0.174 0.192 0.256 0.225 0.734
2.460E+06,

5.435E-13 3.032E-14 1.836E-14 9.495E-15 1.467E-13 4.552E-14 5.735E-15
h$ 0.805 0.433 0.432 0.543 0.390 0.315 0.670

2.350E+06
2.038E-13 5.570E-14 2.270E-14 1.518E-14 6.040E-14 2.928E-14 3.234E-14

0.193 0.168 0.256 0.285 0.380 0.326 0.673
1.830E+06

3.962E-13 8.158E-14 3.617E-14 1.835E-14 1.358E-13 6.936E-14 2.740E-14
0.114 0.112 0.150 0.205 0.236 0.115 0.440

1.110E+06
2.207E-12 5.466E-13 2.820E-13 1.655E-13 7.119E-13 3.493E-13 6.125E-14

0.087 0.106 0.105 0.102 0.096 0.097 0.201
5.500E+05

8.549E-12 1.986E-12 9.598E-13 5.433E-13 2.824E-12 1.380E-12 2.889E-13
0.008 0.093 0.103 0.089 0.127 0.096 0.297

1.110E+05
4.352E-12 1.093E-12 3.846E-13 1.504E-13 1.334E-12 6.406E-13 2.690E-14

0.378 0.374 0.371 0.392 0.322 0.349 0.689
3.350E+03

6.522E-11 6,370E-12 3.732E-12 2.656E-12 4.452C-12 3.699E-12 1.392E-14
1.000 1.000 1.000 1.000 0.907 0.955 0.905

5.830E+02
0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.362E-13 2.203E-13 4.797E-16

0.000 0.000 0.000 0.000 0.990 0.991 0.298

1.010E+02
0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.901E-15 9.244E-16 2.080E-16

0.000 0.000 0.000 0.000 0.113 0.096 0.222
2.900E+01

O O O
_ -_ - - _ _
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Number ofscores made to surface Number of scores made to the

detectors 1 to4 Point detectors fun real
collision sitesin RELCOA !

[/extra arrays of length nd

| I 7an7 7an7 7an7 }1419 1319 1111 gas Number ofscores made to ;

O O O O f 11 11 til m,

0 0 0 0 I 62 62 6 01 the point hw froin
0 0 0 0Y[1577 ] 4[ 1000J { 0 m lesin SDATA [

time required for the precedingkl0 batches was 14 seconds. Number ofparticles leaking ,

Numberof scores made to [\ from the side surface with

Number of attempts Numberofparticles leaking radius equalto RJAC Mnt ors h ;

m generating source from the top and bottom secondary particles m- ,

SGAM ['particles. For1G0=0 surfaces at |Z| = HIMI

g and I, each attempt

y generates a source

.S Particle.
,
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<
9
.

neutron deaths number weight i*

<b,g killed by russian roulette 4750 0.40620E+04
%6 escaped 1593 0.55237E+03

N reached energy cutoff 0 0.00000E+00 |8 reached time cutoff 0 0.00000E+00 i
*

1

number of scatterings [

medium number
1 0
2 0
3 0
4 6507

'5 17416 .

6 0
7 7278
8 0

$
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t

t

1

I
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sample problem 1, radial neutron doses of dry depleted uranium cask

**** problem parameters ****

lib 22n-18 couple library

exx 5 mixtures

mac 14 composition specifications

izm 3 material zones

ge latticecell geometry

more O 0/1 do not read / read optional parameter data

msin 0 fuel solutions

**** problem composition description ****

se u-235 standard composition

mx 1 mixture no.

den 1.6736E-04 atomic density

roth 1.0000 theoretical density

h* nel 1 no. elements
A

icp 1 0/1 mixture / compound==

92235 1.00 atom / molecule
end

sc u-238 standard composition

mx 1 mixture no.

den 1.9602E-02 atomic density

roth 1.0000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

92238 1.00 atom / molecule

end

<$
SL C3
* se pu-239 standard composition,,pg
}d Pd mx 1 mixture no.

Q 3 den 1.0409E-04 atomio density

on , roth 1.0000 theoretical density

nel 1 no. elements



.

icp 1 0/1 mixture / compound<
.Q, 94239 1.00 stom/ molecule

endy

bf*

g se pu-240 standard composition,<

Mh mx 1 mixture no.

_8 den 4.7534E-05 atomic density

roth 1.0000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

94240 1.00 atom / molecule
end

se o standard composition

ex 1 mixture no.

den 3.9877E-02 atomic density

roth 1.0000 theoretical density

nel 1 no. elements

.> icp 1 0/1 mixture / compound
b
h3 8016 1.00 atom / molecule

end

sc zr standard composition

mx 2 mixture no.

den 1.9350E-02 atomic density

roth 6.4900 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

40000 1.00 atom / molecule
end

se o standard composition

mx 3 mixture no.

den 1.0000E-09 atomic density

roth 1.0000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

O O O



_ _ _ _ _ _ _ - _ _ _ _ . . . - _ _ - .

fm fh f~\

C (V U)/ ) 1

8016 1.00 atom / molecule
end

se er standard composition

mx 4 mixture no.

den 1.6620E-02 atomic density

roth 7.2000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

24000 1.00 atom / molecule

end

se mn standard composition

mx 4 mixture no.

den 1.2000E-03 atomic density

roth 7.2000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound
? 25055 1.00 atom / molecule
b
t*3 end

se fe standard composition

mx 4 mixture no.

den 5.7750E-02 atomic density

roth 7.8600 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

26000 1.00 atom / molecule
end

se ni standard composition

mx 4 mixture no.
*

~,3 den 7.5200E-03 atomic density

N roth 9.9000 theoretical density

Qpb nel 1 no. elements

m.8
-

icp 1 0/1 mixture / compound

- - - _ _ - _ - - _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ .



28000 1.00 atom / molecule
4Z
$L d end

*

hh se mo standard composition
a n
|C g mx 4 mixture no.

On den 1.1000E-04 atomic density

roth 10.2000 theoretical density
.

nel 1 no. elements

icp 1 0/1 mixture / compound

42000 1.00 atom / molecule
end

se u-235 standard composition

mx 5 mixture no.

den 1.0700E-04 atomic density
iroth 1.0000 theoretical density

nel 1 no. elements

h2 icp 1 0/1 mixture / compound

h" 92235 1.00 atom / molecule
I end

se u-238 standard composition

mx 5 mixture no.

den 4.7700E-02 atomic density

roth 1.0000 theoretical density

nel 1 no. elements

icp 1 0/1 mixture / compound

92238 1.00 atom / molecule
end

I
|

O O O
- - -
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r

* * * * problem geomet ry * * * *

a

etp squarepitch cell type
r

pitch 1.2600 cm center to center spacing

fuelod 0.8357 cm fuel diameter or slab thickness

afuel 1 mixture no. of fuel - ' !
'punod 3 mixture no. of moderator

cladod 0.9500 cm clad outer diameter

mclad 2 mixture no. of clad ,;
i

zone specifications for latticecell geometry- I

Output from cell-weighting calculation !

zone 1 is fuel

zone 2 is clad
t

zone 3 is mod ' t

**** xsdrn mesh intervals ****
-

.W b
b
M 4 mesh intervals in zone 1

4 mesh intervals in zone 2 )

4 mesh intervals in zone 3 I
, - !

!

**** neutron response function of irf= 9029 ****
,

i
1.9448E-04 1.5971E-04 1.4706E-04 1.4712E-04 1.5339E-04 1.5062E-04 1.3892E-04 1.2843E-04 1.2527E-04 1.2632E-04 I

f1.2894E-04 1.1687E-04 6.5278E-05 9.1897E-06 3.7134E-06 4.0086E-06 4.2946E-06 4.4761E-06 4.5673E-06 4.5355E-06

(4.3701E-06 3.7147E-06
L

**** adjoint xsdtn mesh intervals ****

2
- %

s*O i
*

30 7 mesh intervals in zone 1
'

4 mesh intervals in zone 24
s

u. 4 mesh intervals in zone 3 r

41 mesh intervals in zone 4

L

_ . - - _- ._ .__m.___,____._.__m . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . - _ _ _ - __.__ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ ___m_m_ ______.____.__m__m.m_. --_ . _- .- - - . . - - _m m_ . - _r_r.-__._ . m __ + _e ____ _ _ _._



5 mesh intervals in zone 5

2. G
- a
<b * * * * sou rce ene rgy spect rum f rom ca rd * * * *,g

p 2.4740E-13 2.0960E-12 5.7660E-12 2.8909E-11 7.2280E-11 1.4570E-10 6.0990E-10 4.5420E-10 9.0700E-11 3.8240E-10

4.?900E-10 3.9820E-10 1.8360E-10 1.7610E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

$
.

.>

!

O O O
- - -- -- -
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%
\

r

**** morse importance region informations ****

'
region 8 of xsdrn int. region boundry estimation prob

i
1 7 3.6420E+01 1.8781E-02

r
2 4 4.4550E+01 3.1959E-02 *

f
3 4 4.5820E+01 3.9234E-02

4 17 4.6899E+01 5.4257E-02

5 8 4.8928E+01 9.3833E-02
.

.

6 8 5.1334E+01 1.8504E-01
7 8 5.3440E+01 4.0710E-01
'

4 5.7270E+01 1.0000E+00

Estimahort probabihty to point detectors
fan endiimportance usion

**** surface detectors informations **** i

Boundanes ofhiiportance regions
in Monte Carlocalculatiori

detectors locations: radial

T
det f radius (cm) height (cm)

, ,& i
4 1 5.7270E+01 1.8288E+02

,

2 1.5727E+02 1.8288E+02.
3 2.5727E+02 1.8288E+02

*
4 3.5727E+02 1.8288E+02

A A

a.di.noa. tion d HeigM dthe radial
the surface ddectors surface detectors

'
,

Z
C
$2<. Q

i

. ~
M
* ptf

.
,

M-

i

g
,
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input zone data

CL input zone code zone body numbers

inn 1 1 1 -19

0b) rsl 2 2 2 -10

< rs2 3 3 3 -2,

Wh rs3 4 4 4 -3

_3| our 5 5 5 -13

wta 6 6 6 -5

jac 7 7 7 -6 -5

ast 8 8 8 -1

as2 9 9 9 -8

as3 10 10 10 -9

imp 11 11 11 -5 -12

hol 12 12 13 -4 -10

de2 13 13 14 -5 -7 -11

14 or 12 -5 -7

de3 14 15 15 -14

det 15 16 1C -15

E* inv 16 17 17 -16

k$ exv 17 18 18 -17

cav 18 19 19 -20

ins 19 20 20 -32

21 or 31 -30 -25

22 or 29 -28 -23

23 or 27 -21

24 or 25 -30

25 or 23 -28
26 or 21

ful 20 27 22 -21

fu2 21 28 24 -23

fu3 22 29 26 -25

hwl 23 30 28 -27 -22

hw2 24 31 30 -29 -24

hw3 25 32 32 -31 -26

number of input zones 25

number of code zones 32

O O O
- -
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[ (%

[ i / )
g

/ \

v/ \v/ \v/'s

length of integer array 1061

code rone input zone zone data loc. no. of bodies region no. media no. box input zone box code zone

1 1 225 2 1 4 0 0
2 2 2 3 '# 2 1 5 0 0
3 3 247 2 1 1000 0 0

4 4 258 2 1 1000 0 0

5 5 269 2 1 4 0 0

6 6 280 2 1 1000 0 0

7 7 291 '

1 1000 0 0a

8 8 307 2 1 5 0 0

9 9 318 2 1 1000 0 0

10 10 329 2 1 1000 0 0

11 11 340 3 1 1000 0 0

12 12 356 3 1 1000 0 0

13 13 372 4 2 1000 0 0
Ca
,A 14 13 393 3 2 1000 0 0

.> 15 14 409 2 1 1000 0 0
t.A
>= 16 15 420 2 2 1000 0 0

17 16 431 2 1 1000 0 0

18 17 442 2 1 0 0 0

19 18 453 2 1 1000 0 0

20 19 464 2 1 1000 0 0

21 19 475 3 1 1000 0 0

22 19 491 3 1 1000 0 0

23 19 507 2 1 1000 0 0

24 19 518 2 1 1000 0 0

25 19 529 2 1 1000 0 0

7 26 19 540 1 1 1000 0 0
C 27 20 546 2 . 7 0 0

< 28 21 557 2 1 1 0 0oQ-
*

*_3 29 22 568 2 1 7 0 0

W 30 23 579 3 1 8 0 0

b 3.i 24 595 3 1 8 0 0

h 31 25 611 3 1 0 0 0

_ __ _ _ _ _ _ _ _ - _ _ - _ _ _ - - _ _ _ . _ .
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i

i krl(1) kr2ti) '

%C 1 1 1

* 2 2

ys 3 3 3 [Ou
< 5-y 4 4 4
,

Wh 5 5 5

8 6 6 6 6

7 7 7

8 8 8 j

9 9 9 |

[10 10 10

11 11 11 I
L

12 12 12
'

13 13 14

14 15 15
,

15 16 16 '

t
16 17 17 ?

f17 18 18

f 18 19 19 f
m :
M 19 20 26

'

[
20 27 27 |
21 28 28

22 29 29

23 30 30

f24 31 31

25 32 32 I
!

i

:
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!

i

i

!

!
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option 0 was used in calculating volumes, for 2 regions
4 *Zg, 0-set volumes = 1, 1-concentric spheres, 2-slabs, 3-inputvolumes.
.

*
O

<b volumes ( cc I used in collisions density and track length estimators.,p

Mh reg 1 2

[ volume 1.000E+00 1.000E+00

array data requires 8 locations, leaving 197999 locations

control module sas4 is complete.
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m

module sas4 will be called
-

sample problem 1, radial neutron doses of dry depleted uranium cask

22n-18 couple latticecell

u-235 1 0.0 1.6736-4 end

u-238 1 0.0 1.9602-2 end

pu-239 1 0.0 1.0409-4 end

pu-240 1 0.0 4.7534-5 end

o 1 0.0 3.9877-2 end

zr 2 0.0 1.9350-2 end

o 3 0.0 1.000-9 end

er 4 0.0 1.662-2 end

mn 4 0.0 1.200-3 end

fe 4 0.0 5.775-2 end

ni 4 0.0 7.520-3 end

mo 4 0.0 1.100-4 end

u-235' 5 0.0 1.070-4 end

hO u-238 5 0.0 4.770-2 end

? eM wm
vi
La squarepitch 1.26 0.83566 1 3 0.94996 2 end

ity=1-1rm=5 frd=36.42 end

7 17 25 0 0 0 0.01 21.4493 end

36.42 44.55 45.82 53.44 57.27 end

0 0 4 5 4 end

Rend

tim =15.0 nat=100 nit =10 nod =3 Igo=1 ran=f2ae3ebfbleb frl=1. fr2=0.6465

fr3=0.6465 fr4=0.6465 end

soe 2.474-13 2.096-12 5.766-12 2.899-11 7.228-11 1.457-10 6.099-10

4.542-10 9.070-11 3.824-10 4.990-10 3.982-10 1.836-10 1.761-14

g 8z end

det 148.69 0.0 0.0 240.13 0.0 0.0

jf m 121.91 0.0 305.96 end

',,, g gend
*

30 sample problem 1, 2 homogenized fuel zones

ful 0.0 12.10 182.88 182.89 end
.

On , fu2 21.16 30.42 192.88 182.89 end

fend

!

!

f
f
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cay 0 44.55 228.60 end
4Z
0 inn 4 45.82 229.87 end,C

"h ral 5 53.44 237.49 end

hh our 4 57.25 241.30 end

,E h asl 5 45.82 237.49 end

Mh cend

[ eecondary module o0o006 has been called.

module o00008 is finished. completion code 0. cpu time used 0.00 (seconds).

secondary module o0o002 has been called.

module o0o002 is finished. completion code O. cpu time used 1.00 (seconds).

secondary module oco001 has been called.

M ule o0o001 is finishad. completion code O. epu tile used 1.00 (seconds).
$

secondary module o0o001 has been called.
t>i
o

module oco001 is finished. completion code O. cpu time used 4.00 (seconds).

secondary module o0o106 has been called.

module o00106 is finished. completion code 0. cpu time used 15.00 (seconds).

module sas4 is finished. completion code O. cpu time used 22.00 (seconds).

9 O O
.
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Q ABSTRACT
'

1

V,

:
QADS is a mulMmaa=ional point-kernel computer code that utilizes the simplified free-form input of J,

; the SCALE systesn as well as compatibility with ORIGEN-S produced sources, SCALE cross-section libraries, i

| and armadard g- - u:n data sets. QADS consists of a preprocessor that takes the free-form input and prepares ;
input for the wxiety avadable QAD.CGGP codr, which is then ="t==*ically executed by a driver module. This :

,

report describes the point-kernel theory brie 5y, followed by numerous tips on successfully applying the theory j
to various types of shielding probim. The remainder of the hment is devoted to input and output

1
3

j descriptions of the QADS d with several illustradve sample problems. |

i i
I*
i

i !
i

:

,

; ;i

;
i

;

;

i
'. i
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!

; S5.1 INTRODUCTION

i <

i QADS is a marinle that performs pinlairlimanninnal point kernel estimation of gamma transport through
piMy any type ofshicidmg malerials using a sunphfied input whne that follows the general input philosophy,

] of the SCALE shiekhng sequences, SAS1, SAS2, etc. C&-Hy, QADS was designed to capture the flexibility
: and power of the QAD technique for problems amenable to point-kernel solution while allowing for an efficient |

| and user-friendly input interface. Functionally, the QADS module is called via the SCALE driver and first reads * '

; the free-fonn input values and then preprocesses the actual input for the QAD-CGGP code.' The driver then calls
! and executes QAD.CGGP mi*=nahcally. For this verson of QADS, QAD-CGOP was unchanged from the RSIC-
i distributed version to allow future updates of the QAD-CGGP code to be easily implemented into QADS. The
{ QADS marble has a asnba of similarities with other SCALE marblee that facilitate rapid transfer ofinput data ;

from other setups The SCALE standard composition library is used to allow simplified input ofmaterials. The,

j problem geometry is coded using the well-known MORSE combinatonal gec my p-by Finally, the dose j
portion of the input follows ==mlarty the XSDOSE input data in module SASI. The combined use of the SCALE

|
,

! standard compositions and free-form input with the multidunensional gevo,ctiy capabilities and generally short ;
! runung time ofpoint kernel techniques prdres a veny powerful pracedure for shiciding analysis of a wide variety
j ofproblems.

|
i |
3 1

! I

i :

;
.

!
l

i i

l |
1

.

!

-i
i

'
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i

i

i

! S5.2 POINT-KERNEL DOSE ESTIMATION THEORY
i
i S5.2.1 POINT-KERNEL THEORY

j Point- kernel techniques have been widely used in gamma-ray radiation shielding analyses through the '
j years and the methods are well known However, for en==,aw-s the discussion of the method in Ref.1 is

nyested herem. For gamma-ray calculations, the QADS avvhile uses the point-kernel ray-tracing technique. In
;

this method, the point kernel i+w the transfer ofenergy by the uncolhdod flux along a line-of-sight path
is combined with an appropnate bmidup factor to account for the contnbution from the scattered photons. With
a distributed source, the point kernel is integrated over the source volume for each source energy considered.

; Expressed u an equation, the gamma-ray dose rate, D(i), at any point due to an isotropic source emitting s
j photons of energyE per wnarf per unit volume is

D(i) = [*Ks(r')B(p|7-7'|,E)exp(- pli-T'l)dv
4nli- r'l2;

,

!

where;

i

! r = point at which gamma dose rate is to be calculated,
I r' = lacati<=1 of source in volume v,

i y = volume of source region,

| p = total attenuation coefficient at energy E,
li-T'| = distance between source point and point at which gamma intensity is to be calculated,
K = flux-to dose conversion factor,
B = dose buildup factor.,

S5.2.2 BUILDUP FACTOR OPTIONS

S5.2.2.1 Governing Equations

I
Two buildup factor options are available in the QADS module. The first option is the use of the original QAD-

#

PSA code' values based on the Goldstein and Wilkins moments method calculations for gamma-ray transport in
mrnute homogeneous medut This method uses Capo's fit to the Goldstein-Wilkins data with bivariant polynomial
expr-ir= to calculate the appropnate buildup factors as a function of the gamma-ray energy and the number of
mesn free paths (mfp) from the source to the detector. For high atonuc number materials, the polynomial fit has
the form

4 3

B(p|F-F'l,E) = [ [ Ci(p|F-7'|)'(E)/, (SS.2a)
)=0 N0

and for low atomic number matenals it has the form

NUREG/CR-0200,
SS.2.1 Vol.1, Rev. 5
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B(pli-7'|,E) = f f C3(p|7-i'j)i rp'-
-E,

, (SS.2b)
3-o 6-o r

where the C[s are the coeflicients of the expansion.

'Ih$ second buildup factor method that can be eletM is the geometrical progression approximation (GP
method).2 This method has recently received a lot of attention and appears to more closely reproduce actual
calculatio is than other methods. The buildup factors are approximated by the equations

B(X,E) = 1 + (b - 1) k " - 1 ,3),
k-1

= 1 + (b - 1)X (k = 1);
(S5.3a)

k(X) = cX * + d -
~

l - tanh(-2) (S5.3b)

where X is the source-detector distance in mean free-paths of the mMinm, b is the value of the buildup factor at
I mfp, and k represents the photon dose multiplication per mfp penetration. The parameters a, c, d, and X, are the
fitting parameters and are allowed to vary with energy. A differing form of Eq. (SS.3b) is used for penetrations
greater than 40 mfp.

S5.2.2.2 Buildup Faetar Usage Guidelines

Using these infinite-medium buildup factors should result in an overestimate of the dose rate at a surface

externel to the source region since it implies that reflecting material is located beyond the surface. However,
because of the strong preferential forward scattering of photons, the error will usually not be more than a few
percent and only in rather unusual cases will it reach 20 or 30%.

Using single-material buildup factors for multilayered shields or for shields made up of mixtures of
materials can be another source of error. For multilayered stmetures basing an outer layer that is thicker than 2
or 3 mfp, the buddup factor used should be the one representing the outer layer, but the total number of mean free
paths should be the number along the hne-of-sight through all materials in the stmeture. This is a reasonable
procedure since the gamma-ray spectrum would readjust to the new medium and tend to approach the spectrum
that would exist if the whole structure consisted of the outer layer, particularly when a low atomic number material
is followed by a high atonne number material. For homogeneous mixtures or compounds, the so-called equivalent
Z(atomic number) method can be used.

For multilayered structures in which each layer is less than 2 mfp thick, no clear-cut procedure is
available. Ifone assumes that the structure is made entirely of the material having the largest buildup factor, then
the dose is overestimated. Conversely, if one assumes thtt the material having the lowest buildup factor is
representative of the structure, then the dose is underatim*M.
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' O S5.2.3 DOSE ESTIMATION

U ]i
'j W QADS module cat =1-* the dose at a detector for each source energy groupj with the following

equation, whwh is a finite difference fann of Eq. (S5.1). j

!
S '

D=[K 8

4nR, exp
- [ (g t), B,j j j f (S5.4)i k

i j

where
.

:

4 j = energy group index,
j i = source point index,
i k = region index,

K = flux-to-dose conversion factor,i

| S = volume-weighted gamma-ray point source strength (photons /s),
R = distance from source point to detector (cm),
B = dose bmidup factor,

[ p = total attmustion coefficient (cm 3 ),
t = zone penetration distance (cm).

'

| The i index is used to completely describe the source The source is broken into i mesh cells with each
j mnh treated as a point source 'Ihe energy indexj is treated in a similar manner. The source energy is assumed*

to be at the midpomt of thejth energy or group interval. All relevant constants are then evaluated atj points in
: enargy. The total dose is oblamad by summmg the contribution from each of the source energies.
is The QADS module also will perform a neutron calculation, although the range of applicability of the
i solutions is fairly limited. The eM used for the neutron calculations are discussed in Ref.1. The neutron
j calculations are performed in a fixed 10-group structure and a fission @ um source

!

S5.2.4. LIMITATIONS<

,

j h point-kernel procedure as implemented in QADS is quite general and is useful for a large number of
i appbcations. However, a number oflimitations exist as discussed previously in Sect. SS.2.2.2 for buildup factors

Other hautations arise fium (1) the use of a finite source mesh which can in some cases produce erroneous results,:

(2) the inararacies due to particle streammg which are not adequately modeled by the ray-tracing techniques, (3)
: the lack of capabilmy for QAD CGGP to treat off-centered cylmdncal sources, and (4) the so-called oblique angle
! breakdown of the point-kernel method.
1 The default mesh generator in the QADS code should produce a source mesh that is accurate for most

applications. However,if the mesh t+7- ; large relative to the source-to-detector distance in either direction
! papendicular to the pnmary axis connecting the source and har,large inaccuracies can result. For example,

the default source mesh, particularly in the axial direction, is inadequate for a tall, thin pipe with appreciable
i shiekhng. In these situshans, the maximum number ofmesh intervals (100) can be specified and advantage taken
j of the problem symmetry or only a portion of the problem modeled in order to obtam accurate results.

! Partsle streammg is an area that point kernel has much difficulty due to the ray-tracing technique utilized.
j For a small streammg path, the ray-tracing lines from each source mesh to the detector can completely miss an
i

*
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explicitly modeled penetration. Larger void or low-density regions can be detected by the ray-tracing procedure;
however, multiple scatters or grazing along the streammg paths cannot be accurately represented.

'Ihe QAD-CGGP code, which QADS preparts input for and executes, cannot treat off-centered cylindrical
sources. Approximate procedures are available where the cylindrical sources are modeled as rectangular- i
par =1'--%.. +i which can be located off the coordinate axis. Similar procedures can also be used to overcome the

'

4
QAD CGGP limitation of a single source by surroundmg multiple sources by a single body and selective zeroing
the source from nonsource regions via thejudicial use of weight factors (see Sect. SS.3.1.2).

The vulnerability ofpoint-Lernel tecimiques to the so-called oblique angle has been widely recogmzed for
a number ofyears. A point-kernel inaccuracy can arise when nearly all the ray traces from the source to the detector

: pass through the stueld at very sharp (oblique) angles. Under these circumstances, the preferred penetration path
is directly through the shield with a few scattenng events on the opposite side of the shield before re. aching the
detector, rather than the many scattenng events required before the particle reaches the detector along the oblique
ray traces. The point-kernel solution for such probicms can be severely underestimated, dependmg on the specifics
of the configuration.

:

i

O

.

'I

.

d

NUREG/CR-0200,
1Vol.1, Rev. 5 S$.2.4

|

l
l

- - . - - _ _ _ . _ _ _ _ _ _. . _ .



-- - - . - - - - - - - . - - . - - - . - . - - .- - - _ _ _ - . .

I
J

S5.3 INPUT SPECIFICATIONS

S5.3.1 INPUT OVERVIEW,

:

i The QADS module input can be broken into the following areas: (1) material - 3 - =t specification,
; (2) source sgrie=*6, (3) problem geometry, and (4) = alar *6 of built-in data and deemar options. A brief

desenption of each input group follows
.

t

S5.3.1.1 Material Component Specification
,
a

The sciecten of the constituent matenal compositions is straightforward since the SCALE standard
'

; composition libra:y and matenal input processor are inihad by QADS. 'Iherefore the input specificatens for
{ QADS materials should be unchanged from those of the SCALE sequences Unlike the SCALE shielding
] sequences, the QADS module does not call the BONAMI and NITAWL modules (see Sects. F2 and F3 of the
!

SCALE manual) since the data in QADS are fixed and do not reqmre any resonance processing.

S5.3.1.2 Source Specification

The specification of a source in QADS allows for a great deal of flexibility to handle a large number of
source situations ranging from a flat source to one that has arbitrary shape and limitations in any of the three
du-riane The input is such that the description of most source situations is straightforward; however, as the
source---- ; L 2y increases so does the detail necessary to describe the given situation. This section is designed
to give the user sufficient understandmg to describe practically any given source configuration. The source
description internal to the code includes an overall normalization, a spatial mesh and correspondmg spatial
distnbuten by mesh point, an cmargy simctun: and win +sding energy spectral shape, and a specified coordinate
system. The source description can use a Cartesian, cylindrical, or a spherical coordmate system; however, the
Cartesian system is is..a.ded if the source is off-centemd, or if there are multiple sources Tlz techmque
idih-f for offccatered or multiple sources is to describe a source geometry that encloses the origin and all sources,
then selectively zero-out nonsource regmas by use of zero weights. [See Eq. (SS.6).]

The use of keywords in the source geometry and shape, and defaults in the source mesh points, energy
grog stmeture, and in some cases the source spectrum, greatly simplifies the typical source description and will
suffice for many practical applicatens The source shape description for a flat (keyword FLATS) or a cosine
(keyword COSIN) shape are handled internally by the following equation for the point variation in the source:

P(a,b,c) = cos {xiso(1,1) [a - xiso(2,1)]} * cos (xiso(1,2) [b - xiso(2,2)]};
* cos{xiso(1,3)[c - xiso(2,3)]}; (S5.5)

where a, b, and c are the coordinates of the point in the appropnate coordmate systems, and the xiso values are
either cale=I=ad eternally by the code or input by the user. For the FLATS and COSIN options the values of xiso
are camp *M meernally (e.g., all xiso values are zero for the flat option). For the COSIN options the values of xiso
se computed such that the power or source sinngth peak occurs at the midplane and is equal to zero at the external
haundary. Only for the Catesian coordmates are COSIN specifications allowed in all three directions As an
option, the QADS module allows the uscr to input a unique set of xiso values.

The final cption for specifying the source shape is to input the relative shape by mesh point along each
axis. This opoon assumes separabihty in each of tie three directions and the user inputs the power or source shape
independ=*ly along endi axis. 'Ibe source shape is entered via the WEIGHTS option and then specifying relative
shape values (for cylindncal geometry) P(r), P(z), P(0) at each mesh boundary using the FA T= keyword. The

NUREG/CR-0200,
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relative magnitudes of the shape funcuan for each different axis are not important since the code : normalizes to the

input value ASO. 'Ihe overall normalintim is performed (for cylindrical geometry) by using th; input shapes P(r),
P(z), and P(0), to calculate the weights F:, F., and F,:

F, = [I''' ' rP(r)dr ;
l

F,, = ['= * *P(z)dz; (S5.5)

F| = [e','''P(0)de .

The F, value is primed to allow overall normalization to be performed as follows:

ASO

A = h. i h.i ,,f[. i ,) *
.

F F F

(S5.7)
F,=AF[.

Thus the total power and the input value ASO can be equated,

f i/y i f \g N

P = ASO = [ F, [ F,, [ F, (SS.8),

(1 1 ; (m=1 ; (n 1 ;

and the power at any point is given by

Pw = F F, F, . (S5.9)i

In this manner the correct normalization is given regardless of the relative magnitudes of the indhidual
coordmates

SS.3.1.3 Problem Geometry Specification .

The problem geometry input uses the MORSE combinatorial geometry description. The input includes
fast a d4400 ofeach body type, where the nine different body types are dermed in the next section. The user
then defines the correspondmg body types for each zone and, fmally, the mixtures numbers for each zone. The
input geometry description should be obvious to MORSE combinatorial geometry users; for those unfamiliar with
MORSE geometry input the user is referred to Sect. M9 for more details.

NUREG/CR-0200,
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S53.1.4 Built-In Database Description; 5

-

QADS mnenma a lange ds*=hase of built-in quantities, which simplifies the user input for most problems i

ofinterest. These built-in data consist of(1) buildup factors for both the standard and GP techniques, (2) dose
'

,

i factors that can be user input, read from a SCALE library or internally computed using the ANSI-standard
description, and (3) mass attermaten coefficients for any element.

j ;

S5.3.2 INPUT DESCRIPTION
i :

The user input to QADS is designed to be very simdar to other SCALE sequences. Thus with mmimal.

i.
effort a problem se up for another sequence can be rerun using the QADS sequence. Also, a user who is familiar
with SCALE input and executen should have little problem h~=% proficient in the operation of QADS.

S53.2.1 Sequence Specirer
,

j Under the SCALE driver, QADS is invoked by the use of the sequence specifier "=QADS" and
; correspondmg data shown in Table SS.3.1. The input sections following the sequence specifier consist of a title,
i

cross-secten library name, calculation-type standard composition data, QADS source speci5 cation, QADS
problem geometry specification, QADS dose and detector specifications, and, fmally, a QADS input termmator

f S53.2.2 Title Card
.

>

: The sequmoe specifier card is followed by an 80-character title card. Any descriptive title containing 80
i or fewerchmacters is allowed.

S53.23 Cron-Section Library Name

lhe input value for the cross-section library name has four options: 27N-18 COUPLE,22N 18 COUPLE, [
! ORIGENGP-SRC, and READINGP-SRC. The first two options specify that the problem group structure will be
| read from the =+d ig SCALE libraiy, while the input source simimu will be read in thejob input stream.

Note that the cross sections on the SCALE library are not used since QADS has built-in attenuation coefficients..

The third optmn, ORIGENGP-SRC, signals the code to read both the problem group structure and the source,

j spectrum and magstude from the ORIGEN S output saved on disk. This is a useful option for coupling ORIGEN- '

S source calculations and QADS shielding calculations. The final option, READINGP-SRC, directs the code to ;

i read both the probleen group structure and source spectrum from thejob input stream. While more cumbersome '

in prepanng the input, this opton provides flexibility in that any group structure can be used and it gives QADS
the apt on of easily specifying gamma line sources This is accomplished by specifying narrow energy bins with

'

| the nudpoint energy equal to the gamma line source energy. ;
'
.

S53.2.4 Calculation Type '

The next input value, the calenlarmnal type, is inct aded simply to muumize changes to existing decks that
; have been used in other SCALE sequeces The only value that is acceptable for this input is INFHOMMEDIUM.
i QADS does not perfonn any resonance processing on 1.he cross sections since it uses built-in attenuation
; coefficients.

| I

i
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Table SS.3.1 Outline of material information processor data for QADS

Data
position Type ofdata Data entry Comments

1 Sequence specifier =QADS Begin in column 1. PARM=CHK
begmmngin column 11 checks theinput
for errors

2 Title Enter a title 80 characters

3 Cross-sectionlibrary 27N-18 COUPLE These keywords are used to select the
name 22N-18 COUPLE problem group structure only. QADS has

ORIGENGP-SRC built-in cross sections
READINGP-SRC |

4 Calculation type INFHOMMEDIUM This is only valid option for QADS
calculation

5 Standard composition Enter the appropriate Termmate this data block with END
data data COMP. See Table S5.3.2

6 QADS source Enter the appropriate End this data block with END SOURCE.
specification data See Table S5.3.3

7 QADS problem Enter the combinatorial End this data block with END GEOM.
geometry specification geometrydata See Table S5.3.4

8 QADS dose and Enter the appropriate Ternunate this block with END DOSE.
detector specification data See Table S5.3.6

9 Termmate QADS END Must begin in column 1
sequence

NUREG/CR4200,
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|
,

j S53.2.5 Standard Composition Data

! The QADS standard composition data input is exactly like that of the standard SCALE input; thus
problem input desenptions should be easily ti--parted from other applications to QADS. A briefinput.

;

desenption is given in Table SS.2; for more detaded explanations of each input value see the description given
1 in Sect. M7.4.
.

; S53.2.6 QADS Source SpeciAcation
!
{ The QADS source =g- :r wiaa input follows and is summanzed in Table S5.3. Following selection of
; the appropnate source geometry, the user enters the source strength, normally in units of photons /s. This is the
; value ASO A-M in the previous section For the ORIGENGP-SRC option this value should be entered as |

; acro, since the overali normalantinn is read ducctly from the ORIGEN-S output (see Sect. F7). If a number other
j than acro is emered, the value from ORIGEN-S is discarded and the new value is used as the nor==Latiaa_ The

{
! use of eight different keyword inputs describes the spatial shape of the source within the defined source body.

|
| The first six options give a simple definition of the spatial variation of the source and no further infonnation is

t'

needed to desmbe this variation. Ifeither XISOS or WEIGHTS are specified, then a more detailed description |

| of the spatial shape of the source is given in the More Data array parameters, XIS or WAT, respectively.
j Specifying XISOS direns the code to read the six values of XIS [xiso values of Eq. (S5.5)] in the following order:

; XIS=XIS(1,1),XIS(2,1),XIS(1,2),XIS(2,2),XIS(1,3),XIS(2,3).
1

If the user specifies WEIGHTS, then the relative shapes for each mesh point for each coordmate axis
; should follow the WAT= keyword in the More Data array, lhe order of weights by axis is R,2, 6 for cylindrical; ;

,

i X, Z, Y for Cartesian; and p,0, $ for sphmcal The optional fields of group structure and particle spectrum are |

| read in next; the option is detenmned by the value of the cross-section library name specified previously. The
i group structure array is read in only if the cross-section library input value READINGPSRC is specified.

Simdarly, the particle spectrum array is read in only if the cross-section library input value is specified as either' |
;

{ READINGP-SRC or one of the SCALE libraries (27N-18 COUPLE or 22N-18 COUPLE).
1 The More Data array contams seven different keywords that in many mstances will not have to be

|
changed from their default values; however, using the keyword options increases the module's flexibility. This '

; is easily illustrated by the first keyword,NZS. The value of NZS defaults to 1 and describes the body number i
| w.q,aiwiir.g to the source body. In many instances, the source will be the central body in the problem

^

j description and a common conymtion is to number the innermost body as 1. However, in some instances the
:

i source may ir.w.r..e several boundanes and simply specifying the body number for the outermost body will
|{ effectively spread the source out over all intermediate boundaries. An example of this is given in the sample
3

i problems. This is an important parameter since the source mesh is generated from the body data wing- Z=g >

|
to the body number -ir-d The procedure used internally is to determine, based on the data for the specified 1

'

body number, the innenost and outcrmost dunensions of the source body and then construct the mesh based on
|

the specified number of equally spaced meshes (determmed by the MSH= p..w:=). If MSH=0, then the |
number ofmesh intervals is set to 30 for the R, X, Y, Z, and p axes and 20 for the 6 and $ axes. These values i

can be changed by specifying MSH= and entenng the new number of mesh intervals for each of the three I

coordinate axes in the same order as previously given for the weights. Should changes from the defaults be
]sta==M care should be exercised in the selection of an appropriate number of mesh cells (the maxunum i

==4wr ofmesh cells is 100 for each direction). Since the source representation is completely described by the |

source mesh, the mesh should be fine mough to adequately model the source body. This is particularly important

NUREG/CR-0200,
j S5.3.5 Vol.1, Rev. 5
4

!

!
j
A

__ _ - _ _ . _ _ - _ _ _ _ _ _ _ _- _, .. - - - - _ . - . --



1

I

|

5
Table SS.3.2 Outline of standard composition specification data ;

IEntry Variable Entry I

number name Type ofdata recuirement Comments
i

ii SC Standard composition Always Enter once for each standard composition. Enter the
component name alphanumerie decription fmm Sect. M8.2. Additional

allowed names include those beginning with ARBM for
arbitrary materials and SOLN for solutions

|Al ROTH Theoretical density ARBM Enter once for each standard composition component I
ofmaterial(g/ce) that is an arbitrary material I

A2 NEL Number ofelements in ARBM Enter once for each standard composition component
the material thatis an arbitrary material

A3 IVIS No longer used but must ARBM Enter once for each standard composition wmpo nent
still be entered that is an arbitrary material. Enter 0 or 1

A4 ICP Compound indicator ARBM Enter once for each standard composition component
that is an arbitrary material.
Enter 1 for a compound,0 for alloys, mixtures, etc.

AS IRS No longer used but must ARBM Enter once for each standard composition e poaeat i

still be entered that is an arbitrary material. I
Enter 0 or 1

A6 NCZA ID number (from far ARBM Repeat the sequences A6 and A7 for each element or
right column ofTable isotope in the arbitrary material before entering entry
M82.1 or M8.2.2) number 2. Enter the number from the far right column

of Table M8.2.1 or M8.22. (Premixed standard I

Icompositions cannot be used in an arbitrary material

defmition)

A7 ATPM Number of atoms of this ARBM Repeat the sequence A6 and A7 for each element in the
element per molecule of & arbitrary material before entering entry number 2. Do j
arbitrary matenal ICP=1 not enter a value unlessICP-1 i

|or
Weight percent of this or or
elementin this arbitrary ARBM Repeat the sequence A6 and A7 for each element in the
material & arbitrary material before entering entry number 2. Do not

ICP-0 enter a value unless ICP-0

NUREG/CR-0200,
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{ Table SS.3.2 (continued) i

( Entry Variable Entry
nuenbar name Type ofdata requimt th=--ts

2 MX Mimuse ID ===har Ahreye Esser once for each standard compoenson component

. St FD Fuel density (grams of U or SOLN Esser once for a soluuan
Fu per liner of solution)

32 AML Acid molenty of the soluence SOLN Esser once for a aahmaan AML=0 if there is no acid la
the solunce

01 SPGR Speci6c gravity of the rge - t if the speci6c gravity (5PGR) of the soluuan is known,
solution it abound be essesed as SPG= SPOR 1

w w w
ROTH Deasily of the basic assadasd if the density of a basic standans composauon (RUTH)is |ee to be essesed, use DEN =ROTH

{
3 VF Demony andtiplier See Esser the demairy mulupher (density freution, volume

comment fraction, or a sombinatica). Defauk value is 1. This item
colusan can be osained if entries 4,5,6a, and 6b are also

canned. VF=0 is not allowed for SOLN or ARBM

4 ADEN Nusaber density (steene/b- VF=0 Esser only if VF=0.0
cm) for abs nuclide

5 TEMP Tempermeure,in K See comment Defauk value is 293 K.*Ihis entry can be omitted if
;

coluem entries 6e and 6b are also onenad 1

6e IZA Isotope's ZA ===h , VF+0 Enter for each isotope in the standard compoenaan
component. Omit if VF=0. Emaries 6e and 6b are
easered in paire until each isotope in the component is
de6and

6b WTP Weight percoat of the VFe0 Esser for each isotope in the standard compostaos
loonope ca paaman. Omit if VF=0.0. Estries 6a and 6b are

entered la pairs until eneb isotope in the congoment is
es6aed

7' END Teramanes a standard Always Esser once for each ==dard composation componsat.
compoenson This ternuantes the date for a madard compoenaos

component. Emer END to teramanes the component
Repeat entries I through 7 until all abs adxnares beve

been de6med. At least two blanks amant esperate entry 7
from the een entry

END COMP Teramanes abe desa block Ternwus Emser once for a problem. Easer the words END COMP
when all the ==dard conposanon composeats have
been described. At least two blanks aman follow the
END COMP

' NOTE Essey 7 abould not begin in calunut I unless a mesme is easociated whb it.
At least two blanke should esperate the last entry 7 fresa tbc END COMP.

I
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Table SS. 1 Input data description for QADS source specification

Data
position Type ofdata Data entry Comments

1 Source geometry CYLINDRICAL Select the appropriate source geometry
CARTESIAN
SPHERICAL

2 Source strength Enter the Enter the number of source particles /s. Enter 0 for
appropriate data source read from ORIGEN-S

3 Source shape FLATS Ternunate with an END card
COSINX
COSINY
COSINZ
COSINR
COSINRHO
XISOS
WEIGHTS

4 Group structure Enter number of Input only if READING-SRC is specified
(optional) groups, then group

bounds (high-to-

lowin eV)

5 Particle spectrum Enter value for each Input only if READINGP-SRC or SCALE library
(optional) group is specified

6 More Data array NZS= [1]-body # for soun:e
(optional) INU= [0]-neutron calculation if > 0

NSO= [71]- ORIGEN-S unit number
NPS= [0]- source position number,0=last
XIS= [0]-xiso values (6 values)
MSH= [0] - number of mesh intervals (values for each

coordmate direction)*
WAT= [0]- weights read in'

7 End Source array END SOURCE Terminate sourceinput

"Ihe mesh intervals and weights for each axis are input in the following order: Car +esian (X,Z,Y), cylindrical
(R,Z,0), and spherical (p,0, $). |

% default number of mesh intervals is 30 for R, X, Y, Z, and p axes and 20 for 6 and $ axes. The user '

can input the actual mesh by specifying a negative number of mesh intervals for a given axis, followed by the
mesh boundaries along that axis.

'
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i

for surface or near-suface doses where errors can occur if the mesh size is larger than the surface-to detector
distance. Altesnately, if the value of MSH is entered as a negative number, the actual mesh can then be entered

==neastaly after each MSH value has been input (e.g., ifMSH= -15 then enter 16 r mesh values; if-10, enter
11 Z mesh values; if-5, enter 6 6 mesh values). This will allow for special situations when the intermediate
bmmdaries, notjust the endpoints, need to be saar: rig

De NSO and NPS paramens give the ORIGEN-S wait an=her and source position for the ORIGEN S
data saved to disk in an earlier run. Only in a few instances should values other than the defaults have to be

entmed. He XIS and WAT parameters allow the user to enter their own set of source shapes The last optional
parameter is INU. Specifymg INU greater than 0 allows the user to perform a neutron Waia= This
document ===== that a g auna only calculation is the intent of most users and further information on the
neutron capabihties is given in the original QAD document.'

S5.3.2.7 QADS Problem Ga=**ry Specification

Tables S5.4 and S5.5 outhne the user input for the QADS problem geometry input. This input is very
similar to that of the MORSE SGC. See Sect. M9.2 for more detailed information

S5.3.2.8 QADS Dose and Detector Specification

The description of the fmal input eartian QADS desartar and buildup factor specifx:ation,is given in
Table S5.6. His enrean enn==en ofbuil&p factor selection folkmed by two optional inputs: the number and type
of flux to< lose conversica factors and the mnhor and position of detectors for the problem. The first 8 options
for the buildup famars given in Table S5.6 correspond to the standard baldup factors [Eq. (S5.2)], while the 43
optmas given in Table S5.7 correspond to the GP bud &p factor data (Eq. (S5.3)]. For the stmadard Mildup factor

data, the DOSE keyword indicates that the buildup factors c for an air exposure response wm, y netration
through the given matenal and the ENG keyword uubcates a response of the energy absorbed in the material
itself. Simdarly for the GP buildup factor data, the ABS keyword indicatan a response of the energy absorbed
in the material, while the keyword EXP indicates the air exposwe response with penetration through the given
material

& next input parameter is NFACTR, which specifies the number and/or type of flux-to< lose com crsion
famers For all but a very few cases, the default value is suRicient. If the default value is used, ANSI-standard
dose famars are aislur med from the SCAM library or e=W intesnally, The user can optionally specify other
dose ids from the SCAE library if that option is being utanad in the problem. Lastly, the user can input dose
response values by specifying a number between 0 and 9000, This allows NFACTR sas of conversion factor
sets to be read from thejob input stream. The default for the number of detectors is four, NDETEC=0 and the
detoch are located at 0,1,2, and 4 m from the outermost edge of the outermost nonvoid cylinder along the
midplane of the cylinder. This default option. is valid only for cylindncal source geometncs For other
geometnes wl/ar other denomor laratiane the user enters the number of detectors desired, NDETEC= number of ;

desarnart, followed by the location of each dreactar. He default detector -y is cyhndncal and need not ia
be entwed unless the user desires another geometry for the detector.

S5.3.2.9 Terminate QADS Sequence

i

An END card shouki be included to terminate the user input to QADS. No built-in mechanisms for
stacking several cases within a QADS sequence exist. He use of the SCALE driver provides such an option |

| s:nce addmaani cases can be staded by siniply respecifying the entire QADS sequence input following the END i

i card (i.e.,includmg an =QADS as the card following the END card).
i

| NUREG/CR-0200,
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Table SS.3.4 Input data description for QADS geometry specification
;

Data
position Type of data Data entry Comments |

l
0 Title card Geomeuy title Enter geometry title (80 characters) !

1A Body type BOX See Table SS.3.5 for body definitions. Refer to
RPP Sect. M9.2 for complete informatica
SPH |

RCC |

REC
ELL i
TRC
WED
ARB

|

IB Body number Enter appropriate Enter body number corresponding to above body I

body number type

IC Body data Enter appropriate See Table SS.3.5 for required data for each body !
data for given body type i

1D Terminate body END BODY Afkr all body descriptions have been entered,
data termmate with END BODY

2A Zone name Threeletter zone title The first zone name corresponds to zone 1, second
(e.g, ZN1, ZN3) to zone 2, etc., regardless ofits title

2B Number of Integer # Enter number of zones that can be entered from
adjacent zones this zone

2C Bodynumbers + integer Enter the body numbers that comprise this zone. !
for this zone -integer See Appendix A for moreinfonnation

OR + integer
OR -integer

2D Tenninate zone END ZONE After all zones have been described, termmate i

data with END ZONE l

3 Mixmres by Integer for each zone Enter the nuxture number for each zone. Enter
zone 1000 for intemal voids, O for external voids

4 End geometry END GEOM
input

|

|
1
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Table S5.3.5 Input required for each body type :

Body Body Body Realdata deEning particularbody" f
description type No. |

Box BOX Assigned by Vx Vy Vz Hlx Hly Hlz !

the user H2x H2y H2z H3x H3y H3z
,

:

Rectangular RPP Assignedby Xmin Xmax Ymin Ymax Zmin Zmax .

parallelepiped the user

Sphere SPH Assigned by Vx Vy Vz R
the user

Right circular RCC Assigaed by Vx Vy Vz Hx - Hy Hz
cylinder the user R

g Right elliptic REC Assigned by Vx Vy Vz Hx Hy Hz
ja cylinder the user Rlx Rly Riz R2x R2y R2z

Ellipsoid ELL Assigned by Vlx Vly Vlz Hx Hy Hz
the user R

Truncated TRC Assigned by Vx Vy Yz Hx Hy Hz
right cone the user R1 R2

'

Right angle WED Assigned by Vx Vy Vz Hlx - Hly Hlz
wedge the user H2x H2y H2z H3x H3y H3z

Arbitrary ARB Assigned by Vlx _ Vly Viz V2x V2y V2z
convex the user V3x V3y V3z V4x V4y V4z
polyhedron V5x V5y V5z V6x V6y V6z<po V7x V7y V7z V8x V8y V8z

.-h Face desenptions*

{8b
'For dennitions of these values, see Sect. M9.2 on MARS geometry.

L, 6Line 5 of the arbitrary polyhedron input contains a four-digit integer for each of the six faces of an ARB body.



|

Table S5.3.6 Input data description for QADS detector specification

Data
position Type ofdata Data entry Conunents

1 Buildup factors WATE DOSE or ENG These buildup factors correspond to the
ALUM ENG standard exponential buildup factor data.
IRON DOSE or ENG For GP values, see Table SS.7
LEAD DOSE or ENG
CONC DOSE

2 Number / type flux-to- NFACTR=[0] Use ANSI Standard dose factors
dose conversion NFACTR > 9600 SCALE dose factorIDs*
factor (optional) 0 < NFACTR < 9000 Read NFACTR responses from input'

END Termmate dose factorinput

3 Number of detectors NDETEC= [0] Defaults of 0,1,2,4 m from mid-plane 1

(optional) (valid only for CYLINDRICAL source)
1

4 Detector data RRC R, X, or p value
(NDETEC * 0) ZRC Z, Z, or 0 value

PHIRC 0, Y, or $ value
NRCOP CYLINDRICAL (defaultifsource I

!for each detector geometryis cylindrical)
CARTESIAN
SPHERICAL

5 Ternunate input END DOSE Termmate dose input

* Refer to Table SI.4.8 in Sect. S t.4 for available SCALE dose factor ids.
* NFACTR for values between 0 and 9000 is the number of response sets, not the total number of values

entered. After the value of NFACTR is entered, response values are entered by group for each of the
NFACTOR responses.

|

|

:
|
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! . Table S53.7 IA of' materials and E r == e used in QADS-

|. MATGP Matenal ICGP' Response ICOP Response

BERY Beryllium _ ABS Beryllium _EXP Air,

BORO Baron _ ABS Baron _EXP Air
i CARB Carbon _ ABS Carbon _EXP Air
; NITR Nitrogen _ ABS Nitrogen _EXP Air

OXYG Oxygmi _ ABS Oxygen _EXP Air,

: SODI Sodium _ ABS Sodium _EXP Air
j MAGN. Magnesium _ ABS Magnesium _EXP Air
! ALUM Alununum _ ABS Aluminum _EXP Air
! SILI Silicon _ ABS Silicon _EXP Air
j PHOS Phosphorus _ ABS Phosphorus _EXP Air
j SULP Sulphur _ ABS Sulphur _EXP Air

ARGO Argon _ ABS Argon _EXP Air
: POTA Potassium _ ABS Potassium _EXP ' Air
! CALC Calcium _ ABS Calcium _EXP Air
i IRON Iron _ ABS Iron _EXP Air
i COPP Copper _ ABS Copper _EXP Air
i MOLY Molybdenum _ ABS Molybdenum _EXP Air
i LEAD Lead _ ABS Ie.ad _EXP Air'

URAN Uranium _ ABS Uranium _EXP Air
WATE Water _ ABS Water _EXP Air

j AIR _ Air _ ABS Air _EXP Air'

CONC Concrete _ ABS Concrete _EXP Air
|- _ means blank.

'

:

1,

;

a

:
.

;

?

! !

1.,

I i,

;
1
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J l
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f S5.4 SAMPLE PROBLEMS AND OUTPUT DESCRIPTION
< ;

t

QADS was developedlargelyto provide a simplified input scheme to expedite shielding analyses
ofspat fuel sluppeng casks. Of course, many other applicariane are well suited for analysis using the QADS
rnadale However , the two sample problems and their wsi =%g outputs given here are examples of how
QADS could be used in sluppirg cask analysis. The -ala were designed to use as many options as possible,
in some cases more than are actually necessary, to give the user insight into how the particular options can be best

elimt Note that theseprobisms are not the standard QADS sample problems distributed with SCALE. They
may be downloaded from the SCALE home page on the World-Wide Web (WWW) A pointer for the SCALE
home page may be found at http /www. cad.ornl. gov |

1

The first sample problem involves a 38-cm-thick cylmdncal cast-iron shipping cask with a dry 40-cm |
8

radius inner cavity shown in Fig. SS.4.1. The input listing is provided in Fig. S5.4.2. The source has a totd
source straagth of 5.078 x 10'' photons /s and is distributed into an 18-group structure as shown in the input.
This spectrum was derived from individual line sources by biamng into the specified energy ranges while
conservung encrgy. The weights option was specified to show its use; however, the actual weights are all set to
1, thus specifying a flat source.1he probicm gocmetry described is a cyhndrical shield 38 cm thick with a 40-cm-
radius cavity. The bottom of the cask is also 38 cm thick with the top cover 42 cm in 'Mel== These body
desenptions are followed by surroundmg bodies of first internal void and lastly external void in order that dose

,

'

estimations external to the cask can be performed in QADS. In this case, these regions were made arbitrarily
large.

Figwe S5.4.3 contains the complete QADS oisput of the first sample problem with appropriate notations
made to aid the user in understanding the prmted results. The results for receiver 1 (i.e., a dewaar at the outer
cask surface on the axial nudplane) appear near the end of the output. The calculated dose rates are shown in the

sixth column, both as a total dose rate and by group. The value of 3.53 x 10-2 rem /h agrees wellwith both one-
dimensional (1-D) and two-dimensional (2-D) transport results.*

The second sample problem illustrates one ofmany shielding situations that QADS can handle quite
easily. The physical situation is a storage ennramer consisting of 52 cans of ennched uranien. The cans are
stacked 4 high in 13 compartments as shown in Fig. SS.4.4. QADS cannot handle the source swy exactlyu
for this case. The cylinders themselves can be avvieled but only one distinct source body can be input. There
are several ways to approximate this shielding situation. The first is to make the geometry 1 D by modeling the
nuddle cylmder exactly, then smeanng the romanung 12 cylindess into an outer cylindrical ring. This method was
chan=i as an approxanation since one aim of the code checkout was to compare QADS results with 1-D transport
r=lcutatinna Another possibility is to model all 13 cylinders in Cartesian geometry with setowd patterns
appraumatmg the cylinders and the use of zero and nonzero weights to selectively "paachant" the "cylindncal"
regions of the source This approach more closely reprrArea the actual configuration but at the expense of
simplicity in the problem setup. The input for this sample problem (Fig. S5.4.5) also demonstrates the use of

'
the optional parameter NZS. The default value for NZS is 1, winch describes the body number of the source,

desenptum. In many applems the innermost body is both the source body and body 1; thus the default should
be appropnate for many amiariana In this and other sinular =*iarians, however, there are multiple source bodies.
The pmcochsre used here spanGe= the outermost source body number as NZS. This designation mcorporates all
the runnining mesmal hadies It also places a portion of the source in the structural regions which, if desired, can
be assigned zero weights. The error in this problem was deemed small enough to ignore. Excerpts of the
resulting QADS output for the aernad sample problem are shown in Fig. SS.4.6.

I
i
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=QADS
t

QADS SAMPLE PROBLEM #1 - OECD BENCHMARK SHIPPING CASK
READINGP-SRC INTHote4EDIUM '

ARBM-CASTFE 7.0 4 0 0 1 6012 3.25 14000 1.4 28000 1.1 26000 94.25 2 END
AP.BM-POLY .91 2 0 1 0 6012 2 1001 4 3 END

|

ARBM-1.4541 2.81 4 0 0 1 25055 2. 24000 18. 28000 10. 26000 70. 1 .186 END 1

ARBM-ZIRC4 2.81 3 0 0 1 40000 97.9 50000 1.6 26000 0.5 1 .116 END >

ARBM-U235 2.81 1 0 0 1 92235 100. 1 .011 END
ARBM-U238 2.81 1 0 0 1 92238 100. 1 .344 END
ARBM-OXYGEN 2.81 1 0 0 0 8016 100. 1 .043 END ';

END COMP
CYLINDRICAL 5.078E16 WEIGHTS END
18 10+6 8+6 6.5+6 5+6 4+6 3+6 2.5+6 2+6 1.66+6 1.33+6 1+6 8+5
6+5 4+5 3+5 2+5 1+5 5+4 1+4
5Z 2.64-5 5.02-3 1.13-4 0 1.80-2 7.60-3 6.70-1 2.99-1 5Z
MSH=15 15 10 WAT=43*1
END SOURCE
CYLINDRICAL SHELL CASK
RCC 1 0 0 38 0 0 450 40
RCC 2 0 0 0 0 0 488 78
RCC 3 0 0 488 0 0 42 78
RCC 4 0 0 -10000 0 0 20000 20000
RCC 5 0 0 -10001 0 0 20002 20002
END BODY
EN1 2 1
ZN2 2 2 -1
ZN3 2 3
ZN4 2 4 -3 -2
ZN5 2 5 -4
END ZONE

O END GEOM
1 2 2 1000 0

IRON EXP
NDETEC=2
78. 265. O. 178. 265. O.
END DOSE
END

Figure SS.4.2 Input hstag for first sample problem

NUREG/CR-0200,
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PRIMARY PODULE ACCESS AND INPUT PICORD ( SCALE DP.IVER - 95/03/29 - 09:06:37 )
K)DULE QADS WILL BE CALLED

QADS SAMPLE PROBLEM 91 - DECD BENCHMARK SHIPPING CASK
READINGP-SRC INDICP94EDIUM
ARBM-CASTFE 7.0 4 0 0 1 6012 3.25 14000 1.4 28000 1.1 26000 94.25 2 END
ARBM-POLY .91 2 0 1 0 6012 2 2001 4 3 END
ARBM-1.4541 2.81 4 0 0 1 25055 2. 2400018. 2800010. 26000 70.1.186 END
AraM-IIRC4 2.81 3 0 0 1 40000 97.9 50000 1.6 26000 0.5 1 .116 END
ARBM-U235 2.81 1 0 0 1 92235 100. 1 .011 END
ARBM-U238 2.81 1 0 0 1 92238 100.1.34 4 END
APSM-OKYGEN 2.81 1 0 0 0 8016 100. 1 .043 END
END COMP
CYLINDRICAL 5.078E16 WEIGHTS END
18 10+6 0+6 6.5+6 5+6 4+6 3+6 2.5+6 2+6 1.66+6 1.33+6 1+6 8+5
6+5 4+5 3+5 2+5 1+5 5+4 1+4
52 2.64-5 5.02-3 1.13-4 0 1.00-2 7.60-3 6.70-1 2.99-1 53
MSH-15 15 to WAT-43'1
END SOURCE
CYLINDRICAL SHELL CASK
RCC 1 0 0 30 0 0 450 40

Q DS sample problemRCC 2 0 0 0 0 0 488 78

RCC 3 0 0 488 0 0 42 78

RCC 4 0 0 -10000 0 0 20000 20000

RCC 5 0 0 -10001 0 0 20002 20002
END BODY
ZN1 2 1
EN2 2 2 -1
IN3 2 3
IN4 2 4 -3 -2
ZN5 2 5 -4
END ZONE
1 2 2 1000 0
END GECH
IRON EXP
NDETEC=2
78. 265. D. 178. 265. D.
END DOSE

*

SECONDARY HDDULE QADCGGP HAS BEEN CALLED.

DODULE QADCGGP IS FINISHED. COMPLETION CODE 0. CPU TIME USED 2. 36 (SECONDS) .

MoouLE QADs IS FINISHED. COMPLETION CODE 0. CPU TIME 'JSED 4.18 (SECONDS).

Figure S5.4.3 Complete output listing of first sample problem

|
|
,

,
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QAD$ SAMPLE PROBLEM 01 - DECD SENCHMARK SHIPPING CA$K j
I

- ** PRogLEM PARAMETERS ****
/ g\
[ LIB No LIS UsID LIBRARY
\ MKX * ~ 3 M11TURES

[ MBC 7 Ct9tPOSITION iPECIFICATIONS
17.M 1 MAT 8 RIAL SONE'>

| OE INFM0001EDIUM GEOMETRY EWM
[ IORE O 0/1 DO NCrf READ / READ OPTIC $iAL 2 AMMETER DATA
| MsIJs 0 FUEL SCIAJTIONS

**** PROBL8M fMMPOh!? ION DE#CRIPTION ****

! SC AhtM-CARTFE STANDMD CCSEPOFITION
I MK I MIETURE NO.

I '
W 1.00s0 WIAMs FRACTION
RCTH 7.0000 SPECIFIED DENCTY

( NEL 4 NO E'.EMEBrfs
,

)'

ICP 0 0/1 MIETUM/ COMPOUND
!6012 3.250 wrt

14000 1.400 wrt
i 18000 1.100 wrt
| 26000 94.250 wit

END

SC ARBM-Pol.Y STANDMD CMPOSITION I
i

MK 3 MIETURE NO. I

W 1.0000 WOLL*KS FRACTION
{ROTH 0.9100 $PECIFIED DENSITY

NEL 2 No. ELEMENTS '

ICP 10/1 MIKTL'RE/ COMPOUND
5012 2.00 ATOMS / MOLECULE '

1001 4.00 ATOMS /POLICULE
END

SC .ARBM-1.4541 STANDARD COMPOSITION
MK 1 MTETURE NO.
W 0.1040 WOIAmtE FRACTIO 94
ROTR 2.0100 SPECIFIED DENSITY
MIL 4 NO. ELEMENTS
ICP 0 0/1 MIETURE/COMPCUND

26065 2.000 w;l

24000 10.000 wil j
28000 10.000 wrl
26000 10.000 wtl !

3 END

.(g} SC ARAM-IIRC4 STANDMD COMPOEITICs4
NK 1 MIKTURE NO.
W 0.1160 VOL12EE FRACTION
ROTH . 2.8100 SPECIFIED DENSITT
NEL 3 NO. ELEMENTS
ICP 0 0/1 MIKTURE/ COMPOUND

40000 01.000 wrt
50000 1.600 wil
26000 0.600 wrt

BND

#C ARaM-U215 STANDMD CDNPOSITION
MX 1 MIKTURE NO.
W 0.0110 VOIAntI TRACTION
RCTH 2.t100 SPECIFIED DENSITT
NEL 1 No. ELEMENTS
ICP 0 0/1 MIETURE/CCMPOUND

92216 100.000 wit
END

SC ARBM-UI38 STANDASD FCMPOSITICE4
MK 1 MIKTUR5 NO.
W O.3440 WOI2JHE FRACTION
ROTH 2.8100 SPECIFIED DENSITY
NEL 1 NO. ELDEINTS
ICP 0 0/1 MIK1URE/CCMPOUND

92210 100.000 wil
IND i

SC ARSM-OKYOEM STANDARD COMPOSITION
MK 1 MIETURE NO.
W 0.0410 WOIABEE FRACTION .

SOTH 2.8100 SPECIFIED DENSITT
' NEL 1 NO. ELEMENTS

ICP 0 4/1 MIITURE/COMPdOND
0016 100.000 WTl

aD

1
Figure SS.4.3 (continued)'
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* * * * P RobLEM GECMETRY * * * *

**** INFINITE HOOGENIOUS MEDIUM ****
| NFUEL 1 MIETURE NO. OF THE INFINITE HWOGEN10US MEDIUM
l

**** SOURCE PARAMETER 3 ****

QADS SAMPLE PROSLEM $1 = OECD BENCHMARK SHIPPING CASK

$RC CYLINDRICAL SOURCE COORDINATE SYSTEM
A80 R.07800E+16 SOURCE STRENGTH
SHAPI WEIGHT 3 8OURCE SMAPE

GROUP STRUCTURE READ FRCl CARDS
SOURCE SPECTRUM SEAD FROM CARDS

OPTIONAL PARAMETEk3

HSH VAIFE3 READ FROM CARDS

OPTIONAL PARAMETERJ

43 WAT VALUES READ TROM CARDS

eeee p g DATA ****

bFMAT IRW BUILDUP TACTOR MATERIAL
SFRSP EXP BUILDUP FACTOR RESPWSI I

WFACTR 0 DOSE FACTOR ID (READ FROM CARDS IF < 9000)
NDETIC 2 NUMBER OF DETECTORS

DETECTOR NO. 1 |
RRC= 7.0000E*01 ERC= 2.6500E*02 PHIRom 0.0000E+00 NRCDP= CTLINDRICAL '

DETECTOR NO. 2
ERC= 1.7000E+02 ERC= 2.6$00E+02 PHIRC= 0.0000E+00 NRCOP= CYLINDRICAL

1

i

Figure SS.4.3 (continued)
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f
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f

|4

ggggggg mannanaan D E)DDDDEEEID
_

-- -
-7 ggggggggg ==.=i-s_* = " _ ' . DDDDDDrewsmnn CC-_ .

--- - --- PPPPPPPPPPPP

QQ gQ AA AA DD DD CC
.._

- - rah- PPPPPPPPPPPPP -
CC GG 90 OG GG PP PPa QQ QQ AA AA 12 DD CC GG OG PP PP l

;
j QQ QQ AA AA DD DD CC GG GG PP PP iQQ QQ AAAAAAAA MhAA CD DD - CC GG *n"r" OG amrm- PPPPPPPPPPPPP 'QQ QQ AAAAAAAAAAAAA DD DD . CC GG nemtre og googggg pppppppppppp

QQ - QQ ' AA AA DD DD CC GG GG OG OG PP !

;,

QQ 00 QQ . AA AA DD DD CC 03 GG GG GG PP
,

gg QQQ AA AA DD DD CC CC GG OG GG GG PP ,4; g000000000 AA AA nnnnrmnDDDDDD CCCCCCCCCCCCC **""a=" --- ---- - PP
[000000Q QQ AA Ah nnnnrwmnnnnn wwwwww -

-- -- Pp

'E

35838838838 CCCCCCCCCCC AAAAAAAAA M EEEEEEEEEEEEE IPPPPPPPPPPP swwwwww538538538338 swwwwww **''''''''' 11 EEEEEEEEEEEEE PPPPPPPPPPPPP Gwswwwww88 sa CC CC AA AA 11 EE PP FP CC CC '
3

$2 CC AA AA 11 35 PF PP CC !ss CC AA AA 11 15 PP PP CC i8833385823s5 CC nmmmm 11 8EEEEEEEE PPPPPPPPPPPPP CC. - -

883388353333 CC ?..'.''"' 11 85555555E PPPPPPPPPPPP CC |SS CC AA AA 11 55 PP CCSS CC AA AA 11 EE PP CC f$$ 58 CC CC AA AA 11 55 PP CC CC i$$$$$$5888883 6wwwwww AA AA " ' " " ' " EEEESEEEEEEEE PP
EEEEEEEEEEEEE PP

_

}33333333333 __ AA AA ''''''''''' '
i

.

0000000 11 // 22222222222 11 // 99999999999 1777777777717000000000 111 // 2222222222222 111 // 9999999999999 717777777777 '
i

' 00 00 1111 // 22 22 1111 // 99 99 77 77 I00 00 11 // 22 11 // 99 99 71 {60 00 11 // 22 11 // 99 99 7700 00 11 // 22 11 // 9999999999999 77 $

i

00 00 11 // 22 11 // 999999999999 , ??
I00 00 11 // 22 11 // 99 71 t00 00 11 // 22 11 // 99 71 :00 00 11 // 22 11 // 99 77 I000000000 11111111 // 2222222222222 11111111 // 9999999999999 ?? *

0000000 11111111 // 2222222222222 11111111 // 999999999999 ?? i
:

I
'

11 666666666666 0000000 5555555555555 0000000 22222222222 i
5

e 111 6666666666666 000000000 5555555555555 000000000 2222222222222 |\ 1111 66 ::: 00 60 55 ::: 00 00 22- 22 ib 11 66 ans 00 00 55 ::: 00 00 22 j11 64 ::: 00 00 55 ::: 00 00 22 ;11 666666666666 00 00 555555555555 00 00 22 t
il 6666666666666 00 00 5555555555555 00 00 22 i11 66 66 ::: 00 00 55 ::: DO 00 22 I11 66 66 ::: 00 00 55 ::: 00 00 22 '
11 66 66 ::: 00 00 55 55 ::: 00 00 2211111111 6666666666666 000000000 5555555555555 000000000 2222222222222

r

11111111 66666666666 0000000 55555555555 0000000 2222222222222 i

Figure S5.4.3 (contmuod)
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355815388f8 swwsaws AAAAAAAAA LL EEEEEEEEEEEEE PPPPPPPPPPPP wwwsusw
3852333885188 ____ tw *?* **?_". LL EEEEEEEEEEEEE PPPPPPPPPPPPP suswww6ws
83 $$ CC CC AA AA LL EE PP FP CC CC
88 CC AA AA LL EE PP PP CC
$$ CC AA AA LL EE PP FP CC
538128138585 CC * ** ** LL EEEEEEE82 PPPPPPPPPPPPP CC

$$$385835855 CC ' ' _ _ ' '??? LL EEEEEEEEE PPPPPPPPPPPP CC
SS CC AA AA LL 3E PP cc ,

'SS CC AA AA LL EE PP CC
SS 55 CC CC AA AA LL EE PP CC CC
4483583858553 AA AA ""'t""". EErgEEEgEEEgE yr CChwwwww

$8888SS8535 wwwwwws AA AA " " ' ' " " ' EtEEISEEgg3Eg PP uwwwwws

....e........................................................eee ..............e
e......ee.e................................... ...................ee............
. ...... .......ee....ee........................................................
e.... ... e

* " . * . * Ph3GAAM VERIPICATION INFORMATION *****
.. . .....
***** CODE SYSTEMS SCALE PC VER$IGi 4.3 * * " . * ...... ...
.....+....ee....................................................................
e.............................e.................................................
e...e ....e
..... .....
***** PROGAAM QADCGGP *****
..... .....

" . . * * * . CREATION DATE: 09-15-96 ** "*
.. .....

..... wwng: seggpEgygg .....

..... .....

* " . " . LIBRARYs Di\ scalet 3\ ERE * **
. . " . . .. . .

....e ....e
***** PRODUCTION CODE QAD-CDGP *****
....e .....
***** VERSION: 3.0 *****
..... .....
..... Joegang: 3CALg-PC "***
..... .....
***** DATE CI EXE M ICH: 01/21/91 .....
..... .....

". ".. n xE of Ex CuTIc I.i. ster .....
.....

..... .....

................................................................................

.............. ........................ ........................................

.......................................ee...............e................e......

Figure S5.4.3 (continued)
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INPU7 DATA L187

1 QADs sAnrLt raoal.aN s1 - otCD SsNCunAar sHitr1No cAsr( 2 15 15 to 11 3 1 1s 0 0 1 2 0 0 0 0 03 0.507:00:417 0.000000 0.000000 0.000000 0.000000i .

11,lStiEyg CDfihCtthbl4 0.000000 0.000000Q & 0.000000 2.66667 5.mn . 00000 10.6'''
QAD-CGGP innut6 13.3333 16.0000 18.6667 21.3333 24.00001 26.6667 29.3333 32.0000 34.6667 37.3333

r-
r

8 40.0000 |

9 38.0000 68.0000 90.0000 128.000 158.00010 185.000 218.000 240.000 278.000 300.00011 330.000 368.000 390.000 428.000 458.000 t
12 488.000
13 0.000000 0.628318 1.25664 1.04495 2.5132714 3.14159 3.16991 4.39823 5.02654 5.6548615 6.20318
16 1.00000 1.00000 1.00000 1.00000 1.00000

|17 1.00000 1.00000 1.00000 1.00000 1.00000
18 1.00000 1.00000 1.00000 1.00000 1.0000019 1.00000 -

120 1.00000 1.00000 1.00000 1.00000 1.0000021 1.00000 1.00000 1.00000 1.00000 1.0000022 1.00000 1.00000 1.00000 1.00000 1.0000023 1.00000
24 1.00000 1.00000 1.00000 1.00000 1.00000
25 1.00000 1.00000 1.00000 1.00000 1.00000 '
26 1.00000
27 0 0 CYLINDRICAI. SHELI. CASK
28 RCC 1 0.+0 0.+0 390000,-4 0.+0 0.+0 450000,-3
29 406C00,-4
30 RCC 2 0.+0 0.+0 0.+0 0.+0 0.+0 438000.-3
31 780000.-4
32 RCC 3 0.+0 0.*0 480000.-3 0.+0 0.+0 420000.-4
33 780000.-4
34 RCC 4 0.+0 0.+0-100000 -1 0.+0 0.+0 200000.-135 200000.-1
36 RCC 5 0.+0 0.+0-100010.-1 0.+0 0.+0 200020.-137 200020.-1
as Eup
39 EN1 2 1 hto EN2 2 2 -1
41 EN3 2 3
42 EN4 2 4 -3 -2
43 EN5 2 5 -4
44 EKD
45 1 1 1 1 1
46 1 2 2 1000 0~'5% 47 11 6 14 28 26 1 25 24 to 50 92 0
48 1kON SIP

4 49 0.000000 0.000000 0.5226608-01 0.361492 0.000000
50 0.1045325-01 0.940780s-01 0.319115 0.5215365-02 0.997550
51 0.120 30
52 0.227500 0.9800005-01 0.7700003-01 6.59750 0.000000
53 0.000000 0.000000 0.000000 0.000000 0.000000
54 0.003000
55 0.779132 0.000000 0.000000 0.000000 0.130868
56 0.000000 0.000000 0.000000 0.000000 0.000000
57 0.000000
58 9.00000 7.25000 5.75000 4.50000 3.50000| 59 2.75000 2.25000 1.83000 1.49500 1.16500
60 0.900000 0.700000 0.500000 0.350000 0.250000
61 0.150000 0.750000E-01 0.3000005-01
62 0.000000 0.000000 0.000000 0.000000 0.000000
63 0.2640003-04 0.5020005-02 0.1130005-03 0.000000 0.1800005-01
64 0.7600005-02 0.670000 0.299000 0.000000 0.000000

,

65 0.000000 0.000000 0.000000
i 66 0.8771625-05 0.747050s-05 0.6374023-05 0.5413653-05 0.4622073-05l

67 0.3959635-05 0.3468608-05 0.3019108-05 0.262760E-05 0.2205128-06
68 0.1932578-05 0.152276E-05 0.1172455-05 0.8759385-06 0.6306048-06
69 0.3833745-06 0.2669288-06 0.9347638-06
70 0.000000 0.000000 0.000000 0.000000 0.000000
71 0.000000 0.000000 0.000000 0.000000 0.000000

| 72 0.000000 0.000000 0.000000 0.000000 0.000000
73 0.000000 0.000000 0.000000
74 0.01 -10.00

[ 75 10.00 - 8.00 8.00 - 6.50 6.50 - 5.00 5.00 - 4.00 4.00 - 3.00 3.00 - 2.50
| 16 2.50 - 2.00 2.00 - 1.66 1.66 - 1.33 1.33 - 1.00 1.00 - 0.00 0.80 - 0.60
1 77 0.60 - 4.40 0.40 - 0.30 0.30 - 0.20 0.20 - 0.10 0.10 - 0.05 0.05 - 0.01

,
i

| 19
1 19 18.0000 265.000 0.000000 0 0 |

,

| 90 0 0

| B1 178.000 265.000 0.000000 0 0
82 0 0'

83 0.000000 0.000000 0.000000 -1 0
84 0 0 I

Figure S5.4.3 (continued)
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QADE EAMPLE FROBLEM 81 - CECD BENCHMAAK EHIPPING CAIK

CONTAOL 15 15 10 11 3 1 19 0 0 1 2 0 0 0 0 0 gg
0 -9 1 10 0 0 0 0 0 0 0 0 0

ECURCE 5.0700$+16 0.f>00E+00 0.0000E+00 0.0000E+00 a ** st+0e 0.0000E+00 0.0000E+00
'R 0.0000E+00 2.6667E+00 5.3333E+00 8.0000E+00 1.06675+01 1.3333t+01 1.6000E+01 1.86675+01

2.1333E+01 2.4000E+01 2.66671601 2.93338+01 3.2000E+01 3.46675+01 3.7333E+01 4.0000E*01
3.D mesh

I 3.8000E+01 6.0000E+01 9.8000E+01 1.2800E+02 1.5800E+02 1.8500E*02 2.1800I+02 2.4000E+02 f
deScriptiOD2.7800E+02 3.0800E+02 3.3400E+02 3.6600E+02 3.9000E+02 4.2000E+02 4.5800E+02 4.8000E+02

PHI 0.0000E+00 4.20125-01 1.25665+00 1.0050E+00 2.5133E+00 3.14165+00 3.76098+00 4.3982E+00 s
5.0265E+00 5.6549E+00 6.28321*00

F(L) 1.0000E+00 1.0000E+00 1.0000$+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000B+00 '
1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000$+00 1.0000E+00 1.0000E+00 Weight

F(M) 1.0000E+00 1.0000B+00 1.0000E+00 1.0000E*00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E*00 > [g
1.0000E+00 1.0000B+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000B+00 1.0000E+00 1.0000E+00

F(N) 1.0000E+00 1.0000$+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E*00 1.0000E+00 1.0000E+00 s
1.0000E+00 1.0000E+00 1.0000E+00

Figure SS.4.3 (continued)
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CYLINDRICAL SHELL CASK

\
2v0PT . 0 :D.G . O

Geometry description
BODY DA'A

RCC 1 0.0000000E+00 0.00000r*?+A0 0.3000000E+02 0.00000005+00 0.0000000B+00 0.4500000E+03 30.40000005+02
RCC 2 0.0000000E+00 0.000000L. 0.0000000E+00 0.0000000E*00 0.0000000E+00 0.4 000000t+03 120.7000000E+02
RCC 3 0.00000008+00 0.0f00000$+00 0.4000000E+03 0.00000008+00 0.00000008+00 0.42000005+02 210.7000000E+02
BCC 4 0.0000000E+00 0.00000005+00 -0.10000008+05 0.0000000E+00 0.00000005+00 0.20000008+05 30

0.20000005+05
Rec 5 0.0000000E+00 0.0000000s*00 -0.1000100E+05 0.00000008+00 0.00000008+00 0.2000200t+05 30

0.2000t00E+05
END 6 0.00000008+00 0.00000005+00 0.00000008+00 0.0000000s+00 0.00000008+00 0.0000000I+00 40

MUDGER OF SODIES 5
LENGTN OF FFD-ARRAY 53

INPUT EONE DATA
2K1 2 1 0 0 0 0 0 0 0 0 3 1
2N2 2 2 -1 J 0 0 0 0 0 0 3 2
23 2 3 0 0 0 0 0 0 0 0 3 3
2N4 2 4 -3 -2 0 0 0 0 0 0 2 4
INS 2 5 -4 0 0 0 0 0 0 0 8 5
END 0 0 0 0 0 0 0 0 0 0 3 6

NUDSEk 0F INPUT ZONES &
MUDSIR OF CODE SONES 5
LENGTH OF INTEGER AP. RAY 07

CODE ECHE INPUT SONE 2ONE DATA IAC. NO. OF 30 DIES REGION NO. MEDIA NO.
1 1 36 1 1 1
2 2 41 2 1 2
3 3 50 1 1 2
4 4 55 3 1 1000
5 5 68 2 1 0

I KR1(!) KR2 (1)
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5

MORSE REGION IN INPUT 3CNB(!) ARRAY MRII(I),1=), El

1 1 1 1 1 g

MOR$5 MEDIA IN INPUT EONI(I) ARRAY 191I3(3),1=1, 5)

1 2 21000 0

OPTION 0 NAS USED IN CAI4U!ATING voIPets, FOR 1 REGIONS
0-SIT NULUNES = 1,1-CONCENTRIC SPNEREs, 2-sIAss, 3-INPUTVOLUMES.

VOLUNES (Ot**) USED IN COLLISIONS DINSITY AND TRACK LENGTH ESTINRTORS.
R$0 1

v0Llatt 1.000E+00

Figwe S5.4.3 (contmuod)
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COMP / MAT C El NZ FE N MN CR 21 SW,

1 0.0000$+00 0.0000E+00 6.22665-02 3.67498-01 0.0000B+00 1.04635-02 9.40795-02 3.19128-01 6.21645-03t

2 2.2760E-01 9.00005-02 7.".0005-02 6.69765+00 0.0000E+00 0.0000s+00 0.00005+00 0.0000E+00 0.0000E+00
3 7.79138-01 0.0000s+00 0.0000E*00 0.00005+00 1.30878-01 0.00cOR*00 0.0000B+00 0.0000E+00 0.0000E*00

I

partial densities by material
|
! ame/wAT v o

1 9.9766E-01 1.20835-01
| 2 0.0000E+00 0.0000$+00

3 0.0000$+00 0.0000s+00
| DATA FOUNDS IRON NED1UM, A1R RESPON5E
| CLP/ MAT C si N2 F5 N MN CR 2R EN

NEn am an w A1. emoss-SECT 1m
4.0620E-02 2.89005-02 1.94005-02 2.13605-02 6.02005-01 2.06003-02 2.1990E-02 1.6650E-02 1.3780E-02

nATERIAL NYDROGEN DEN $1TT
0.0000E+00 0.00008+00 0.0000E+00 0.0000s+00 1.0000s+00 0.0000s+00 0.0000s+00 6.0000E+00 0.00005+00

GA 94A ATTENUATION COEFFICIENT
1 2.04315-02 2.6068E-02 3.16965-02 2.98718-02 3.46725-02 2.8679E-02 2.86665-02 3.49475-02 3.80798-02 9.00
2 2.26105-02 2.63905-02 3.1730E-02 3.00718-02 3.97675-02 2.89648-62 2.09318-02 3.41165-02 3.66815-02 7.26

t 3 2.61665-02 2.82185-02 3.22035-02 3.07063-02 4.6068E-02 2.96665-02 2.97308-02 3.36918 02 3.66735-02 6.76
l 4 2.86615-02 3.08698-02 3.36285-02 3.21648-02 6.38025-02 3.11635-02 3.1323E-02 3.40668-02 3.64425-02 4.60

6 3.2690E-02 3.42908-02 3.67075-02 3.44268 02 6.23708-02 3.34436-02 3.37278-02 3.62765-02 3.60628-02 3.60
6 3.72708-02 3.B2655 02 3.06225-02 3.73958-02 7.290SE-02 3.64135-02 3.67968-02 3.73068-02 3.76468-02 2.76
7 4.16905-02 4.22065-02 4.1740E-02 4.66368-02 8.17638-02 3.96295-02 3.99965-02 3.97335-02 3.96718-02 2.26
0 4.64925-02 4.67495-02 4.66308-02 4.43035-02 9.1967E-02 4.32605-02 4.38075-02 4.2827E-02 4.23135-02 1.03
9 6.17605-02 6.17975-02 4.99945-02 4.87018-02 1.0218E-01 4.76695-02 4.82213-02 4.5710E-02 4.6962E-02 1.60

10 6.87675-02 6.07385-02 6.66625-02 6.6193E-02 1.1673E-04 6.38915-02 6.46315-02 6.3066E-02 6.26033-02 1.16
11 6.68185-02 6.67153-02 6.44205-02 6.27205-02 1.32725-01 6.12425-02 6.20665-02 6.06678-02 6.06375-02 0.90
12 7.60785-02 7.49048-02 7.27765-02 7.07665-02 1.89098-0! 6.39625-02 6.99635-02 6.94965-02 1.09805-02 0.70
13 8.7000E-02 6.69808-02 8.64608-02 8.20201-02 1.72808-01 4.07303-02 8.16scE-02 8.42005-02 0.97605-02 0.60
14 1.00248-01 1.60698-01 1.02418-01 9.04248-02 1.9911E-01 9.6631E-02 9.63473-02 1.09265-01 1.27975-01 0.36 ;

16 1.13225-01 1.14675-01 1.26905-01 1.19725-01 2.2491E-01 1.16198-01 1.16275-01 1.6660E-01 2.00068-01 0.26 J
to 1.33005-01 1.39905-01 2.04905-01 1.8290E-01 2.6600E-01 1.7160s-01 1.6740E-01 3.6090E-01 s.69005-01 0.16 |
11 1.60425-01 2.23318-01 0.01495-01 6.47465-01 3.12815-01 6.7430s-01 6.27775-01 1.9470E+00 3.4690E+00 0.08
15 2.3680E-01 1.3400$+00 1.0060$+01 7.9300E+00 3.67005-01 6. 91703 +f>0 6.2210E*00 2.43808+01 4.0660E+01 0.03

car /nAT U c

NEnn0N ammA2. CkOS$-$ECT10N
9.1100Emp3 3.7280s-02 Attenuation COefliciCnts by

group I'Or C8Ch materiRInATEntal. xTDaacEN DENS!TT
e.0000E+00 0.0000E+00

GMetA ATTENUATION COEFFICIENT
1 6.03435-02 2.16448-02 9.0000E+00
2 4.76428-02 2.36275-03 7.2600E+00
3 4.6397E-02 2.69665-02 6.7600E+00
4 4.4070E-02 2.91518-02 4.60008+00
6 4.38268-02 3.31415-02 3.60006+00
6 4.48315-02 3.76565-02 2.1600E+00
7 4.67368-f2 4.1606E-02 2.2600E*00
0 4.98018-02 4.66318-02 1.8300E+00
9 6.46068-02 6.1868E-02 1.49603+00

10 6.68188-02 6.85723-02 1.1660E+00
11 8.49388-02 6.69018-02 9.00005-41
12 1.14805-01 7.6167E-02 7.00003-01
13 1.8640E-01 5.70608-02 6.0000E-01
14 3.67698-01 1.0043E-01 3.60005-01 |
16 7.3894E-01 1.13668-01 2.60005-01 jr

16 2.4770E*00 1.34405-01 1.60005-01t

i

17 3.6193E+00 1.64268-01 1.60005-02
ile 3.9760E+01 3.4400E-01 3.00005-02
1

1

1
|

| Figure SS.4.3 (Continued)
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***** MVER5ICH FACTOR 8 AND DUIta FACTOR 8

***" DU11E4JP FACTOR 8 OF GSOMETRIC-PROGRE8810N METHOD AAB UKED
***+* 1RON MED1154, AIR RESP 0MSE i

,

'
GP method build-up factorsGRP BNERGY M V. S C A XX D

1 0.0000E+00 8,77165-06 1.3232 0.9606 0.0350 13.910 -0.04970 9.00
2 0.00008+00 7.47058-06 1.3640 0.9760 0.0270 13.664 -0.03994 7.26
3 0.00008+00 6.37405-06 1.4514 0.9866 0.0206 13.310 -0.03326 5.76
4 0.0000E+00 6.41365-06 1.6164 1.0178 0.0083 13.052 -0.02217 4.60
S 0.0000E+00 4.62215-06 1.6896 1.0392 0.0000 12.105 -0.01660 3.60,

6 2.64005-06 3.96965-06 1.6412 1.0766 -0.0090 14.040 -0.00873 2.76r

7 6.02005-03 3.46065-06 1.6832 1.1168 -0.0211 19.215 0.00129 2.25
0 1.13005-04 3.01925-06 1.7170 1.1606 -0.0322 19.176 0.00873 1.33
9 0.0000E+00 2.62765-06 1.7601 1.1976 -0.0401 15.911 0.01106 1.60

>

10 1.80005-02 2.20618-06 1.0060 1.2329 -0.04bt 17.614 0.01366 1.16
11 1.60005-03 1.83265-06 1.6619 1.2600 -0.0492 19.942 0.01321 0.90
12 6.70005-01 1.52208-06 1.9075 1.2762 -0.0601 21.324 0.01009 0.70
13 2.99005-01 1.17245-06 1.9570 1.2610 -0.0460 24.770 0.00840 0.60
14 0.0000s+00 8.76945 07 1.9916 1.1460 -0.0198 9.909 -0.01739 0.36

, in 0.00005+00 6.30605-07 1.9291 1.0200 0.0076 12.602 -0.02400 0.25
i 16 0.00008+00 3.83375-07 1.6600 0.7430 0.0790 14.120 -0.04760 0.15
| 17 0.0000R+00 2.66935-07 1.2362 0.4129 0.1867 14.446 -0.10061 0.00
| 1B 0.0000E+00 9.34765-07 1.0200 0.3740 0.1900 29.340 -0.31700 0.03
l

GRP EG 0.6MFP 1.0MFP 2.0MFP 4.0MFP 0.0MFt 10.0MFP 20.0MFP 40.0MFP 60.0MTP
! 1. 9.00 1.164 8+ 00 1.3231+00 1.6415+00 2.3103+00 3.904B+00 4.00st+00 1.260E+01 4.300E+01 1.265s+02
| 2 7.25 1.1065+00 1.3065+00 1.7675+00 2.666t+00 4.4208+00 S.621E+00 1.3395+01 3.990t+01 9.647t+01
t 3 5.16 1.2278+00 1.4615+00 1.9035+00 2.0465+00 4.9473 00 6.2273+00 1.4498+01 3.sO4E+01 8.2875+01'

4 4.50 1.2675+00 1.815E+00 2.043t+00 3.154E+00 6.6598+00 7.0775+00 1.5965+01 3.9685+01 7.5398+01
6 3.50 1.2928+00 1.6905+00 2.2028+00 3.503E+00 6.4325+00 0.072E+00 1.709E+01 4.223E+01 7.6293+01,

i 6 2.16 1.3165+00 1. 64 68 +00 2.334E+00 3.026E+00 7.2405+00 9.1675+00 2.012B+01 4.9695+01 8.4578+01
f 7 2.26 1.3315+00 1.683E+00 2.435B+00 4.0995+00 7.9795+00 1.0178+01 2.322E+01 6.713E+01 9.090E+01
: 8 1.83 1.343E+00 1.7175+00 2.1315+00 4.378E+00 3.707E*00 1 1295+01 2.600E+01 6.224E+01 1.063E+02
| 9 1.60 1.3665+00 1.7518+00 2.6255+00 4.6565+00 9.650t+00 1.264E+01 2.9798+01 1.3975+01 1.263E+02
i 10 1.16 1.3795600 1.9065+00 2.7698+00 6.066E+00 1.0965+01 1.446E+01 3.6308+01 9.652B+01 1.7515+02
! 11 0.90 1.402E+00 1.8623+00 2.9128+00 S.481E+00 1.234E+01 1.6588+01 4.4788+01 1.281E+02 2.4375+02

12 0.70 1.422E+00 1.9075+00 3.0268+00 S.800E+00 1.343t+01 1.8275+01 6.2365+01 1.6973+02 3.1473+02
13 0.60 1,4475+00 1.957k+00 3.1265+00 6.014E+00 1.395E+01 1.901E+01 S.634E+01 1.7675+02 3.578t+02
14 0.36 1.4775+00 1.992E+00 3.1135+00 6.712E+00 1.230E*01 1.6475+01 4.369E+01 1.2698+02 2.6075+02

s 15 0.25 1.463s+00 1.0295+00 2.9423+00 4.9895+00 9.414E+00 1.197t+01 2.762E+01 6.634E+01 1.2275+02
16 0.16 1.3695+00 1.6608+00 2.1708+94 3.035E+00 4.454E+00 S.1085+00 8.262E+00 1.3265+01 1.0155+01
17 0.08 1.14 5B+00 . 1.234E+00 1.350s+00 1.6035*00 1.6775+00 1.7465+00 2.026E+00 2.3068+00 2.534B+00
10 0.03 1.9185+00 1.020$+00 1.040E+00 1.051B+00 1.042E+00 1.065E+00 1.0798+00 1.090E+00 1.092E+00

|

!

h188RT-MELTON COEFFICIEN78

7.72005-09 3.49005-01 4.22005-01 6.9800E-01

Figure S5.4.3 (continued)
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BG-

9.0000t+00 7.2500E+00 6.7500t+00 4.8000E+00 3.b000E+00 2.7600E+00 2.2600E+00 1.83008*00 1.49508+00
1.16608+00 9.00005-01 7.00005-01 S.00005-01 3.50005-01 2.5000E-01 1.50005-01 7.50003-02 3.00003-02 !PS ABS G-

0.00005+00 0.00005+00 0.0000E+00 0.0000B+00 0.00005+00 0.0000s+00 0.00005+00 0.0000E+00 0.0000s+00
0.00008+00 0.0000E+00 0.00008+00 0.0000E+00 0.0000E+00 0.00003+00 0.00005+00 0.0000 t+ 0 0 0.0000E+00

BN-
1

1.00005+01 S.0000E*0s 6.0000E+00 5.0000k+00 4.0000E+00 3.0000s+00 2.00008+00 1.00005+00 6.70005-01 j3.30005-01
1

88 ABS N.

2.25005-15 9.27005-16 6.47005-16 4.68005-16 3.00005-16 3.07005-16 2.16005-16 1.04005-16 8.35005-174.67005-17
WIDTM T-

0.01 -10.00 12.0-0.10
|wrDTu G-
|

10.00 - 8.00 0.00 - 6.50 6.50 - S.00 S.00 - 4.00 4.00 - 3.00 3.00 - 2.50
2.50 - 2.00 2.00 - 1.64 1.66 - 1.33 1.33 - 1.00 1.00 - 0.00 0.80 - 0.60
0.60 e 0.40 0.40 - 0.30 0.30 - 0.20 0.20 - 0.10 0.10 - 0.05 0.05 - 0.01

WIDTH W.
12.0-9.00 9.00-7.00 7.00-5.50 6.60-4.60 4.60-3.60 3.60-2.50
2.50-1.50 1.60-0.836 0.835-0.60 0.60-0.10

UNIT G-

IMIT N-
RAD WATT 5 PER PER HOUR GRAN RAD PER HR 'j

l

1

1

'1
CDORDINATE TYPE O SOURCE INTENSITY OPTION 2 |

R COORDINATE
CCORDINATE INTEN5ITY COORDINATE INTENSITY COORDINATE INTEN!!TY COORDINATE INTENSITY

1 1.3333B+00 2.1333E+01 4.0000E+00 6.4000E+01 6.6667R+00 1.0667E+02 9.33348+00 1.4934E+02
5 3.2000E+01 1.92008+02 1.46675+01 2.34675+02 1.7333E+01 2.7734B+02 2.0000E+01 3.19998+02
9 2.26675+01 3.62678+02 2.53335+01 4.0!34t+02 2.8000E+01 4.47995+02 3.0657E+01 4.90675+02

13 3.3333E+01 5.3334E*02 3.6000E+01 S.75998+02 3.06673+01 6.1867E+02

PHI COORD3NATE
COORDINATE INTENSITY COORDINATE INTEN$17Y COORDINATE INTENSITY COORDINATE INTENSITY

1 3.14163-01 1.25668+00 9.42485-01 1.25665+00 1.57085+00 1.2566t+00 2.1991E+00 1.2566t+00
5 2.8274E+00 1.25665+00 3.45575+00 1.2564s+00 4.0841E*00 1.2566E+00 4.71248+00 1.25665+00
9 S.34073+00 1.25665+00 5.96908+00 1.2666E+00 ,

2 COORDINATE
COORDINATE INTENSITY COORDINATE INTENSITY COORDINATE INTENK37Y COORDINATE INTEN$17Y

1 5.3000E+01 S.61245+10 4.3000E+01 5.61243+10 1.1300E+02 5.6124t+10 3.4300t+02 6.6124s+10
5 1.7300E+02 5.61245+10 2.0300&+02 S.61245+10 2.33005+02 5.6124E+10 2.63008+02 6.6124E+10
9 2.9300E+02 6.6124E+10 3.2300E+02 S.6124t+10 3.6300E+02 S.61248*10 3.8300E+02 S.6124t+10

13 4.1300E+02 5.6124t+10 6.4300E+02 5.61245+10 4.7300E+02 5.6124E+10

Sourceintensity by meshintervals

Figure SS.4.3 (continued)
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QADE SAMPLE PROBLEM el - CECD SENQGtARK SHIPPING CASK
,

'#
RECEIVER NLDett 1 COORDINATES - g

GEOMITRY PRINT POR PSEUDO SOURCE POINT AT THE COORDINATE ORIGIN

EONE DISTANCE I Y Z
SOURCI PWT 0.0000E+00 0.0000E+00 0.0000t+00 ,

2 3.96128+01 1.11855+01 0.0000E+00 3.8000E+01
1 1.0205E+02 4.00005+01 0.0000E+00 1.35905+02
2 1.3450B+02 7.8000E+01 0.0000E+00 2.65008+02

1000 9.75128-05 7.0000E+01 0.0000E+00 2.65005+02

QADS SAMPLE PROBLEM 01 - CE2 BENC19tARK SHIPPING CASK

RECEIVER NLSSER 1 COORDINATES -
R 1.8000E+01 PRI 0.00005+00 2 2.6500E+02

GR2 MEAN ENERGY DIR8CT SEAM MEAN DUILDUP DOSE RATE NEATING RATES IN 1RONNo ENERGY GROUP LIMITS FWE PACTORS DIRECT BEAM WITH SUILDUP DIRECT BEAM WITN BUILDUP
,

MEV MEV

TOTAL 2.1136 0.01 -10.00 7.4125E+02 1.395s5+01 2.52655-03 3.52665-02 0.0000E+00 0.0000E+00

W/3U 2.2004 d dOSC Tate

1 9.0000 10.00 - 8.00 0.0000E*00 0.00005+00 0.0000t+00 0.00005*00 0.0000f+00 0.00008+002 7.2500 8.00 - 6.50 0.0000s+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 i3 5.7500 6.50 - 5.00 0.0000E+00 0.0000t+00 0.0000E+00 0.0000t+00 0.0000$+00 0.0000E+00
4 4.5000 5.00 - 4.00 0.0000B+00 0.0000E+00 0.0000B+00 0.0000t+00 0.0000E+00 0.0000t+00 '
5 3.5000 4.00 - 3.00 0.0000E+00 0.00008+00 0.0000t+00 0.0000E+00 0.0000E*00 0.0000s+00
6 2.7500 3.00 - 2.50 0.7213E+00 1.107st+01 3.04935-05 4.26438-04 0.0000t+00 0.0000t+00 '
1 2.2500 2.50 - 2.00 6.9338t+02 1.34273+01 2.40518-03 3.22935-02 0.0000E+00 0.0000$+00 dOSC Tate
8 1.0300 2.00 - 1.66 4.022SE+00 1.6520E+01 1.45613-05 2.40555-04 0.0000s+00 0.00005+00
9 1.4950 1.66 - 1.33 0.0000E+00 0.0000E+00 0.0000s+00 0.0000E+00 0.0000E+00 0.00005+00 FM10 1.1650 1.33 - 1.00 2.5440E+01 2.6885s+01 5.61173-05 1.62098-03 0.0000B+00 0.0000E+00

11 0.9000 1.00 - 0.00 1.0052E+00 4.1665s+01 1.6421E-06 7.67495-05 0.0000E+00 0.0000s+ce
12 0.7000 0.80 - 0.60 6.0090E+00 5.81003+01 1.0370E-05 6.02545-04 0.00005+00 0.0000E+00
13 0.5000 0.60 + 0.40 6.10465-02 8.0132s+01 7.15735-00 5.73535-06 0.0000E+00 0.0000B+00 t
14 0.3500 0.40 - 0.30 0.0000$+00 0.00008+00 0.0000E+00 0.00005*00 0.0000E+00 0.0000E+00
15 0.2500 0.30 - 0.20 0.00005+00 0.0000E+00 0.0000E+00 0.0000s+00 0.0000E+00 0.0000s+00 '

'

16 0.1500 ' O.20 - 0.10 0.0000B+00 0.0000$+00 0.0000E+00 0.0000E+00 0.0000E+00 0.00005+00
17 0.0750 0.10 - 0.05 0.0000E+00 0.00005+00 0.0000E+00 0.0000E+00 0.00005*00 0.0000E+00
10 0.0300 0.05 - 0.01 0.00005+00 0.0000E+00 0.0000s+00 0.0000E+00 0.0000E+00 0.0000E*00,

i
,

i

Figure SS.4.3 (continued)
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OADE SAMPLE PROBLEM dl - OECD BENCHMARK SHIPPING CASK

RECEIVER NUMBER 2 COORDINATEI -
R 1.7800E+02 PHI 0.0000E+00 E 2.6500E+02

GECMETRY PRINT POR PEEUDO IOURCE POINT AT THE COORDINATE ORIGIN

ECNE DIITANCE K Y I

IOURCE PNT 0.0000E*00 0.0000E+00 0.0000E+00
2 4.6777E*01 2.6525E+01 0.0000E+00 3.8000E*01
1 2.4961E+01 4.0000E+01 0.0000E+00 6.95515+01
2 6.3161E*01 1.8000E+01 0.0000E+00 1.1612E+02

1000 1.7934E+02 1.18005402 0.0000E+00 2.6500E+02

QADI IAMPLE PROBLEM 91 - OECD SINCHMARK EMIPPING CASK

RECEIVER NUMBER 2 C00RDINATEI -
R 1.1800E+02 PRI 0.0000E+00 E 2.6500E+02

GRP MEAN ENERGY DIRECT BEAM MEAN BUIIDUP DORE RATE HEATING RATES IN IRON
NO ENERGY CROUP LIMITE PWX PACTORE DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP

HIV MEV

TOTAL 2.1030 0.01 -10.00 3.35165+02 1.38C25 01 1.14088-03 1.68135-02 0.0000E+00 0.0000E+00
W/BU 2.1964

1 9.0000 10.00 - E.00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000B+00
2 7.2500 8.00 - 6.50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
3 S.7500 6.50 - S.00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
4 4.6000 6.00 - 4.00 0.0000E*00 0.0000B+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
5 3.6000 4.00 - 3.00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
6 2.7500 3.00 - 2.50 4.3610E+00 1.0903E+01 1.72285-05 1.89215-04 0.0000E+00 0.0000E+00
1 2.2500 2.50 - 2.00 3.12Sht+02 1.3300E+01 1.08415-03 1.44195-02 0.0000B+00 0.0000E+00
8 1.8300 2.00 - 1.66 2.1944E+00 1.63475+01 6.62548-06 1.0531E-04 0.0000E+00 0.0000E+00
0 1.4950 1.66 - 1.33 0.0000E+00 0.0000B+00 0.0000$+00 0.0000E+00 0.0000E*00 0.0000E+00

10 1.1650 1.33 - 1.00 1.20168+01 2.8430B+01 2.64975-05 7.5353E-04 0.0000E+00 0.0000E+00
11 0.9000 1.00 - 0.90 4.92395-01 4.0790E+01 9.02343-01 3.68141-05 0.0000E+00 0.0000E*00
12 6.7000 0.00 - 0.60 3.5276E+00 5.6472E+01 S.37165-06 3.03345-04 0.0000E+00 0.0000E+00
13 0.6000 0.60 - 0.40 3.66705-02 7.6963E+01 4.18215-00 3.21875-06 0.00005 00 0.0000E+00
14 0.3600 0.40 - 0.30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E*00 0.0000E+00 0.0000E+00
AS 0.2500 0.30 - 0.20 0.0000B+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000B+00 0.0000E+00
16 0.1500 0.20 - 0.10 0.0000E+00 0.00c0E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
17 0.0760 0.10 - 0.06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E*00
la 0.0300 0.0$ = 0.01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Eubroutine EETT has been called. Probably fras INPUT.

Figure SS.4.3 (continued)
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=QADS
CEUSP CANISTER, NO. 4 SCH. 40, .5" BARREL
ORIGENGP-SRC INrHOHHEDIUM
URANIUM 1 .03045 293 92233 9.700 92234 1.400 92235 76.5

92236 5.600 92238 6.800 END
0 1 .13591 END
CD 1 .02141 END
CD 1 .02788 END

'

URANIUM 5 .01473 293 92233 9.700 92234 1.400 92235 16.5
92236 5.600 92238 6.800 END

0 L .06575 END
CD 5 .01035 END
GD 5 .01349 END
SS304 2 END
CARBONSTEEL 3 END
MGCONCRETE 4 END
END CCHP
CYLINDRICAL 0. FLATS END
NZS=4
END SOURCE
CYLINDRICAL SHELL CASK
RCC 1 0 0 .940 0 0 246.28 4.806
RCC 2 0 0 .635 0 0 247.58 5.113
RCC 3 0 0 .635 0 0 271.78 5.715
RCC 4 0 0 .940 0 0 246.28 24.620
RCC 5 0 0 .635 0 0 247.58 24.925
RCC 6 0 0 .635 0 0 271.75 26.797 ,

RCC ~1 0 0 .635 0 0 271.78 32.385 '

RCC 8 0 0 .635 0 0 271.78 33.020
RCC 9 0 0 -10000 0 0 20000 20000
RCC 10 0 0 -10001 0 0 20002 20002
END BODY
ZNL 2 1
ZN2 2 2 -1
ZN3 2 3 -2
ZN4 2 4 -3
ZN5 2 5 -4

'EN6 2 6 -5
ZN7 2 7 -6

.

EN8 2 8 -7 |
ZN9 2 9 -8 I

ZN10 2 10 -9 |
END ZONE '

12352 3 1000 2 1000 0
END GECH
IRON EXP
END DOSE
END

i
|

Figure SS.4.5 Input listing of second sample problem
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CEUSP CANIPTER, NO. 4 SCH. 40, .5* BARREL

**** PROBLEM PARAMETERS ****

LIB NO LIB USED LIBRARY[ MK% ~ ~ 5 MIITUPIS
( MSC 11 COMPOSITION SPECIFICATIONS

IBM 1 MATERIAL ZONES
GE INIHODGEDIUM GEOMETRY
mRE O 0/1 DO NOT READ / READ OPTIONAL PARAMETER CATA

i

MSLN O ftEL SOLUTIONS ,

!
*"* PROBLEM COMPOSITION DESCRIPTION ****

SC URANIUM STANDARD COMPOSITION
HK 1 MIKTURE NO.
Yr 0.0304 VOLUME FRACTION
ROTH 19.0500 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/ COMPOUND '
TEMP 293.0 DEG KELVIN

92000 1.00 ATOM /mLECULE
92233 9.700 WTl
92234 1.400 Win
92235 76.500 Wrt
92236 5.600 WTl i
92238 6.800 WTt

END !
'

SC 0 STANDARD O* POSITION
MK 1 MIKTURE NO.
VF 0.1359 VOLUME FRACTION
ROTH 1.0000 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/ COMPOUND

8016 1.00 ATOM /mLECULE
END

SC CD STANDARD COMPOSITION
MK 1 MIKTURE NO. !

VF 0.0214 VOLUME FRACTION
ROTH 8.6420 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/CCMPOUND

48000 1.00 ATOM / MOLECULE
END "

SC GD STANDARD COMPOSITION
MK 1 MIKTURE NO.g
VF 0.0279 VOLUME FRACTION
ROTH 7.9000 T*lEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/ COMPOUND

64000 1.00 ATOM /McLECULE
END !

SC (JRANIUM STANDARD COMPOSITION
MK 5 MIKTUR2 NO.
Vr 0.0147 VOLUME FRACTION
ROTH 19.0500 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 10/1 MIKTURE/CCMPOUND
TEMP 293.0 DEG KELVIN

92000 1.00 ATOM /McLECULE
92233 9.700 WTl
92234 1.400 wit
92235 16.500 wit
92236 5.600 WTl
92238 6.800 Wrt -

END f
.

SC O STANDARD COMPOSITION
MK 5 MIKTUPZ NO.
Vr 0.0658 VOLUME FRACTION
ROTH 1.0000 THEOPITICAL DENSITY
NEL 1 NO. ELEMENTS |
ICP 10/1 MIKTURE/CCMPOUND '

8016 1.00 ATOM / MOLECULE
END

SC CD STANDARD COMPOSITION
MK 5 MIKTURE NO.
VF 0.0104 VOLU!<E FRACTION
ROTH 8.6420 THEORETICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/ COMPOUND

48000 1.00 ATOM / MOLECULE
END

Figae SS.4.6 Abbreviated output listing of second sample problem
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SC GD STANDARD COMPOS 2 TION
MK 5 MIXTURE NO.
VF 0.0135 VOLUME FRACTION
ROTH 7.9000 THEOPITICAL DENSITY
NEL 1 NO. ELEMENTS
ICP 1 0/1 MIKTURE/CCMPOUND

64000 1.00 ATOM />CLECULE
END

SC SS304 STANDARD COMPOSITION
HK 2 MIKTURE NO.
VF 1.0000 VOLUME FRACTION
ROTH 7.9200 THEORETICAL DENSITY
NEL 4 NO. ELEMENTS
ICP O 0/1 MIKTURE/COMPCL'ND

24304 19.000 WTl
250$$ 2.000 Wrt
26304 69.500 WT4
28304 9.500 WTt

END

SC CARBONSTEEL STANDARD COMPOSITION
MK 3 MIK1URE NO.
VF 1.0000 VOLUME FRACTION
ROTH 7.8212 THEORETICAL DENSITY
NEL 2 NO. ELEMENTS
ICP O 0/1 MIKTURE/ COMPOUND

26000 99.000 WTl
6012 1.000 WT4

END

SC MGCONCRETE STANDARD COMPOSITION
MK 4 MIKTURE NO.
VF 1.0000 VOLUME FRACTION
ROTH 2.1470 THEORETICAL DENSITY
NEL 14 NO. EEEMENTS
ICP O 0/1 HIKTURE/CCMPOUND

26000 0.559 wit
1001 0.332 Wrt
6012 10.532 WT4
8016 49.943 WTl

11023 0.141 WTt
12000 9.420 WTl
13027 0.786 WTl
14000 4.210 Wrt
16000 0.249 Wrt
17000 0.052 WTt
19000 0.945 WTt
20000 22.632 Wrt
22000 0.149 Wrt
25055 0.051 Wrt

END

** ** PROBLEM GECHETRY *** *

**** INFINITE HopOGENEOUS MEDIUM *"*
MIVEL 1 MIXTURE NO. OF THE INFINITE HOMOGENEOUS MEDIUM

* * ** SOURCE PARAMETERS *"*

CEUSP CANISTER, NO. 4 SCH. 40, .5" BARREL

SRC CYLINDRICAL SOURCE COORDINATE SYSTEM
ASO 0.00000E+00 SOURCE STRENGTH
SHAPE FLATS SOURCE SHAPE

OPTIONAL PARAMETERS

NZS 4 SOURCE BODY NUMBER

GROUP STRUCTUR2 AND SOURCE SPECTRUM READ FRCN UNIT 71 POSITION O

Figure SS.4.6 (mntimW)
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j e e e'* DO8E DATA ****

j BPMRT ' IEN BUTI. DUP FACTOR NATERIAL
v - BFRSP EXP BUILDUP FACTOR RESPONSEs

{<

'i
NTACTR 0 DOSE FACTOR ID (READ FEM CARDS IF < 9000) i

+

$- NDETEC 4 NUMBER CF DETECTORS *

| 5
DETECTOR NO. 1j
RRC= 3.3020E+01 Z E= 1.2361E+02 PHIRC= 0.0000E+00 NRCOP= CYLINDRICAL

i

; DETECTOR NO. 2
! RE= 1.3302E+02 ZRC= 1.2361E+02 PHIEC= 0.0000E+00 NRCOP CYLINDRICAL

DETECTOR NO. 3- .

.
*

j RRC= 2.3302E+02 3RC= 1.2361E+02 PHIRC= 0.0000E+00 NEOP= CYLINDRICAL !i DETECTOR NO. -4- '
RRC* 4.3302E+02 3RC= 1.2361E+02 PHIRC= 0.0000E+00 NRCOP= CYLINDRICAL

.

:
4 |

t.

r

.a :

| Figure S5.4.6 (enat=nad) - !.
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|
I

| CEUSP CANISTER, NO. 4 SCH. 40, .5* BARREL

l PICEIVER NUMBER 1 COORDINATE.S -
| R 3.3020E+01 PHI 0.0000E+00 E 1.2361E+02

GRP MEAN ENERGY DIRECT LEAM MEAN BUILIUP DOSE RATE HEATING RATES IN IRONi

i NO ENERGY GROUP LIMITS H.UX FACTOPS DIPICT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
| MEV MEV

TOTLL 1.8406 0.01 -10.00 5.0261E+05 2.3528E+00 1.6445E+00 3.8692E+00 0.0000E+00 0.0000E+00
W/BU 2.1758

1 9.0000 10.00 - 8.00 1.8490E-06 1.4734E+00 1.6219E-11 2.3896E-11 0.0000E+00 0.0000E+00
2 1.2500 8.00 - 6.50 1.3960E-05 1.5627E+00 1.0440E-10 1.6314E-10 0.0000E+00 0.0000E+00
3 5.7500 6.50 - 5.00 1.0864E-04 1.6656E+00 6.9253E-10 1.1535E-09 0.0000E+00 0.00COE+00
4 4.5000 5.00 - 4.00 3.6020E-04 1.7855E+00 1.9500E-09 3.4818E-09 0.0000E+00 0.0000E+00
5 3.5000 4.00 - 3.00 1.3163E-03 1.9448E+00 6.0839E-09 1.1832E-08 0.0000E+00 0.0000E+00
6 2.7500 3.00 - 2.50 3. 552 9E4 05 2.1099E+00 1.4068E+00 2.9682E+00 0.0000E+00 0.0000E+00
7 2.2500 2.50 - 2.00 3.1142E-01 2.2684E+00 1.0802E-06 2.4502E-06 0.0000E+00 0.0000E+00
8 1.8300 2.00 - 1.66 2.5770E+03 2.4552E+00 7.7803E-03 1.9102E-02 0.0000E+00 0.0000E+00
9 1.4950 1.66 - 1.33 2.3376E+04 2.6803E+00 6.1422E-02 1.6463E-01 0.0000E+00 0.0000E+00

10 1.1650 1.33 - 1.00 5.4825E+03 3.0726E+00 1.2090E-02 3.7147E-02 0.0000E+00 0.0000E+00
11 0.9000 1.00 - 0.80 1.8406E+04 3.5677E+00 3.3731E-02 1.2034E-01 0.0000E+00 0.0000E+00
12 0.7000 0.80 - 0.60 3.5715E+04 4.1192E+00 5.4385E-02 2.2402E-01 0.0000E+00 0.0000E+00
13 0.5000 0.60 - 0.40 5.3543E404 4.8879E+00 6.2777E-02 3.0684E-01 0.0000E+00 0.0000E+00
14 0.3500 0.40 - 0.30 1.2006E+03 5.1945E+00 1.0516E-03 5.6731E-03 0.0000E+00 0.0000E+00
15 0.2500 0.30 - 0.20 6.9870E+03 5.2466E+00 4.4060E-03 2.3117E-02 0.0000E+00 0.0000E+00
16 0.2500 0.20 - 0.10 3.8218E+01 3.1872E+00 1.4652E-05 5.5490E-05 0.0000E+00 0.0000E+00
17 0.0750 0.10 - 0.05 5.3293E-04 1.9954E+00 1.4225E-10 2.8385E-10 0.0000E+00 0.0000E+00
18 0.0300 0.05 - 0.01 1.2612E-24 1.0917E+00 1.1790E-30 1.2871E-30 0.0000E+00 0.0000E+00

CEUSP CANISTER, NO. 4 SCH. 40, .5' BARPIL

PICEIVER HUMBER 2 COORDINATES -
R 1.3302E+02 PHI 0.0000E+00 2 1.2361E402

GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIM'TS FLUK FACTORS D1PICT BEAM WITH BUILDUP DIRECT BEAM W7TH BUILDUP

MEV MIV

TOTAL 1.7659 0.01 -10.00 9.7647E+04 2.2409E+00 3.132CE-01 7.0185E-01 0.0000E+00 0.0000E+00
W/BU 2.1235

1 9.0000 10.00 - 8.00 3.3688E-07 1.4166E+00 2.9550E-12 4.1861E-12 0.0000E+00 0.0000E+00
2 1.2500 8.00 - 6.50 2.5412E-06 1.4945E+00 1.9005E-11 2.8402E-11 0.0000E+00 0.0000E+00
3 5.7500 6.50 - 5.00 1.9806E-05 1.5848E+00 1.2626E-10 2.0009E-10 0.0000E+00 0.0000E+00
4 4.5000 5.00 - 4.00 6.6056E-05 1.6904E+00 3.5760E-10 6.0449E-10 0.0000E+00 0.0000E+00
5 3.5000 4.00 - 3.00 2.4380E-04 1.8334E+00 1.1269E-09 2.0660E-09 0.0000E+00 0.0000E+00
6 2.7500 3.00 - 2.50 6.6669E+04 1.9830E+00 2.6399E-01 5.2348E-01 0.0000E+00 0.0000E+00
7 2.2500 2.50 - 2.00 5.9218E-02 2.1278E+00 2.0540E-07 4.3707E-07 0.0000E+00 0.0000E+00
8 1.8300 2.00 - 1.66 4.9746E+02 2.3004E+00 1.5019E-03 3.4550E-03 0.0000E+00 0.0000E+00
9 1.4950 1.66 - 1.33 4.5872E+03 2.5111E+00 1.2053E-02 3.0267E-02 0.0000E+00 0.0000E+00

10 1.1650 1.33 - 1.00 1.1010E+03 2.8829E+00 2.4279E-03 6.9993E-03 0.0000E+00 0.0000E+00
il 0.9000 1.00 - 0.80 3.7845E+03 3.3573E+00 6.9353E-03 2.3284E-02 0.0000E+00 0.0000E+00
12 0.7000 0.80 - 0.60 7.5121E+03 3.8949E+00 1.1439E-02 4.4555E-02 0.0000E+00 0.0000E+00
13 0.5000 0.60 - 0.40 1.1596E+04 4.6618E+00 1.3596E-02 6.3382E-02 0.0000E+00 0.0000E+00
14 0.3500 0.40 - 0.30 2.6842E+02 5.2001E+00 2.3512E-04 1.2226E-03 0.0000E+00 0.0000E+00
15 0.2500 0.30 - 0.20 1.6208t+03 5.0856E+00 1.0221E-03 5.1980E-03 0.0000E+00 0.0000E+00
16 0.1500 0.20 - 0.10 1.0085E+01 3.6614E+00 3.8663E-06 1.4156E-05 0.0000E+00 0.0000E+00 <

17 0.0750 0.10 - 0.05 5.4683E-04 1.9309E+00 1.4596E-10 2.8184E-10 0.0000E+00 0.0000E+00 1

18 0.0300 0.05 - 0.01 1.6269E-25 1.0917E+00 1.5208E-31 1.6603E-31 0.0000E+00 0.0000E+00

Figure S5.4.6 (continued)
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CEUSP CANISTER, NO. 4 SCH. 40, .5* BARREL

RECE!VER NUMBER 3 COORDINATES -<

R 2.3302E+02 PHI 0.0000E+00 2 1.2361E+02
GRP '

ENERGY GRDUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIRECT BEAM WITH BUILDUP
MEAN ENERGY DIRECT BEAM MEAN BUILDUP DDSE RATE HEATING RATES IN IRON

NO
MEV MEV

TOTAL 1.1324 0.01 -10.00 3.9998E+04 2.1949E+00 1.2643E-01 2.7751E-01 0.0000E+00 0.0000E+00
W/NU 2.0930 '

V

1 9.0000 10.00 - 0.00 1.3336E-07 1.3974E+00 1.1690E-12 1.6346E-12 0.0000E+00 0.0000E+00
2 7.2500 0.00 - 6.50 1.0057E-06 1.4714E+00 7.5213E-12 1.1067E-11 0.0000E400 0.0000E+00
3 5.7500 6.50 - 5.00 1.8427E-06 1.5572E+00 4.9996E-11 7.7856E-11 0.0000E+00 0.0000E+00
4 4.5000 5.00 - 4.00 2.6211E-05 1.6573E+00 1.4190E-10 2.3517E-10 0.0000E+00 0.0000E+00
5 3.5000 4.00 - 3.00 9.7095E-05 1.7931E+00 4.4078E-10 8.0470E-10 0.0000E+00 0.0000E+00
6 2.7500 3.00 - 2.50 2.6685E+04 1.9347E+00 1.0566E-01 2.0442E-01 0.0000E+00 0.0000E+00
7 2.2500 2.50 - 2.00 2.3830E-02 2.0715E+00 8.2657E-08 1.7123E-07 0.0000E+00 0.0000E+00
8 1.8300 2.00 - 1.66 2.0149E+02 2.2345E+00 6.0832E-04 1.3593E-03 0.0000E+00 0.0000E+00
9 1.4950 1.66 - 1.33 1. 8 722E+03 2.4337E+00 4.9194E-03 1.1972E-02 0.0000E+00 0.0000E+00 .

10 1.1650 1.33 - 1.00 4.5469E+02 2.7861E+00 1.0026E-03 2.7935E-03 0.0000E+00 0.0000E+00 - .
11 0.9000 ,1.00 - 0.90 1.5841E+03 3.2367E+00 2.9030E-03 9. 3 961 E+03 0.0000E+00 0.0000E+00
12 0.7000 0.80 - 0.60 3.1909E+03 3.7497E+00 4.8590E-03 1.0220E-02 0.0000E+00 0.0000E+00
13 0.5000 0.60 - 0.40 5.0331E+03 4.4895E+00 5.9011E-03 2.6493E-02 0.0000E+00 0.0000E+00 '

14 0.3500 0.40 - 0.30 1.1954E+02 5.0309E+00 1.0471E-04 5.2677E-04 0.0000E+00 0.0000E+00 i15 0.2500 0.30 - 0.20 7.4229E+02 4.9507E+00 4.6009E-04 2.3174E-03 0.0000E+00 0.0000E+00 '

16 0.1500 0.20 - 0.10 4.9036E+00 3.6121E+00 1.8799E-06 6.7905E-06 0.0000E+00 0.0000E+00
17 0.0750 0.10 - 0.05 3.0559E-04 1.9295E+00 B.1571E-11 1.5739E-10 0.0000E+00 0.0000E+00 !

,

10 0.0300 0.05 - 0.01 6.0101E-26 1.0917E+00 5.6100E-32 6.1334E-32 0.0000E+00 0.0000E+00 '

I
CEUSP CANISTER, NO. 4 SCH. 40, .5" BARREL >

RECEIVER NUMBER 4 COOPDINATES - I

R 4.3302E+02 PHI 0.0000E+00 2 1.2361E+02
GRP MEAN ENERGY DIRECT BEAM MEAN BUILDUP DOSE RATE HEATING RATES IN IRON
NO ENERGY GROUP LIMITS FLUX FACTORS DIRECT BEAM WITH BUILDUP DIPICT BEAM WITH BUILDUP

MEV MEV
i

TOTAL 1.1187 0.01 -10.00 1.2711E+04 2.1749E+00 4.0010E-02 0.7149E-02 0.0000E+00 0.0000E+00 I

W/BU 2.0792 |

<

l

1 9.0000 10.00 - 8.00 4.1894E-08 1.3896E+00 3.67483-13 5.1064E-13 0.0000E+00 0.0000E+00
2 7.2500 8.00 - 6.50 3.1594E-07 1.4620E+00 2.3627E-12 3.4543E-12 0.0000E+00 0.0000E+00
3 5.7500 6.50 - 5.00 2.4644E-06 1.5460E+00 1.5110E-11 2.4208E-11 0.0000E+00 0.0000E+00
4 4.5000 5.00 - 4.00 8.2443E-06 1.6437E+00 4.4632E-11 7.3362E-11 0.0000E+00 0.0000E+00
5 3.5000 4.00 - 3.00 3.0588E-05 1.7764E+00 1.4138E-10 2.5115E-10 0.0000E+00 0.0000E+00
6 2.7500. 3.00 - 2.50 0.4247E+03 1.9145E+00 3.3359E-02 6.3866E-02 0.0000E+00 0.0000E+00 ]1 2.2500 2.50 - 2.00 7.b409E-03 2.0478E+00 2.6156E-08 5.3564E-00 0.0000E+00 0.0000E+00 j8 1.0300 2.00 - 1.66 6.3939E+01 2.2065E+00 1.9304E-04 4.2594E-04 0.0000E+00 0.0000E+00
9 1.4950 1,66 - 1.33 5.9609E+02 2.4004E+00 1.5663E-03 3.7597E-03 0.0000E+00 0.0000E+00

10 1.1650 1.33 - 1.00 1.4551E+02 2.1430E+00 3.2006E-04 8.8038E-04 0.0000E+00 0.0000E+00
11 0.9000 1.00 - 0.00 5.0995E+02 3.1827t+00 9.3452E-04 2.9743E-03 0.0000E+00 0.0000E+00
12 0.1000 0.80 - 0.60 1.0339E+03 3.6830E+00 1.5744E-03 5.7984E-03 0.0000E+00 0.0000E+00
13 0.5000 0.60 - 0.40 1.6463E+03 4.4069E+00 1.9303E-03 8.5064E-03 0.0000E+00 0.0000E+00
14 0.3500 0.40 - 0.30 3.9549E+01 4.9429E+00 3.4642E-05 1.7123E-04 0.0000E+00 0.0000E+00
15 0.2500 0.30 - 0.20 2.4901E+02 4.8706E+00 1.5703E-04 7.6482E-04 0.0000E+00 0.0000E+00
16 0.2500 0.20 - 0.10 1.7114E+00 3.5724E+00 6.5611E-07 2.3439E-06 0.0000E+00 0.0000E+00
11 0.0750 0.10 - 0.05 1.3069E-04 1.9241E+00 3.4005E 11 6.7121E-11 0.0000E+00 0.0000E+00
18 0.0300 0.05 - 0.01 1.837?E-26 1.0911E+00 1.7178E-32 1.8754E-32 0.0000E+00 0.0000E+00

Figwe S5.4.6 (continued)
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ABSTRACT

D
The Heat Transfer Analysis Sequence Number One (HTASI) control module was developed for the

U.S. Nuclear Regulatory Commission to perform standardized thermal analyses on a class of nuclear fuel
shipping contamers HTASI uses the HEATING and OCULAR functional modules to perform the prescribed
thermal analysis. The nuclear fuct shipping contamer must be composed of acceptable combinations of zones
consisting of a cavity, an inner shell, shielding, an outer shell, a neutron shield, a waterjacket, and impact
limiters. Thermal properties for the material in each zone may be extracted from a material property library
or may be supplied by the user. The desired thermal analysis of the nuclear fuel shipping container is defined
by an analytical sequenet :omposed of one or more of the following calculations chosen in an acceptable
order: an initial steady state; a prefire steady state; a fire transient; a postfire transient; and a final steady state.
Each calculation in an analytical sequence specifies the type (steady-state or transient), the ambient tempera-
ture, the duration of any transient, and the heat transfer mechanisms at the surface of the model. Selected
portions of the model may be deleted at certain points in an analytical sequence to simulate changes in the
nuclear fuel shipping contamer during an analysis. The model and analytical sequence are described to
HTASI using free form, keyword-oriented data making extensive use of defaults. HTASI generates the
HEATING input data necessary to model each calculation in an analytical sequence. In addition, if the
neutron shield has been deleted but the waterjacket remains, HTASI adds OCULAR input to the HEATING
data for representation of two-dunensional radiative exchange in the annular region within the water jacket.
HTASI then transfers control to the SCALE driver, which accesses OCULAR of required) and HEATING
to perform the desired analysis.

The HTASI control module has recently been revised to allow data for various geometry and output
plots to be generated and to update default values to match those specified by Part 71 of Title 10 in the Code
of Federal Regulations-Energy, U.S. States Nuclear Regulatory Con: mission.
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Hl.1 INTRODUCTION i

(y
)

(d The Heat Transfer Analysis Sequence Number One (HTASI) control module was developed for the
U.S. Nuclear Regulatory Commission (NRC) as part of their efforts to develop standardized methods for
performing safety analyses of nuclear fuel shipping containers. Frequently, it is desired to perform a thermal
analysis on a class of nuclear fuel transport packages that can be modeled by a combination of homogeneous,
right, circular cylinders (see Fig. Hl.l.1). During the thermal analysis of such a model, it is usually ofinterest
to deternune its steady-state temperature distribution under normal operating conditions, its transient
temperature distribution during exposure to a fire of specified duration at a specified temperature, and its
transient temperature distribution for a specified period of time following exposure to the fire. At times, it
is also ofinterest to detemune the final steady-state temperature distribution following exposure to the fire.
HTASI was designed to perform standardized thermal analyses on this class of problems.

HTASI is a control module in the SCALE system. HTASI uses the HEATING functional module
(see Sect. F10) to perform the desired thermal analysis on the model. The input data to HTASI define the
physical model and the analytical sequence to be performed. HTASI reads these input data, checks them for
errors, and determines each thermal analysis to be perfonned. The HEATING input data set is then generated
by HTASI which subsequently directs the SCALE driven to call F4ATING to perform each thermal analysis
in the prescribed analytical sequence. The final temperature distribution from the previous HEATING
thermal analysis is used as the initial temperature distribution for the current HEATING thermal analysis.

Some analyses may start with a neutron shiS in place inside of a waterjacket, but at some later time
lose the neutron shield leaving either a cavity cr air mside the waterjacket. For these analyses, in order to
represent the radiation exchange within the water jacket with a full two-dimensional (2-D) model HTAS1
uses another SCALE functional module, OCULAR. OCULAR generates exchange factors between the nodes
in the model in the form of node-to-node connectors for the HEATING calculation. HTAS1 adds the
additional data required to run OCULAR to the HEATING input. For each portion of the analysis after the
neutron shield has been deleted from the model, HTASI directs the SCALE driver to call the OCULARm

/ T module immediately before calling the HEATING module. OCULAR reads the same input that is read by
C/ HEATING and writes the resulting node-to-node connecters out in binary form for subsequent use by

HEATING.
The input data to HTAS1, which use SCALE's free-form routines, are quite simple and are keyword-

oriented. HTASI makes extensive use of default values for most of the thermal parameters used to define
a physical model and analytical sequence. Of course, these values can be overridden easily by entering the
appropriate keyword and data at specified locations in the input data stream. HTASI has a built-in material
property library, with thermal parameters for materials frequently used in nuclear fuel transport packages.

Section Hl.2 contains a detailed description of the capabilities of the control module. Included is
a discussion ofits modeling capabilities, a description of each thermal analysis available in defining particular
analytical sequences and a description of the boundary conditions used for the various model configurations
and analytical sequences. Default conditions and values are also presented, along with a number of
suggestions conceming the use of special features of the control module.

The general structure of HTASI is outlined in Sect. Hl.3. A brief description of each subroutine in
the control module and the identification of each logical unit used by HTASI are included.

Section Hl.4 contains a detailed description of the input data available to describe a set of
calculations to HTAS1.

Sample problems are presented in Sect. Hl.5. A description of the problems, listings of the input
data, and selected portions of the computer output generated by the nms are included.

The English units of density, heat flux, temperature, etc., that are used in the description of HTASI
are those specifically requested by the NRC during the initial development of HTASI in the early 1980s.
Constants for conversion to SI units can be found in most standard engineering references.

( NUREG/CR-0200,
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I

Hl.2 USE OF HTAS1
,

1

-

This section presents a detailed description of the various options available to HTASI for modeling
nuclear fuel transport packages. It contains a description of each zone, a discussion of acceptable
combinations of zones, dermitions of boundary conditions associated with each zone and thermal analysis, L

and default values for most parameters. It discusses the various thermal analyses available for derming
j analytical sequences. Assumptions HTASI makes in modeling problems are discussed. These assumptions

should be considered in interpreting results of analysis generated by the control module..

H1.2.1 DESCRIPTION OF THE PHYSICAL MODEL
4

1

HTASI can be used in the steady-state and transient thermal analysis of a group of nuclear fuel
shipping packages which can be modeled by acceptable combinations of homogeneous, right, circular
cylinders (denoted as zones) as depicted in Fig. Hl.2.1. The model must be composed of a muumum of the
cavity, inner shell and outer shell. The water jacket and neutron shield must appear as a pair. The user

i- defines the physical model to be used in the thermal analysis by entering the appropriate keywords, along
with the physical dimensions necessary to define the zones comprissg the model. Default values exist for
most parameters associated with each zone, such as the material, thermal properties and boundary conditions.
However, the user may override most of these default values by supplying a keyword to identify the,

; parameters to be defined along with parameter data. HTASI generates up to ten HEATING boundary
conditions and applies each condition to one or more specific surfaces of the model. The location of each
boundary condition is depicted in Figs. Hl.2.2, Hl.2.3, Hl.2.4, and Hl.2.5.

The cavity must be present in the model, and both its radius and its axial height as measured from
its axial midplane must be positive. The total heat load within the package must be defined with the cavity

(. data. HTASI assumes this heat is located within the cavity. It calculates the surface area of the cavity as

A, = 2nr,h, + 2nr,2 (H1.2.1),

where

A, is the total surface area of the casity,
|

r, is the radius of the cavity, j
h, is the height of the cavity, i

i

and computes the average surface heat flux as
'

G'-. (H1.2.2)9, = A, ,

where |

|
q, is the average surface heat flux, '

Q, is the heatload in the cavity.

NUREG/CR-0200,
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p HTASI then generates boundary condition number I with this heat flux and applies it along the inner
t j surfaces of the inner shell (see Fig. Hl.2.2).

'

V The inner shell must be present in the model, and its radial thickness and its axial thickness at both
the top and bottom must be positive. The top and bottom axial thicknesses may be different. Thus, the inner ;
shell completely encloses the cavity, as shown in Fig. Hl.2.1.

The shielding zone is optional. Ifit is present in :he model,its axial extent must at least be equal to
that of the inner shell. Ifit extends axially beyond both the top and bottom of the inner shell, the shieldmg
completely encloses the inner shell, as depicted in Fig. Hl.2.1.

The outer shell must be present in the model, and it completely encloses the cavity, inner shell and
shielding. Thus, the radial thickness, as well as the axial thicknesses at both the top and bottom of the outer
shell, must be positive. HTASI generates boundary conditions for any surfaces of the outer shell that are
outer surfaces of the model. In particular, HTASI generates boundary conditions 2 and 3 and applies them
along the radial and axial outer surfaces, respectively, of the outer shell (see Figs. Hl.2.2, Hl.2.3, Hl.2.4, and
Hl.2.5).

The neutron shield and waterjacket zones are optional for the model. However, if they are present,
they must appear as a pair, and their axial extent must be the same. The radial thickness of each zone must
be positive. As the default, the axial extent of each zone is equal to that of the cavity. However, the default
may be overridden as long as the zones do not extend beyond the top and bottom of the outer shell. When
the neutron shield and waterjacket are present in the model, HTASI generates boundary conditions 4,5, and
6 and applies boundary condition 4 along the outer radial surface of the waterjacket and boundary conditions
5 and 6 along the outer axial surfaces of the neutron shield and waterjacket, respectively (see Fig. Hl.2.3).

i

The material in the neutron shield can be replaced by air or deleted following any thermal analysis !
in a prescribed analytical sequence. If this option is invoked, HTASI will generate boundary condition 9
which will be a surface-to-boundary connection with the magnitude of the Stefan-Boltzmann constant. This ,

boundary condition will be referred to by the node-to-node connectors generated by OCULAR for 2-D |/g\ radiative heat transfer within the waterjacket.
;h The neutron shield and water jacket may be deleted following any thermal analysis in a prescribed i

analytical sequence. If this option is invoked, HTASI will generate a boundary condition and apply it along
'

the portion of the outer radial surface of the outer shell that was previously covered by the neutron shield and
waterjacket (see Figs. Hl.2.3 and Hl.2.2). The boundary condition will be 2 if the outer radial surface of the
outer shell is unfinned and 10 if it is finned. Thus, if the outer shell is finned, boundary condition 2 will
model the finned, radial surface of the outer shell and boundary condition 10 will model the unfinned portion. l

The impact limiter zone is optional for the model. If the impact limiter zone is defined, the impact
limiters may appear independently at the top and/or bottom of the transport package. If they both appear, the

,

radius of each impact limiter must be the same. However, the axial thickness of the top and bottom impact
'

limiters may be different. Although there is no upper limit on the radius of the impact limiter, it must be at
least equal to the radius of the outer shell. The default radius of the impact limiter is equal to the radius of
the outer shell. Each impact limiter may be a disk at the top or bottom of the outer shell, or it may wrap
around the top and/or bottom of the outer shell. If one of the impact limiters extends around the outer shell,
it may extend axially to the neutron shield and waterjacket if they are defined or it may extend to the axial

,

midplane of the cavity if they are not defined. Boundary conditions 7 and 8 are generated by HTASI and |

applied along the axial and radial outer surfaces, respectively, of the impact limiters (see Fig. Hl.2.5).
One or both of the impact limiters may be deleted after any thermal analysis in an analytical

sequence. If both impact limiters are deleted, they must be deleted at the same time. If either of the impact
limiters are deleted, HTASI will apply boundary condition 3 along the axial surface or surfaces of the outer
shell that were previously covered by the impact limiter or limiters (see Figs. Hl.2.5 and Hl.2.3). HTASI
will also generate a boundary condition and apply it along the portion of the outer radial surface of the outer

O NUREG/CR-0200,
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1

l

shell that was previously covered by one or both of the impact limiters. As in the case of deleting the neutron
shield and water jacket, the boundary condition will be 2 if the outer radial surface of the outer shell is

i

unfmned and 10ifit is fmned. !

l

Hl.2.2 DISCUSSION OF THE THERMAL PROPERTIES AESOCIATED WITH EACH ZONE j
i

A default material is associated with each of the seven zones available to HTASI in modeling a
problem (see Table Hl.2.1). A material property library is included in HTAS1 (see Table Hl.2.2). This
library contains the thermal conductivity, density, specific heat, emissivity, latent heat and transition

j
temperature for each material in the library. In addition to the default materials for each zone, a number of ,

additional materials associated with nuclear fuel transport packages are included in the library. These I
materials may be used to replace some or all of the default materials for a particular analysis. Since some
materials ofinterest may not be included in the material property library, a material and values for its thermal I

parameters may be defmed with the data for a specific zone to override the HTASI defaults. The HTASI
!

material property library is located in subroutine MATLIB, and it is a straightforward task to add additional |
materials to it or to modify the thermal properties of materials in it.

As the default, HTASI does not allow any material to undergo a change of phase. The user may ,

override this default condition for each specific zone and cause HTASI either to obtain the latent heat and I
accompanying transition temperature for the material from HTASl's material property library or to read it i

with the other data dermiag the zone. When the model specifies the change-of-phase option, the transient
calculations must be performed by HEATING with either the classical explicit procedure which is
stability-limited or Levy's modified explicit procedure. Under the default conditions HTASI will generate
data enabling HEATING to perform the calculations using Levy's modified explicit procedure with a time
step factor of 10. This default condition may be overridden as long as an attempt is not made to use one of

,

,

the implicit procedures. Since radiative heat transfer may be considered across outer surfaces of a shipping |

container, an emissivity is associated with each zone which can be on an outer surface of the model. These
emissivities may vary during an analytical sequence to model changing conditions on a surface. Default
emissivities for each thermal analysis are presented in Table Hl.2.3 for each zone that can be on an outer
surface;

Hl.2.3 DESCRIPTION OFTHERMAL ANALYSES AVAILABLE FOR ANALYTICAL l

SEQUENCES |

After the user has dermed the physical model to HTASI by providing all appropriate data for each
zone, the actual sequence of thermal calculations to be performed by HEATING must be defined. HTASI
is designed to generate data for HEATING to perform the following five independent thermal analyses:

1

1. to obtain the steady-state normal operating therind conditions for the transport package for the )
operating conditions specified in Part 71 of Title 10, Chapter 1, Code of Federal Regulations -Energy, !
U.S. Nuclear Regulatory Cormnission, !

I
2. to obtain the steady-state normal operating thermal conditions for the transport package for a realistic |

ambient boundary temperature (default,100'F), !
|

3. to obtain the transient thermal conditions during a specified accident in which the transport package
is subjected to a fire at a stated temperature (default,1475*F) for a stated period of time (default,
30 min),

NUREG/CR-0200,
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|

! !
*

|,
s,

,i

!
; Table Hl.2.1 Keywords for zones in HTAS1 model ,!

i= Zone Default material Default material
1

.

!

keyword index name Default material description
.t

'

4 i

CAVITY Void '
; t

'
+

, INNER SHELL 13 SST304 Stainless Steel 304 i.
i
1- ,

: SHIELDING 11 LEAD Lead i

1 1
:

OUTERSHELL 13 SST304 Stainless Steel 304 !
.

1 i

! NEUTRON SHIELD 17 H2OCON Water, effective conductivity
| simulating naturalconvection |,.- '

5 i

WATERJACKET 13 SST304 Stainless Steel 304 f
)

4

'

IMPACT LIMITERS 19 BALSA . Balsa wood,thermalconductivity 'I

across grain i.d

;

i
; ;

1 . i
,

|br. .
1

i
:

h
*

'
;
' i

'.
!

i

i

!
!

i i

! )

i
: i

l i

t, !

i
i
j

i - i
; >

.

1 !

! !
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l

Table Hl.2.2 HTASI material property library

Trannuaan latent Heat
Material Material Temp. Conductivity Density Temp. Specific Heat Temperature of Fusmo I

Index Name (*F) (btu /hr-h*O (Ib/f0 ('O (Bau/lb'F) ('F) (Bau/lb) Refercece

I
11 IIAD 32 20.3 710 32.0 0.0305 621.3 10.6 1.2 l

212 19.3 212.0 0.0315 l

|392 18.2 621.5 0.0338
$72 17.2 621.7 0.0340 i

630 12.1 1832.0 0.0328
717 9.7

!
800 9.0
980 8.7

1276 8.66

12 DURANIUW 32 15.0 1190 32 0.0275 2069.6 22.7 2 !
752 20.1 662 0.035 l

1472 27.6 1225 0.048
1652 30.2 1234 0.830

1243 0.045
1418 0.045
1427 0.930
1436 0.0384

13 SST304 32 8.1 491 32 0.12 2552 117.0 1.2
212 8.7 752 0.135
392 8.7
572 9.4
752 10.0

1112 11.0
1472 13.0

14 CARSTEEL 32 25 487 68 0.113 2796.8 117.0 1.2
212 25
392 24
572 23

752 21

1112 19

1472 17

1832 16

17 H20CONV 150 14.75 60 32 1.00720 3.4.5
200 17.33 68 0.99861
250 19.15 104 0.99780
300 20.83 140 0.99921
400 23.35 176 1.0021

212 1.0068
248 1.0149 I
284 1.0228 |
320 1.0369 )
356 1.0548
392 1.0758
428 1.1009
464 1.1357
500 1.1818
537 1.2437
572 1.3678

18 AIRCONV' O.1 0.059 -6.67 0.24007 3

83.33 0.24016
173.33 0.24095
263.33 0.24214
353.33 0.24374
443.33 0.24584
533.33 0.24816

NUREG/CR-0200,
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4

;

4

s

!
Table Hl.2.2 (continued) J

-s

Trammaios taassa Heat'
Maastial Material Teenp. Condissivity Density Temp. Specirac Heat Tasaperenare of FusionInden Nasme (*O (beu/hr.a*O (h/fy (*O (Boa /lb'O (*O (Ben /E) Refemman

4

623.33 0.25196
713.33 0.25396 'i
803.33 0.25676
893.33 0.25924
983.33 0.26215

s

1073.33 0.26495
, 1863.33 0.26774

1253.33 0.27035
1343.33 0.27264

1
2 1523.,33 0.27701 i

19 BAIJA8 0.0484 20.0 0.55
2 '

20 REDWOOD * 0.0636 26.0 0.69 6

21 PURETHAN' O.0242 3.7 0.42 2 i

.

l
D pasind urenien.

I*Weser wish effective ebenmal conductivity summistang maswel convection.
; Air .in errecieve a.n I co.d.ciivity - , r.i veciion.

*Ilseriaal conductivity acrans grain.
nia,is s:,- -r

5

i

, ,A Table Hl.2.3 Default emissivities on outer surfaces of zones modeled by HTAS1 -
:

Zone keyword Default emissivities',

i INITIAL PREFIRE FIRE POSTFIRE FINAL

! OUTER SHELL 0.5 0.5 0.8 0.8 0.8

; NEUTRON SHIELD 0.5 0.5 0.8 0.8 0.8
.

4

WATERJACKET 0.5 0.5 0.8 0.8 0.84

.

.

: IMPACT LIMITERS 0.5 0.5 0.8 0.8 0.8
x
s

" Data taken from Refs. 7 and 8.,

"
;

i.. )

i l

i
:

I

.

:
:
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|
Hl.2.11 Vol.1, Rev. 5

.

I
+

- , , . _ _ . - - -_ -. . .



4. to obtain the transient thermal conditions of the transport package for a specified period of time '

(default,180 min) in an environment at a specified temperature (default,100'F) following
,

exposure to the fire, and i

5. to obtain the steady-state operating thermal conditions for the transport package for a realistic
ambient boundary temperature (default,100'F) following the accident and exposure to the fire. l

Fifteen different analytical sequences may be performed by using various acceptable combinations .

'
of these five thermal analyses.

Under the default conditions, HTASI uses HEATING's direct-solution technique to calculate the
steady-state temperature distribution and the Crank-Nicolson implicit procedure to calculate the transient j
temperature distribution. For transient problems, it allows HEATING to detemune the initial time step size '

by setting it equal to the stability criterion for the classical explicit procedure. It then allows HEATING to
vary the size of the time step to keep the maximum relative change in temperature at any node equal to 2%. )
When the model contains a material that is allowed to undergo a change of phase, HTAS I's default conditions l
will use Levy's modified explicit procedure with a time-step factor of 10. The initial time-step size will be !

'

detemuned by HEATING by setting it equal to the stability criterion for the classical explicit procedure. The
user may override these default conditions and use any numerical technique available in HEATING as long
as it is compatible with the thermal analysis to be performed.

Hl.2.4 DEFINITION OF BOUNDARY CONDITIONS :

HTASI generates appropriate boundary conditions for the outer surfaces of the model based on the
thermal analysis being performed, the boundary parameters associated with the thermal analysis, and the

,

!
emissivities of the materials on the outer surfaces. In generating boundary conditions on extemal surfaces '

of the model, HTASI allows for the following heat transfer mechanisms: natural convection to or from the i

surrounding medium, radiation to or from the surrounding medium, and a prescribed heat flux to simulate
the solar heat load.

The film coefficient correlation to simulate the natural convective heat transfer effects across a
surface has the form

h,-h,,|T,-T[, (Hl.2.3)

|

where I
1

T, is the surface temperature,

T, is the ambient temperature for the thermal analysis involved, i

h, is the natural convective coefficient, |

h, is the natural convective exponent.
i
'

2For a radial surface, the default values of h, and h, are 0.18 Btu /(hr-ft , ope) and 1/3, respectively,
to simulate the turbulent natural convective heat transfer in air on the radial surface of a long, horizontal
cylinder.' For an axial surface, the default values of h, and h, are 0.19 Btu /(hr-ft *F") and 1/3, respectively,2

to simulate the turbulent natural convective heat transfer in air on the end of a horizontal cylinder? |

l

NUREG/CR-0200,
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,

The heat transfer coefficient to simulate the radiative heat transfer at the surfaces of the model before]p;

and after the fire has the form (Ref. 9) |

; h, - o e, , (H1.2.4)
i i

where
,

!: . !
o is the Stefan-Boltzmann constant or 0.173 x 10 Btu /(hr ft2 *Rd),4

-

4-
~

e, is the emissivity of the material on the surface of the model.
:
a

i The emissivity for each material will be extracted from HTAS1's material property library (see.
!I Table Hl.2.2) unless it is provided by the user when a particular zone is defined. The emissivity is defined '

} independently for each thermal analysis to be performed on the model. Durmg the fire, the radiative heat >

| transfer coefficient used by HTAS 1 has the form (Ref. 9) '

i f 'i
! h' = o ''

1 I _3 (H1.2.5) ;

j E, . E ;
r t ,

:
1

. |

| where
'

[ Eris the emissivity of the fire. i

.
.

.
i

i- In keeping with the specifications in Part 71 of Title 10, Chapter 1, Code of Federal
.

j Regulations-Energy, U.S. Nuclear Regulatory Commission, the default values for the emissivity of the fire |
is 0.9 and for the emissivity on the surfaces of the package during the fire is 0.8. Also, the default

'

'

temperature of the fire is 1475'F. However, the default value of each of these parameters may be overridden. !
j The default value for the solar heat load is 122.92 Btu /(hr-ft2) (Ref. 8), except the solar heat load, is !4~

not applied to the surface of the package during the fire analysis. The user may override these defaults and

;
'specify a heat flux across the surface of the package for any thermal analysis.;

;.

When the material in the neutron shield is deleted or replaced, HTASI uses the OCULAR program |
i. to simulate 2-D radiative heat exchange within the water jacket.' HTASI generates boundary condition 9 |
{ which has a connectance equal to the Stefan-Boltzmann constant. Before the HEATING execution, ;
i' OCULAR then calculates exchange factors between all of the nodes in the model which lie on the surface of '

2 the annular region t tween the water jacket and outer shell. The node-to-node connector generated by |
: OCULAR between any two of these surface nodes has a connector value equal to the product of the exchange
i factor, F, and the area, A, of the emitting surface associated with the emitting node. These connectors all ,

.! ' reference boundary condition 9, so that the effective heat transfer between any two of these surface nodes,
'- Q,is

,

Q . = OAF [T| - T|], (H1.2.6)

t

where

I

{ NUREG/CR-0200,
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|

T is the emitting node, andi
,

T is the receiving node.
|j
!

Hl.2A.1 Finned Surface Option

Under the default conditions, HTASI assumes all surfaces are smooth (unfinneA). However, this |

default can be overridden by derming one of eight fm effectiveness techniques on the outer radial and/or axial
|surfaces of any zone that is part of the outer surface of the model. i

This technique is based on simple geometric description:, and well-known fm effectiveness relations |
[Refs.1 (pp. 3-115-3-119),11, and 12] and has been implemented for the eight types of enhanced heat
transfer surfaces shown in Table H1.2A and Fig. Hl.2.6. These analytical techniques assume that the thermal
conductivity and heat transfer coefficients are uniform for the fm. The technique implemented in HTAS1
requires the boundary temperature remain constant during each HEATING analysis. Although these
techniques were developed for steady-state flow of heat in fms, they should be reasonably accurate for
transient models if the fm size is small compared to the thickness of the surface zone.

The fin effectiveness nris the ratio of the heat transfer from the fm to that from the base area of the
fin assuming convection to the fluid at the same temperature and convective heat transfer coeflicient. The
fluid temperature, heat transfer coefficient, and fin material thermal properties are assumed constant along
the length of the fin. This concept is extended to fmned surface effectiveness q. The fmned surface
effectiveness is the ratio of the heat transferred by the fm surface and the surface between the fms to that
transferred by the surface if the fms were removed:

G," + G"
q= =Rg $ + R,y, (Hl.2.7)

"'

O
where

Q, = heat flow from surface of fm,f

Q, = heat flow from portion of base surface not covered by fm,

Qw = heat flow from surface assuming fms removed,

O"f
= fin efficiency = pf, (k==)$

Q ,(k=) = heat flow from fm surface assuming fm thermal conductivity is infinite,f

R = (fin surface area)/(unit area of base surface)y

R,, (base surface area not covered by f:ns)/(unit area of base surface). |
=

|
.

I

I
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i

). Table HI.2.4 Fin cfTectiveness models, analytical
| (See Fig. Hl.2.6 for geometry variable not defined in this table)s

3 Fin type Description
i

I STRAIGHT FIN WITH RECTANGULAR CROSS SECTION,

:

j tanh(6n) h*= m=,

L &n
$ k4

,

S-

R=(t+6,yf h = convective heat transfer coefficient |g

.

R, = (S - 25,yS, k -thermalconductivity3
'

l

Ra = fin volume /(unit area offmned surface) j:
i

.
=215,/S, |

1

2 STRAIGHT FIN WITH TRIANGULAR CROSS SECTION

1 I/2t m)

O $= I, = modified Bessel function of the first kind oforder n I
t m IJ21 m)

R=(/t2 + 6j f2
g

R, = (S - 25,yS3 3

R , = 6,t 15y 3

3 STRAIGHT FIN WITH TRAPEZOIDAL CROSS SECTION

K (H )l (R) - 4(H.)K (Ho) |Po' i i i9=
l(Ho)K(p) + 4(p)K (po), )

22x b, o i o

|

!
K, = modified Bessel function, second kind of order n j

g = 2xf, + 6/1 - tanyytany[
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Table Hl.2.4 (continued)

Fin type Description

6, ,(1 - tan y)p,=2x
tan y

h
n

h ksiny

y = tan -2 ((6, - 6)/t)

b, = t + 6,

R = (10, + 2 gf5 + (6, - 6)2yzIg

R, = (S - 26,yS,3 3

4x = 1 (6, + 6,yS,

4 CIRCULAR (ANNULAR) FIN WITH RECTANGULAR CROSS-SECTION EXTERNAL
SURFACE FIN

r, > r , Fin on External Surface of Cylinder

2 l (mr,)K,(mr,) - 1,(mr,)1q(mr,)' '
i" '

me i+1
'I (mr,)}q(mr,) + I,(mr)K (mr,)r o o

Bg g jj

r, = tip radius
r, = base raasur

t = r, - rn

S
R = [r,6, + (r,2 _ 7,)/2]/(r,p

2
y

ikw - G, - 26,yS,
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TableHl.2.4 (continued)

Fin type Description
{s

5 SPINE,73 GHT CIRCULAR CYLINDER - TRIANGULAR PATTERN ;

l

~

$= tanh (mt) $

8* )" "##~

Rg - 2[f (5, + 5,) + Sf,y(S,5)

'
,

Ry - n5,(21 + 5,)(2S82)
-

I

R,y = (S 4 - f2jj(g,g,)3

I,

Ra=( 't )/(S 4)3

.

|
6 SPINE, RIGHT CIRCULAR CYLINDER - RECTANGULAR PATTERN )

4 = Q for FIN No. 5

Rg = n5,(21 + 5,y(SE2)

2R,, = (S 4 - n5 )/(S82)3

2

Ru = (n5/ )/(S S )32

NUREG/CR 0200,
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Table Hl.2.4 (continued)

Fin type Description

7 SPINE, RECTANGULAR CROSS SECTION - TRIANGULAR PATTERN

4= .h(mc) , ,

R , = (S,5 - 26),)/(S,Q) A = 4(6),) = cross-sectional areag 2

R,,, = (26,5/ )/(qS )2

R, = 2p (b, + 6,) + 6),)l(S,5) P = 4(6, + 6,) = perimeter
,

8 SPINE, RECTANGULAR CROSS SECTION - RECTANGULAR PATTERN

4 = 4 for FIN No. 7

R, = 4p(6, + 6) + 6,5)/(S,S,)

'
R,,, = (S,4 - 46,6,y(qS )2

R,., = (46,6/ y(qS )2

i

I
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4 FIN FIN
,

TYPE DESCAIPTION FIGURE TYPE DESCRIPTION FIGURE
NO NO

'g-28 71
STRAIGHT 8 SPINE ,

, g (LONGITUDINAL)
i RECTANGULAR j 6 RIGHT CIRCULAR W

i
~ ' 3

g 7 CYLINDER g[; CROSS SECTION /
""'""

TRIANGULAR = = gPATTERN m Sg ,,,,

8 [-sh %{
-

St .-

) .i Si e- M $1 6
L O- O O-h J-3 STRAIGHT SPINE

4 (LONGITUDINAL) J RIGHT CIRCULAR2 TRIANGULAR / 8 CYLINDER 82 82
h h-hTCROSS SECTION I ,

j f RECTANGULAR 9
| PATTERN 8. RADIUS'

81 '

TRIANGULAR RECTAleGULAR
| 8~ PATTERN PATTERN
e-

STRAsGHT EPINE
RECTANGULAR C bT(LONGITUDINAL) | ( 3 M N SECT M C t3 TRAPEZOIDAL | e t

CROSS SECTION TRI M LAR
PATTERN / /j

h /S1 -
3; a

i

CIRCULAR Ki SPINE
-

1
7 RECTANGULARI (ANNULAR) , p*~*'^

5 RECTANGULAR 10 CROSS SECTION * +
CROSS $ECTON - RECTANGULAR 7
EXTERNAL FIN i t PATTERN 5,%

'U)
-

'gSi l. - 4; O y .

g.-e1
-

w,--

S

.

A TRIANGULAR RECTANGULAR
' PATTERN PATTERN

Figure Hl.2.6 Fin effectiveness models, pictorial
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In HTAS1, the fm effectiveness is used to modify the effective conductance for the boundary
condition by adjusting the effective heat transfer coeflicients as follows:

hj = h,y (H1.2.g)

I

h ', - h,q , (H1.2.9)

where

a= finned surface effectiveness for that boundary condition and will be the same for i
!

both natural or forced convection. i

If the surface material properties or the boundary heat transfer coefficient are temperature-dependent,
a fm effectiveness temperature-dependent table is generated.

The fin effectiveness technique implemented does not check for inconsistent geometric dermitions
(e.g., width of fm greater than the fm spacing) or if the node spacing is smaller than the fm spacing. i

Modding errors can result from these problems. If the node spacing is much smaller than the fin spacing or )
if the fin height is significant compared to the surface thickness, use of this technique is not recommended. ;
Fin models 1--4 are 2-D in nature, and conduction along the third dimension is neglected. The code also does i

not allow for thermal growth of fms. ;
;

1

Hl.2.5 MISCELLANEOUS CONSIDERATIONS IN MODELING A PROBLEM

H1.2.5.1 Location of the Neutron Shield, Water Jacket, and Impact Limiter ;

IHTASI generates the fme grid lines for the model based on the grid spacing information supplied
with the zone data. The axial fme grid lines are based on the axial grid spacing information provided for the
cavity, inner-shell shielding, outer shell, and impact limiters. If one of the axial boundaries of the neutron
shield and waterjacket does not lie on one of these zone boundaries or on one of the fine grid lines generated ;

by HTAS1, then HTASI will move the axial boundary of the neutron shield and water jacket to the nearest
axial fine grid line. It will also generate a waming message indicating this action. If one of the impact
limiters wraps around the package, HTAS1 will locate its axial extent in a similar manner. The radial fme
grid lines are based on the radial grid spacing information provided for the cavity, inner shell, shielding, outer
shell, neutron shield, water jacket and impact limiter if the impact limiter extends radially beyond the water
jacket. If the radius of the impact limiter does not extend beyond the radius of the waterjacket, it must lie
on one of the boundaries of the neutron shield or water jacket or on one of the fine grid lines within those
zones. If this is not the case, HTASI will move the radius of the impact limiter to the nearest radial fine grid
line and will generate a warning message indicating this action. HTASI follows this procedure to minimize
the occurrence of an unfavorable distribution of nodes in the model. As an example, large differences in the I
size of coeflicients in the system of equations describing the temperature distribution can lead to numerical
problems when an attempt is made to solve the system. This situation can happen when large differences ;

exist between node sizes throughout the model, especially if they are within the same zone. Note that when |
the boundaries of one of the zones is moved, the resulting model will be slightly different from the one which
was input. For instance, the volume and heat flow paths will be slightly changed. This error will decrease
as the grid spacing decreases.

]
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!o\ Hl.2.5.2 Modeling of the Neutron Shield and Water Jacket
>

\b
The waterjacket wraps around the neutron shield and extends to the surface of the outer shell. The4

top and bottom of the waterjacket tend to serve as a heat flow path between the waterjacket and outer shell
since its thermal conductivity will generally be higher than that of the neutron shield. HTASI assumes this
heat flow path is small, and thus it is not modeled in order to muumize the occurrence of an unfavorable nodal

configuration. The effects of this assumption will be small unless the axial thickness of the waterjacket at
one of the ends of the neutron shield is large. The effects of radiative heat transfer on the ends of the water
jacket are considered since the default values for the emissivities on the surface of the neutron shield are equal
to the waterjacket surface emissivities.

i

Hl.2.5.3 Modeling of the Impact Limiter<

The impact limiter is usually covered by a thin layer of metal, which could extend around the impact
limiter to the surface of the outer shell. This layer would serve as a heat flow path since its thermal5

conductivity would probably be higher than that of the impact limiter. HTASI assumes this covering is very
thin and as such its heat transfer effects in this analysis are negligible. The effects of radiative heat transfer
on the surface of the impact limiter are considered since the default values for the emissivities on the surface
of the impact limiter is equal to the emissivities for stainless steel (see Table Hl.2.3). Of course these values
may be overridden by the emissivities of r.ny material covering the impact limiter.

Hl.2.5.4 Other Modeling Considerations

In developing HTAS1, it was assumed the contact resistance between the zones was negligible, and ;

thus it was not considered. The neutron shield will be composed of water under the default conditions. |

9} Durmg a prescribed accident, the waterjacket may be punctured, and the water in the neutron shield may leak |[
out. This condition is modeled by deleting the neutron shield. As the default, the water (or material) in the '

neutron shield will be replaced by air when the neutron shield is deleted. In both cases, HTASI only
approximates the natural convective heat transfer in the neutron shield by using an effective thermal
conductivity for the water or air in the annulus.

For the water-filled neutron shield, HTASI will use material 17, denoted as H20CONV, from its
material property library. The effective thermal conductivity of material 17 was designed to simulate the ;

effects of the natural circulation in a 4.5-in.. wide annulus (Ref. 5). This temperature-dependent effective
thermal conductivity was derived using a correlation by Liu, Mueller, and Landis for approximating the
thermal conductivity due to natural convection through a medium enclosed in an annular space between
concentric cylinders (Ref.10).

As the default for the air-filled neutron shield, HTASI will replace the material (default, H20CONV)
in the neutron shield with material 18 from the HTASI material property library. Material 18, denoted as
AIRCONV, is air with an effective thermal conductivity of 0.1 Btu /hr ft 'F to simulate the natural convective
effects that will occur in the resulting enclosure between the outer shell and the waterjacket. The decision
to use this value for the default, average effective thermal conductivity of the air in the voided neutron shield,
was based on the following analyses on variations of sample problem No.1. Under normal operating
conditions, the maximum temperature on the surface of the outer shcIl was 281'F and on the surface of the
water jacket was 275'F. If the neutron shield was deleted following the prefire steady state, the absolute
maximum temperature on the surface of the water jacket during the fire would be the temperature of the fire
or 1475'F. Thus, the temperature difference across the air-filled neutron shield will range from
approximately 6'F immediately following the rupture of the water jacket to -1225'F during the fire. Since
the temperature on the surface of the outer shcIl will increase during the fire transient and since the
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temperature on the inner surface of the water jacket will be less than the fire temperature, the temperature
difference will not really be that large. It will also vary along the axial length of the water jacket. During
the postfire transient, the temperature difference will increase to zero and will gradually increase to a
maximum of several hundred degrees Fahrenheit. Thus, the absolute value of the temperature difference
across the air-fdled annulus will range from 0 F to around 1000'F.

If the average air temperature is assumed to be the average of the temperatures of the opposing
surfaces, then it will range from 275'F to around 1000'F. To estimate the effects of natural convection
through the annulus, a number of hand calculations were perfonned using the correlation of Lui, Mueller, and
Landis (ref 10) to obtain the effective thermal conductivity of the air-filled zone. The calculations were
performed with the average air temperature ranging from 250'F to 1000*F and the temperature difference
across the annulus ranging from 10'F to 1000"F. The effective thermal conductivity ranged from 0.06 to
0.15 Btu /hr-ft *F. The thermal conductivity of air ranges from 0.01944 Btu /hr-ft *F at 263*F to
0.03483 Btu /hr ft *F at 1073 *F (Ref. 3). Based on this analysis, the effective thermal conductivity of the air
in the annulus would range from a minimum of 0.01944 Btu /hr-ft *F with pure conduction to around
0.15 Btu /hr ft *F with natural convection. Since the effective thermal conductivity of the air will be a
function of both the air temperature and the temperature difference across the annulus, since it will be a
function of both axial location and time, and since a conservative value during the fire will not necessarily
be conservative following the fire and vice versa, a constant value of 0.1 Btu /hr-ft *F was used for the
effective thermal conductivity of material 18, AIRCONV.

An analysis was performed to compare the amount of heat transferred by radiation with that
transferred by conduction and natural convection. The emissivities on the opposing surfaces of the annulus
were assumed to be the default of 0.5. One set of calculations held the temperature of the outer shell at 280"F
while increasing the temperature of the waterjacket from 275'F to 1475 F. The ratio of heat transferred by
radiation to that transferred by conduction and natural convection with an effective thermal conductivity of
0.1 Btu /hr ft *F ranged from 4.3 to 29. The calculations were repeated by allowing the temperature of the
outer shcIl to increase. As the outer-shell temperature approached that of the waterjacket, the above ratios
increased for each water jacket temperature. Thus, the heat transfened across the annulus was largely
controlled by radiation. As a final check on the effective thermal conductisity of the air in the annulus, a
parametric study was mn with HTASI on sample problem number 1 assuming the waterjacket was ruptured
following the prefire steady state. The emissivities on the opposing surfaces of the annulus were assumed
to be the default of 0.5. Calculations were run with the elTective thermal conductivity of the air ranging from
0 (or a void) to 0.2 Btu /hr ft "F. The variations in the temperatures along the outer shell were at most a few
percent during this parametric study. Thus,0.1 Bru/hr-ft- F is a reasonable effective thermal conductivity
to simulate the natural convection heat flow across a 4.5-in. annulus for the shipping container similar to the
one modeled by sample problem number 1. This value should be reasonable for shipping packages having
similar dimensions and material properties. However, the user should analyze the natural convective heat
flow across an annulus for shipping packages basically different from sample problem No. I prior to using
the HTASI default properties for air with natural convection or material 18, AIRCONV.

Any support structure or intemal fins that may be inside the neutron shield are not mcdeled. For a
specific design, the user may approximate any such effects by developing an effective density and an effective
thermal conductivity to simulate any change in the density and heat flow paths due to such a stmeture inside
the neutron shield.

Since the intemal heat load is applied as a heat flux across the surface of the inner shell, the actual
fuel in the nuclear fuel transport package is not physically modeled, and thus its heat capacity effects are not
included in the transient calculations.

|
|
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Hl.2.6 DESCRIPTION OF HTASI PLOTTING OPTIONS
i

l n !

/ I Subroutines from REGPLOT6 (see Sect. F14) are included in HTASI so that the HEATING input iO generated by HTASI to describe the heat transfer model at each calculational phase can be graphically !
verified if the user selects the region plotting option. Maps of the regions, the materials, the heat-generation- ]
function numbers, the initial-temperature-function numbers, and the boundary-condition function numbers
are generated by plotting the model regions and labeling each region appropriately. By default, plots of the
regions, the materials, and the boundary condition function numbers are generated for each calculational
phase. HEATING is not executed when region plots are generated. Therefore, a nununum of execution time
can be used to verify that the input supplied to HTASI has produced the desired HEATING input. I

Temperature profile plots may also be generated if the user desires. If the temperature profile plotting (
option is selected, one temperature distribution plot data set is written by HEATING during the fire transient ,

calculations and another temperature distribution plot data set is written by HEATING during the postfire
transient calculations. These data sets are witten to logical units 18 and 19, respectively. I

By default, three plots are generated. The first plot contains temperature-vs-time curves for the nodes
in the center of the inner shell, the shielding, and the outer shell. If a node is not located in exactly the center
of a particular zone, the node closest to the center of that zone is used. If the shielding is not modeled, the !
node that represents the inner shell is located on the radial fine grid line that is the border between the cavity 1

and the inner shell, the node that represents the shielding is located on the radial fine grid line that is the
border between the inner shell and the outer shell, and the node that represents the outer shell is located on
the radial fine grid line that denotes the outer boundary of the outer shell. The second plot contains a curve
that shows maximum temperature over a span of problem time vs the radial distance from the origin for all
nodes on the axial center line. The third plot contains a cun e that shows the difference in volume-averaged
temperatures between the inner shell and the outer shell as a function of time. The temperature at each node |

in a zone is multiplied by the volume of that node. These products are summed, and the sum is divided by
the volume of the entire zone to compute the volume-averaged temperature for a zone. l

O Ifboth the fire transient and postfire transient calculations are perfonned by HEATING, the time axis

V on plots includes problem times from both the fire transient and postfire transient calculational phases. If
only the fire transient calculation is performed by HEATING, then the time axis only includes problem times
from the fire transient calculational phase. In a similar manner, if only the postfire transient calculation is
performed by HEATING, then the time axis only includes problem times from the postfire transient
calculational phase. If neither the fire transient calculation nor the postfire transient calculation are performed j

by HEATING, then temperature profile plots are not generated.
The user may choose from several options that allow 1; lots to be generated in a manner other than the

default plots that include data at all problem times for which temperature distributions exist. The plot of
maximum temperature at any problem time vs the radial distance from the origin for all nodes on the axial
center line may be omitted, as may the plot of the difference in volume-averaged temperature between the
inner shell and the outer shell vs time. The temperature-vs-time curves for the outermost nodes of the inner
shell, the shielding, and the outer shell may be drawn on individual plots. These same cunes may be
generated for temperature change from the initial temperature distribution instead of for the actual
temperatures. Finally, a mmunum and maximum time may be specified so that the time axis only includes
a specified time interval. Combinations of these options may be specified. For example, it is possible to
generate curves of temperature change for the inner shell, the shielding, and the outer shell on individual plots
between specified minimum and maximum problem times.

PLO7S ARE DISABLED 1N CURRENT VERSION. Although the routines and output of summary
information remain in the current version, generation of plots has been disabled due to the lack of a suitable
graphics package. The output now contains suflicient data for the user to generate these plots.
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Hl.3 LOGICAL PROGRAM FLOW AND DESCRIPTION OF SUBROUTINES
/~N

(d
'

The input data for HTASI are basically composed of five sets. The first set consists of a title card
and a parameter card. The parameter card contains the maximum CPU seconds allowed for this execution
and the logical unit number for the initial temperature distribution for cases involving the restart of an
analytical sequence. The second set of data consists of the zone data used to define the zones present in the
model, along with accompanying data to override undesirable default values. This set defines the physical
model. The third set of data consists of the thermal analysis data to define the particular analytical sequence

i to be used in the analysis of the model. This set may contain data to ovenide undesirable default values to
include both those that determine the specific thermal analysis to be performed as well as those that determme

the numerical technique to be used to perform cach thermal analysis. The fourth set consists of data defining
the frequency and type of HEATING output for trcnsient calculations. The final set of data simply consists
of an end-of-data (EOD) card.

H1.3.1 DISCUSSION OFINTERACTION WITH THE DRIVER, HEATING, AND OCULAR

HTASI reads the input data and checks it fcr errors. If an error is encountered, HTASI writes a
descriptive message indicating the nature of the error and, if possible, offering suggestions on how it may be
corrected. HTASI then sets a flag to terminate calculations, but, ifit is possible, it continues to examine the
input data for additional errors. Thus, as many as possible of the input data errors are h>cated on the first ;

execution of HTASI. At the end of the execution, HTASI generates a summary message which includes the
total number of errors it encountered in the input data. If no errors are encountered, HTASI processes the
input data and generates the HEATING input data for the first thermcl analysis in the specified analytical
sequence. To identify the thermal analysis to be performed by HEATING, HTASI puts the appropriate entry] from the following list in column 57-72 of the title card.[d

- INITIAL SS l
- PREFIRE SS '

- FIRE TR |

- POSTFIRE TR
|- FINAL SS.

|
For restart cases HTASI copies the initial temperature distribution from the specified logical unit

(ITPIN) to logical unit KTPIN and adds information to the HEATING input data telling it to read the initial
temperature distribution from unit KTPIN. Ifit 14 necessary to save the final temperature distribution from
this thermal analysis for the next part of the prescribed analytical sequence, HTASI adds the appropriate !

information to the HEATING input data telling it to save the final temperature distribution on logical unit !
KTPOUT. Then HTASI wites the HEATING input data on a formatted data set and returns to SCALE |
telling it to call HEATING to perform the desired analysis. After HEATING completes the calculations, it
returns to SCALE which then reenters HTASI. On each subsequent entrance HTASI checks the data to |

determine if the final calculation in the specified analytical sequence has been performed. If so, it performs
any wrap-up procedures to include the generation of the data set to be used in restarts of the analytical
sequence. HTASI will write the final temperature distribution from HEATING on logical unit KTPIN.
Then, HTASI returns to SCALE telling it to terminate calculations.

If additional calculations remain in the specified analytical sequence, HTASI first checks the data
set returned by HEATING to determine if the calculations were successfully completed. If they were not,
HTASI goes through the wrap-up procedures as described above. Otherwise, HTASI continues the

o NUREG/CR-0200,(J*
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calculations by modifying the HEATING input data set to properly derme the next thermal analysis to be
performed by HEATING. This modification may involve changing some of the boundary conditions (for
instance from fire to postfire conditions), changing the HEATING thermal analysis from steady state to
transient or vice versa, or deleting some of the zones (for instance, the neutron shield and water jacket or
impact limiters). If any of the zones are deleted, HTASI must delete the appropriate regions from the
HEATING input data. In addition, it must apply new boundary conditions for the regions containing the
newly exposed outer surfaces. If the neutron shield has been deleted from the model or has been changed
to air, but the waterjacket remains, HTASI will generate input data for the OCULAR module which will be
used to generate additional input to HEATING. This additional input consists of node-to-node connectors
representing 2-D radiative heat transfer within the vacated water jacket region. HTASI will direct the
SCALE driver to call OCULAR inunediately before calling HEATING for each of the remaining calculations
in the analytical sequence. The user has the option of foregoing this radiation model, in which case HTASI
would not generate OCULAR input or direct SCALE to call OCULAR, and no radiation heat transfer would
be modeled within the annular region between the waterjacket and outer shell.

A new set of grid lines must be added to the HEATING input data whenever a zone is deleted. Since
HEATING will generate a new set of nodes when a zone is deleted, the final temperature distribution from
the previous calculation cannot be used to start the newly defined thennal analysis. Instead HTASI must
determine the new nodal configuration and map the final temperature distribution from the old model into
the initial temperature distribution for the new model. This new initial temperature distribution is written on
unit KTPIN.

Finally, HTASI updates the Title card as indicated above, adds the data telling HEATING to read
the initial temperature distribution from unit KTPIN, updates the flag indicating whether to save the final
temperature distribution, updates the parameters indicating the type of thermal analysis to be performed, and
adds the appropiiate data to define the numerical technique to be used. HTASI then writes the input data set
for OCULAR (possibly) and HEATING and returns to SCALE telling it to call OCULAR (possibly) and
HEATING to perform the calculations. After each HEATING execution HTASI directs SCALE to call
H7MAPRZ to provide temperature maps of each analysis.

H13.2 DESCRIPTION OF LOGICAL UNITS UTILIZED BY HTASI

The logical units used during an execution of HTASI are identified in Table H13.1. Data are
transmitted between HTASI, OCULAR, and HEATING using the files created on the logical units identified
by KTPIN, KTPOUT, ICONT, IBOUT, and IBIN. If HTASI is restarted, the initial temperature distribution
must be supplied by the user on the logical unit identified by ITPIN. HTASI will save the fmal temperature
distribution on the logical unit identified by KTPIN. If the user references any materials in the Lawrence
Livermore National Laboratory material propeny library (Ref. 2), HEATING will select their values from
the h~brary on the logical unit identified by IMATLB.

Hl.33 RESTARTING HTASI

HEATING has provisions for restarting a thermal analysis when an earlier calculation was terminated
prematurely. HEATING will generate a data set containing the final temperature distribution calculated for
steady-state problems and the temperature distribution at the last time level that had satisfied the convergence
criteria for transient problems. This temperature distribution may then be used to restart the HEATING
calculations at a later date. This feature is used in the option for restarting a HTASI analytical sequence.
After the final HEATING calculation has been completed, HTASI will write the final HEATING temperature
distribution on an unformatted data set on the unit KTPIN. Later, the user may restart the analytical sequence
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Table Hl.3.1 Description oflogical units utilized by HTASI

; )i'\ Unit Unit Creating User
name No. Type of Data module module

KTPIN 1 Bina f scratch file with HTASI HEATING
HEATING initial temperatures for next analysis

KTPOUT 2 Binary scratch file with HEATING HTASI
HEATING final temperatures from last analysis

IN 4 Formatted scratch file with HTASI DRIVER
HTASIinput data

IECHO 5 Stardard HTASI input data, User HTASI
fc. matted

10 6 Standard output HTASI User
(default, printer) HEATING

IUF 18 Binary plot scratch file HTASI HTAS1
for fire transient data

I

IUPF 19 Binary plot scratch file HTASI HTASI i,O for postfire transient data |
V I

IMATLB 78 Materialpropertylibrary HEATING
(default, LLNL, formatted)

ICONT 91 Binary scratch file HTASI HTASI

IBIN 95 HEATING binaryinput data HTASI DRIVER

1 BOUT 94 OCULAR binary output ofconnectors OCULAR HEATING

ITPIN Input Initial temperatures for restart User HTASI
of HTASI(binary)

|

|
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by identifying the unit number from which the unformatted temperature distribution will be read. The HTAS 1
input data deck must also be modified. Any analytical sequence data blocks that have been successfully
completed must be removed. Any zones that were modified during the previous HTASI run must be
modified in a similar manner in the input data for the restart mn. Since HTASI does not allow radiative
heat transfer across the neutron shield for the initial model in an analytical sequence, HTASI should not be
restarted after the neutron shield has been deleted or changed to air. The nodal configuration for the restart
model must be identical to the nodal configuration corresponding to the final temperature distribution to be
used in the restart run. The logical unit numbers ITPIN and ITPOUT may not be equal to 1,2,4,5,6,18,
19 nor greater than 75. In addition, the appropriate data or file definition parameters must be supplied to
describe the unformatted data sets or files on units ITPIN and ITPOUT.

Hl.3.4 DESCRIPTION OF SUBROUTINES IN HTASI

MAIN - Allocates buffer space for the necessary input and output units prior to the call to
ALOCAT (see Sect. M2.2.1). Enters calculational portion of control module
HTASI by instructing ALOCAT to call HTASIA. Upon completion of each set
of HTAS1 calculations, MAIN sets up the retum to the SCALE driver instructing
it to either call HEATING (alias HTNG72) only, OCULAR and HEATING, or to
terminate the calculations. Called from HTASI. Calls HTASIA and HIPALC.
Calls SCALE routine ALOCAT.

BLOCK DATA - Initializes data in labeled common blocks ARYLN1, ARYLNG, FLGTYP,
TSTOUT, IOUNIT, MAPFMT, DIVIDR, and WIDTH. Labeled common
ARYLN1 contains default dimensions for some of the HTASI variably
dimensioned arrays. Labeled commons ARYLNG, FLGTYP, TSTOUT,IOUNIT,
MAPFMT, and WIDTH are from HEATING. Although some of these variables
are used in HTAS1, they are mainly used to generate the OPTION data block for
input to HEATING. Values for the variables in these common blocks are
initialized in this block data. Values for some of these variables are later computed
by HTASI based on the model being generated.

CDRD- Reads a double-precision real number from a character variable and converts it to
single precision. Called from RGINP.

DOUBLE- Copies the double word stored in the second argument into two consecutive
elements of the single word character array identified by the first argument. Called
from HIP, OUT123, OUTGRD, OUTITP, OUTPRT, OUTSS, OUTTAB, OUT17, '

WBC, WMAT and WPJG.

ECHO- Reads input data card images from unit IECHO, lists input data card images on unit
10, puts 'END' after each data string, and writes the resulting input data card images 4

on unit IN. Assumes card image with '@' in column 1 is a continuation of the |
previous card image. Replaces '@' in column 1 with a ' '. Assumes card image
with '*'in column 1 is a comment card. Called from H6TASI.

NUREG/CR-0200,
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FGRID - Generates fine grid lines along the appropriate axis based on gross grid RG(IGTO)
through RG(IGTl) and the spacings between the respective gross grid lines as

(v; stored in the NRG array. Stores generated fine grid lines in the array R and the
total number generated in IT. Called from NODMAP.

FILL - Stores the character string 'END ' in the D-array immediately after the data string
which extends through D(ID+NREC). Called from HIP, OUT123, OUTBC,
OUTEOD, OUTORD, OUTM, OUTMAT, OUTPRT, OUTREG, OUTSS,
OUTTAB, OUTTT, WBC, WMAT, and WREG.

FINDLN - ' Checks the axial boundaries of the neutron shield, waterjacket, and impact limiters.
Generates a warning message and moves the respective axial boundary to the
nearest axial fine grid line if one of these boundaries does not match a fme grid line
generated by HTASI for the cavity, inner-shell shielding, or outer shell. Called
from GENREG.

GENBC- Generates parameters for the HEATING B2 input data card. In particular,
generates the coefficient for radiative heat transfer to include that for
surface-to-surface heat transfer across the neutron shield, when appropriate, and the
coefficient and exponent for the term simulating the effects of natural convective
heat transfer. Generates the terms for each zone and for each calculational phase

<

of the analytical sequence. Called from H6TASI.
.

GENDAT- Scans the input data of each zone for obvious errors. In particular, determmes if
required zones are present, if zones appear in proper combinations, if dimensions
of each zone satisfy all constraints, if grid spacing information is defined for each

O zone, if fin types are properly defined, and if the removal of a zone during
\ calculations is properly defined. When an error is encountered, writes error''

message, continues to scan remaining input data, if possible, and sets flag to
terminate calculations when error scanning is completed. Called from READER. ,

1

GENDEL- Determmes the gross grid lines bounding the model during each calculational phase |
of the analytical sequence when the impact limiters or neutron shield and water |

jacket are deleted following a calculational phase. Called from H6TASI.

GENREG- Examines each zone and determmes the radial and axial gross grid lines and the I
number of divisions separating consecutive gross grid lines. These data will be |
used later to generate the HEATING XGRID and ZGRID data blocks. For cases |
where the radius of the impact limiters is not the outer radius of the model, also

|matches the radius of the impact limiters with radial fine grid lines generated by ;

HTASI for the outer shell neutron shield, or waterjacket. If a match is not found,
issues a warning message and moves the radius of the impact limiter to the nearest
radial fine grid line. Checks model structure and, if any inconsistencies are located,
issues a warning message and attempts to continue. Detemunes the maximum
number of axial and radial gross grid lines, the maximum number of axial and
radial fine grid lines, the maximum number ofpoints, and the maximum bandwidth
for steady-state models using the direct-solution technique. Called from H6TASI.
Calls FINDLN.
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H6TASI- Controls flow of the calculations in the HTAS1 control module. Initializes certain
parameters for the calcdations, calculates starting indices for the variably |

dimensioned arrays, calculates the starting point for the storage of the HEATING <

input data in the D-array, calculates the storage requirements for these arrays,
notifies the user if the amount of core requested can be reduced or writes an error

.

I

message and terminates the calculations if not enough core was requested. If errors
are detected in the input data or if the calculations cannot be continued, arranges
for HTAS I control module to tell the SCALE driver to termmate the calculations.
On the initial entrance into HTASI control module, writes the generated ;

HEATING input data on binary files on unit IBIN. On subsequent entrances, reads
HEATING input data for the previous calculation in the analytical sequence,
arranges for HIP to modify it for the next calculation, and writes the modified
HEATING input data on unit IBIN. Called from HTASI A. Calls ECHO, GENBC,
GENDEL, GENREG, HIP, INITIL, INPUT, MATLIB, NODMAP, OUTDAT,
READER, REGPLT, RGPINP, TABDAT and WTITLE. Calls SCALE routines
IONUMS, RCRDLN and SCANON (see Sect. M2.2.61).

HIP - Modifies the HEATING input data generated by other routines in the HTASI
control module. Adds tag to title to indicate type of calculation being performed,

,

passes remaining CPU time to HEATING, arranges for HEATING to save final
temperature distribution from a calculation and to read it as the initial temperature
distribution in the next calculation of the analytical sequence and adds the proper
data block defining the numerical technique to be used by HEATING for the next
set of calculations. For models that involve the removal of zones during the
calculations, maps the final temperature distribution from the old model into the
initial temperature distribution for the new model, modifies the REGION,
BOUNDARY CONDITION, XGRID, and ZGRID data blocks. Arranges for
HEATING to read the initial temperature distribution for models being restarted.
Saves the final temperature distribution in the analytical sequence when requested.
Passes data from one entrance into the HTASI control module to the next through
unit ICONT. Called from H6TASI. Calls DOUBLE, FILL OUTEOD, OUTGPS,
OUTSS, and OUTTT.

HTASI- Serves as normal entrance into HTASI control module when the SCALE driver
encounters #HTASI in the input data stream. Stores data passed through the
arguments from the SCALE driver into labeled common /CMDATA/ maining the
data available to any routine in the HTASI control module. Calls MAIN. On

'

return from MAIN, data in labeled common /CMDATA/ are stored back in the
dummy arguments, allowing it to be passed back to the SCALE driver. This
capability allows data generated on an entrance to the HTASI control module to
be available on the next entrance to HTASI. Called from the SCALE driver. Calls
MAIN routine in the HTASI control module.

HTASI A - Serves as an interface between the main routine in the HTASI control module and
its working routines. Closes appropriate units and calls H6TASI. Called from
MAIN. Calls H6TASI.

INITIL - Initializes variables for the first entrance into the HTASI control module. Called
from H6TASI.
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' INPUT - Reads the TITLE card and card 2 of the HTASI input data. Called from H6TASI. I

Calls NEXTCD. Calls SCALE routines AREAD and IREAD.;

MATLIB - Contains the HTASI material property library. Nminec the material for each.

zone. If the material is in HTASI material property library, locates that material.

along with its thermal conductivity, density, and specific heat. Iflatent heat option
is selected for a zone, uses the default latent heat parameters for the material unless

|input data overrides the defaults. Uses zone 8 for new materialin neutron shield.

when it is lost during the calculations. Uses default emissivities for each zone and
3 each calculational phase unless the default are overridden. Detenmnes maximum
i

number of tabular functions and maximum number of pairs per tabular function for
i HEATING. Called from H6TASI. {
:

iNEXTCD- Reads first word of next card image. Writes informative message if end-of-file or
end-of-data is encountered. Writes out entire card image ifit is a comment and4

looks at next card image. Otherwise, resets flags so that next read is from first
word of this card image. Retum I implies end-of-data was encountered. Retum 1

2 implies end-of-data for this case was encountered. Called from INPUT, !
! READER, and RPROP. Calls SCALE free-form reading routine AREAD (see !
! Sect. M2.2.3). I
*

iNODMAP- Generates the mapping to transform the final temperature distribution for a j
calculation into the initial temperature distribution for the next calculation of an '

: - analytical sequence involving two or more calculations. Determine the nodal f
configuration for the initial model, determmes the next calculationa phase, deletes Jij

; any regions involving zones that may have been deleted at the end of the previous j
calculational phase, determmes the nodal configuration for the new model, and '

calculates the array NODEl, where NODEl(N2,IP) is the node number in the old
>

'

model (calculational phase IP-1) that maps into node N2 in the new model
;

(calculational phase IP). Called from H6TASI. Calls FGRID, POINTS and I
#

REGFGL. i*

,1
i

OUT123 - Stores the TITLE card and the parameter card for the HEATING input data in the |
D-array. Called from OUTDAT. Calls DOUBLE and FILL. '

.

j OUTBC. Stores the boundary condition keyword for the HEATING input data in the
D-array. Prepares the HEATING boundary condition parameters for output for

=

each boundary condition associated with each zone in the model, converts data to
appropriate HEATING units. Called from OUTDAT. Calls FILL and WBC.

4

OUTDAT- Controls the order of calculations for storing the HEATING input data in the
D-array. Called from H6TASI. Calls OUT123, OUTBC, OUTEOD, OUTGRD,<

OUTITP, OUTMAT, OUTNL, OUTPRT, OUTREG, OUTSS, OUTTAB, and4

j OUTTT.

OUTEOD- Stores the end-of-data (EOD) mark (% ') for the HEATING input data in the
D-array. Called from HIP and OUTDAT Calls FILL.

1

f
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OUTGRD- Stores the XGRID and ZGRID data blocks for the HEATING input data in the
D-array. Called from HIP and OUTDAT. Calls DOUBLE and FILL.

OUTITP - Stores the initial temperature data block for the HEATING input data in the
D-array. Called from OUTDAT. Calls DOUBLE and FILL.

OUTMAT- Stores the materials data block keyword for the HEATING input data in the
D-array. Prepares the HEATING input data material parameters for output for each
material in the model. Calculates the maximum number of materials for
HEATING. Called from OUTDAT. Calls FILL and WMAT.

OUTNL- Generates OPTION data block for the HEATING input data when IDAT is greater
than zero. Called from OUTDAT.

OUTOCL- Generates OCULAR input that is added to the HEATING input data. This
procedure is only done if the neutron shield is replaced or deleted at some point in
the analysis sequence, but the waterjacket remains in place.

OUTPRT . Stores the PRINTOUT TIMES data block for the HEATING input data in the
D-array. Called from OUTDAT Calls DOUBLE and FILL.

OUTREG- Stores the REGION data block keyword for the HEATING input data in the
D-array. Prepares the HEATING input data region parameters for output for each
region associated with each zone in the model. Called from OUTDAT. Calls FILL
and WREG.

OUTSS- Stores the steady-state parameters data block for the HEATING input data in the
D-array. Called from HIP and OUTDAT. Calls DOUBLE and FILL.

OUTTAB- Stores the TABULAR FUNCTION data block for the HEATING input data in the
D-array. Called frau OUTDAT. Calls DOUBLE and FILL.

OUTTT- Stores the TRANSIENT PARAMETERS data block for the HEATING input data
in the D array. Called from HIP and OUTDAT. Calls DOUBLE and FILL. I

POINTS - Generates arrays NTPI, NTPJ, and NTPK defining the fine grid lines passing
through each node, detennines the number of nodes for the current model Called
fromNODMAP.

READER- Reads the HTASI input data (except for the TITLE card and card 2) using i

SCALE's free-form reading routines (see Sect. M3) locates each keyword and i

either reads the appropriate data from the specified data block or arranges for other )
routines to read it. Called from H6TASI. Calls GENDAT, NEXTCD, RMAT, l

RPROP, and RREAD. Calls SCALE routines AREAD, DREAD, and IREAD.

1
REGFGL- Determines the fine grid lines that bound each region in a model. Called from !

NODMAP.
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RMAT- Reads the material index for a zone. Called from READER. Calls SCALE '

routines AREAD andIREAD.:
;

RPROP - Reads the thermal parameter defined by IPROP for the material in the zone dermed
!

by IBLOCK. IPROP = 1,2 or 3 for the thermal conductivity, density, or specific '

heat, respectively; property may be constant or temperature @%t. Counts the .|
number of tables dermed and checks the number of table entries against the

. maximum of MXPRS. Called from READER. Calls NEXTCD. Calls SCALE ;
routine DREAD. j

i

RREAD- Reads the appropriate data for each zone in the model from the ZONE data card.
i

Called from READER. Calls SCALE routines AREAD, DREAD, and IREAD (see
Sect. M2).

1

TABDAT- Tabulates or arranges for other routines to tabulate data read or generated by {
. HTAS I. Tabulates data for each zone in the model and for each calculation in the !

analytical sequence. Generates the printout times for the transient calculations
provided they were not supplied by the user. Tabulates the printout times for the j
transient calculations. Called from H6TAS1. Calls TABDEL and TABMAT.

|
.i

TABDEL- Generates the message that appears with the tabulation of the HTAS1 data as '

written by TABDAT to indicate the zones that will be deleted from the model I
following a particular calculation. Called from TABDAT. Calls TABMAT. l

:

TABMAT- Tabulates the material properties for zone number IZONE which appear with the -|
tabulation of HTASI data as written by TABDAT. Called from TABDAT and 1

-TABDEL. 1v iWBC- Stores boundary condition data for boundary condition number NBC for the
HEATING input data in the D-array. Counts the number of boundary conditions -

for HEATING. Called from OUTBC. Calls DOUBLE and FILL -

WMAT - Stores material data for material number MZONE(IZONE) for the HEATING input
'

,

data in the D-array. Counts the number of materials for HEATING and converts
,

data to appropute units for HEATING. Handles both standard HEATING
material cards and material cards referencing the LLNL material property library.
Adds conversion factors to material card referencing the LLNL material property
library. Called from OUTMAT. Calls DOUBLE and FILL.

WREG . Stores region data for region number NREG fcr the HEATING input data in the
D-array. Counts the number of regions for HEATING. Called from OUTREG.
Calls DOUBLE and FILL.

WTITLE - Generates the descriptive headmg for the HTASI output. Heading contains the
code name and version date, the date and time thejob was executed, the computer -
on which the job was executed and the jobname under which the job was -~'
Includes the title for thejob and the author of the code. Date of the current version
of the code appears in the data initialization statement for V(2). Called from
H6TASI.
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BCDRAW- Draws the boundary condition symbols when the plot of the model boundary
condition function numbers is generated. Called from REGPLT.

,

HIPALC - Determines the dimension of the master array that contains all variably
dimensioned arrays in the HTASI temperature plotting subroutines. Called from
MAIN. Calls HIPINT.

HIPINT - Calculates starting locations for the variably dimensioned arrays. Writes messages
describing which temperature plot will be generated. Called from HIPALC. Calls
HIPLOT.

HIPLOT - Generates curves of temperature vs time for the centermost nodes of the inner shell,
the shielding, and the outer shcIl if the curves are drawn on the same plot.
Generates the carve of maximum temperature at any problem time vs the radial
distance from the origin for all nodes on the axial center line. Called from
HIPINT. Calls MINMAX, NODNUM, ROUND, SEPRAT, SETUP, and
VOLAVG.

MINMAX - Determines the muumum and maximum values of the array received in the
argument list. Called from HIPLOT, SEPRAT, and VOLAVG.

NODNUM- Determmes the node number of the node that is nearest the center of either the
inner shell, the shielding, or the outer shell. Called from HIPLOT.

REGPLT- Generates plots of the regions, materials, heat generation function numbers, initial
temperature function numbers, and boundary conditions of the model. Called from
H6TASI. Calls BCDRAW.

RGPINP - Stores data in common blocks that are used to generate REGPLOT6-type plots for
the current phase of the calculation. Called from H6TASI.

ROUND- Determines rounded axis numbers based on the nunimum and maximum values to
be plotted in a certain direction. Called from HIPLOT, SEPRAT, and VOLAVG.

I
SEPRAT - Generates plots of temperature vs time for the centermost nodes of the inner shell,

'

the shielding, and the outer shell if the curves are drawn on individual plots. Called
from HIPLOT. CalWINMAX, ROUND, and SETUP.

SETUP- Draws the axes and writes the heading for each plot. Called from HIPLOT, ;

SEPRAT, and VOLAVG.

VOLAVG- Generates the plot of a curve showing the difference in volume-averaged
temperature between the inner shell and the outer shell vs time. Called from
H1 PLOT. Calls MINMAX, ROUND, and SETUP.

I
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'q Hl.4 INPUT DATA DESCRIPTION FOR HTAS1 .

'

Hl.4.1 INTRODUCTION ;

i

- A detailed discussion of the input data cards is presented to instmet the user in the selection of the
various options of the HTASI code. The units for each entry are given in the discussion for each data card. ,

Since the input data for HEATING must be in consistent uits, HTASI must conven the units for i
some of the parameters before generating the HEATING input data.' The units for the input data for HTAS1, |

L as well as the input data for HEATING generated by HTAS1, are presented in Table Hl.4.1. !
, 4

\ ;
'

!

Table Hl.4.1 Unia for input data to HTASI and HEATING |
I<

Parameter HTASI units HEATING units |
|

lb lb ,

!Density
.

{{3 HL

Emissivity unitiess unitiess |
'

Heat flux Btu /(hr-f12) . Btu /(min-in.2)
!

Heatload Btu /hr Btu / min !
,

Latent heat Btu /lb Btu /lb !
I

Length in. in.

Natural convective heat
transfer coefficient Btu /(hr-ft' *F) Btu /(min-in.2..p)

Specific heat Btu /(lb 'F) Btu /(Ib *F)

Temperature *F 'F

Thermal conductivity Btu /(hr-fi 'F) Btu /(min-in.'F)

Time min min

i
Tune step mm mm j

i

i

!
:
'

The input data for HTASI are read using the SCALE free-form reading routines (see Sect. M3) which
allow data to be entered in an unformatted manner With a few exceptions noted below, the data items can
begin or end anywhere in columns 1 through 80. If data that are to appear on a card will not fit on one card,

!
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they may be entered on the succeeding card denoted as a continuation card. An '@' must appear in column <

1 of each continuation card. Otherwise, the code will read the remaining data for that card image as either
blank or zero. There is no limit to the number of continuation cards. However, a continuation card may not
immediately follow a title card, an end-of-data card, or a comment card. A single data entry cannot be started
on one card and extended onto the next card.

The following discussion concerning the free-form input data was taken from Sect. M3 after some
minor revisions. Any alphanumeric data entry such as a keyword must be termmated by two or more blanks.
Such an entry cannot be delimited by a comma. Any numeric data entry will be terminated when a blank or
a comma is encountered. The use of a D or an E as an exponent does allow a single imbedded blank after the i
D or E. An exponent is limited to two digits, and the number being read is terminated with the second digit. I

For this case only, therefore, another number can be started immediately following the second digit of the
exponent without an intervening blank or comma. Decimal data may be entered as in FORTRAN input, for i
example, 1.733-4,1.733-04,1.733E-4, or .0001733 are the same as 1.733 x 10 ; 1.733+4,1.733E+4, ;d

1.733E4, and 17330.0 are the same as 1.733 x 10". Integers may be entered for floating-point data (i.e.,10
will be interpre:ed as 10.0). Similarly, floating-point data may be entered for integers. Thus, if the input ]variable is an integer,1.733E+4 would be interpreted as 17330, and 1.733E-4 would be interpreted as zero. .

The free-form routines have provisions for multiple entries of the same data value. This step is done
by entering the number of repeats, followed by an R, *, or S, followed by the data value to be repeated. For
example, SR2,5*2, or SS2 enters five successive 2's in the input data. Blanks are not allowed between the
number of repeats and the repeat flag (R,*,5). However, a blank is allowed between the repeat flag and the
data item to be repeated. Multiple zeros may be specified by entering nZ where n is the number of zeros to
be repeated. No blanks should be present between the n and the Z, but the nZ must be separated from the rest
of the data by one or more blanks.

All numeric data are read in double precision and are then converted to the desired form. Exponent
indicators can be either a D or an E. The default method of terminating a data field is one or more blanks or
a comma. A comma must immediately follow the number ifit is used as a terminator (i.e.,5.6, should be
used to enter the number 5.6 as data; 5.6, results in two numbers 5.6 and 0). Thus commas can be used to
enter zeros. 5.6,,,,, 8.0 enters 6 numbers as data - 5.6, four zeros, and 8.0 (the comma immediately after the
5.6 terminates that number and does not cause an entry of zero into the data). Similarly, both 5.6,,,,,8.0 and
5.6 , , , , , 8.0 enter seven numbers as data - 5.6, five zeros and 8.0.

A data set for a case consists of a title card, a parameter card, and the data blocks necessary to define
the problem being modeled. The user may wish to add comment cards to the input data to assist in
documenting the model. Any number of comment cards may appear anywhere in the input data set following
the title card, except a comment card may not precede a continuation card. The comment cards are identified i
by an asterisk (*) in column 1. These comments will be written on the standard output unit as they are
encountered.

Seven different data blocks, denoted as zone data blocks, may be used to describe the zones to be
modeled by HTASI (see Table Hl.2.1.). A MATERIAL data block, an EMISSIVITY card, a LATENT
HEAT card, and/or a DELETE card may appear in a zone data block to override default values assigned to
the zone. The zone data blocks may appear in any order following the parameter card. Every data deck must
have a CAVITY, an INNER SHELL, and an OUTER SHELL data block. Also, NEUTRON SHIELD and
WATER JACKET data blocks must appear in pairs. Five different data blocks may be used to describe the
difrerent calculations that may be performed on a model(see Table Hl.4.2.). These are denoted as Analytical
Sequence data blocks, and they may appear in any order in any acceptable combination following the zone
data blocks. A PRINTOUT TIMES data block may be entered to define the times at which the transient
temperature distribution is to be printed by HEATING. A PLOT data card may be entered to generate data
for temperature profile plots. A REGP data block may be entered to generate summary region data. Each
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Table Hl.4.2 Keywords for analytical sequences !

[mV) for HTASI model

INITIAL- initial steady state

PREFIRE- steady state immediately before fire

FIRE - fire transient

POSTFIRE - transient immediately following fire

FINAL - fmal steady state

keyword associated with a data block must consist of at least the first four characters of the respective
character string. Each keyword must be terminatedby two or more blanks.

The final data card in a data set for a case is an end-of-data (EOD) card and must contain a percent
(%)in column 1 and a blank in column 2. This card signifies the end of data for a problem. As HTAS1 reads
the input data, it sets a flag when an error is encountered and continues to read additional data unless the
effort was fatal. When the end of-data indicator (%) is encountered, HTASI termmates reading and
commences processing the input data. After processing is completed, the code performs the specified
calculations unless an error was encountered, in which case it ttsminates the calculations.,

,

I )
LJ

H1.4.2 CARD 1 - TITLE OF PROBLEM

- This card, which can contain alphanumeric characters in the first 56 columns, contains a descriptive
title for the problem and must be the first card in the data set for each case. The card itselfcannot be omitted
although it may be left blank. This title serves to identify the output for a case executed on HTASI since it
appears with a number of tables and messages generated by the code. It is also used as part of the title for
cach thermal analysis performed by HEATING. The appropriate entry from the following list is added to
columns 57-72 of the HTASI title to generate the title for each thermal analysis being performed by
HEATING.

- INITIAL SS
PREFIRE SS-

-- FIRE TR
- POSTFIRE TR
- FINAL SS

p) NUREG/CR-0200,<
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Hl.43 CARD 2 - PROBLEM CONTROL PARAMETERS |
i

Hl.43.1 Maximum CPU Seconds Allowed (I)

The first entry, MXCPU, specifies the maximum CPU seconds allowed for each HEATING
execution. Default value is 500 seconds.

Hl.43.2 InitialTemperatureInput Option (I)

1

The second entry, ITPIN, on this card specifies whether explicitly specified, lattice-point initial
'

temperatures will be read by HTASI from an existing data set or file. IfITPIN is nonzero, HTASI will read |
the initial temperatures in unformatted form from logical unit number ITPIN. If there are no initial !
temperatures explicitly specified for HEATING, this entry must be zero. The user must ensure that the
appropriate data or file definition parameters have been supplied to describe the data set or file.

This entry must be nonzero for HTASI runs that begin with either the fire transient or the postfire
transient. Ifit is zero for one of these cases, HTASI will generate an error message. It must also be nonzero |
for HTASI runs that restart a HEATING calculation. This entry is usually zero or blank for HTASI |
calculations that begin by perfonning the STEADY STATE, PREFIRE, or FINAL steady-state calculations. '

Hl.4.4 TRANSIENT OUTPUT

Hl.4.4.1 Printout Times Data Block

This data block is used to define the times (minutes) at which the transient temperature distribution
is to be printed in map form by HEATING. It is used by HTAS1 to generate the PRINTOUT TIMES data
block for HEATING. The card consists of the keyword PRINTOUT TIMES. The desired output times then
appear in ascending order following the keyword. The output times must be separated from the keyword by
at least two blanks. Each entry is a floating-point number. ' Die maximum number of times is currently equal
to 50 not counting the automatic printout of the initial temperature distribution. If the PRINTOUT TIMES
data block is omitted for a HTASI nm involving the FIRE or POSTFIRE transient, HTASI will generate a
PRINTOUT TIMES data block for HEATING with equally spaced times that are multiples of 5 time units.
The generated printout times will include the end-of fire transient and the end-of-postfire transient times if
either is defined. If the total number of printout times exceeds 50, either generated or input, HTASI will
write an error message. This data block is not used for problems involving steady-state-only calculations.

Hl.4.5 ZONE DATA BLOCKS |

The zones that may be used in HTAS I to model a radioactive material transport package are depicted
in Fig. Hl.2.1. Each zone is composed of a homogeneous, right, circular cylindrical shell. The inner shell
encloses the central cavity. The water jacket may enclose an empty cylindrical shell (the neutron shield).
All other shells are full and immediately adjacent to full shells. The shells are all concentric.

Each zone to be included in the model is defined to HTASI by entering a zone data card consisting
of a zone keyword and physical attributes unique to the zone. The zone keyword must consist of at least the
first four characters of the string, as shown in Fig. Hl.2.1 and Teble Hl.2.1, and must be followed by at least
two blanks. Data unique to each zone data card are then entered to define the physical dimensions and grid
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2

spacing for the zone. Each model must have a CAVITY, an INNER SHELL and an OUTER SHELL. A
'

.( description of these data appears below for each zone.

; Hl.4.5.1 Cavity Zone.

i
; Keyword - CAVITY

RCAVTY Radius of the cavity in inches. The entry must be a positive, floating-point number.
I
j NRCAVT - Number of equal increments in the radial direction from the origin to the cavity surface.-

i

| The entry must be a positive integer.
|

,

4

;

i TCAVTY - Axial distance from the axial midplane of the cavity to its top in inches. The entry must !
! be a positive, floating-point number.
,

'

- NTCAVT - Number of equal increments in the axial direction from the axial midplane of the cavity j
; to its top. The entry must be a positive integer. |
1

,

j HEAT- Total heat load within the cavity in Btu /hr. The entry must be a positive, floating-point
i number.

ii i

| !
: Hl.4.5.2 Inner ShellZone i
.

l. Keyword-INNER SHELL j
i.t

\
RINNER - Radial thickness of the inner shell in inches. The entry must be a positive, floating-point

number.

NRINNE- Number of equal increments across the radial thickness of the inner shell. The entry
must be a positiveinteger.

j

TINNER- Axial thickness of the top of the inner shell in inches. The entry must be a positive, I
floating-point number.

NTINNE - Number of equal increments across the axial thickness of the top of the inner shell. The
entrymust be a positiveinteger.

,

- BINNER- Axial thickness of the bottom of the inner shell in inches. The entry must be a
nonnegative, floating-point number. If the entry is zero or blank, then BINNER is set
equalto TINNER.

NBINNE - Number of equal increments across the axial thickness of the bottom of the inner shell.
The entry must be a nonnegative integer. If the entry is zero or blank, NBINNE is set
equal to NTINNE.

.
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H1.4.5.3 Shielding Zone

Keyword - SHIELDING

RSHELD - Radial thickness of the shielding in inches. The entry must be a positive, floating-point
number.

NRSHEL - Number of equal increments across the radial thickness of the shielding. The entry must
be a positive integer.

TSHELD - Axial thickness of the top of the shielding in inches. The entry must be a r.onnegative,
floating-point number. If the entry is zero or blank, the distance from the axial center
line of the cavity to the top of the shielding will be the same as the distance from the
axial center line of the cavity to the top of the inner shell. In other words, the shielding
will not extend across the top of the inner shell.

NTSHEL - Number of equalincrements across the axial thickness of the top of the shielding. The
entry must be a positive integer if TSHELD is greater than zero. The entry is not used
if TSHELD is equal to zero.

BSHELD- Axial thickness of the bottom of the shielding in inches. The entry must be a
floating-point number. If the entry is zero or blank, then BSHELD is set equal to
TSHELD. If the entry is negative, then BSHELD is set equal to zero. If the final value
of BSHELD is zero, the distance from the axial center line of the cavity to the bottom
of the shielding will be the same as the distance from the axial center line of the cavity
to the bottom of the inner shell. In other words, the shielding will not extend across the
bottom of the inner shell.

NBSHEL - Number of equal increments across the axial thickness of the bottom of the shielding.
The entry must be a nonnegative integer. If the entry is zero or blank, then NBSHEL
is set equal to NTSHEL. The entry is not used if the final value of BSHELD is zero.

H1.4.5.4 Outer Shell Zone

Keyword - OUTER SHELL

ROUTER - Radial thickness of the outer shell in inches. The entry must be a positive, floating-point
number.

NROUTE- Number of equal increments across the radial thickness of the outer shell. The entry
must be a positive integer.

TOUTER- Axial thickness of the top of the outer shell in inches. The entry must be a positive,
floating-point number. )

NTOUTE - Number of equal increments across the axial thickness of the top of the inner shell. The
entry must be a positive integer.

l
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i p BOUTER- Axial thickness of the bottom of the outer shell in inches. The entry must be a
;-* nonnegative, floating-point number. If the entry is zero or blank, BOUTER is set equal {

,

i to TOUTER.-
:
,

NBOUTE - Number of equal increments across the axial thickness of the bottom of the outer shell..

The entry must be a nonnegative integer. If the entry is zero or blank, NBOUTE is set,
i

j equal to NTOUTE. '

Hl.4.5.5 Neutron Shield Zone '

:

Keyword-NEUTRON SHIELD
i

,

RNUTRN- Radial thickness of the neutron shield in mehes The entry must be a positive, j
floating-point number.

NRNUTR- Number of equal increments across the radial thickness of the neutron shield. The entry
must be a positiveinteger.

TNUTRN - Axial distance from the axial midplane of the cavity to the top of the neutron shield in
inches. The entry must be a floating number. When the entry is negative, HTASI sets
the value of TNUTRN to zero and the neutron shield does not extend above the axial
midplane of the cavity. When the entry is zero or blank, HTASI sets TNUTRN to the
distance from the axial midplane of the cavity to the top of the cavity (or TCAVTY)
The neutron shield cannot extend axially beyond the top of the outer shell (i.e.,
TNUTRN < TCAVTY + TINNER + TSHELD + TOUTER).

j BNUTRN - Axial distance from the axial midplane of the cavity to the bottom of the neutron shield
in inches. The entry must be a floating-point number. When the entry is negative,
HTASI sets the value of BNUTRN to zero and the neutron shield does not extend below
the axial midplane of the cavity. When this entry is zero or blank and the previous
entry, TNUTRN, is zero or blank HTAS1 sets BNUTRN to the distance from the axial

midplane of the cavity to the bottom of the cavity (or TCAVTY). When this entry is )
zero or blank and the previous entry, TNUTRN, is positive, HTASI sets the value of ;
BNUTRN to that of TNUTRN. The neutron shield cannot extend axially beyond the ;

bottom of the outer shell. !

Hl.4.5.6 Water Jacket Zone i

|
Keyword-WATER JACKET !

i

RWATER- Radial thickness of the water jacket in inches. The entry must be a positive,
i

floating-point number. '

NRWATE - Number of equal increments across the radial thickness of the waterjacket. The entry
must be a positiveinteger.
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TWATER- Axial distance from the axial midplane of the cavity to the top of the waterjacket in
inches. Currently not used. HTASI sets the value of TWATER to that of TNUTRN. |

BWATER- Axial distance from the axial midplane of the cavity to the bottom of the waterjacket
~

in inches. Currently not used. HTASI sets the value of BWATER to that of BNUTRN.

111.4.5.7 Impact Limiter Zone

Keyword -IMPACT LIMITER
!

RMPACT- Radius of both the top and bottom impact limiters in inches. The entry must be a ;

nonnegative, floating-point number. RMPACT must be greater than or equal to the j
radius of the outer surface of the transport package as determined by ignoring the

I
neutron shield and waterjacket. If the entry is zero or blank, HTASI sets RMPACT

l
to the outer radius of the outer shell (i.e., RMPACT = RCAVTY + RINNER + i

RSHELD + ROUTER).
!

NRMPAC - Number of equal increments in the radial direction along the portion of the impact
limiters that extend radially beyond the outer surface of the model as determmed by |
considering the neutron shield and waterjacket, if present, but by ignoring the impact |
limiters. The entry must be a nonnegative integer. The entry must be zero or blank ;

when the radius of the impact limiters does not exceed the radius of the mod:1 without
the impact limiters.

TMPACT - Axial thickress of the top impact limiter measured from top of outer shell in inches.
The entry must be a nonnegative, floating-point number. If the entry is zero or blank,
the top impact limiter is omitted from the model.

NTMPAC - Number of equal increments across the axial thickness of the top impact limiter. The
entry must be a nonnegative integer. The entry is ignored, and thus, it may be zero or
blank when TMPACT is zero or blank.

BMPACT- Axial thickness of the bottom impact limiter measured from bottom of outer shell in
mehes The entry must be a floating-point number. If the entry is zero or blank HTASI
sets BMPACT equal to TMPACT. If the entry is negative, the bottom impact limite
is omitted from the model and BMPACT is set equal to zero.

NBMPAC - Number of equal increments across the axial thickness of the bottom impact limiter.
The entry must be a nonnegative integer. If the entry is zero or blank, NBMPAC is se:
equal to NTMPAC. The entry is ignored, and thus, it may be zero or blank when the
final value of BMPACT is zero.

TWRAP- Axial thickness of the postion of the top impact limiter that wraps around the portion
of the outer shell above the axial midplane of the cavity in inches. TWRAP is
measured from the top of the outer shell toward the envity centerline and cannot overlap
the neutron shield and water jacket. The entry must be a nonnegative, floating-point
number. If the entry is zero or blank, the top impact limiter does not wrap around the

NUREGICR-0200,
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sides of the transport package but is a disk that sits on top ofit. The entry must be zero
'

) or blank when the radius of the impact limiters is the same as the radius of the outer
/ surface of the transport package as determined by ignoring the neutron shield and water

jacket.
*

i BWRAP - Axial thickness of the portion of the bottom impact limiter that wraps around the
i

portion of the outer shell below the axial midplane of the cavity in inches. BWRAP is
measured from the bottom of the outer shell towards the axial midplane of the cavity ;

4

and cannot overlap the neutron shield and water jacket. The entry must be a.

floating-point number. If the entiy is zero or blank, HTASI sets BWRAP equal to
TWRAP. If the entry is negative, HTASI sets BWRAP to zero. If the final value of
BWRAP is zero, the bottom impact limiter does not wrap around the sides of the
transport package but is a disk on which the package sits. The entry must be zero or

.

blank when the radius of the impact limiters is the same as the radius of the outer '

surface of the transport package as determined by igrering the neutron shield and water
.

jacket.

t

Hl.4.6. MATERIAL DATA BLOCK

Default values for the thermal conductivity, density, specific heat, emissivity, phase-change or-
transition temperature, and latent heat are associated with the material in each zone. A MATERIAL data
block, EMISSIVITY card, or LATENT HEAT card may be entered immediately following a particular zone i

card to override any or all of the default values for the zone. The MATERIAL data block, EMISSIVITY i

card, and LATENT HEAT card may be entered in any combination or any order for each zone.b A default material from the HTASI material properties library is associated with each zone. The I( zones and default materials are identified in Table Hl.2.1. A MATERIAL data block may be entered on a
card or group of cards following the zone data card to ove Tide the default material within a particular zone
with the exception of the CAVITY zone. A description of the MATERIAL data block follows:

H1.4.6.1 Material Card
,

i

Keyword- MATERIAL
;

MZONE- Material Index. The entry must be a nonnegative integer. If the entry is positive, it must be
one of the material identification numbers from the HTASI material property library. See
Table H1.2.2. If the integer is not positive, the material name, thermal conductivity, density, ,

and specific heat must be supplied on additional cards as described below.

H1.4.6.2 Material Name Card

This card immediately follows the MATERIAL card when the material index on it is not positive.

ZONENM - Name of the material. This name, which cannot contain any embedded blanks, may consist
of up to eight alphanumeric characters. The name must be terminated by two or more
blanks. The thermal conductivity, density, and specific heat for the material are then entered
on succeedmg cards. Another option is to allow HEATING to extract the thermal properties
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for the material in this zone from the Lawrence Livermore National Laboratory (LLNL)
material properties library (Ref. 2). If this option is desired, the first column of the Material
Name card must be blank, and the material name must consist of an asterisk (*) in column
2 followed by the material identification number for the desired material from the LLNL
material properties library. In this case the material name must consist of five characters and
cannot contain ar y embedded blanks. Again the material name must be terminated by two
or more blanks. The thermal conductivity, density, specific heat and phase change
parameters are then extracted from the library by HEATING instead of being supplied by
the user.

Hl.4.6.3 Thermal Conductivity Card

The temperature-dependent thermal conductivity for the material named on the Material Name card
is entered on this card. The thermal conductivity must be tabulated as a function of temperature with the
temperatures in ascending order, and the data from the resulting table are entered in ordered pairs where the
first member of each pair is the temperature and the second member is the thermal conductivity at that
temperature. The temperature units must be in degrees Fahrenheit, and the thermal conductivity units must
be Btu /(br-ft *F). There can be a maximum of MXPRS ordered pairs in the table. MXPRS is currently equal
to 20. If the thermal conductivity is constant, its value may appear as the single entry on the thermal
conductivity card. If there are only two entries on the card, the first entry must be the temperature and the
second entry must be the thermal conductivity. HTASI will use the second entry as the constant thermal
conductivity in generating the HEATING input data. Each entry is a floating-point number.

H1.4.6.4 Density Card

'

The temperature-dependent density for the material named on the Material Name card is entered on
this card. The density must be tabulated as a function of temperature, with the temperatures in ascending
order. Using the conventions presented above for the thermal conductivir,, the data from the resulting table
are entered in ordered pairs where the first member of each pair is the temperature and the second member
is the density. The units for the density must be in (Ib/ft'). Each entry is a floating-point number. The user
should note that care must be exhibited in using a temperature 4ependent demity since HEATING does not
allow thermal expansion in its thermal analysis.

Hl.4.6.5 Specific Heat Card |
|

The temperature-dependent specific heat for the material named on the Material Name card is entered
on this card. The specific heat must be tabulated as a function of temperature with the temperatures in
ascending order. Using the conventions presented above for the thermal conductivity, the data from the
resulting table are entered in ordered pairs, where the first member of each pair is the temperature and the

i

second member is the specific heat. The units for the specific heat must be in (Btu /lb *F). Each entry is a
|

floating-point number. |

Hl.4.7 EMISSIVITY DATA

A set of default emissivities is associated with the surface of each zone for each calculational phase
of the problem (INITIAL, PREFIRE, FIRE, POSTFIRE, or FINAL). If the emissivity for a zone is nonzero
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I q for a phase and if a surface of that zone is an outer surface of the model, then a radiative boundary condition

(V) is applied during that calculational phase. The default emissivities for each zone are shown in Table Hl.2.3.,

I One or more of the default values may be overridden by supplying an EMISSIVITY data card after the zone
data card defining the particular zone. The EMISSIVITY data card must not be entered for the CAVITY,
INNER SHELL, or SHIELDING zones. A description of the EMISSIVITY card follows:

Keyword- EMISSIVITY

EMISIV(1) - Emissivity for the normal operating condition INITIAL steady-state phase.

EMISIV(2) - Emissivity for the PREFIRE steady-state phase.

EMISIV(3) - Emissivity for the FIRE transient phase.

EMISIV(4) - Emissivity for the POST FIRE transient phase.

EMISIV(S) - Emissivity for the FINAL steady-state phase.

If an input emissivity is negative, then HTASI will not generate a radiative bour.dary condition for
the outer surfaces of that zone during that particular calculational phase. If an input emissivity is zero, then
HTASI will use the default value for the emissivity ifit generates a radiative boundary condition for the outer
surfaces of that zone during that particular phase of the calculations. If an input emissivity is positive, then
HTASI will use the input value for the emissivity ifit generates a radiative boundary condition for the outer
surfaces of that zone during that particular phase of the calculations. The emissivities are all floating-point
numbers and are unitiess.

Hl.4.8 CHANGE-OF-PHASE OPTION

A phase-chnge er transition temperature and latent heat are associated with the material for each
zone of the model. If the latent heat is positive, then the material undergoes a change of phase during the
transient calculations when its temperature reaches the phase-change or transition temperature. Under default
conditions the latent heat is zero for each m '-il in the model, and thus no material is allowed to undergo
a change of phase. In this case, the transient calculations are performed using the implicit procedure. If the
option is invoked to allow a material to change phase, the transient implicit technique can no longer be used. ;

Instead HTASI generates input data telling HEATING to use Levy's modification to the explicit technique i

to perfonn the transient calculations. The default Levy time-step factor used by HTASI is 10.
The material in a zone is allowed to change phase by supplying a LATENT HEAT data card

following the zone data card for the particular zone involved. The LATENT HEAT data card must not be
entered for the CAVITY zone. A LATENT HEAT data card has the following format:

Keyword - LATENT HEAT

SLTM - Phase-change or transition temperature for the material associated with the zone. This entry
is a floating-point number. The temperature must be in degrees Fahrenheit.

SLHM - Latent heat for the material associated with the zone. This entry is a floating-point number.
The units for the latent heat must be in (Stu/lb).

p NUREG/CR-0200,
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If the input latent heat is negative, HTASI will not allow the material to change phase. This is
,

equivalent to not entering a LATENT HEAT card for this zone. A phase-change or transition temperature
and latent heat are associated with each material in the HTASI material property library. If the input latent
heat is zero or blank for a zone whose material thermal properties are extracted from the HTASI material
property library, then the phase-change or transition temperature and la;ent heat are also taken from the
library. If the input latent heat is positive, HTASI will use the input values for the phase-change or transition
temperature and latent heat. Some of the materials in the LLNL material properties library have a
phase-change or transition temperature and latent heat dermed. When the LATENT HEAT card is present
for a zone whose material thennal properties are to be extracted from the LLNL material properties library,
the phace-change or transition temperature and latent heat are also extracted from the library if the input value
for the latent heat is nonnegative on the LATENT HEAT card.

The maxunum number of zones that are allowed to undergo a change ofphase is five.

111.4.9 ANALYTICAL SEQUENCE DATA BLOCKS

HTASI is designed to prepare HEATING input data to perform five different thermal analyses on
a model of a radioactive material transport package. Each thennal analysis is identified by a keyword:

INITIAL - to obtain the steady-state nonnal operating thermal conditions for the transport package
for operating conditions as specified in Part 71 of Title 10, Chapter 1, Code of Federal
Regulations-Energy, U.S. Nuclea Regulatory Commission,

PREFIRE- to obtain the steady-state thermal conditions for the transport package prior to the fire
transient (the only difference in INITIAL and PREFIRE is that due to the specified
accident conditions of 10CFR71.73, the PREFIRE has a zero solar heat load as default),

FIRE - to obtain the transient thermal conditions during a specified accident in which the
transport package is subjected to a fire at a stated temperature for a stated period of
time,

POSTFIRE - to obtain the transient thermal conditions of the transport package for a specified period
of time following exposure to the fire, and

FINAL - to obtain the steady-state operating thermal conditions following the accident and
exposure to the fire.

By using acceptable combinations of the above thermal analyses,15 different analytical sequences
may be performed:

1. all five thermal analyses may be performed in a sequence or INITIAL, PREFIRE, FIRE, POSTFIRE,
and FINAL,

2. the INITIAL, PREFIRE, FIRE, and POSTFIRE thermal analyses may be performed in a sequence,

3. the INITIAL, PREFIRE, and FIRE thermal analyses may be performed in a sequence,
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4. the INITIAL and PREFIRE thermal analyses may be performed in a sequence,

5. the PREFIRE, FIRE, POSTFIRE, and FINAL thermal analyses may be performed in a sequence,

; 6. the PREFIRE, FIRE, and POSTFIRE thermal analyses may be performed in a sequence,
.

: 7. the PREFIRE and FIRE thermal analyses may be performed in a sequence,
i
'

8. the FIRE, POSTFIRE, and FINAL thermal analyses may be performed in a sequence,

9. the FIRE and POSTFIRE thermal analyses may be performed in a sequence,

j 10. the POSTFIRE and FINAL thermal analyses may be performed in a sequence,
i

i 11. the INITIAL thermal analysis may be performed separately,
i

12. the PREFIRE thermal analysis may be performed separately,

i 13. the FIRE thermal analysis may be performed separately,

| 14. the POSTFIRE thermal analysis may be performed separately, and
i
'

15. the FINAL thermal analysis may be performed separately.
;

The initial temperature distribution for any analytical sequence that begins with a FIRE thermal4
"

i . analysis must be taken from the fina temperatum distribution of a PREFIRE thermal analysis that was .l

j executed previously. Likewise, the initial temperature distribution for any analpical sequence that begins
j- with a POSTFIRE thermal analysis must be taken from the final temperatum distribution of a FIRE thermal
j analysis that was executed presiously.
! HTASI will define the appropriate calculations to HEATING based on the combination of keywords

it encounters in the input data. If an unacceptable sequence of kc3words is encountered, HTAS1 will write

| an error message and termmate calculations. Basically, all five Analgical Sequence Data Blocks are similar. ;

Each is identified by the appropriate keyword followed by at least two blanks. Data unique to each analpical 1
'

sequence may be entered after the two or more blanks following the keyword. If the input value of any data.

j. item on the INITIAL, PREFIRE, FIRE, POSTFIRE, or FINAL data cards is negative, then the value of the
I appropriate variable is sct to zero and that option is not used for the model. If the input value of any data item

is zero or blank, then the value of the appropriate variable is set to the default value. Othemise, the input,

!' value of any data item is used for the value of the appropriate variable for the model. If a data card contains
only one of the Analytical Sequence Data Block keywords, INITIAL, PREFIRE, FIRE, POSTFIRE, or.

FINAL, the value of each variable associated with the keyword is set to the default value. If none of the |.

Analytical Sequence Data Blocks is present in the. input data, then HTASI will generate a model for
*

HEATING to perform the complete analytical sequence, INITIAL, PREFIRE, FIRE, POSTFIRE, and FINAL,,
; using all of the default values. Any data card contammg one of the Analytical Sequence Data Block ;

keywords may be continued by beginning the contmuation card with an "@" in column 1. i;-
! In order to override the default numencal technique for a particular thermal analysis, an additional

data card or cards may be entered following the Analytical Sequence Data Block keyword card. For the:

INITIAL, PREFIRE, and FINAL thennal analyses, the additional card contains the parameter values derming

i -
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the numerical technique to be used to solve for the steady-state temperature distribution. For the FIRE and
POSTFIRE thermal analysis, a group of data cards must be entered. The first such data card must contain
the keyword IMPLICIT or EXPLICIT to select either an implicit or explicit numerical technique. The
IMPLICIT data card must be followed by two additional data cards that contain the parameter values derming
the numerical technique to be used to solve for the transient temperature distribution. HEATING will not
allow a transient implicit technique for models allowing materials vith change of phase (i.e., when a
LATENT HEAT card is present in the HTASI input dya). The EXPLICIT data card must be followed by
a data card containing the initial time-step size and Levy's time step factor. The variables, which may be
dermed in each of the Analytical Sequence Data Blocks, are described below.

Hl.4.9.1 INITIAL Steady-State Thermal Analysis

a. INITIAL Data Card

Each entry on the INITIAL data card is discussed below:

DBDTP- ambient temperature of the t . Mort package, default 100*F,

DCONCR - coefficient for the term simulating the efTects of natural convective heat transfer from the
smooth radial surfaces of the transport package (assumed to be long, horizontal cylinders)
to still air at a temperature of DBDTP (first data entry), default 0.18 Btu /(hr-ft' *F"), where
nis equal to DCONER plus 1.0,

DCONER- exponent for the term simulating the effects of natural convective heat transfer from the
smooth radial surfaces of the transport package (assumed to be long, horizontal cylinders)
to still air at a temperature of DBDTP (first data entry), default 1/3,

DCONCA - coefficient for the term simulating the effects of natural convective heat transfer from the
smooth axial surfaces of the transport package (assumed to be vertical plates) to still air j

2 '

at a temperature of DBDTP (first data entry), default 0.19 Btu /(hr-ft ,oF"), where n is equal
to DCONEA plus 1.0,

DCONEA - exponent for the term simulating the effects of natural convective heat transfer from the
smooth axial surfaces of the transport package (assumed to be vertical plates) to still air at
a temperature of DBDTP (first data entry), default 1/3, and

DFLUX - solar heat load to be applied to all external surfaces of the transport package, default 122.92

Btu /(hr ft').

b. DefaultNumericalTechnique

As the default, HTASI will generate input data for HEATING to perform the INITIAL thermal
analysis using the direct-solution technique. For linear problems this technique requires only one pass
through the numerical algorithm to obtain the steady state temperature distribution. Nonlinear problems
must be solved iteratively using the direct-solution technique, and the HTASI default values allow a

4maximum of 20 iterations and a heat residual convergence criterion of 1.0 x 10
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c. Overriding the Default Numerical Technique- ~

n
i If the user wishes to override the default values or if he wishes to specify that HEATING use the SOR
j or conjugate gradient technique to obtain the steady-state temperature distribution, the following SS card -
! may be added to the HTASI input data immediately following the data card contammg the keyword
;- INITIAL. HTASI will use the values on the SS data card for the steady state technique parameters
j. instead of the default values.

1 The pararr .. that are defined on the SS data card are summarized below:
:

Steady-State Technique Flag (I)
i

|- One of the three steady-state numerical techniques must be chosen by setting the first entry to 1 for

|3
the SOR,2 for the direct, or 3 for the conjugate gradient techniques. There is no default for this entry.

5 Maximum Number of Steady-State Iterations Allowed (I)

$ This entry defines the maximum number ofiterations allowed before the steady-state calculations
j are terminated. Typically 200 to 500 iterations are sufficient to converge to the solution using the SOR
j technique. For linear problems, the direct-solution technique requires only one iteration to obtain the
i solution. Experience has indicated that 20 iterations are usually sufficient to obtain a converged solution for
i nonlinear steady-state problems using the direct-solution technique. If this entry is zero, the code will use
j a default of 500 for the SOR technique and 20 for the direct and conjugate gradient techniques. If the
; maximum number of steady-state iterations is reached, and the convergence criterion is not satisfied, the

HEATING program will write "END STEADY-STATE CALCULATIONS, CONVERGENCE NOT
'

SATISFIED" and will temunate the calculations and attempt to read the next problem.

Steady-State Convergence Criterion (R)

For the SOR technique, this entry contains the value of e in Eq. (F10.2.14), which defines the
steady-state convergence criterion. For the direct-solution and conjugate gradient techniques, this entry
contains the convergence criterion, as discussed in Sect. F10.2.2.2. The steady-state calculation will continue
until the convergence criterion is met. Since the criterion that ensures convergence varies from case to case,
the user must rely on his own judgment and experience in detemumng the correct value for his particular
problem. If this entry is zero, the code uses a default of 104

Steady-State Overrelaxation Factor (R)

The value of p [see Eq. (F10.2.13)] is the third entry on this card and its value must be in the
- range l_ s p < 2. If a zero is entered for steady-state problems using the SOR solution technique, the code
assumes that the initial value of p is 1.9. This entry is not used for the direct-solution or conjugate gradient
technique.

Updating Temperature-Dependent Properties (I)

The fourth entry on this card specifies the number of iterations which are allowed before the
temperature %t thermal properties are reevaluated for steady-state problems using the SOR solution
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technique. Once the convergence criterion has been satisfied the code continues to iterate. However, the
I temperature-dependent thermal properties are now reevaluated after every iteration until the convergence
| criterion is satisfied a second time. Some nonlinear problems will converge in fewer iterations if the thermal

properties are not evaluated at each iteration, and certainly, the computing time per iteration will be less. It
is recommended that this parameter be on the order of 10. If it is zero, then the default value is unity for
nonlinear problems. This entry is not used for the direct solution or conjugate gradient technique.

Hl.4.9.2 PREFIRE Steady-State Thermal Analysis

a. PREFIRE Data Card

Each entry on the PREFIRE data cara is discussed below.

DBDTP- ambient temperature of the transport package, default 100'F,

DCONCR- coefficient for the term simulating the effects of natural convective heat
transfer from the smooth radial surfaces of the transport package (assumed to
be long, horizontal cylinders) to still air at a temperature of DBDTP (first data
entry), default 0.18 Btu /(hr ft'- F"), where n is equal to DCONER plus 1.0,

DCONER- exponent for the term simulating the effects of natural convective heat transfer
from the smooth radial surfaces of the transport package (assumed to be long,
horizontal cylinders) to still air at a temperature of DBDTP (first dats entry),
default 1/3,

DCONCA- coefficient for the term simulating the effects of natural convective heat
transfer from the smooth axial surfaces of the transport package (assumed to
be vertical plates) to still air at a temperature of DBDTP (first data entry),
default 0.19 Btu /(hr-fiz oF"), where n is equal to DCONEA plus 1.0,

1

DCONEA- exponent for the term simulating the effects of natural convective heat transfer |
from the smooth axial surfaces of the transport package (assumed to be vertical '

plates) to still air at a temperature of DBDTP (first data entry), default 1/3, and
|

DFLUX - solar heat load to be applied to all external surfaces of the transport package,
2default 0 Btu /(hr-ft ),

b. DefaultNumericalTechnique

As the default, HTASI will generate input data for HEATING to perform the PREFIRE
steady-state thermal analysis using the direct solution technique. As with the INITIAL thermal
analysis, the HTASI default values allow a maximum of 20 iterations and a heat residual

5convergence criterion of1.0 x 10 .

c. Os erriding the Default Numerical Technique
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F
. If the user wishes to override the default values or if he wishes to specify that HEATING use the

SOR or conjugate gradient technique to obtain the PREFIRE steady-state temperature distribution,
-

i \ then a SS data card may be added to the HTASI input data immediately following the data card
3 containing the keyword PREFIRE. HTASI will use the values on the SS data card for the

steady-state technique parameters instead of the default values. See the section on the INITIAL,

| thermal analysis for a description of the SS data card (Sect. Hl.4.9.lb).
,

I

!
H1.4.9.3 FIRE Transient Thermal Analysis.

'

f
4 a. FIRE Data Card

j Each entry on the FIRE data card is discussed below.
I q

; DTIMEF - duration of the fire transient, default 30 min, !i -

DEMISF - emissivity coefficient of the fire, default 0.9,
:

DBDTP- temperature of the fire, default 1475 *F,
s. -

| DCONCR- coefficient for the term simulating the effects of natural convective heat transfer from
j. the smooth radial surfaces of the transport package (assumed to be long, honzontal

cylinders) to still air at a temperature ofDBDTP (third data entry), default 0 Btu /(hr-ft ,2

d
,

'P), when n is equal to DCONER plus 1.0, ;

i ,
,

; DCONER - exponent for the term simulating the effects of natural convective heat transfer from the !
- . smooth radial surfaces of the transport package (assumed to be long, horizontal l
j. cylinders) to still air at a temperature of DBDTP (third data entry), default 0, i

~

>
, i
: DCONCA - coefficient for the term simulating the effects of natural convective heat transfer from :

! the smooth axial surfaces of the transport package (===nmed o be vertical plates) to it
| still air at a temperature of DBDTP (third data entry), default 0 Btu /(hr-ft2 *P),

{
-

'
where nis equalto DCONEA plus 1.0,

,

( !

! DCONEA - exporst for the term simulating the effects ofnatural convective heat transfer from the |
! smooth axial surfaces of the transport package (assumed to be vertical plates) to still air ;
! at a temperature of DBDTP (third data entry), default 0, and ;3_

f

DFLUX - solar heat load to be applied to all external surfaces of the transport package, default !
2

0 Btu /(hr-ft ). !

;

i b. DefaultNumericalTechnique ;i
i !

Normally, HTASI will generate input data for HEATING to perform the FIRE thermal analysis !:

using the implicit transient technique. Under the default conditions, HTASI will use an initial time- |
.

I'
step size of zero which causes HEATING to choose an initial time-step size equal to the stability !#

criterion as calculated for the explicit procedure. Other HTASI default values give a maximum time i

j step size of 5 min and allow HEATING to adjust the time step size to keep the maximum percent of
{

i I
,
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relative temperature change allowed at a node from one time level to the next one to 2%. HTASI
allows HEATING to use its own default values for the remaining implicit transient technique
parameters.

c. Overriding the Default Numerical Technique

If the user wishes to override the default option and choose the numerical technique to solve for
the FIRE transient temperature distribution, he may do so by supplying a group of data cards
immediately following the data card containing the keyword FIRE. The first card in the group must
contain one of the keywords IMPLICIT or EXPLICIT to choose either an implicit or explicit
numerical technique. HTASI IP and TP cards must immediately follow the data card containing the
keyword IMPLICIT. Only one TP data card may be supplied. HTASI will use the values on the IP
and TP cards for the implicit transient technique parameters instead of the default values.

If the data card immediately following the FIRE analytical sequence keyword contains the keyword
EXPLICIT, an additional data card must be supplied to define the explicit transient technique. This data card
is summarized below:

1. The first entry, a real value, is the initial time step. An initial time step of zero causes HEATING to
choose an initial time step size equal to the staM"' criterion as calculated for the explicit procedure.

2. The second entry, an integer, is the factor 7 .hich the stable time increment is multiple to form the
time increment for Levy's explicit method if the entry is 0 or 1, then Levy's method will not be used.

If the data card immediately following the FIRE analytical sequence keyword contains the keyword
IMPLICIT, two additional data cards must be supplied to define the explicit transient technique. These
data cards are summarized below:

CardIP

This entire card may be left blank or any of its entries may be zero, and the default values will be
used. They are based on experiences with a few 2-D RZ models. They are certainly not the best values that
can be used for a given problem, but they are probably good starting points. Eight entries are on this card.

1. The first entry, a real value, contains the convergence criterion, which must be met in order for the
iterative technique to tenninate successfully at each time step. This convergence criterion l

corresponds to ei n Eq. (F10.2.52). The default is 10 5i

2. The second entry, an integer, indicates the number ofiterations between tests for convergence in the
linear loop. Experience has shown that for problems requiring large numbers ofiterations (over 50)
for the linear loop to converge, a significant saving in computer time can be achieved by not ,

performing the calculations necessary for convergence tests at every iteration. However, the number I
entered applies for all of the transient calculations. The default is 1.

i

3. The third entry, a real value, contains the convergence criterion for problems involvmg
temperature-dependent parameters. This convergence criterion corresponds to E in Eq. (F10.2.55). 1

2

The default is 10-5

l
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t 4. This entry, the fourth, defines the implicit technique that will be used to solve the transient problem.
1

It refers to 0 in Eq. (F10.2.49) and must be chosen so that 0.5 s,6 s 1.0. The default is 0.5. This.

|- entryis a real value.
,

i 3

:
I

5. The fifth entry, a real value, defines the initial value of the point successive overrelaxation iteration
i

acceleration parameter [w in Eq. (F10.2.49)]. It also defmes the method that will be used to update |the acceleration parameter. If this entry is positive, then the acceleration parameter will remam i

!- constant throughout the calculations and will be equal to the value of this entry. Ifit is zero, then the {
; acceleration parameter will be optinuzed empirically as a function of time. This appears to be the

best option for nonlinear problems. If it is negative, then the' acceleration parameter will be j
r calculated using Carre's technique (Sect, F10.2.3.3.4). The absolute value of this must be less than i

; 2.0.
!
! 6. This entry, an integer, defines the number of time steps between attempts to optimize the acceleration

parameter empirically [ referred to as N, in Sect. F10.2.3.3,4]. It is used only when Entry 5 is zero.
The default value is 1.

! 7. For the case when the acceleration parameter will be updated empirically (Entry 5 is zero), then this |
1 entry, the seventh, defines the change-in-number-ofiterations criterion (referred to as I, in 1

;
- Sect. F10.2.3.3.4) which must be met before the acceleration parameter will be updated The default

! is 5. For the case when the SOR acceleration parameter will be updated using Carre's technique, then
j this entry defmes the number ofiterations between updates. The default is 12. This entry is an
!- I"I'88f-
!

! 8. The last entry, an integer, is the change-in-number-of-iterations criterion (referred to as J, in
"

Sect. F10.2.3.3.4) which is used to deternune when a good estimate to the optimum acceleration
parameter has been found. This entry is used only when the acceleration parameter will be updated
empirically (Entry 5 on this card is zero). The default is 2.

Card TP

When an implicit scheme is used to solve a transient problem, the time step may be variable. This
allows the time step to increase as the solution amaank~ out and to decrease when some parameter varies
rapidly with time. The information controlling the value of the time step is contained on one of the TP cards.
The size of the time step is automatically adjusted in order to get printouts of the temperature distribution at
the specified time. If the size of the coefficients in the system of equations varies by orders of magnitude (105
or greater), it has been observed that point successive overrelaxation iteration may converge very slowly (it
may appear to not converge at all). This occurs when the grid spacing or thermal properties vary by orders
of magnitude over the problem. It can be observed by examining the stability criterion table in the output.
If this appears to be ha,a-lag, either further subdivide some of the larger nodes or combine some of the
smaller ones. In some cases, it may help to use a larger time rie) size. All seven entries are floating-point
numbers For some of these parameters, the indicated default value will be used when the wn pceding
entryis zero.-

1. The first entry is the initial time step. If this entry is zero, HEATING will choose an initial time step size
equal to the stability criterion as calculated for the explicit procedure.
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2. After the temperature distribution has been calculated, the current time step is multiplied by a factor.
The value of this factor is entered in the second field of the TP card. The default value is 1.0. For many
problems whose parameters vary mildly with time and/or temperature, values between 1.0 and 1.3 have
been acceptable.

3. The maximum value of the time step is the third entry. Once the time step reaches this value, it is no
longerincreased. The default is 10".

4. The fourth entry must not be used with HTASI.

5. The fifth entry contains the maximum temperature change allowed at a node over a time step. The time
step is adjusted according to the procedure outlined in Sect. F10.2.3.3.5. If this entryis zero,this feature
is not invoked in calculating the time-step size.

6. The sixth entry contains the maximum percentage of relative temperature change allowed at a node from
one time level to the next one. The time-step size is adjusted according to the procedure outlined in
Sect. F10.2.3.3.5. If this entry is zero, then this feature is not invoked in calculating the time-step size.

7. The seventh and final entry on this card contains the muumum value of the time step. Once the time-step
size reaches this value, it is no longer decreased. The default is one-tenth of the initial time-step size.

Hl.4.9.4 POSTFIRETransientThermal Analysis

a. POSTFIRE Data Card

Each entry on the POSTFIRE data card is discussed below.

DTIMPF - duration of the transient analysis following the fire, default 180 min,

DBDTP - ambient temperature of the transport package, default 100'F,

DCONCR - coefficient for the term simulating the effects of natural convective heat transfer from
the smooth radial surfaces of the transpon package (assumed to be long, horizontal
cylinders) to still air at a temperature of DBDTP (second data entry), default

20.18 Btu /(hr ft ..P) where n is equal to DCONER plus 1.0,

DCONER - exponent for the tenn simulating the effects of natural convective heat transfer from the
smooth radial surfaces of the transport package (assumed to be long, horizontal
cylinders) to still air at a temperature of DBDTP (second data entry), default 1/3,

DCONCA - coefficient for the term simulating the effects of natural convective heat transfer from
the smooth axial surfaces of the transport package (assumed to be venical plates) to
still air at a temperature of DBDTP (second data entry), default 0.19 Btu /(hr ft2,op),
where nis equal to DCONEA plus 1.0,
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i

O DCONEA - exponent for the term simulating the effects ofnatural convective heat transfer from the
smooth axial surfaces of the transport package (assumed to be vertical plates) to still air

,

!

v
at a temperature of DBDTP (second data entry), default 1/3, and .

!

DFLUX- solar heat load to be applied to all external surfaces of the transport package, default
0 Btu /(hr-ft2),

b DefaultNumencalTechnique

Normally, HTASI will generate input data for HEATING to perfonn the POSTFIRE thermal ;

analysis using the implicit transient technique. As with the FIRE thermal analysis, HTASI default
conditions will use an initial time-step size of zero which causes HEATING to choose an initial time-
step size equal to the stability criterion as calculated for the explicit procedure.' Other HTASI default j
values give a manmum time-step size of 5 min and allow HEATING io adjust the time-step size to ;
keep the maximum pucentage of relative temperature change allowed at a node from one time level

!
- to the next one to 2%. HTASI allows HEATING to use its own default values for the remaming ;
implicit transient technique parameters i

i
c. Overriding the Default Numerical Technique :

)
If the user wishes to override the default option and choose the numerical technique to solve for

the POSTFIRE transient temperature distribution, he may do so by supplying a group of data cards
immediately following the data card contaming the ke3 word POSTFIRE. The first card in the group
must contain one of the keywords IMPLICIT or EXPLICIT to choose either an implicit or explicit
numerical technique. HTASI IP and TP cards must immediately follow the data card containing the
keyword IMPLICIT. Only one TP data card may be supplied. HTASI will use the values on the IP
and TP cards for the implicit transient technique parameters mstead of the default values.

See the FIRE thermal analysis section (Sect. Hl.4.9.3) for a summary of the HTASI IP and TP
data cards.

If the data card immediately following the POSTFIRE anal tical sequence keyword contains the3

keyword EXPLICIT, an additional data card as described in Sect. Hl.4.9.3 must be supplied to define
the EXPLICIT transient technique.

Hl.4.9.5 FINAL Steady-State Thermal Analysis

a. FINAL Data Card

Each entry on the FINAL data card is discussed below.

DBDTP - ambient temperature of the transport package, default 100'F,

DCONCR- coefficient for the term simulating the effects of natural convective heat
;

transfer from the smooth radial surfaces of the transport package (assumed to |
be long, honzontal cylmders) to still air at a temperature of DBDTP (first data j

entry), default 0.18 Btu /(hr-ft2 *F"), where n is equal to DCONER, j-

!

I
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DCONER- exponent for the term simulating the effects of natural convective heat transfer
from the smooth radial surfaces of the transport package (assumed to be long,
horizontal cylinders) to still air at a temperature of DBDTD (first data entry),
default 1/3, |

DCONCA- coefficient for the term simulating the effects of nau e ,onvective heatc
transfer from the smooth axial surfaces of the transport package (assumed to I

be vertical plates) to still air at a temperature of DBDTP (first data entiy),
default 0.19 Btu /(hr-ft2 *F"), where n is equal to DCONEA plus 1.0,-

DCONEA- exponent for the term simulating the effects of natural convective heat transfer
from the smooth axial surfaces of the transport package (assumed to bc

,

'

vertical plates) to still air at a temperature of DBDTP (first data entry), default
1/3, and

DFLUX - solar heat load to be applied to all external surfaces of the transport package,
,

2
default 0 Btu /(hr-ft ). |

|

b. DefaultNumericalTechnique |

|
As the default, HTASI will generate input data for HEATING to perform the FINAL

steady-state thermal analysis using the direct-solution technique. As with the INITIAL I

thermal analysis, the HTASI default values allow a maximum of 20 iterations and a heat !

residual convergence criterion of 1.0 x 10-5

c. Overriding the Default Numerical Technique

If the user wishes to override the default values or if he wishes to specify that HEATING
use the SOR technique to obtain the FINAL steady-state temperature distribution, a SS data ;

card may be added to the HTASI input data immediately following the data card containing '

the keyword FINAL. HTASI will use the values on the SS data card for the steady-state
technique parameters instead of the default values. See the section on the INITIAL thermal
analysis for a description of the SS data card.

|
IIL4.10 MODIFYING THE MODEL DURING AN ANALYTICAL SEQUENCE!

The zones denoted by the keywords NEUTRON SHIELD, WATER JACKET, and IMPACT
LIMITERS may be deleted from the model at the completion of one of the thermal analyses denoted by the
keywords INITIAL, PREFIRE, FIRE, and POSTFIRE. When one of the zones is deleted, HTAS1 must

j modify HEATING input data to reflect the designated changes in the model. HTASI must also map the final
temperature distribution from the old model into the initial temperature distribution for the new model.
HTAS1 then tells HEATING to perform the next thermal analysis as designated by the input data.

These options have been added to HTASI to model some of the variations in a prescribed accident
involving a shipping container. For instance, the removal of the neutron shield can be used to model a rupture
in the water jacket followed by the loss of a liquid neutron shield. The removal of the water jacket and
neutron shield can be used to model a shipping container in an accident resulting in shearing off of the
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n complete water jacket. The removal of the impact limiters can be used to model a shipping container in an
f i accident resulting in shearing off of one or both impact limiters.O The model modifications outlined above are elected by supplying a DELETE card with the input data

for the NEUTRON SHIELD, WATER JACKET, and/or IMPACT LIMITERS. The DELETE card may be
entered in any order with other data blocks or cards derming the particular zone. The format of the DELETE
card for each zone follows:

Hl.4.10.1 Neutron Shield

Keyword -DELETE

ADELET- Neutron shield removal time keyword. This entry must contain one of the keywords ;

INITIAL, PREFIRE, FIRE, or POSTFIRE and must be separated from the keyword
DELETE by at least two blanks. The neutron shield will be removed from the model
following the thennal analysis identified by this keyword.

MZONE- Material Index. The entry must be an integer and must be separated from the previous
entry by at least two blanks. If the entry is zero or blank, HTASI will replace the neutron !
shield by material 18 (see Table Hl.2.2) in the HTASI material property library. This

'

material is currently air with an effective thermal conductivity to simulate the natural
convective effects across the annulus. A positive entry denotes the identification number
for the material from the HTASI material property library that will replace the neutron :

shield. If the entry is negative, the neutron shield will be replaced by a void and heat will |
not be transferred by conduction across the resulting gap.

O EMISIV(I)- Emissivity of the portion of the outer surface of the outer shell formerly covered by the
V neutron shield. This entry, a floating-point number, is unitiess and has a default value of

0.5.

EMISIV(2). Emissivity of the inner surface of the water jacket formerly covering the neutron shield.
This entry, a floating-point number, is unitiess and has a default value of 0.5.

If one of the above emissivities is negative, radiative heat transfer will not be allowed across the deleted
neutron shield. If one of the above entries is zero or blank, the default value is used for the respective
emissivity.

Hl.4.10.2 Water Jacket

Keyword-DELETE

ADELET - Water jacket removal time keyword. This entry must contain one of the keymords INITIAL,
PREFIRE, FIRE, or POSTFIRE and must be separated from the keyword DELETE by at least
two blanks. Both the neutron shield and the water jacket will be removed from the model
following the thermal analysis identified by the keyword.
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111.4.1 0.3 Impact Limiter

Keyword - DELETE

ADELET- Impact limiter removal time keyword. This entry must contain one of the keywords
INITIAL, PREFIRE, FIRE, or POSTFIRE and must be separated from the keyword DELETE
by at least two blanks. The portion of the impact limiters identified by the next entry will be
removed from the model following the thermal analysis identified by this keyword.

ADELIM - Impact limiter removal zone keyword. This entry must contain one of the keywords TOP,
BOTTOM, or BOTH or it may be omitted. It must be separated from the presious entry by
at least two blanks. This keyword identifies the portion of the impact limiter which will be
removed from the model following the thermal analysis identified by the previous keyword,
the impact limiter removal time keyword. These keywords are self-explanatory with TOP
indicating the top impact limiter, BOTTOM indicating the bottom impact limiter, and BOTH
indicating both the top and bottom impact limiters. If the impact limiter removal-zone
keyword is omitted, the keyword BOTH is assumed.

111.4.11 FINNED SURFACE OPTION

The HTASI steady-state fm-effectiveness technique may be applied along the outer surfaces of the
model of the shipping container.

If fins are defined on the outer radial surface of the outer shell and if the water jacket and neutron
shield and/or one or both impact limiters are removed during the analytical sequence, the resulting uncovered
surfaces of the outer shell are assumed to be smooth. However, the fms on the original uncovered portion
of the outer shell surface are assumed to remain intact. This option is invoked along an outer surface or
surfaces by entering a FINS data block in the data block for the zone or zones containing the particular j
surface or surfaces. The FINS data block may be entered in any order with other data blocks or cards derming '

the particular zone. A FINS data block may not be entered in the CAVITY, INNER SHELL, or SHIELDING l
'

data blocks. The format of the FINS data block for each zone follows:

Keyword - FINS

1FiNR - Radial fin flag. This entry, a nonnegative integer, contains the fin type (as dermed
in Fig. Hl.2.6) which is to be applied along the outer radial surface of the zone. If
this entry is zero or blank, then the fm effectiveness option is not invoked for the
outer radial surfaces of the zone.

IFINZ - Axial fin flag. This entry, a nonnegative integer, contains the fm type as defined in
Fig. Hl.2.6 that is to be applied along the outer axial surface of the zone. If this
entry is zero or blank, then the fm-effectiveness option is not invoked for the outer
axial surfaces of the zone.

F1 cards must follow the FINS data card to define the fin parameters for the radial and axial outer
surfaces, respectively. The F1 card for the radial outer surface must precede the F1 card for the axisl outer
surface. IfIFINR is zero or blank, the corresponding F1 card is omitted. Likewise,ifIFINZ is zero or blank,
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i
1
'

i

g the correspondmg F1 card is omitted. The fm descriptor card, F1, containing five floating-point numbers is |
'

( described below: ;

FINLEN - height of the fm from the base surface in inches. '
.

; DELBAS- half-width of fm at base in inches (for rectangular spine, DELBAS is the halfwidth in
; the first direction). j

|

DELTIP . half-width of fm at tip in inches (for rectangular spine, DELTIP is the halfwidth
; perpendicular to DELBAS).
i .

|i
S1- fm spacing in inches (centerline to centerline)..

1

S2- spine spacing in inches (centerline to centerline) perpendicular to Sl. Enter zero if not j
i spine. 1

,i ;

For spines, the actual direction of DELBAS, DELTIP or SI, S2 is not important, but DELBAS must
be perpendicular to DELTIP and S1 must be perpendicular to S2.

Hl.4.12 PLOrflNG DATA BLOCKS .

NOTE: In the current version only the summary data are printed out for each of the plot type described.

i
Either region plots or temperature profile plots may be generated for the model that is dermed by the ;

HEATING input generated by HTASI. If region plots are desired, the region plots data block must be the
final data block listed in the HTASI input. If temperature profile plots are desired, the temperature profile

'

plots data card may appear anywhere in the input after the title card and the problem control parameters card -

and before the end of data card. If both the temperature profile plots data card and the region plot data block i

are included in the input, only the region plots are generated because HEATING is not executed when region ;

plots are generated. Therefore, no temperature distribution plot data sets exist from which touy rature profile i

plots can be generated. The temperature profile plots data card must precede the region plots data block in
this case.

i

Hl.4.12.1 Temperature Profile Plots Data Card '

i

Keyword- PLOT
|

MAXZVR- 0, generates a plot containing a curve that shows maximum temperature at any problem
!

time vs the radial distance from the origin for all nodes on the axial center line
,

(default). '

)
1, aboveplotisnotgenerated. ]

IVA - 0, gecerates a plot containing a curve that shows the difference in volume-averaged
temperatures between the inner shell and the outer shell vs time (default). ;

,

i
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1

1, above plot is not generated.

ISEP - 0, the temperature-vs-time curves for the centermost nodes of the inner shell, the
shielding, and the outer shell are generated on the same plot (default).

1, each of the above curves is generated on an individual plot.

IDELT - 0, temperature-vs-time curves are generated for the actual temperatures (default).

1, temperature vs-time curves are generated for temperature change from the initial
temperature distribution.

J

TIMMIN - The problem time below which temperature distributions are not considered in the
temperature-vs-time plots and the volume-averaged temperature plot. If TIMMIN is
zero, the initial temperature distribution written by HEATING is the first one used !
when generating these plots. The entry must be a nonnegative floating-point number.
The default is zero.

TIMMAX- The problem time above which temperature distributions are not considered in the !
temperature-vs-time plots and the volume-averaged temperature plot. If TIMMAX is !

zero, the final temperature distribution written by HEATING is the last one used when |
generating these plots. The entry must be a nonnegative floating-point number. The !
default is zero.

If the only entry on this card is the keyword PLOT, then the three default temperature profile plots described
in Sect. Hl.2.6 are generated.

i

Hl.4.12.2 Region Plots Data Block

Thefrst cardin theplots data block contains only the keywordREGP. IEno other cards are included
in this data block, then by default plots of the regions, the materials, and the boundary condition function
numbers are generated for each thermal analysis specified in the analytical sequence data blocks (Sect.
Hl.4.9).

Up to five plot description cards, one for each type of plot, may follow the keyword card if plots other i
than the default region plots are desired. The first entry on a plot description is an integer. All other entries
are floating-point numbers. The entries are described below.

ITYPE- The number corresponding to the type of plot generated.

=1 Plots are generated with region numbers inside the region boundaries for each
calculational phase.

=2 Plots are generated with material names inside the region boundaries for each
calculational phase.

=3 Plots are generated with heat generation function numbers inside the region
boundaries for each calculational phase.
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|
=4 Plots are generated with initial temperature function numbers inside the region !

boundaries for each calculational phase.

-5 Plots are generated with boundary condition function numbers inside the region '

boundaries for each calculational phase.
;

XSCALE- The scaling factor in units per inch for the horizontal axis of region plots for every I

calculational phase. If XSCALE is zero, the scaling factor is computed by the |
program for each calculational phase. The default is zero. *

YSCALE- The scaling factor in units per inch for the vertical axis of region plots for every !
calculational phase. If YSCALE is zero, the scaling factor is computed by the !
program for each calculational phase. The default is zero. !

XREG1- The mmimum r value of the area for which region plots are generated for every
'

calculational phase. If XREGI is zero, the minimum r value of the model at each
;

calculational phase is used. The default is zero. I

!

XREG2- The maximum r value of the area for which region plots are generated for eve y ,

calculational phase. If XREG2 is zero, the maximum r value of the model at each !
calculational phase is used. The default is zero.

YREG1- The minimum z value of the area for which region plots are generated for every
,

calculational phase. If YREGI is zero, the nummum z value of the model at each 1
calculational phase is used. The default is zero. !

I YREG2- The maxunum z value of the area for which region plots are generated for every
calculational phase. If YREG2 is zero, the maximum z value of the 11odel at each
calculational phase is used. The default is zero.

,

Hl.4.13 DATA BLOCK TERMINATION CARD

Each problem (or case) must be termmated with a data block termmation card. This card consists
of a percent sign (%) in column 1 followed by a blank in column 2. I

Hl.4.14 SUMMARY AND FORMAT OFINPUT )
l

Table Hl.4.3 is a summary of the information needed to prepare the input data. Columns 73 through
80 of each card are reserved for identification. The table in this column gives proposed identification names
for the cards and, in parentheses, the reference sections in the report where more information can be found.
The first line in each format box includes the variable name used in the program and, in parentheses, the type
of that variable. The rest of the box includes a short explanation of the input in that box. In some cards,
where free space is available, additional notes have been included to describe the way the input information
willbe used in the program.
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8
* OUTERSIE11 - DOUTER FROUTE TOUTER NTOtfrE BOUTER NBOLTE Requisd

At hem two Ref!st Redlet Asimi thlebues AxW Axial eerbees Axial
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At kees too INITIAL PRFFIRE FIRE POSTFIRE FINAL
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% FINS - IFNR IFINZ Oplenal
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Table Hl.4.3 (continued). e

!
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I Hl.5 SAMPLE PROBLEMS FOR HTAS1

D
: . 'Ihis section contains two sample problems to demonstrate the use of some of the options available

in HTASI. The first sample problem makes extensive use of HTASI defaults to indicate the case of
#

. performmg a detailed thermal analysis of a shipping container using HTASI. The second sample problem
invokes a number of options available in HTAS1 to i l d the use of alternative mathMs of definingnc u e
materialthermalparameters.

'

;- The first sample problem is defined below. The diameter of the cavity is 13.5 in. (radius,6.75 in.),
and its total height is 178 in. (half height, 89 in.). The total heat load within the cavity is 11.5 kW

*

(39247 Btu /hr). The radial thickness of the inner shell is 0.31 in., and its axial thickness at both top and i

bottom is 0.25 in. The shielding has a radial thickness of 6.63 in., and its axial extent is equal to that of the
i inner shell. W outer shell has a radial thickness of 1.25 in. The axial thickness of the top and bottom of the
j outer shell is 7.5 and 7.75 in., respectively. The diameter and total thickness of each impact limiter is 78 in.
'

(radius 39 in.) and 38.5 in., respectively. The shipping container extends into each impact limiter a distance
of 11 in. Thus, the axial thickness of each impact limiter is 27.5 in., and each impact limiter has a
wraparound of 11 in. The radial thickness of the neutron shield and water jacket is 4.5 and 0.16 in.,,

'

respectively. The neutron shield and waterjacket extend axially to each impact limiter so their axial distance
j- above and below the horizontal midplane is 85.5 and 86 in., respectively. The inner shell, outer shell and
! water jacket are composed of 304 stainless steel. The shielding is lead, and the impact limiters are balsa
f wood. The neutron shield is water, and it is desired to model the natural convective heat transfer effects
i across the neutron shield with an effective thermal conductivity. Thus, one can use the HTASI default
; material associated with each zone. The emissivity associated with the outer surfaces of the waterjacket and
i impactlimiters is 0.5.
i The shipping contamer is in a horizontal position, and for purposes of derming the steady-state

conditions for the accident scenario of 10CFR71, the solar heat load is assumed to be zero. The loaded.

i - shipping contamer is allowed to reach steady-state operstmg conditions with an ambient temperature of
i 100*F. The shipping contamer is cooled by natural convection and radiation to the surroundmg environment.
| It is then subjected to a fire at a temperature of 1475'F for 30 min. 'Ihe emissivity of the fire is 0.9, and the |
} absorptivity of the surfaces of the shipping container during the fire is 0.8. After the fire, the shipping |

| container is allowed to cool by natural convection and radiation to the surroundmg environment at an ambient
temperature of 100*F. The emissivity on the surfaces of the shipping contamer remains at 0.8 following the;_

j fire.-

| It is desired to obtain the prefire steady-state operating temperature distribution, the transient
temperature distribution during the fire,'the transient temperature distribution for three hours following the

i fire, and the fmal steady-state temperature distribution after the fire. The default numerical technique will ;

be used to perform each set of calculations. The input data for HTASI to perform this analytical sequence i

j and to generate the default temperature profile plots for the first sample problem are shown in Table Hl.5.1.
| The radial and axial grid divisions iadimad for each zone are necessary to yield accurate solutions. Their

values were determmed by perfonmng a series of analytical sequences using grid disisions that were both
i more coarse and more fine than the ones indicated in Table Hl.5.1.
} The standard output from the initial entry to HTAS1 is presented in Table Hl.5.2. The temperature
. distributions at the prefire steady state, at the end of the 30-min fire transient, at the end of the three-hour

| cooldown period, and at the final steady state are presented in Tables Hl.5.3, Hl.5.4, Hl.5.5, and Hl.5.6,
respectively. The HTAS1 output that describes the temperature profile plots generated for the first sample

; problem is presented in Table Hl.5.2.

|
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O
Table Hl.5.1 Input data for first sample problem for HTASI

,

HTASI SAMPLE PROBLEM 1

CAVITY 6.75 5 89 5 39247
INNER SHELL 0.31 1 0.25 1

SHIELDING 6.63 5
OUTER SHELL 1.25 2 7.25 4 7.75 4
NEUTRON SHIELD 4.5 4 85.5 86
WATERJACKET 0.16 1

IMPACT LIMITER 39 5 27.5 5 0 0 11

PREFIRE
FIRE
POSTFIRE
FINAL
%

O

1

|

|

|NUREG/CR-0200,
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n Table Hl.5.2 Standard output from initial entry into HTAS I
f \

( ) ..............................................
* %./

* contro..l mod.u..le htas.t...... ......sbeen acce.s. sed. *
ha

....... ... .......... .. ..

print input card images w/ card cottans indicated every 10th card--
card
no . / co t . 1. . . . . . 10. . . . . . . 20. . . . . . . 30. . . . . . . 40. . . . . . . 5 0. . . . . . . 60. . . . . . . 70. . . . . . . 80 |

1 htasi sample problem 1
2 0 0
3 cavity 6.75 5 89 5 39247 I
4 inner sheil 0.31 1 0.25 1
5 shielding 6.63 5
6 outer shell 1.25 2 7.25 4 7.75 4
7 neutron shield 4.5 4 85.5 86
8 water Jacket 0.16 1
9 lapact limiter 39 5 27.5 5 0 0 11

10 prefire

no./co l . 1. . . . . . 10. . . . . . . 20. . . . . . . 30. . . . . . . 40. . . . . . . 5 0. . . . . . . 60. . . . . . . 70. . . . . . . 80
11 fire
12 postfire
13 final
14 plot

; 15 %
.

'

code : htast date: 06/11/93 computer ibmalxws
version: 05/12/93 time: 15:43:41 Johname : ges
htasis heat transfer analysis sequence nunber 1 for the scale system.

i htast is a cantrol module for generating input data for heating for
1 two-dimensional rz models analyzing a class of shipping containers.
"

written bysc.k.cobb, w.d. turner, m.w.wendel, g.e.giles
contact:

g.e. glies
,

computing applications division
/3 oak ridge national laboratory.

{ building k 1007, mail stop number 7039
*

< N martin marfetta energy cystems, Inc.
post office box 2003
ook ridge, tennessee 37831 7039

: phone - 615 574-8667
tabulation of input data

f job description -- htasi sample problem 1
cavity parameters

radius . 6.7500000D+00,

radial divisions 53
- top height 8.9000000D+01

axist divisions for top 5
botton height 8.90000000+01
axial civisions for bottom 5
heat toad 3.92470000+04

inner shell parameters
radial thickness 3.1000000D-01
radial divisions 1

axial thickness at top 2.50000000 01
axist divisions 1

axial thickness at bottom 2.50000000-01
axial divisions 1

materlat rumber 13
. materlat name sst304'

number tenperature conductivity
1 3.20000000+01 8.10000000+00
2 2.1200000D+02 8.70000000+00,

3 3.92000000+02 8.7000000D+00
4 5.72000000+02 9.40000000+001

5 7.5200000D+02 1.0000000D+01*

] NUREG/CR-0200,
Hl.5.3 Vol.1, Rev. 5
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Table H1.5.2 (continued)

6 1.11200000+03 1.1000000D+01 1

7 1.47200000+03 1.3000000D+01
ruter tenperature density I

4.9100000D+02
ru6er temperature specific heat

1 3.2000000D+01 1.2000000D 01 i

2 7.5200000D+02 1.3500000D-01 I

shletding pariuneters |
radial thickness 6.6300000D+00 i

radial d. visions 5 I
axial thickness at top 0.0000000D+00 l
axist divisions 0

'

axial thickness at bottom 0.0000000D+00
axial divisions O
material nornber 11

,

material name lead '

ran:ier tenperature conductivity
1

1 3.2000000D+01 2.0300000D+01 '

2 2.1200000D+02 1.93000000+01
3 3.92'00000+02 1.8200000D+01
4 5.7200000D+02 1.7200000D+01
5 6.30000000+02 1.2100000D+01
6 7.1700000D+02 9.7000000D+00
7 8.00000000+02 9.00000000+00
8 9.80000000+02 8.7000000D+00

1
9 1.2760000D+03 8.66000000+00 i

nunt>ae temperature density
i

7.10000000+02 |
numbe* temperature specific heat |

1 3.2000000D+01 3.05000000-02 '

2 2.12000000+02 3.15000000-0e l

* '

3 6.21500000+02 3.38000000-02
. 4 6.21700000+02 3.40000000-02
*-

5 1.83200000+03 3.28000000-02 ;
outer shelt parameters '

radiat thickness 1.2500000D+00
radial divisions 2
axist ti:Ickness at top 7.2500000D+00
axist d5 visions 4
axist tnickness at bottom 7.7500000D+00
axial divisions 4
emissivity

initial steady state 5.00000000-01
prefIre steady state 5.0000000D 01
fire transient 8.0000000D-01
postfIre transient 8.0000000D-01
final steady state 8.0000000D-01

material nunt>er 13
matsrial name sst304

rut >er tenperature conductivity
1 3.2000000D+01 8.1000000D+00
2 2.1200000D+02 8.7000000D+00
3 3.92000000+02 8.7000000D+00
4 5.7200000D+02 9.4000000D+00
5 7.52000000+02 1.0000000D+01
6 1.1120000D+03 1.10000000+01
7 1.4720000D+03 1.3000000D+01

number tenperature density
4.9100000D+02

rutier temperature specific heat
1 3.2000000D+01 1.2000000D-01
2 7.5200000D+02 1.35000000-01

neutron shield pararetsrs
; radial thickness 4.5000000D+00
!

|

NUREG/CR-0200,
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,q Table Hl.5.2 (continued)t s

k"j radial divisions 4
top height 8.5500000D+01
bottom height 8.60000000+01
emissivity

initial steady state 5.0000000D-01
prefire steady state 5.00000000-01
fire transient 8.00000000 01

'

postfire transient 8.0000000D 01
final steady state 8.00000000-01

material runber 17
materlat name h20conv

number temperature conductivity
1 1.5000000D+02 1.47500000+01
2 2.0000000D+02 1.73300000+01
3 2.5000000D+02 1.9150000D+01
4 3.00000000+02 2.0830000D+01
5 4.0000000D+02 2.33500000+01

nmber temperature density
6.0000000D+01

nmber temperature specific heat
1 3.20000000+01 1.0072000D+00
2 6.8000000D+01 9.9861000D-01
3 1.0400000D+02 9.9780000D-01
4 1.40000000+02 9.9921000D-01
5 1.76000000+02 1.00210000+00
6 2.1200000D+02 1.0068000D+00
7 2.4800000D+02 1.0149000D+004

8 2.8400000D+02 1.02280000+00
9 3.20000000+02 1.0369000D+00

10 3.5600000D+02 1.0548000D+00
11 3.92000000+02 1.0758000D+00
12 4.2800000D+02 1.1009000D+00
13 4.6400000D+02 1.1357000D+00O. 14 5.0000000D+02 1.1818000D+00

b} 15 5.37100000+02 1.2437000D+00.

16 5.72000000+02 1.36780000+00,

water jacket parameters
radial thickness 1.6000000D-01
radlai divisions 1
top height 8.5500000D+01
bottom height 8.6900000D+01
emissivity I

initial steady state 5.0000000D-01 |
prefire steady state 5.00000000-01
fire transient 8.00000000-01
postfire transient 8.00000000-01
final steady state 8.00000000-01

materlat runber 13
materiet name sat 304

runber tenperature conductivity
1 3.2000000D+01 8.1000000D+00

|'2 2.1200000D+02 8.70000000+00
3 3.9200000p02 8.7000000D+00 )4 5.7200000c+02 9.4000000D+00

,

5 7.5200000D+02 1.0000000D+01 1

6 1.1120000)+03 1.1000000D+01 |
7 1.47200000+03 1.3000000D+01 l

neber temperature density
4.91000000+02

ramber tenpers,ture specific heat
1 3.20000000+01 1.2000000D-01
2 7.5200030D+02 1.3500000D-01

Impact limiter
radius 3.9000000D+01

(Q NUREG/CR-0200,
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Table Hl.5.2 (continued)

radial divisions from 1.9600000D+01 5

exist thickness of top inpact limiter 2.7500000D+01
axist divisions 5
axial thickness of top lupact limiter

along outer surface / container 1.1000000D+01
axial thickness of bottom impact limiter 2.75000000+01
axial divisions 5
axial thickness of bottom impact limiter

along outer surface of container 1.1000000D+01
emissivity

initial steady state 5.00000000-01
prefire steady state 5.0000000D-01
fire transient 8.00000000 01
postfIre transient 8.0000000D 01
final steady state 8.0000000D 01

materlat nuser 19
materlat name balsa

neber temperature conductivity
4.84000000-02

nuser temperature density
2.0000000D+01

nuser temperature specific heat
5.5000000D-01

code : htasi : late: 06/11/93 comuter: lbmaixws
version: 05/12/93 time: 15:43:41 jobname geg
.... description -- htest sanple problem 1job

** .......................**....................................................

hea t i ng i nput.d..a.t .a w i .l l .be gene ra.t ed..f o.r t h e. pre f i re.s t e..ady s..t a t e..t he rma l .ana l ys.i s............. ... . ......... .. . .... .....** .. ... ... ...... ...... . .

the steady state temperature distribution for the shipping container model
wItL be obtained subject to the fol1owing boundary conditions:

ambient temperature 1.0000000D+02
convection at radial boundary

convective coefficient 1.80000png.01
convective exponent 3.3333333D-01

convection at axial boundary
convective coefficient 1.9000000D-01
convective exponent 3.3333333D-01

radiation to surrounding medium at ambient
tenperature with emissivity coefficients ;

as specified along each surface I
solar heat flux 0.00000000+00 i

the steady state temperature distribution will be
solved using the direct solution technique. i

maxinua neber of iterations will be 20 1

convergence criterion will be 1.0000000D-05 l

code : htast date: 06/11/93 computers ibmaixws
version: 05/12/93 time: 15:43:41 jobname : ges

..b.d..e.scr.i pt.i on.. ..h..t.a.s.t.sanpl .e.probl em 1.....................................jo
. .. .. . . ..... .........

.. a.t.i ng i nput da.t a.w. .i .l .l .be.. gene.ra.t ed. .f.o.r t he f.i .r.e. .t .ran.s i ent..t h.e.rm..a.l .ana.l ys.i she i

. .......***. . . .... . . . ...... . ..... . ... .. . . i

the transient temperature distribution for the shipping container model will be
obtained during exposure to a fire ssject to the following boundary conditions:

duration of fire 3.0000000D+01
fire temperature 1.4750000D+03
convection at radial boundary

convective coefficient 0.000000GD+00
convective exponent 0.0000000D+00

convection at axist boundary

I

l

NUREG/CR-0200,
Vol.1, Rev. 5 Hl.5.6

1

l
!



_ _ _ _ _ _ . _ ___ _ . _ _ . _ _ _ - . . _ _ _ _ . _ _ _ _ _ . _ _ . . . . _ _ _ _ . _ _ _ _

:

i
'

;
>

>
Table Hl.5.2 (continued)

;

| convective coefficient 0.00000000+00
convective exponent 0.00000000+00

radiation from fire
fire emissivity coefficient .9000
surface absorption coefficients are
as specified for the matarlets
along each surface.

solar heat flux 0.0000000D+00
the laplicit procedure will be used to calculate the transient temperature distribution,
maxima nor1aalized heat residual convergence criterion = 0.000000+00
(corresponds to epsilon sub 1, def ault=1.0d-5)
number-of-Iterations between tests for convergence, linear loop (default = 1) = 0
average L1 norm of relative temperature difference convergence criterion
for temperature dependent properties = 0.00000D+00.
(corresponds to epsilon sub 3, default =1.0d-5)
theta (0.5 for crank nicolson,1.0 for classical implicit) = 0.000000+00
(default = 0.5)
the ser acceleration parameter (beta) will be optimized espirically.
beta = 0.00000D+00
m beta gdate will be attempted every 0 time steps (default =1).
number of-iterations tolerance for beta gdate calculations, outer loop (def autt=5) = 0
number of-iterations tolerance for bete update calculations, inner loop (def autt=2) = 0
the following time step parameters will be used to compute the fire transient.

time atop 0.00000000+00-
the manlaum time stop al1 owed is 5.0000000D+00
new time step parameters will be read in at time = 3.0000000D+01
if the maximum temperature change at a node exceeds 2.0000000D+00 per cent over a
time step, then the time step size will be decreased accordingly.

code : htasi . date: 06/11/93 computers ibmaixws
version: 05/12/93 times 15:43:41 Johname : ges

job.d.. esc.r.i pt.i .on....h..t.as.i.s.ampl.e. prob..l.em..1.............. ....... ................ .. . . . ... ...

hea.t.i.ng inpu.t. data.w..i.l.l.b.e. gen.e.ra.ted...f.o.r..the.pos.t.f.i.r.e..t.ra.ns.i.en.t..th.e.rm..al ana.lys.i.s. ...... .... . ... .. .. ... .. . . ..... .. .
the transient temperature distribution for the shipping container model will be
obtained following exposure to a fire subject to the following boundary conditions

duration of post fire transient 1.80000000+02
anblent temperature 1.0000000D+02
convection at radial boundary

convective coefficient 1.80000000-01
convective exponent 3.33333330-01 |convection at axial boundary s

convective coefficient 1.90000000-01
convective exponent 3.33333330 01

radiation to surrounding medlun at anblent
temperature with emissivity coefficients
as specified along each surface

solar heat flux 0.0000000D+00
the implicit procedure will be used to calculate the transient temperature distribution.
maximum normatized heat residual convergence criterion = 0.00000D+00
(corresponds to epsilon sub 1, default =1.0d-5)
rumber-of iterations between tests for convergence, linear loop (def ault = 1) = 0
average L1 nors of relative temperature difference convergence criterion
for temperature dependent properties = 0.00000D+00
(corresponds to epsilon sub 3, default =1.0d-5)
theta (0.5 for crank nicolson,1,0 for classical implicit) = 0.000000+00
(default = 0.5)
the sor acceleration parameter (beta) will be optimized espirically,
beta = 0.000000+00

.

a beta wdate wiLL be attempted every 0 time steps (default =1). !

number of iterations tolerance for beta update calculations, outer loop (default =5) = 0 I
rumber-of-iterations tolerance for bete update calculations, inner loop (defautt=2) = 0 i
the following time step parameters will be used to compute the post fire transient. '

time step 0.0000000D+00

NUREG/CR-0200,
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Table Hl.5.2 (continued) j
'the maxinue time step allowed is 5.00000000+00

new time step parameters will be read in at time = 2.1000000D+02
if the maximum temperature change at a node exceeds 2.00000000+00 per cent over a
time step, then the time step size will be decreased accordingly.

code : htasi date: 06/11/93 conputers ibmaixws
version: 05/12/93 time: 15:43:41 Jobname a ges
job
.. ..d. e.s.c r i pt.i on....h..t a.s.i .s anpl e prob..l em1......* **. ... ......... .......... .......... .... .. . .....***.. ....

. heat.ing in.put.d.ata.w..i.l.l.b.e gene. rat.ed...f o.r..the..f ina.l s.t.eady s.t.a.te. thermal.a.na.lys i s... .... ... ... ...... .. . .. ... .. ..... . ....... .. .... .
the steady state tenverature distribution for the shipping container model

;will be obtained subject to the following bound.v y conditions:
|

ambient temperature 1.00000000+02 i
convection at radial boundary

,

convective coefficient 1.80000000-01 lconvective exponent 3.33333330 01 j
convection at axial boundary '

convective coefficient 1.9000000D 01
convective exponent 3.3333333D-01

radiation to surrounding medium at ambient ternperature ,hh er.lssivity coef ficients
as specified along each surface

solar heat flux 0.00000000+00
the steady state temperature distribution will be
solved using the direct solution technique.

maxioun number of iterations will be 20
convergence criterion will be 1.00000000-05

code htasi date: 06/11/93 conputers (bmaixws
version: 05/12/93 tine: 15:43:41 jobname : ges
job description -- htast sample problem 1 |
transient printout times )output output '

rumber time
1 5.000000+00
2 1.00000D+01 |
3 1.50000D+01 1

4 2.000000+01
5 2.50000D+01
6 3.000000+01
7 3.50000D+01
8 4.00000D+01
9 4.50000D+01

10 5.00000D+01
11 5.50000D+01
12 6.00000D+01
13 6.50000D+01
14 7.00000D+01

,

15 7.50000D+01 '

16 8.00000D+01
17 8.500000+01
18 9.000000+01
19 9.50000D+01
20 1.00000D+02
21 1.05000D+02
22 1.10000D+02
23 1.15000D+02
24 1.200000+02
25 1.250000+02
26 1.300000+02
27 1.35000D+02
28 1.40000D+02
29 1.450000+02
30 1.50000D+02
31 1.55000D+02
32 1.60000D+02

NUREG/CR 0200,
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Table H1.5.2 (continued)Or ,

I k

kV) 33 1.65000D+02
34 1.70000D+02
35 1.750000+02 -|

'

36 1.80000D+02
37' 1.85000D+02 |
38 1.90000D+02 |
39 1.95000D+02 1
40 2.000000+02 1

41 2.05000D+02
)

42 2.10000D+02
!*** warning *** the axist thickness of the portion of the tower ispect

*** warning *** Limiter that wraoped around the shipping container was
*** warning *** changed to eliminate an unf avorable axist grid spacing.
*** warning "* the boundary was moved from 3.8500000D+01 to

! *** warning * 3.55000000+01.
* warning *" the axial thickness of the lower portion of tne neutron
* warning "* shletd and water jacket was changed to eliminate an '

,

| * warning *** unfavorable axial grid spacing. the boundary was
3

| *** warning *** moved from 3.5500000D+01 to 3.5500000D+01.
4

'*** warning *** the exist thickness of the portion of the upper impact
*** warning "* Limiter that wrapped around the shipping container was ;

* warning "* changed to eliminate $n unfavorable axial grid spacing. I

" * warning * the boundary was nosea from 2.10000000+02 to
! * warning *** 2.1350000D+02.
I in h6tas1, the maxinun dimension of the doLble precision array is 100000 which uses 782k

bytes.
(this is set in htmain as the variable limitd.),

! this use of the variably dimensioned double precision array require 14880 elements or 117k
bytes of memory. <

the variable dimensioned character array has 782k bytes left for storage of heating input I
data in binary fona. )i

| htest used a total of 1617 elements in the character array which required a total '

of 13k bytes of core, the core requirements for the htest portion of the
analys.is.cou..ld..b.e.. red.uced..by 768.k..b..ytes...... . .. .. ... **. . ... ..............................................

%

* exi.t..from control. module.htas.t....and direct. scale to execute heating 7 (htng72....) *i

..... ........... ...... .... .......... .......................** ...... ..>

. m ....... m..............u. .. m u......
|

..c.....o..l. module.h.tast ...has been accessed. *
* ontr |...... . .... ....................

htasi will generate heating input data for the fire tr- thermal analysis.
titles htast sample problem 1 -- prefire ss
number of nodes read: 654 nisuber of nodes written: 654

time found in plot data set: 0.00000000+00
htasi used a total of 1633 elements in the character array which required a total
of 13k bytes of core. the core requirements for the htest portion of the
analysis could be reduced by 768k bytes.

!. . ........................................................... ~ ..................

..ex.i.t..f. rom c.on.t.ro.l. mod.u.le.h..tes.t....and.d..i.r.ec.t.s.ca.l.e.t.o..e.xec.u..te.h.e.a.t.ing7..(h..tn.g72...)
*

l
*

.. .... . . . . .. ... . .. . . . . ... ... .. <

..............................................

* c.on.t.ro.t. mod.u.le.h..t.a.si....h.a.s.been..a.cce.s. sed *! .. .. . ... . . . ... ... .. ..

htest will generate heating input data for the postfire tr thermal analysis.
| titles htasi sample problem 1 - fire tr

rmsuber of nodes read: 654 ramber of nodes written: 654'

time found in plot data set: 0.0000000D+00
time found in plot data set 5.00000000+00
time found in ptet data set: 1.0000000D+01 j

i time found in plot data set: 1.5000000D+01 i
j time found in plot data set 2.00000000+01 '

I time found in plot data set: 2.5000000D+01
;

i
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Table H1.5.2 (continued)

time found in plot data set: 3.00000000+01
htast used a total of 1633 elements in the character-array which required a total
of 13k bytes of core, the core requirements for the htasi portion of the
analysis could be reduced by 768k bytes.

. . . . . . . . . . . . . . . . . * * * . . . . . . . . . . . . . . . . . . . . . . . . * * . . . . . . . . . * * . . . * * . . . . . . . * * . . . . . . . . . . . . .

* e.xi.t..f. rom c.ont.ro.l. module h..tasi ...and.direc.t scale to execu.te.h. eat.ing7 (htng72...) *.. .. .... .r . ....... **.. ... ..... .......*****... . ... ........... ..

.......**..............*****.**...............

* c.ontro.l. module h..ta.s.i
has

...**...b.een acce.s. sed. *.. ..... ...**.. . ........ .....

htast will generate heating input data for the final ss thermal analysis.
title: htasi sample problem 1 postfire tr
number of nodes read: 654 number of nodes written: 654

time found in plot data set: 0.0000000D+00
time found in plot data set: 5.0000000D+00
time found in plot data set: 1.00000000+01
time found in plot data set: 1.50000000+01
time found in plot data set: 2.00000000+01
time found in plot data set: 2.5000000D+01
time found in plot data set: 3.0000000D+01
time found in plot data set: 3.5000000D+01
time found in plot data set: 4.0000000D+01
time found in plot data set: 4.50000000+01
time found in plot data set: 5.0000000D+01
time found in plot data set: 5.50000000+01
time found in plot data set: 6.0000000D+01
time found in plot data set: 6.5000000D+01
time found in plot data set 7.0000000D+01
time found in plot data set 7.5000000D+01
time founo in plot data set 8.0000000D+01
time found in plot data set 8.50000000+01
time found in plot data set: 9.00000000+01
time found in plot data set 9.5000000D+01
time found in plot data set: 1.00000000+02
time found in plot data set: 1.05000000+02
time found in plot data set: 1.10000000+02
time found in plot data set: 1.1500000D+02
time found in plot data set: 1.2000000D+02
time found in plot data set: 1.2500000D+02 I
time found in plot data set: 1.3000000D+02
time found in plot data set: 1.3500000D+02 |time found in plot data set: 1.40000000+02 .

time found in plot data set: 1.45000000+02 |
time found in plot data set: 1.5000000D+02 |time found in plot data set: 1.55000000+02 '

time found in plot data set 1.6000000D+02
time found in plot data set: 1.65000000+02
time found in plot data set: 1.7000000D+02
time found in plot data set: 1.7500000D+02
time found in plot data set: 1.8000000D+02
time found in plot data set: 1.85000000+02
time found in plot data set: 1.9000000D+02
time found in plot data set 1.9500000D+02
time found in plot data set: 2.00000000+02
time found in plot data set: 2.0500000D+02
time found in plot data set: 2.10000000+02

htast used a total of 1601 elements in the character-array which required a total
of 13k bytes of core. the core requirements for the htas1 portion of the
analysis could be reduced by 768k bytes.

|
1

1

1
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g Table Hl.5.2 (continued)
!
\v/ ..........................e...........................................................

* ex i .t..f. rom..c ont r ol .m..odu l e.h t a..s.i ....a. nd. .d.i ,re.c t. s..ca l e.t o.e.xecut e.n ea t i ng7...( h t ng72.. ..)
*

..... . ....... .... .. . . .. ... .. ...... ....... ..... ..

. . . . . . . . * * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* cont.ro.l. module.h.tasi....ha.s.b..een a.cces. sed. *...... . ...... . ... .. .... ... ..**.

....................................................

the tenperature plotting option has been invoked **

this version does not generate plots* *

..but.. reports out..the plot d.a.ta
* *

... .......... ........ . ......................

plots will include temperature distributions from the fire transient and postfire
transient heating calculations

temperature vs. time curves for the inner shett, shielding, and outer shell will be
generated on one plot

tenperature distributions at every printout time will be used

a plot WILL be generated showing a curve of maxista tenperature at any time
at each center axial node vs. the r distance from the origin

a plot will be generated showing a curve of the difference in the volume averaged
temperatures of the inner shell and the outer shett

titte: htast sample problem 1 -- final ss
nLaber of nodes read for ploting: 654

43 time steps read from plot dataset

start time 0.00000E+00 end time 210.00
[ \ maxinun tenperatures as a function of time:

3 time (min) inner shelt shletd outer shell(js 0.00000E+00 264.56 255.67 246.28
5.0000 264.59 255.86 251.44
10.000 266.43 260.27 277.22
15.000 275.26 273.74 313.13
20.000 292.70 295.38 351.42
25.000 316.91 322.56 389.19
30.000 345.46 352.99 425.91
35.000 376.51 385.05 457.12
40.000 407.53 414.70 470.97
45.000 433.93 437.59 475.59
50.000 453.74 453.77 476.74
55.000 467.61 464.68 476.40
60.000 476.88 471.73 475.32
65.000 482.79 476.03 473.80
70.000 486.27 478.36 472.02
75.000 488.04 479.31 470.07
80.000 488.59 479.28 468.01
85.000 488.28 478.57 465.88

. 90.000 487.37 477.39 463.71
95.000 486.05 475.87 461.52
100.00 484.44 474.13 459.33
105.00 482.64 472.24 457.13
110.00 480.70 470.24 454.95
115.00 478.67 468.19 452.78
120.00 476.60 466.09 450.63
125.00 474.49 463.98 448.49
130.00 472.37 461.86 446.38
135.00 470.25 459.74 444.28
140.00 468.13 457.63 442.21

('N NUREG/CR-0200,
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Table 111.5.2 (continued) |

145,00 466.02 455.53 440.16
150.00 463.93 453.45 438.13
155.00 461.85 451.39 436.12
160.00 459.79 449.34 434.14
165.00 457.75 447.32 432.18
170.00 455.73 445.32 430.23 j

175.00 453.73 443.34 428.31 i

180.00 451.76 441.37 426.42
185.00 449.80 439.43 424.54 I

'

190.00 447.87 437.52 422.68
195.00 445.95 435.62 420.84
200.00 444.06 433.74 419.02 |

205.00 442.19 431.88 417.23 1

210.00 240.57 231.73 222.40
maxinun temperature vs. radius on axial center plane
from 0.00000E+00 to 210.00 minutes
radius temperature
6.7500 488.59 1

7.0600 486.58
8.3860 482.65 |
9.7120 479.31 |

11.038 476.74 |

12.364 474.86 |

13.690 474.15
'

14.315 476.74
14.940 488.53
16.065 504.87
17.190 525.55
18.315 573.08
19.440 630.75
19.600 652.47

title: htasi sanple problem 1 -- final ss
ruber of nodes read for ploting: 654

43 time steps read from plot dataset
stert time 0.00000E+00 end time 210.00

difference between inner and outer shield
volune-averaged tenperatures ,

time (min) tenperature '

O.00000E+00 13.245
5.0000 9.1623
10.000 -7.3223
15.000 -23.939
20.000 -34.294
25.000 38.268
30.000 -37.827 |
35.000 -31.263 1

'40.000 -13.266
45.000 6.3346
50.000 22.145 |

55.000 33.530
'

60.000 41.262
65.000 46.270
70.000 49.323
75.000 50.998 |
80.000 51.715
85.000 51.773
90.000 51.384
95.000 50.699
100.00 49.822
105.00 48.826
110.00 47.763
115.00 46.668
120.00 45.565
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Table Hl.5.2 (continued)

125.00 44.470
130.00 43.394
135.00 42.343
140.00 41.321
145.00 40.330
150.00 39.372
155.00 38.447
160.00 37.554
165.00 36.694
170.00 35.864
175.00 35.063
180.00 34.292
185.00 33.548.

190.00 32.830
195.00 -32.137
200.00 31.468
205.00 30.821

..... 2.10 00......13. 058........................ ............................ . ..

* exit from control module htas) and direct scale to terminate this run. *
.. con.t.rol.m..odule.h.ta.s.1....w.a.s su.cce.ss.fu..l.ly a.c.ce.s. sed.... 8...t.imes
* *
... .. .... . . . ... .. . .. . . . ... ..............

NUREG/CR-0200,
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Lg
'y 3 Table Hl.5.3 Temperature distribution at the prefire steady state
o

4 W
w6 htas1 sapple problem 1 -- prefire ss Fri Jun 11 15:43:44 1993

M Steady-State Temperature Distribution at Time 0.0000E+00
8
* 31 248.50 102.44 102.43 102.42 102.39 102.36 102.32 102.31 102.25 102.19 102.12 102.04 101.96 101.92 101.87

30 243.00 122.59 122.54 122.39 122.15 121.81 121.37 121.26 120.73 120.10 119.40 118.63 117.79 117.38 116.95
29 237.50 146.01 145.91 145.62 145.12 144.43 143.55 143.32 142.22 140.93 139.48 137.85 136.07 135.19 134.27
28 232.00 | 176.00 175.85 175.39 174.63 173.56 172.18 171.81 170.07 168.00 165.60 162.86 159.78 158.21 156.57
27 226.50 216.05 215.86 215.28 214.32 212.99 211.27 210.82 208.65 206.04 202.91 199.15 194.56 192.02 189.20
26 221.00 268.92 268.65 267.86 266 64 265.08 263.35 762.96 261.27 259.71 258.36 257.28 256.46 256.15 255.86
25 219.19 270.00 269.70 268.83 267.46 265.71 263.78 263.34 261.48 259.80 258.36 257.22 256.45 254.23 256.11
24 217.38 273.23 272.84 271.71 269.88 267.51 264.86 264.28 261.90 259.82 258.07 256.70 255.76 255.50 255.39
23 215.55 279.22 278.71 277.16 274.56 270.94 266.61 265.72 262.41 259.70 257.44 255.58 254.17 253.72 253.52
22 213.75 288.91 288.29 286.39 282.95 277.42 268.59 266.82 262.69 259.38 256.52 253.97 251.60 250.00 248.90
21 213.50 290.59 289.98 288.06 284.61 279.03 268.85 266.63 262.69 259.36 256.46 253.88 251.51 249.20 246.85
20 195.70 265.98 263.89 260.21 257.07 254.33 251.89 249.69 247.58 245.56
19 177.90 , 265.18 263.08 259.42 256.29 253.56 251.14 248.97 246.88 244.87
18 160.10 264.79 262.70 259.03 255.91 253.18 250.76 248.59 246.51 244.51
17 142.30 264.61 262.52 258.85 255.73 253.00 250.59 248.42 246.33 244.34

% 16 124.50 264.56 262.46 258.80 255.67 252.95 250.53 248.37 246.28 244.29
I

15 106.70|
264.61 262.52 258.85 255.72 253.00 250.58 248.42 246.33 244.34

P 14 88.90 264.79 262.69 259.03 255.90 253.17 250.76 248.59 246.50 244.51
Z 13 71.10 265.16 263.07 259.40 256.27 253.55 251.13 248.95 246.86 244.86

12 53.30 265.95 263.86 260.19 257.05 254.30 251.86 249.67 247.56 245.53
11 35.50 290.15 289.54 287.65 284.24 278.74 268.77 266.56 262.62 259.30 256.41 253.83 251.46 249.16 246.82
to 35.25 288.47 287.86 285.97 282.58 277.12 268.48 266.74 262.62 259.32 256.46 253.92 251.55 249.97 248.90
9 33.31 278.23 277.74 276.26 273.78 270.34 266.26 265.41 262.24 259.63 257.44 255.65 254.30 253.88 253.69
8 31.38 272.05 271.70 270.65 268.98 266.81 264.39 263.85 261.65 259.72 258.09 256.81 255.94 255.70 255.59
7 29.44 268.78 268.52 267.74 266.52 264.97 263.25 262.86 261.19 259.67 258.36 257.33 256.62 256.42 256.31
6 27.50 267.69 267.46 266.77 265.69 264.33 262.81 262.46 260.% 259.57 258.36 257.37 256.62 254.33 256.05
5 22.00 215.71 215.52 214.97 214.06 212.77 211.11 210.68 208.57 206.02 202.95 199.23 194.68 192.16 189.37
4 16.50 175.93 175.78 175.33 174.59 173.54 172.17 171.82 170.09 168.05 165.68 162.96 159.90 158.34 156.71
3 11.00 146.02 145.93 145.63 145.14 144.46 143.58 143.35 142.26 140.99 139.54 137.93 136.16 135.28 134.37
2 5.50 122.61 122.56 122.42 122.17 121.84 121.40 121.29 120.76 120.14 119.45 118.68 117.84 117.43 117.00
1 .00 102.44 102.43 102.42 102.40 102.36 102.32 102.31 102.26 102.19 102.12 102.05 101.96 101.92 101.88

.................................................................................................................

.00 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.32 14.94
1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Table 111.5.3 (continued)

htest sanple problem 1 - prefire ss Fri Jun 11 15:43:44 1993
Steady-State Tenperature Distribution at Time 0.0000E+00

31 248.50| 101.79 101.71 101.62 101.53 101.52 101.20 100.88 100.59 100.31 100.05
30 243.00 116.15 115.33 114.48 113.61 113.49 110.43 107.50 104.85 102.49 100.40
29 237.50 132.57 130.79 128.97 127.12 126.85 120.37 114.38 109.14 104.64 100.72
28 232.00 153.47 150.21 146.85 143.46 142.98 131.38 121.35 113.17 106.54 101.00
27 226.50 183.35 177.03 170.57 164.18 163.29 142.83 127.20 115.90 107.64 101.15
26 221.00 234.55 217.06 202.10 188.84 187.06 150.59 128.16 114.99 106.82 101.02
25 219.19 238.46 222.60 208.07 194.38 192.48 149.12 125.51 113.07 105.84 100.88
24 217.38 240.80 227.26 214.09 200.58 198.58 144.54 120.97 110.28 104.51 100.69
23 215.56 242. % 233.23 223.15 211.20 209.17 134.70 114.17 106.64 102.88 100.45

22 213.75|244.79 241.80 238.79 234.35 232.91 114.81 104.95 102.32 101.03 100.1721 213.50 244.87 243.02 241.29. 239.66 239.17 110.40 103.57 101.71 100.77 100.13
% 20 195.70 243.98 242.50 241.11 239.81 239.42." 19 177.90 243.31 241.85 240.48 239.18 238.79*

18 160.10| 242.75 241.49 240.12 238.83 238.44
G 17 142.30 242.78 241.32 239.95 238.66 238.28

16 124.50 242.73 241.27 239.90 238.61 238.23
15 106.70 142.78 241.32 239.95 238.66 238.27
14

88.90 | 242.95
241.49 240.11 238.82 238.44

71.10 243.30 241.84 240.46 239.17 238.7813
12 53.30 | 243.95 242.48 241.09 239.79 239.40
11 35.50 | 244.84 242.99 241.25 239.62 239.14 110.50 103.61 101.73 100.79 100.13

35.25 | 244.78 241.80 238.80. 234.31 232.86 114.97 105.00 102.36 101.35 100.17
10
9 33.31 242.93 232.M 222.65 210.56 208.54 135.91 114.91 107.03 103.06 100.47
8 31.38 240.84 227.13 213.83 200.31 198.33 145.91 122.06 110.92 104.82 100.73
7 29.44 238.63 222.69 208.13 194.49 192.60 150.36 126.65 113.82 106.21 100.94
6 27.50 234.70 217.18 202.23 189.04 187.28 151.55 129.18 115.72 107.20 101.08
5 22.00 183.54 177.25 170.82 164.48 163.59 143.31 127.70 116.29 107.86 101.18
4 16.50 153.62 150.38 147.05 143.67 143.19 131.64 121.61 113.37 106.66 101.01
3 11.00 132.67 130.91 129.09 127.25 126.98 120.51 114.52 109.25 104.70 100.73
2 5.50 116.21 115.38 114.54 113.68 113.55 110.49 107.56 104.90 102.52 100.417

e 1 .00 101.80 101.71 101.63 101.54 101.52 101.20 100.89 100.59 100.31 100.05
+................................................................................y

[ rr1 16.07 17.19 18.32 19.44 19.60 23.48 27.36 31.24 35.12 39.00
.~ Q 15 16 17 18 19 20 21 22 23 24
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p Table 111.5.4 Temperature distribution at the end of the 30-minute fire

ntest sanple problem 1 -- fire tr Fri Jun 11 15:43:53 1993
Transient Teeperature Distribution at Time 3.0000E+01

31 248.50 1465.67 1465.67 1465.67 1465.67 1465.67 1465.67 1465.67 1465.66 1465.66 1465.66 1465.66 1465.65 1465.65 1465.65
30 243.00 133.29 133.24 133.09 132.84 132.50 132.07 131.96 131.42 130.80 130.10 129.33 128.49 128.07 127.65
29 237.50 146.06 145.96 145.66 145.17 144.48 143.59 143.36 142.26 140.98 139.52 137.90 136.12 135.23 134.32
28 232.00 176.00 175.85 175.39 174.63 173.56 172.18 171.81 170.07 168.00 165.60 162.86 159.78 158.21 156.57
27 2?S.50 216.05 215.86 215.28 214.32 212.99 211.27 210.82 208.65 206.04 202.92 199.15 194.57 192.03 189.21
2 221.00 269.06 268.83 268.14 267.09 265.82 264.49 264.19 263.00 262.05 261.38 260.92 260.45 260.07 259.51
25 219.19 270.32 270.09 269.43 268.46 267.35 266.28 266.06 265.22 264.73 264.65 264.86 265.04 264.96 264.76
24 217.38 273.97 273.75 273.18 272.47 271.95 271.83 271.84 272.04 272.94 274.71 277.14 279.44 279.92 279.80
33 215.56 280.64 280.50 280.22 280.36 281.85 285.30 285.99 288.51 292.40 298.45 306.54 315.50 318.78 319.84
22 213.75 290.89 290.85 291.06 292.77 299.09 316.81 319.59 324.23 332.76 346.43 365.74 391.27 412.30 429.93
21 213.50 292.58 292.55 292.76 294.49 300.98 324.83 324.15 327.56 336.39 350.65 370.82 397.76 431.50 474.01

% 20 195.70 346.49 345.25 347.21 354.12 365.61 381.57 402.03 427.76 460.21.* 19 177.90 346.06 344.81 346.76 353.58 364.93 380.70 400.93 426.46 458.72
P 18 160.10 345.69 344.44 346.39 353.21 364.56 380.33 400.57 426.11 458.38
5 17 142.30 345.52 344.27 346.22 353.04 364.39 380.17 400.41 425.96 458.23

16 124.50 345.46 344.22 346.16 352.99 364.34 380.12 400.36 425.91 458.19
15 106.70 345.51 344.27 346.21 353.03 364.39 380.17 400.41 425.96 458.23
14 88.90 345.68 344.44 346.33 353.20 364.55 380.33 400.57 426.11 458.38
13 71.10 346.04 344.80 346.74 353.56 364.91 380.69 400.92 426.45 458.71
12 53.30 346.46 345.21 347.18 354.08 365.58 381.54 402.00 427.73 460.19
11 35.50 , 292.17 292.15 292.41 294.22 300.78 324.50 323.83 327.27 336.12 350.40 370.58 397.53 431.25 473.77
10 35.25 290.48 290.46 290.70 292.49 298.88 316.43 319.22 323.92 332.49 346.18 365.51 391.09 411.89 429.07
9 33.31 279.61 279.47 279.19 279.30 280.63 283.74 284.37 286.72 290.39 296.07 303.64 311.93 314.88 315.78
8 31.38 272.72 272.51 271. % 271.26 270.69 270.46 270.44 270.51 271.21 272.68 274.72 276.63 277.00 276.87
7 29.44 269.04 268.83 268.23 267.33 266.29 265.25 265.03 264.19 263.63 263.42 263.47 263.51 263.42 263.23
6 27.50 267.80 267.59 266.97 266.03 264.88 263.65 263.37 262.25 261.30 260.60 260.07 259.57 259.22 258.75
5 22.00 215.71 215.52 214.97 214.06 212.77 211.12 210.68 208.37 206.02 202.95 199.23 194.69 192.17 189.37
= 16.50 175.93 175.78 175.33 174.59 173.54 172.17 171.82 170.09 168.05 165.68 162.96 159.90 158.34 156.71
3 11.00 | 146.07 145.97 145.68 145.19 144.50 143.63 143.40 142.31 141.04 139.59 137.98 136.21 135.33 134.42

5.50 | 1465.67 1465.67 1465.67 1465.67 1465.67 1465.67 1465.67 1465.66 1465.66 1465.66 1465.66 1465.65 1465.65 1465.65
133.31 133.26 133.11 132.87 132.53 132.10 131.99 131.45 130.84 130.14 129.37 128.54 128.12 127.702

1 .00 ;
+................................................................................................................

.00 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.32 14.94
1 2 3 4 5 6 7 8 9 to 11 12 13 14

9 O O
_ _ -



-.___. - - .- .- - . - - . .

.. s

[ '

s .\ ;

i
t

i
t

i

f.
Table Hl.5.4 (continued)

i

htest sanple probten 1 -- fire tr Fri Jun 11 15:43:53 1993 -

Transient Temperature Distribution at Time 3.0000E+01 !

I31 248.50 1 4 5.65 1465.64 1465.64 1465.64 1 4 5.63 1 4 5.62 1465.61 1465.60 1465.78 1474. %
30 243.00 126.85 126.02 125.18 124.31 124.19 121.13 118.21 115.79 137.78 1469.53
29 237.50 132.61 130.84 -129.01 127.16 126.90 120.41 114.43 109.42 129.45 1 49.49 |

28 232.00 153.47 150.21 146.85 143.46 142.98 131.38 121.35 113.40 131.30 1469.50 i
27 ' 226.50 183.35 177.03 170.57 164.18 163.29 142.83 127.20 116.14 132.40 1469.50 !
26 221.00 234.70 217.06 202.10 188.84 187.06 150.59 128.16 115.22 131.58 1469.50 i
25 219.19 '238.90 222.62 208.07 194.39 192.49 149.15 125.55 113.34 130.64 1469.50 i
24 217.38 242.36 227.46 214.28 200.87 198.90. 1 4 .10 122.57 112.11 130.85 1469.50 1

23 215.56 251.21 238.47 230.08 221.26'219.97 181.14 161.27 154.03 174.01 1469.67 [
22 213.75 362.90 382.60 417.28 M7.19 479.88 979.70 978.97 977.62 985.87 1472.99 t

21 213.50 512.74' 560.69 618.99 688.01 713.23 1444.40 1444.43 1444.35 1444.86 1474.88 '!
20 195.70 489.44 527.80 575.39 633.08 654.76 i

% 19 177.90 487.80 526.04 573.56 631.23 652.94 I
P 18 160.10 487.47 525.73 573.25 630.93 652.64 i* 17

142.30 | 487.28
487.32 525.59 573.12 630.79 652.51 t.

124.50 525.55 573.08 630.75 652.47 iG 16
15 106.70 487.32 525.58 573.11 630.79 652.51 i
14 88.90 487.46 525.72 573.25 630.92 652.63 I

13 71.10 | 487.79 526.03 573.55 631.22 652.93 !

12 53.30 l 489.41 527.78 575.37 633.06 654.74 !

11 35.50 | 512.54- 560.50: 618.80 687.82 713.04 1443.03 1443.05 1442.96 1443.50 1474.87 I

10 35.25 | 359.20 377.87 411.56 460.19 472.50 957.79 956.84 955.45 964.08 1472.91 ,[
9 33.31 250.29 237.42 228.53 219.10 217.70 175.44 155.01 147.41 167.29 1469.65 g
8 31.38 242.17 227.28 213.97 '200.53 198.57 147.08 123.25 112.34 130.75 1469.50

7
7 29.44 238.97 222.71 208.13 194.49 192.61 150.39 -126.68 114.08 131.00 1469.50 t
6 27.50 234.81 217.18 202.23 189.04 187.28 151.55 129.18 115.96 131.96 1469.50 i
5 22.00 183.54 177.25 170.82 164.48 163.59 143.31 127.70 116.53 132.61 1469.51 1

4 16.50 153.62 150.38 147.05 143.67 143.19 131.64 121.61 113.61 131.42 1469.50 '

3 11.00 132.72 130.95 129.14 127.29 127.03 120.56 114.56 109.52 129.51 1469.49 'I

2 5.50 126.91 126.08 125.24 124.37 124.25 121.19 118.27 115.83 137.81 1469.53 i

1 .00 1 4 5.65 1 4 5.64 1465.64 1465.64 1465.64 1465.62 1465.61 1465.60 1465.78 1474.96 -

[ |+................................................................................

16.07 17.19 18.32 19.44 19.60 23.48 27.36 31.24 35.12 39.00 'I
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ke
yQ Table Hl.5.5 Temperature distribution at the end of the three-hour, cool-down transient

htasi sanple problem 1 -- postfire tr Fri Jun 11 15:44:17 19938 Transient Temperature Distribution at Time 2.1000E+02

31 248.50 ' 137.91 137.91 137.90 137.90 137.88 137.86 137.86 137.84 137.82 137.79 137.76 137.72 137.71 137.69
30 243.00 144.26 144.21 144.06 143.82 143.48 143.05 142.94 142.40 141.79 141.09 140.32 139.48 139.07 138.65
29 237.50 147.22 147.12 146.83 146.33 145.64 144.76 144.53 143.43 142.14 140.69 139.06 137.28 136.40 135.48
28 232.00 176.11 175.96 175.51 174.76 173.69 172.32 171.95 170.21 168.15 165.76 163.02 159.92 158.35 156.70
27 226.50 220.10 219.94 219.45 218.63 217.47 215.93 215.52 213.51 211.04 208.01 204.26 199.48 196.62 193.26
26 221.00 390.94 390.87 390.67 390.30 389.75 389.03 388.84 387.93 386.89 385.73 384.45 752.96 382.07 380.%
25 219.19 393.21 393.12 392.84 392.36 391.65 390.74 390.50 389.41 388.22 386.96 385.71 384.54 384.07 383.71
24 217.38 398.15 398.01 397.58 396.83 395.72 394.29 393.94 392.34 390.70 389.09 387.58 386.31 385.88 385.59
23 215.56 405.78 405.58 404.93 403.75 401.90 399.35 398.75 396.20 393.74 391.40 389.20 387.29 386.61 386.26
22 213.75 416.24 415.99 415.16 413.54 410.64 405.50 404.16 400.15 396.56 393.17 389.85 386.40 383.92 382.18
21 213.50 417.92 417.67 416.84 415.21 412.29 406.57 404.43 400.38 3 % .71 393.25 389.87 386.44 382.97 379.19
20 195.70 429.90 427.79 423.59 419.75 416.14 412.68 409.31 405.93 402.26
19 177.90 438.57 436.47 432.23 428.31 424.60 421.01 417.49 413.97 410.17
18 160.10 440.20 438.10 433.86 429.92 426.17 422.53 418.95 415.37 411.53

% 17 142.30 440.35 438.25 434.00 430.06 426.30 422.66 419.06 415.47 411.62"
. 16 124.50 440.34 438-23 433.99 430.05 426.29 422.64 419.05 415.45 411.60
? 15 106.70 440.35 438.24 434.00 430.06 426.30 422.65 419.06 415.47 411.62
"o 14 88.90 440.19 438.09 433.84 429.91 426.16 422.52 418.94 415.36 411.52o

13 71.10 438.51 436.40 432.16 428.25 424.54 420.96 417.44 413.92 410.12
12 53.30 429.51 427.40 423.20 419.37 415.77 412.33 408.98 405.61 401.97
11 35.50 413.45 413.24 412.58 411.25 408.84 404.16 402.05 398.08 394.51 391.17 387.91 384.63 381.31 377.70
10 35.25 411.76 411.56 410.90 409.57 407.17 402.88 401.67 397.78 394.30 391.02 387.82 384.50 382.12 380.49
9 33.31 400.39 400.23 399.73 398.79 397.29 395.19 394.67 392.39 390.15 387.98 385.96 384.20 383.59 383.26
8 31.38 391.90 391.80 391.49 390.92 390.06 388.92 388.63 387.29 385.87 384.44 383.10 381.96 381.56 381.27
7 29.44 386.33 386.26 386.07 385.73 385.22 384.52 384.34 383.46 382.46 381.39 380.28 379.21 378.78 378.43

27.50 | 383.76 383.72 383.59 383.34 382.96 382.43 382.28 381.57 380.71 379.71 378.56 377.15 376.29 375.23
6
5 22.00 219.46 219.31 218.83 218.04 216.90 215.40 215.00 213.04 210.61 207.62 203.91 199.19 196.39 193.08
4 16.50 176.04 175.89 175.45 174.70 173.66 172.30 171.94 170.23 168.19 165.82 163.10 160.03 158.47 156.83
3 11.00 147.23 147.13 146.84 146.35 145.67 144.79 144.56 143.47 142.20 140.76 139.14 137.37 136.49 135.58
2 5.50 144.28 144.23 144.09 143.84 143.51 143.08 142.97 142.44 141.82 141.13 140.36 139.53 139.12 138.70
1 .00 137.91 137.91 137.91 137.90 137.88 137.87 137.86 137.84 137.82 137.79 137.76 137.73 137.71 137.69

+................................................................................................................

.00 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.32 14.94
1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Table Hl.5.5 (continued)

htest sapple problem 1 -- postfire tr Fri Jun 11 15:44:17 1993
Transient Tenperature Distribution at Time 2.1000E+02

31 248.50 ' 137.66 137.63 137.60 137.56 137.56 137.44 137.33 137.28 136.15 106.75
30 243.00 137.85 137.03 136.19 135.33 135.20 132.17 129.53 130.79 156.59 118.45
29 237.50 133.78 132.00 130.18 1E.33 128.06 121.59 115.89 114.93 142.33 117.85
28 232.00 153.55 150.26 146.89 143.50 143.02 131.43 121.69 117.79 143.23 117.92
27 226.50 185.48 177.86 170.83 164.24 163.33 142.86 127.52 120.51 144.29 117.99
26 221.00 289.83 236.69 207.97 190.29 188.07 151.38 129.27 120.38 144.16 117.97
25 219.19 299.80 247.48 218.17 199.75 197.42 156.39 133.53 125.33 149.04 118.25
24 217.38 314.03 266.63 239.23 221.72 219.44 174.06 152.52 145.85 166.99 119.12
23 215.56 342.75 310.64 290.91 276.80 274.61 202.83 185.93 181.64 194.08 118.98
22 213.75 376.66 370.21 364.28 356.21 353.54 144.60 135.83 134.68 136.80 107.36
21 213.50 376.18 372.84 369.19 365.21 363.69 127.01 121.90 121.25 122.43 104.81

% 20 195.70 399.56 396.56 393.27 389.71 388.31
"
. 19 177.90 407.36 404.25 400.85 397.18 395.72." 18 160.10 408.69 405.55 402.12 398.42 3%.%
G 17 142.30 408.78 405.64 402.20 398.50 397.04

16 124.50 408.76 405.62 402.19 398.48 397.02
15 106.70 408.75 405.63 402.20 398.50 397.03
14 88.90 408.68 405.54 402.11 398.41 3 % .95
13 71.10 407.31 404.20 400.80 397.13 395.68
12 53.30 399.27 3 % .28 393.00 389.44 388.04
11 35.50 374.79 371.53 367.94 364.00 362.49 127.85 122.74 122.08 123.13 104.90
10 35.25 375.71 369.59 363.78 355.64 352.98 146.04 137.23 136.06 137.96 107.49
9 33.31 338.83 306.18 286.10 271.86 269.70 202.04 184.67 180.12 193.26 119.17
8 31.38 309.72 262.83 235.66 218.16 215.88 171.17 149.12 142.05 163.67 118.97
7 29.44 295.84 245.17 216.75 198.69 1 % .39 155.84 132.77 124.18 147.80 118.18
6 27.50 286.06 235.00 207.42 190.24 188.08 152.09 130.03 120.86 144.32 117.98
5 22.00 185.47 177.99 171.05 164.52 163.62 143.33 128.01 120.89 144.50 118.00
4 16.50 153.70 150.44 147.09 143.71 143.23 131.69 121.95 118.00 143.34 117.92
3 11.00 133.88 132.12 130.30 128.46 128.19 121.74 116.03 115.03 142.39 117.85
2 5.50 137.91 137.09 136.25 135.39 135.27 132.24 129.59 130.84 156.61 118.45g

e 1 .00 137.66 137.63 137.60 137.56 137.56 137.44 137.33 137.28 136.15 106.75
+................................................................................y

[Qm 16.07 17.19 18.32 19.4& 19.60 23.48 27.36 31.24 35.12 39.00
.~ 15 16 17 18 19 20 21 22 23 24
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*h Table Hl.5.6 Temperature distribution at the final steady state
8
* htest saeple problem 1 -- final ss Fri Jun 11 15:45:06 1993

Steady-State Temperature Distribution at Time 2.1000E+02

31 248.50 101.52 101.52 101.51 101.49 101.47 101.44 101.44 101.40 101.36 101.32 101.26 101.21 101.18 101.15
30 243.00 118.82 118.78 118.66 118.45 118.16 117.79 117.70 117.24 116.72 116.13 115.47 114.77 114 42 114.06
29 237.50 138.89 138.81 138.55 138.13 137.53 136.77 136.58 135.63 134.53 133.28 131.89 130.37 129.62 128.84
28 232.00 164.62 164.49 164.09 163.43 162.49 161.29 160.97 159.46 157.67 155.60 153.24 150.59 149.24 147.84
27 226.50 199.15 198.98 198.45 197.58 196.38 194.84 194.44 192.51 190.21 187.48 184.20 180.23 178.04 175.62
26 221.00 ' 245.33 245.07 244.28 243.06 241.51 239.79 239.40 237.72 236.18 234.85 233.79 233.01 232.73 232.48
25 219.19 246.40 246.10 245.23 243.86 242.12 240.19 239.76 237.91 236.24 234.82 233.71 232.96 232.75 232.64
24 217.38 249.61 249.23 248.09 246.27 243.90 241.25 240.67 238.30 236.23 234.50 233.14 232.22 231.97 231.86
23 215.56 255.59 255.08 253.53 250.92 247.29 242. % 242.07 238.77 236.08 233.83 231.99 230.58 230.14 229.94
22 213.75 265.27 264.66 262.74 259.30 253.75 244.88 243.11 239.00 235.71 232.87 230.33 227.98 226.38 225.28
21 213.50 266.96 266.34 264.42 260.96 255.36 245.13 242.91 239.00 235.69 232.81 230.24 227.88 225.57 223.22
20 195.70 242.07 239.98 236.33 233.21 230.49 228.07 225.88 223.77 221.74% 19 177.90 241.20 239.11 235.47 232.36 229.65 227.25 225.09 223.00 221.00P 18 160.10 240.80 238.71 235.07 231.97 229.26 226.86 224.71 222.62 220.63P 17 142.M * 240.62 238.53 234.89 231.79 229.08 226.69 224.53 222.45 220.45$ 16 124.50| 240.57 238.47 234.84 231.73 229.03 226.63 224.48 222.40 220.40
15 106.70| 240.62 238.52 234.89 231.78 229.08 226.68 224.53 222.45 220.45
14 88.90 , 240.80 238.70 235.06 231. % 229.26 226.86 224.71 222.62 220.62
13

53.30|
71.10 241.19 239.10 235.46 232.35 229.64 227.24 225.08 222.99 220.99

12 242.05 239.96 236.31 233.19 230.47 228.05 225.87 223.75 221.72
11 35.50 266.53 265.92 264.02 260.60 255.08 245.06 242.85 238.94 235.63 232.76 230.20 227.84 225.54 223.20
10 35.25 264.84 264.23 262.34 258.94 253.46 244.78 243.04 238.94 235.65 232.82 230.29 227.94 226.36 225.28
9 33.31 254.62 254.13 252.64 250.16 246.71 242.63 241.78 238.62 236.01 233.84 232.07 230.73 230.31 230.13
8 31.38 | 248.45 248.10 247.00 245.38 243.21 240.80 240.26 238.07 236.15 234.53 233.27 232.41 232.19 232.08
7 29.44 245.20 244.94 244.16 242.95 241.40 239.69 239.30 237.64 236.13 234.85 233.84 233.15 232.96 232.86
6 27.50 244.13 243.90 243.21 242.14 240.78 239.26 238.92 237.43 236.05 234.86 233.91 233.19 232.93 232.68
5 22.00 198.82 198.63 198.15 197.33 196.18 194.70 194.31 192.44 190.20 187.52 184.29 180.36 178.19 175.78
4 16.50 164.55 164.42 164.03 163.38 162.47 161.29 160.98 159.49 157.72 155.67 153.33 150.70 149.37 147.97
3 11.00 138.90 138.82 138.57 138.15 137.56 136.81 136.61 135.68 134.59 133.35 131.97 130.46 129.71 128.93
2 5.50 118.84 118.80 11't.68 118.47 118.18 117.82 117.72 117.27 116.75 116.17 115.52 114.81 114.46 114.10
1 .00 , 101.52 101.52 101.51 101.50 101.47 101.45 101.44 101.40 101.36 101.32 101.27 101.21 101.19 101.16

+................................................................................................................
.00 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.32 14.94

1 2 3 4 5 6 7 8 9 10 11 12 13 14

9 O O
--
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Table Hl.5.6 (continued)

htest sanple problem 1 -- final as Fri Jun 11 15:45:06 1993
Steady-State Tenperature Distribution at Time 2.1000E+02

31
248.50|113.38

101.10 101.05 100.99 100.94 100.93 100.72 100.53 100.34 100.18 100.02
243.00 112.69 111.98 111.25 111.15 108.58 106.14 103.93 101.97 100.2330

29 237.50 127.38 125.87 124.32 122.74 122.52 117.01 111.94 107.52 103.73 100.42
28 232.00 145.17 142.38 139.51 136.62 136.21 126.32 117.81 110.88 105.29 100.59
27 226.50 170.58 165.15 159.62 154.15 153.38 135.94 122.68 113.14 106.17 100.68
26 221.00 214.12 199.07 186.20 174.83 173.31 142.25 123.32 112.28 105.46 100.60
25 219.19 217.32 203.58 191.04 179.28 177.65 140.80 120.99 110.63 104.64 100.52
24 217.38 219.04 207.20 195.78 184.15 182.44 136.66 117.06 108.26 103.54 100.40
23 215.56 220.42 211.75 202.90 192.57 190.83 127.99 111.22 105.17 102.18 100.25
22 213.75 221.21 218.27 215.38 211.32 210.06 110.70 103.38 101.54 100.66 100.08
21 213.50 221.14 219.20 217.39 215.68 215.19 106.89 102.22 101.03 100.45 100.05
20 195.70 220.09 218.53 217.08 215.70 215.32
19 177.90 219.36 217.83 216.39 215.02 214.64

Z 18 160.10 218.99 217.46 216.02 214.66 214.28
,

." 17 142.30 218.82 217.29 215.85 214.50 214.12.* 16 124.50 218.77 217.24 215.81 214.45 214.07
M 15 106.70 218.82 217.29 215.85 214.50 214.11

14 88.90 218.99 217.46 216.02 214.66 214.28
13 71.10 219.35 217.82 216.38 215.01 214.63
12 53.30 220.07 218.52 217.06 215.69 215.30
11 35.50 221.12 219.18 217.36 215.65 215.17 106.97 102.24 101.04 100.45 100.05
10 35.25 221.21 218.28 215.39 211.28 210.02 110.82 103.42 101.57 100.67 100.08
9 33.31 220.44 211.58 202.53 192.08 190.34 129.04 111.85 105.50 102.33 100.26
8 31.38 219.13 207.16 195.63 183.99 182.29 137.87 117.99 108.80 103.79 100.42
7 29.44 217.52 203.73 191.16 179.44 177.83 141.91 121.98 111.27 104.95 100.55
6 27.50 214.31 199.23 186.38 175.07 173.56 143.11 124.21 112.91 105.78 100.64
5 22.00 170.77 165.37 159.86 154.43 153.67 136.37 123.12 113.47 106.35 100.70
4 16.50 145.32 142.55 139.69 136.81 136.40 126.56 118.04 111.06 105.38 100.60
3 11.00 127.48 125.98 124.43 122.86 122.64 117.14 112.06 107.61 103.78 100.43
2 5.50 113.44 112.74 112.03 111.31 111.20 108.64 106.19 103.97 101.99 100.23
1 .00 101.11 101.05 101.00 100.94 100.93 100.73 100.53 100.35 100.18 100.02

.................................................................................

c 16.07 17.19 18.32 19.44 19.60 23.48 27.36 31.24 35.12 39.00
15 16 17 18 19 20 21 22 23 24

b 9
-n
* W
M6
a
. . "8v
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The second sample problem is designed to demonstrate the use of some of the more useful options i

in HTASI. It is the same as the first sample problem with the following changes. The inner shell is com-
posed of carbon steel (1.5%), with thermal propenies as presented in Table Hl.5.7. The outer shell is I

composed of stainless steel 347. Its material properties are for material number 3135 from the LLNL material )
property library (Ref. 2). The water jacket is composed of carbon steel (1%), with thermal properties from |
material No.14 in the HTASI material propeny library. The water in the neutron shield will be lost after the i
prefire steady state. The water will be replaced by a void so that heat will be transferred across the resulting 1

gap by radiation only. The emissivity for each radial surface (outer surface of the outer shell and inner
surface of the water jacket) of the resulting gap is 0.6 (the default emissivity on each surface is 0.5). The ;

bottom impact limiter will be deleted following the fire transient. The emissivity on the outer suface of the '

outer shell not including the portion covered by the water jacket is 0.9 during the postfire transient and final
steady state. This section represents the ponion of the outer surface previously covered by the bottom impact
limiter. The default emissivity for the outer shell during this part of the calculations is 0.8. The ambient
temperature during the prefire steady state, the postfire transient and the final steady state is 130*F instead
of the default of 100*F. It is desired to compute the transient for the first 4 hours of the cooldown period
following the fire. The transient temperature distribution is needed every 5 min during the 30-min fire, every
10 min for the first hour of the cooldown period following the fire, and every 20 min for the remaining
cooldown period. After runmng several cases by varying the restrictions on the time-step size, it was
determined that an accurate solution could be obtained by adjusting the time-step size while keeping the
maximum relative change in temperature over a time step to 5%. The time-step size should not exceed 5 min.
The transient temperature distributions were made using the Crank-Nicolson implicit procedure subject to
the above restrictions on the time-step size.

The input data necessary for HTASI to perform the analytical sequence are shown in Table Hl.5.8.

Table Hl.5.7 Thermal properties for one and 1.5% carbon steel

Temperature Thermal conductivity' Density' Temperature Specific heat,
(F) Btu /(hr ft "F) (Ib/ft') (*F) Bru/(Ib *F)

;

32 21 484 32 0.105
212 21 167 0.120
392 21 392 0.135
572 20 752 0.15
752 19 1112 0.17

1112 18 1292 0.20
1472 16

' Reference 1.
6Reference 2. -

NUREG/CR-0200,
Vol.1, Rev. 5 Hl.5.22
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Table Hl.5.8 Input data for Second Sample problem fOr HTASI

HTASI kAMPLE PROBLEM 2

CAVITY 6.75 5 89 5 39247
INNER SHELL 0.3110.251

EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL FOR THE INNER SHELL BY
* EXPLICTTLY SPECIFYING THE MATERIAL AND ITS THERMAL PROPERTIES.
MATERIAL
CARBONST

32 21

e 212 21
@ 392 21
@ 572 20
@ 752 19 |

81112 18
31472 16
484

'
32 0.105

@ 167 0.12
e 392 0.135
e 752 0.15 s

all12 0.17
e1292 0.20
SHIELDING 6.63 5
OITTER SHELL 1.25 2 7.25 4 7.75 4
e r

* EXAMPIE OF OVERRIDING DEFAULT EMISSIVTTIES OF THE OITTER SHELL FOR
7

* THE POSTFIRE TRANSIENT AND FINAL STEADY STATE CALCULATIONS.
'

EMISMVTTIES 0 0 0 0.9 0.9

O ')- * EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL FOR THE OITTER SHELL BY
j * REPLACING TT %TTH A MATERIAL FROM THE LLNL MATERIAL PROPERTY LIBRARY

* (MATERIAL NUMBER 3135 STAINLESS ST2EL 347).
MATERIAL
'3135
NEUTRON SHIELD 4.5 4 $5.5 56
.

* EXAMPLE OF REPLACING THE NEITTRON SHIELD WTTH A VOID AFTER THE PREF 1RE
* STEADY STATE CALCULATIONS ALSO, OVERRIDE THE DEFAULT EMISSIVITIES
* FOR THE RADIATIVE HEAT 1RANSFER ACROSS THE RESULTING GAP.
DELETE PREFIRE -10.6 0.6
WATER JACKET 0.161'

* EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL IN THE WATER JACKET BY
* REPLACING TT %TTH MATERIAL NUMBER 14 FROM THE HTASI MATERIAL PROPERTY
* IJBRARY.

, MATERIAL 14
l IMPACT LIMITER 39 5 27.5 5 0 011

,

t
.

* EXAMPLE OF REMOVING THE BOTTOM IMPACT LIMTTER AFTER THE FIRE
* 1RANSIENT CAlrULATIONS,

DELETE FIRE BOTTOM
.

.

;

f

NUREG/CR-0200,4 ,

''
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<Z Table Hl.5.8 (continued)o_ c
hh * EXAMPLE OF REQUESTING PRINTED OUTPUT OF THE TRANSENT TEMPERATURE*

Q * DISTRIBUTIONS AT SELECTED TIMES. PRINTOUT TIMES 51015 20 25 30 40 50 60 70 80 90110130150170190@8 @ 210 230 250 270
$ |C *

to h * EXAMPLE OF OVERRIDING THE DEFAULT AMBENT TEMPERATURE FOR THE PREFIRE
g * STEADY STATE CALCULATIONS.

PREFIRE 130-

FIRE
.

* EXAMPLE OF OVERRIDING THE DEFAULT NUMERICAL TECHNIQUE FOR THE FIRE
* TRANSIENT CALCULATIONS. USE CRANK-NICOLSON %TTH A MAXIMUM TIME STEP
* SIZE OF 5 MINUTES AND ADJUST THE TIME STEP SIZE TO KEEP THE MAXIMUM
* RELATIVE CHANGE IN TEMPERATURE NEAR 5 PER CENT OVER A TIME STEP.
IMPLICrr

005005
* EXAMPLE OF OVERRIDING THE DEFAULT DURATION TIME AND AMBENT
* TEMPERATURE FOR THE POSTFIRE TRANSIENT CALCULATIONS.
POSTFIRE 240130

b * EXAMPLE OF OVERRIDING THE DEFAULT NUMERICAL TECHNIQUE FOR THE POSTFIRE
la * "!RANSENT CAIEULATIONS. USE CRANK-NICOLSON WrrH A MAXIMUM TIME STEP
U * SIZE OF 5 MINUTES AND ADJUST THE TIME STEP SIZE TO KEEP THE MAXIMUM*

* RELATIVE CHANGE IN TEMPERATURE NEAR 5 PER CENT OVER A TIME STEP.

IMPLICrr
005005
.

* EXAMPLE OF OVERRIDING THE DEFAULT AMBENT TEMPERATURE FOR THE FINAL
* STEADY STATE CALCULATIONS.
FINAL 130

1

l
|

|
|

|
1

1

1
!

|
,

1

1

NUREG/CR-0200,
Vol.1, Rev. 5 Hl.5.24
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